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ABSTRACT 
Retreat of the grounding l ines of West Antarc t ic 

ice streams may lead to the collapse of the West Ant
a rc t i c ice sheet. Pine Island Glacier has been p in 
pointed as an ice stream in which rapid re t rea t is 
l i k e l y , especial ly as i t i s not buttressed by an ice 
shel f . Radio echo-sounding f l i g h t s have produced a 
longi tudinal thickness p r o f i l e f o r the g lac ie r . The 
ice presently rests on a bedrock s i l l which may play 
a cruc ia l ro le in con t ro l l i ng the pos i t ion of the 
grounding l i n e . The p r o f i l e can be f i t t e d to a steady-
state model but t h i s alone i s not adequate to deter
mine steady- or non-steady-state behaviour. Landsat 
images show that the ice f ron t undergoes periodic 
ca lv ing. Mass-balance ca lcu la t ions suggest that 
accumulation in the catchment may exceed ablat ion by 
a fac tor of 2 . However, accumulation data are poor 
and there i s no f i rm evidence of a bui ld-up of ice 
w i th in the Pine Island Glacier drainage basin. 

1 . INTRODUCTION 
Most of the West Antarc t ic ice sheet rests on 

rock that is below sea- leve l . As such i t may be 
unstable (Weertman 1974) and may become decoupled 
from i t s bed by a var ie ty of processes (Hughes 1973). 
Grounding-line re t rea t of the large fas t - f l ow ing ice 
streams which drain the i n t e r i o r may be the most 
important mechanism whereby collapse of the ice sheet 
could occur (Hughes 1977). Since the pos i t ion of the 
grounding l i ne i s determined by the condi t ion of 
hydrostat ic equ i l ib r ium, i t w i l l advance outwards i f 
the ice thickness increases or i f sea-level f a l l s , 
u l t imate ly to the edge of the continental shel f i f 
conditions al low. Conversely i t i s argued (Hughes 
1977) that i f the ice th ins or sea-level r i ses , i ce-
stream grounding l ines may re t rea t over low s i l l s 
in to the heart of the West Antarc t ic ice sheet. 
Grounding-line re t reat w i l l be halted i f a high bed
rock s i l l i s reached or i f an ice shel f forms and 
restra ins the flow of ice across the grounding l i n e . 
Thus the Ronne, F i lchner , and Ross ice shelves are 
probably impeding flow of most of the ice streams 
which drain the present West Antarct ic ice sheet, 
thereby tending to render the ice sheet stable 
(Thomas and Bentley 1978). 

The CLIMAP ice-sheet d is in tegra t ion model 
(Stuiver and others 1981) indicates that Pine Is land 
Bay in the Amundsen Sea may be the area most l i k e l y 
to control any collapse of the West Antarc t ic ice 
sheet both in the Holocene and also today. Two large 
ice streams, which drain the i n t e r i o r of West Antarc

t i c a , Pine Island Glac ier , and Thwaites Glacier, 
calve d i r e c t l y in to the bay without the res t ra in ing 
e f fec t of an ice she l f . Stuiver and others (1981) 
suggest t ha t , provided that no high bedrock s i l l 
ex i s t s , the grounding l i n e of Pine Island Glacier i n 
pa r t i cu la r could re t rea t along the Bentley Subglacial 
Trench and across the base of the Antarct ic Peninsula. 
A s im i la r re t rea t could take place up Rutford Ice 
Stream (Stuiver and others 1981) and u l t imate ly the 
collapse of the ice sheet would lead to the expansion 
of Pine Island Bay and/or Ronne Ice Shelf in to the 
Byrd Subglacial Basin. 

C lear ly , f i e l d data on the ice thickness and 
bedrock topography of t h i s region are cruc ia l to 
the argument. In February 1981 the B r i t i s h Antarct ic 
Survey car r ied out radio echo-sounding in El lsworth 
Land as part of a j o i n t p ro jec t w i th I W D Dalziel 
of Lamont-Doherty Geological Observatory to invest
igate the geological re la t ionsh ip between Greater 
and Lesser Antarc t ica . Based at the US National 
Science Foundation's (NSF) unoccupied El lsworth 
Mountains f i e l d camp a t o ta l of 16 000 km was flown 
using fuel l e f t by NSF the previous year. A f l i g h t 
on 6 February crossed Pine Island Glacier from north
east to south-west, returning to the middle of the 
g lac ier and turn ing upstream from there. On 9 February 
the en t i re length of the g lac ier was sounded and a 
transverse l i n e flown close to the ice f r o n t . These 
f l i g h t s are shown superimposed on a Landsat image of 
Pine Is land Glacier ( F i g . l ) . 

F i g . l . Landsat image of Pine Island Glacier showing 
f l i g h t l i nes of 6 February (dashed l i ne ) and 
9 February 1981 ( so l i d l i n e ) . The dotted l i ne 
shows the pos i t ion of the in fer red grounding l i n e . 
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2. PROFILES 
Figure 2(a) shows a longi tud ina l p r o f i l e of the 

surface and bottom elevations and Figure 3 shows two 
transverse p r o f i l e s . Surface elevations were obtained 
from pressure a l t ime t ry , al lowing f o r t e r ra i n c lear
ance. The di f ference in radio a l t imeter readings 
crossing the ice f r on t gave the g lac ier e levat ion 
a . s . l . and provided control fo r the pressure readings. 
Surface elevations should be w i th in ±10 m. Ice 
thicknesses were measured from the radio echo f i l m 
and should be w i th in ±30 m; the ve loc i ty of radio 
waves in ice was taken as 169 m y s " 1 . 

By using measured values of surface elevat ion and 
ice thickness, the average ice density was calculated 
on the assumption that the g lac ier was f l oa t i ng in 
hydrostat ic equi l ib r ium on sea-water of density 
1.028 Mg m"3. Where the g lac ier was f l o a t i n g , the 
average density was approximately constant at around 
0.89 Mg m - 3 . Going up-stream, there was a sharp 
reduction in the apparent average density coinc id ing 
with a prominent break in slope of the surface, 
suggesting tha t the g lac ier was aground. To confirm 
the pos i t ion of the grounding l i n e , the surface 
elevat ion data were used to calculate the thickness 
of ice of average density 0.89 Mg m~3 that would 
f l o a t in hydrostat ic equi l ibr ium wi th sea-water. 
Where the g lac ier i s aground the "equ i l ib r ium" th i ck 
ness was of course greater than the measured th ick -
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Fig.2. Longitudinal profiles of Pine Island Glacier. 
(Letters refer to Fig.l.) 
(a) Surface and bottom elevations of Pine Island 
Glacier. The dashed lines are the profile of 
6 February, the solid lines from the flight of 
9 February. The dotted lines indicate the thickness 
of ice needed to float in hydrostatic equilibrium. 
They follow the bottom profiles up to a point of 
sudden divergence, indicating the position of the 
grounding line (see text). 
(b) Thickness profiles of Pine Island Glacier. The 
solid line shows the profile as measured on the 
flight of 9 February 1981, the dashed line as 
derived from the model. 
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Fig.3. Surface and bottom elevations across Pine 
Island Glacier. (Letters refer to Fig.l.) 
(a) Near the ice front (there is a break in the 
radio echo between the glacier and ice shelf to 
the west). 
(b) About 20 km down-stream from the grounding 
line. 

ness (Fig.2). In this way the position of the ground
ing line was found to within ±1 km. 

By comparing the position of the ice front on 
three Landsat images taken over a two-year period 
between 1973 and 1975 the average velocity at the ice 
front was found to be 2.1±0.2 km a"1. This compares 
with an independent estimate, using the same data, of 
2.2 km a"1 (R S Williams personal communication to 
C W M Swithinbank). The shape of the ice front is 
basically unchanged, indicating that there were no 
major calving events during this period. 

The position of the ice front in February 1981 
was close to where a large rift was seen to run 
across the glacier in a 1973 Landsat image. With an 
average velocity of more than 2 km a"1 the ice front 
should have been at least 16 km further forward by 
1981. The ice front must calve periodically, maintain
ing the same approximate position. 

The longitudinal profile can be modelled by using 
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a s l i g h t l y modified version of the procedure describ
ed by Sanderson (1979) fo r ca lcu la t ing equi l ibr ium 
p ro f i l es of ice shelves. The general equation fo r the 
thickness p r o f i l e of an ice shelf confined in a bay 
with non-paral lel sides (Sanderson 1979: equation 27) 
is 

6H u tanf 
= {P.(a-m)/p - H(e + — ) } / ( u ( x ) + / e dx} , (1) 

fix n x x X X x x 

where H is the ice thickness, x the horizontal axis 
(o r i g in at the grounding l i n e and pos i t i ve in the 
d i rec t ion of ice movement), p i the density of pure 
ice , p the average ice density over a ve r t i ca l 
column, a the accumulation ra te , and m the melt rate 
(pos i t ive fo r mel t ing) , both expressed in metres of 
pure ice per un i t t ime; u(x) is the horizontal velo
c i t y , X the ha l f -w id th of the bay, f the angle of 
the bay wall to the centre l i n e , X the to ta l length 
of the ice she l f , and e x x the longi tud ina l s t r a i n -
rate given by 

gH 

2B 

.P-P - o ! 2 P i 
+ P 

P^ 

2P. 

T X H " 
+ —5- cos¥ / - dx 

2BH x X 

a l t h o u g h we do no t know the form o f t he t h i c k n e s s 
over x (wh ich we a re t r y i n g t o c a l c u l a t e ) , we have 
s t i l l constrained the to ta l length X, but i t is 
unknown u n t i l the f u l l p r o f i l e has been calcu lated. 

We have made no more assumptions than before 
and have no more degrees of freedom ( i . e . adjustable 
parameters) than in the backward in tegra t ion method. 
A l l tha t has been done i s to replace an i n i t i a l bound
ary condi t ion fo r the ice -she l f length by a s imi lar 
condi t ion fo r the to ta l i ce-she l f side-wall area. 

The e f fec t of pinning by ice r ises or l oca l l y 
grounded areas which exert an up-stream res t ra in ing 
force Fr is allowed fo r (Sanderson 1979) by 
changing Equation (2) to 

xx 

where 

gHp, 

2B 

1 H. (T cos* / ^Jx - F ) 
2BH s x A r . 

i n 

( P - P " ) 2 
Pi P 

+ p 

d 2 2p 

(2) 
where g is accelerat ion due to g rav i t y , B and n are 
parameters in the flow law for i ce , wr i t t en in the_form 
e = ( r / B ) n , and B i s the average over depth of B; T S 

is the shear stress at the bay sides, pw the density 
of sea-water, and d is a parameter i n the expression 
describing the var ia t ions of snow density w i th depth z 
below the surface 

p(z) = p i - d exp(-bz), 

where b is a constant. 
Sanderson (1979) derived Equation (1) using the 

principle of continuity of mass. Equation (1) cannot 
be solved analytically, but may be readily solved 
numerically by calculating the incremental change in 
the thickness 6H for a small horizontal step fix. The 
method which Sanderson used to obtain profiles was to 
integrate backwards towards the hinge zone from bound
ary conditions set up at the ice front. This was done 
because of the form of the integral in Equation (2), 
where the strain-rate is a function of the horizontal 
distance from the ice front. By considering the over
all mass balance of the ice shelf for given condi
tions of bay geometry, net accumulation, length along 
a flow line, ice thickness, and velocity at the 
grounding line, there is just one degree of freedom 
in choice of boundary conditions at the ice front: 
choosing the thickness H(X) determines the velocity 
u(X). Sanderson's method therefore was to choose a 
value for H(X) (or u(X)) and integrate backwards. 
A tedious process of trial and error was required to 
find the value of H(X) which fitted the required 
grounding-line parameters. 

An alternative method, allowing integration for
wards from the hinge zone towards the ice front, can 
be found by considering the meaning of the awkward 
integral in Equation (2). If we assume for simpli
city at this moment that the half-width X of the ice 
shelf is constant, then the integral I reduces to 

I / H dx, 
x 

which can be wr i t t en as H(X - x ) /X, where H is the 
average ice thickness between the ice f ron t and a 
point at distance (X - x) from the ice f r o n t . The 
expression H(X - x) i s j u s t the to ta l area of i ce -
shelf side wall down-stream from the point at d is 
tance (X - x) from the ice f r on t . I f instead of 
choosing an i n i t i a l value fo r the length X of the 
ice shel f , we choose a value fo r the integral I , then, 

Pine Island Glacier was modelled using Equations 
(1) and (3 ) . I n i t i a l condit ions were thickness 
and ve loc i t y at the grounding l i n e , bay geometry, 
values f o r (a-m), p , B, i , and F . and a value 

a s r 
for the in tegra l 

X H 

0 A 

Figure 2 shows the thickness p r o f i l e obtained by 
using the values of the parameters given in Table I . 
Ice thickness at the grounding l i ne was taken from 
the radio echo resu l t s . The bay geometry was i n te r 
preted from Landsat images but i t was d i f f i c u l t to 
decide how to define the margins of Pine Island 
Glacier i n regions where there i s extensive shear 
crevassing. The grounding l i ne i s not easy to de l i n 
eate and, as wi th the Rutford Ice Stream (Stephenson 
and Doake 1982), i t may curve tortuously between 
i l l - d e f i n e d sjMe wa l l s . The value of pe was almost 
constant fo r p and d varying over_a large range of 
reasonable values. The value fo r B was equivalent 
to an average temperature of -14°C (Thomas 1973). 
The p ro f i l es were l i t t l e af fected by accumulation 
and melt ing rates of the order of magnitude consid
ered here. The l i m i t i n g shear stress T S was allowed 
to f a l l from 90 to 40 kN m"2 on the assumption that 
a preferred crysta l o r ien ta t ion might be established 
at the g lac ier sides by the fas t flow of the ice 
(Thomas and Bentley 1978). The res t ra in ing force F r 

was necessary in the converging bay over the f i r s t 
16 km in order to make the model f i t the measured 
p r o f i l e . The physical explanation i s that even i f the 
shear stress at the sides was zero, the ice shelf 
would s t i l l feel a res t ra i n t owing to the convergence 
of the side wa l l s . A somewhat analogous s i tua t ion i s 
that of a g lac ier s l i d i ng over a wavy bed, where 
there i s a net up-stream force exerted by the t rac t ion 
normal to the g lac ier bed even where there i s no f r i c 
t i on (Moriand 1976). The convergent l a te ra l s t r a i n -
rate i s an order of magnitude less than the long i tud
inal s t r a i n - ra te and so does not inva l idate the d e r i 
vat ion of Equation (2 ) . By knowing the ve loc i ty and 
thickness at the ice f r o n t , a simple mass-balance 
ca lcu la t ion gave an approximate f igure fo r the velo
c i t y at the grounding l i n e . The value of the integral 

/ - dx 
0 A 

was then adjusted so that the computed length corres
ponded with that measured (84 km). 
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TABLE I . VALUES OF PARAMETERS USED IN THEORETICAL MODEL 

Parameter 

H(o) 

u(o) 

pe 

a-m 

IC
O

 

X 

/ ( H / X ) 3 X 

0 

~s 

Fr 

X 

3X 

Value 

1 500 m 

575 m a"1 

48 kg m"3 

0 m a"1 

4x l0 5 N m-2 i 

5 . 1 x l 0 3 m 

90 kN m~2 

90-40 kN m"2 

40 kN nr 2 

300-250 MN m"1 

250-0 MN nr 1 

0 MN nr1 

15-11 km 

11-13 km 

13 km 

10 m 

,1/3 

0<x<16 km 

16<x<17 km 

17<x<end 

0<x<16 km 

16<x<17 km 

17<x<end 

0<x<16 km 

16<x<36 km 

36<x<end 

Percentage change in value required 
to change i ce - f ron t pos i t i on , ve loc i t y , 
or thickness by ~10%. 

13 

13 

13 

±2 m a - 1 

10 

10 

20 

(ve loc i ty ) 

(ve loc i t y ) 

( a l l ) 

( ve loc i t y ) 

( a l l ) 

(pos i t ion) 

(ve loc i t y ) 

20 

10 

(ve loc i t y ) 

(pos i t ion) 

The in te rac t ion between the parameters in the 
model i s complex, but to gain some idea about the 
sens i t i v i t y of the p ro f i l es to changes in values of 
the parameters, Table I also shows the approximate 
percentage change required to vary the i ce - f ron t 
pos i t i on , ve loc i t y , or thickness by 10%. 

Because of large uncerta int ies in the values of 
most of the parameters the model i s unconstrained. 
The degree to which the model can be made to f i t the 
measured p r o f i l e depends on how much the input data 
varies with pos i t i on . For the example shown here the 
only changes in the input data occurred where the bay 
geometry also changed. The biggest discrepancy 
between modelled and measured p r o f i l e s , of 200 m at 
32 km, can be reduced by introducing another, but 
a rb i t r a r y , "break point" i n the data and al lowing F r 

or xs to change there. However, t h i s procedure can 
soon degenerate to curve f i t t i n g wi th l i t t l e gain in 
physical i ns igh t . I t i s worth noting that Equation (3) 
can be wr i t t en in the form 

1/n 
gHp T „ C U J I i\ u 

! _£ + -§££ / £dx, 
2B 2BH 

cosf X 
/ 

x 

where 

l e f f 
F„/cosV / iL dx + x 

r \ x s 

is an e f fec t i ve shear stress res t ra in ing the motion. 
Thus p rac t i ca l l y any p r o f i l e could be modelled by 
al lowing x e f f t 0 v a r y l n a s u f f i c i e n t l y compli
cated way wi th distance. For Pine Island Glacier 

values for i e f f would only have to f luc tuate between 
160 and 0 kN m"2 in order to f i t the p r o f i l e . These 
values seem reasonable but i t i s d i f f i c u l t to under
stand why they should f luc tuate qu ick ly . 

I t was d i f f i c u l t to make the model f i t the th in 
ice near the ice f r o n t . Features on the Landsat image 
( F i g . l ) suggest that the f l i g h t did not fo l low a flow 
l i n e fo r about the l a s t 20 km. The transverse p r o f i l e 
at the ice f r on t (Fig.3) shows that the average th ick
ness i s nearly 500 m, in much better agreement with 
model resu l t s . The model ice f ron t ve loc i ty was 
2.21 km a" 1 . 

3 . STABILITY OF PINE ISLAND GLACIER 
A model developed from a steady-state assumption 

can successful ly reproduce the measured thickness 
p r o f i l e and i ce - f r on t ve loc i t y . However, because of 
the i n s e n s i t i v i t y of the model to non-steady-state 
behaviour, i t i s not possible to determine whether 
the g lac ier i s in an equi l ibr ium state or not. Non-
steady-state behaviour might be simulated by al lowing 
a 6H/6t term to be incorporated wi th the net-
accumulation terms. As Table I shows, however, the 
p r o f i l e is r e l a t i v e l y insens i t i ve to small changes in 
net accumulation, implying that th inning or th icken
ing rates as high as a few m a - 1 would have l i t t l e 
d i rec t e f fec t on the p r o f i l e s . They would, however, 
eventual ly change the thickness at the grounding l i n e , 
which would cause the pos i t ion of the grounding l i ne 
to migrate. Both of these ef fec ts would change the 
longi tud ina l p r o f i l e . 

The pos i t ion of the grounding l i ne may also 
o s c i l l a t e in response to condit ions near the terminus. 
At present the grounding l i ne i s held on a rock bar 
200 m h igh. In one p r o f i l e the grounding l i n e i s near 
the top of the bar whi le on the other p r o f i l e i t i s 
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Fig.4. The surface form of the ice sheet as 
determined by pressure altlmetry during radio 
echo-sounding flights (thin dashed lines) and 
Tropical Wind, Energy Conversion and Reference 
Level Experiment (TWERLE) balloon data (Levanon 
personal communication). The estimated drainage 
basins of Pine Island Glacier and Rutford Ice 
Stream are shown by the heavy dashed line. 

at the bottom. The rock bar is likely to be contin
uous between the two profiles and it lies parallel 
to and just up-stream from a prominent feature on 
the Landsat Image (Fig.l). With this limited inform
ation It is difficult to decide whether or not the 
rock bar plays a crucial role in controlling the 
position of the grounding line and hence the possible 
stability of the ice sheet. 

4. MASS BALANCE 
From the surface-elevat ion data obtained on 

f l i g h t s during February 1981 and from radio echo-
sounding from Siple s ta t ion in January 1975 (Swi th ln-
bank 1977) the map in Figure 4 has been drawn up, 
showing Ice-sheet elevat ion to w i th in ±50 m. The 
drainage basin of Pine Is land Glacier has an area of 
214 000±20 000 km2. Taking an average f igure fo r 
accumulation 1n t h i s area of 0.40±0.1 Mg m"2 a - 1 

(Bull 1971, Giovinetto 1964) the to ta l input to the 
g lac ier system 1s 86±30 Gt a " 1 . Mass f l u x a t the ice 
f ron t Is 25±6 Gt a " 1 based on an average ve loc i ty of 
2.1+0.2 km a" 1 , an average thickness of 0.5±0.03 km 
and a width of 26±2.5 km. Therefore, the minimum 
possible input of 56 Gt a"1 Is roughly twice the 

maximum possible output and i t may be in fer red that 
the ice in the drainage basin Is bu i ld ing up. 

A s im i la r Inference i s made by A l l i son (1979) fo r 
the Lambert Glacier basin. With an input of 60 Gt a " 1 

and losses to the Amery Ice Shelf and by ablat ion of 
18 Gt a " 1 , he suggests that the ice level i s 
current ly r i s i n g , possibly undergoing a post-surge 
bui ld-up. A lso , Shimizu and others (1978) show that 
the Shirase Glacier drainage basin i s not i n e q u i l i 
brium but th ickening. Input to the Shirase system is 
12.7 Gt a - 1 and losses to ta l 7.4 Gt a - 1 . 

In a l l three cases input exceeds output by 1.5 to 
3 t imes. But because of the uncertainty surrounding 
accumulation rates and the magnitude of the errors 
quoted by some authors, conclusions about ice-sheet 
bui ld-up can only be ten ta t i ve . The accumulation rate 
of 0.404 Mg nr 2 a"1 c i ted by Bul l (1971) and 
Giovinetto (1964) fo r the area of the Pine Is land 
Glacier catchment i s based on strat igraphy from the 
El lsworth Highland traverse by Shimizu (1964) whose 
stated opinion i s that "s t ra t ig raph ic in te rp re ta t ion 
i s subject ive, especial ly i n coastal regions of 
An ta rc t i ca " . A l l i s o n ' s (1979) budget surplus of 
42 Gt a " 1 fo r the Lambert Glacier basin i s subject to 
estimated l i m i t s of +9 and +89 Gt a - 1 so t ha t , while 
pos i t i ve , the actual mass balance may leave only a 
small surplus. The f igure of 12.7 Gt a"1 quoted as 
input f o r the Shirase Glacier basin i s based on ca l 
culat ions by Yamada and Watanabe (1978) who attach 
maximum and minimum values of 20.8 and 4.6 Gt a - 1 . 
The minimum accumulation i s actual ly lower than the 
discharge f igure quoted by Shimizu and others (1978) 
fo r the Shirase Glacier . 

An in te res t ing comparison may be made between 
Pine Is land Glacier and the Rutford Ice Stream which 
drains tha t part of El lsworth Land which l i e s to the 
east of the Pine Is land Glacier basin. The drainage 
basin of the Rutford Ice Stream is smaller, 
40 500±4 000 km2 and annual accumulation i s probably 
around 0.30 Mg nr2 a - 1 (Stephenson and Doake (1982). 
Mass f l u x at the grounding l i n e i s 18.5±2.0 Gt a - 1 

using values of 0.40 km a - 1 fo r ve loc i t y , 1.7 km fo r 
ice thickness, and 30 km fo r ice-stream width. Apply
ing an estimated er ror of 25% to the accumulation 
ra te , accumulation over the basin i s 12.2 Gt a - 1 , 
wi th minimum and maximum values of 7.9 and 16.5 Gt a - 1 . 
There would thus appear to be a negative mass balance 
in the system. This comparison between Pine Island 
Glacier and Rutford Ice Stream also assumes a change 
in accumulation from 0.4 to 0.3 Mg m~2 a"1 at the Ice 
ice d iv ide and fu r ther i l l u s t r a t e s the problems of 
de r i v ing , wi th any confidence, input measurements 
from scanty and possibly erroneous accumulation data. 

CONCLUSION 
Radio echo thickness measurements on Pine Island 

Glacier have been made along longi tudinal and trans
verse p r o f i l e s . The resu l ts show that the grounding 
Tine i s on a rock bar between 1 200 and 1 300 m 
below sea- leve l . The longi tud ina l p r o f i l e of the 
f l oa t i ng part of the g lac ier showed an abrupt t h i n 
ning about 16 km down-stream from the grounding l i n e , 
coinc id ing wi th a change In bay geometry from converg
ing to nearly para l le l sides. Using the ve loc i ty at 
the ice f r on t deduced from s a t e l l i t e Imagery, the 
longi tud ina l thickness p r o f i l e has been successfully 
modelled assuming steady-state condi t ions. However, 
th is cannot be taken as evidence that the g lac ier i s 
necessari ly i n an equi l ib r ium s ta te . 

Mass-balance calculat ions suggest that the dra in
age basin may be bu i ld ing up, as appears to be the 
case wi th some other major Antarct ic 1ce streams. 
However, accumulation data are so scarce and possible 
errors so large that any such conclusions should be 
regarded as ten ta t i ve . 
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