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ABSTRACT. A mass-balance programme was initiated onJutulstraumen ice stream, 
western Dronning Maud Land,Antarctica, during the austral summer 1992- 93. As a part 
of the mass-balance programme, accumulation rate was measured along the centre line of 
Jutulstraumen from the shelf edge up to the plateau at about 2500 m a.s.l. 

Accumulation distribution obtained from seven shallow firn cores and 48 stake read
ings is presented. The overall net accumulation trend displays a decreasing accumulation 
with increasing elevation and distance to coast, but on both the mesoscale and microscale 
there are significant variations. This is due to complex patterns of precipitation controlled 
by orography and redistribution by katabatic winds. The local accumulation distribution 
(few km scale) was found to be dependent on downslope surface gradient (aspect north, 
northwest ), and variations up to 100% were found over distances of less than 3 km. The 
large variation in accumulation is important when selecting new core sites and for inter
pretation of temporal and spatial variations in accumulation derived from firn cores. 

1. INTRODUCTION 

As part of the orwegian Antarctic Research Expeditions 
(NARE), a mass-balance and glacier dynamics research 
project has been started on Jutulstraumen ice stream, 
western Dronning Maud Land, Antarctica. The project 
was ,initiated during the austral summer 1992- 93 and has 
been continued during the 1993- 94 and 1996- 97 seasons. 
I n this paper we discuss the results of surface mass-balance 
measurements obtained from stakes and shallow firn cores, 
concentrating on spatial variation in the accumulation. The 
temporal variation of accumulation and the climatic impli
cations will be discussed in another paper. 

JutulstrauInen ice streaIn 

Jutulstraumen ice stream is located in Dronning Maud 
Land, near the Greenwich (zero ) meridian (Fig. 1). Jutul
straumen with its ice-shelf area Fimbulisen is fed by parts 
of Amundsenisen and Wegnerisen, and the total drainage 
system has an area of 124000 km 2 (N. F. McIntyre, quoted 
by Swithinbank, 1988). This makes it the largest ice stream 
in western Dronning Maud Land (15° W- 20° E). The in
land ice is dammed by the mountain range Kirwanveggen 
and Neumayerskarvet to the west and H. U. Sverdrupfjella, 
Gjelsvikfjella and Miinlig-Hofmannfjella to the east, and 
ice is channelled throughJutulstraumen. The mainstream 
follows a major deep valley believed to be of structural 
origin (Decleir and Van Autenboer, 1982). A more detailed 
description of the physiography of the area is given by 
Swithinbank (1959, 1988) and Gjessing (1972). Hoydal 
(1996) used new surface-velocity measurements obtained 

during NARE 1992- 93 and gravity profiles across Jutul
straumen and Viddalen presented by Decleir and Van 
Autenboer (1982) to calculate an ice discharge of 
13.1 km3 a i at latitude 72°15' S (about 40- 50 km south of 
the grounding line at an elevation of 1000 m a.s.!.). 

2. METHODS 

The approach followed in this work is based on traditional 
methods of obtaining data on surface accumulation in Ant
arctica: direct stake readings and shallow-core analysis. 

Stake IneasureInents 

During the first field season (1992- 93),44 accumulation and 
velocity marker stakes were set ~p in the elevation range 
710- 1200 m a.s.!. (Fig. 1). Thirty-six of these stakes were 
placed between Nashornkalvane and Jutulrora, giving a 
50 km long line across Jutulstraumen (profile I), and six 
stakes were planted between Nashornkalvane and Istind 
(profile 2). The stake spacing was about 4 km, except for 
three rectangular strain nets with nine stakes (3 x 3) in 
each with a spacing of about 1 km. Stakes were also put out 
at drill sites Band D in 1992- 93 and E, F, G and H in 1993-
94. The height of all stakes not covered by snow was meas
ured during the 1993- 94 season (19 of 42 stakes) and the 
1996-97 season (4 of 48 stakes). The snow accumulation 
from the stakes was converted to water equivalents by multi
plying by snow-density values taken from a mean densifica
tion curve. The curve was obtained from a compilation of 
density profiles from five pits for depths of 0- 1.5 m and from 
cores at depths greater then 1.5 m (Melvold and others, 1996; 
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(10- 40 cm). The density of the uppermost metre was meas
ured in a snow pit, as the core broke apart due to the low 

70 () density. All firn- core sections were packed in plastic tubes 
and returned frozen to Norway. Core length, distance from 
coast and position of each core are listed in Table 1. 

71 0 

30 00 30 East 

0 40 60 80 100 120 km 

Fig. 1. JutuLstraumen and FimbuLisen, showing the stake 
prcifiles (P-1 = prcifile 1; P-2 = prcifile 2) and shallow-core 
sites. 

H agen and Melvold, 1997). For the accumulation calcula
tion it is assumed that the bottom of each stake is firmly 
fi xed. 

In coJ!iunction with the stake readings made in 1993, 
stake positions along profiles 1 and 2 were measured using 
phase-tracking kinematic global positioning system (GPS) 
techniques (see Eiken and others, 1997, for a full description 
of the technique used ). Along profile 1 (Fig. 1) and in the 
three strain nets the same techniques were used for surface 
level ling. The measuremen ts were carri ed out with an epoch 
time of 5 seconds, giving a 30 m spacing between the meas
ured surface elevation points. Static GPS techniques were 
used to position the core locations and the stakes. The meas
urements were always carried out with a reference receiver 
on fixed point. 

Shallow cores 

During the two field seasons, nine shallow firn cores with 
depths of 13- 32 m were drilled at different sites in the drain
age area. The site elevations ranged from the ice shelf up to 
about 2400 m a.s.l. (Fig. 1). A Polar Ice Coring Office 
(PICO) lightweight auger with a diameter of 7.69 cm was 
used. Density profiles were determined in the field by meas
uring the length, diameter and weight of each core section 
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Table 1. Positions qf firn cores 

Core site Lat/ long. Core length Distancefrom Elevation 
coast 

m km ma. s. l. 

A 72°17'04" S 22.07 292 905 
01 °42'21 " W 

B 72°07'50" S 20.41 277 710 
01 °45'37" W 

C 72°)5'39" S 13.8 282 882 
Ol °)5'34" W 

D 72°30'55" S 16.2 317 11 83 
01 "54'53" W 

E 72°58'40" S 17.31 362 1817 
01"07'39" W 

F 73°05'49" S 18.33 379 1974 
00°27'30" W 

H 70°30'00" S 31.86 95 52 
02°27'48" W 
71 OSO'51 "S 13.6 265 600 
01 °10'51 " W 

Laboratory 

The firn cores were cut and prepared in a cold laboratory 

for measurements of stable oxygen isotopes, total {3 radioac
tivity and gamma spectrometry. For the radio-isotope meas
urements, samples with a mass of abo ut 200 g (length 10-
20 cm ) were cut contiguously from the cores to ensure a n 
adequate temporal resolution. These samples, a total of 
900, were melted, acidified and pumped through ion-ex
change filters (Delmas and Pourchet, 1977), after which total 
{3 radioactivity was measured by methods described by Pin
glot and Pourchet (1979). Assemblies of ion-exchange filters 
were made for high-resolution gamma spectrometry (abo Llt 
five gamma-ray samples per urn core), to detect the 137 Cs 
fall-out (the most abundant artificial long-lived radio
nuclide) (Pinglot and Pourchet, 1981). 

For the oxygen-isotopic ratios (8180 ), samples were cut 
contiguously along the length of the cores. The sample 
length ranged from aboul 4 cm for the coastal sites and 
gradually decreased to 1.5 cm for co re F on the plateau, in 
order to ensure that about 15 samples per annual layer could 
be obtained for detection of the annual signal (Peel and 
Clausen, 1982). Accumulation records from previous expe
ditions were used to selecl appropriate sample thickness 
(Schytt, 1958; Lunde, 1961; Orheim and others, 1986; 
Isaksson and Karlen, 1994). 

3. RESULTS 

Stake tneasuretnents 

Accumulation 
The accumulation pattern found from stake measurements 
shows a large spatial variabili ty along Jutulstraumen. The 
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Fig. 2. Surface elevation and accumulation along]utulstrau
men traversefrom the ice-shelf edge to the plateau. The eleva
tions are taken from topographical maps and GPS 
measurements at the core locations. Mean accumulation 
obtained from the cores and the stakes is shown by solid circles 
and solid stars, respectively. Data on the accumulation at 
620 km areJrom lsaksson and others (1996). 
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Fig. 3. Accumulation rate measured at stakes shown by solid 
circles between 1993 and 1994 and surface elevation along the 
50 km long prrifile 1. Solid crosses show the minimum accumu
lationJor stakes covered by snow between 1993 and 1994, and 
open circle the mean value between 1993 and 1997. The 
locations of Nashornkalvane and ]utulrora are indicated. 
Note the large exertion of the elevation. 
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accumulation ranges from 230 kg m -2 a - [ at the ice shelf to 
a mean of 460 kg m - 2 a I at 900- 1000 m elevation, to 
160 kg m -2 a- I at 2400 m elevation (Fig. 2). For a 1 year per
iod (1993- 94) along the 50 km long profile (profile 1) cross

ing Jutulstraumen at about 900 m a.s.l. (Fig. 3) the 
accumulation ranged from 140 to more than 780 kg 
m - 2 a-I. The mean value was 460 kg m -2 a - [ and its stan
dard deviation was 190 kg m - 2 a- I. Figure 3 shows the 
measured accumulation at 19 of the 36 measured stakes, 
and the estimated minimum accumulation at the 17 stakes 

which were covered by snow during the 1994 measure
ments. Minimum acc umulation was estimated by setting 
the snow depth equal to total stake height above the snow 
surface in 1993. The accumulation rate across Viddalen 
(profile 2) is greater than 780 kg m 2 a- I (only one of six 
stakes was not covered by snow) except in the area close to 
the Nashornkalvane nunatak (a stake was situated 700 m 

north of the nunatak ) where an accumulation rate of only 
180 kg m -2 a - [ was fou nd. Large areal variability in accu
mulation rate was also found within the three stake strain 
networks situated in profile 1. This is illustrated in Figure 4 
which shows the spatial distribution of accumulation for a 

stake network (3 x 3 stakes) situated 15 km west of Jutul

fOra nunatak. The distribution was obtained by kriging in
terpolation of the measured accumulation at the stakes (Fig. 
4). The variation in net accumulation rate was systematic 
and reached 100% (500kgm- 2 a- l

) in less then 3 km 
between 1992- 93 and 1993- 94. 

Surface elevation 
Surface elevation profiles across Jutulstraumen obtained 
from the kinematic GPS levelling are shown in Figure 3. 
They show small-scale undulations in the surface topogra
phy, with shallow valleys and low ridges. A maximum 
height difference of 80 m between the valley bottom and 

corresponding ridges was found in the central part of the 

Fig. 4. Spatial distribution rif accumulation shown by field contours, and measured accumulation at stakes shown by crosses in 
kg m - 2 a- 1jor strain net 3. The accumulation is draped over the DEM of the plots, and contour interval is 5 m. 
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Fig. 5. Specific total (3 radioactivity (heavy line), gamma 137 Cs ( dotted line) activity Jor cores A- F, H and 1, and oxygen 8/80 
profiles at sites A- D and H Adapted time-scales are shown. The dating is tentative on cores A- D. The scaleJor 137 Cs activity is 
only 1/10 of the mBq kg -1 shown in thefigure. 

cross-profile. A digital elevation model (DEM) of the sur
face in the stake strain network situated 15 km west ofJutul
mra nunatak was interpolated (Fig. 4). The DEM was 
derived from over 200 measurements of surface elevation re
trieved from the phase-tracking kinematic GPS survey in 
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1993. Generally, the maximum surface slope (aspect north ) 
follows the flow direction from south to north. Over the 
whole area, surface slope varies from less then zero in a con
cavity in the north-central section to about 2.0 0 in the south
eastern section. 
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Table 2. Annual accumulation rates in kg m - 2 a - 'Jor core sites A- D and H, based on the 8180 stratigraphy. Mean accumulation 
over the 1993- 95 period in kg m 2 a 'Jor firn cores A, E, F, Hand 1, based on f3 radioactivity 

lear Number rify ears A B C 

1993 
1992 590 550 590 
1991 290 500 390 
1990 350 600 480 
1989 380 540 460 
1988 280 520 400 
1987 420 470 450 
1986 330 390 360 
1985 330 390 360 
1984 550 410 480 
1983 360 730 540 
1982 680 530 610 
1981 620 460 540 
1980 310 730 520 
1979 320 880 600 
1978 260 410 330 
1977 310 430 
1976 310 690 
1975 480 410 
1974 330 830 
1973 240 850 
1972 400 
1971 450 
1970 570 
1969 350 
1968 
1967 
1966 
1965 

Mean 400 570 470 
1965- 93/94 29 410' > 500 > 330 
1993- 942 I 500- 760 280 
1993- 972 3 > 420 450 

I Mean between 1993 and 1969. 2 Based on stake measurements. 

Firn-core stratigraphy 

Isotope prrifiles 
Core H from the ice shelf close to Norway station (Fig. 1) is 
taken as the reference for the radioactivity and stable oxy
gen-i sotope profiles, as its high accumulation rate of 480 kg 
m- 2 a 1 results in the best vertical resolution. Figure 5 
illustrates the f3 radioactivity profile along with the 137 Cs 
and 8180 for this core. The f3 radioactivity profile exhibits 
one clear maximum at a depth of 24.12-24.28 m, and one 
less pronounced peak at a depth of 20.67- 20.85 m. We 
assume that these two peaks correspond to January 1965 
and J a nuary 1969 (e.g. Picciotto and others, 1971; Clausen 
and others, 1979; Aristarain and others, 1987). The 8180 stra
tigraphy shows well-developed seasonal variation (charac
terised by high 8180 content in summer snow layers and 
low 8180 content in winter snow layers ), but the amplitudes 
clearly reduce with increasing depth. The annual 8180 
cycles, however, are still preserved, allowing year-to-year 
dating. The radioactivity peaks of 1965 and 1969 coincide 
with 1965 and 1969 identifi ed by counting the delta cycles. 
The first increase in f3 radioactivity occurs near the bottom 
of the core at a depth of31 m. This increase which is assumed 
to be the 1954-55 summer coincides withJanuary 1955 iden
tified by counting annual variations in 8180. The 1969 and 
1965 levels are confirmed by gamma spectrometry which 
gives a 137 Cs fall-out of 30 Bq m 2 (at time of measurement). 

D E F H I 

310 
750 620 
610 270 
440 240 

390 
440 310 
690 610 
520 410 
410 620 
640 520 
490 450 
600 360 
490 700 
530 610 

250 
560 430 
360 430 
360 690 

540 
420 
600 
470 
430 
660 
690 
280 
510 
610 
470 

530 480 
> 380 50 120 480 60 
460 

60 200 

We have no clear interpretation for the occurrence of 137 Cs 
below 30 m as it is correlated with low values of total beta. 

Figure Se, f and i illustrate the f3 radioactivity profile, 
along with the 137 Cs for each of the samples in cores E, F 
and I. Note the similarity between the individual cores and 
the similarity with the profile of core H . Note also the simi
la rity in mean values for the f3 radioactivity a t the 1969 and 
1965 levels in the different cores. In these radioactivity 
profiles the shift in activity from a low background value of 
0- 40 mBq kg- I to approximately 100- 150 mBq kg - ) is 
assumed to be the 1954- 55 summer level. This interpretation 
is similar to results from elsewhere in Antarctica (e.g. 
Picciotto and others, 1971; Clausen and others, 1979; Petit 
and others, 1982; Aristarain and others, 1987). The shift is 
weaker than found in records from the Antarctic interior 
(e.g. Petit and others, 1982) but similar to what is recognised 
in records from coastal sta tions in western Dronning Maud 
La nd (1saksson and Karlen, 1994) and the Antarctic Penin
sula (Aristarain a nd others, 1987). Cores E, F and I lack a 
well-defined seasonality in the concentrations of 8 180. The 
period 1964- 94, represented by 4.45, 7.55 and 4.15 m of firn 
above the reference horizon of 1964- 65, contains not more 
than 6 (E ), 16 (F) and 7 (I ) more-or-Iess clear delta cycles, 
while a complete, undisturbed layering should contain 29 
annual delta cycles. This means that the observed delta 
cycles cannot be interpreted as representative of annual 
accumulation. 
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Figure 5a- d illustrate the (3 radioactivity profile along 
with the 137 Cs and 0180 for each sample in cores A- D. Note 
that no clear increase in (3 radioactivity and 137 Cs occurs in 
cores B- D, while an increase occurs at a depth of 17.50-
17.71 m in core A. We assume that the 1965 and 1969 horizons 
are never reached at core sites B- D and that the increase in 
(3 radioactivity in core A corresponds to the 1969 horizon. 
This assumption is based on the fact that the 1969 (3 radio

activity horizon has similar mean values in core A and in 
cores E, F, I and H. The variations in 0180 at core sites A
D show a less pronounced signal than in core H. The signal 
is partly cyclic, but some annual layers contain double 
peaks, a phenomenon also known from the Antarctic Penin
sula (Peel and Clausen, 1982). In some years, the annual 

8180 cycles are smaller than normal (e.g. 1984- 85 in core 
D ). The difference of less than 10%0 between summer and 
winter surface is common for these layers. Consequently, 
year-by-year dating using {) cycles is not straightforward 
and any interpretation must be tentative. Nevertheless, a 

dating is given in Figure 5, using the fact that the 1969 level 
is never reached in cores B-D andjust reached in core A, as 
dated independently by (3 radioactivity. 

Accumulation 
Based on the chronological information deduced from the (3 
radioactivity and 0180 the snow-accumulation increments 

were converted to mass using density profiles obtained from 
the core sites. The mean values for the period 1965- 93 are 
calculated for cores E, F, H and A (1969- 93) (Table 2). The 
mean annual accumu lation values for cores A- D in the per
iod covered by each core are given in Table 2. They show 

considerable interannual variability, up to 250% (Table 2). 

The error is assumed to be between ± 10 and ± 100 kg 
m - 2 a- I, taking into consideration errors in the density 
determination, the depth measurements and the sampling 
procedures. 

The spatial accumulation distribution alongJutulstrau

men is shown in Figure 2, where the accumulation and ele

vation profiles are plotted against distance from the coast 
and moisture source. The elevations are based on topo
graphical maps (Norsk Polarinstitutt map sheet No. G5-
G 7) and elevations measured at the core sites by GPS. Accu
mulation values obtained from both stake measurements 

and cores are shown. Lunde (1961) found that the accumula

tion rate between 1957 and 1959 on theJutulstraumen part of 
Fimbulisen was only 74% of the accumulation at Norway 
station (core site H ). Assuming that this pattern still exists, 
we have calculated the accumulation rate from the mean 
accumulation rate obtained at site H. The values are shown 

in Figure 2. 

4. DISCUSSION 

The areal variability of the rate of accumulation can be split 
into regional and local terms (Giovinetto, 1964). The regio

nal term in this work is the variation alongJutulstraumen 
from the ice shelf to the plateau. The local term has been 
split into two parts, along profile 1 and the areas covered 
by the 3 km x 3 km strain network. 

Variation in accunlulation acrossJutulstraunlen 

Surface elevation and surface accumulation along profile I 
are shown together in Figure 3. The profile is 50 km long 
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and runs across the flow direction and mean slope of the 
ice stream and the mean katabatic wind direction. The ac
cumulation variation is not related to the surface topogra
phy (e.g. both high and low accumulation occurs on local 
hills and hollows). The surface undulation is therefore not 
directly a result of different accumulation across the ice 
stream but is most probably a result of the underlying bed
rock topography. Across Jutulstraumen the spatial varia
tions in accumulation are considerable and cannot readily 
be explained by across-valley relief. However, as will be 
seen later, the downslope surface gradient largely controls 
the accumulation over small geographical areas. 

Superimposed on the large variations in accumulation 
across Jutulstraumen is a decreasing trend in the eastern 

margin towards the nunatakJutulf0ra. A blue-ice area ex
ists north ofJutulf0ra, indicating even lower accumulation 
occurs at this site. If we use the interpretation of Van den 
Broeke and Bintanja (1995), this low accumulation can be 
explained by wind-scouring and reduced deposition of 
drifting snow as a result of shielding by the nunatak. The 

low-accumulation area situated north and west oftheJutul
r0ra is compatible with the effects of a southeast katabatic 
wind. In the area close to the JutulnHa nunatak, the 
decrease in accumulation may be explained by erosion 
effects due to wind-channelling by the nunatak. The same 

effect was found on two stakes close to the northern 

Nashornkalvane nunatak on the western side of Jutul
straumen. The higher accumulation in the central and 
western part may be explained by accumulation of drifting 
snow. The results indicate that deposit of transported snow 
is an important factor in accumulation on this part ofJutul
straumen. 

Variation of accunlulation with nlinor topography 

A further investigation of the areal variability ofaccumula
tion related to surface topography was conducted on a local 

scale for the areas covered by the strain network (3 km X 

3 km) (Fig. 4). The distribution of surface accumulation 
seems to be strongly influenced by the local topography with 
respect to the katabatic wind direction. The surface accu
mulation is smallest where the leeward slope is largest, and 
the accumulation is a maximum downstream where the lee
ward slope is small. A negative correlation of - 0.7 was found 

between leeward surface slope and accumulation rate. This 
shows that the accumulation regime depends on the down
slope surface gradient (aspect northwest). The same relation 
was also found for the two other strain nets located in profile 
I (Fig. I) and has been recognised in previous studies such as 

Black and Budd (1964), Gow and Rowland (1965) and 
Whillans (1975). The large variability, up to 100%, in accu
mulation over the strain net is due to differences in removal 
and deposit efficiency of the surface snow layers related to 
the local surface slope, a process that will lower the positive 
relief feature and fill the hollows. Some of the variations 

could also be due to migration of longwave dunes as re
ported from measurements near Byrd Station (Whillans, 
1978) and in eastern Kemp Land (Goodwin and others, 
1994). During the summer, when measurements were taken, 
the small-scale relief (sastrugi and dunes) is 0- 0.3 m, 
equivalent to about 10 kg m - 2 a 1 of accumulation. The 

aspect-dependent accumulation pattern is thus the most 
important factor for the areal variation in mass balance in 
this part ofJutulstraumen. 
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Effect on firn-core stratigraphy 

. Considerable interannual variability, up to 250%, was 
found in annual accumulation from the firn-core stratigra
phy (Table 2). The variability is due to the combined effect of 
year-to-year "climate" variations, flow of the ice stream (ice 
in the core did not accumulate at a single location) and the 
effect of drifts and sastrugi (micro-relief). The accumulation 
records from the cores have not been adjusted for the up
stream accumulation gradient, since this is assumed to be 
negligible over the few km distance from which the snow 

originated. The effect of movement of the core site through 
geographical variations in surface mass balance, however, 
does need to be considered for cores A-D in the ice stream, 
where the ice movement rate is high (200- 400 m a I), but 
not at core site H where the ice movement is only a few 
m a \. Figure 4 shows that large horizontal variations in sur

face mass balance of up to 500 kg m - 2 a- I OCCur over a dis

tance of less then 3 km parallel to the flow direction. The 
effect of the variations will most probably be preserved in 
the firn-core stratigraphy since microrelieffeatures are pre
served (Whillans, 1978; Petit and others, 1982). This demon

strates that a large part of the variability in annual 

accumulation rates at core sites A- D could be due to the 
effect of moving the core-hole site through a geographically 
fixed variation in surface mass balance, and not climatic 
variations. The long time mean will therefore be a more 
reliable estimate of net accumulation. 

Variation of accuIllUlation with Illajor topography 

Generally, surface mass balance decreases with distance 
from the coast, varying from about 230 kg m - 2 a \ in the 
coastal region to less then 160 kg m - 2 a - \ at the front of the 

plateau, 420 km inland and 2414 m a.s.l. This pattern seems 
to continue further into the plateau, and an accumulation of 
only 77 kg m - 2 a \ was found by Isaksson and others (1996) 
at 75° S, 2° E, a distance of620 km from the coast at 2900 m 
a.s.l. This overall decreasing trend is expected since precipi
tation (accumulation) is a function of distance from 
moisture source, temperature and elevation (Fortuin and 
Oerlemans, 1990; Giovinetto and others, 1990). 

Figure 2 also shows that the region between 270 and 
300 km (elevation interval 900- 1200 m a.s.l.) diverges from 
the general trend in having a relatively high accumulation. 
A simi lar phenomenon was found (900- 1200 m a.s.!') on the 

ice sheet further west for the period 1957- 59 (Swithinbank, 
1959). The accumulation pattern there was related to alti
tude effects and deposits of snow transported by katabatic 
winds. OnJutulstraumen a change in the nature of the to
pography occurs on moving from the relatively flat ice-shelf 
area to the steeper ice stream. The change in topography 
causes orographic uplift and adiabatic cooling of humid 
air, giving rise to a zone of increased precipitation. In the 
same interval, Jutulstraumen changes flow direction (Fig. 
I) from north to northeast. This probably causes a decrease 
in katabatic wind speed since the katabatic winds will only 

partly follow the ice stream, resulting in deposits of drifting 
snow. The effect of the snow deposits on the accumulation 
rate in this area is demonstrated by the stake measurements 
along profile 1. The relatively high accumulation between 
900 and 1200 m elevation is thus a result of both increased 
precipitation due to orographic uplift and increased deposi-
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tion of transported snow due to divergence and decrease of 
katabatic wind speed. 

A major accumulation deficit is found at core sites E and 
I (Fig. 2). Core site E is located in an area of small-scale (few 
km ) hills, and the surface microrelief is characterised by 
lanceolate sastrugi developed in wind-crusted snow (using 
Goodwin's (1990) classification). About 5 km to the west, 
blue ice could be seen on a large convexity. Relatively low 
accumulation on convex, as compared to concave, topogra
phy has been reported from various Antarctic studies (e.g. 
Schytt, 1958; Swithinbank, 1959; Gow and others, 1972; Whil
lans, 1975; Takahashi and others, 1994). Modelling results of 
winter air-flow patterns over the Antarctic ice sheet by Par
ish and Bromwich (1987) and Parish (1988) show thatJutul
straumen is located in a broad-scale confluence zone of 
katabatic winds. Strong southeast katabatic winds are thus 
expected during winter, resulting in correspondingly large 

transport and erosion potential along the ice stream. Wind 
speed is accelerated on convex topography because of the 
higher surface slope. The most plausible explanation for 
the low accumulation at core site E is ero ion due to wind
scouring. Wind-scouring would also explain the ambiguous 
oxygen stratigraphy found in core E since it has been shown 

that wind-scouring has a large effect on the oxygen-isotope 
profile (Fisher and others, 1983). 

Core site I (700 m a .s.l.) is not in the drainage basin of 
Jutulstraumen but about 30 km east and 20 km south of the 
grounding line in a region where katabatic winds diverge 
horizontally on the north aspect slope. This is an area of 

mixed snow and blue-ice fields. The north-sloping area is 
favourably exposed to incoming solar radiation, and low 
accumu lation rates result from the strong katabatic winds 
(Winther and others, 1996). A gradual decrease in the blue
ice extension can be seen on Norsk Polarinstitutt satellite 

maps (sheet No. H5S, Jutulgryta ) on moving towards core 

site I nearer the mountains H. U. Sverdrupfjella (Fig. I). The 
low accumulation rate at site I could therefore be a result of 
one or more of wind-scouring, low precipitation or higher 
sublimation rates. 

5. CONCLUSIONS 

Generally, the surface mass balance decreases with distance 
from the coast and increased elevation: from about 230 kg 
m 2 a \ in the coastal region to less than 160 kg m -2 a - \ at 

the front of the plateau at a distance of 420 km from the 
coast and 2414 m a.s.!. However, divergence from this gen
eral trend is found in the elevation interval 900- 1200 m a.s.l. 
where relatively high accumulation of up to 780 kg m 2 a \ 
occurs. A major accumulation deficit is found at core sites E 
and I. 

Locally we found large variations of up to 100% in accu
mulation rate over distances o[]ess then 3 km. The accumu
lation distribution was found to be dependent upon local 
surface topography and more specifically on the downslope 
surface gradient or aspect with respect to the katabatic wind 
direction. Some of the variations could also be due to migra

tion of longwave dunes (Whillans, 1978; Goodwin and 
others, 1994), but this seems to play a minor role. The studies 
demonstrate the importance of the local topography for the 
interpretation of firn-core stratigraphy. The largest part of 
the interannual variability in accumulation rates found in 
the cores from the fast-flowingJutulstraumen could be due 
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to the movement of the core site through a horizontal, geo
graphically fixed variation in surface mass balance. The 
results are important for the interpretation of temporal var
iations of existing firn cores and for the selection of new sites 
for core drilling. The long time mean should be used for the 
most reliable estimate of the net accumulation. 
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