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Measurements of 6180 and B-activity on eight cores covering up to 20 years of precipitation show that the mean
multi-year mass balance at Riiser-Larsenisen is 0.32 m water equivalent (320kg m7?). The Kvitkuven ice rise shows
the smallest accumulation rates and inter-annual variability. There are no significant correlations in year-to-year
variations in accumulation between the eight cores, or between the results at Riiser-Larsenisen and the records
at the near-by' stations Halley and SANAE/Norway Station. Mean annual accumulations at these coastal stations
and Mudheim Station and the mean from near the ice edge of Riiser-Larsenisen are identical within 5%, except
for Norway station during the IGYperiod, which is 30% higher. Stake measurements during 1977-79 show higher
accumulation rates than the long-term means determined by the isotopic measurements.

The mean 'O variations correlate closely with mean annual temperatures, with a relationship = 1.3/ "C.
This agrees well with results from the Antarctic Peninsula. Mean annual temperatures and mean 6 for all sites
at Riiser-Larsenisen are -17.2° C and -20.20/oo respectively. Temperature observations and monthly measurements
of 0-concentrations in precipitation at Halley show that the conditions there are similar to those of Riiser-Larsen-
isen, with means for different periods of - 18.3° C and -19.70/oo respectively. However, the precipitation data
show higher variability in 6180 than the snow/firn sections.
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Riiser-Larsenisen is an ice shelf located between
12° W and 20° W in western Dronning Maud
Land (Fig. I). We report here mainly the results
of isotope studies on ice samples collected from
seven localities at Riiser-Larsenisen and one lo-
cality upstream from the ice shelf (Fig. 2). The
programme was organized by Olav Liestøl and,
later, by Olav Orheim, and the field work was
done on three expeditions: Torbjørn Lunde col-
lected samples from two locations on the Nor-
wegian Antarctic Expedition 1968/69, Yngvar
Gjessing, Kjell Repp and Bjørn Wold collected
samples at five sites on the Norwegian Antarctic
Research Expedition (NARE) 1976/77, and
Gjessing and Wold collected one core on NARE
1978/79. Also included are results from two
samples collected by Wold at Fimbulisen (Fig.
I) in 1978/79.

The 1968/69 samples were collected in con-
nection with traditional pit studies and showed
well-developed seasonal 618 0 variations. It was

therefore decided to collect further samples for
such analysis on NARE 1976/77 and 1978/79.
Other glaciological studies on these two expedi-
tions covered snow accumulation, temperatures,
and chemistry, and ice flow and ice thickness.
These are reported in Repp ( 1978), Gjessing
(1984), Gjessing & Wold (1986), and Orheim
(1986).

Samples were generally collected at 0.05 m
intervals, following standard procedures. Either
the samples were collected from the walls of
snow pits, melted, and shipped in plastic bottles,
(sampling sites 1,2,3,6,8), or they were collected
as cores and kept frozen on shipment to Norway
and subsequently to Denmark (sampling sites
4,5,7,and Fimbulisen). The isotope analyses were
done at the Geophysical Isotope Laboratory,
University of Copenhagen. All samples were
analyzed for the concentration of HO, expres-
sed as a relative difference (6180) with respect to
Standard Mean Ocean Water (SMOW) (e.g.

* Publication No. 54 of the Norwegian Antarctic Research Expeditions ( 1976/77, 1978/79).
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Fig. 1. Index map of
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Fimbulisen.
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Craig 1961). Five of the sections were also ana-
lyzed for total B-activity. Fig. 1 shows the location
of all sample sites, and Table 1 gives the time of
collection, length of core, approximate number
of years covered, and the depth of stratigraphic
studies at each locality.

Results
The isotope-measurements

The measured variations in 6' 80 and in -activity
are shown in Figs. 3-10. Most sections show
marked peaks in B-activity, which have been as-

signed to the 1964/65 and 1970/71 seasons, bas-
ed on results from elsewhere in Antarctica (Pic-
ciotto et al. 1971 ; Clausen & Dansgaard 1977).
The B-results indicate that at most one section,
No. 5, extended as far back as 1955, when the
total -activity was built up in Antarctic snow
(Picciotto & Wilgain 1963). The 618O seasonal
variations are generally well developed and dif-
fer in this respect from many other areas of Ant-
arctica, e.g. Dansgaard et al. (1973). Thus, taken
in conjunction with the gross activity, they allow
reasonably confident identification of annual
layers through most of the sampled depths.
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Table 1. 6180 samples from Riiser-Larsenisen.

Total depth of Total depth of Sites of
No Season Locality core/samples Years stratigraphy strat.

(m) (m) studies

1 1968/69 Camp Norway 1 9.1 12 8.5
2 76/77 Grounding line 10.2 13 2.1 X

3 68/69 On shelf, 10km from gr.line 4.4 5 5.5
4 76/77 SW on Kvitkuven 10.95 20 1.5 X

5 76/77 Top of Kvitkuven 11.3 20 1.6 (x)
6 76/77 NE on Kvitkuven 13.35 20 1.2 X

7 78/79 3 km from Kvitkuven/shelf edge 13.0 17 2.1
8 76/77 Camp Norway 3 4.0 5 3.5 X

Camp Norway 1. Grounding line. 2
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Specific total -activity was not measured on
the two sections collected in 1968/69. Thus, there
are more uncertainties in the interpretation of
these profiles. Nor are the B-activity variations
adequate to give a dateable horizon for the short
section, No. 8. For the others, the main uncer-
tainties are concerned with the interpretation for
the pre-1964 period. However, alternative identi-
fications of annual layers are possible for sec-
tions dated by -activity, at locations 5 and 7.

The alternative interpretation at location 5
(Fig. 7) would probably only change the balances
for two years in the core and not affect the aver-
age values after 1964.

The core from location 7 (Fig. 9) presents a
greater problem. Here the high -activity at 5 m
depth corresponds to the 1964/65-level in other
cores, but this is not possible from the 0-varia-
tions. One alternative interpretation to the one
presented is that the core section from 4.2 m to
13 m was reversed in the field, i.e. that the 4.2 m
level represents the base of the core and dates
back to 1964. This interpretation would make the
isotopic records more reasonable and would give
a mean annual accumulation of 0.45 m w.eq.,
which is practically equal to the given interpreta-
tion. We think this explanation is the most likely
one, but unfortunately we have no way of ascer-
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taining whether such a reversal occurred. If the
shown interpretation is correct, then the -activity
at 5 m is a local effect in the 1971 precipitation,
and we note that the mean-activity for that year
is not unreasonably high.

The well-developed seasonal variations in this
area with a mean annual accumulation > 0.3 m
water equivalent (see below) imply that seasonal
variations can be expected to survive metamor-
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phism, and be better preserved at depth than at
most of the other locations in Antarctica where
8180 measurements have been made ( e.g. Dans-
gaard et al. 1973; Johnsen 1977). This would
therefore be a suitable area for deeper drillings
with respect to potential dating of the ice core by
0-variations and thus for studies of past climatic
variations. The ice shelf varies in thickness from
200 m to 600 m (Orheim 1986), and a section
from the thicker areas can be expected to extend
to 2000 B.P. The detailed stratigraphic studies
done by Repp ( 1978) at some of the localities
(Table 1) show that the snow is wetted in the
summer, refreezing to form ice layers, but that
the annual layer is not soaked. Thus, most of the
stratigraphy is not affected by melting and
refreezing processes.

6416s Mean net balance

The variations in annual accumulation at each
site are presented in Fig. 11 and Table 2. The
values are based on the identification of depths
of summer surf aces presented in Figs. 3-10. The
main errors, in addition to possible misidentifica-
tion of annual layers, are related to 1) the depth
resolution and 2) uncertainties in density.

The sampling interval of 0.05 m for the oxygen
isotopes results in a possible error of 0.1 m in the
thickness of an annual layer, or about 0.05 m
water equivalent.
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Table 2. Mass balance in m water equivalents.

Year 1 2 3 4 5 6 7 8 Average

1978 0.28
77 0.16
76 0.28 0.32 0.30 0.55 0.23 0.22 0.32
75 0.29 0.23 0.34 0.37 0.27 0.35 0.31
74 0.39 0.25 0.18 0.29 0.54 0.37 0.34
73 0.42 0.28 0.24 0.37 0.44 0.39 0.36
72 0.44 0.27 0.25 0.20 0.18 0.30 0.27
71 0.52 0.13 0.27 0.27 0.29 0.30
70 0.54 0.19 0.12 0.34 0.22 0.28
69 0.24 0.38 0.39 0.41 0.54 0.39
68 0.26 0.24 0.39 0.29 0.25 0.32 0.58 0.33
67 0.11 0.37 0.25 0.16 0.25 0.37 0.54 0.29
66 0.36 0.35 0.37 0.27 0.19 0.30 0.38 0.32
65 0.43 0.45 0.37 0.32 0.29 0.39 0.32 0.37
64 0.17 0.53 0.32 0.19 0.22 0.31 0.28 0.29
63 0.37 0.21 0.27 0.32 0.67 0.37
62 0.40 0.27 0.18 0.34 0.29 0.30
61 0.40 0.48 0.36 0.36 0.40
60 0.56 0.22 0.47 0.20 0.36
59 0.38 0.27 0.20 0.32 0.29
58 0.26 0.27 0.25 0.38 0.29
57 0.43 0.23 0.31 0.37 0.34

Standard deviation
0.124 0.106 0.057 0.078 0.081 0.075 0.156 0.068 0.052

Mean
1965-76 0.378 0.258 0.256 0.348 0.378 0.323

Mean
1971-76 0.390 0.247 0.263 0.342 0.325 0.313

Mean
1965-70 0.365 0.268 0.248 0.355 0.430 0.333

Mean
all years 0.344 0.389 0.340 0.262 0.267 0.339 0.365 0.326 0.322

The density values used are shown in Fig. 12.
Density measurements were only collected to
4.0 m depth at Riiser-Larsenisen (Repp 1978).
Here we have used his data for the first 3 m, and
below that the average densities measured by
Lunde (1961) at Norway Station. This gives a
smooth curve which is intermediate among the
various density-depth data collected from this
region. They are all given in Fig. 12. Replacing
the density values with those from either Halley
or Maudheim, would change the total mass for
the longest sections by about 0.2 m water equiva-
lent, and for individual years by maximum 0.03
m. The errors resulting from the assumed density

curve are therefore not likely to be large. There
are, of course, in reality large deviations from the
smooth density/ depth curve, especially for the
near-surf ace layers ( e.g. Schytt 1958). Thus,
application of the above mentioned density
curve probably reduces some of the real variabili-
ty in annual accumulation, but without signifi-
cantly affecting the multi-year means.

Although similar year-to-year variations can
be recognized in several of the curves (Fig. 11 ),
it is unlikely that the curves should parallel each
other over longer periods. Considerable natural
variation in accumulation can be expected, due
to various effects including small scale surf ace
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roughness, although such variations are com-
paratively greater in areas of low accumulation
( e.g. Palais et al. 1982). The standard deviations
presented in Table 2 show that the greatest varia-
bility in accumulation is shown at the long
section from the coast (7). Comparatively great
variability is also shown at the inland site ( 1) and
at the grounding line (2). The Kvitkuven sites
( 4--6) show much smaller year-to-year variations,
and the data also indicate lower mean accumula-
tion on Kvitkuven, which is what would be ex-
pected from the topography.

Table 2 also shows the mean annual accumu-
lation for individual locations and periods. The
mean annual accumulation for all locations for
the 22 accumulation years from 1957 to 1978 is
0.322 m of water equivalent. Excluding sample 1
located upstream from Riiser-Larsenisen, this
gives a mean balance for the seven locations on
the ice shelf of 0.319 m. There is no evidence of
trends in mean balance for the time periods
dated by total -activity.

Table 3 compares the mean net balance as
calculated from the isotope results with the bal-
ances determined by stratigraphic methods and
from two years of stake measurements (Lunde,
pers. comm.; Repp 1978; Gjessing & Wold 1986).
It appears that the stratigraphic interpretation in
1976/77 overestimated the accumulation rate,
whereas the 1968/69 work possibly underesti-
mated the accumulation. The stake measure-
ments for 1977179 show considerably larger
values than the multi-year mean accumulation
determined from the studies at the same sites.

Table 3. Comparison mean net balances in m water equivalents.

Locality 6&O Stratigraphy Stakes
No b, Period (years) b, Period (years) 1978-79

l 0.345 1957--68 (12) 0.215 1950--68 (19)
2 0.389 1964-76 (13) 0.491 1975-76 (2) 0.583

3 0.340 1964--68 (5) 0.226 1958--68 ( 11) 0.584
4 0.262 1957-76 (20) 0.655 1976 (1)

5 0.267 1957-76 (20) 0.665 1976 (1) 0.416

6 0.339 1957-76 (20) 0.515 1976 (1)
7 0.365 1962-78 (17) 0.508 1977-78 (2)

8 0.326 1972-76 (5) 0.539 1974-76 (3)

The period shows the balance years determined, i.e. '1976' corresponds to the period between the 1975/76 and
1976/77 summer surfaces. The stratigraphic interpretations are from Lunde (locality I, 3), Repp (2, 4, 5, 6, 8), and
Wold (7); the last is more tentative.
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Such differences between short and long-term
measurements are not unusual, and the data
probably reflect real differences for the different
periods. It is noteworthy that the Halley data
(Fig. 13) also show above-average accumulations
for these two years.

Fig. 13 shows the mean annual accumulation
at Riiser-Larsenisen together with records from
Halley and SANAE/Norway Station. There is
no statistically significant year-to-year correla-
tion between the curves. Comparison of the re-
sults from near the ice front (7) with the long
records from the nearby stations ( also all located
near the ice front) indicates that the mean accu-
mulation does not vary significantly with latitude
along the coast: 0.495 m and 0.374 m at Norway
Station and SANAE (Lunde 1961; Neethling
1970), 0.365 m at Maudheim (Schytt 1958), 0.365 m
at Riiser-Larsenisen, and 0.382 mat Halley ( com-
piled from data provided by Limbert, pers.
comm.). This conclusion must be tempered by
the fact that these records represent different
periods and different techniques, but it agrees
well with the balance map produced by Bull (1971).

0-variations and temperatures

Table 4 shows the mean 6 for each site together
with elevation and distance from the sea, and

mean annual temperatures based on snow tem-
peratures at 10 m depth (Lunde, pers. comm.;
Gjessing & Wold 1986).As expected, the mean
annual temperature and 6 are correlated. Fig. 14
shows that the data fit well on the 0/temperature
curve from the Antarctic Peninsula discussed by
Peel & Clausen ( 1982), with a steeper slope
(1.36%/°C) than in other parts of Antarctica.

Localities 4 and 5, on the ice rise Kvitkuven,
are noticeable for having less negative 6O". This
suggests less winter accumulation, perhaps as a
result of scouring (Fisher et. al. 1983). This is

Table 4. Mean 618 0, annual temperature, elevation,
distance from sea, b,-

Mean Mean Ele- Dist. Balance
No 6e ann. vation from

b,
lo temp. sea

·c m
km m

1 - 24.3 - 21.4 743 150 0.345
2 -- 24.04 - 19.2 60 110 0.389
3 - 24.2 -- 18.0 t 75 90 0.340
4 - 18.75 150 7 0.262
5 - 18.03 -- 16.4 200 5 0.267
6 -- 19.93 - 15.4 100 4 0.339
7 - 20.88 - 16.8 40 5 0.365
8 - 19.67 30 2 0.326
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Fig. 13. Annual mass balance variations at Riiser-Larsenisen (Table 2) compared with Halley (Limbert, pers.
comm.) and  SANAE  (Neethling 1970). The latter include results from both stratigraphy (dots) and stakes (solid
line).
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supported by the accumulation rates at these two
localities, which are the lowest of the measured
cores.

The 0-concentration in precipitation has been
measured at Halley since 1965. The 1965-75
monthly 6-variations given by the International
Atomic Energy Agency (1970, 1972, 1973, 1975,
1979) are shown in Fig. 15, and computations
from the data in these publications give a mean
6 of -19.70/ooand a mean air temperature of
-18.3° C for the nine complete years 1966, 1967

and 1969--75.The corresponding means for the
five localities (2, 3, 5, 6, 7) on Riiser-Larsenisen
for which both 5 and temperature data are avail-
able are -20.60/ooand -17 .2° C. These series do
not cover identical periods, but the data indicate
that within the margins of uncertainty the mean
conditions are very similar for these two areas.
The mean temperature is probably lower than
--18.3° C at Halley. It was -19.3° C for the years
1956--81 (computed from data provided by Lim-
bert, pers. comm.).
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The mean 6 for all sections on Riiser-Larsen-
isen is -20.20/oo.Comparison between Fig. 15 and
Figs. 3-10 shows larger monthly and seasonal
variations at Halley. It is reasonable that the
snow/firn sections should show lower variability
than the precipitation data. There is considerable
smoothing of the isotope profile through the
vapour phase in the upper few metres. Further-
more, the snow samples may at times represent
combinations of several precipitation events,
including effects from post-depositional mixing,

and a 0.05 m sample may include precipitation
from more than one month. In other cases
adjoining samples may represent snow from the
same precipitation event. These effects will cause
smoothed profiles compared with the precipita-
tion data.

0-variations at Fimbulisen

Fig. 16 shows the variation in two cores collected
at Fimbulisen in western Dronning Maud Land,
at the coast not far from the present SANAE and

s'°O VARIATIONS AT HALLEY 1965-1975
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Fig. 15.6180 concentration in precipitation measured at Halley from 1965 to 1975.
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Fig. 16. 6180 variations at two locations at Fimbulisen,
at approximately 70° OO'S,l O 25'W (Fig. I).

former Norway Station (Fig. 1). The cores from
Fimbulisen show larger 0-variations than any of
those at Riiser-Larsenisen, presumably because
Fimbulisen experiences more variation in pre-
cipitating air masses. The mean 6 computed from
the two complete balance years in each core is
-18.10/oofor Fimbulisen I and -17.30/oofor Fim-
bulisen II. The 6-variations indicate a mean bal-
ance for the two sites of 0.86 m and 0.55 m water
equivalent, respectively.

Conclusions
Oxygen isotope data of snow and fim samples
from eight locations on and upstream of Riiser-
Larsenisen show well-developed seasonal varia-

tions. These variations can be expected to be
preserved with depth, making the area suitable
for deeper drillings. The oldest sections extend
back to 1957, and the 1964 and 1970 levels have
been dated in five sections by total -activity. The
mean annual balance at Riiser-Larsenisen is 0.32
m water equivalent. It varies little across the ice
shelf, apart from a somewhat lower accumula-
tion on the ice rise K vitkuven.

The mean annual mass balance at Riiser-
Larsenisen is close to that recorded at the nearby
Halley and Maudheim stations, indicating that
the precipitation along the north-eastern coast
of the Weddell Sea varies little with latitude.

The mean 6180 at Riiser-Larsenisen is
--20.2o, compared with -19.70 for precipita-
tion measured at Halley. Comparisons of -varia-
tions and mean annual temperatures indicate a
relationship close to that found for the Antarctic
Peninsula, and a somewhat greater change with
temperature than described elsewhere in Antarc-
tica.

There is no statistically significant correlation
between the annual mass balance variations at
the different sampling sites, or between the mean
annual balances from Riiser-Larsenisen and the
annual balances at Halley and SANAE.
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