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ABSTRACT 
Since 1979-80, isotope studies with oxygen-18 eBO) 

have been carried out at several snow pits and ice cores 
near the German Georg-von-Neumayer station (Ekstrom 
ice shelf, Atka Bay), as well as from the Filchner-Ronne 
ice shelves, in the framework of the German Antarctic 
research programme. The investigations of snow pits on 
the Filchner-Ronne ice shelves yield a standard deviation 
for the annual average S lBO values of approximately 
1% 0 over the last five years, and a decrease of S lBO 
with distance from the ice edge of about 1% 0 per 50 
km. The variation of 6 1BO for stratigraphically matching 
snow layers from snow pits at the same location in 
different years is about 0.3% 0 on the Filchner-Ronne 
ice shelves, and 0.8%0 at Georg-von-Neumayer station. 
The mean annual accumulation rate in the surroundings 
of Georg-von-Neumayer station was determined to be 34 
g cm- 2 for the years 1977-81. On the Filchner-Ronne ice 
shelves the mean annual accumulation rate (\979-83) 
decreases from 22 g cm- 2 at Filchner station to 15 g 
cm- 2 at traverse point T340, located 200 km south-east 
of Filchner station. 

I. INTRODUCTION 
Since the 1979-80 season, when the German pre-site 

survey expedition was carried out (Reinwarth 1981), 
annual expeditions have taken place on the Ekstriim ice 
shelf (Atka Bay), where the permanent German Antarctic 
research station Georg-von-Neumayer was established in 
1980, and to the Filchner-Ronne ice shelves (starting 
from the Filchner station, the German summer base 
camp). In Figure I these two locations are indicated, 
marking the area under investigation. 

The glacio logical part of the German Antarctic 
research programme comprises (a) the determination of 
the annual accumulation rates (which are indispensable 
for all investigations concerning the mass balance of the 
two ice shel ves), (b) in vestiga tions concerning the 
functional relation between the isotope contents eSO/60, 
2H/ IH, 3H/ 1H) in accumulated snow and ice and the 
climatic environment. 

First evaluations of accumulation rates by means of 
2H, 1B 0 and 3H levels of snow and ice samples from 
both sites were published by Reinwarth and others 
(1982). The following contribution is a progress report 
on results of further isotope investigations within the 
framework of German Antarctic activities. 

2. SAMPLING 
In the years 1980-84 snow pits were dug between 2 

and 6 m in depth near both stations. Two cores, 10.5 
and 51.7 m in length, were drilled in 1980 and 1982 at 
Georg-von-Neumayer station. In 1984 the programme was 
extended by a traverse on the Filchner-Ronne ice 
shelves (Fig .2) leading from the Filchner station (TI40) 
250 km to the south-east. Snow pits were dug every 
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Fig.1. Weddell Sea sector of Antarctica. 

50 km, and a bore hole to 100 m depth was carried out 
at traverse point T340, 200 km from Filchner station. 
Pits were also dug every J 50 km along the ice edge, 
starting from the Filchner station and extending 450 km 
west. 

The snow pits were stratigraphically analyzed, the 
density and temperature of the different snow layers 
determined, and samples taken for isotope analysis. The 
snow pit samples were melted and poured into bottles. 
The cores were cut into I m lengths, wrapped and 
transported frozen to the laboratory, where they were 
cut into equal pieces and melted. 

At the sampling locations the fim temperature at 
10 m depth was also measured . This temperature is 
representative of the mean annual near-surface air 
temperature, since no melting usually occurs at the 
surface of all the sites mentioned. 

3. RESULTS AND DISCUSSION 
The 1BO content of the snow pits and ice cores 

show the well-known seasonal variation, characterized by 
high lS0 content in summer snow layers and low lS0 

content in winter layers. This can be seen in Figure 3, 
where the results for traverse point T340 are plotted. 
Techniques for dating ice cores and snow pits by means 
of 1BO content rely on this periodicity. The 
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Fig2. Filchner traverse of the 1983-84 expedition into the 
Filchner-Ronne ice shelves. 
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Fig.3. Analysis of the snow pit at the traverse point 
T340 (Fig.2), February 1984. 
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stratigraphical profile also shows a similar quasiperiodic 
layering with coarse, low-density, partly metamorphosed 
summer material, and fine-grained winter material. The 
beginning of the winter is marked by the boundary 
between the highly transparent summer accumulation and 
the overlaying opaque winter material. 

As seen in Figure 3 the determination of the 
annual layering by means of the isotope content can be 
much more accurate than that by stratigraphy, especially 
if the accumulation rate or the rate of metamorphism is 
low. 
3.1. Accumulation rate 

Mean annual accumulation rates were deduced from 
the isotopic results in combination with the stratigraphy 
of the snow pits . The results are given in Table I. The 
amount of precipitation is correlated with the water 
vapour pressure (Robin 1977, Robin and lohnsen 1983). 
In Figure 4, the measured accumulation rates and the 
calculated vapour pressure over the ice are plotted as 

" Cl 

:::r:: 10 
E 
E 

Q) 

L 
::J 
CJ) 

CJ) 

Q) 

L 
a. 

L 
::J 
Q 

a. 
d,l 
> 

-30 -20 

tel'lpera.ture 

10 

- 1 0 

[QC] 

" N 
E 
o 

Q) 

T
d 
L 

c 
Q 

T-
d 

::J 
E 
::J 
tl 
tl 
d 

Fig.4. Correlation between vapour pressure over ice and 
near-surface air temperature after Robin (I 977) (full 
line), and accumulation rates at Filchner station (A), 
traverse point T340 (+), and Georg-von-Neumayer 
sta tion ( 0 ) (Figs.1 and 2) as a function of the 
10 m-depth firn temperature, which corresponds to the 
mean annual near-surface air temperature . The dashed 
line represents the regression line . 

functions of temperature. The accumulation rate and the 
vapour pressure display a similar decrease with 
decreasing temperature. 
3.2. Fluctuations of the isotope content 

The snow pits, which were dug in successive years, 
partly overlap corresponding annual layers. It is thus 
possible to compare the isotopic contents of the same 
annual layer at adjacent sites. 

It is assumed that firn layers matched between pits 
contain the same isotopic record, however they may be 
different in thickness. Thus, when comparing two isotope 
profiles of snow pits and ice cores, the depth axis of 
one of them may be deformed so that the extremities of 
the two curves coincide. The resulting profiles are then 
superimposed . 

Figure 5 shows the 180 profiles of two snow pits 
dug in 1983 (right) and 1984 (left), near Filchner 
station . The deformed profile of 1983 is superimposed 
on the profile of 1984 . The agreement between these 
profiles is apparent. 

Figure 6 shows a similar example taken from 
Georg-von-Neumayer station. Here the 180 profile of a 
snow pit dug in 1980 is compared with the 
corresponding part of the ice core drilled in 1982. The 
agreement between the isotopic contents is also very 
good. 

In the last example (Fig.7), certain differences exist 
in the isotopic content of corresponding annual layers. 
Here the 180 profile of a snow pit dug in 1981 near 
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TABLE 1. SNOW PIT AND ICE CORE INVESTIGA nONS AT EKSTROM ICE SHELF AND 
FILCHNER-RONNE ICE SHELVES 

Time of Mean annual Range of an- Mean annual Temperature 
Site investi- 180 content nual 180 con- accumulation at 10 m 

gation tent rate* depth 
(0/ 00) (0/ 00) (g cm-2) (DC) 

Georg-von-Neumayer 1977-81 -18.8 ± 1.0 -20.6 to -18.1 34 -17.0 
station 

Filchner station 1979-83 -24.3 ± 0.8 -24.5 to -23.1 22 -25.0 

Traverse point T340 1979-83 -28.3 ± 1.5 -30.1 to -26.1 15 -26.9 

Halley station ** 1976-81 -20.9 ± 1.6 -21.9 to -19.3 N/ A -18.2 

* Calculated from extremes of 180 content and stratigraphic results corresponding to the listed 
time periods. 

** IAEA (1981, 1983). 
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Fig .S. Profiles of 180 content in snow pits located near 
Filchner station (T140) dug in 1983 and 1984. The 
depth axis of the 1983 curve (right) has been 
deformed and the 180 profile superimposed on the 
1984 profile (left). 
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Fig .6. Profiles of 180 content in a snow pit dug in 
1980, and in the topmost part of an ice core drilled 
in 1982, both loca ted near Georg-von-Neumayer 
station. The depth axis of the 1980 curve (right) has 
been deformed and the 180 profile superimposed on 
the 1982 profile (left). 
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Fig.7. Profiles of 180 content in a snow pit dug in 
1981, and of the topmost part of an ice core drilled 
in 1982, both located near Georg-von-Neumayer 
station. The depth axis of the 1981 curve (right) has 
been deformed and the 180 profile superimposed on 
the 1982 profile (left). 

Georg-von-Neumayer station is superimposed on the 
corresponding part of the same ice core in the last 
example. 

The following conclusions may be drawn from these 
comparisons of 180 profiles at different sites . The mean 
180 contents in corresponding annual layers at two 
adjacent sites differ by amounts of up to 0.7 0/ ° ° at 
Filchner station, and of up to 1.8 0/ ° ° at 
Georg-von-Neumayer station. The resulting mean standard 
deviation (la) is 0.3 0

/ 00 at Filchner station, and 0.8
0

/ 00 

at Georg-von-Neumayer station. These fluctuations in the 
isotopic record must be taken into account if 
temperature information is to be inferred from the mean 
annual 180 content in snow and ice horizons. 
3.3. Mean annual isotopic content 

In Table I the mean annual 180 contents during the 
observation period, and the variation ranges of this 
content, are compiled for different locations. As in the 
case of the accumulation rate there is a decrease of the 
180 content with decreasing mean near-surface air 
temperature, as seen in Figure 8. In addition the graph 
of the empirically established relation (Equation (1» 
between 180 content and the near-surface air 
temperature a at different locations over East Antarctica 
(Lorius and Merlivat 1977, Lorius 1983) is plotted in 
Figure 8. 

6180 = 0.755 a - 7.6 (I) 

The year-to-year differences of the annual mean 
180 content (Table I) are generally greater than the 
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Fig. 8. Mean annual oxygen-18 contents at 
Georg-von-Neumayer station (0 ), Filchner station (t.), 
and traverse point T340 (+) plotted against the 
10 m-<iepth firn temperature, which corresponds to the 
mean annual near-surface air temperature. For 
comparison the 180 content at Halley station (0) is 
also shown as a function of air tempera ture (IAEA 
1981, 1983) (cf. Table I). The full line corresponds to 
Equation (I) (Lorius and Merlivat 1977). 

local fluctuations in the same annual layer (cf. section 
3.2). 

Unfortunately no near-surface air temperatures are 
available at Filchner station or Georg-von-Neumayer 
station to confirm whether the changes in the 180 
content of the annual layers may be correlated with 
annual temperature changes or not. For Halley station, 
where temperature and isotope data are available (IAEA 
1981, 1983), no correlation between the weighted mean 
annual 180 content in the precipitation and the mean 
annual near-surface air temperature can be found . This 
supports the opinion that the observed scatter of annual 
180 contents within the relatively short observation 
period of a few years is not due to temperature changes 
alone. 
3.4. The decrease of the 180 content with distance 
from the ice edge 

Along the traverse on the Filchner-Ronne ice shelves 
(Fig .2) there is a notable decrease in the mean annual 
180 content from Filchner station (TI40) to traverse 
point T340 (Fig.9). This trend is to be expected from 
the lower mean annual near-surface air temperature at 
traverse point T340 , and from the greater distance from 
the ice edge . The shift in the mean 180 value from 
-24.3 0 / 00 at Filchner station to -28 .3 0

/ 00 at traverse 
point T340 amounts to 4.0

0/ 00. Thus, according to the 
present results, a gradient in the 180 content of 1.0 ° 10 ° 
per 50 km is observed on the Filchner-Ronne ice shelves . 
On Ross Ice Shelf a smaller gradien t of I °10 ° per 
65 km was found (Clausen and others 1979). Figure 9 
also shows that the 6 180 differences between the 
corresponding winter minima of the two snow pits are 
smaller (3.5±0.5°/ 00 ) than those of the summer maxima 
(5.1±3.00/ 00 ). Possible explanations may be the lower 
accumulation rate at traverse point T340, and the 
seasonal fluctuation in the ice cover of the Weddell 
Sea. 

Using Equation (I) and the mean annual 
near-surface air temperature, represented by the firn 
temperature at 10 m depth, a mean 180 content may be 
calculated . There is a good agreement with the measured 
val ues (Ta ble I) for traverse poin t T340, bu t not for 
Filchner station. However, the difference in mean 180 
content between these two points on the Filchner-Ronne 
ice shelves is possibly explainable by applying the simple 
Rayleigh distillation model with all assumptions 
included . 

(6 + 1000)T340 :;:, f (a-I) (2) 
(6 + IOOO)TI40 
Here Cl is the equilibrium isotopic fractionation 
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Fig. 9. Profiles of 180 content in snow pits located near 
Filchner station (TI40), and at traverse point T340, 
both dug in 1984 (Fig.2). The depth axis of the T340 
curve (right) has been deformed and the 180 profile 
superimposed on the TI40 profile (left). 

factor for the phase transltlOn from vapour to solid, and 
f is the fraction of vapour remaining in the cloud as 
condensation proceeds. It is assumed that the temperature 
of condensation is approximately equal to the mean 
near-surface air temperature. Finally, the remaining 
fraction may be given by the ratio of the vapour 
pressures corresponding to the near-surface air 
temperatures of the two sites (see e.g. Fig.4). 

With ex = 1.0197 (Majoube 1971) and f = 0.68, a 
decrease in the 180 content of 3.6 %

0 results from 
Equation (2), which is close to the measured value . 
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