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Abstract

Stable oxygen isotope( °0) data from the continental ice wall near Maitri
station has revealed the transported nature of the ice. The O profile for
the ice wall shows three distinct short duration warmer events. Earlier
reported (Nijampurkar et. al. 2002) stable isotope data from a shdlow ice
core in the area when compared with the present data, suggests insitu ice
accumulation over the older ice surface represented by the ice wall Two ice
units are identified; namely, the older basal unit of an unknown age and the
upper unit of recent times respectively. A wide hiatus in the ice record has
been observed, which probably represents larger scale melting of ice during
a warmer climatic phase in the past.

Introduction

Indian expeditions to Antarctica were undertaken to carry out a variety of
scientific researches including investigation of past climate using diverse proxy
indicators. With this aim, the first Indian station Dakshin Gangotri was constructed
on an ice shelf on the Lazarev sea in 1983-84; subsequently this station was
abandoned as it got buried in accumulating snow on the shelf and a new station,
Maitri was constructed near the Schirmacher Range in a relatively ice-free rocky
region. Maitri station is located at lat 70° 46'S and long. 11° 49'E at an elevation
of 87 m and a distance of about 80 km from the Dakshin Gangotri (DG) station.

Long ice cores from Antarctica and Greenland have provided excellent
record of variations in past climate, atmospheric trace gases composition, ice
temperature etc. and geographical events like volcanic expeditions, storm
activity etc. (Grootes and Stuiver, 1997; Bluimer et a. 1998). However, the
selection of sites for drilling long ice covers is to be done carefully after taking
into account the local meteorological, geomorphological and geochemica factors.
The Indian scientific expedition to Antarctica has yet to initiate a systematic ice
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core-drilling programme. A shallow ice core was drilled in the year 1992
(Chaturvedi and Asthana, 1996) on the continental ice sheet near Maitri.
Nijampurkar et al (2002) have reported records of recent volcanic events,
accumulation rates of ice and PO data from this core. Bhattacharya and
Nijampurkar (1998) have dedlt with the oxygen isotopic studies of ice, snow and
lake water around the Indian station. Oxygen isotopic composition of surface
and near surface water, snow and ice samples provide an important input. It is
known thet O value in faling snow is influenced by source composition,
circulation pattern and the thermodynamic history of the precipitating air mass.
As a consequence, the mean '°O of precipitation at a given place is linearly
related its mean temperature and can this be used as a proxy temperature
indicator (Dansguard 1964; Robin 1983a). Systematic measurements of %0 in
ice cores have been used to study flow patterns of glaciers, snow accumulation
and homogenisation processes in the upper layers of the glacier ice and most
importantly past climatic variations. With the objective of establishing an
isotopic database which will be useful in selecting a site for deep ice core
drilling at this location, the present study was undertaken. In this study, we
undertook during the 21% expedition in 2002, a systematic sampling of the ice-
wall located south of Maitri station to study the *°O variation. The study was
undertaken primarily to evaluate the importance of exposed cliffs of continental
ice sheet for the purpose of paleoclimatic studies. The sampling is relatively
smpler and has potentia of complementing ice core data, in the places where
ice coring is till to be done. Analysis of these samples for *°O should identify
their inherent isotopic composition variations and their relation, if any, with
surface temperature a the sampling site.

Location and Sample Collection

The continental ice sheet near Maitri station 70° 46'S, long. 11° 49'E is a
part of the East Antarctic ice sheet. The margin of the sheet runs E-W parallel to
the Schirmacher Oasis and stands as a wall of variable 20 m to 30 m height. To
ensure collection of undtered samples free from human activity, the location
about 500 south east of Maitri was selected for sampling. Before the collection
of the actual sample, about 10 cm of the wall surface was scrapped off to obtain
fresh samples. Samples were taken in polythene bags and sealed at the site at
regular intervals of 20 m from the top to downwards as far as possible. These
samples were alowed to melt. For storing and transportation, melted samples
were put in polythene plastic bottles, ensuring that no gap was left in the bottles
for ar.
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The water samples from Priyadarshini lake near the Maitri station were
collected from a location near the water pump. The average surface temperature
recorded during the summer of 2002 was -6°C. The surface locations were
limited within an area of about 70 sq. km due to limited mobility and the
preliminary nature of the study.

Andlytica Procedure

Oxygen isotopic analysis was done using a Stable Isotope Ratio Mass
Spectrometer (Geo 20 20 PDZ Europa, UK) fitted with an automatic water
equilibration system. Pure carbon dioxide gas is equilibrated with 1 ml of water
sample at 35°C in a thermal bath for nearly overnight (~ 12 hrs). The analytical
reproducibility is better than + 0.1%. The values are reported relative to the
international V-SMOW standard. Narmada River water, a laboratory water
standard, was run with even 10 samples to monitor the process and the
precision.

Results and Discussion

The ice sheet margin is about 20 m to 30 m high and exhibits layering and
mild folding features. The layering may be a depositional feature or a foliation
layering developed during the course of ice movement (Alley, 1988; Hudleston
and Hooke, 1980). There is a strong possibility of layers representing basal
foliation planes, developing as a result of progressive accumulation increasing
at the source and movement of ice mass due to deeper burial dong the available
basement slope. Remote sensing studies suggest a genera NW movement
direction for the continental sheet glacier in the Schirmacher Oasis (Nath, 1990).
According to him, the continental ice sheet cuts through the Petermen and
Gruber massifs in N-S direction and then takes NW direction. The likely
accumulation for the ice is about 300 km away from the present location beyond
Gruber and Petermen Massifs (Fig. 2, after Bently, 1964). The ablation zone is
confined 4 to 5 km on the ice sheet surface from the margin and wind worked
surfaces, melt water channels, etc., are seen in the ablation area. There is a break
in the slope of ice sheet surface. The accumulation of recent ice mass over the
transported older ice is indicated by this slope break line (Fig. 1).

0 data on the ice wajl samples range of from -50% to - 38%o (Fig.
3; dso Annexture -1). Such depleted values are indicative of precipitation and
accumulation at higher atitudes above 3000 m (Lorius, 1983). The relatively
enriched values at the depths of 5 m, 18 m and 19.0 m, suggest short duration
warmer events. Similar short-term climatic changes have been reported by
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Fig. 1. Location shown by open circle indicates the assumed accumulation source for
the ice wall sampled at Maitri (after Bentley, 1964).

Fig.2. Map showing ice wall location.
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Fig 3. “O variation of the ice wall

Dansgaard et a (1984) The O value of the DG glacier snout, arelatively fast
moving glacier further west of the present location, is dso similar to the value
obtained in the present study (Bhattacharya and Nijampurkar, 1998). The
published *O data (Nijampurkar et a 2002) on the shallow ice core about 5
km south of the Maitn Station are in the range -21 %y to -26% for the top 30
m of the core This big difference in the *O values of the shallow core and the
ice wall implies that the core location has likely insitu ice accumulation. .The
average accumulation rate of 20 cm/yr as published implies that this core
represents about last 300 years of accumulation .These isotope records, seen
collectively, suggest a wide hiatus in the ice record at Maitn, the gap must have
been created by the removal of continental ice after the Last Glacid Maximum
(LGM) or later glacia retreat events.

A computed age of more than 10,000 years for the ice wal profile
assuming the average Antarctic Ice sheet movement as 30 m/yr (Embleton and
King, 1969) and a distance of about 300 kms beyond Gruber and Peterman
massifs appears reasonable, in the absence of a proper date for the ice sheet in
the region The O vaues are higher than in the Vostok core (Jouzel et al
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1987). In the Holocene segment of the Vostok core the average '°0O (Dansgaard
et d. 1993) is about -56%, .whereas the present average is -48%,, the
difference expected as the Vostok core is located at a much higher elevation and
latitude. The approximate rate of ice accumulation for the Vostok core during
the Holocene is about 2.5 cm per year; assuming the same rate for the ice data
under study it appears that the ice would have accumulated in approximately
1000 years.

The "0 vaues of the Priyadarshini Lake agree well with the data
published earlier (Bhattacharya and Nijampurkar, 1998; Sinha et al- 2000)
(Teble 1). The lakes in the Schirmacher Oasis, including the Priyadrashini, are
continentdl ice sheet-denved melt water lakes; the 'O of published and the
present studies suggest isotopic equilibrium between melt water and the ice
shest.

Simmay and Conclusion

The basd continental ice sheet stands as a cliff parallel to Schirmacher
Oadis range, with varying heights between 20 to 30 m. The '®O values are
highly negative for the entire wall sampled at 20 cm interval from the top to the
base, Such depleted values are indicative of a non-local high altitude source of
more than 3000 m altitude. Its probable location is about 300 km from the
present one; based on the average rate of ice sheet movement for the Antarctic
ice sheet, and the probable focus of ice accumulation, the ice wall is about
10000 years old. The Vostok ice core location has registered an accumulation
rate of ice as 2.5 cm/yr; if the same rate of ice accumulation is assumed then
the ice wall preserves a record of 1000 years of ice accumulation and
transportation history.

The recently published '°0 data of Nijampurkar et al. (2002)on a shallow
ice core suggests the ice core is of insitu accumulation and there is a big hiatus
in the ice records between the recent ice represented by the shallow ice core and
the ice wall. This must have resulted due to the melting of continental ice after
LGM or later.

The ice wall displays layering and mid folding, as suggested by the O
data The ice wall represents transported ice sheet could be post depositional
foliation feature resulting due to long distance transport of ice. The mild folding
is due to termind obstructions or due to differential movements of younger ice
at the site of accumulation and older ice at the fringes of the sheet ice.

The study is to be regarded as preliminary, as many parameters, such as
movement rates of the ice sheet and accumulation rates of ice in the interior site
beyond Wholthat Mountains need to be ascertained and more detailed sampling
of ice wall is needed
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Annexure |
Table 1: 'O Data of Ice wall samples near Maitri Station
S No Sample No Depth (M) 01 (%)
i El- 1 02 46 B3
2 2 S 4 e
3 3 44 6 D
4 4 L3 8 2
5 5 3l 823
6 6 112 47 57
7 7 12 14 46 &
8 8 14 16
9 9 16 18 825
10 10 182 47 8
n E 1 T2 46 @
12 12 2224 6 8
n 13 2426 819
14 14 2628 9 13
15 15 283 48 &
16 16 332 8 4
17 Esl 3234 48 0
La 2 3436 % 5
19 3 3638 4% &6
20 4 384 %6 04
21 5 442 47 &4
22 6 4244 43 B
23 7 4446 40 18
24 8 4648
25 9 485 DB
26 E 10 5 52 48 B
27 1 5254 47 71
28 12 5456 46 B
29 13 161348 46 M
30 14 586
31 15 6 62 &
32 16 6264 az
33 17 6466 46 6
34 18 66 68 9 B
35 19 687 %6 14
36 20 772 47 2
37 21 7274 az
38 Es22 7476 874
39 23 7678 ]
40 24 78 8 45 D
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St No Sample No | Depth (M) 801 (%0)
i 25 382 -

0 26 82:84 -46 99
P 27 8486 -

44 2 8688 -48 66
45 29 889 -48 07
46 30 992 -48-56
7 3 9294 -4870
48 E32 9496 4736
49 3 9698 -49-33
50 34 98-10 4852
51 35 10-102 -48 13
52 36 102-104 -49 00
5 37 104-106 4793
54 38 106-108 -48 55
55 Er-39 108-11 -48 95
56 40 11-112 -48 68
57 41 12-114 -49 55
58 42 114116 -4794
59 43 116118 -48 56
60 44 11812 “-4923
61 45 12-122 -

62 46 122124 4927
6 Bied] 124-126 -48 52
64 48 126-128 -4933
65 49 12813

66 50 13-132 -50 06
67 51 132-134 -49 84
68 52 134-136 -4879
69 53 136138 -

70 54 13 8-14 -

7 55 14142 -

7 56 142-144 4884
7 EyS5 144146 -48 80
74 56 146-148 -49 28
75 57 148-15 5012
76 58 15-152 -4813
7 59 152-154 -46 27
78 60 154 156 -4873
79 61 156158 -48 20
80 62 15816 -4876
81 63 16-162 -48 77
8 Bio-64 162-164 -49 45
8 65 164-166 4797
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5r Na Zumple Mo, Tiegh MV B (Kg)
B4 2] 166164 -4tis
B &7 JLE b -

1] B,-6% iz 4372
a7 &5 172-174 46 53
BB o 174-17 6 T34
L] T 176L7H 448
L Far-T2 178 AL 5
L1 el 18182 -4LTE
w7 14 151184 AL
¥ F PLER: T3 -4T15
u4 T 1BG-1E8 4651
a5 7 15319 4637
9 T’ 19-142 -0
a7 T 192-194 -ar40
3 ED 194-196 -k
5 BL WEI9E -

g L1 1282 -

m B3 W02 -

oz B4 HTM 4 a9l
o3 11 WG “4ETE
13 i1 5108 48 d6

The lake water samples have not shown any deviation from the data
published earlier by Bhattacharya and Nijampurkar (1998) and Sinha et al.
(2000). Therefore, it appears that the lake systems in the Schirmacher Oasis are
in equilibrium with the melt water supply, and outflow and ice sheet melting are
aso in ‘temporal’ isotopic equilibrium as the parameters controlling the ice
melting perhaps have not changed drasticaly in the recent times.
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