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THE stable isotope ratios of hydrogen and oxygen (0D
and 0'°0O respectively} of precipitation are linearly
related to the air temperature at the site of precipi-
tation’. As the accumulation zones of glaciers preserve
the yearly precipitation in the form of annual Jayers of
ice, vertical profiles of 3D and 'O of ice in well-dated
cores from glaciers could aid in reconstructing the past
temperature history of regions where instrumental
records of climate are not available. Whereas stable
isotope studies in polar glaciers® have yielded paleochi-
matic information for the past several millema, such
studies on temperate glaciers have not received ade-
quate attention for the following reasons. First, the ice
at the base of a temperate glacier is relatively young,
even under favourable conditions dating back to a
maximum of only 2000 years’. Second, the processes of
melting and percolation down the ice obliterate
seasonal cycles (present in the original precipitation)in
the ice column. Finally, snow-drifting, evaporation and
sublimation processes may alter the original 1sotopic
composition of the ice*. Despite such complications
certain temperate glaciers are known to preserve the
climatic history of the region in their 6D and 6'°O
contents®. Very few stable isotope studies have been
reported®~’ for the Himalayan region, rich in glaciers.
Here we present the 6D measurements on a temperate
glacier in Sikkim and discuss the chmatic
implications.

Changme-Khangpu is a glacier, 5-6km long,
0.88 km wide at its maximum, situated at an altitude of
4800-5500 m i1n the north Sikkim valley (27°58 N,
88°42'F). During the 1981 expedition 32 samples (each
representing a depth of 30 cm) were collected from an
ice face in a crevasse in the accumulation zone (5250 m
above sea level). This profile covers 9.6 m from the
surface. Two samples were lost (4.2 m to 4.8 m) in the
transit. Each sample was analyzed for bomb-produced
137Cs and 2!°Pb isotopes. Correlating their concentra-
tions with the dates of Chinese nuclear tests; the ice
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core has been dated®. The mean accumulation rate was
estimated to be ~0.7 m/yr.

About 10 ml of water from each sample was passed
through uranium filings kept at 800°C and quantita-
tively reduced to hydrogen®. The gas was then ana-
lyzed in a mass spectrometer (VG Micromass 602D)
and the D/H ratio was measured as 6D and expressed
in parts per thousand (%) relative to the international
standard'?, SMOW. The data are shown in figure 1, as
a function of depth (and time).

Since the peaks of 2!°Pb and '*’Cs are distinct and
are correlatable with the Chinese nuclear explosions®,
It appears that melting and percolation of melt water
have not caused any significant homogenization of the
ice profile. The reason for the conspicuous absence of
seasonal cycles in the annual ice layers could be the
following. About 859 of precipitation in this region
falls during the monsoon season'’ (summer) and only
1 % during winter. Therefore the mean isotopic com-
position of precipitation might resemble more closely
to that of the summer (June-September) precipitation
than the winter (December-February) precipitation.
Thus it appears reasonable to believe that the absence
of seasonal cycles in the annual layers of the glacier ice
is not an artifact of melting and percolation of melt
waters (particulary when the sampling was done on the
crevasse) but 15 due to the nonuniform seasonal
distribution of precipitation, which peaks in the
summer months. This may not be true for glaciers in
the western Himalayas, where significant winter con-
tribution to precipitation is made by the western
disturbances’*.

Though the isotopic homogenization of the ice
column 1s unlikely, it is not necessarily true that the
isotopic composition of an annual ice layer is identical
to that of the corresponding precipitation. This 1s
because, though located at a very high altitude, the
glacier is subjected to intense sunshine during the
summer, which causes a partial melting and sublima-
tion of the surface snow. This molten snow runs off
and only part of the yearly precipitation is preserved in
the annual layer. This causes a considerable heavy
isotopic enrichment in the remaining snow. Fresh
precipitation in the accumulation zone of Changme-
Khangpu in 1981 was found” to have a 6'°0 value of
—19+ 29 The corresponding 6D would be® ~
— 142¢/_. But the ice preserved in the top layer has a
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Figure 1. 6D values of ice samples as a function of
depth (and time) in the Changme-Khangpu glacier,
Sikkim.

oD value ~ —96¢9/_ . This enrichment of 01D (~46°/ )
corresponds to ~25% run-off®, i.e. only 75%, of the
annual precipitation is preserved in the glacier. This
run-off varies from year to year depending on the
ambient climate. This isotopic enrichment, fortu-
nately, may not hinder the climatic interpretation of
the 6D and 8'*0 of the glacier ice because the
enrichment of & values in the precipitation due to the
higher ambient temperature and the enrichment in the
ice layer due to sublimation and partial melting (with
increased ambient temperature) are in the same direc-
tion®. It may therefore be useful to compare the D
data with instrumental weather data. However, several
complications arise. First, our assumption of a uni-
form deposition rate is not valid. The amount of ice
preserved in an annual layer depends on the annual
precipitation, which vanes from year to year.
Furthermore, depending on the ambient weather
conditions like temperature, sunshine and wind ve-
locity, the amount of run-off varies too. The dating
based on nuclear debris is not accurate because there
may be some time-lag between the nuclear test and the
deposition of the debris in the glacier. This depends on
the month when the test was conducted and the
prevailing atmospheric circulation pattern. Thus, as-
signing a unique year to a particular ice layer and hence
the comparison of the data with meteorological re-
cords are made difficult. Second, the nearest meteoro-
logical observatory (Shillong) for which some data are
available, is situated more than 400 km away (25°57'N,
91°88'E) and at a different altitude (1598 m above sea
level). Even here, the data on JD of precipitation and
temperature are not continuous' . Thus, it 18 virtually

impossible to compare our data with instrumental
records. Nevertheless, our data can be interpreted
qualitatively. From 1971 to 1981, the 6D of the annual
ice layers has remained more or less at a constant value
of ~ —98¢/_ . But from 1968 to 1971, 8D values are
higher in general by about 10°/_,. This indicates that
this period was relatively warmer by about 2°C. This
inference must be viewed with caution since the dating
1s only tentative, as explained above.

To summarize, it appears possible to infer qualita-
tive climatic changes from temperate glaciers despite
the complications of partial melting of the surface
snow layers. Longer cores from Himalayan glaciers
with better dating methods could help build a short
term palaeoclimatic picture for this region. Usetul
estmates on the run-off ratio could also be made.
Stable isotope studies on tree rings, the only other
system which records annual changes in climate, suffer
from several complications'”. In this context, such
studies on temperate glaciers, coupled with accurate
dating can yield useful complementary information.
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