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ABSTRACT 

The east coast of the Antarctic Peninsula is strongly influenced by air masses that have traversed 
the Weddell Sea zone. A continuous record of annual-average values for £5 180, JD, Cl - and non 
sea-salt so~- in snowfall deposited since 1795, has been obtained on an ice core drilled on 
Dolleman Island (70°35.2'S, 60°55.5'W). Chemical changes along the ice core seem to be linked 
to changes in the concentration of the ice cover in the marginal ice zone. In the period since 1956, 
these variations appear to be coupled to the atmospheric circulation, as indexed by the 
atmospheric pressure gradient across the marginal ice zone. The largest anomaly in the 200-year 
sequence occurs in the period 1820-1880, during the final stages of the Little Ice Age. Excep­
tionally high concentrations of Cl - , low concentrations of biologically-derived sulphate, and 
high deuterium excess suggest that at this time there was a dense, compacted marginal ice zone 
with cyclones tracking more frequently than normal across ocean areas to the north of the ice 
edge. During the past century, there has been a marked decrease in deuterium excess of about 
4°/00 , which implies that there has been a progressively increasing contribution to precipitation 
from moisture sources at lower temperature, probably from within the marginal ice zone. The 
implication is that there may have been significant weakening of the ice cover in this zone during 
the past century, despite satellite evidence which reveals no significant change in the position of 
the ice edge, at least since 1973. 

1. Introduction 

The Antarctic marginal ice zone, in which the 
Weddell sea forms a large element, is an important 
component of the global climate system (Budd, 
1991 ). The global radiative energy budget is 
affected directly by the extent of ice cover owing 
to its high albedo. Various secondary feedback 
processes involving exchanges of heat, moisture 
and dissolved gases (e.g., the downdraw of C0 2 ) 

between ocean and atmosphere may also be con­
nected with changes in the ice cover. The sub-polar 
zones are also believed to be major source regions 
for organic sulphur species due to high levels 
of biological activity (Prospero et al., 1991 ). 
Charlson et al. (1987) have suggested that there is 
potential for feedback into the climate system 
through interference with cloud condensation 
nuclei (CCN) concentrations by sulphuric acid 

aerosol, an oxidation product of these species. So 
far, however, analysis of satellite imagery of the sea 
ice margin around Antarctica has failed to detect 
any significant change in extent during the period 
1978-87 (Gloersen and Campbell, 1991 ). This 
study represents an attempt to detect changes in 
the ice level of the Weddell Sea during the past two 
centuries, by identifying changes in the chemistry 
of air masses that have travelled for long distances 
across the marginal ice zone. The chemistry of the 
air masses is inferred from chemical changes in 
snowfall as recorded in an ice core drilled adjacent 
to the region. This study came about because large 
and apparently non-temperature-related signals 
had previously been reported by Peel and 
Mulvaney ( 1990) and Peel ( 1992) in time series of 
stable isotopes for several ice cores drilled in the 
vicinity of the Weddell Sea. It was suggested that 
this anomalous behaviour could be linked to 
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