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ABSTRACT 

Interpretation of the past C02 variations recorded in polar ice during the large climatic 
transitions requires an accurate determination of the air-ice age difference. For the Vostok core, 
the age differences resulting from different assumptions on the firn densification process are com
pared and a new procedure is proposed to date the air trapped in this core. The penultimate 
deglaciation is studied on the basis of this new air dating and new C02 measurements. These 
measurements and results obtained on other ice cores indicate that at the beginning of the 
deglaciations, the C0 2 increase is either in phase or lags by less than about 1000 years with 
respect to the Antarctic temperature, while it clearly lags the temperature at the onset of the last 
glaciation. 

1. Introduction 

Important information on the link between C02 

and climate has been deduced from the Vostok ice 
core, covering the last 160,000 years (Barnola et 
al., 1987). The study of the COrclimate rela
tionship during some key periods, such as the large 
climatic transitions, is of special interest but 
requires ( 1) an accurate evaluation of the age dif
ference between the air and the surrounding ice 
and (2) a more detailed C02 profile during these 
periods. We discuss here the different hypotheses 
concerning air trapping and present new results 
covering mainly the penultimate deglaciation and 
the beginning of the last glaciation. 

2. Air-ice age difference 

As the air bubbles do not close at the surface of 
the ice sheet but only near the firn ice transition 
(that is at about 90 m below the surface at 
Vostok ), the air extracted from the ice is younger 
than the surrounding ice. To date the air with 
respect to the ice, in the case of Vostok, we pre-
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viously assumed (Barnola et al., 1987) that: the 
pore closure occurs roughly in the firn density 
interval between 0.8 and 0.83 g cm - 3

, according to 
Schwander and Stauffer ( 1984 ); the air in the firn 
is well mixed with the atmosphere down to the 
bubble close off depth; the depth-density profile 
has remained unchanged over the last 160,000 
years. 

Since the close-off depth depends on tem
perature and accumulation rate, we have to 
assume that this depth has changed over the last 
climatic cycle at Vostok. We try here to estimate 
the influence of the past close-off depth on the age 
difference between the gas and the ice. This age dif
ference, I.it, resulting from different assumptions, is 
plotted as a function of the age of the ice in Fig. 1. 
Four different cases have been calculated, two 
assuming a stationary close off depth (cases lA 
and 2A) and two taking the changing close-off 
depth into consideration (cases 1 B and 2B ). 

2.1. Constant close-off depth 

In this case, I.it is the time required for an ice 
particle to reach the depth equivalent to 57.2 m of 
water, which corresponds to the mean density of 
















