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[1] Gas is trapped in polar ice at depths of �50–120 m and is therefore significantly
younger than the ice in which it is embedded. The age difference is not well constrained
for slowly accumulating ice on the East Antarctic Plateau, introducing a significant
uncertainty into chronologies of the oldest deep ice cores (Vostok, Dome Fuji, and Dome
C). We recorrelate the gas records of Vostok and Greenland Ice Sheet Project 2 (GISP2)
cores in part on the basis of new CH4 data and use these records to construct six Vostok
chronologies that use different assumptions to calculate gas age–ice age differences. We
then evaluate these chronologies by comparing times of climate events at Vostok with
correlative events in the well-dated Byrd ice core (West Antarctica). From this evaluation
we identify two leading chronologies for the Vostok core that are based on recent models
of firn temperature, firn densification, and thinning of upstream ice. One chronology
involves calculating gas age–ice age differences from these models. The second, new,
approach involves calculating ice depths in the core that are contemporaneous with depths
in the same ice core whose gas ages are well constrained. This latter approach circumvents
problems associated with highly uncertain accumulation rates in the Vostok core. The
uncertainty in Vostok chronologies derived by correlating into the GISP2 gas record
remains about ±1 kyr, and high-precision correlations continue to be difficult.
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1. Introduction

[2] Ice cores record environmentally significant proper-
ties both in the gas phase and the ice phase. Properties
recorded in the ice include aerosols content and the isotopic
composition of precipitation. Properties registered in the gas
phase include the concentration and isotopic composition of
biogenic greenhouse gases. Gases are trapped �50–120 m
below the surface, where the ice is compressed to a density
of about 0.82 gm cm�3 (density of pure ice = 0.917). Firn is
openly porous and permeable down to the trapping depth.
Air mixes rapidly to this depth, and trapped air is younger
than the enclosing ice.
[3] Examining the timing of environmental changes

recorded in ice and in trapped gas requires correcting for
the age difference in the two phases. In the case of slowly

accumulating East Antarctic ice cores, this difference is very
large, up to 7 kyr during glacial periods, and the timing of
climate changes recorded in the two phases will not be
accurate unless the gas age–ice age difference can be well
constrained. The gas age– ice age difference (Dage) is
usually computed from estimates of surface temperature,
accumulation rate, and an empirical or mechanistic model
that expresses close-off depth and Dage in terms of these
properties [e.g., Herron and Langway, 1980]. This approach
works very well in high-accumulation-rate sites where it has
been tested, notably in central Greenland [Goujon et al.,
2003]. However, there is a problem concerning East Ant-
arctica. A property of firn related to the close-off depth is
registered in the d15N of trapped N2. The registration
mechanism is gravitational fractionation, which causes
heavy isotopes and gases to be enriched at a specified rate
with depth [Craig et al., 1988; Schwander, 1989; Sowers et
al., 1989] (Figure 1). The problem is that the 15N enrich-
ment in glacial samples is up to 1/3 less than predicted by
the empirical and mechanistic models of densification
[Sowers et al., 1992; Blunier et al., 2004; Kawamura,
2000] (Figure 2). If close-off depth is correctly recorded
by d15N, the models overestimate Dage by up to 2 kyr
during glacial times. We can recognize two possible sources
of error in model estimates of Dage: the model representa-
tion of the physical mechanisms leading to firn metamor-
phism and bubble close-off, and the temperature and
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