
topography, and the presence of bedrock ridges all validated
initial estimates that Dominion Range ice cover is, in fact, sepa-
rate from plateau ice and hence is a catchment for local precipita-
tion. Exposed bedrock ridges flanking the Dominion Range are
cavernously weathered suggesting that plateau ice has not
flowed into the Dominion Range for probably thousands of
years. Using an estimated mass balance for the area of 15 to 20
centimeters of snow per year, based on snow stratigraphy, the
full record represented by the 201-meter core, unless remnant
ice is present, ought to be representative of local precipitation
only. As part of the original site assessment, a radio-echo
sounding survey was undertaken to provide a three-dimen-
sional view of the area. Based on this survey and surface to-
pography, the Dominion Range ice mass can be divided into
three major drainage basins. Ice thicknesses measured were all
less than 400 meters. The readings were calibrated based on
previous usage of our radio-echo sounding system as well as
interpolation during traverses to bedrock ridges. A coring site
was chosen just off the crest of the southwestern basin, approx-
imately 1.7 kilometers up-flowline from the tent camp. The drill
site has a relatively simple subglacial topography, is sufficiently
far from camp to be free from contamination, and is in an area of
relatively minimal wind activity based on an evaluation of

sastrugi. Shallow (approximately 1-meter) snowpits were dug
at several sites around the drill site, a 6-meter snowpit was dug
immediately adjacent to the drill site, and fresh and old surface
snow samples were collected throughout the study area. These
samples and the core samples will all be analyzed for sulfate,
nitrate, chloride, fluoride, sodium, reactive silicate, oxygen iso-
topes (University of Washington, Stuiver and Grootes), and
total-3 activity. The snowpits will provide samples necessary
for estimating spatial variability applicable to the interpretation
of the time-series retrieved from the core and the 6-meter pit
samples because the latter are easily collected in large volumes
and therefore can be used to calibrate chemical analyses, to
replicate studies, and to assess seasonal signals in the chemical
species. In addition to collecting samples for various chemical
analyses, several other data sets were collected including a
temperature profile (provided using a new PICO temperature
logging system), density, and stratigraphy.

The field party included P.A. Mayewski (leader), William
Berry Lyons, Mark Twickler, and James James of the Glacier
Research Group, Bruce Koci and Scott Watson (PIco), and Henri
Rufli (Swiss Physical Institute). Our special thanks go to VXE-6.
This research was supported by National Science Foundation
grant DPP 84-11018.

Composition of ancient atmosphere,
based on ice-core analyses

B. STAUFFER

Physikalisches Institut der Universität Bern
Bern, Switzerland

Air entrapped in bubbles of cold ice has essentially the same
composition as the atmosphere at the time of bubble formation.
The main purpose of our investigations is to determine the age
of the enclosed gas and to analyze the air extracted from ice
samples of different age. Based on such measurements, the
history of the atmospheric composition, especially the history
of the carbon dioxide and methane concentrations, can be
reconstructed.

Field work. During the 1984-1985 austral summer, air samples
from different depth layers in the firn at South Pole Station were
collected using a new sampling device. Henry Rufli was in
Antarctica from 26 November through December 1984. After
assisting with the core drilling in the Dominion Range, (May-
ewski and Lyons, Antarctic Journal, this issue), he collected the
samples at South Pole Station from 19 December until 27 De-
cember. He was using a bore hole drilled by the Polar Ice Coring
Gic (Pico) at the University of Nebraska. The age of the
collected air samples will be determined by measuring the
krypton-85 activity. The radioactive noble gas krypton-85 has
been increasing since about 1950 and is, therefore, well suited to
date atmospheric air in the range of 0 to 30 years. Using the

measured ages as a base, we will determine the mixing ratio of
air in the firn. The mixing ratio is needed to be able to improve
the estimate of the age difference between ice and enclosed air
(Schwander and Stauffer 1984).

Laboratory work. We measured mainly the carbon dioxide and
methane concentrations of air extracted from ice samples from
an ice core drilled during the 1983— 1984 austral summer at Siple
Station (Stauffer and Schwander 1984). The time resolution in
this core is excellent due to the rather high and regular annual
accumulation rate at this station. The ice core from Siple Station
is therefore especially well suited to investigate the recent past
in detail.

The atmospheric carbon dioxide concentration influences the
radiation balance of the Earth's surface. An increase of the
concentration leads to a global warming. The atmospheric car-
bon dioxide concentration increased from 315 parts per million
by volume in 1958, when precise and continuous measure-
ments began, to 345 parts per million by volume at present. A
detailed knowledge of the carbon dioxide increase since prein-
dustrial times is important to understand the causes of the
increase and to determine the sensitivity of climate to the car-
bon dioxide concentration in the atmosphere. The carbon diox-
ide measurements on ice samples from Siple Station are plotted
in figure 1 and discussed in more detail by Neftel et al. (1985).
The results allow us to trace the development of the at-
mospheric carbon dioxide concentration from a period overlap-
ping direct atmospheric measurements back over the past two
centuries. The preindustrial concentration around 1750 was 280
± 5 parts per million by volume, according to these measure-
ments. The main reason for the increase of atmospheric carbon
dioxide is the burning of fossil fuel. The trend of the increase
shows, however, that biomass burning was also an important
source, especially at the beginning of the increase.
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Figure 1. Measured mean carbon dioxide concentrations plotted
against the estimated mean gas age. The horizontal axis indicates
the close-off intervals of 22 years. ("ppmv" denotes "parts per
million by volume:' "CO 2" denotes "carbon dioxide.")

The atmospheric methane concentration is two orders of
magnitude lower than the carbon dioxide concentration, but the
present increase of 1.2 to 1.9 percent per year is fast, and a
continuation of the increase could enhance the climatic change
expected for the rising carbon dioxide. Based on ice-core mea-
surements, Craig and Chou (1982), and Rasmussen and Khalil
(1984) reported a constant atmospheric methane concentration
of about half the present value until about 300 years ago. Youn-
ger samples indicate an increase to the present value of about
1.7 parts per million by volume. The measurements on ice
samples from the ice core from Siple Station fill the gap between
previous measurements on ice samples and direct measure-
ments on atmospheric air. The results are discussed by Stauffer
et al. (in preparation) and are shown in figure 2.

I would like to thank the principal investigator of the project,
Hans Oeschger, and my colleague Henry Rufli, who did the
field work during the 1984 - 1985 austral summer. I also thank
rico for the good collaboration. The field operation was sup-
ported by National Science Foundation grant DPP 83-12630 to H.
Oeschger. The laboratory work is supported primarily by the
Swiss National Science Foundation and the U.S. Department of
Energy.
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Figure 2. Measured methane concentrations plotted against the
estimated mean gas age. The plus signs indicate measurements on
atmospheric air. ("ppmv" denotes "parts per million by volume:')

References

Craig, H., and C.C. Chou. 1982. Methane: The record in polar ice cores.
Geophysical Research Letters, 9(11), 1221 - 1224.

Mayewski, P.A., and W.M. Lyons. 1985. Using an ice core to charac-
terize the climatic history of Antarctica. Antarctic Journal of the U.S.,
20(5).

Neftel, A., E. Moor, H. Oeschger, and B. Stauffer. 1985. Evidence from
polar ice cores for the increase in atmospheric CO 2 in the past two
centuries. Nature, 315, 45 - 47.

Rasmussen, R.A., and M.A.K. Khalil. 1984. Atmospheric methane in
the recent and ancient atmospheres: Concentrations, trends and
interhemispheric gradient. Journal of Geophysical Research, 89, 11599 -
11605.

Schwander, J., and B. Stauffer. 1984. Age difference between polar ice
and the air trapped in its bubbles. Nature, 311, 45 - 47.

Stauffer, B., C. Fischer, A. Neftel, and H. Oeschger. In preparation.
Increase of atmospheric methane recorded in Antarctic ice core.
Science.

Stauffer, B., and J. Schwander. 1984. Core processing and first analysis
of ice cores from Siple Station and from South Pole. Antarctic Journal of
the U.S., 19(5), 59 - 60.

International antarctic glaciological
program activities at South Pole

Station and Vostok
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The main objective of this program was to recover ice-core
amples from South Pole Station and Vostok to study current
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and long-term changes of climate and atmospheric
environment.

The South Pole Station work consisted mainly of the recovery
and processing of samples from an electromechanical drill hole
143 meters deep, drilled the previous season. The field work
also included the recovery of the French deep-drilling ("cli-
matopic") equipment previously tested at South Pole Station
(Gillet and Legrand 1984). While two scientists remained at the
station for 2 to 3 weeks, a group of three with scientific equip-
ment was flown to Vostok after a week of acclimatization at
South Pole Station. An LC-130 landed at Vostok on 31 De-
cember. The LC-130 stayed at Vostok for a few hours to allow P.
Wilkniss and Captain Shoemaker to visit the Soviet station. The
three French scientists remained in Vostok for about 6 weeks.
Two of them were flown back to Mirnyy by ski-equipped 11-14
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