
Figure 2. Solar-powered drill at South Pole Station 1982.

PICO lightweight coring augers (Koci in press) were used by
other investigators at the South Pole, on Mount Erebus, and in

the Allan Hills region to collect more than 100 meters of firn and
ice core for later analysis.

Tests of a solar-powered version of the auger were conducted
at South Pole Station (figure 2). Solar panel performance was 20
percent above the rated power output, exceeding results from
Greenland during July 1982, due to the lower ambient tem-
peratures and higher altitude at the Pole. We found that 300
watts of power from the solar panels was sufficient to produce
penetration rates of the same order as with the elec-
tromechanical drills.
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Core processing and analyses of ice
cores drilled at the South Pole

BERNHARD STAUFFER and JAKOB SCHWANDER

University of Bern
Bern, Switzerland

Analyses of ice cores provide unique information on the
history of the Earth and the planetary system. This information
helps in the understanding of climatic mechanisms. Our labora-
tory had the opportunity to take part in a joint core drilling and
core analysis project at the South Pole. Our main scientific goals
in this project were:

• To reconstruct the history of the atmospheric carbon dioxide
(CO 2) concentration by analyzing air extracted from ice sam-
ples from different depths and, therefore, different ages.

• To reconstruct the history of solar activity by measuring the
beryllium-10 and chlorine-36 concentration in ice samples.
Both isotopes are produced by cosmic radiation in the
atmosphere.

• To measure the acidity of ice cores as a function of depth,
which gives, for example, information concerning the vol-
canic activity in the past.

Ice cores from the South Pole are especially well suited for the
CO2 analyses. Because of the low temperature there is no dan-
ger of any interaction of CO2 with the liquid phase. Three
members of our laboratory (W. Bernhard, J . Schwander, and B.
Stauffer) were in Antarctica from 9 November to 27 December
1982 to collaborate in the processing of ice cores at the South
Pole. During the season, ice cores of a total length of 103 meters
drilled in 1980-1981 and 120 meters (from a depth of 106 to 227
meters below surface) drilled in 1982-1983 were processed. The
drilling site was 250 meters from South Pole Station.

To set up a processing line, a trench 3 meters deep, 3.5 meters
wide, and 14 meters long was excavated next to the drilling site.
The core processing procedure is shown schematically in figure
1. The visual stratigraphy (breaks, meltlayers, varying optical
transparency) were recorded on graph paper and also with a
video camera on tape. The video recordings are very useful later
to select samples for special analyses. Breaks and melt layers are
visible in the video recordings and, with improved illumination
and recording techniques, it should be possible in the future to
see finer details as well.

The acidity measurements can be performed in the field, and
they were therefore included in the core processing. To perform
these measurements, two electrodes were moved with a con-
stant velocity over the flat and clean surface of the ice core. For a
voltage of 1,000 volts between the electrodes, the current
through the ice was about 2 to 4 microamperes (ii.A), depending
on the acidity in the ice (Hammer 1980). The acidity in the ice
shows the following characteristic features:
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Figure 1. Principle of procedure of core processing. Core processing was done in collaboration with the Polar Ice Coring Office from the
University of Nebraska-Lincoln, Ohio State University at Columbus, and Washington State University at Seattle.

• It is higher at the beginning of a long-lasting snow fall (Ham-
mer 1982).

• It is higher in summer than in winter precipitation.
• It is higher after volcanic eruptions.

The signal of seasonal variations seems to be small at the
South Pole. Sometimes the layers of individual precipitations
and possibly also the layers from different seasons are mixed
after deposition due to wind interaction. The signals from large
volcanic eruptions however are clearly visible as shown in fig-
ure 2. The electrical conductivity signals were recorded with an
X-Y plotter on graph paper and also in frequency modulated
(FM) form on magnetic tape. Part of the core processing line in
the trench at the South Pole is shown in figure 3.

The gas analyses and the radio-isotope concentration mea-
surements must be done in the laboratory. Ice cores collected
during the last season just arrived in our laboratory, so no—	1anit)ori	181 1)) (
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Figure 2. Electrical signal measured on ice cores from the South
Pole. The three main peaks are probably caused by acid fallout
originating from volcanic eruptions, which are probably those of the
volcanoes Tambora (80S 11 80E), Coseguina (1 30N 87.50W), and Arma-
gora (180S 1740W). The years of the eruptions are indicated in
parentheses.

results can be reported yet. The CO 2 analyses of ice cores from
the South Pole drilled during the season 1981-1982 have shown
that a value of about 265 parts per million is estimated for the

Figure 3. Part of the processing line Installed in a trench at the
South Pole.
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preindustrial atmospheric CO 2 concentration. This value is low
but within the limits estimated by other methods. Additional
measurements on south polar ice cores should help to confirm
this value and show if there were any natural variations in the
atmospheric CO 2 concentration during the last millenias. The
knowledge of the history of the atmospheric CO 2 concentration
is important to predict the rate of the anthropogenically caused
CO2 increase in the future and its consequences.

We thank the principal investigator of the project, H.
Oeschger, our colleague W. Bernhard, and all our colleagues
with whom we had the pleasure of collaborating in the field.
The field operation and the preparation for it was supported by
the National Science Foundation grant DPP 82-10926 to H.
Oeschger. The laboratory work is mainly supported by the

Swiss National Science Foundation and the U.S. Department of
Energy.
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South Pole pit stratigraphic studies
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This investigation of the snow stratigraphy in four South Pole
pits was initiated as an essential complement to the analysis of
the ice cores drilled at the South Pole. The analysis of ice cores
from Antarctica and Greenland have provided information
about the past history of the climate system, particularly the
characteristics of the atmosphere. The excellent temporal reso-
lution (years or decades) available from ice-core records makes
them ideal for the investigation of short-term variations within
the polar atmosphere.

Accurate interpretation of ice core stratigraphic records [e.g.,
microparticle concentrations, oxygen-18 isotope (6 180), sulph-
ate, nitrate, etc.] requires an understanding of (1) the physical
processes governing deposition, (2) the spatial and temporal
variability of the input signal (at the time of deposition), (3) post-
depositional modification of the input signal within the firn,
and (4) the spatial and temporal variability of the preserved
signal. The ultimate objective of the investigation described
below is to construct an empirical framework for the interpreta-
tion of South Pole ice cores.

During November and December 1982, four pits were exca-
vated at Amundsen-Scott South Pole Station. The primary pit
(P1) was located 4 kilometers (see figure) from the station along
128° longitude downwind from, but in close proximity to, the
clean air facility. The pits were excavated by hand to ensure
clean vertical walls for the collection of snow samples. Pits 2 and
3 (P2 and P3) were positioned approximately 0.5 kilometers
from P1 and the pit walls were oriented either parallel and
perpendicular to the long axis of the sastrugi, indicative of the
recently prevailing wind direction. All pit walls were carefully
mapped in similar fashion to produce precision maps accurate
to within ± 0.01 meter. This accuracy was achieved by the

construction of a 0.1-meter grid covering the face of the wall.
This grid, composed of flat wooden pegs, was constructed
entirely with reference to a continuous, levelled datum string
placed just above the surface of the wall.

Pit 1, 2-meters wide and 3-meters long, was excavated to 3.2
meters and the entire surface area of the three walls (21 square
meters) was mapped. Pits 2 and 3 were excavated to 2.2 meters
and a 1-meter section of one wall in each pit was mapped as
described above. After mapping, a clean vertical face was ex-
posed for sample collection. The table summarizes the samples
collected from each pit.

The oxygen isotope samples were sent to the University of
Washington for 8180 analyses. The remaining samples were
returned to the Institute of Polar Studies.

The concentration and size distribution of the microparticles
(p) with diameters greater than or equal to 0.63 micrometers
within the samples will be measured in the class 100 clean room
at The Ohio State University using the Coulter counter tech-
nique (Thompson 1976). The total beta radioactivity (3) mea-
surements will be conducted either at The Ohio State University
or in Grenoble, France. The blocks of firn, 0.1 meter by 0.1
meter by 0.1 meter, were carefully removed from the pit walls to
investigate the spatial and temporal distribution of micro-
spherules suggested to be of extraterrestrial origin. Density
measurements were made with respect to stratigraphy and
duplicate sampling was performed in some cases.

In conjunction with each pit, a shallow core was extracted
using the iico lightweight hand auger (Kuivinen this issue).
The drilling proceeded from the snow surface with the drill site
located within 0.5 to 0.85 meter of the mapped wall. Cores of
13.3 meters, 13.1 meters, and 13.2 meters were drilled at P1, P2,
and P3, respectively. These cores will be analyzed for the same
parameters (p, 3, 6180) as the samples from the pit walls. When
the analyses are completed, the data will allow assessment of
the seasonal deposition and preservation of p. 6 and $3 within
the firn, their spatial variability on two scales (several meters
and hundreds of meters), and their temporal variability over the
past 12 years. The similarities and differences between records
of p, $3, and 6180 obtained from a pit wall and an associated firn
core will be assessed.

Accumulation lines I and III (see figure) consisting of 23 poles
were installed in November 1978 (Whillans personal communi-

116	 ANTARCTIC JOURNAL




