
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

ELLEN MOSLEY-THOMPSON, P. D. KRUSS, and T. BAIN

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

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-
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The three pits were located in a study area approximately 4 kilometers from South Pole Station along 128 0 longitude. Two accumulation lines
were measured: line I along 1300 longitude and line Ill along 178 0 longitude. The fourth pit (P4) was situated roughly 2 kilometers from P1 at
accumulation stake I-i. ("km" denotes kilometer.)

Summary of sample collection and measurements in three pits 4 kilometers Amundsen-Scott South Pole Station

Pit 1
Pit 2
	

Pit 3
Parameter	 Wall A	 Wall B	 Wall C

Depth (in meters)	 3	 3	 3	 2.2
	

2.2

Microparticle
samples (0.02 meter)	 146	 146	 146	 107

	
107

Beta samples
(0.02 meter)	 146	 146	 146	 NC°

	
NC

samples
(0.02 meter)	 NC	 NC	 146	 107

	
NC

Density
measurements
(0.06 meter) diameter	 39

	 NMb	 NM
	

19
	

19

0.1 x 0.1 x 0.1 meter
blocks for cosmic
spherules	 29

	
NC
	

NC
	

21
	

NC

a NC" denotes not collected.
b "NM" denotes not measured.
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cation). As part of this investigation these accumulation lines
were measured in December 1982, thus providing 4 years of
accumulation data. A fourth pit (P4) was excavated at accumula-
tion pole I-i roughly 2 kilometers from P1 (figure). Two 1-meter
walls of this 1.1-meter-deep pit were mapped in the same fash-
ion as P1, P2, and P3. The walls of P4 were mutually perpen-
dicular and stake I-i was located at the intersection of the walls.
Comparison of the mapped visual stratigraphy with the 4 years
of accumulation measured at the Pole indicates the formation of
a sequence of three mass loss layers (i.e., depth hoar layers, see
Gow 1965) between the fall of 1980 and the fall of 1981. These
sequences of mass loss or depth hoar layers with little or no
intervening finegrained homogeneous (winter) accumulation
have been interpreted as indicators of missing years. The infor-
mation from P4, as well as the other three pits, suggests that
more than one mass loss layer may form within an annual
accumulation unit..

A summary of the visual stratigraphic aspects of this inves-
tigation is in preparation (Mosley-Thompson, Kruss, and Bain
in preparation) and includes: (1) a description and interpreta-
tion of annual stratigraphic units, (2) assessment of the frequen-

cy of missing years in a vertical profile, (3) discussion of pro-
cesses leading of the formation of the stratigraphy, (4)
assessment of the station effect upon accumulation, and (5) a
summary of South Pole accumulation data.

This work was supported by grant DPP 80-18860 from the
National Science Foundation.
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South Pole ice core processing and
microparticle analysis

ELLEN M0sLEY-THOMPSON and LONNIE C. THOMPSON

Institute of Polar Studies
Ohio State University

Columbus, Ohio 43210

The remote polar plateau of East Antarctica provides the best
opportunity to examine past variations in the concentration and
composition of atmospheric constituents. Glaciologists gener-
ally assume a direct correspondence between atmospheric con-
stituents and those preserved within the ice sheet (e.g., micro-
particle content, bulk chemistry, oxygen isotopic ratios). In
reality, such inferences must be made cautiously because the
complex relationship between aerosols and gases in the at-
mosphere and within the associated precipitation are poorly
quantified. Nevertheless, ice cores from Antarctica and Green-
land have provided a broad spectrum of information about the
global climate system, particularly the characteristics of the
atmosphere during the past.

The deeper ice cores, such as those from Camp Century and
Dye-3 in Greenland and Byrd Station and Dome Circe in Ant-
arctica, encompass many thousands of years and yet, in most
cases, only selected sections have been analyzed due to the time
and expense involved. Selected references describing the re-
sults from these ice cores include: Hammer, Clausen, and
Dansgaard 1981; Lorius et al. 1979; Neftel et al. 1982; Thompson
and Mosley-Thompson 1982. Although the resulting pal-
eoclimatic information is temporally discontinuous and time
scales are imprecise, the records are exceedingly valuable. For

example, the analysis of microparticles in four deep ice cores
(Mosley-Thompson and Thompson 1982a; Thompson and
Mosley-Thompson 1982) reveals a consistently recurring tem-
poral correlation between increased particle concentrations and
lower global temperatures over roughly the last 30 thousand
years.

Shallow and intermediate cores (less than 500 meters), when
analyzed in continuous fashion, provide information about
short-term (annual or decadal) variations in the properties of
the polar atmosphere. Short-term variations in the con-
centration of atmospheric particulates (diameters greater than
0.5 micrometers) are of particular interest because this material
contributes substantially to the aerosol optical depth, a critical
component of the Earth-atmosphere radiation balance.

To assess particulate concentrations over the last 1,000 years,
for which more detailed climatic data exist, a 101-meter core
drilled at the South Pole in 1974 was continuously analyzed for
microparticle concentrations (Mosley-Thompson and
Thompson 1982b). These data reveal a substantial increase in
total particle concentration between approximately 1450 and
1850 A.D., which encompasses the latest Neoglacial event, the
Little Ice Age. Additionally, a substantial number of the promi-
nent microparticle concentration peaks appear to be fairly well
temporally correlated with known volcanic events.

To investigate these relationships further another South Pole
ice core was extracted. Two scientific objectives of this project
were (1) to involve a group of investigators in the ice core
analysis so as to optimize the scientific return and (2) to investi-
gate the potential volcanic record using different, yet comple-
mentary, techniques. Therefore scientists from the Ohio State
University (osu), the University of Washington (uw) and the
University of Bern, in conjunction with the personnel of the
Polar Ice Coring Office (Pico), arrived at Amundsen-Scott South
Pole Station on 9 November 1982. A science trench (3 meters
deep; 3.5 meters wide; 14 meters long) was excavated beside the
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