
1981-82 fieldwork were to complement surface sampling, to
retrieve ice samples left from previous drilling, and (mainly) to
test a melting probe that would recover water instead of ice. The
ultimate aim is to drill deep enough to study climate changes
over the last climatic cycle (125,000 years). The Dome C site is
particularly well suited for this purpose.

The probe (Gillet et al. 1982) is designed potentially to recover
melted ice samples deeper than 3,000 meters. With an 8-meter-
per-hour penetration rate in ice and runs up to 6 meters, it
should be possible to drill to these depths during a summer
season. The diameter of the borehole is about 55 millimeters; on
each run, 12 liters of partly ref rozen water are recovered in a 10-
meter-long melt tank. Separation of water from the drilling fluid
(DFA + Freon) is made by gravity. The drill has an outer diame-
ter of 43 millimeters, is 15.6 meters long, and consists of five
parts: hot-point, pump-and-flow measurement section, melt
tank, 3.5-meter-long electronic section, and suspension and
anchoring section. The cable weighs 1,200 kilograms. Two 0.93-
square-millimeter conductors and the steel outer armor con-
duct a 7-ampere current which provides 2,240 watts at 320 volts
on the tip. The surface voltage is about 900 volts. Two other
conductors of 0.34 square millimeter allow us to measure flow,
water level in the tank, and suspension and also set off an alarm
when the tank is full.

The five-member team (F Gillet, P. Laffont, M. Maccagnan,
C. Marec, and C. Rado) arrived at Dome C on 5 December 1981
with 10,500 kilograms of equipment: electromechanical drill
(600 kilograms), climatopic thermal probe (6,600 kilograms),
drilling fluid and alcohol (2,000 kilograms), and insulated boxes
for ice cores stored there (1,300 kilograms). It took a few days to
set up the drill and to put a 130-meter polyethylene casing in the
180-meter-deep hole drilled in 1979. Since it was the first test in
the field, we spent a few more days checking all equipment.

We started drilling on 17 December 1981 and stopped on 18
January 1982, leaving Dome C a week later. The drilling was
limited to a depth of 235 meters. For the first 28 meters the
penetration rate reached 5 meters per hour, a rate lower than
that obtained in laboratory tests (8 meters per hour); the discre-
pancy may be attributable to impurities associated mainly with
the casing. The length of the runs reached 4.6 meters. Drilling
from 208 to 217 meters became more and more difficult because
of the increasing friction of the drill against the wall. We explain
this abnormal friction as being due to a permanent deformation

of the stainless steel melt tanks, the yield point of these tubes
not being great enough. Continuing at a slower penetration rate
(1.5-2 meters per hour) and with shorter runs (1.5 meters), we
were able to ream the hole to 235 meters before we had to pack
the equipment for retrograding at the end of the season.

After this first field test we can say that the principle of the
thermal probe seems satisfactory. Most of the technical prob-
lems encountered (mainly involving hot points, the pump, flow
measurement, and the heating of pipes) were solved. Only the
problem of friction of the drill against the wall made it impossi-
ble to go deeper than 235 meters within the available time. We
plan to solve this problem by using a new material for the tank
and also by setting the suspension under the electronic section
with an articulation point. We believe that with these modifica-
tions and some other minor adjustments we will be able to drill
more than 2,000 meters in a single summer season.

The National Science Foundation provided logistical support
for this project, and it was carried out with the help of Expedi-
tions Polaires Françaises through grants from Terres Australes
et Antarctiques Françaises et Centre National de la Recherche
Scientifique.
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Ross Ice Shelf and Dome C oxygen-
isotope analysis

PIETER M. GROOTES and MINZE STUIVER

Quaternary Isotope Laboratory
University of Washington
Seattle, Washington 98195

A triple-collector mass spectrometer, Micromass 903, with an
online carbon dioxide (CO,) equilibration system, Micromass
5020, for oxygen-isotope analysis, was installed in the Quater-

nary Isotope Laboratory in 1979. Both units are automated and
controlled by computer. The system has been calibrated with
International Atomic Energy Agency standards, and it is linear
and correct over the range O%c to - SS.S% [that is, v-sMow
(Vienna-Standard Mean Ocean Water) to SLAP (Standard Light
Antarctic Precipitation)]. Precision of sample preparation and
mass spectrometric measurement, as derived from repeated
sample preparations, is 0.1%c for water samples. The system is
used for studies of oxygen isotopes in antarctic ice.

In the 1978-79 field season, the Soviet Antarctic Expedition
and the U.S. Antarctic Research Program obtained a 416-meter-
long, 8-centimeter-in-diameter core through the Ross Ice Shelf
at site J-9 (82°22'S 168°40'W) (Zotikov, Zagorodnov, and Raik-
ovsky 1979). In May 1981, a first set of 40 samples to be used in

76	 ANTARCTIC JOURNAL



-24

-25

-26

-27

-28

-29

-;-30

-3'
0

(I,

-32

110	 U
-33

-34

-35

-36

-37

0	20
	

40	60	80	100

DEPTH (cm)

Figure 1. Short-term 8 180 (oxygen-isotope composition) variations
In the Ross Ice Shelf at site J-9: core 132, drilling section 79 (depth,
101.88-102.95 meters). SMOW = Standard Mean Ocean Water.

Measurements are still in progress, but some general trends
emerge. The first section available at 35 meters deep has a
of about - 28%c relative to the SMOW standard. With increasing
depth the ice gradually gets lighter, measuring about - 35%v at
250 meters. Between about 270 and 290 meters, the 60 values
drop abruptly from - 377oc to - 42%. From this depth down-
ward to the end of the available core at 410 meters (freshwater
ice/sea-ice boundary), the ice has a 610 of about - 42%. Super-
imposed on this long-term trend are 6 18C) variations with short-
er periodicities. Down to 100 meters, cyclic short-term varia-
tions in 6180 are absent. At about 100 meters, variations in 6180

of up to 12%c occur with a layer thickness of about 20 centime-
ters. Although this type of cyclic SO variation is not found in
all of the deeper sampled sections, they are present in several of
them. The layer thickness over which these large-amplitude
oscillations are observed decreases with ancreasing depth to 6-7
centimeters at 300 meters depth. The amplitude decreases over
the same interval to 2-3%. Examples are shown in figures 1, 2,
and 3.

The annual accumulation of atmospheric precipitation at J-9 is
about 90 millimeters of water equivalent, having a 6 1 0 of
- 29.4% (Clausen et al. 1979). Therefore, an annual-layer thick-
ness of about 30 centimeters can be expected near the surface.
The annual-layer thickness decreases rapidly with depth due to
compaction and flow thinning. Measurements of sodium (Na)
concentrations at a depth of about 66 meters indicate a layer
thickness of about 5 centimeters (Herron and Langway 1979).
Continued thinning will lead to an annual-layer thickness of
about 2 centimeters at 100 meters depth. The layer thickness of
the short-term 6 180 variations observed below 100 meters is 5 to
10 times greater. Therefore, these oscillations may not be of
seasonal origin. Further study of the J-9 ice core, especially of
medium- and longer term 6 180 variations, is in progress. The
remaining core sections will be sampled in such a way that the
strong short-term 6 180 fluctuations will average out.
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measuring 6 180 (oxygen-isotope composition) was cut from this
core at the Central Ice Storage Facility in Buffalo, New York. In
addition, samples were obtained from 39 core sections sampled
and split for microparticle analysis by L. C. Thompson of Ohio
State University.
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Figure 2. Short-term 6 180 (oxygen-isotope composition) variations
In J-9 core 132, drilling section 186 (depth, 212.82-214.00 meters).
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and a possible correlation with oxygen-isotopic composition.
About 1,300 samples were analyzed at the Quaternary Isotope
Laboratory. No clear correlation between 8 1110 and stratigraphy
was found. Moreover, the dissimilar nature of the 180 profiles
obtained from different pits in the same area indicates that
variations in 8 1110 in the profile are not purely seasonal, but also
represent reworking of the snow by wind. This agrees with the
results reported by Benoist and others (1982).

The oxygen-isotope research at the Quaternary Isotope Labo-
ratory was supported by National Science Foundation grant DPP
80-19756.
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Figure 3. Short-term 8 110 (oxygen-isotope composition) variations
in J-9 core 132, drilling section 262 (depth 292.16-293.16 meters).

A second study involved surface-snow samples from the
Dome C area. During the 1978-79 field season, I. M. Whillans
and J. M. Palais of Ohio State University collected snow samples
from several pits in the Dome C area to study snow stratigraphy
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Glaciology at Dome C
and in the Allan Hills

I. M. WHILLANS, T. D. BAIN, and J. F. BOLZAN

Department of Geology and Mineralogy
and

Institute of Polar Studies
Ohio State University
Columbus, Ohio 43210

Ohio State University (osu) completed its fieldwork at Dome
C during the 1981-82 season with remeasurement of the strain
network and temperature profiles and further studies on firn
stratigraphy. The field team (the authors plus P. Torres) was in
the field from the end of November to the middle of January.

We have been interested in the processes influencing firn
structure and stratigraphy near the surface. Special attention
has been given to determining if annual features can be recog-
nized and to resolving the origin of highly porous, friable, and
coarse-grained firn layers above 2 meters. Suspecting that vapor
transfer is important, we studied short-term temperature varia-
tions to look for the effects of forced advection. Continuing the
work started by Palais, Whillans, and Bull (1982) and Alley,
Boizan, and Whillans (1982), careful pit-wall studies were made
and plastic-saturated samples were gathered for thin-section
analysis. Oxygen-isotopic ratio measurements are being made
by Pieter Grootes and Minze Stuiver of the University of
Washington.

Samples to be used to measure gross-beta (0) activity in order
to determine accumulation rates were collected at sites 100 kilo-
meters from the Dome C camp in each of four directions. We
plan to compare these accumulation rates with the depths of
traceable radar reflecting layers, as has been done near Byrd
Station (Whillans 1976).

Further measurements of the thermal properties of firn sam-
ples (Ewing et al. 1982) were made, and temperature profiles
were remeasured.

I. Whillans spent 10 days with W. A. Cassidy's party near the
Allan Hills (down-glacier to the east from Dome C; see Cassidy,
Antarctic Journal, this issue). Steady-state calculations can ex-
plain the meteorite concentrations and the terrestrial ages of the
meteorites found there. Fieldwork involved looking for evi-
dence of folding or over-thrusting; none was found, and thus
the ice in the ablation zone may be in stratigraphic order and
very old.
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