
Several miscellaneous experiments were carried out. A trans-
mit/receive switch was developed, but it provided only about 12
decibels of isolation and was abandoned. A 10-meter core was
recovered and will be used for laboratory measurements of the
permittivity of firn. Most important, some bench tests of the
SPRI Mark II receiver unexpectedly revealed an amplitude-
dependent signal delay. This delay, which may be as much as
0.20 microsecond, is a likely cause of the anomalously high
average wave speeds often measured by the radar wide-angle
technique (Jezek et al. 1978).

Sonic logging. A program of compressional wave (P) and
shear wave (S) logging was carried out in the 900-meter
borehole. The system (Bentley 1972) comprised a 28-kilohertz
transmitter with two receiving transducers, either 2.6 or 10
meters apart, suspended below it. The section logged was be-
tween depths of 777 meters (limited by hole closure) and 137
meters (the top of the borehole fluid). Velocities were measured
every 10 meters with the logger stationary, and every 0.2 meter
with the logger in motion. For the latter measurements, the
signals were recorded on the Honeywell oscillograph. Both P
and S waves appear to be present. Preliminary analysis reveals
no large velocity changes such as would be caused by a pro-
nounced anisotropic crystalline fabric.

Borehole shooting. For comparison with the sonic logging,
charges (0.15 kilogram) were detonated at five depths (600, 450,
350, 250, and 180 meters) in the borehole. An L-shaped record-
ing spread with 24 geophones spaced at 30-meter intervals ("L-
spread") was used. The seismograms obtained show good first
breaks and should yield accurate determinations of the average
vertical velocity in the upper ice sheet. Strong bottom reflec-
tions that should be useful for studying the ice-rock interface
also were obtained.

Vertical reflection shooting. Reflection shooting concentrated
primarily on a search for the deep intraglacial seismic reflectors
that have been observed in West Antarctica (Bentley 1971) but
never in East Antarctica. Approximately 20 analog and digital
recordings were made on L-spreads at each of ten 30-meter shot
holes. Indisputable reflectors located approximately 300 meters

above the ice-rock interface were observed at two stations, and
weaker probable reflections were observed at several others; all
the data should be improved by digital signal processing. Evi-
dence of a possible connection between the seismic reflector
and the top of the basal no-reflecting zone widely observed
from airborne radar studies will be sought.

Magnetic surveying. Eighteen new magnetic stations were
occupied in the grid southwest portion of the local survey area
in an effort to define more completely the high-gradient anoma-
ly reported in Bentley and others (1981).

This work was supported by National Science Foundation
grant DPP 78-20953. This is Univeristy of Wisconsin, Geophysi-
cal and Polar Research Center contribution 400.
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French field activities at Dome C

FRANc0Is GILLET and CLAUDE LORIUS

Laboratoire de Glaciologie et Geophysique de l'Environnement
Grenoble, France

As part of the International Antarctic Glaciological Project
(IAGP), glaciological investigations have been pursued in the
Dome C (74°39'S 124°10'E) area during the past field seasons

(Gillet and Rado 1979; Lorius 1975, 1980; Lorius and Donnou
1978).The work included shallow sampling and coring to a
depth of about 900 meters. Studies of the samples made it
possible to reconstruct recent and long-term (up to 30,000 years
ago) changes of the Earth's atmospheric environment (climate,
aerosols, atmospheric composition) and to evaluate the impor-
tance of global volcanic activity and pollution.

Particularly dramatic have been the changes associated with
the transition from the last ice age (Wisconsin-Würm glaciation)
to the Recent (Lorius et al. 1981). Drastic changes in carbon
dioxide and in continental, marine, and cosmogenic aerosols
associated with climate modification (temperature, precipita-
tion, wind circulation) have been observed. The purposes of the
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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
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