
Richard Falk of Rutgers University collaborated on the
mathematical analysis, and Bernard Cummiskey and Joe
Torok helped extensively in computational aspects. Ian
Whillans and John Boizan of the Institute of Polar Studies
at Ohio State University obtained the data and worked
closely with me in all aspects of this program.
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French field activities
at Dome C

CLAUDE LoRIus
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Laboratoire de Glaciologie

Grenoble, France

Following previous work in the Dome C area (Gillet and
Rado 1979; Lorius 1975; Lorius and Donnou 1978), a shallow
complementary snow sampling program was undertaken
during the 1979-80 season, within the International Ant-
arctic Glaciological Project.

The season at Dome C (74°39'S 124°10'E, 3,200-meter
elevation) lasted from 12 December 1979 to 24 January 1980.
The French team consisted of C. Lonus, M. Legrand, and
M. Pourchet but the program was shortened due to the
departure of M. Pourchet for medical reasons at the begin-
ning of the season. Investigations were conducted within a
few square kilometers using a Ski-Doo.

A comprehensive set of samples was obtained for the full
analysis of the main anions and cations in the snow of the
high East Antarctica Plateau, as new laboratory facilities
now permit determining gas-derived ions such as hydro-
gen (H), nitrate (NO3), sulfate (SO4), and ammonium (NH4),
which are the main components of the impurities. The
sampling was achieved using two separate clean pits and a

dust-free shallow drill down to a 10-meter depth, where
firn should be older than 100 years. Sets of samples were
also prepared for artificial radioactivity, lead-210, micro-
particles, and stable isotope measurements.

In the field, the stake accumulation network set up dur-
ing the 1974-75 season was remeasured. A 'y probe was
tested in the field to locate the radioactive fallout layers
from nuclear tests and gave promising results for the 1955
layer, which is deep enough to allow the upperlying snow
to shelter the probe from natural noise. Conductivity
measurements were also performed in the field to in-
vestigate the possible input of volcanic dust over the last
century. Large samples were melted and filtered to recover
cesium-137. Finally, some of the samples stored after the
905-meter deep drilling (Lonus and Donnou 1978) were
retrograded for further laboratory analysis.

The National Science Foundation provided logistics sup-
port for this project, and it was carried out with the help of
Expeditions Polaires Francaises through a grant from Terres
Australes et Antarctiques Francaises.
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Polar Ice Coring Office (Pico)
drilling activities, 1979-80
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The Polar Ice Coring Office (Pico) continued its program
of shallow ice core drilling at Amundsen-Scott South Pole
Station and Vostok Station (USSR) and completed a program
of hot water drilling at Dome C, during the 1979-80 field
season. Included in the fieldwork were tests of the new Pico
shallow ice coring drill and the PICO hot water drill, recov-
ery of the NSF-Swiss shallow drill stuck at 65 meters depth
at Dome C during the United States Antarctic Research
Program (USARP) 1978-79 field season, and recovery of data
tapes and reactivation of the Norwegian and Soviet Union's
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freeze-in experiments from the Ross Ice Shelf Project (RIsP)
drill camp J-9.

Ice Core Drilling. r'ico conducted shallow ice core drilling
at Amundsen-Scott South Pole Station during 10-20 De-
cember, followed by shallow drilling at Vostok Station from
24 December through 16 January. The drilling was in sup-
port of two research projects, with all cores from South Pole
and three from Vostok provided for investigations into ni-
trate and ammonium ion concentrations by the Virginia
Polytechnic Institute and State University (VP!) and the
University of Kansas, and one core from Vostok collected
for chemical and physical property analysis by the State
University of New York at Buffalo (suNY-B). All cores were
logged and packaged in the field by i'ico, and have been
delivered to either VPI or SUNY-B for analysis.

At Amundsen-Scott South Pole Station, a site was estab-
lished 3.5 kilometers from the station on a bearing of 280°,
and cores were collected to depths of 44.4 and 32 meters
using the new PICO shallow drill. The remote drilling site
was required in order to avoid the contamination and dis-
turbance of the upper snow layers associated with human
occupancy of the station during recent years. The two holes
were drilled 1 meter apart in order to provide parallel sam-
ples for checking replication of analytical results. A tem-
perature profile was logged in the 44.4-meter hole, and a
test of the NSF-Swiss shallow drill was accomplished just
before deployment to Vostok.

At Vostok Station, at a site 70 meters true east of the
middle of the skiway, the PICO drill team used the NSF-Swiss
shallow drill to collect cores of 101 and 102 meters, and the
PICO shallow drill to recover cores of 60 and 25 meters. In
the first hole, at a depth of 100 meters, a dust layer 3 centi-
meters wide was encountered. Unfortunately, the layer was
not found in the subsequent 102-meter core, drilled less
than a meter from the first, probably due to inclination of
the hole and failure of the drill to reach the same vertical
depth. Coring with the Pico drill stopped at lesser depths,
due to hole-inclination problems that caused a failure to
penetrate.

The PICO shallow drill (Kuivinen, Koci, and Tilison 1980),
which was tested and used in these coring exercises, is an
electro-mechanical drill similar to the NSF-Swiss shallow
drill (Rufli, Stauffer, and Oeschger 1976) and the USA CRREL
shallow drill (Rand 1976). While the NSF-Swiss shallow drill
takes a 7.5-centimeter diameter core in runs of a little less
than one meter, the PICO drill takes a 10.1-centimeter di-
ameter core in lengths averaging 1.4 meters per run. The
downhole portion of the rico drill is used in conjunction
with the tower and winch from the NSF-Swiss shallow drill,
giving it a 100-meter depth capability. Core quality was
excellent, but the drill was limited in its ability to penetrate
to depths greater than 60 meters, due to its tendency to drill
an out-of-plumb hole. This was probably a result of the
drill's topheaviness, as well as the incompatibility of the

drill and tower, originally designed for use with a lighter
and shorter drill.

Hot Water Drilling. At Dome C during late December and
early January, the PICO hot water drill system was used to
provide shot holes of depths between 15 and 60 meters
for the University of Wisconsin-Madison Geophysical and
Polar Research Center's seismic program. PICO drilled a total
of 37 shot holes at 17 sites over a 30-kilometer array, pro-
viding 1,035 meters of hole in 10 days of drilling. The
Geophysical and Polar Research Center seismic investiga-
tions included a wide-angle reflection profile, a P-wave
refraction profile, two large separation refraction shots, and
surface-wave recording.

The P!CO hot water drilling system consists of three Mals-
bary water heaters (two 1.5 gallons per hour units and one
4.5 gallons per hour unit) used in varying combinations to
melt the required snow and to heat the water for drilling.
It was found that only 1,135 liters (300 gallons) of water
were needed to drill a 60-meter hole. By raising the water
in the tank to 80°F it was possible to deliver water to the
drill head at 200°F (12°F below boiling) because of the back
pressure at the nozzle. Water delivery was at the rate of 7
gallons per minute, with 500,000 British thermal units
(Btu's) per hour used to heat the water during the drilling
stage. Drilling rates ranged from 360 meters per hour for
the top 10 meters of firn to 120 meters per hour to reach 60
meters with a minimum hole diameter of 7.6 centimeters.
Cycle time for each 60-meter hole was about 2.5 hours,
which allowed us to drill holes at two sites per day.

Upon completion of the drilling in support of the seismic
program, we used the hot water drill to free the NSF-Swiss
shallow drill stuck at 65 meters of depth during the 1978-79
field season. The drill was recovered intact and was sent to
Lincoln for overhaul before future use.

The iico field party consisted of K. Kuivinen, P. S. Mar-
shall, J. Litwak, and B. Nickelsen, who participated in the
shallow drilling at South Pole Station, with the latter three
drilling at Vostok, and B. Koci, J. Arneson, and K. Kuivinen
doing the hot water drilling at Dome C. Koci, Arneson, and
Nickelsen revisited J-9 along with V. Zagarodnov of the
USSR.

This field work was supported by the National Science
Foundation Division of Polar Programs contract NSF-C861.
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