Antarctic ice core studies
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A newly designed ice coring auger recently was
developed by John Rand and colleagues at the U.S.
Army Cold Regions Research and Engineering
Laboratory (CRREL). The original intent was to develop a shallow (less than 100 meters), light-weight
(less than 750 kilograms) mechanical coring device
to recover rapidly (within 3 to 5 days) 10-centimeterdiameter ice cores from polar and alpine glaciers.
The prototype shallow drilling rig was field-tested
at station Crete, Greenland, in June 1974, and at
Dye-2, Greenland, in September 1974. The results
were satisfactory, and the rig was returned by air
to Hanover, New Hampshire, and then sent to
McMurdo Station for use in Antarctica in the 19741975 austral summer. The antarctic schedule called
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Depth-density profiles from the South Pole (SP) and the Ross
Ice Shelf (J-9). Bulk density determinations were performed
on core segments of approximately 500 to 1,000 grams as the
core was recovered.

152

for core augering to the 100-meter depth at the
new Amundsen-Scott South Pole Station and at site
J-9 on the Ross Ice Shelf. Selection criteria for these
sites was based upon the lack of any core material
(to 100-meter depths) from these sites, and the desirability of obtaining rapid and preliminary data
from J-9 to assist in detailed planning to core
through the shelf.
Core drilling by Mr. Rand and Robert Rutford,*
University of Nebraska, Lincoln, and core processing by J . Cragin, CRREL, and I, were observed during the South Pole operation by two persons from
the Norsk Polarinstitutt (0. Liestl and 0. Orheim).
The South Pole core drilling took place under
Core log data related to percent ice core recovery for the
1974-1975 drilling operation at the South Pole (SP) and on
the Ross Ice Shelf (J-9).
Depth
(meters)

Amount of core
(meters)

Recovery
(percent)

SP

0-50
0.02
99.96
50-75
0.0
100.0
75-100
0.03
99.98
Total core (0-100 meters): 99.95 percent recovery
J-9
0-50
0.02
99.96
50-75
0.02
86.8
75-100
8.64
52.0
Total core (0-100 meters): 88.04 percent recovery

the new geodesic dome near the science building
within a 3-day period between November 17 an
24. Ambient air temperature ranged from —P35°
to —30°C. The drill operated very well, with just
minor mechanical adjustments and modifications
required. Core recovery was rapid, with excellent
and continuous core obtained from the surface tq
the 100-meter depth at the South Pole (table). Th
J-9 operation took place near a University of Wisconsin field camp between November 26 and De
cember 1. Drilling to the 100-meter depth wa
accomplished within a 4-day period, November 27
30, at which time the ambient air temperatur
ranged between - 15° and —6°C. in the drillin
shelter. Core recovery was less satisfactory here
(table). It appears that with the present configuration of the cutting teeth the CRREL shallow drill
augers better in firn than in ice. The firn-ice transition (density of 0.83 grams per cubic centimeter)
was not quite reached at the South Pole, whereas

*Presently head of the Office of Polar Programs, National
Science Foundation.
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the boundary was reached at 47 meters in depth at
J-9 (figure). As shown in the table, below 50 meters
at J-9 core loss amounted to between 13 and 48
percent of the core, becoming progressively worse
as depth increased.
With such rapid core recovery little was or can
le done with the core in the field but to record gross
tratigraphic features, determine bulk densities,
and label, package, and store the core for shipment.
n addition to processing the two 100-meter cores,
We conducted surface pit investigations at both locations. These studies included detailed density
measurements, temperature profiles, stratigraphic
observations, and bulk firn collections for chemical
analyses.
Planned and approved laboratory studies on the
ice cores and surface samples include detailed physical property determinations (State University of
New York at Buffalo), and bulk and trace chemistry
analyses to determine baseline and past precipitation chemistry records (State University of New
York at Buffalo, and CRREL). The concentrations
of sodium, potassium, magnesium, calcium, iron,
aluminum, and lead will be measured by flame and
flameless atomic absorption. Chlorine and bromine
will be analyzed by neutron activation analysis.
Additional studies include oxygen isotope analyses
for climatic records (University of Copenhagen),
tritium background measurements (University of
Bern), and microparticle concentration variations
for atmospheric dust considerations (Ohio State
University).
The cores are now in central storage and are
available for distribution for other research purposes to qualified investigators. Interested scientists
should write to the program associate for glaciology,
Office of Polar Programs, National Science Foundation, Washington, D.C. 20550.
This work was supported by National Science
Foundation contract C-726.
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Geophysical work in the Ross Ice Shelf Project
during 1974-1975 began in late November

(RIsP)

July/August 1975

1974 with measurements at the proposed drill site
(Clough et al., 1975). On December 5 a camp was
established near Roosevelt Island (9.5°S. 3.25°W.)*
as a base station for aerial survey operations (figure
1). Work at remote field sites began after the Twin
Otter airplane arrived on December 16, and continued until January 27, 1975, when all personnel
returned to McMurdo. Surveying during this
period was hampered by fog and whiteouts. Aerial
operations thus were conducted only during 35
percent of the field season.
The survey included measurement of ice thickness and gravity at 37 sites, measurement of the
horizontal gradients of ice thickness and gravity at
12 sites, seismic sounding of water depth beneath
the ice at 36 sites, and studies of seismic and radiowave velocities within the ice shelf at a few sites.
Local geophysical investigations around the Roosevelt Island camp included 50 kilometers of radioecho and gravity profiling, a 28-kilometer seismic
refraction profile that successfully recorded energy
along paths through bedrock, studies of seismic
velocity and of radio-wave velocity in the ice, and
an electrical resistivity profile. A total of 4,200
kilometers of airborne radio-echo sounding was
completed using the Twin Otter; this work has provided a significant improvement in details of some
shelf regions, and it is of particular importance in
analyzing surface measurements.
Maps of ice thickness, ocean bottom depth, and
water layer thickness (figures 2, 3, and 4) have been
prepared from 1974-1975 data, from 1973-1974
RISP geophysical data (Bentley et al., 1974), from
previous work by Crary et al. (1962), and from the
results of the Roosevelt Island surveys of 1961-1962
and 1962-1963 (Hockstein, unpublished manuscript). Airborne radio-echo sounding information
has been used to construct the ice thickness map;
the remaining two maps have been contoured using
only spot soundings.
Major ice streams showing relatively thick ice
enter the ice shelf between 9°S. 5°W. and 8°S. 4°W.,
at 6.5°S. 3°W., and between 5°S. 3°W. and 4°S. 3°W.
Between the ice streams, ice less than 550 meters
thick extends downstream from the grounding line.
Thin ice also extends downstream from such
grounded regions in the ice shelf as the ice rise at
705, 1°W. Thick ice flows past Roosevelt Island, but
the ice thins substantially in the shear zones on
both sides of the island.

This is contribution number 326 of the Geophysical and
Polar Research Center, Department of Geology, University of
Wisconsin, Madison.
*Air navigation grid coordinates and directions are used
throughout this report.

153

