
Prior to the start of the drilling of the access hole, an aux-
iliary 7-inch-diameter hole had to be drilled 60 meters deep.
A submersible pump was placed in this hole to pump sea
water out of the access hole for use in later drilling opera-
tions. This operation was accomplished on 26 November,
and the drill was then moved 12 inches sideways to start the
access hole operation.

Figure 2 shows the general progress of the J . 9 access hole
operation. On 1 December, the hydraulic motor for the
vacuum pump failed. It was repaired in the field and put
back into service. An alternate prime mover was obtained in
case of further problems with the motor.

On the evening of 3 December, penetration stopped. As
the drill pipe was being pulled, the bit had become
separated from the drill string. The bit was retrieved, and
field repairs were made on it.

The next stoppage occurred on 9 December. When the
drill string was pulled, a section of the top stabilizer was
found to be missing. Damage to the bit was also noticed and
repaired.

On 12 December, drilling stopped at 310 meters. Again
the top stabilizer had been dislodged from its position. The
bit was again repaired and new shear pins added to the
stabilizers.

Drilling of the access hole stopped at 330 meters on the
morning of 13 December. The drill had been lowered down
the hole during the evening of 12 December. Drilling had
been resumed and a noticeable increase in penetration rate
(21 meters in 4.5 hours) and smooth drilling had been ex-
perienced. At the end of this crew shift, drilling halted and
the drill remained stationary for 30 minutes. At the start of
the next shift's operation the drill could not be raised,
lowered, or rotated. All attempts to recover the string were
unsuccessful. After several days, it was decided that the drill
should be left in place and recovery attempts resumed dur-
ing the next field season when new equipment could be
used.

Based upon the experiences of this season's drilling opera-
tions it is now known that it is not feasible to drill an open
hole through the Ross Ice Shelf due to closure of the drilled
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hole as a result of the flowing characteristics of ice. Weert-
man (1973), as a part of this RISP study, calculated the
closure rates for a proposed 500-meter hole on the Ross Ice
Shelf. Hansen (1976, unpublished) recalculated for an
assumed ice thickness of 420 meters and Rand's 100-meter
temperature profile at the drill site. Based on these calcula-
tions, it had been thought that it would be feasible to drill
an open hole to within several meters of the bottom of the ice
shelf, but the stoppage at 330 meters disproved this assump-
tion.

Operations this next year will include alternate liquid.
filled methods of drilling through the Ross Ice Shelf to ob-
tain an access hole.
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Polar ice core analysis
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The polar ice core analysis program of State University of
New York, Buffalo, began in January 1975. The program is
integrated and multidisciplinary with the field portion
primarily involved with ice core and surface sample collec-
tions and the laboratory portion involved in detailed cold
room, warm laboratory, and clean room investigations.

The present emphasis on all studies is designed to
establish and characterize the nature of ice sheets during
their chronological development in the various geographical
locations and geophysical zones on the Greenland Ice Sheet
and on the Ross Ice Shelf and other antarctic locations. A
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thorough investigation is made of the physical properties
and chemical constituents of the shallow (< 100-meter), in-
termediate (< 1,000-meter), and deep (< 4,000-meter) ice
cores, as well as near-surface pit collections obtained during
earlier and present fieldwork.

Studies at our home laboratory include trace chemical
analyses using INAA, atomic absorption, specific ion elec-
trode and wet chemical techniques in a class 100 clean room
to determine base lines, trends and past precipitation
chemistry records, coefficients of dynamic mixing, in-
terhemispheric coupling, transport pathways, and residence
times. Physical property measurements include estimates of
net accumulation, ice fabrics, grain size changes, densities,
sonic velocity determinations, macroscopic stratigraphy,
and air bubble sizes, shapes, and pressures. These mea-
surements are made in order to obtain a fuller understand-
ing of the physical nature, the dynamic behavior, and the
rheological properties of large ice masses where the stress
and strain-rate history can be determined. A close field and
laboratory research interaction is maintained with glacio-
logical institutes or laboratories at the University of
Copenhagen, the University of Bern, Scripps Institution of
Oceanography, the University of Kansas, and U.S. Army
Cold Regions Research and Engineering Laboratory. The
results of all these investigations are made available to all
groups involved as soon as a phase of any study is complete.
This procedure allows for rapid dissemination of pertinent
data and is beneficial to the common research goals of the
teams.

The 1976-1977 austral summer marked the initial field
season for this program with activities including two in-
dependent remote shallow core (50-meter) drilling opera-
tions on the Ross Ice Shelf, participation in the Ross Ice
Shelf Project (RISP) at siteJ-9 (82'22'S. 168'40'W.), and
sample collections at various other ice shelf locations.

At J-9, Lyle Hansen and John Rand obtained a 6-
centimeter-diameter ice core over depth intervals of 0 to 100
meters and a 12-centimeter-diameter core over the 150- to
156-meter depth. An open hole was bored in between. Core
quality ranged from fair to excellent. Chemical collections
were made at a pit 10-kilometers upwind of J-9 to investigate
the horizontal homogeneity and seasonal variability of ma-
jor and trace elemental concentrations for comparison with
similar studies in Greenland (Langway et at., 1975; Klouda,
1977). Results obtained from the analysis of these surface
samples and samples collected from other sites visited will be
compared with earlier reported chemistry studies made on
the ice shelf to further delineate the glaciochemical regimes
of the Ross Ice Shelf (Langway et at., 1974; Herron and
Langway, 1976). Collections were also made for analysis of
fixed nitrogen concentrations and speciation using specific
ion electrode techniques. In addition, 48 samples were col-
lected over a 6-meter profile at J-9 for lead-210 dating and
the analysis of 238Pu 239+ 240pu and 14 'Am. The laboratory
work for these isotopes will be done at Scripps Institution of
Oceanography by E. Goldberg and the results will be used to
correlate interhemispheric relationships by comparing them
with a similar study made at South Dome, Greenland
(63 032'N. 44-35'W) (Koide et at., in press).

Another field team (M. Herron, E. Chiang, J . Cragin) was
instructed in the use of the Swiss shallow drill atJ-9 and core
drilled to 50-meter depths at both site C-7 satellite
(78-20'S. 179°51 'E.), located approximately 20 kilometers

from the ice front, and on the dome of Roosevelt Island
(79-22'S. 161'40'W.). Density was measured, stratigraphy
was recorded, and temperature profiles were taken at each
coring site. Y. Suzuki of the Japanese Antarctic Research
Expedition accompanied the Roosevelt Island operation as
an observer. Core quality at both locations was excellent. All
recovered ice and snow samples were returned to the central
ice core storage facility at State University of New York Buf-
falo (Langway and Chiang, 1976). These ice cores are
available for approved studies (see National Science Foun-
dation "Specimen and Core Sample Distribution Policy,"
March, 1977).

During the past year, several studies were completed in
the ice core laboratory and the chemistry/clean room
laboratory at our home institution. The main laboratory
research involved physical and chemical property mea-
surements on the J-9 and South Pole shallow cores obtained
in the field in November 1974 (Langway, 1975). The
physical property study of the J-9 core (Chiang and
Langway, 1976) showed that there is an abnormally high
rate of densification in the 40- to 90-meter depth interval
probably resulting from the confluence of ice streams
upstream from J-9. At the same depths, air bubbles are
stretched and alined parallel to the snow surface. There also
is a rapid increase in crystal size and a preferred crystal-
lographic orientation, all attesting to a high stress and strain
history of the ice shelf at these depths. The geochemical in-
vestigations (Na, Mg, K, Ca, Al) of these cores (Herron and
Langway, 1976) have permitted estimates to be made on the
influence of sea salt and continental dust sources to the
various glaciochemical regimes of Antarctica. Laboratory
methods were developed for the determination of the am-
monium ion in snow and ice samples (Busenberg and
Langway, in preparation). Ammonium was found to be a
major chemical constituent in Greenland samples measured
ranging from 6.3 to 36.5 micrograms per liter. Antarctic
samples are presently being measured. A comprehensive
study attempting to "fingerprint" or chemically characterize
the non-megascopic volcanic aerosol layers in ice cores is
continuing. Preliminary measurement on fumarole ice from
Mount Erebus shows high enrichment factors (over average
elemental crustal abundance) for Zn, Pb, and Cd.
Measurements of the refractory elements Mn, Si, Al, Fe, and
V do not appear enriched prior to 1900 A.D. in Greenland
core samples. Pb, Zn, and SO4 show anthropogenic increases
in post-1900 deposits (Herron et at., 1977). A laboratory
research study of the horizontal and vertical variations, on a
micro-, macro-, and meso-scale, of the elements Na, Ca, K,
Mg, Cl, Al, Pb, Zn, and Cd from Stations Milcent and
Crete, Greenland, was completed (Klouda, 1977). Standard
deviations of up to 25 percent were found for some elements
in surface samples collected over horizontal distances from
the same homogeneously appearing stratigraphic deposit.
This study is significant for the statistical filtering of the
horizontal variability, or noise, when interpreting the ver-
tical variations observed in long ice cores.

Stations Milcent and Crete ice cores have been studied
over their entire 400-meter profiles for physical property
variations (Miller, 1977). Of special interest in this study is
the correlation of the physical properties and fabric with the
seismic and ultrasonic wave propagation measurements
(Kohnen and Langway, in preparation). A detailed in-
vestigation of the lower 17 meters of the 1,390-meter Camp
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Century ice core was completed (Hoar, 1977). Results show
that this profile is heavily debris-laden with distinct
debris/debris-free bands; the air content is one-half or less
than that measured over the upper 1,000 meters; mineral-
ogical and X-ray examination of the debris shows near
uniformity in the composition of the particles but a slight in-
crease in clay-size at the top. Scanning electron microscope
study of the particles (Woo et al., 1976) indicates severe
abrasion and close packing of the particle in the aggregate.

The PICAP team prepared for and participated in the
Greenland field work associated with GISP-77 during the
summer of 1977 at Dye-2 (M. Herron and S. Hoar), Camp
Century and North Central (E. Chiang and J. Cragin), and
Camp III (M. Herron). This work was supported by Na-
tional Science Foundation grant DPP 77-04509.
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Central ice core storage facility
and information exchange
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Our facility is responsible for processing, cataloging, and
distributing ice cores drilled in Antarctica, Greenland, and
other polar and sub-polar regions to approved recipients in
accordance with National Science Foundation ice core sam-
ple distribution policy. Under this arrangement a commer-
cial freezer facility stores most of the cores, with some
storage capacity located at the State University of New York,
Buffalo. A curator handles and arranges for redistribution
and shipment of the ice cores. A data bank is maintained for
each core recovered in the field and the data bank is
regularly updated (Langway, 1974; Langway and Chiang,
1976).

The objective of maintaining central core storage
facilities is to centralize and to maintain an accurate inven-
tory of the ice cores and other snow surface samples
recovered in National Science Foundation polar core drill-
ing operations in both the Northern and Southern
Hemispheres and to make portions of these samples
available to approved recipients at worldwide locations for
various physical and chemical investigations. Prior to sec-
tioning and redistribution of the core samples, preliminary
physical measurements are made. These and other data
from other investigations on each core are contained in a
computerized data bank. Pertinent information is available
to participating scientists either by print-out sheets or by
responding to specific requests.

New ice cores and snow samples were obtained in Antarc-
tica during the 1976-1977 austral summer (table 1). A core
was bored at site J-9 (100 meters, 6-centimeters diameter)
using the new wireline coring system and the U.S. Army
Cold Regions Research and Engineering Laboratory ther-
mal drill (5.1 meters, 12.7-centimeters diameter). Shallow
(7.6-centimeters diameter) ice cores were also obtained from
sites C-7 (50 meters) and the Roosevelt Island dome (51
meters) using the Swiss shallow drill. In addition, 48 bulk
surface sample were specially collected for investigation of
the 238 Pu, 23940Pu and 24 'Am concentrations and 10
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