Preliminary Analysis o
Ice Cores from Byrd Staton
ANTHONY J . GOW

U.S. Army Cold Regions
Research and Engineering Laborator
On January 29, 1968, a team from the U.. wii
Cold Regions Research and Engineering Laboratory
(CRREL) completed drilling to the bottom of the
antarctic ice sheet at Byrd Station—the first penetration of the thick inland ice of Antarctica (cf. preceding article). The vertical thickness of the ice was
2,164 m. With the exception of a zone of brittle and
badly fractured ice between 400 and 900 m, the condition of the core varied from good to excellent. Core
recovery exceeded 99 percent of the footage drilled.
All of the core was examined for significant stratigraphic markers (i.e., signs of melting, dirt layers,
etc.), and spot checks were made of the bulk density,
bubble structure, crystal growth, crystal fabric, and
electrolytic conductivity of the cores. Highlights of
these studies were as follows:
1. Abundant dirt was observed in the bottom 4-5
m of core, including layers of silt, sand, and
pebbles, and some large fragments of pink and
white granite.
2. The rock bed of the ice sheet was cut to a depth
of 1.3 m, but all attempts to retrieve the core
were unsuccessful. This may have been due to
the fact that the ice sheet beneath Byrd Station
is underlain by unconsolidated material (glacial
till rather than solid rock).
3. Water was encountered at the ice-rock interface, clear evidence that the basal ice is at the
pressure melting point.
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Figure 1. Thin layer of dirt (volcanic ash?) in ice from a
depth of 1,301.6 m. Younger end of ice core is at tight.

4. Several thin layers of dirt (0.5 mm thick) were
observed between depths of 1,300 and 1,700 m.
Tentatively identified as volcanic ash (Fig. 1),
these layers are estimated to have been deposited
between 15,000 and 25,000 years ago from nearby volcanoes, such as those of the Executive
Committee Range.
5. The dramatic improvement in the condition of
the ice cores below 900 m can probably be correlated with the gradual disappearance of air
bubbles in the ice and the onset of oriented
crystal fabrics (Fig. 2). No trace of air bubbles
was observed in freshly cored ice from below
1,200 m, at which depth the majority of the
basal glide planes of crystals were oriented within 15° of the horizontal plane of the ice sheet.
This zone of oriented ice crystals, which also
contains numerous cloudy bands of very small
crystals that might be attributed to shear, persisted to a depth of about 1,800 m. A very rapid
growth of crystals (with cross-sections frequently
exceeding 30 cm2 ) was observed between 1,800
m and the bottom. Some "exsolving" of bubbles
has been observed in deeper ice that was originally devoid of bubbles.
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Figure 2. Thin sections of ice from depths of (a) 340 m, (b) 1,576 m, and (c) 2,138 m. Photographed natural size and between crossed polaroids to reveal crystal structure.
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6. A maximum in situ ice density of 0.9206 g/cm3
was measured at a depth of about 1,000 rn. The
density then decreased progressively to 0.9170
g/cm3 near the bottom. Gradual but significant
expansion of the ice is following its release from
high confining pressure, as evidenced by the decrease in density of cores rerneasured as little as
two months after they were drilled.
7. Measurements of the electrolytic conductivity of
melted samples have indicated very low levels of
dissolved solids at all depths in the ice sheet.
The median value of the 45 samples of dirt-free
ice tested is 2.1 mho/cm, which is equivalent
to a dissolved ion content of less than 1.0 ppm.
A total of 59 tubes of 1.5-rn cores, including the
bottom 5 m of dirty ice and samples used for random
checks of density, crystal structure, and other features,
were returned to CRREL for further studies.
Additional field studies in Antarctica included (1)
remeasuring ice movement and ablation of the Koettlitz Glacier ice tongue, (2) further measurements of
deformation in the 10-year-old drill hole at the old
Byrd Station, and (3) resurveying and remeasuring
the two long accumulation-stake lines at Byrd Station.

change in azimuth of the strain network was made to
permit the calculation of displacement vectors for the
strain-network control points, which, in turn, will
facilitate an evaluation of the influence of the surrounding ice shelf upon the Roosevelt Island ice cap.
The vertical control was extended to define more
precisely the step-like surface profile near the edges
of the ice cap and to relate all measurements to a
common datum.
Field operations were conducted in four phases.
First, a reconnaissance was made to relocate and remark the control points on the strain network. Second,
measurements were taken on the network lines with
an MRA-2 Tellurometer system mounted on a Trackmaster. Third, three wire levels were run with a Zeiss
Ni2 automatic level to establish vertical control on the
network. (Small networks at the north and south
edges of the ice cap were tied in by barometric leveling.) Fourth, astronomic observations were taken to
determine the true azimuth of critically located lines.
All instruments and systems proved reliable, and
the party was fortunate in having uniformly good
weather.

Geophysical Studies along the
Byrd Station Strain Network

Ice-Flow Studies on Roosevelt Island

GILBERT DEWART

J. L. CLAPP

Institute of Polar Studies
Ohio State University

Department of Civil Engineering
University of Wisconsin (Madison)
During the 1967-1968 austral summer, the third
season of intensive study of ice flow was completed on
Roosevelt Island. During the first two seasons, a
strain-rate network was established and the depth,
subsurface conditions, and accumulation of the ice
were determined.
The field work during the 1967-1968 season was
conducted by the author and two associates, John C.
Albright and James D. Gruendler. The work included
determination of the surface configuration of the ice
cap at the boundary between the grounded ice and the
Ross Ice Shelf, remeasurement of approximately 700
km of strain network, determination of the change in
azimuth of the network due to ice flow, and extension of precise vertical control over approximately
300 km of the ice cap.
Data on the surface configuration were taken in
order to study the possible relationship of surface
characteristics to small variations in the bedrock formation and the pressure of the adjacent ice shelf. The
strain network was remeasured to determine the surface strain rates. The determination of the absolute
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Seismic and gravity observations were made along
the strain-measurement network northeast of Byrd
Station from November 1967 until January 1968.
The array of stakes parallels the ice-flow line from the
Ross Sea—Amundsen Sea ice divide to Byrd Station,
a distance of approximately 150 km. The main objective of the field investigations was to determine the
subglacial topography in this region, with the ultimate
goal of establishing an ice-flow relationship that will
explain the measured strain rates and morphology of
the glacier surface. Another objective was to find if
any correlation exists between events revealed on the
seismic-reflection records and major changes in the
physical properties of the ice disclosed by cores obtained by the deep-drilling program at Byrd Station.
Reflection shots to determine the ice thickness and
the strike and dip of the glacier bed were made at
several points along the network. Wide-angle reflections were recorded to determine the average vertical
seismic-wave velocity, and up-hole and short refraction measurements were made for the calculation of
compressional- and shear-wave velocities in the snowfirn layer.
Gravity observations were made at all stakes of the
strain network with a Worden gravimeter in order to
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