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Our program, in cooperation with those of Ohio State Univer-
sity and the National Aeronautics and Space Administration, is
designed to determine whether the ice stream is currently
thickening, thinning, or remaining steady and to describe the
mechanics of the controls on its size and velocity.

The first objective involves comparing the input by new snow
accumulation with the output by ice flow. Accumulation rates
are obtained by drilling to detect the nuclear bomb fallout levels
in the firn stratigraphy and integrating the density profile above
these dated levels. The catchment area is to be defined from
velocity determinations. The outflow is obtained by measure-
ments of velocity and of thickness by radar along selected
transects across the ice stream.

The second objective is to determine which are the major
controls on the ice stream, and that is being addressed with
measurements of the fields of velocity, thickness, and surface
slope. Together with the constitutive relation for ice, the ve-
locity field can be used to identify where the restraints on ice
flow are located. Candidates include side drag, longitudinal
tension, longitudinal compression, and basal drag. A uniform
basal drag will not influence the surface velocity field, but the
basal drag is unlikely to be constant and variations in it will lead
to surface velocity and slope variations that can be detected.

During the 1984-1985 austral summer, the first measure-
ments of positions of markers were made and the program is to
be repeated in 1985-1986 to obtain velocities. Positions are ob-
tained in two ways. At safe airplane landing sites, Doppler
satellite receivers were left for 24 hours and, using a procedure
described below, accurate positions will be obtained. At many
of the Doppler stations black plastic photo targets were left tied
to bamboo poles. These serve as control for aerial photography
that was flown in January 1985. The photos show crevasses
clearly and repeated photogrammetry will provide velocities of
these crevasses (which are in areas where airplane landings are
not possible).

The central element of the program is surveying using the
U.S. Navy TRANSIT or "Doppler" satellites. The orbits of these
satellites are not adequately known for our purposes, and so we
continuously tracked the satellites from two small camps north

and south of the ice streams on the nearly stagnant ridges. With
these data, the tracking data obtained from the 24-hour stations
can be used to define positions more accurately. This technique
was used with great success on the Greenland Ice Sheet (Drew
and Whillans 1984) where formal accuracies of 0.1 meter (one
sigma) were obtained. In 1984-1985, we used one JMR-1 re-
ceiver and six or seven Magnavox MX1502 receivers. The
MX1502 receivers had electronic problems that degraded our
program, but we believe that surveying was adequate.

The aerial photograph was flown in January 1985, but unfor-
tunately, due to navigation problems, the photo blocks are shift-
ed about 11 kilometers with respect to the control (plastic photo
targets). Only about 35 percent of the photography is suitable
for precise position determination.

The north and south camps were operated by two people
each. In addition to servicing the satellite receivers, they con-
ducted a program of firn stratigraphy and measurement of
surface elevation and strain. The surface strain will help in
assessing the mass balance of the ridges and the firn stratigra-
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phy was directed largely to determining if annual strata can be
reliably counted (with a view to possible deep drilling later).

The strain grid at the Upstream B camp was remeasured
(figure).

The weather at the camps showed a strong north-south gra-
dient such that the south camp experienced near continuous
blizzard conditions while the main and north camp had only
light winds. This greatly impeded the work program at the
south camp. The wind pattern confirms a prediction from a
numerical simulation of katabatic air flow in Marie Byrd Land by
Parrish and Bromwich (1986).

A critical factor in our success was the availability of aerial
photography obtained in 1983-1984 by the U.S. Geological Sur-
vey. Patricia Vornberger used the photos in making a sketch
map of the ice stream showing the location, type, and orienta-
tion of visible crevasses (Vornberger and Whillans 1986). The
map was used to select landing sites and flight lines for con-
trolled photography this year. One transect (called the "girdle
traverse") was to have been conducted using snow-cats. It was
outside the area of photo coverage and on reconnaissance it
became clear that the traverse would be too dangerous and
difficult by tractor. It was, however, possible to install most of
the stations by air.

The 1983-1984 photographs are being further interpreted and
crevasse patterns are being used to describe the style of flow of
the ice stream.

Full use was made of a ski-equipped Twin Otter aircraft ob-
tained on lease from Kenn Borek Air, Calgary. The air crew
proved to be skilled and willing and we are pleased with the
support.

The field team was composed of John Boizan, Henry Brecher,
Jeff DeFreest, Andrea Donnellan, Joe Kostecka, Mike Strobel,
Patricia Vornberger, and Ian Whillans. This research was sup-
ported by National Science Foundation grant DPP 81-17235.
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Three field seasons have been completed on the Siple Coast
program of glaciological and geophysical studies in West Ant-
arctica. Our part in this program concentrated in the mouths of
ice streams B and C and around Crary Ice Rise. In this report,
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we discuss the major features of the ice morphology and dy-
namics in the region which stretches from the mouth of ice
stream B to just upstream of Crary Ice Rise. Much of this
research is presented in more detail in Bindschadler et al. (in
preparation).

Airborne radar flights in this area carried out by the Univer-
sity of Wisconsin (Shabtaie and Bentley in preparation) have
improved our understanding of the morphology of this region
since the earlier measurements of the Ross Ice Shelf geophysical
and glaciological survey program (Bentley 1984) and the Na-
tional Science Foundation/Scott Polar Research Institute of
Great Britain/University of Denmark airborne survey (Drewry
1983). Ground control for the recent radar flights was accom-
plished by geoceiver positions established by all the cooperat-
ing groups within the Siple Coast program. Figure 1 shows part
of the map compiled by Shabtaie and Bentley (in preparation)
which covers our area of investigation. The ice stream flows in
from the upper left of figure 1 and approaches Crary Ice Rise
just beyond the lower right corner. The two oblong features in
midstream (A and A') have some characteristics of ice rises
(radar returns free of internal clutter which suggest old, stag-
nant ice) but are not encircled by crevasses and move at the
same speed as the ice stream. Their origins are still speculative.

The grounding line of ice stream B is much more advanced
than mapped by Drewry (1983) (Shabtaie and Bentley in prepa-
ration). We have confirmed the position of portions of the
grounding line by a combination of optical leveling, elevation
and ice thickness measurements, and observations of strand
cracks (Swithinbank 1958). Our interpretation of this area is of a
grounded apron of ice extending for 100 kilometers with a
surface gradient unusually low for an ice stream. The ground-
ing line has only a small surface expression and the details of its
shape are probably convoluted.
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