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The ice streams draining the inland ice of West Antarctica
are dramatic features. They are as long as the state of Ohio,
1,000 meters thick, and 50 to 100 kilometers wide, and they
exhibit speeds reaching 2.5 meters per day. The ice streams
are like huge valley glaciers but are confined by more sluggish
ice rather than by solid rock.

The major portion of Ohio State University's program within
the Siple Coast Project is the mapping of ice streams B and C
and the determination of their surface velocity pattern and
mass balance. This involves the use of doppler satellite (TRAN-
SIT) receivers and high-elevation aerial photography.

The TRANSIT receivers are left to record for 24 hours at each
station in each of 2 years. The first velocity determinations are
reported in Whillans, Bolzan, and Shabtaie (1987) and are used
to describe the pattern of flow and compute mass balance
(Whillans et al. 1987; Shabtaie et al. 1988).

A thorough study of satellite surveying methods and of re-
duction techniques shows good agreement among the tech-
niques and with conventional survey methods (McDonald and
Whillans 1988a).

Repeated surveys of the position of the Upstream B camp
shows no time changes in velocity (McDonald and Whillans
1988b).

TRANSIT surveying can provide positions and velocities only
of crevasse-free areas where airplane landings are possible.
Much of ice stream B is heavily crevassed and airplane landings
would be unwise and surface travel arduous and dangerous.
The crevasses, however, can be turned to an advantage with
the use of repeat photogrammetry.

The great merit of repeat photogrammetry is demonstrated
by Brecher (1986) for Byrd Glacier, Antarctica. Repeat photo-
grammetry has also been conducted for Columbia Glacier, Alaska
(Krimmel 1987) and for Jakobshavns Glacier, Greenland, (Brecher
personal communication; Pelto, Hughes, and Brecher 1989).
The technique can yield thousands of velocities wherever there
are crevasses or other features that persist between photo ep-
ochs. The velocities for Byrd Glacier have been interpreted in
terms of velocity pattern (Brecher 1986) and in terms of the
mechanics controlling its flow (Whillans et al. in press).

Ice stream B is much too large for complete coverage but
selected portions are being studied (Whillans 1986). Certain
results are available, and a velocity profile across ice stream B
has been used to calculate the ice discharge. The discharge
exceeds the snow input by 39 percent (Whillans and Bind-
schadler 1988).

During the 1988-1989 field season, the photography was
repeated. In prior years, the photography was done from a
specially equipped LC-130 (Hercules) airplane, but this air-
plane (XD-03) was destroyed in a 1987 crash in East Antarctica.
This year, the photography was done from a DH-6 (Twin Otter)
airplane using a Zeiss-Jena LMK camera with super-wide angle
lens (89 millimeter). The photography was done by Patrick

Figure 1. Aerial camera mounted behind the main cargo doors of
the Twin Otter aircraft.

Gropp (Geodesy, Calgary). Jerry Mullins (U.S. Geological Sur-
vey) provided key help and advice. Figure 1 shows the camera
mounted in the airplane.

Ground control was established by deploying large black
plastic sheets (figure 2) and suspending them on bamboo poles
to keep them from early burial by snow. The locations are
obtained by TRANSIT surveying.

Initially we experienced excellent weather and were ready
early for the photography. The field program was thrown into
disarray, however, because the camera arrived late, the camera
mount in the airplane had to be modified, and then phenom-
enally poor weather moved in. C.R. Bentley of the University
of Wisconsin graciously agreed to a rearrangement of field
plans and the National Science Foundation representatives in
McMurdo were able to arrange for use of a second Twin Otter
for various time intervals. The result appears to be complete
success.

On ice stream C, activities centered on mapping features
that also appear on an enhanced LANDSAT thematic mapper
image (S. Stephenson personal communication). Both pro-
nounced and relatively minor features were found and mapped.
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Figure 2. Photo target being deployed. The snow drift in the back-
ground was caused by the photo target deployed at this site three
years earlier.
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The purpose is to register the image as to its precise location
and scale and to quantify the size of features that appear on
the images.

From Byrd Station, we cooperated with R. Bindschadler (Na-
tional Aeronautics and Space Administration, Goddard Space
Flight Center) in a survey of the catchment areas of ice streams
D and E.

Field party members were Kurt Hayden, Miriam Jackson,
Jim McDonald, Yi-Hsing Tseng, Kees van der Veen, and Ian
M. Whillans. Supported by National Science Foundation grants
DPP 85-19550 and DPP 87-16447.
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A high-speed digital data acquisition system (DAS) was de-
veloped for use with ice radars, and the low-frequency, short-
pulse ice radar originally developed by the U.S. Geological
Survey (USGS) for temperate glaciers (Watts and England 1976)
was adapted for surface-based investigations on ice sheets.
This new ice-radar system was used on ice streams B and C,
West Antarctica, to study internal layering and basal condi-
tions, on the premise that this new range of frequencies, 1-
32 megahertz, should provide additional information about
these phenomena and about the dynamics of the ice streams.

The DAS is described by Wright, Bradley, and Hodge (in

press). It can digitize up to 8,192 points per waveform, stack
(cumulatively add) up to 65,536 waveforms, acquire data at
rates from 3,000 to 100,000 waveforms per second (depending
on the number of points per waveform), and record on 9-track
magnetic tape at sustained rates of at least 150,000 bytes per
second. The system is controlled by an IBM AT microcomputer
and data are displayed in real-time on a high-resolution color
monitor. The DAS was also successfully integrated with the
Danish 60-megahertz ice radar and used in airborne sounding
of central Greenland (Hodge et al. in preparation).

The primary additions to the short-pulse ice radar were sen-
sitivity-time-control (STC) to the receiver and the use of fiber
optics to transmit all signals between the recording enclosure
and the transmitter and receiver. The STC applies progres-
sively increasing amplification to the received signal so that
both shallow strong and deep weak signals fall within the 8-
bit dynamic range of the digitizer. The STC is digitally con-
trolled and digital switching noise from the STC is about the
same amplitude as the very weak signals from the internal
layering. It will be possible to remove most of this noise by
computer processing, but in the unprocessed data presented
in the figures here, it gives rise to many horizontal bands of
different signal strengths which tend to obscure the ice-related
signals. The radar system and preliminary results from the
first field season are described by Wright et al. (in preparation).

In 1987-1988, about 200 kilometers of profiling was done at
the Downstream B camp (154°19'W 84°10'S). The measure-
ments were repeated along a 36-kilometer line parallel to the
ice flow and a 3.6-kilometer line transverse to it, using five
different center frequencies: 1, 2, 4, 8, and 16 megahertz. Clear
bed echos were obtained everywhere at all frequencies, and
there was often structure in the bed return which appears to
be related to physical features of the bed/ice interface. More
intriguing, and completely unexpected, however, were the
returns from internal layers which show folds and undulations
at several distance and depth scales (figure 1). Sometimes this
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