
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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Figure 1. Low-frequency, short-pulse ice radar profile from Down-
stream B, showing highly undulating internal layering. This profile
is 3.6 kilometers long and is transverse to the ice flow; the radar
pulse has a center frequency of 2 megahertz. On all figures, the
depth scale on the left is in units of hundreds of meters, with the
origin at the ice-sheet surface, and "B" indicates the bottom return.

layering appears to intersect and in many cases the undulations
have amplitudes of over half the ice thickness (about 750 me-
ters). Unlike the internal layering detected by higher-frequency
ice radars, this layering does not correlate at all with the surface
or bed topography.

In 1988-1989 about 400 kilometers of profiling was done at
the Upstream C camp (136°33W 82°24'S). A center frequency
of 4 megahertz was used for all work during this season so
that more extensive spatial coverage could be obtained. Two
transverse profiles, 1 kilometer apart and 95 kilometers long,
were made across the entire ice stream, extending into both
marginal shear zones, and three longitudinal profiles, each 24
kilometers long, were made along the lines ofthe Ohio State
University strain grid. Finally, a 5-by-1 kilometer grid of pro-
files, spaced approximately 1 kilometer apart, was done along
a subset of the Ohio State University grid to allow comparison
of internal layering and bed characteristics with known strain
rates and surface topography.

Figures 2 and 3 show examples of data from Upstream C.
The ice is thicker (800-1,300 meters) and the bottom topo-
graphy much rougher than at Downstream B. Bottom returns,
even though often weaker because of the thicker ice, were
clearly detectable everywhere; however, significant variations
in bottom signal strength also occurred which tentatively ap-
pear to be related more to different dynamical regions within
the ice stream than to ice thickness alone. Near-surface scat-

tering from buried crevasses is also evident. The internal lay-
ering on ice stream C is weaker than on ice stream B, and is
usually only barely detectable or completely absent. Although
similar undulations in the layering are often evident, they are,
however, distinctly more subdued in amplitude and occasion-
ally conform to the bed topography.

Ice stream B is currently active and flowing very fast, whereas
ice stream C is currently inactive and flowing very slowly (Ben-
tley 1987). The highly contorted and undulating layering found
on ice stream B may be a result of chaotic ice flow taking place
there at the present. The layering found on ice stream C may
have been similarly contorted when it was active about 200
years ago (Shabtaie and Bentley 1987); its current character-
istics may simply be evidence of dampening or diffusing out
of the undulations as the ice stream slowly returns to com-
pletely normal ice-sheet flow. Ice stream C has, therefore,
probably not yet reached a totally and uniformly inactive state.

This work was supported by National Science Foundation
interagency agreement DPP 85-18618 (to USGS) and grant DPP
85-17225 (to St. Olaf College), with some additional internal
support from USGS. Technical development was done by USGS,
and the field work was done by USGS and St. Olaf College.
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Figure 2. Low-frequency, short-pulse ice radar profile from Up-
stream C. This profile is a 13-kilometer section from one of the 95-
kilometer long transverse profiles across the ice stream; the ver-
tical white lines are 4 kilometers apart. The radar pulse has a center
frequency of 4 megahertz, double that used in figure 1. The many
constant-depth horizontal bands, including the prominent ones near
depths of 350, 800, and 1,250 meters, are digital switching noise
(see text). Undulating internal layering is evident in the upper few
hundred meters of ice, but it is much weaker and has a much lower
amplitude than that at Downstream B.
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Further data analysis will be a cooperative project involving
both institutions. Jerry Bradley (USGS, Denver), Tom Grover
(USGS, Denver), Bruce Vaughn (USGS, Tacoma), and Kurt
Hayden (Ohio State University) participated at various stages
in the development and field work.
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Figure 3. Another section of the same profile shown in figure 2, to
the same scale. The bottom is much rougher here, the bed echo
has a distinctly different character, and the undulating internal lay-
ering can be detected to a greater depth.
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Short-term variations
in the speed of

ice stream B, Antarctica
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A search for variations in the speed, vertical strain rate, and
seismicity of ice stream B was begun in late November 1988,
near Upstream B camp (83°29'S 138°12'W). This is part of a
cooperative program among several institutions to study the
dynamics of this and the other rapidly moving ice streams that
feed the western side of the Ross Ice Shelf. Interest in these
ice streams has been stimulated by several discoveries:
• the neighboring ice stream C is stagnant but has been so for

a relatively short time (Rose 1979; Whillans and Boizan 1987),
• the drainage of ice stream B is out of balance with accu-

mulation (Whillans and Bolzan 1987), and
• ice stream B, at least near Upstream B Camp, is underlain

by a thin layer of till (Blankenship et al. 1986) whose defor-

mation can probably account for most of the observed mo-
tion, which is more rapid than can be produced by ice de-
formation at the existing low basal shear stresses.

The ice streams appear to be rapidly changing features that
may play a role in the stability of the west antarctic ice sheet.
The similarities and differences in the fast flow of the antarctic
and Greenland ice streams, and of tide water and surging
glaciers, are of considerable interest.

Our program consists of two parts, the measurement of ice
speed and surface strain rate while personnel are in the field,
and the measurement of strain rate and seismicity year round
by geophones and strain wires installed in several shallow
boreholes near Upstream B Camp (and the California Institute
of Technology drill site). At the end of the field season, the
strain wires were still responding to transient effects associated
with their installation, and there had been little seismicity;
however, about 5 weeks of velocity data had been acquired by
two methods, both of which determined distance to two ref -
erence points located on relatively stagnant ice off the ice stream.
In the one case, a Del Norte ultra-high-frequency positioning
system was used for daily motion studies, in the other, a Wild
DI-20 EDM was used for terrestrial surveying, which was typ-
ically done several times per day, but sometimes hourly. The
latter system is the more sensitive, although its success is weather
dependent.

Results from the EDM survey are summarized in figure 1.
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