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During the 1991-1992 field season, surface-based ice thickness
and elevation measurements were made near the grounding line
at the mouths of ice streams D and E as a part of the continuing
effort to understand the state of the west antarctic ice sheet and its
response to climate change. The purpose of these studies was
twofold: first, to determine ice thickness for mass-balance calcu-
lations for these ice streams, and second, to use the radar to
investigate surface features in the surface topography observed
in Landsat Thematic Mapper (TM) images.

The system used was a short-pulse radar operating at a center
frequency of 2 megahertz, which has been described by jacobel et
al. (1988). Modifications since that report include a PC-based data
acquisition system that allows higher data rates to be acquired
and the use of color displays in the field. The system with
operator was towed on a Nansen sled by a skidoo, and data were
recorded with a density of one waveform every 10 meters. In
total, approximately 25 megabytes of data were collected, corre-
sponding to 110 kilometers of total surface travel.

Figure 1 isamosaic of Landsat TM images showing the general
area of the study, the base camp (Washington), and the radar
profile lines. The camp location was chosen to be near the
suspected grounding line and also proximate to the train of
waves in surface topography beginning upstream of the camp
and flowing past it to the north (just left of camp in the figure).
Data along a transverse profile (S-line) oriented approximately
north to south were acquired for the mass-balance calculation.
This profile follows a line of stakes surveyed using the GPS
satellite system and was terminated at both ends by heavy
crevassing, which can be seen in the Landsat mosaic image. Data
along shorter profiles were acquired northeast of the base camp
(B-line) to study a region of grounded ice, and west-north-west
(W-line, and N'-line) to study the wavelike features mentioned
above. In addition, radar soundings were taken at two former
Ross Ice Shelf Geophysical and Geological Survey sites, K3 and
M3.

Figure 2 shows radar data acquired along the 80-kilometer
north-south profile across most of the mouths of both ice streams.
Vertical exaggeration in the figure is approximately 50:1; thus, it
depicts ice of nearly constant thickness. Surface leveling done
over portions of the profile show that the ice is in hydrostatic
equilibrium, indicating that the profile is downstream of the
grounding line. While results from the mass-balance calculation
will not be available until the profile is resurveyed in 1993-1994,

we can at this time compare ice thickness values obtained at the
two fflGGS stations with those obtained in 1974-1975 (Robertson
and Bentley 1990). This shows a thickening of 14±10 meters at
both stations over a 16-year period. While instrumental uncer-
tainty cannot be ruled out entirely, this evidence provides at least
tentative support for our contention that the ice thickness has
increased and thus that both ice streams are in negative-mass
balance. Additional supporting evidence for this view comes
from the calculations of Shabtaie and Bentley (1987, table 2c), and
calculations made by Bindschadler (in press) of thickening in the
mouth of ice stream B at rates similar to these results.

Figure 3a shows radar data acquired along the longitudinal
W-line profile made over the wave feature downstream of the
camp. The image shows that the wave studied is only one of a
number of similar features that occur aperiodically along a nar-
row flowband. The source area for these features appears to be
the grounding line region approximatley 70 kilometers upstream.
The radar profile shows a large number of bottom crevasses, the
largest of which defines a region of thinner ice near kilometer 1.0.
Also, an internal layer that dips markedly at kilometer 1.4 can be
seen across nearly the entire profile at a depth of about 280 meters.
Figure 3b presents the corresponding profile of surface elevation
as measured by optical survey (show with x5 exaggeration) and
also the bottom topography (surface elevation minus ice thick-
ness, labelled "bed" in the figure). The internal layer topography
is shown as well.

From these data the hydrostatic surface can be calculated and
compared with the actual surface topography to reveal stresses
acting within the ice. These results show that portions of the wave
are out of hydrostatic equilibrium, most notably the second
surface trough at kilometer 1.9, which has no matching signature
in the bottom profile and is thus depressed about 6meters below
the hydrostatic surface. Simple calculations (Jacobel and
Bindschadler in press) show that imbalances of this order of
magnitude can easily persist for more than a few hundred years
because of the low shear stresses present. Using typical velocities
for this portion of the ice shelf, 175 years would be required for the
wave feature to move from the grounding line to its present
position, and thus it is quite feasible that these wae features are
produced back at that point.

Given the accumulation rate of 0.1 to 0.2 meters per year (ice
equivalent) in this part of Antarctica, the age of the ice at the depth
of the internal layer is well over a 1,000 years, which would
indicate that it accumulated well upstream of the grounding line
and possibly even upstream of the entire ice stream. The position
of the dip in this layer is offset somewhat downstream from the
deepest surface trough at kilometer 1.9 and is slightly upstream
of the heavily crevassed thin spot in the bottom profile. The dips
amplitude in the internal layer is much larger than in the surface
topography; it correlates better with the amplitude of the rise in
the bottom topography, but with a reverse curvature. This would
be the response expected if the ice were forced to thin as it came
ungrounded, which might occur over a bedrock rise located near
the grounding line. The slight offset of these three features may
be indicative of the bending moment produced at this point.

The aperiodicity of these wave features suggests that they are
formed by a time-dependent mechanism. The ice is somehow
stressed and then released, perhaps due to a shift in the point of
grounding. The features may thus reveal important clues about
ice-stream dynamics, though at this time it is not yet clear how to
interpret them. Strain-rate measurements are currently being
collected for this wave feature and will be completed with a
resurvey of the area in 1993-1994. This should enable us to make
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Figure 1. Landsat Thematic Mapper composite image of the confluence of ice streams D and E. Camp locations and profile lines are indicated
as well as the RIGGS stations K3 and M3.
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Figure 2. Radar profile of the S-line across most of ice streams D and
E just belowthe grounding line. Vertical exaggeration is approximately
50:1.

Figure 3a. Radar profile of the Mine showing ice thickness across
one of the wave features downstream of the base camp. Crevasses
at the base of the floating ice are evident, particularly in conjunction
with places where ice thickness decreases. Vertical exaggeration Is
approximately 2:1.

a more quantitative analysis of the stresses involved, hopefully
allowing us to gain a fuller understanding of the phenomena.
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Figure 3b. Surveyed surface topography (x5), bed topography, and
prominent internal-layer topography corresponding to the profile.
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