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Satellite image data reveal a wealth of features that assist in
interpreting ice-flow dynamics and the flow history of the west
antarctic Siple Coast region. A map of features observed in ice
streams C, D, and E of the Siple Coast/Rockefeller Plateau area
has been created based on 10 overlapping Landsat thematic
mapper (TM) images and one advanced very-high-resolution
radiometer (AVHRR) image. This map reveals several geo-
graphic features not previously identified and emphasizes the
importance of satellite image mapping in the polar regions. The
Landsat TM images were purchased jointly by the National
Aeronautics and Space Adminstration (NASA) and the U.S.
Geological Survey (USGS) as part of the Siple Coast Project (see
Bindschadler, Brownworth, and Stevenson 1988). AVHRR im-
ages were provided by R. Whritner of the Scripps Institution
of Oceanography.

The map was created using the pcARC/INFO geographical
information system (GIS) and is available from the authors as
a pcARC/INFO file on floppy disk. An initial mosaic of the
Landsat images, at approximately 1:1,000,000 scale, was used
to identify a network of tiepoints for the individual scenes. By
entering this network into the GIS, subsequent mapping of
images at various scales could be combined into a single map.
Most of the mapped features were digitized from the Landsat
TM images, consisting of contrast-enhanced combinations of
bands 2, 3, and 4, at approximately 1:200,000 scale. The
grounding line (that is, the boundary between ice resting on
bedrock and floating ice of the Ross Ice Shelf) was digitized
from the AVHRR image at roughly 1:3,000,000 scale. AVHRR
has a greater brightness resolution, which facilitates mapping
of the subtle break in slope marking the grounding line (see
Bindschadler and Vornberger 1990).

Due to the absence of fixed features, such as rock outcrop-
pings, an accurate registration to a geographical coordinate
system was not attempted. Approximate geographic coordi-
nates are given in figure 1. An accurate registration of the
images is currently being undertaken by the USGS.

The mapped region (figure 2) consists of ice streams, former
ice streams, inter-ice-stream ridges, and floating shelf ice. The
Ross Ice Shelf is very flat in appearance, with a few occurrences
of short troughs oriented normal to flow and attributed to the
presence of bottom crevasses. Ice streams are characterized by
crevasses, relatively high-frequency and high-amplitude sur-
face undulations, and a high density of flowbands. Former ice
streams (specifically, ice stream C) are similar in appearance,
but lack surface crevasses and, in general, have more subdued
features due to burial after rapid flow ceased. Inter-ice-stream
ridges are characterized by smooth to very slightly undulating
surface topography, with flowbands absent or very faint. Dif -
ferentiating between the ice streams and the inter-ice-stream
ridges is difficult in the eastern (upstream) portion of the map,
because the ice streams widen, their margins become more
diffuse, flowbands become rarer, and the undulations within
the streams become more subdued. In the upstream regions,
inter-ice-stream ridges are characterized by areas of slightly
smoother topography bounded by ice containing very faint
flowbands (figure 3A).

The map provides a better delineation of the grounding line
at the outflow area of ice streams D and E than was previously
reported (for example, Rose 1979), and refines the shape of the
western margin of Siple Dome. Further, the images reveal sev-
eral additional lineations on the northern and eastern side of
Siple Dome that we believe represent relict ice stream margins
and flowbands. Crosscutting relationships of these features
and structures in ice stream C suggest that, if they represent a
different pattern of ice-stream flow, that pattern must be older
than the cessation ice stream C, which is estimated to have
ceased rapid flow approximately 250 years ago (Shabtaie and
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Figure 1. Sketch map of western West Antarctica showing loca-
tions of the feature map and the Landsat thematic mapper scenes
in figure 3A and B. (nm denotes nautical miles. km denotes kilo-
meters.)
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Figure 2. Feature map of ice streams C, D, and E of the Siple Coast/Rockefeller Plateau. (km denotes kilometers.)

Bentley 1987). Similar features are also observed near the
mouth of ice stream C (see Stephenson and Bindschadler 1990).

A variety of boundaries are observed at the margins of the
ice streams where they abut the more slowly moving inter-ice-
stream ridges (figure 3B). These were mapped as two boundary
types, characterized by the estimated degree of shearing rep-
resented by ice motion at the interface. Boundaries mapped as
solid lines are interpreted to have a high, shearing velocity
contrast. The "fence-post" hatchured map lines indicate less
distinct boundaries interpreted to have a smaller, less shearing,
velocity contrast. Boundaries of former ice streams are shown
as dashed lines, with no attempt made to determine their for-
mer velocity or shear.

Finally, the map includes the ice-surface elevation contours
from Rose (1979). These data were coregistered to the map
using prominent ice features, such as the confluence of ice

streams D and E, as reference points. The inclusion of these
data highlights the general concurrence of topographic fea-
tures, such as troughs and ridges, with the mapped ice streams
and inter-ice-stream ridges. The topographic data, however, are
not reliable at finer scales, and their conformance to the
mapped grounding line is poor. This is most apparent in the
on the downstream (west) side of Siple Dome.

This work was supported by National Science Foundation
grant DPP 89-46322.
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Figure 3. Enhanced thematic mapper images of the mapped area. A. A region of more slowing moving inter-ice-stream-ridge ice surrounded
by a region of incipient ice stream flow in the eastern portion of ice stream E. This image indicates the difficulties in delineating sharp
boundaries in the upstream portions of the ice streams. B. An image of the central portion of ice stream D, illustrated the variety of ice-
stream-margin boundary types observed in the area.
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Advances in antarctic
surveying and mapping

JERRY L. MULLINS

U.S. Geological Survey
Reston, Virginia 22092

The U. S. Geological Survey's (USGS) Antarctic Surveying
and Mapping Program focused its activities during the 1990-
1991 season on the acquisition of global positioning system
(GPS) geodetic mapping control, doppler satellite surveying,
an international GPS campaign, seismology, and Doppler sat-
ellite tracking. The GPS geodetic mapping control, acquired in
cooperation with the New Zealand Department of Surveys and
Land Information, supported the cooperative United States!
New Zealand 1:50,000-scale mapping program in the McMurdo
Dry Valleys and on Ross Island.

The 1990-1991 field season was the first time the USGS's
mapping program employed GPS positioning as the means of
establishing new geodetic mapping control in Antarctica. The

USGS team of Philip D. Ibarra and Gordon H. Shupe, working
with a New Zealand team, established 16 new GPS stations.
The team reoccupied eight existing stations to tie the season's
control network to previous surveys. Over 40 GPS baseline
observations were incorporated into the final adjustment of
these station positions.

Three new mapping control stations—SHUPE, ERIN, and
CAPE TENNYSON—were established on Ross Island using
doppler satellite surveying techniques. The stations were po-
sitioned as part of a program to densify control on Ross Island
to support 1:50,000-scale topographic mapping. Also, the team
established eight new doppler satellite stations and reoccupied
two previously established stations in the vicinity of the pro-
posed Pegasus runway on the McMurdo Ice Shelf. These 10
stations will be reoccupied in subsequent field seasons to mon-
itor the direction and velocity of ice movement in support of
the Cold Regions Research and Engineering Laboratory's pro-
posed Pegasus blue ice runway project.

In addition, the USGS participated in the second phase of
the Antarctic GPS Observing Campaign, the forerunner of a
major international cooperative GPS observation campaign
proposed for the 1991-1992 austral summer season in the
southern hemisphere. The objectives of the international GPS
campaigns are to undertake investigations to determine the
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