
, ,

AT

 a

C	 *

A It

AL
A.

'. I
OR

Al

I

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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relative motion between the antarctic tectonic plates and the
adjoining plates and to establish a baseline between existing
and proposed antarctic Very Long Baseline Interferometry
sites.

The USGS team, with teams from other participating coun-
tries, conducted simultaneous observations at antarctic stations
22 January to 13 February 1991, for the first GPS International
Earth Rotation Service (IERS) and Geodynamics Experiment
(GIG'91) global observing campaign. The GIG'91 obtained a
quality data set from a network of globally distributed stations
that will assess the utility of GPS in relation to other IERS space
techniques. The IERS GPS campaign was an extensive, inter-
national collaboration with more than 50 participating agencies
and institutions from about 30 countries and produced a global
set of simultaneous GPS observations for geodynamic and geo-
detic studies. The antarctic continentwide GPS operations were
coordinated by the Australian Survey and Land Information
Group in Canberra, Australia, a member of the Scientific Com-
mittee on Antarctic Research (SCAR) Working Group on Geod-
esy and Geographic Information.

The USGS team collected GPS data continuously (24 hours
daily) at the McMurdo station using a dual frequency carrier
phase GPS receiver. Agencies from Australia, Germany, Italy,
Spain, Chile, Argentina, and the United States deployed GPS
receivers at nine stations, including the U.S. station at Mc-
Murdo. The GPS data collected at these stations are being pro-
cessed in Australia, Spain, Italy, and the United States.

The primary goal of the GIG'91 project is to investigate the
scientific potential of performing GPS observations on the con-
tinent of Antarctica. The poject offers an opportunity to eval-
uate the practical aspects of GPS survey operations in polar
regions. The experience is being used to access the utility of
integrating GPS surveys, conducted in support of potential
scientific projects with observations at GPS fiducial (continuous
tracking) reference stations located in Antarctica. The results
will identify key areas for further improvement in tracking in-
strumentation, field procedures, and in data analysis.

Planning for the 1991-1992 GPS campaign has begun. The

objective of the SCAR's Working Group on Geodesy and Geo-
graphic Information is to acquire high-quality geodetic data to
study geodynarriics affecting the Antarctic and adjoining tec-
tonic plates. Other programs, notably the Global Sea Level
component of the National Oceanic and Atmospheric Admin-
istration's Climate and Global Change Program, will be sup-
ported by the SCAR project. In addition to the sites occupied
during the 1990-1991 field season, the network will be ex-
panded to include stations at the Soviet Union, South African,
United Kingdom, and Japanese bases.

In January 1991, the USGS team conducted a geodetic survey
to establish the position of the true South Pole marker at
Amundsen-Scott Station. Based on this season's observations
and data from previous surveys, the ice sheet at the South Pole
continues to move approximately 10 meters per year in a
northwesterly direction. The team installed a permanent brass
marker identifying the 1990-1991 austral summer position. The
marker is inscribed, "Geographic South Pole 1-7-91 USGS."

The USGS has operated a Doppler satellite receiving station
year-round at Amundsen-Scott South Pole Station since the
1972-1973 season. The USGS South Pole team of William L.
Norton and Karen A. Peterson wintered-over during the 1990-
1991 season. The team collected satellite tracking data to estab-
lish precise ephemerides of geodetic satellites. Also, the USGS
operates and maintains seismometers at the South Pole. Due
to its remote location, South Pole Station provides essential
azimuth control deminiation of epicenters for disturbances that
occur in the southern latitudes and serves as a vital station in
the Worldwide Standardized Seismological Network.

The USGS maintains the SCAR Library for Geodesy and Geo-
graphic Information. The library's collection contains U.S. car-
tographic materials, aerial photographs, satellite images, geo-
detic control, and antarctic maps prepared by the U.S.
Geological Survey and agencies from other countries. The
SCAR library's collection is available to scientists, cartogra-
phers, and antarctic researchers.

These programs were funded by National Science Founda-
tion grant DPP 85-12516.
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