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Advances in antarctic surveying and
mapping

LOWELL E. STARR and JOHN A. KELMELIS

National Mapping Division
U.S. Geological Survey
Reston, Virginia 22092

The U.S. Antarctic Mapping Program directed its efforts in
two major areas of mapping during the 1986-1987 antarctic
season. These were 1:250,000-scale satellite image mapping and
1:50,000-scale topographic mapping. Other areas of emphasis
included gravity data acquisition, geodetic analysis, South Pole
activities, aerial photography, and maintenance of the Scientific
Committee on Antarctic Research (SCAR) Library for Geodesy
and Cartography.

The 1:250,000-scale Landsat Multispectral Scanner (MSS) im-
age mapping project in the McMurdo Sound region progressed
well with the original data processing taking place at the U.S.
Geological Survey (USGS) Flagstaff facility and with reprocess-
ing of the data to meet mapping specifications being done at the
EROS Data Center. Follow-on projects using Landsat Thematic
Mapper (TM) data have been scheduled and data acquisition has
begun for satellite image maps (made from Landsat to-
pographical mapping data) of the Siple Coast Ice Stream D&E
areas.

The field surveying team cartographers, James Stoner and
Kathy Covert, performed a joint geodetic and mapping control
survey with surveyors from the New Zealand Department of

Survey and Land Information (NzD5LI). The expert scientific and
technical methods of the USGS team augmented by the highly
experienced NZDSLI surveyors made this a very successful sea-
son. The control data acquired will support additional 1:50,000-
scale mapping in areas of high scientific interest immediately to
the north and south of the published 1:50,000-scale topographic
maps of the dry valley area of northern Victoria Land. The USGS

is analyzing the control data to provide the mathematical fra-
mework required for mapping. That data, together with aerial
photography acquired by the USGS in previous seasons will be
sent to New Zealand for map compilation. The USGS will then
review and publish the maps. The program is expected to
produce two maps per year with publication beginning in 1989.

The quality of the surveying will also support crustal motion
studies in some areas. A tide gauge installed at McMurdo Sta-
tion by New Zealand scientists was positioned by USGS using
doppler satellite data. During the austral field season, 11 new
stations were established by satellite doppler observations; 22
new stations were established by electronic traverse methods;
and 36 previously established stations were reoccupied. In ad-
dition, eleven stations were established by intersection. Gravity
data were obtained on 39 stations.

Geodetic analysis combining data obtained during the past
three decades from the McMurdo Sound area to the Beardmore
Glacier has been initiated. Preliminary results indicate an unad-
justed vertical closure of less than 1 meter over an 800-kilometer
distance. Classical and electronic survey data, satellite doppler
data, and the Goddard Earth Model (GEM lOb) are used in the
analysis. Additional analysis is being done to verify these re-
suits and to determine horizontal closure.

Three new 1:250,000-scale reconnaissance series maps that
provide coverage for the base of the Antarctic Peninsula are
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awaiting approval of geographic names by the Board on Geo-
graphic Names and will be published later this year.

Reconnaissance aerial photography was acquired over the
Antarctic plateau above the David Glacier. A number of wind-
produced features were identified for analysis.

The SCAR Library for Geodesy and Cartography was main-
tained to assist numerous antarctic researchers by making aerial
photographs, maps, geodetic data, satellite images, and other
data available and by providing technical staff support to aid
scientists, cartographers, authors, and others in their work.

Hybrid maps of northern Victoria Land

B.K. LUCCHITTA and J.A. BOWELL

U.S. Geological Survey
Flagstaff, Arizona 86001

F. TESSENSOHN

Bundesanstalt fur Geowissenschaften und Rohstoffe
Hanover, West Germany

J.C. BEHRENDT

U.S. Geological Survey
Denver, Colorado 80225

Hybrid maps of superposed geologic, aeromagnetic, and
physiographic data of northern Victoria Land were prepared to
correlate geologic and aeromagnetic information and thus aid
geologic interpretations. The geologic data were acquired near
the Mariner, Aviator, Campbell, and Priestley Glaciers under
the auspices of the Bundesanstalt für Geowissenschaften und
Rohstoffe (BGR) during the German Antarctic North Victoria
Land Expeditions (GANOVEX 1984-1985). For the hybrid maps,
the geologic data were generalized and digitized. The aeromag-
netic survey covered the same region as the geologic map and
an additional area on the polar plateau of east Antarctica, west
of upper Priestley Glacier. The aeromagnetic data were acquired
during the austral summer of 1984-1985 by a cooperative pro-
gram of the BGR and the U.S. Geological Survey (usGs). The land
survey was flown by fixed-wing aircraft at 4.4 x 20 kilometer
flight-line spacing, and after reduction, the aeromagnetic data
were placed on a grid of 440-meter spacing. A number of inter-
pretive maps were produced by the BGR and USGS from the
aeromagnetic data. The Landsat base mosaic is composed of five
images of multispectral scanner (Mss) band 7 (wavelength
0.8-1.1 micrometers). The scenes were computer enhanced to
emphasize detail in the snow- and ice-covered mountains and
were placed in the same projection (Lambert conformal conic)
as the aeromagnetic and geologic maps.

The generalized geologic map shows three major subdivi-
sions: (1) basement composed of crystalline rocks of the Wilson
Group, sedimentary and volcanic rocks of the Bowers Group,
and granites of the Admiralty intrusives; (2) cover composed of
the Beacon Supergroup intruded by Ferrar Dolerite and over-
lain by Kirkpatrick Basalt; and (3) Cenozoic volcanic rocks.

The gneisses, metasediments, and granites of the late Pre-
cambrian to early Paleozoic Wilson Group have broad negative

aeromagnetic anomalies showing as bland areas with little mag-
netic relief. The lack of pronounced magnetic signature is sur-
prising for an exposed fold belt, as is the absence in the magnet-
ic anomalies of a reflection of the marked northwest-southeast
strike of the basement rocks. The fossiliferous sedimentary and
locally submarine volcanic rocks of the Cambrian and Ordovi-
cian Bowers Group form a narrow tectonic zone that crosses
northern Victoria Land in a northwesterly direction. The zone is
characterized by low magnetic relief that again is surprising,
considering the presence of mafic rocks that generally have high
magnetic susceptibilities. The granite plutons of the Devonian
to Carboniferous Admiralty Intrusives are characterized by
broad, shallow, positive anomalies. The intrusive and extrusive
rocks of the Jurassic Ferrar Dolerite and the Kirkpatrick Basalt
show as clusters of small aeromagnetic highs that match the
outcrop areas; the lavas display slightly stronger anomalies than
the sills.

Cenozoic volcanic rocks form stratovolca noes, high volcanic
plateaus, scattered small plugs and cones, and small intrusions
of alkalic granites and syenites along the coast. The strat-
ovolcanoes coincide with distinct positive anomalies. Positive
anomalies similar to those of the stratovolcanoes also occur in
areas of scattered outcrops of plugs and cones and may indicate
the presence of larger igneous bodies at depth. In addition,
small outcrops of alkalic intrusives lie within very strong mag-
netic anomalies. The exposed intrusives are much too small and
have magnetic susceptibilities much too low to account for these
strong anomalies. However, some of these intrusives are associ-
ated with mafic dikes or, in one case, a mafic layered intrusive,
suggesting that the outcropping alkalic rocks may be consid-
ered differentiates of more mafic igneous bodies at depth, per-
haps even differentiates of large ultramafic bodies.

Other magnetic anomalies occur in areas of ice or ocean with
no rock exposure. Under the polar-plateau ice, a sharp magnetic
boundary coincides with aligned northwest-trending ridges
and depressions on the ice surface, which reflect subsurface
bedrock topography. The boundary may reflect a fault or
suture. A conspicuous northeast trending line of anomalies in
the Ross Sea consists of broad domes in a pattern similar to that
associated with the Cenozoic volcanic rocks. The alignment of
these Ross Sea anomalies cuts across basement-rock trends,
suggesting that the anomalies may reflect a relatively young
feature associated with Cenozoic magmatism.

This discussion is a brief synopsis of some of the correlations
among geology, aeromagnetic anomalies, and physiography
deduced from the hybrid maps. Much more detailed relations
can be recognized when different versions and additional inter-
pretive aeromagnetic maps are combined. Overall, such hybrid
maps are very useful in Antarctica, where the terrain is partly
obscured and of difficult access, and where geologic mapping at
present is at a reconnaissance level.
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