
behavior of the ice, with the hope of expanding the
measurements of gravity variations to include all three com-
ponents of the gravity vector. Pendulums for tests in these
holes are being made at UCLA. Our current winter scientist,
Dr. Yogi, has taken extensive readings with a Burns-
LaCoste level placed at the top of the shallow hole. These
readings showed strong correlation with changing air
temperatures. Tests at the bottom of the hole, where the
temperature is essentially constant, are planned by Yogi.

A comparison of free mode power spectra of the Philip-
pines (7.3°N. 123.6°E.) earthquake of 16 August 1976
(magnitude 8), one observed at South Pole, the other at our
UCLA station in the geology building, is shown in the figure.
The respective gravimeters and their sensing and recording
systems and the record lengths used are essentially identical.
The spectra show the five free modes 0s 12 , OS13, 0S14,

0S 16 , in the period range 7.17 to 8.84 cycles per hour. This
comparison indicates the superiority of the observations at
South Pole. The meter 4 (Pole) record contains more
uniform peaks and lower background noise.

The South Pole gravimeters are being included in the
worldwide "IDA" network run by the University of California
at San Diego. Our new South Pole scientist will be trained at
UCLA in the operation of the IDA recording system. Our
regular observations will continue unchanged by the addi-
tion of the IDA equipment.

This research is supported by National Science Founda-
tion grant DPP 76-17234.

Burial of high level radioactive
wastes

E. E. ANGIN0 and E.J. ZELLER

Department of Geology
University of Kansas

Lawrence, Kansas 66045

A problem of continuing concern to many countries, in-
cluding several signatories of the Antarctic Treaty, is that of
disposal of high level radioactive wastes resulting from the
generation of nuclear power. In 1972, E.J. Zeller, D.F.
Saunders, and E.E. Angino proposed to the International
Atomic Energy Agency that parts of the antarctic continent
be given consideration as an international depository to
receive these wastes. The suggestion was to review the
possibilities and feasibility of such action. No suggestion was
made that the Antarctic be the depository. Only subsequent
investigations could support such a decision.

Since 1972, the concept has been studied further and has
evolved (Zeller et al., 1972, 1973, 1974, 1976; Angino et al.,
1976; Zeller and Angino, in press). The concept has shifted
from a consideration of effects of burial beneath or in the ice
sheet of East Antarctica to a review of geological considera-
tions pertaining to burial in areas that are ice-free. We sug-
gest that if geographical isolation is a more desirable feature

of a depository for high-level nuclear wastes, then the Ant-
arctic should be considered on an equal basis with any other
international site.

This approach was discussed in detail in a paper
presented by E.E. Angino at the 25th International
Geological Congress in Sydney, Australia, in August 1976
and subsequently published (Angino et al., 1976). Angino
and Zeller (in press) review some of the environmental im-
pacts to be expected from such a program and suggest that
the impact is likely to be greater in coastal areas than in the
interior. The environmental impact of any proposed burial
of high level radioactive wastes deserves detailed review.

Our investigations related to the concept of burial of high
level radioactive wastes in Antarctica are continuing,
although slowly.
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Antarctic cartography

W.R. MACDONALD

U.S. Geological Survey
Reston, Virginia 22092

During the 1976-1977 austral summer field season, the
U.S. Geological Survey completed two decades of carto-
graphic and geodetic support of the U.S. Antarctic
Research Program. Over the 20 years, 110 USGS men have
conducted field surveys to establish geodetic control for
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mapping and geophysical and glaciological investigations.
Their efforts, coupled with the compilation expertise of of-
fice cartographers, have resulted in the mapping of
1,410,000 square kilometers of territory previously un-
mapped.

Specifically these notable efforts have resulted in publica-
tion of 88 1:250,000-scale topographic maps covering
950,000 square kilometers and seven 1:500,000-scale sketch
maps covering 859,000 square kilometers (figure). Addi-
tional publications include a 1:10,000,000-scale two-piece
plastic relief map (surface/subglacial) of Antarctica and a
1:1,000,000-scale topographic map of the McMurdo Sound
Region. Several unpublished maps have also been compiled
directly in support of multidisciplinary scientific studies:

- 1:1,000,000- and 1:2,188,800-scale sheet of the Ross
Ice Shelf for RISP/RIGGS (principal investigator - R.H.
Rutford, 1972)

- three 1:50,000-scale topographic maps of the Pen-
sacola Mountains for geologic mapping (principal in-
vestigator - A.B. Ford, 1975)

- 1:100,000-scale topographic maps of Taylor and
Wright Valleys and Skelton Glacier for geologic mapping
(principal investigator - W. Hamilton, 1962)

- 1:2,400-scale topographic maps of the Cape Crozier
penguin rookery (principal investigator - W.J.L. Sladen,
1963)

- 1:20,000-scale topographic map of Wright Valley
Labyrinth (principal investigator - H.T.U. Smith, 1965)

- 1:600-scale topographic manuscripts (26 sheets) of the
McMurdo Station area compiled for construction and plan-
ning (principal investigator - Holmes and Narver, Inc.,
1976).

Since NASA launched the first Landsat, 23 July 1972,
USGS has conducted experiments, jointly funded by NASA and
NSF, directed at applying the new technology to meet the in-
creasing map needs of USARP. To date Landsat image maps
of Antarctica have been published for the Ellsworth Moun-
tains at 1:500,000 scale; for the McMurdo Sound region and
Victoria Land at 1:1,000,000 scale; and for the southern
Victoria Land dry valley area at 1:250,000 and 1:500,000
scale. Landsat images have also contributed significantly in
the compilation of seven 1:250,000-scale topographic maps
along the Marie Byrd Land coast and for revising much of
the coastal configuration of the continental map of Antarc-
tica published by the National Geographic Society (1975).
Preliminary copies of Landsat image maps compiled by
USGS have also proved valuable in photointerpretation to
better understand the ice sheet and ice streams of West Ant-
arctica.

Field operations for mapping during the 1976-1977
austral summer were deferred until 1977-1978; however,

two Survey men, J . Sorensen and D. Hall, provided Doppler
point positioning for geophysical and glaciological in-
vestigations in support of the Ross Ice Shelf Geophysical and
Glaciological Survey (RIGGs), and J. Fletcher and K. Barker
continued the year-round Doppler and seismological in-
vestigations at Amundsen-Scott South Pole Station.

In keeping with USGS policy of applying new technology to
earth science programs, JMR Doppler tracking equipment
was field tested during the 1976-1977 austral summer field
season. The JMR equipment consists of a lightweight, com-
pact, portable receiver and a microprocessor that provides
real-time coordinates printed on paper tape.

Sixty-three sites were occupied from Ross Ice Shelf Project
(RIsP) siteJ-9 and Roosevelt Island with the JMR receiver. Of
these, 53 were computed by the microprocessor, bypassing
the 6-month wait for precise site coordinates. An additional
39 geophysical study sites were occupied with Geoceiver
Doppler equipment from RISP/RIGGS camp C-16. These data
are being reduced and will be made available soon.

Both Geoceiver and JMR equipment ran almost perfectly
at temperatures as low as - 23°C. During the season, the
JMR real-time capability was useful as backup for the Inertial
Navigation System (INS) aboard the British Antarctic Survey
(BAs) Twin Otter airplane, which was plagued with random
failures. The real-time coordinates provided by the JMR
microprocessor made it possible for the BAS pilot to navigate
from the position established for J-9 by dead reckoning to
RIGGS study sites.

Doppler data collected at South Pole Station enabled the
USGS team, assisted by Robert H. Lyddan, Chief of the
Topographic Division, to mark the position of the true
geographic south pole. Using Doppler data and standard
surveying techniques, the team (Lyddan, Hinely, and
Graser) established the most precise position ever for the
true geographic south pole. At the present rate of ice drift -
about 10 meters per year—the Doppler station (20073)
located near the geodesic dome will pass within about 30
meters of the point in the year 2028. In November 1976 the
USGS Doppler station 20073 was located at 89 059'43.19 ' 'S.
144°27'53.22' 'E.

Precise positions derived from Doppler data for other
U.S. stations are shown in the table.

Seven maps at 1:250,000 scale have been published dur-
ing the past year: Mount Takahe, Crary Mountains, Mount
Murphy, and Toney Mountains in the Bakutis coastal area;
Dean Island, McCudden Mountains, and Mount Kosciusko
in the Hobbs Coast area.

Work is continuing on the final two 1:250,000-scale
topographic maps in the Kohler Range area and on a
1:500,000-scale sketch map of Palmer Land.

Precise positions for U.S. stations in Antarctica.

	

Station	 Site	 Latitude	 Longitude

	

20071	Byrd(1974)	 8000037.224 'S.	119030'07.443 'W.

	

20079
	

Siple (1976)
	

75056'23.668 'S
	

84014'55.705' 'W.

	

20125
	Palmer (1976)
	64 046'27.771' 'S

	
64 003'15.753' 'W.

	

19
	

McMurdo (1976)
	

77050'52''S.	 166°40'26' 'E.

	

20078	Dome C(1974)
	

74°39'02.454' 'S	124 0 10'03.342' 'E.
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During the 1976-1977 season cartographic work con-
tinued on a new topographic map series at 1:50,000 scale of
the dry valley area, Victoria Land. Eight maps formatted 1
of longitude by 15' of latitude cover a block between 77°15'
and 77'45'S and 160° and 164 0E. Contour interval is 50
meters with 25-meter supplementaries. Symbology is in ac-

cordance with specifications of the Scientific Committee on
Antarctic Research. Publication is scheduled for late fall
1977.

This research is supported by National Science Founda-
tion interagency agreement DPP 76-23088.

Sketch maps with
relief shading

Ross Ice Shelf
L _J planning mop Status of mapping by U.S. Geological Survey, July 1977.
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