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Free oscillations of the Earth and
tilt at the South Pole

L. KNOPOFF, R. L. COUNTRYMAN, P. A. RYDELEK, W. D
SMYTHE, T. YOGI, and W. Zf5i.N

Institute of Geophysics and Planetary Physics
University of California, Los Angeles

Los Angeles, California 90024

During the 1977 winter season at Amundsen-Scott South
Pole station, T. Yogi operated two LaCoste-Romberg tidal

meters as ultra-long period seismometers and carried out a tilt
survey in preparation for the installation of a long-period
horizontal tidal meter. This article reports preliminary results
of these investigations.

The Indonesian earthquake (11.13°S.118.40°E.) of 19
August 1977 excited all spheroidal modes ( 0S0 ) of zero radial
order and of low angular. order (n) from 0S3 to 0S37 , a
relatively rare geophysical event. In addition, several higher
order radial modes have been observed. The measurement of
the specific alteration factor (Q) amplitude, and frequency of
these modes is important for constraining models of the
earth's interior. Figure 1 exhibits the frequency spectrum of
this event as recorded at the University of California at Los
Angeles and at the South Pole. The predicted absence of
splitting of the modes on the rotational axis is readily ap-
parent in the South Pole spectral lines for 0S3 and A. This
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Figure 1. Part of the frequency spectrum of the Indonesian earthquake, 19 August 1977. (The absence of splitting In the pole
record is particularly apparent for modes 0S3 and 0S4.)
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Figure 2. The measured tilts about two orthogonal axes for (a) an axis perpendicular to the radial direction of the dome and (b)
an axis along the radial direction of the dome and outside temperature variations, day 211, 1977.

absence of splitting in the South Pole record is advantageous
in determining the Q of these modes, since the energy is not
partitioned among several peaks. Further, the absence of
splitting simplifies determining the frequency of the central
peak, since there is a lower likelihood of having unresolved
nearby peaks which might shift the apparent frequency.

The tilt survey was carried out using a Burris-LaCoste
level with a sensitivity of 0.811 millivolt/micro-radian at
-40°C. The meter was placed on an aluminum table at the
bottoms of 9-foot and 40-foot bore holes (8-inch diameter)
made by a thermal drill in November 1976. Both holes were
located within (but near the periphery of) the dome. The
result of measurements from the 9-foot hole is shown in
figure 2 for two orthogonal axes of measurement over a
period of 70 days. Figure 2(a) shows the tilt (rotation) about
the axis perpendicular to the radial direction of the dome
("easy" axis), and figure 2(b) shows tilt about the radial
direction ("quiet" axis). Also shown in figure 2 is the outside

temperature1 during the measurement period. A few qualita-
tive features can be noted from the figure:

1. The preferential direction of tilt is such that the center
of the dome is sinking with respect to the surrounding ice.

2. There is an apparent overall correlation between the
variations in tilt and temperature, particularly for the "easy"
axis.

3. Major turning points in the tilt are preceded by major
changes in temperature trend. These phase delays are shown
by arrows in figure 2(a) and are estimated to be between 1.5
and 2.5 days.

One possible mechanism for the observed behavior is a
plastic flow of the ice under the station load, coupled with

'Temperature variation at the meter site was typically less than
1°C per month at a depth of 9 feet.
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.thermo-elastic surface deformation of the local ice surround-
ing the station. The rate of observed tilt, when linearly ex-
trapolated to the center of the dome, corresponds to a station
sinking rate of about 3 centimeters per year, which is similar
to but smaller than the rate estimated for the old pole station
(15 centimeters per year) (Bentley).

On the basis of these findings, a search for a more tilt-free
location away from the station has been instituted in the 1978
winter season by R. Countryman.

This work was supported by National Science Foundation
grant DPP 76-17234.
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Glacial geology

Ross Sea glaciations: events in
Lower Victoria Valley

HAROLD W. BORNS,JR.

Institutefor Quaternary Studies and
Department of Geological Sciences

University of Maine
Orono, Maine 04473

The glacial geology of the Lower Victoria Valley in the
dry valleys area researched by Calkin (1971) was reexamined
during the 1977-78 field season in an attempt to determine
whether, and to what extent, lower Victoria Valley had been
invaded from the seaward side by ice of the Ross Sea glacia-
tions (Denton, 1971) and, if so, to examine the details of these
events. This research will be continued during the 1978-79
field season.

The field party of four, Harold W. Borns, Jr., Rollin C.
Glenn, Stephen A. Norton, and James S. Kite, all from the
University of Maine-Orono, spent 18 days in lower Victoria
Valley in January. We had anticipated approximately 15
more field days, but logistics could not be provided.

David Drewry from the Scott Polar Research Institute
supported the research by flying a radio echo sounding flight
along the east-west axis of the Victoria Lower Glacier to
determine the bedrock evaluation beneath the terminus of
Victoria Lower Glacier and the sea. The preliminary data
imply that the maximum elevation of the bedrock surface
below the ice is approximately 450 meters.

Calkin (1971) suggested that at its maximum the Victoria
Glacier had advanced westward about 8 kilometers from its
present terminus to the vicinity of Lake Vida and, at a later
time, terminated approximately 6 kilometers westward of its
present terminus. This is fundamentally correct; however,
time did not allow further analysis of this and possible addi-
tional glacial events of the Victoria Lower Glacier.

Cross-cutting end and lateral moraines representing
former glacier positions indicate that complex out-of-phase
relationships between the Victoria Lower Glacier and many
of the alpine cirque glaciers draining into the Lower Victoria
Valley have existed. This conclusion, based on morphology,
is supported by the presence of multiple drifts and buried
soils. Denton (1971) indicated that the Ross Sea glaciations
were out of phase with the alpine glaciations in nearby Taylor
Valley, and it seems reasonable to expect similar relation-
ships in adjacent valleys.

The majority of clasts in the drift in Lower Victoria Valley
appear to be locally derived (Calkin, 1971). However, ap-
proximately 1 percent of the drift in the valley is composed of
scoreaceous basalt clasts distributed rather uniformly across
and along the valley. These clasts were derived either from
broadly distributed outcrops beneath the Victoria Lower
Glacier, from the volcanic islands in the Ross Sea, or from the
sea floor to the east and were transported into the valley by
glacier ice moving inland from the Ross Sea.

The broad distribution of volcanic clasts and apparent
lack of in-place young volcanics in the lower Victoria Valley
area suggest that a Ross Sea source is the most reasonable ex-
planation.

In conclusion, the preliminary field work suggests the Vic-
toria Lower Glacier has expanded several times and out of
phase with at least many of the alpine glaciers that drain into
the valley. This evidence, coupled with the elevation of the
bedrock beneath the Victoria Lower Glacier and with the
presence of scoreaceous basalt clasts in the drift, suggests the
possibility that ice of the Ross Sea glaciations moved into
Lower Victoria Valley several times.

Mummified seals and algae resting on the youngest drift
have been collected; radiocarbon analyses of these materials
should provide minimum ages on the last glacial recession of
the Victoria Lower Glacier.

In the process of examining the glacial deposits of Lower
Victoria Valley, James S. Kite discovered an 18-kilogram
iron meteorite embedded in the till surface on the north side
of the valley floor approximately 1 kilometer in front of the
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