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Observations of Earth Tides and

Free Vibrations at South Pole

LOUIS B. SLICHTER, CLARENCE L. HAGER,
and RICHARD V. O'CONNELL

Institute of Geophysics and Planetary Physics
University of California (Los Angeles)

During the 1966-1967 season, C. L. Hager installed
at South Pole two LaCoste Romberg earth-tide
meters, which were operated throughout that season
by Richard V. O'Connell; in 1967-1968, Hager in-
stalled a replacement meter, which is now being
operated by Fred Walton. Although the program is
too new for the reporting of significant results, it is
perhaps desirable to explain its objectives and the
reasons the difficult polar location was chosen.

The first objective is to observe the fortnightly
earth-tide produced by the changing distance to the
moon. This tide attains its maximum amplitude at
the Pole—about 40 gals. peak to trough, which is
twice the value of the secondary maximum at the
Equator. (Incidentally, the large diurnal tides are
absent at Pole.) In general, gravity-tide observations
aim at obtaining two numbers at each prominent
tidal-excitation period: (1) the amplitude of the
gravity fluctuations, which relates to the rigidity of
the Earth, and (2) the phase lag, which relates to the
imperfections of elasticity, or the Q of the Earth, at
the period of the tidal force. Because of the long
period and only moderate amplitude of the fort-
nightly tide, the determination of its Q is far beyond
the capabilities of present instruments. But its ampli-
tude, which has not yet been adequately observed,
should be capable of satisfactory measurement at
Pole.

The second objective relates to observations of the
Earth's free vibrations produced by great earthquakes.
Except at Pole, the Earth's free modes show a fine
structure representing line splitting caused by the
Earth's rotation. The number of lines in these multi-
plets is large, being 2n + 1 where n is the degree of
the mode. At Pole, the central line attains its maxi-

mum amplitude, and all the others vanish. Because
the multiplets cannot be resolved (except for the
mode of degree 2, 3, and possibly 4), the lines merge
into a single broad peak, whose center may be dis-
placed because of asymmetrical excitation of the mul-
tiplet. This leads to the possibility of a type of error
in determining the frequencies of the free modes
which can be avoided at Pole Station.
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Idealized representation of the merging of five
spectral peaks. See text.

The impossibility of resolving the fine structure,
and the degree of the resultant uncertainty, may be
appreciated by reference to the figure. In this figure,
the resonance-response energy (amplitude squared)
of a simple vibrator with a Q of 400 (approximately
that for the Earth's fourth-degree spheroidal mode)
is plotted against the exciting frequency. The fourth-
degree spheroidal mode has a central frequency of
2.327 cycles/hour, and the multiplet consists of nine
lines spaced at 0.00425 cph intervals. The composite
curve representing the sum of the five equal spectral
peaks exhibits fluctuations of only 10 percent of the
total spectral energy. The noise may be expected to
completely obscure such small fluctuations. The as-
sumed case of uniform excitation of the five higher
frequency components, with zero excitation of the
four lower frequency lines, obviously is an unrealistic
example; but an even worse case can be imagined—
strong excitation of one or two of the outermost lines,
with little excitation of the others. This case would
lead to a maximum error of 0.8 percent in the esti-
mate of the frequency. The case shown in the figure
involves a mistake of 0.4 percent. The point is that
uncertainties of significant magnitude may exist
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which should be avoided in estimates of the Earth's
free-mode spectrum, where a precision of one part in
10,000 or better is obtained in the most favorable
cases. At Pole, all of the spheroidal modes may be ob-
served under the conditions most favorable theoret-
ically.

Analysis of Antarctic
Geophysical Data, 1967-1968

C. R. BENTLEY

Department of Geology and Geophysics
University of Wisconsin

The emphasis of the author's analysis of antarctic
geophysical data during the past year has been on
the properties of the ice sheet. Analysis of the intra-
glacial reflector lying a few hundred meters above
the base of the ice in many places throughout West
Antarctica has led to the conclusion that in the great
preponderance of examples the reflector is a layer
of ice contaminated by morainal debris. In most
cases, the debris probably occurs in one or several
bands, 10 in more in thickness, that are separated
by relatively clean ice. The material is probably in-
troduced into the ice from prominences in the sub-
glacial topography. There is a good possibility, how-
ever, that at one station the reflection arises from a
temperature-controlled velocity boundary rather than
from morainal debris.

Seismic refraction and reflection profiles have
proved that in many places the ice at depths greater
than 1,000 in so is highly anisotropic. The analy-
sis is continuing in order to find a best-fitting model
of the anisotropy, but it appears likely that at one
location, at least, there is a strong preferred orienta-
tion of crystal c-axes along the direction of ice flow
and at an inclination of about 45° from the vertical.

Analysis of the topography and gravity around
South Pole Station indicates that the observed secular
increase in gravity is due primarily to sinking of the
station rather than to horizontal movement of the
station, as has been suggested. There is a tentative
indication that local topographic variations of the
ice sheet's surface are stationary relative to the base
of the ice.

Theoretical analysis of the effect of the wave veloc-
ity gradient in the ice sheet on the propagation of
surface and body waves has been nearly completed.
It is hoped that this study will provide a satisfactory
explanation of surface-wave dispersion and phase
changes in multiple surface-reflected body waves. An
extensive comparison of short refraction profile wave
velocities with densities in the upper 50 in the firn
has also been carried out.

GLACIOLOGY

Testing for Antarctic Ice Surges

SHELDON JUDSON and JOHN T. HOLLIN

Department of Geological and Geophysical Sciences
Princeton University

"Surges" and "catastrophic advances" continue to
be reported from the valley glaciers of North America
and the Vatnajökull ice cap of Iceland. Professor
A. T. Wilson, of Victoria University, Wellington,
New Zealand, after studies in dry valleys bordering
McMurdo Sound, has suggested that periodic surges
of the antarctic ice sheet, injecting vast quantities of
ice into the antarctic seas, may be the cause of the
Pleistocene ice ages (Wilson, 1964).

It is diffiult at this stage to suggest tests for
Wilson's theory in Antarctica itself. However, J . T.
Hollin has pointed out that Wilson's surges would
have caused rapid rises of sea level of about 10-30
in during the change of climate late in each
interglacial period; these temporary rises would have
been followed by the slower falls of sea level to the
—100 in so of the ice ages (Hollin, 1965). The
best place to look for evidence for or against such
rises seems to be southern England, where each of the
last three interglacial periods has been divided into
several distinct pollen zones, and where sea-level
changes are recorded chiefly by molluscs. Evidence
has existed for some time for considerable aggrada-
tion in the Thames estuary late in the last, Ipswichi-
an, interglacial period, and for a sea-level rise of per-
haps 20 in in the Hoxnian interglacial period;
following recent work by R.G. West (1966), evidence
also exists for a rise late in the Cromerian interglacial
period.

Research under NSF grant GA-1038 aims to see
if these rises show the rapidity, amplitude, and tim-
ing implied by Wilson's theory, or whether they mere-
ly reflect, for example, some long-term or recurrent
down-warping of the land. Hollin has concentrated
his studies in the Thames estuary, where three rele-
vant interglacial sites exist and where, following a
systematic search, three additional sites have been
found. These sites, which lie beneath periglacial de-
posits, contain the bivalve Corbicula fluminalis,
which is distinctive of the English interglacial peri-
ods; the pollen in them is chiefly arboreal. They cover
elevations between 5 and 10 m above the present
sea level. Pollen counting is proceeding, and full
results will be reported next year. Having a total of
six sites in a small area will help, when the results
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