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Long-period solar tides at the South
Pole
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Amundsen-Scott South Pole Station is uniquely located for
observing both the lunar and solar long-period vertical Earth
tides. At the South Pole these tides havt maximum amplitude.
While the semidiurnal and diurnal tides theoretically should
vanish. Information describing the response of the Earth to very
long-period tides is a valuable datum bearing on the bulk elastic
and damping properties of the Earth at a frequency far removed
from the seismic and free-oscillation frequency band. From
several year-long records, which include only a few tens of
monthly oscillations, we have determined with high accuracy
the gravimetric factor and phase angle for the lunar semi-
monthly tides (Rydelek and Knopoff 1982) and the gravimetric
factor for the lunar monthly and termonthly tides.

The solar long-period tides are a result of the inclination of
ellipticity of the Earth's orbit; the largest component has a semi-
annual period with amplitude at the South Pole of about 10
microgal peak-to-peak. However, an uninterrupted record of
considerably greater length than 12 months is needed if the data
are to be used to determine the response of the Earth to the solar
semiannual and annual tides. During the 3 years 1977-1979, our
LaCoste-Romberg Earth tide meter ET-4 was operated at the
South Pole without significant interruptions in the recording of
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Figure 1. (a) Predicted and (b) observed gravity data. Both signals
have been filtered numerically to isolate the solar long-period tides.
Predicted signal is for a rigid Earth. (Ordinate in units of microgals.)

the time series and with accountable drift. To isolate the solar
long-period tides, the hourly averages of gravity data were
filtered numerically with a nonrecursive filter designed to elimi-
nate other signals, such as long-period instrumental effects,
and the higher frequency Earth tides we have observed at the
South Pole (Rydelek and Knopoff 1982; Rydelek, Knopoff, and
Zürn 1982). The filtered gravity data and the theoretically pre-
dicted solar tide for a rigid Earth are shown in figure 1; the
observations evidently contain a semiannual as well as an an-
nual component. However, this record from the South Pole is
less than 5 semiannual cycles in length, a time span far too short
for conventional methods of analysis such as Fourier analysis.
We have used the method of maximum entropy spectral analy-
sis to compute the power spectrum of our gravity record.

A predictive filter has been constructed that gives a white
spectrum when applied to the time series. Thus the spectrum of
the predictive filter is, in a sense, the inverse spectrum of the
original time series. The predictive filter was determined from
the linear prediction algorithm of Barrodale and Erickson
(1980). Figure 2 displays these power spectral estimates over the
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Figure 2. Estimates of spectral power from the maximum entropy
spectral analysis of the observed data. (Abscissa in units of cycles
per year.)

frequency band 0-4 cycles per year. The spectral estimates show
the presence of a strong semiannual component along with
other smaller components at annual and terannual periods. For
the semiannual component, both the sharpness and location of
the spectral peak would seem to indicate a tidal origin.
However, a similar maximum entropy analysis of barometric
pressures at the South Pole and temperatures outside the dome
also indicate the presence of a spectral line with semiannual
periodicity. Barometric pressure variations cause gravity pertur-
bations both by direct attraction of the air mass and surface
loading (Slichter et al. 1979), while temperature variations cause
elevation changes and tilts of the expanding and contracting ice
sheet at the South Pole, the causes of the semiannual fluctua-
tions in pressure and temperature at the South Pole are as yet
unresolved. We speculate that these semiannual temperature
and pressure effects are due to a division of the thermal and
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barometric year at the South Pole into unequal summer and
winter segments.

Due to the relative shortness of the record for 1977-1979, we
are unable to separate the tidal from the nontidal effects and
hence cannot determine the gravimetric factor for the solar
long-period tides at this time. We expect that our ability to
separate the tidal and nontidal effects will be significantly im-
proved by expanding our record with 3 additional years of data
from the South Pole (1980-1982), which will soon be available.

This research was supported by National Science Foundation
grant DPP 81-17325. We thank Tadashi Yogi (1977), Robert Coun-
tryman (1978), and Carl Morris (1979) for collecting the data
used in this investigation.
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USCGC Glacier cruise I, December
1982—January 1983: Reconnaissance
of hyaloclastites in the western Ross

Sea region

1,800 meters) hyaloclastite-rich volcanic sections along the Hal-
lett Coast and those in Marie Byrd Land. This raised the ques-
tion of whether these differences were related to variations in
the physical and chemical character of the lava or to differences
in glacial history and related styles of eruptions. For example, it
was clear from Hamilton's (1972) descriptions that crystalline
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A field reconnaissance of Cenozoic volcanic rocks from Cape
Adare (170°E 71°20'S) along the Hallett Coast to Beaufort Island
(167E 76°58'S) was undertaken by us as a cooperative project on
board USCGC Glacier during the 1982-1983 field season. (See
figure.) Our combined objectives included a geochemical study
of the McMurdo volcanics and a comparison of western Ross
Sea hyaloclastites with similar rocks in Marie Byrd Land. This
preliminary report emphasizes field observations that are perti-
nent mainly to the hyaloclastite study and presents an alter-
native to previously published interpretations of the Hallett
pyroclastor rocks.

Hyaloclastites are volcanic deposits composed predomi-
nantly of fragmented volcanic glass. The rapid chilling of lava to
produce glass and the fragmentation of the glass to produce
hyaloclastite are both caused when lava interacts with abundant
water during an eruption. In Antarctica, hyaloclastites have
been interpreted as products of subglacial eruptions in both
Marie Byrd Land (Le Masurier 1972; Le Masurier and Rex 1982)
and in the Hallett Volcanic Province, along the western coast of
the Ross Sea (Hamilton 1972). Ice levels respectively 2,000
meters and 1,600 meters higher than the present level have
been inferred in these regions from the thicknesses and eleva-
tions of hyaloclastites.

Prior to cruise I, it was apparent from published reports that
there were some major differences between the thick (up to
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Index map of the western Ross Sea region, after Gair and others
(1970) and Hamilton (1972).
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