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Gravity Tides at South Pole
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Figure 1. Map of southern Indian Ocean, showing locations of Crozet, Kerguelen, and lie Amsterdam, and
major tectonic elements.

striction of the outcrops to the Brunhes geomagnetic
epoch (t = 0 to 0.69 my.).
2. Potassium-argon age determinations confirm
that a reversed to normal polarity lava sequence on
Ile Possession (Crozet) is the Brunhes/Matuyama
polarity boundary at t = 0.69 m.y.
3. A lava sequence from Ile Foch (on the northcentral side of Kerguelen) contains a polarity change
and is Lower Oligocene or Eocene, according to preliminary potassium-argon age determinations. All
lavas collected from sequences close to the permanent base of Port-aux-Français on Kerguelen are of
normal polarity.
4. Geochemical analyses of lava sequences from
Ile de l'Est (Crozet) reveal oceanites, ankaramites,
olivine basalts, and feldsparphyric basalts. All observed geochemical trends may be reproduced by
subtraction of varying amounts of chromite, olivine,
and low-titanium clinopyroxene from an alkali
basalt parent, as the result of fractionation of these
three phases under low-pressure conditions, or as the
result of different degrees of partial melting of
mantle material (Gunn et al., in press).
Further field collections are planned, and laboratory studies of petrology, geochemistry, and paieomagnetism are continuing.
Reference
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September—October 1970

During the period January 1970 to the present,
two gravity-tide meters have been in almost continuous operation at South Pole, under the supervision
of Mr. Erik Syrstad. His monthly reports indicate
that the systems have been operating normally and
that satisfactory tape recordings are being obtained.
Meter #4, which accompanied Syrstad to Pole
Station, provides a duplicate system for Meter #6,
which continues its recordings from the 1969 season.
The drift rate of Meter #4 has proved to be unusually
low—only 1 1/2 microgals per day over periods of
several months.
An unexpected and interesting observation in the
1969 records at Pole is seen in Fig. 1. This figure
shows the observed long-period tide in comparison
with the smooth tidal curve representing the theoretical tide on a symmetrical rigid earth. Riding on
this observed long-period tide is a small ripple with
a period of 24 hours and amplitude about 1 microgal
(1 microgal= 10_c cm/sec). This ripple is seen
more clearly in the lower trace, from which the longperiod fortnightly and monthly tides have been removed. No tides of diurnal or semi-diurnal period
should exist at Pole on a truly symmetrical earth.
A diurnal gravity tide having an approximate
amplitude of 1 jugal at Pole, if produced by an asymmetrical distribution of the water tide in the southern
oceans, implies that this asymmetry is of the order
of 1 foot—a significant tidal amplitude. This estimate is obtained as follows: Let the excess tidal
amplitude be of equilibrium type, thus varying as
sin 9 cos 0 where 0 is the co-latitude. Let the fraction
of the total 360° sector subject to the daily anomalous
tide be a. If the Pacific Ocean sector is the pertinent
one, a might be as large as '/. The direct water
attraction at Pole due to such a tide within the
co-latitude band 01, 02 is
02

g =: 2Y2KAJ sin20 cosO (1—cos9) —/2dO
D

*0 1

=

—KA [1/3 cos 3/20+ 1/5 cos 5/201

02

(1)

Here Kc/2 irpGa=1.O74aX 10 and A is the anomalous tidal amplitude in cm. An appropriate co-latitude
band for the southern (water) hemisphere is 01 = 20',

*Bartol Research Foundation, Swarthmore, Pennsylvania.
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Figure 1. Observed long-period tide at South Pole with unexpected
small tide of 24-hour period.

02 =90°. With a= 1/3, and g= 10- 6, the solution
for AD is 35.1 cm. This is certainly a large, significant
amplitude, which is being reported now as a matter
of interest, prior to harmonic analysis of the records.
The semi-diurnal tide, if present at all, evidently
has a much smaller amplitude. Its small size may be
due to better smoothing at the Pole station of the
anomalous amplitudes in these tides, which circle
the globe with two wave lengths instead of one.
Otherwise, in accordance with the estimate below,
one would expect the equilibrium semi-diurnal amplitude to be 40% greater than the diurnal. The
formula for the semi-diurnal tide corresponding to
Equation (1) is:
g

02

S.D.

=2'KBJ ',/2 sin3O (1—cos0)1/od0
01
02 (2)
=2%KB[1/15(1_cos0) 3 / 2 (7+3coso10,

For the same values of g, a, and 02, 9 1 used in
Equation (1), the associated value of B is 43.3
cm; namely, 23% greater than that for the diurnal
tide. However, the equilibrium amplitudes of M 2 and
K1 are in ratio 1.71. Hence, were it not for the suggested smoothing effect and other influences, one
might suggest that the semi-diurnal earth-tide at
Pole would be about 40% larger than the diurnal.

Geodetic Satellite Observations
at McMurdo Station
ARNOLD J. TUCKER

Applied Research Laboratories
The University of Texas at Austin
The geodetic satellite observatory at McMurdo
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has been in continuous operation during the past
year, operated by a team of three men. Data from
an average of 1,000 satellite passes per month are
recorded on paper tape, with selected sets being
transmitted by TWX to the U.S.A. and the remainder
forwarded by mail. The data received by TWX
provide a daily check on the performance of the
station equipment and control of precise timing using
satellites.
The station receives two harmonically related,
phase-coherent radio signals transmitted from satellites, and determines the frequency difference between the received signals and the station reference.
The frequencies of the received signals differ from
those of the transmitted signals owing to the Doppler
effect. The actual Doppler shift consists of the vacuum Doppler and a first-order ionospheric contribution. The vacuum Doppler is proportional to the
relative velocity between the satellite and the station,
and the first-order ionospheric contribution is proportional to the integrated electron content between
the satellite and the station. The actual Doppler shift
is determined by mixing the two phase-coherent signals in an analog device. The vacuum Doppler shift
is sampled at a preselected rate during each satellite
pass, and the frequency of this signal is recorded on
paper tape. Also, certain satellites transmit timing
pulses every two minutes. The station equipment detects these pulses and records the difference in time
between the received satellite timing pulse and the
station timing pulse. This timing information allows
the station to maintain a timing accuracy of ±50 psec
relative to Naval Observatory Time.
These Doppler data are being used in three separate studies. The vacuum Doppler data, together with
data from a worldwide network of tracking stations,
are used to study the earth's gravitational field. This
geodetic study is being conducted at the Applied
Physics Laboratory of the Johns Hopkins University.
The second use of the data is to study the motion
of the earth's spin axis. The variations of the satellite
orbits relative to the earth provide information about
the location of the axis. This geodetic study is being
conducted at the U.S. Navy Laboratory, Dahlgren,
Va.
The third use of the data is in the study of scintillations in the ionosphere above McMurdo. The
scintillation regions affect the signals transmitted from
satellites. These effects are not removed with the
analog ionospheric correction, but remain in the
vacuum Doppler. When the vacuum Doppler data
are processed and compared to a theoretical vacuum
Doppler, the scintillation effects are observed in the
residual data. This ionospheric study is being conducted at the Applied Research Laboratories, The
University of Texas at Austin.
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