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Granitic rocks were systematically collected on the traverse
down Scott Glacier for later chemical analysis. In the Gothic
Mountains a roof pendant of porphyry similar to the Wyatt
Formation was visited and the granitic rocks of the area were
collected. The northeastern portion of the Gothic Mountains
is underlain by a striking granite prophyry with potassium-
feldspar crystals up to 15 centimeters throughout the pluton.
On the last day in the field we discovered a pegmatite con-
taining yellow concentrations of calcium/uranium-bearing
hydrated silicates at Szabo Bluff northeast of the landing site.

Funding for this project was provided by National Science
Foundation grant DPP 78-20624. During this season we had
excellent support from all aspects of the U.S. Antarctic
Research Program. We are particularly grateful to LCDR Jack
Paulus for our pickup landing in whiteout conditions.
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Figure 3. Camp 3 with granitic rocks of the Organ Pipe Peaks,
Gothic Mountains, In the background.

the end of Ackerman Ridge. The contact between this rock and
the La Gorce Formation is at the head of the central valley
across 10 kilometers of ice-cored moraine, where the porphyry
intrudes the sedimentary rocks, making it clearly younger. If
the porphyry in the western La Gorce Mountains is of the same
magmatic episode that produced the volcanics on Ackerman
Ridge, then those rocks also must be younger than the La
Gorce Formation. Mount Mooney is composed of similar silicic
porphyry and contains a pluton of an unusual, tourmaline-
bearing granite at its northern end.
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18.6-year modulation tide at the
South Pole

P. A. RYDELEK, L. KNOPOFF, and W. ZUirj

Institute of Geophysics and Planetary Physics
University of California

Los Angeles, California 90024

Diurnal and semidiurnal gravity tides should be absent at
the South Pole if the mass in the solid Earth and its oceans is
distributed symmetrically about the axis of rotation. We have
observed that these tidal components are not zero at the South
Pole (Jackson and Slichter 1974; Knopoff and Rydelek 1980).
These terms arise because the tidal bulge, which is concen-
trated between the tropics, has an amplitude that varies with

longitude, due to the asymmetric distribution of the Earth's
mass. The bulge at temperate latitudes does not move relative
to the Earth with exact 12-hour and 24-hour periods because
of the non -station arity of the Moon's orbit. The line of nodes
of the Moon's orbit rotates with an 18.6-year period; thus, the
amplitudes of the daily and semidaily tides are modulated
with an 18.6-year period.

We have observed a significant variation in amplitude of
the diurnal and semidiurnal tidal components 01, K 1 , and M2
at the South Pole which, we have indicated, is due to the
nonuniform distribution of matter of the Earth about the axis
of rotation. The six years (1970-71, 1974, 1977-79) of obser-
vations with stable LaCoste-Romberg tidal gravimeters at
Amundsen-Scott Station were uninterrupted by significant
instrumental or operational failures. Harmonic analyses of
selected long runs of hourly gravity values from these 6 years
of recordings have shown that the diurnal tidal components
01 and K 1 decreased from 1970 to 1979 while the semidiurnal
component M2 increased over this same period. The variation
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The 18.6-year amplitude modulation of the semldlurnal and diurnal
tidal waves M2 , K1 , and O. The solid line is the theoretically pre-
dicted effect and the dashed line connects the observed changes
In amplitude. 149al = microgal; I gal = 1 centimeter per second
per second.

in amplitude of these tidal spectral components is given in the
figure. We have plotted the variations in amplitude of these
components of the gravitational acceleration of Sun and Moon

at a selected extrapolar site as the continuous curves in the
figure. The curves have been normalized to have the same
mean as the function.

A0 + A 1 sin(2irt/18.6 ± 4))

passed through the observations, where t is the time in years.
The ratios A0/A1 for all three components are consistent with
the values of this ratio for the theoretical tide. The phase shifts
4) are small and probably are associated with observational
uncertainties and/or with the effects of the deep oceans.

It must be emphasized that these observations are of the
influence of the 18.6-year component of the Moon's motion on
the diurnal and semidiurnal tidal components. They do not
offer insights into the more interesting problem of the obser-
vation of the term with 18.6-year period in the Earth tides. To
assess the latter term, data must be collected that have a span
somewhat greater than 18.6 years; the tidal gravimeter must
be stable over that period.

This research was supported by National Science Founda-
tion grant DPP 79-21387. The data used in this analysis were
collected by the following personnel during winter-overs at
the South Pole: B. V. Jackson (1971), W. Zürn (1972), P. A.
Rydelek (1974), T. Yogi (1977), R. C. Countryman (1978), and
C. E. Morris (1979). We are indebted to them.
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Paleomagnetism of the Dufek
intrusion

RUSSELL F. BURMESTER and MYRL E. BECK, JR.

Western Washington University
Bellingham, Washington 98225

The Dufek intrusion (figure 1) is a layered mafic body (Ford
1976) of greater volume than the chemically similar Kirkpatric
Basalt Group flows and Ferrar Group sills and dikes (Kyle 1980;
Kyle, Elliot, and Sutter 1981) which occur from the Pensacola
Mountains along the Transantarctic Mountains to Tasmania.
Radiometric ages (Kisler and Ford 1979; Kyle et al. 1981) hint
that the Forrestal Gabbro Group of the Dufek may be younger
than the Kirkpatric and Ferrar rocks, but they cannot be used
to demonstrate a sequence of magmatic events. It is possible,
however, to construct a simple story based on magnetic polar-
ity of these rocks because the Forrestal Gabbro records both
polarities (Beck 1972) and their order has now been worked
out.

Since the Dufek intrusion's lateral dimensions far exceed its

thickness (Behrendt et al. 1980; Ford 1976), the position of the
magnetic blocking temperature isothermal surface likely pro-
ceeded inward from top and bottom parallel with the Earth's
surface, except near the margins. Since the top has been
removed and the bottom is unexposed, the earliest record of
the magnetic field comes from near the lateral contacts.

Near such contacts both low in the section west of the Dufek
Massif and high in the section south of the Forrestal Range
(figure 1), the rocks are reversely magnetized. Toward the
interior, transitionally magnetized rocks have been sampled
at Hannah Peak and Soma Bluff (Burmester and Sheriff 1980).
The progression of directions at these places is entirely con-
sistent with cooling laterally from the southwest contact at
Hannah Peak and from the top, down at Soma Bluff during a
reverse-to-normal transition of the Earth's magnetic field.
Modeling the Dufek intrusion with a reversely magnetized
exterior and normally magnetized interior produces a non-
unique but adequate fit to the aeromagnetic data (Behrendt et
al. 1980). This is consistent with the intrusion cooling during
a single, reverse-to-normal transition.

The vast majority of the Ferrar Group and Kirkpatric Basalt
Group rocks, however, are normally magnetized (Creer 1970;
Irving, Tanczyk, and Hastie 1976; McElhinny and Cowley
1978). If they are genetically related, as their ages and chem-
istry suggest, the simplest chronology is for the Dufek to pre-
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