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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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cede the others immediately. Many other more complicated
chronologies are, of course, possible.

Three other questions that can be addressed with magnetic
data from the Dufek concern the origin of stable magnetiza-
tion, the intensity of the Earth's magnetic field during the
Jurassic, and the anatomy of a field transition. The carrier of
stable magnetization is submicroscopic magnetite in cumulate
plagioclase. Figure 2 shows the magnetization of one specimen
from Soma Bluff and its response to alternating field demag-
netization. Also shown is the behavior of cumulate plagioclase
that remained on a polished thin section after most cumulate
magnetite and pyroxene had been removed. If the whole spec-
imen's magnetization had been normalized by the mass of
cumulate plagioclase in it instead of the mass of the whole
sample, the two curves would have coincided at high demag-
netizing fields, indicating that the cumulate plagioclase
accounts for all of the high coercivity remanence. The mag-
netizations differ at low field because the cumulate magnetite
records a normal Jurassic field direction which must have been
acquired after the reverse-to-normal transition was completed.
Moreover, normal magnetization of the cumulate magnetite is
stable to higher temperature than is magnetite in plagioclase
(Burmester and Sheriff 1980). This suggests that the cumulate
magnetite does not carry an original, thermoremanent mag-
netization. Since exsolution of ilmenite from cumulate mag-
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Figure 1. Location map of outcrops and southern limit (dashed
line) of the Dufek intrusion, modified after Ford (1976) and Beh-
rendt and others (1980).

Figure 2. Orthogonal projections of magnetization vectors for one
specimen and oriented plagioclase from Sorna Bluff. Progressive
alternating field demagnetization to 120 miiiitesla for both, fol-
lowed by thermal demagnetization to 580°C for the whole speci-
men, shows that the plagioclase can account for the entire high
coercivity remanence of the specimen. emu/g = electromagnetic
units per gram; mT = millitesla; AF = alternating field.

netite stopped above the magnetite's blocking temperature in
similar samples (Himmelberg and Ford 1977), the cumulate
magnetite may carry a viscous rather than chemical reman-
ence.

To complement the directional data, we determined paleo-
field intensities on selected specimens. The procedure we used
(Shaw 1974) compares the natural remanence with that
acquired in a known magnetic field by heating and cooling in
the laboratory. Both magnetizations are subjected to progres-
sive alternating field demagnetization, so the contribution of
low-coercivity grains of cumulate magnetite can be disre-
garded. The results are shown in figure 3 as field strengths
plotted next to the virtual geomagnetic poles (vcP) calculated
from the samples' directions. The numbers themselves are
overestimates and need to be reduced by 0.8 to 0.75 because
of the difference between natural and laboratory cooling rates
(Halgedahi, Day, and Fuller 1980). For comparison with other
results corrected to equatorial field intensity, they need to be
reduced further by a factor of 0.6. When this is done, the
maximum field values reduce to approximately 20 microtesla
(p.T), consistent with, but larger than, intensities obtained
from other Lower Jurassic rocks from the Southern Hemi-
sphere: 13 microtesla for Stormberg lavas, Africa (Van Ziji,
Graham, and Hales 1962), 12 microtesla for a Ferrar sill, and 17
microtesla from the Red Hill Granophyre, Tasmania (Briden
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Figure 3. Portion of equal area projection showing virtual geo-
magnetic poles (vo p's) and paleointensities of samples with
reverse, transitional, and normal (open symbols) magnetizations
from the Dufek Intrusion. The Jurassic antarctic paieomagnetic
pole was calculated from compilations of Creer (1970), Irving and
associates (1976) and McElhinny and Cowley (1978). Long dashed
lines are southern paleolatitudes; solid lines are paleomerldians
through the Intrusion and through the transitional vo p's. Green-
wich is toward the top of the figure. 1AT = microtesla.

1966). These are lower than today's field strength, but not by
as much as has been proposed to explain the younger Pacific
(Jurassic) quiet zone (Cande, Larson, and LaBrecque 1978).

The transition path itself is only incompletely known
because the rest, at the places sampled, is under ice. The path,
approximated by a great circle on figure 3, is near-sided; i.e.,
in the same paleohemisphere as the Dufek but 50 degrees from
the Dufek's paleomeridian. Since the Dufek's Jurassic paleo-
latitude of 52 degrees is substantially lower than its present
latitude, the path cannot be used to distinguish between the
axisymmetric or zonal (Hoffman and Fuller 1978) and nonax-
isymmetric (Hoffman 1979) reversal mechanisms. However,
the nonaxisymmetric model permits the suggestion that the
reversal initiated approximately 90 degrees from the Dufek's
paleomeridian.

This work was supported by National Science Foundation
grant DPP 77-21904. We wish to acknowledge the help of S. D.
Sheriff in collecting samples in 1978-79 and of A. B. Ford in
supplying material from his 1965-66 collection.
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