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The shape of the core-mantle boundary is of great importance
in modeling the complex magnetohydrodynamics of the rotat-
ing fluid core of the Earth and hence in modeling the origin and
dynamics of the Earth's magnetic field. The nonstationarity of
the magnetic field, including its reversals, has had significant
bearing on the model of plate tectonics.

Most models of the shape of the core-mantle interface assume
that the mantle is in hydrostatic equilibrium and hence that any
nonspherical deformation is due to the centrifugal force in the
mantle. The flattening of a hydrostatic mantle is about 1/390 at
the upper boundary of the core; at the surface of the Earth the
hydrostatic flattening is about 1/297 (Bullard 1948). Stresses in
the mantle will change the shape of the boundary. At present,
we do not have a precise estimate of the shape, and most
authors are obliged to use the hydrostatic estimate.

A nonspherical core will exhibit gyroscopic effects as the
Earth spins. Several authors have proposed that a "nearly diur-
nal free wobble" (NDFw) should be observed with a frequency of
(1 + 1/460) cycles per sidereal day for a hydrostatically de-
formed mantle, although the amplitude of the wobble will be
very small (Rochester, Jensen, and Smylie 1974; Toomre 1974);
the sidereal value translates into a frequency of 1.004918 cycles
per solar day. The number 460 is directly proportional to the
aforementioned number 390 by a correction involving the ratio
of the moments of inertia of the core and mantle. It should be
possible to observe the free oscillation of the Earth at the period
of the NDFW if the signal is large enough. In theory, there are no
diurnal vertical gravity signals at the South Pole, but it has been
shown (Jackson and Slichter 1974; Knopoff and Rydelek 1980)
that small diurnal effects are nevertheless observed at the Pole
due to the presence of the distant and asymmetric oceans,
which do respond to these diurnal influences. We have
searched the 9-year record taken with our Earth-tide gravimeter
at the South Pole and find no evidence for the existence of a

spectral line at or near the above period that is above the noise
level for observations at the South Pole.

At temperate latitudes, the circumstances should be more
favorable for the direct observation of a solid-Earth free oscilla-
tion due to the NDFW. A recent study of 3 years of data taken
with the Frankfurt superconducting gravimeter has failed to
show the presence of any identifiable term corresponding to the
NDFW at the noise level of those observations. However, the
influence of the NDFW on the adjacent spectral lines of the Earth
tides can be observed, and thus these perturbations can be
interpreted in terms of the NDFW (Goodkind 1983; Zürn,
Rydelek, and Richter 1985). The resonance of the NDFW has a
finite Q, and hence it should be possible to pump energy from
the Earth-tide spectrum at frequencies near that of the NDFW

through the resonance into the NDFW and back again. Thus, it
should be possible to observe deviations of the amplitudes and
phases of the nearby Earth tidal lines at temperate latitudes due
to the NDFW from those predicted for these tidal lines un-
disturbed by core effects. Once again, we are frustrated because
of oceanic effects. The ocean tides have the same spectrum as
the Earth tides and hence, even an inland station such as Bad

Observed and predicted amplitudes and phases of the major
diurnal and semidiurnal tides

Observed 	Predictedb	Ratio

	

Component Ampc Phase'	Amp	Phase	Mag Phase

0.093	105.44 0.054	82.65	1.722	22.79
0.006	3.70

0 1	0.472	87.12 0.252	96.91	1.873	-9.79
0.006	0.73

P	0.186	57.21	0.126	46.89	1.476	10.32
0.007	2.16

K 1	0.604	52.39 0.395	50.46	1.529	1.93
0.007	0.66

N 2	0.120	13.00 0.145	-19.69 0.828	32.69
0.003	1.43

M2	0.356 -30.46 0.738	-45.70 0.482	15.24
0.003	0.48

S2	0.066	-38.75 0.334	-98.99 0.198	60.24
0.003	2.60

K2	0.027	-30.66 0.099	-114.45 0.273	83.79
0.003	6.37

a Confidence (95%) limits are listed below the observed estimate.
11 Predicted values were calculated by the International Center of Earth

Tides, Bruxelles.
Amplitude is in microgals.

d Phase is in degrees.
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Homburg (near Frankfurt) must have a gravitational contribu-
tion that is a combination of the Earth tides and the distant
ocean tides. The only way out of the dilemma is to strip off the
oceanic effects from the temperate-latitude gravimetric data
through the use of theoretical values of the gravitational effects
predicted from an accurate model of the tides in the oceans. The
residual would then presumably contain only the pure Earth-
tide terms; the influence of the NDFW could then be ascertained.

Here, the South Pole observations of the diurnal tides become
important. Assuming these diurnal tides are due purely to the
oceans, the spectral values at the South Pole represent an excel-
lent target for the theoretical modeling of the ocean tides. Our
analysis of the diurnal and semidiurnal tides at the South Pole
gives amplitudes and phases as indicated in the table. The
graviational attraction of these theoretical ocean tides at the
South Pole derived from the best model presently available
(Schwiderski 1980) is also given in the table. The ratio of these
amplitudes shows that the model predicts values that are 1.5 to
1.9 times too small for the prominent diurnal terms and from
1.2 to 5 times too large for the prominent semidiurnal terms,
with very large attendant phase shifts. We hope that the resolu-
tion of this difficult problem in the future will allow for evalua-
tion of the frequency and Q of the NDFW and, in turn, an
evaluation of the core-flattening with some accuracy.
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As part of a 3-year investigation initiated on 1 April 1985, we
are compiling regional magnetic and gravity anomalies from
satellite and surface measurements and developing quantitative
procedures to analyze the long-wavelength geopotential data
for their geologic significance. A major result has been the
development of capabilities to model near-field geopotential
anomalies for sources with arbitrary geometric and physical
properties on a spherical-Earth (Mateskon 1985; Mateskon and
von Frese 1985). In particular, affine transformations have been
identified which decompose arbitrary geologic source volumes
into a series of elemental unit volumes for accurate and elegant
modeling of anomaly fields by Gaussian quadrature integra-
tion. This procedure is currently being used to compute in
spherical coordinates the regional geopotential anomaly fields
of the Transantarctic Mountains to separate these effects from
anomalies of deeper lithospheric sources in the long-wave-
length magnetic and gravity data, which we are compiling for
this study.

Magnetic anomaly compilation efforts have focused mostly
on the MACSAT chronicle tapes to produce a detailed and com-
prehensive set of scalar anomalies for the region. We have also
reduced the 3°-averaged MACSAT anomaly map of Ritzwoller
and Bentley (1983) differentially to the radial pole to obtain the
remarkable correlation of anomalies across the rifted margins
shown in figure 1. Particularly striking associations include the
positive anomaly overlying Archean-Proterozoic cratonic
blocks in southcentral and western Australia, which correlates
with a pronounced positive anomaly over Wilkes Land. Also,
the magnetic low flanking the large australian positive anomaly
on the north and overlying the Alelaide and Tasman Orogens
correlates with an antarctic minimum over the Ross Sea Embay-
ment and Transantarctic Mountains. In general, these results
verify the prerift origin for sources of correlative anomalies and
suggest that regional magnetic anomaly fields provide new and
fundamental constraints on the evolution and dynamics of the
continents and oceans (von Frese et al. in press).

A more detailed estimate of the 3°-averaged scalar magnetic
anomaly map of Ritzwoller and Bentley (1983) differentially
reduced to the radial pole at 400 kilometers elevation is given in
figure 2. To produce this map we have extended the equivalent
point source methods of von Frese, Hinze, and Braile (1981) to
accommodate instabilities and the large scales of inversion that
are common to the geologic analysis of the regional geopoten-
tial anomaly fields of the southern continents and oceans. In
particular, we have adapted the concept of error variance (Gerstl
and Rummel 1981) for stabilizing our inversion problems, and
we have developed a "bootstrap" inversion technique for ob-
taining accurate and efficient megascale inversions of the anom-
aly data for geologic analysis (McGue and von Frese 1986).
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