
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.

This research was supported by National Science Foundation
grant DI'P 83-14945.
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Regional magnetic and gravity
anomalies of Antarctica
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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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Figure 1. MAGSAT scalar magnetic anomalies, adjusted to a fixed
elevation of 400 kilometers and differentially reduced to the pole of
60,000-nanoTesla intensity, are plotted on an Aldanian reconstruc-
tion of Gondwana.

Bootstrap inversion is based on the superposition principle of
potential fields and involves successive inversions of residuals
between the observations and various stable point dipole model
fields which can be readily accommodated by available com-
puter memory. Integrating the point dipole model fields yields
a well-resolved representation of the observed anomalies corre-
sponding to an integrated point dipole model which normally
could not be obtained by direct inversion due to excessive
memory requirements.

Gravity data provide additional constraints for investigating
the tectonic features of Antarctica and for limiting the inter-
pretational ambiguity of the magnetic anomaly data. Much of
the gravity coverage for the study region is available from the
world gravity data bank assembled and maintained by Rapp
(1981) which includes surface and geodetic satellite estimates
for the oceanic regions and measured and predicted continental
values. Using a 180°-by-180° spherical harmonic expansion of
this global gravity data bank, we have obtained in figure 3 an
estimate at 400 kilometers elevation of the first-order radial
gradient of the free-air gravity anomalies of Antarctica for direct
comparison with the radially polarized anomalies of figure 2.
Considerable care must be exercised with the use of figure 3,
however, because the coefficients of the global gravity expan -
sion are poorly constrained in the antarctic region due to exten-
sive gaps in coverage, especially in eastern Antarctica, and the
large discrepancies that exist between the various data sets that
have been reported for the study area (Rapp personal com-
munication). We are currently investigating patterns of correla-
tion and noncorrelation between figures 2 and 3 using a mov-
ing-window, linear regression analysis based on Poisson's
theorem (von Frese, Hinze, and Braile 1982). For spatially cor-
relating magnetic and gravity anomalies, we will obtain from
this quantitative correlation analysis initial estimates of the quo-

Figure 2. MAGSAT 3 0-averaged scalar magnetic anomalies differen-
tially reduced to the pole of 60,000 nanoTeslas for antarctic region
south of 55 0S. Anomalies are contoured at 4-nanoTesla intervals at
400 kilometers elevation.

Figure 3. Radial first derivative of free-air (FA) gravity anomalies at
400 kilometers elevation over the antarctic region south of 55 0S. The
derivative anomalies are contoured at intervals of 5 x 10 milligals/
kilometer.
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tients of the physical property contrasts for the inferred sources
to facilitate further geologic investigation and modeling.

This research was supported by National Science Foundation
grant DDP 83-13071.
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Continued surveillance of volcanic
activity and seismicity of Mount

Erebus, 1985-1986

C.A. ROWE and J . KIENLE
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Observations of seismicity on Mount Erebus and seismic data
retrieval continued during the 1985-1986 austral field season.
The lava lake, which during 1984-1985 had crusted over and
given rise to anomalously violent explosive activity, again was
openly convecting and behaving as it had prior to 1984. Seis-
micity likewise returned to normal levels.

Mount Erebus's summit lava lake is situated in an inner pit
crater 220 meters across and 95 meters deep, within the main
summit crater which measures 550 meters across and 120
meters deep (Kienle, Kaminuma, and Dibble 1984). The lava
lake has been in existence at least since 1972, when it was first
observed (Giggenbach, Kyle, and Lyon 1973). This anorthoclase
phonolite lake typically gives rise to two to six Strombolian
explosions daily, which are recorded by the seismic array on
Ross Island (Kienle et al. 1984, 1985).

Eruptive activity changed dramatically in September 1984,
when explosions became far more numerous (up to 200 per day)
and many large eruptions occurred. The most notable was an
explosion on 13 September 1984, which sent an eruption col-
umn to 5,000 meters and was heard at McMurdo Station, 37
kilometers away; it produced long-period seismic waves, which
were recorded by a gravimeter at South Pole Station, 1,400
kilometers away (Kienle et al. 1985).

Elevated activity levels continued into January 1985; numer-
ous reports of explosions were made during the early 1984-1985
field season by personnel at both McMurdo Station and
Williams Field, 50 kilometers from the summit. By mid-March,
seismicity had returned to normal levels and continued so
through 1985. Observations made during the 1985-1986 field
season indicate that once again there is an active, openly con-
vecting lava lake in the inner crater. At the time of observation,
the lava lake was approximately 15 meters across. Kyle (1986)
interprets the sequence of events associated with this eruptive
phase to be a manifestation of two possible scenarios: (1) either
the lava lake had frozen over as a result of cooling or withdrawal
of the magma column, which has since been restored to its
previous height, or (2) the inner crater had become clogged with
ejecta, which has since been assimilated back into the magma
column or ejected by small explosions.

Seismic observations continued through 1985 with the ver-
tical component, high-gain stations which have been installed
on Ross Island within the framework of the International
Mount Erebus Seismic Study (IMEss), a cooperative effort
among Japanese, New Zealand, and American seismologists.
The IMESS network originally consisted of three stations. This
tripartate array, which was installed in 1980, has since been
expanded to the current station configuration (figure 1). Sta-
tions are powered by 12-volt batteries, which are recharged
during summer months by solar panels at each station. Data
from all stations are telemetered to Scott Base, where records
are kept on magnetic tape and helicorder charts.

In the 1984-1985 field season, stations were installed at Cape
Barne, Crash Nunatak (77°26.67'S 167°33.55'E), Truncated
Cones (77° 32.055'S 167°04.44'E), and Mount Erebus summit
(replacing the summit station which was damaged early in the
1984 eruptive phase) (figure 1). This new configuration was
designed to provide both optimum sampling of the volcano
during the seismic refraction shooting carried out that season
and better station coverage for future data collection.

The IMESS array heretofore has not recorded during the austral
winters, because batteries are not recharged during the dark
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