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A recently identified high seismic velocity anomaly is broadly
located under the equatorial western Pacific and its antipode in
the depth interval 420-670 kilometers (Masters et al. 1982) (see
figure). The existence of this anomaly is identified with so few
degrees of freedom in the data that it is difficult to tell whether
the anomaly is not at shallower depth, nor can it be localized
laterally with any precision. The model has been criticized
because it does not take into account seismic information that
relates to samplings of the known shallower anomalies associ-
ated with the major tectonic features of the Earth such as the

subduction zones, spreading centers, and differences between
continents and oceans (Kawakatsu 1983). Kawakatsu uses
Okal's data, which are incapable of resolving questions about
structure below about 200 kilometers in the Earth, because
Okal's data are collected for a limited range of seismic wave
periods, a difficulty not present in the long-period data of Mas-
ters et al. (1982). On the other hand, Masters et al. (1982) use
globally collected data (1) which suffer from uncertain correc-
tions for ellipticity of the great circle path between the earth-
quakes and the seismic stations—this uncertainty becomes all
the more important at the long wavelengths that penetrate to
the depths of the proposed anomaly—and (2) which represent
global averages in some large-scale sense and hence the inter-
pretation for one region is influenced by errors in interpretation
or data relevant to another region. We remark that the Masters
et al. (1982) anomaly, if confirmed, has great bearing on con-
struction of models of convection in the Earth's mantle.

To test these competing models, we used recordings of three
large earthquakes made on the ultralong period seismograph at
the South Pole. The advantage of using seismic surface waves
that traverse great circle paths through the South Pole is that all
paths have the same length; hence ellipticity corrections, what-
ever they might be, are applied equally to all data. The three
events we used are the Gazli (1976, M=7.2), Sumbawa (1977,
M = 7.9) and Kuril Islands (1978, M = 7.5) earthquakes. Each of
these has a great circle path through the South Pole which has
one or more discriminating features with regard to the compet-
ing models: the GazlilSouth Pole great circle samples the broad
negative anomaly identified by Masters et al. (1982); the Sum-
bawa path passes through the flanks of the large positive anom-
aly they have identified; the Kuril path passes through the
maximum of the anomalous zone identified by Masters et al.
(1982) and samples the trench-subduction zone system of the

South Pole

Great circle paths through the South Pole and three earthquakes chosen to test the equatorial high-velocity anomaly between 420 and 670
kilometers of Masters et al. (1982).
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western Pacific as well, a potently anomalous zone in its own
right.

Without going into the details of the data analysis, we sum-
marize the conclusions that can be drawn from our study of the
dispersion of Rayleigh waves on the three records at the South
Pole:
• There is a major, high velocity anomaly at shorter surface

wave periods (periods less than 250 seconds) on the Kuril
path that is absent on the other two paths. The most likely
candidates for the cause of this anomaly are the subduction
zones of the western Pacific. The absence of this anomaly on
the Sumbawa path, plus other telling signs, indicates to us
that the anomaly begins to be equilibrated, or at least is not as
dramatically contrasted, with the surrounding mantle at
depths on the order of 400-450 kilometers under the
trenches.

• Okal (1977) failed to identify the high velocity anomaly near
subduction zones because of the use of a regionalization of
the Earth based on a 15-degree grid, aligned along parallels of
latitude and longitudinal meridians. These shorter period
data should be reanalyzed for shallower Earth structure with
a regionalization based on the surface expression of the major
plate tectonic features of the Earth.

• At longer periods, an independent-layer-by-independent-
layer analysis of the type carried out by Masters et al. (1982)
would seem to be unjustified. The anomalies probably ex-
tend across the various layers of the Earth and, if the anomaly
is truly present, is not likely to be confined to the interval
between 420 and 650 kilometers depth.

• The mantle on the long arc between the South Pole and Los
Angeles has anomalous high velocities at shallow depth rela-
tive to the global average for those depths and anomalous low
velocities at greater depth; the latter anomalies may extend to
perhaps 450 kilometer depth or even deeper. The long-arc
anomaly is consistent with the low-velocity torus of the
figure.

• The global reference model we have used is 1066A of Gilbert
and Dziewonski (1975).

• It is tempting to assign the dispersion anomaly that persists
to very long periods under the Sumbawa-South Pole great
circle, and its absence under the not-too-distant Kuril-South
Pole great circle, to the continuation of a deep continental root

to depths perhaps as great as 650 kilometers or beyond, and
to the absence of this deep S-wave velocity anomaly under
the oceans. This result, if confirmed, would seem to be in
accord with the model of a deep continental root proposed by
Knopoff (1972, 1983) and Jordan (1975). A result that indicates
the existence of profound differences in the thicknesses of the
lithospheres between continental shields and the oceans
places significant constraints on models of convection in the
Earth's mantle.

S The South Pole data represent an excellent benchmark
against which to check the results of modern interpretations
of deep mantle structure, especially in view of the aforemen-
tioned absence of significant differential ellipticity correc-
tions on South Pole data. We expect this application to be ever
more important as data with the growing network of ultra-
long period seismic stations become more and more
available.
This research was supported by National Science Foundation

grant DPP 81-17325.

References

Gilbert, F., and A.M. Dziewonski. 1975. An application of normal mode
theory to the retrieval of structural parameters and source mecha-
nisms from seismic spectra. Philosophical Transactions of the Royal So-
ciety of London, 278A, 187-269.

Jordan, T.H. 1975. The continental tectosphere. Reviews of Geophysics
and Space Physics, 13, 1-12.

Kawakatsu, H. 1983. Can 'pure-path' models explain free oscillation
data? Geophysical Research Letters, 10, 186-189.

Knopoff, L. 1972. Observation and inversion of surface wave disper-
sion. Tectonophysics, 13, 497-519.

Knopoff, L. 1983. The thickness of the lithosphere from the dispersion
of surface waves. Geophysical Journal of the Royal Astronomical Society,
74, 55-81.

Masters, G.T., T.H. Jordan, P.G. Silver, and F. Gilbert. 1982. Asphencal
earth structure from fundamental spheroidal-mode data. Nature, 298,
609-613.

Okal, E.A. 1977. The effect of intrinsic ocean upper-mantle hetero-
geneity on regionalization of long-period Rayleigh-wave phase ve-
locities. Geophysical Journal of the Royal Astronomical Society, 49,
357-370.

Sedimentary petrology of Permian and
Triassic Beacon sandstones, northern

Victoria Land
D. C. PENNINGTON and J. W. COLLINSON

Institute of Polar Studies
Department of Geology and Mineralogy

The Ohio State University
Columbus, Ohio 43210

Petrographic analyses of Beacon sandstone samples that were
collected in northern Victoria Land during the 1981-1982 field

season (Collinson and Kemp 1982) indicate important composi-
tional differences between Permian and Triassic units. Triassic
samples contain volcanic detritus; Permian samples do not.
Beacon exposures in the Rennick Glacier area (figure), including
the Helliwell Hills, Morozumi Range, Lanterman Range, Neall
Massif, and the Freyberg Mountains, which contain a Permian
Glossopteris flora, are assigned to the Takrouna Formation of
Dow and Neall (1974). A relatively thin sequence of sandstone
exposed along the margin of the polar plateau, including
Roberts Butte, Lichen Hills, and Vantage Hills, is characterized
by volcanic detritus. A Middle to Late Triassic microflora has
been reported from this unit at Section Peake in the Lichen Hills
(Gair et al. 1965; Norris 1965). These Triassic rocks were referred
to as "Takrouna(?) Formation" by Collinson and Kemp (1983),
but a new name should be assigned.
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