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The U.S. Geological Survey has continued labora-
tory study and compilation of data on the geology
of the Pensacola Mountains since the field season of
1965-1966 (Huffman and Schmidt, 1966).

The sedimentary succession within the Pensacola
Mountains is at least 10,000 m thick and contains
rocks ranging in age from Late Precambrian through
Permian (Schmidt et al., 1965). Marine sandstones
predominate throughout this column. Petrographic
study by P. L. Williams discloses such an abundance
of detrital quartz that the sandstones are either
quartzites or subgraywackes (Pettijohn) ; detrital feld-
spar is notably a subordinate mineral. Lithic frag-
ments indicate that the provenance of the rocks is
varied. Sediment in the eugeosynclinal turbidite
subgraywackes of the upper Precambrian Patuxent
Formation was derived largely from granitic and
high-grade metamorphic terrane of the East Antarc-
tic craton, but some sediment was derived from in-
traformational volcanics and from limestone and
sandstone of the penecontemporaneous miogeosynclin-
al or shelf facies. The Wiens Formation and Elliot
Sandstone of early Paleozoic age are lithic subgray-
wackes made up largely of volcanic quartz, feldspar,
and volcanic-rock fragments locally derived from
flows and tuffs of the Gambacorta Formation of pro-
bable Cambrian age. Sandstones of the Neptune
Group and the Dover Sandstone of Middle(?) Pale-
ozoic age are mature quartzites and quartzose sub-
graywackes. They contain fewer volcanic fragments
stratigraphically upward, and the sediment was pro-
bably derived largely from reworked older sedimentary
rocks and from craton rocks directly. Gneiss and
granite clasts in the Gale Mudstone, a lithic subgray-
wacke of Permian age, were derived directly during
glaciation of the craton areas, but abundant rounded
quartz grains suggest that much of the sediment was
incorporated from sedimentary rocks, probably the
underlying Dover Sandstone and Neptune Group.
The feldspar-rich graywackes of Permian age at the
Pecora Escarpment and the Forrestal Range were
probably derived in large part directly from the
craton.

Diabase and basalt in sills and dikes intrude the
entire sedimentary succession in the Pensacola Moun-
tains. Diabase of Late Precambrian age is intensely
deformed and metamorphosed to chlorite grade. Rel-
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atively unaltered diabase, probably of Jurassic age,
mapped and sampled by D. L. Schmidt, A. B. Ford,
W. H. Nelson, and R. D. Brown at the Pecora Es-
carpment in the southernmost Pensacola Mountains,
occurs as sills in glossopterid-bearing sedimentary
rocks of Permian age. This diabase appears to be
similar chemically to postorogenic basalt and diabase
in dikes in folded sedimentary rocks as young as Per-
mian in the northern Pensacola Mountains. The dikes
thus are considered by A. B. Ford to place a probable
minimum age of Jurassic on the post-Permian de-
formation iii the Pensacola Mountains. Post-Permian
deformation is unrecorded elsewhere in the Trans-
antarctic Mountains, except possibly in northern
Victoria Land, but was extensive in the Ellsworth
Mountains of West Antarctica. The postorogenic
basalt and diabase have a tholeiitic character, which
is demonstrated by major oxide analyses which show
low total alkalies (average about 2.5 weight percent)
in relation to silica (average about 52 percent). Anal-
yses of the little-differentiated chill zones plot be-
tween the hypersthene tholeiite magma types of Gunn
(1962) for Jurassic sheets of southern Victoria Land.
The low total-alkalies: silica ratio of the Jurassic(?)
basalt and diabase applies also to the gabbros of the
nearby Dufek Massif in the northern Pensacola Moun-
tains which form the lower part of a post-Permian
stratiform mafic complex estimated by A. B. Ford and
W. W. Boyd, Jr., to be about 7 km in total thickness
and at least 9,000 km 2 in area.

Paleornagnetic studies by M. E. Beck, Jr., Nancy
C. Lindsley, and A. B. Ford were continued on about
250 oriented samples from the Dufek stratiform intru-
sion (Beck, Ford, and Boyd, 1968). The gabbros from
the Dufek Massif are magnetically stable and yield a
paleomagnetic pole position of 47.5°S. 164.0°W.,
which, when corrected for a gentle southwestward
dip of the igneous layering, is 56°S. 175.5°W. This
position is close to that for Jurassic diabase sheets
elsewhere in Antarctica. The intensity of rernanent
magnetism decreases stratigraphically downward from
a high in the gabbros of the Forrestal Range to a low
in the lower gabbro of the Dufek Massif. Two zones
of reversed polarity occur: (1) a lower zone between
two normal zones that comprises about 20 percent of
the 2,000-rn Dufek section, and (2) an upper zone
that comprises about 65 percent of the 2,000-rn For-
restal section. Present evidence points toward field
reversal rather than self-reversal, although mineral-
ogical studies are still incomplete.
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Observations of Earth Tides and

Free Vibrations at South Pole
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During the 1966-1967 season, C. L. Hager installed
at South Pole two LaCoste Romberg earth-tide
meters, which were operated throughout that season
by Richard V. O'Connell; in 1967-1968, Hager in-
stalled a replacement meter, which is now being
operated by Fred Walton. Although the program is
too new for the reporting of significant results, it is
perhaps desirable to explain its objectives and the
reasons the difficult polar location was chosen.

The first objective is to observe the fortnightly
earth-tide produced by the changing distance to the
moon. This tide attains its maximum amplitude at
the Pole—about 40 gals. peak to trough, which is
twice the value of the secondary maximum at the
Equator. (Incidentally, the large diurnal tides are
absent at Pole.) In general, gravity-tide observations
aim at obtaining two numbers at each prominent
tidal-excitation period: (1) the amplitude of the
gravity fluctuations, which relates to the rigidity of
the Earth, and (2) the phase lag, which relates to the
imperfections of elasticity, or the Q of the Earth, at
the period of the tidal force. Because of the long
period and only moderate amplitude of the fort-
nightly tide, the determination of its Q is far beyond
the capabilities of present instruments. But its ampli-
tude, which has not yet been adequately observed,
should be capable of satisfactory measurement at
Pole.

The second objective relates to observations of the
Earth's free vibrations produced by great earthquakes.
Except at Pole, the Earth's free modes show a fine
structure representing line splitting caused by the
Earth's rotation. The number of lines in these multi-
plets is large, being 2n + 1 where n is the degree of
the mode. At Pole, the central line attains its maxi-

mum amplitude, and all the others vanish. Because
the multiplets cannot be resolved (except for the
mode of degree 2, 3, and possibly 4), the lines merge
into a single broad peak, whose center may be dis-
placed because of asymmetrical excitation of the mul-
tiplet. This leads to the possibility of a type of error
in determining the frequencies of the free modes
which can be avoided at Pole Station.
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Idealized representation of the merging of five
spectral peaks. See text.

The impossibility of resolving the fine structure,
and the degree of the resultant uncertainty, may be
appreciated by reference to the figure. In this figure,
the resonance-response energy (amplitude squared)
of a simple vibrator with a Q of 400 (approximately
that for the Earth's fourth-degree spheroidal mode)
is plotted against the exciting frequency. The fourth-
degree spheroidal mode has a central frequency of
2.327 cycles/hour, and the multiplet consists of nine
lines spaced at 0.00425 cph intervals. The composite
curve representing the sum of the five equal spectral
peaks exhibits fluctuations of only 10 percent of the
total spectral energy. The noise may be expected to
completely obscure such small fluctuations. The as-
sumed case of uniform excitation of the five higher
frequency components, with zero excitation of the
four lower frequency lines, obviously is an unrealistic
example; but an even worse case can be imagined—
strong excitation of one or two of the outermost lines,
with little excitation of the others. This case would
lead to a maximum error of 0.8 percent in the esti-
mate of the frequency. The case shown in the figure
involves a mistake of 0.4 percent. The point is that
uncertainties of significant magnitude may exist
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