
Figure 2. Photomicrograph of glass shards (arrows) in vitric tufi
from Mount Weems. Shards are replaced by calcite. Shard in cen
ter of photomicrograph is 0.24 millimeters long. Plain light.

in the lower part of the formation is generally finer grained
and texturally less mature than that in the upper part. Detrital
modes are dominated by subangular to subrounded mono-
crystalline quartz and plagioclase grains, and by silicic to
andesitic volcanic rock fragments. Potassium feldspar, mus-
covite, biotite, heavy minerals, and mafic volcanic, metamor-

phic, and intraformational lithic fragments are also present in
minor amounts. Metamorphic fragments are dominantly
quartz-mica schist.

Detrital grains suggest that the source terrain for Polarstar
sands was dominated by silicic to andesitic volcanic rocks with
lesser amounts of mafic volcanic, plutonic, and low-grade
metamorphic rocks. An active volcanic source is indicated by
the presence of vitric and crystal tuff in the upper part of the
formation (figure 2).

Postdepositional modifications have greatly altered the fab-
ric and composition of Polarstar sandstone. Mechanical mod-
ifications include compaction and deformation of labile rock
fragments, fracturing of stable quartz and plagioclase grains,
and development of schistosity during deep burial and fold-
ing. Chemical alterations include formation of phyllosilicate
pore-lining and pore-filling cement; precipitation of quartz,
chert, plagioclase, calcite, dolomite, ferroan dolomite, and
ankerite cement; dissolution and replacement of cement and
detrital grains by calcite; choritization of lithic fragments and
glass shards; albitization of calcic plagioclase feldspar; and
formation of authigenic pyrite, sphene, and epidote.

This research was supported by National Science Founda-
tion grant DPP 78-21129.
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Tectonic and metamorphic studies of
the Ellsworth Mountains

MASARU YOSHIDA

Department of Geosciences, Faculty of Science
Osaka City University

Osaka 558, Japan

The U.S. Antarctic Research Program (usARP) conducted
geological surveys of the Ellsworth Mountains during the aus-
tral summer of 1979-80. To study tectonics and metamorphism
of the mountains, I joined the field team led by G. F. Webers
of Macalester College. During my 48-day stay in the temporary
Ellsworth Mountains camp, I surveyed the Marble Hills, Lib-
erty Hills, Edison Hills, Wilson Nunataks, High Nunatak, and
some nunataks of the northwestern part of the Heritage Range,
and briefly visited the Soholt Peaks, Webers Peaks, and Polar-
star Peak (Yoshida 1981). Many rock specimens, including
oriented ones, were collected and the laboratory work is
underway. Preliminary results of the study are presented here.

At least four superposed folding phases and an event of
intrusions of doleritic rocks were found, as follows (figure 1;
Yoshida 1980):

First phase—Moderately to steeply inclined isoclinal-to-
closed small folds and second-class folds in the southern part
of the Heritage Range, with axes generally paralleling the main
mountain range. These are the passive, slip-type folds with
the main cleavage structure paralleling the axial planes. Fold-
ings and cleavaging of this phase possibly may be divided
further, chronologically; the discrimination, together with
data concerning doleritic dikes and some mineral veins, may
be given in a forthcoming report (Yoshida in preparation).

Intrusions of doleritic rocks —Doleritic intrusions of various
sizes and intensities in the development of cleavages and
metamorphic recrystallization in the southern part of the Her-
itage Range. These dolerites appear to be divided into two or
more time groups, as mentioned previously.

Second phase—Roughly spaced cleavage running parallel
or subparallel to the main cleavage. The cleavage of this phase
also develops over dikes and quartz-chlorite veins cutting the
first-phase folds and main cleavages. Some of the steep-to-
upright, gentle-to-open folds, with their axial planes parallel-
ing the roughly spaced cleavages in the southern part of the
Heritage Range, are considered to be of this phase.
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Figure  1. Diagrammatic stereographic projection of folds of every
stage in the southern Heritage Range. Great circles labeled 1, 2,
3, and 4 are axial surfaces of folds of the first, second, third, and
fourth phases, respectively. A circle with a dot denotes the fold
axis. This figure was drawn up from data from Marble Hills and
Sohoit Peaks (on the Schmidt net, lower hemisphere).

Third phase—Second-class transversal upright gentle folds
in the northern part of the Heritage Range (figure 2) and cren-
ulation cleavage of the same direction in the central-to-south-
ern part of the same range.

Fourth phase—Small kink folds nonuniformly developed
throughout the Heritage Range. Their directions vary; some
have horizontal axial planes, and others form a pair of the
conjugate set.

Preliminary optic study of thin sections and X-ray diffraction
study of rocks indicated the following:

1. The metamorphic recrystallization is complete in some
strongly cleaved rocks but incomplete in many less cleaved
rocks. Metamorphic minerals are quartz, albite, calcite, white
micas, chlorites, epidote minerals, micaceous clays, and stilp-
nomelane, many of which develop parallel to the main cleavage
structure. Chloritoid is found near the contact of some doler-

,,

Figure 2. Third-phase folds in the northwestern part of the Heritage
Range. The earlier folds, their hinges marked by chains with an
arrow, are systematically disturbed by the third-phase folds whose
axial traces are Indicated by thick chains. Striped areas mark the
distribution of the Heritage Group, and the blank area indicates
the location of the Crashsite Quartzite. A nunatak labeled "W" is
Welcome Nunatak.

ites, and actinolite and green biotite develop in some igneous
basic rocks. In total, the grade of the metamorphism is preli-
minarily assumed to be around the lower temperature portions
of the grade described by Winkler (1974), and a part of the
metamorphic recrystallization might have taken place during
the first folding phase.

2. Metamorphosed massive or cleaved basic dikes and
quartz-chlorite veins sporadically develop, cutting and some-
times annealing the main cleavage structures; hence, the meta-
morphic recrystallization has taken place at least twice. The
later metamorphism is considered to be at around the second
folding phase.

Whole-rock potassium-argon (K-Ar) dating of three speci-
mens obtained so far is listed in the table. The results, along
with the evidence and consid rations mentioned previously,
indicate the following:

1. The first folding and metamorphic phase is pre-Middle
Devonian, because the massive dolerite sills from both the
Edison Hills and the Wilson Nunataks gave ages 396 and 381
million years.

2. The age of 278± 14 million years of the chlorite-sericite
phyllite from the Heritage Group of the Edison Hills indicates
that the later metamorphism is of this age or older.

K-Ar dating of rocks from the Heritage Range'

Specimen	Analyzed	Percent	 isotope
number	material	potassium scc Ar40Rad/gm x 10-5	% Ar4ORad	age	 Petrography and locality

MY8001 0602	Whole rock
	

0.43	 0.737
	

87.8
	

396 ± 20 Weakly altered dolerite about 200

	

0.43	 0.742
	

84.9	 meters thick, Edison Hills
MY80010707	Whole rock

	
3.31	 3.86
	

96.9
	

278 ± 14 Chlorite-muscovite phyiiite, Edison

	

3.34	 3.92
	

96.0
	

Hills
MY691 23033	Whole rock

	
0.78	 1.29
	

91.3
	

381 ± 19 Altered massive dolerite about 120

	

0.79	 1.30
	

90.2	 meters thick, Wilson Nunataks
aAnaiyzed by the Teledyne isotopes Co. of New Jersey, with the following constants: 6/3 = 4.962 x 10 1 0 per year; 6E = 0.581 x 10- 1 0 per year;
K40 = 1.167 x 10 atom per atom of natural potassium.
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In conclusion, the present study may alter earlier under-
standing of the geologic development of the Ellsworth Moun-
tains (Craddock 1969; Craddock, Anderson, and Webers 1964;
Hjelle, Ohta, and Winsnes 1978). It is possible to assume that
some metamorphic and folding episodes (e.g., Ross and/or
Borchgrevink and related orogenies of Craddock 1972; Brad-
shaw, Laird, and Wodzicki in press) had affected the Ellsworth
Mountains before the early Mesozoic Ellsworth orogeny of
Craddock (1972). There is a possibility that considerable por-
tions of the sequence of superposed deformations are com-
parable to those of the Pensacola Mountains (Schmidt and
Ford 1969). The view of the "autochthonous" origin of the
crust of the Ellsworth Mountains (e.g., Ford 1972; Grikurov et
al. 1980) appears to be receiving more support than the
"exotic" origin view (Clarkson 1977; Schopf 1969).

This work was partly supported by the National Institute of
Polar Research, Japan, the National Science Foundation, and
the Department of Scientific and Industrial Research, New
Zealand. My hearty thanks are extended to the scientists,
Navy, and Holmes and Narver personnel who guided and
supported my field activities.
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Ellsworth Mountains studies,
1980-1981

GERALD F. WEBERS

Macalester College
St. Paul, Minnesota 55105

Following the 1979-80 field season in the Ellsworth Moun-
tains (Splettstoesser and Webers 1980), thf, 1980-81 year has
been one of intensive study of the field data and of the more
than 3,000 kilograms of rocks, minerals, and fossils collected.
A list of 16 articles that have been published or accepted for
publication during the last year is included (see table).

Seven fossil faunas are presently under study by a number
of investigators. The 7,000-meter-thick Heritage Group has
been subdivided into formations, and the stratigraphy of the
Crashsite Quartzite, developed in the Sentinel Range, has
been extended and modified to the Heritage Range. Two geo-
logic maps of the Ellsworth Mountains are in preparation. A
meeting was held in Madison, Wisconsin, 22-24 April 1981,

to further coordinate research on Ellsworth Mountains geol-
ogy. It was attended by 10 investigators, including represen-
tatives from New Zealand and West Germany. All segments
of the geology were discussed, with emphasis on problematic
areas. I can provide notes on this meeting, on request.

A symposium on the geology of the Ellsworth Mountains
has been organized and will take place as a special session of
the annual meeting of the Geological Society of America, to be
held in New Orleans in 1982. Plans for a volume on the geology
of the Ellsworth Mountains are nearly complete. Application
will be made shortly to the American Geophysical Union's
Board of Associate Editors for a volume in the Antarctic
Research Series. Twenty-two papers have been organized for
the volume.

This project was supported by National Science Foundation
grant DPP 78-21720 to Macalester College, St. Paul, Minnesota;
John Splettstoesser critically read the manuscript.
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