
mented by atomic absorption spectroscopy and scanning elec-
tron microscopy in the case of ambiguous or questionable
X-ray data were used to identify the minerals present. Since
supergene minerals rarely develop in the frigid antarctic
environment, where groundwater is lacking, a thorough
knowledge of the products of sulphide oxidation in cold, dry
climates might eventually aid economic mineral exploration in
both polar regions.

Green and blue salts include azurite, chalcanthite
[CuSO 4 •5H 2 0], malachite, paratacamite [CU 2(OH):3C1],
and malachite-paratacamite mixtures. Yellow and orange
salts include alunogen [Al2 (SO 4 ) • 17H 2 0], fibroferrite, an
aragonite-natrojarosite mixture, natrojarosite-gypsum
mixtures (± quartz), and an anglesite-beaverite
[Pb(Cu,Fe,Al)(SO4) 2 (OH)6J mixture. All red salts are hematite-
quartz mixtures (± muscovite, ± calcite). Black botyroidal
goethite was found at one site. All of these salts form by the
oxidation of pyrite, chalcopyrite, or galena and are preserved
by the cold, and antarctic climate. The assemblage of copper
salts is different from that described by Vennum (1980) for the
Orville Coast 500 kilometers to the northeast. The difference
in copper salts found at these two localities and studies of
marine derived antarctic aerosols (Duce, Zoller, and Moyers
1973) suggest that malachite, azurite, and chalcanthite will be
the common secondary copper minerals found deeper in the
antarctic interior and that copper chloride compounds will
become less abundant farther away from the coast. A more
detailed version of this report is now in preparation.

Stewart (1964) does not mention alunogen, anglesite, beav-

erite, chalcanthite, or paratacamite in a list of antarctic min-
erals, and a further literature search has shown that these five
minerals have not previously been reported from Antarctica.

This research was supported by National Science Founda-
tion grant DPP 78-21720 to Gerald Webers of Macalester College.
Logistical support was provided by U.S. Navy squadron VXE-
6. The senior author was in the field from 20 December 1979
to 17 January 1980.
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Sandstone petrology of the Polarstar
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Modal analyses of more than 150 samples collected from the
Polarstar Formation in the northern Sentinel Range of the
Ellsworth Mountains during the 1979-80 field season (Collin-
son, Vavra, and Zawiskie 1980) indicate that the primary
source for Permian sediments in West Antarctica was calc-
alkaline volcanism along the Pacific margin of Gondwana, and
that the East Antarctic craton was at most a minor source. The
Polarstar Formation, the youngest known stratigraphic unit of
the Gondwana sequence in West Antarctica, is an 800- to 1,000-
meter-thick sequence of argillite and sandstone with sparse
coal toward the top. The vertical distribution of facies in the
composite section suggests that the depositional setting tem-
porally changed from prodeltaic to deltaic and coastal plain
environments. The Polarstar, which conformably overlies the
Whiteout Conglomerate, an Upper Carboniferous to Lower

Permian diamictite, is similar to Permian postglacial rocks
throughout the central Transantarctic Mountains (Collinson et
al. 1980).

Polarstar sandstone is moderately well sorted, fine- to
medium-grained feldspathic litharenite (figure 1). Sandstone
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Figure 1. Triangular composition diagram for Polarstar sandstone
samples. Solid circles are based on analysis of 300 points per
sample. Open circle is mean sandstone composition.
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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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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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