only at depths of 249 to 279 and 339 to 350 meters.
The occurrence of rare (Eocene) (?) Radiolaria in
a sample at a depth of 198.42 meters can be interpreted only as due to reworking or contamination.
Holes 4 and 4A, Lake Vanda (micropaleontology).
H. Y. Ling examined 13 samples at various depths
from 70.25 meters to approximate core bottom.
The examination failed to show Radiolaria or silicoil agellates.
Hole 8, New Harbor (micropaleontology). H. Y. Ling
examined 24 samples. Radiolaria were noted at a
depth of about 24 meters in unit 1 (medium to
coarse sand and gravel) and between 54 and 132
meters in unit 2 (diamicton). The number of specimens so far recovered is too low to permit positive age identification of the sediments. A few
Eocene and Miocene forms were observed, but are
believed to be reworked from the surrounding
source area.
Silicoflagellates were recovered, but only from a
depth of about 24 meters in the uppermost part
of unit 1.
Hole 8, New Harbor (oxygen isotopes). M. Stuiver
and I. C. Yang performed these studies. The
6 oxygen-18 ratios of the permafrost waters vary
between 0 and —25 per mill with regard to SMOW
(standard mean ocean water). The isotope ratios
of the water in the upper 54 meters are close to
values found for undiluted ocean waters (about 0
per mill). Evidently the sediments of this interval
were deposited under fully marine conditions. Between depths of 54 and 85 meters, slightly less
saline conditions are indicated, with freshwater
dilution of about 15 percent. The diamicton between 55 and 82 meters was deposited in this type
of lower salinity marine environment.
Between depths of 85 and 130 meters, the isotope ratios start approaching freshwater values,
but mixing with some marine waters is probable,
since present day 6 oxygen-18 values of Ross Ice
Shelf ice and Lake Vanda water are still lower. Perhaps this episode occurred when the Ross Ice Shelf
was fully grounded, leading to reduced access of
seawater to the New Harbor area.
For the lower portion of this core (130 to 155
meters) a low salinity environment (about 30 percent freshwater dilution) is indicated by the oxygen
isotope ratios).
Hole 8, New Harbor (sedimentology and strati graphy).
S. C. Porter and J . Beget are making investigations directed mainly toward determining the
origin of the diamicton units that comprise a substantial portion of the middle and lower part of the
core. Although the diamictons are till-like in
character, several very likely are of glacial-marine
origin. Lithology of the sand fraction is being
used to distinguish between sediments derived
largely from Taylor Valley and those sediments
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having a source to the east in McMurdo Sound.
Preliminary results indicate fluctuations of mineral
and rock components consistent with changes in
provenance between a Taylor Valley source and a
Ross Sea source. Microfabric analyses are being
made of the diamicton units to determine fabric
strength, the assumption being that basal tills
deposited by grounded ice are likely to display
moderate to strong fabrics whereas glacial-marine
drift is not likely to have a fabric. Fabrics are
weak or absent in most diamicton units. But they
are well developed between about 114 and 123
meters, suggesting grounded ice. Scanning electron
microscope studies of surface textures and sand
grains from the core are being used as a further
aid in distinguishing grains from glacial, nonglacial, and mixed environments.
Hole 9, New Harbor (micropaleontology). H. Y. Ling
examined three samples from depths of about 13,
21, and 29 meters. These examinations failed to
show Radiolaria or silicoflagellates.
This research was supported by National Science
O
Foundation grant pp 75-23075.
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JAMES W. CASTLE*

The Permian Polarstar Formation is the uppermost unit in a 13,000-meter sequence of carbonate
rocks, conglomerates, sandstones, siltstones, shales,
and argillites exposed in the Sentinel Range of the
Ellsworth Mountains (Craddock, 1969). The strata
range in age from upper Precambrian (?) to Permian; no definite unconformities are known. The
1,700-meter-thick Polarstar Formation is mainly
siltstone to fine-grained sandstone interbedded
with shale and silty argillite. The lower 150 meters
consists of black, fissile shale to slate, and the upper
400 meters contains plant fossil beds and thin coal
seams. Several thin, light-gray to light-yellow, soft
clay beds are present in the upper half of the for-

* p resent address: Department of Geology, University of liiinois, Urbana-Champaign, Champaign, Illinois 61801.
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mation. Both broad, open folds and very tight folds
with steeply dipping limbs are common in outcrops;
vertical strata and overturned folds also occur
locally.
Ripple marks are fairly common on bedding surfaces of siltstone and fine-grained sandstone, and
crossbedding is common in sandstone. Straight,
irregular, cross-, lenticular, disturbed, and graded
lamination types are present (figure 1). Silt and
sand load balls and casts occur in argillite, and
also flat, silty argillite pebbles in sandstone. Pri-
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mary slump structures up to 50 centimeters high
are present in interbedded sandstone and silty
argillite. Siltstones and sandstones are moderately
well-sorted with subrounded to subangular grains
predominant. The most common constituents of
the sandstones are monocrystalline quartz, plagioclase, and felsic volcanic rock fragments (figures
2 and 3). Minor constituents include polycrystalline
quartz, potassium feldspar, muscovite, biotite,
mafic volcanic rock fragments, devitrified volcanic
glass, metamorphic rock fragments, carbonaceous
material, phyllosilicate matrix, and carbonate
cement. Trace amounts of tourmaline, zircon,
apatite, and sphene are present. X-ray diffractometry of selected specimens indicates that
illite is the dominant clay mineral, with minor
chlorite and vermiculite present. Organic residues,
determined by F. M. Swain at the University of
Minnesota, Minneapolis, include furfural, 5hydroxymethylfurfural, quinonoid Compounds,
pyridines, and possible dienes. Results of chemical
analyses of coal specimens have been given by
Schoph and Long (1966). Plant fossils, first reported by Craddock et al. (1965) and identified by
Rigby and Schopf (1969), include several species
of Glossopteris and Gangamopteris. Probable trace
fossils on bedding surfaces of siltstones and argillites include small, crisscrossing tubes 1.5 to 2.0
millimeters in diameter and 1 to 9 centimeters long
(figure 4) and arcuate trails 1 to 2 centimeters wide
and up to 50 centimeters long. The trace fossils
probably represent shallow-water organisms.

Figure 1. Cross-laminated siltstone with silty argillite lamination near top. Northwest spur of Polarstar Peak, lower to
middle Polarstar Formation.

Figure 2. Photomicrograph of sandstone, showing quartz
and feldspar (clear grains), volcanic rock fragments (dusty
grains and dark grain in center), and phyllosilicate matrix.
Mount Ulmer, lower Polarstar Formation.
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Figure 3. Composition diagram of Polarstar Formation sand-f
stones. Classification after Dott (1964). F: feldspar. L: mica
and rock fragments. 0: monocrystalline quartz, polycrystalline quartz, and chalcedony. Closed circle: specimen from
east ridge of Polarstar Peak, upper Polarstar Formation.
Closed triangle: Mount Weems, middle Polarstar Formation.
Open circle: Mount Ulmer, lower Polarstar Formation. Open
triangle: other location.
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Composition and texture of specimens from the
Polarstar Formation indicate sediment derivation
from a rather rapidly eroding source area dominated by silicic volcanic and plutonic igneous rocks
and granite gneisses. The source area also included
mafic volcanic rocks, mica schists, minor sedimentary rocks, and possibly granitic pegmatites. The
vertical sequence of texture and primary structures
suggests deposition in a prograding delta. Coal
seams, shallow-water trace fossils, and organic residue composittoll are consistent with deltaic deposition. Coal rank, types of cement and matrix, and
alternation of mineral constituents indicate that the
sediments were subjected to low-grade burial metamorphism, perhaps as high as the laumontite
facies. The sedimentary rock sequence exposed in
the Ellsworth Mountains may represent shallowwater deposition along a continental margin. If
the sediments were deposited along the margin of
the east antarctic shield, the Ellsworth Mountains
migrated away from East Antarctica sometime after
the Permian Period.
This research was supported by National Science
Foundation grant (;V-26529.
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Figure 4. Trace fossils in silty argillite. Mount Wyatt Earp,
near base of Polarstar Formation.
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The Dufek intrusion is a differentiated, stratiform mafic body of inìmense size. Its major features
are described in Ford and Boyd (1968), Ford
(1970), and Ford (in press). The body is estimated
to be 8 to 9 kilometcrs thick, of which about 1.8
kilometers of the lower part make UI) the Dufek
Massif section and about 1.7 kilometers of the
upper part make up the Forrestal Range section
(figure 1). The basal part of the body and a 2 to 3
kilometers thick interval between these two sections
are not exposed.
Texture, structure, and chemical variation related to magmatic stratigraphy indicate that most
rocks developed by crystal accumulation, at times
under the influence of current activity, on the floor
of a magma chamber. The rocks are generally well
layere(l owing to the highly variable proportions of
the settled phases, liiefly plagioclase, two pyroxenes, and opaque oxides (figure 1). The dominant rock type of the Dufek Massif section is
plagioclase-2 pyroxenc cumulate, and that of the
Forrestal Range section is plagioclase-2 pyroxeneopaque oxide cumulate. In some generally thin
(1 to 3 meters thick) layers, rocks consist of essentially single cumultts phases, as in plagioclase
cumulate, in pyroxciie cumulate, or in opaque
oxide cumulate.
Compositions of bulk rocks show a pronounced
chemical trend of iron enrichment stratigraphically
ascending in the layered sequence (Ford, 1970).
Bulk compositions of rocks formed by crystal
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