
forcing the conclusion that they are glacial erratics.
Despite a specific search for fossils, none was found
at that time.

Tertiary macrofossils were unknown in the Ross
Sea area before the present finding; however, sparse
Tertiary microfossils in erratics in glacial moraine and
glacial material are distributed in a pattern indicating
the probable presence of a Tertiary sedimentary se-
quence under the floor of the Ross Sea. The pre-
vious work on these Tertiary sediments and their sig-
nificance in antarctic geologic history has been sum-
marized by Harrington (1969).

Appreciation is expressed to Mort D. Turner of the
Office of Antarctic Programs, National Science Foun-
dation, for the opportunity to study these fossils and
to C 1). Hanna, California Academy of Sciences, for
extracting some of the fossils from the matrix and for
offering constructive criticism concerning the manu-
script. I am also grateful for advice received from Dr.
C. A. Fleming and Dr. J . Marwick, New Zealand
Geological Survey, who examined specimens and
called my attention to some of the literature relevant
to this study. Photographs used to illustrate the fossils
were prepared by Mr. Maurice Giles. Acknowledge-
ment also is due Mrs. G Dallas Hanna for retouching
the photographs and to Mr. Barry Roth for their
arrangement.

References

Cranwell, L. M. (Mrs. Watson Smith), H. J . Harrington,
and I. G. Speden. 1960. Lower Tertiary microfossils from
McMurdo Sound, Antarctica. Nature, 186(4726): 700-
702.

Harrington, H. J . 1969. Fossiliferous rocks in moraines at
Minna Bluff, McMurdo Sound. Antarctic Journal of the
U.S., IV(4) : 134-135.

Marwick, J . 1924. The Struthiolariidae. Transactions o
the New Zealand Institute, 55: 161-190.

Marwick, J . 1951. Notes on the southern family, Struthio-
lariidae. Journal de Conchyliologie, 90(4) : 234-239.

Marwick, J. 1960. Early Tertiary Mollusca from Otaio
Gorge, South Canterbury. New Zealand Geological Sur-
vey. Paleontological Bulletin, 33: 1-32.

McIntyre, D. J . and G. J . Wilson. 1966. Preliminary paly-
nology of some antarctic Tertiary erratics. New Zealand
Journal of Botany, 4(3) : 315-321.

Speden, I. G. 1962. Fossiliferous Quaternary marine de-
posits in the McMurdo Sound region, Antarctica. New
Zealand Journal of Geology and Geophysics, 5(5) : 746-
774.

Wilckens, 0. 1911. Die Mollusken der Antarktischen
Tertiärformation. Wissenschaftlich e	Ergeb nisse	der
Schwedischen Südpolar-Expedition 1901-1903, Band 3,
Lieferung 13: 1-42.

Wilson, G. J . 1967. Some new species of Lower Tertiary
dinoflagellates from McMurdo Sound, Antarctica. New
Zealand Journal of Botany, 5(1): 57-83.

Late Paleozoic
Glacial Geography of Gondwanaland
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This year has been the penultiimiate in a long-range
study of Late Paleozoic glacial deposits of Antarctica
and the other continental fragments of Gondwana-
land. The field work was concluded with investiga-
tions of these rocks in Australia, including Tasmania,
and peninsular India and West Pakistan. A total of
about 12 man-months was spent overseas, during
which time we attempted to view most of the signifi-
cant exposures.

Upper Carboniferous and Lower Permian strata oi
glacial aspect are widely distributed in New South
Wales and less abundantly in Victoria, South Aus-
tralia, Western Australia, and the Northern Territory
(see Brown et al., 1968). In the east, the strata are
intercalated with both marine and volcanoclastic
rocks and attain the youngest age known anywhere
for Upper Paleozoic glacial rocks—into the Middle
Permian. A striking feature of Tasmanian glacials is
the fact that they are interlayered with biostroiiial
and clastic limestones. In South Australia, esker-like
sandstone bodies were discovered aitiong the suba-
tueously deposited cliamictites of the Bacchus Marsh
region. Western Australia and the Northern Territory
display mostly discontinuous units of diamimictite,
locally highly deforimied in a soft-sediment state. Di-
rections of ice transport as deduced froimi striated
floors and other structures are eastward and north-
eastward in New South Wales and Tasmania, west-
ward and northwestward in \Vestern Australia, and
generally northward froin the Great Australian Bight
in South Australia. The suggestion is that major cen-
ters of ice dispersal were located in western New
South Wales and inland Western Australia. However,
the flow directions in Tasmania and South Australia
require an ice center off the south coast of the conti-
nent. We suggest tentatively that this center may cor-
respond to that located in northern \ictoria Land.
Antarctica (Frakes and Crowell, 1968). Thus, a re-
construction of Gondwanaland in which Tasmania
lies in the eastern Ross Sea and the Great Australian
Bight lies along George V Coast of Antarctica fits th
data well.
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Several critical exposures in peninsular India and
the Salt Range, West Pakistan contribute to an un-
derstanding of the glacial geography there in Late
Carboniferous time. Ice and current transport was
generally parallel to the post-glacial graben structures
of the shield—Godavari Valley, Mahanadi and
Namada rifts—and from southeast to northwest. In
the Salt Range, the glacials were derived from an ice
center located in the Indus plain to the southeast.
Glacial effects are neither widespread nor intensive
here on the northern boundary of Gondwanaland and
adjacent to the Tethys Sea.
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Chemical Trends in the Dufek Intrusion,
Pensacola Mountains*
A. B. FORD and W. W. Boyl), JR.

U.S. Geological Survey
Menlo Park, California

Major and trace element concentrations in the lay-
ered cumulate rocks of the immense post-Permian
1)ufek intrusion (Ford and Boyd, 1968) vary more or
less systematically with stratigraphic position. The
trends of most elements generally parallel those of the
better known, highly differentiated mafic intrusions of
the stratiformn type elsewhere in the world. Conspic-
uous chemical and mineralogical differences exist,
however, between the Dufek and other stratiform
bodies, believed due largely to important differences
between parental basaltic maginas (Ford, in press).
Dufek chilled border rocks, where exposed, are highly
Fe-enriched and so probably do not represent parent
Iliagma, but rather a later, differentiated daughter.
Parental l)ufek imiagilia, inferred from contact facies
of little differentiated Mesozoic diabase and basalt
sills and dikes nearby, is believed to have been Si-rich
livpersthene tholeiite.

The chemically and mincralogically varied rocks
are believed to form a single comagmatic series. Two
distinct chemical trends, one inafic and the other
felsic (Ford, in press) , lead rather smoothly through
the main layered series into and through a 300-ni
thick granophvme cap (Figs. 1-2) . The smooth trends
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Figure 1. Dufek rocks and their chemical trends plotted on a tri-
angular "Alk-F-M" diagram. Triangles and dashed line show
averaged rocks and "felsic" trend for anorthosite and leucogab-
bro from interlayers in gabbro. Squares and solid line show
averaged rocks and "mafic" trend for gabbro of main layered
series. Arrows show direction of increasing stratigraphic height
(see Figure 2). "D-ch" marks Dufek chilled contact rocks. Lined
regions show fields of (1) leucocrotic dike rocks including aplite,
alaskite, and pegmatite; (2) granophyre from capping layer;
and (3) chill phases, "p". of Mesozoic dikes and sills elsewhere

in the Pensacola Mountains.
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Figure 2. Silica (a) and ratio of total iron/total iron plus magnesia
(b) plotted against stratigraphic height in the Dufek intrusion.
See report by Ford and Boyd (968) for terminology of major

stratigraphic subdivisions.
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