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Figure 1. Polarstar Formation (Whiteout Nunatak) trace fossils.
Top: Acetate peel No. 35 (locality 5-14), transmitted light, X 15.
Taken 9.4 mm below top of slob. Note matted pattern and trifid
ends of fibrous elements. Bottom: Surface of rock slob (S-14), acid-
etched and ready for next acetate peel (No. 36, X 2.6). The intri-
cate pattern in the upper left sector is a continuation of that seen

in the top photograph.

David Elliot's collections from Mauger Nunatak
(Tasch, 1968b) contain, along with lioestherid con-
chostracans, some small specimens of the concho-
stracan genus Paleolimnadia. Since this genus was first
described from some Triassic estheriids from New
South Wales, the further significance of this find to
continental drift theory is being studied.
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Fossiliferous Boulder of Early Tertiary
Age from Ross Island, Antarctica

LEO G. HERTLEIN

California Academy of Sciences

During the summer of 1968-1969, Robert C.
Wood, of Johns Hopkins University, collected a
boulder, almost certainly a glacial erratic, in the vi-
cinity of Cape Crozier, Ross Island. This boulder.
approximately 25 cm long, 20 cm wide, and 7.5 cm
thick, is a hard gravwacke containing a la yer of fossil
mollusks. Mr. Wood, with admirable foresight.
shipped the boulder to the National Science Founda -
tion, and from there it was sent to me with a request
for information concerning age assignment and condi-
tion of deposition on the basis of the fossils and sedi-
mentary matrix.

The individual fossils are oriented in various direc-
tions within the single layer, from which it may he
inferred that the assemblage of empty shells lay in a
mass upon the bottom before becoming embedded
in sediment. The top of the fossil layer is eroded and
most of the fossils are iniperfectiv preserved, but por-
tions of the marginal outline and ornamentation can
he observed on individual specimens. The hard matrix
snakes the extraction of individual fossils difficult.
Those extracted do not exceed 20 rinsi in length. but
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Struthiolarella cf. S. variabilis Wilckens. a. Dorsal view showing
axial sculpture on penultimate whorl; height of specimen, 16 mm.
b. View showing posterior notch; height, 16.8 mm. c. View show-
ing a spire; height, 18.5 mm. d. Apertural view showing callus
on parietal wall; height, 18.6 mm. e. View showing spiral sculpture

on body whorl; height, 17.8 mm.

there are others in the matrix which are somewhat
larger.

Most of the fossils apparently belong to the same
genus and probably to the same species. The shell
characters of the fossils in the block, as well as of
those extracted from the matrix, are referable to the

truthio1ariidae, a family of marine Gastropoda re
ported to range from late Cretaceous to Recent. The
specimens bear a strong resemblance to a species o
Tertiary age from Seymour Island, off the eastern
coast of the Antarctic Peninsula, described by
Wilckens (1911) as Struthiolarella variabilis. A com-
parison of the fossils with this and other species as-
signed to Struthiolaria or its subgenera (or related
genera in this family), described from strata of late
Cretaceous or Tertiary age in New Zealand, Pata-
gonia, and Chile, reveals similarity with species of early
Tertiary (Eocene and Oligocene) age.

Some of the specimens in the present collection
were examined by Dr. C. A. Fleming and Dr. John
Marwick, New Zealand Geological Survey. Fleming
(written communication dated June 9, 1969) believes
that these "agree better with Magellanian (?Eocene)
than Patagonian (?Miocene) species." I agree com-
pletely with this appraisal of the relationship and age.

This age assignment is in general accordance with
that of microfossils from erratics from Minna Bluff
and Black Island, McMurdo Sound, which are be-
lieved to be probably of Eocene age (see Cranwell et
al., 1960; McIntyre and Wilson, 1966; Wilson, 1967).

Recent miiembers of the Struthiolariidac now live in
the cold waters of New Zealand, southeastern Aus-
tralia, South Georgia, and Kerguelen Islands. How-
ever, some of the extinct genera and species in this
family evidently lived under more temperate condi-
tions. Depth records reported for this family in the
literature indicate comparatively shallow water, 5 to
218 in (3 to 120 fathoms).

The fossil specimens, here identified as Strut hiola-
re/la' cf. S. rariabilis Wilckens, were found above sea
level on the eastern tip of Ross Island, an active vol-
canic pile in the western Ross Sea made UI) of three
major basaltic cones, with numerous small parasitic
cones. Craddock and Splettstoesser (personal commnu-
nication, John Splettstoesser to M. D. Turner, 1969),
in a reconnaissance survey of the area February 1961,
found numerous boulders of mixed provenance scat-
tered in areas over both the flat and rolling topog-
raphy at Cape Crozier. These are not related to the
underlying volcanics, but are similar, in part, to rocks
south and west of the Transantarctic Mountains, rein-

Struthiolarella Steinrnann and Wilckens, 1908, was rele-
gated to the synoflyrny of Perissodonta Von Martens, 1878,
by Marwick, 1960.
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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.
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Late Paleozoic
Glacial Geography of Gondwanaland

LAWRENCE A. FRAKES

Department of Geology
University of California, Los Angeles

and

JOHN C. CROWELL

Department of Geology
University of California, Santa Barbara

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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