
and so pinpoint more closely possible sources for the
reworked material.

From the Weddell Sea, nine samples have been
examined palyno logically. The microfossils recovered
fall into three age groups—Permian, Early Cre-
taceous, and Late Cretaceous-Early Tertiary. The
Permian forms are chiefly bisaccate striatitid types,
but include specimens of Duihuntyispora. The latter
is an important guide sporomorph for Upper Permian
strata in Australia, but has hitherto been unrecorded
outside that continent. The record of Early Cre-
taceous spores is the first for Antarctica. Species
characteristic of this group include Pilosisporites
notensis, Crybelosporites striatus, Trilobosporites pur-
verulentus, Cyatheaecidites tectif era, and Aequitrira-
dites cf. spinulosus. The overlapping stratigraphic
ranges of these species, which occur in Australia
(Dettmann, 1963) and Argentina (Archangeisky and
Gamerro, 1965), among other localities, suggest
derivation from strata of approximately Aptian-
Albian age. A source near the northern end of the
Antarctic Peninsula is possible (Halpern, 1965).
The Late Cretaceous-Early Tertiary assemblage con-
tains spores, pollen, and microplankton and resembles
that broadly discussed by Cranwell (1969) from Sey-
mour and Snow Hill Islands.

The third locality from which remanié palyno-
morphs have been recovered is that near Prydz Bay,
East Antarctica, slightly west of the West Ice Shelf
(Kemp, in press a). Here, Permian forms, probably
deriving from Amery Group strata (Balme and Play-
ford, 1967; Kemp, in press b) are present but are un-
expectedly rare. Early Cretaceous forms (all non-
marine) occur, but the most abundantly represented
group includes pollens that are zonal indices for the
Paleocene to Middle Eocene in Australia and New
Zealand (Harris, 1971; Couper, 1960). Dinoflagel-
lates are common, and all of those identified are
known from Eocene strata (Wilson, 1967; Archangel-
sky, 1968, 1969).

The presence of Eocene pollens in East Antarctica,
including a high frequency of proteaceous types, sug-
gests plant cover of at least temperate aspect in the
vicinity during that period. These data, combined
with those previously obtained from West Antartica,
indicate that forest cover was widespread, at least in
coastal regions, during the Eocene, a condition that
seems incompatible with extensive ice-sheet develop-
ment. It is also of interest to note that, in the palyno-
logical record of Antarctica, there are as yet no
identifications of forms that elsewhere make a first
appearance in post-Eocene times. It is, however,
premature to interpret this absence as being due to
climatic conditions too severe for forest growth as
far back as the Oligocene.
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Plate tectonics, paleomagnetism,
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and Upper Eocene silicoflagellates
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Fossils that can be used to indicate paleotempera-
tures can make contributions to plate tectonics and
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paleomagnetics by supporting or questioning the
positions of proposed paleolatitudes.

This article is a brief report of the application of
the silicoflagellate ratio method to determine paleo-
temperatures (Mandra, 1958, 1959, 1969; Mandra
and Mandra, 1969, 1971) as it relates to one set of
proposed paleolatitudes in a large picture of plate
tectonics and paleomagnetism as suggested by Phil-
lips and Forsyth (1972).

It was our original intent in this study to present
data based upon Upper Eocene silicofiagellates sup-
porting their paleolatitude positions. However, be-
cause of the geographic distribution of our fossils, it
soon became apparent that our current data based
upon Upper Eocene silicofiagellate assemblages
would neither strongly confirm nor question their
paleolatitudes.

Ideally, to test the validity of proposed paleolati-
tude positions, fossil evidence of the specified geo-
logical time unit should come from at least three
different localities for each paleolatitude to be
tested: (1) along the specified paleolatitude, (2)
between the specified paleolatitude and the specified
paleoequator, and (3) between the specified paleo-
latitude and the specified paleopole (north or south).
Furthermore, for each of these three localities the
paleotemperature data based upon fossils should be
consistent with their relative positions, their paleo-

latitudes, and the specified paleogeography. For
example, for a given geological time unit, a fossil
assemblage sufficiently between a nontropical locality
and the paleoequator should be a warmer fauna
than the nontropical fauna. Similarly for a given
geological time unit, a fossil assemblage sufficiently
between a nonarctic locality and the paleopole (north
or south) should be a cooler fauna than the non-
arctic fauna. In this study all four Upper Eocene
silicoflagel late faunas are essentially at only two
paleolatitudes: one in the Northern Hemisphere and
one in the Southern Hemisphere. We say "essen-
tially" because our three Southern Hemisphere sam-
ples, while at different latitudes, are not sufficiently
separated by latitude to yield a difference in paleo-
temperatures.

Since our current data from the study of Upper
Eocene silicofiagellates cannot clearly support or
question the Upper Eocene paleolatitudes as pro-
posed by Phillips and Forsyth (1972), we have as-
sumed that their paleolatitude positions are correct.
To their positions we have added paleotemperature
data determined by the study of Upper Eocene
silicoflagellates from our four localities, in an attempt
to obtain a tentative estimate in regard to the
broader aspects of the Upper Eocene climate.

The silicoflagellates used in this report are from
four Upper Eocene localities:

Figure 1. Early in the Tertiary.	 Figure 2. Near top of the Upper Eocene.

Reconstruction of the positions of paleolatitudes and continents around the Atlantic Ocean by Phillips and Forsyth based on pal-
eomagnetic and plate tectonics data. The figures show that the paleolotitude positions have not moved great distances during the
Upper Eocene. For example, note the positions of 6005. latitude in South America. Figures are redrawn from Phillips and Forsyth

(1972), p. 1584, figs. 1 E and 1 F. Silicofiagellates were collected at localities marked +.
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1. A South Atlantic deep-sea core at approxi-
mately 51° S. 48° W.

2. Another South Atlantic deep-sea core at ap-
proximately 51° S. 48° W.

3. Outcrops of the Sidney Flat shale and Kellog
shale in the Mount Diablo area of central California
at approximately 37° N. 121° W.

4. Numerous outcrops of the Oamaru diatomite,
South Island, New Zealand, at 45° S. 171° E.

We have reported on the silicoflagellates from
each of these localities in prior papers. Three of the
localities are shown in figs. 1 and 2. The New Zea-
land locality cannot be shown on these figures.

All four Upper Eocene localities, on the basis
of the silicoflagel late Dictyocha/Distephanus ratio
method, clearly indicate tropical climate. Since three
of the tropical localities are approximately on the
60° latitude position of Phillips and Forsyth (1972),
it follows that during the Upper Eocene the Southern
Hemisphere tropical zone probably extended to at
least the 60° S. latitude and was bounded on the
north by its paleoequator. Specifically, figs. 1 and
2 indicate that during the Upper Eocene all of South
America and Africa were tropical. Similarly in the
Northern Hemisphere during the Upper Eocene at
least most of the west coast of the United States, all
of the east coast of North America, and most of
Europe were tropical.

We offer no explanation for this apparent wide-
spread tropical zone during the Upper Eocene—if in
fact it was so widespread. Further studies are needed
to test and correct this tentative conclusion of wide-
spread tropics during the Upper Eocene.

The figures were made by Mr. David Crouch. This
study was supported in part by National Science
Foundation grant GV-25572 and the California
Academy of Sciences.
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Biostratigraphic and paleomagnetic
studies of Eltanin samples, 1971-1972

ORVILLE L. BANDY
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Duplicate core samples and sample splits under
study include mostly those from Eltanin Cruises 39,
45, and 47 (map, p. 194). Biostratigraphic and paleo-
magnetic studies are under way on these cores. There
are indications of an extensive area of exposed
Pliocene-Pleistocene sediments along the profile of
Cruise 45 along the flanks of the Southeast Indian
Rise as well as in the area covered by Cruise 39.

In terms of new discoveries in planktonic bio-
stratigraphy, polar front planktonic indices include
the important form Globigerina bulloides concinna
Reuss together with the appearance of the antarctic
variant of Globorotalia pachyderma (Ehrenberg) ; in
addition, these antarctic indices define cold cycles of
the Pleistocene in the northern Pacific. The origin
and development of G. pachyderma as an index in
paleoceanography has been documented (Bandy,
1972). Globorotalia truncatulinoides has been found
to appear within the Gauss Magnetic Epoch in high
latitudes in contrast to its appearance near the base
of the Gilsa event in midlatitudes (Theyer, 1972).

A history of foraminiferal research was completed
for the Indian Ocean, including the southernmost
sector (Bandy, Lindenberg, and Vincent, 1972).

In work under way (Bandy, Casey, and Theyer),
planktonic foraminiferal and radiolarian lineages of
the Gilbert and lower Gauss include many of those
of significance in upper Miocene studies. Globoro-
talia miozea miozea has an extinction level near Gil-
bert (b) whereas G. miozea conoidea disappears in
the Gauss in high latitudes; the upper limit of the
latter is within the upper Gilbert in more tropical
areas marking a cool cycle there. The base of the
radiolarian Spongaster pentas Zone appears to be
between Gilbert (c) and Gilbert (a).

This is Contribution No. 295, Department of Geo-
logical Sciences, University of Southern California.

References

Bandy, 0. L. 1972. Origin and development of Globorotalia
(Turborotalia) pachyderma (Ehrenberg). Micropaleont-
ology, 18(3).

Bandy, 0. L., H. G. Lindenberg, and E. Vincent. 1972.
History of research, Indian Ocean Foraminifera. Journal
of the Marine Biological Association of India (April).

Theyer, F. 1972. Globorotalia truncatulinoides datum plane:
evidence for an early Pliocene age in subantarctic deep-sea
cores. Geological Society of America. Programs with Ab-
stracts, 4: 247-248.

September-October 1972	 193




