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A recent petrological study (Geitzenauer et al.,

1968) presented evidence in support of antarctic
Eocene glaciation, based on examination of an Eltanin deep-sea core collected at 57°46.2'S. 90°47.6'W.
In another deep-sea core from a site 42° further east
(51 0 41'S. 48 0 29'W.), evidence was found that supports the idea of antarctic Eocene warm climate. This
report presents data and interpretations, based upon a
study of fossil silicoflagellates,2 suggesting that at
least one part of Eocene Antarctica had a warm climate.
The presence of the silicoflagellate, genus Naviculopsis, indicates that the age of the sample is Eocene
(probably Late Eocene). In an independent study of
the sessil benthonic diatoms in our sample, Dr. G
Dallas Hanna3 also determined that the age of the
sample is Eocene.
No prior report of fossil silicoflagellates from Antarctica is available for comparison. There are earlier
studies of living silicoflagellates in waters off the
coast of Antarctica (e.g., Gemeinhardt, 1931) ; however, these studies contain data that are at best distantly peripheral to Tertiary climates.
In this investigation, the ratio of two genera of
silicoflagellates, Dictyocha/Distephanus, 4 was used
to determine the Eocene ocean temperature. The relationship between the ratios of the two genera and
temperatures is shown in the graph. Of 540 fossil
silicoflagellates of this faunule mounted on glass
slides, 150 were specimens of Dictyocha distributed in
11 species, and 16 were specimens of Distephanus
distributed in 2 species. These data (150/16), when
applied to the graph, indicate that in the immediate
area of deposition, near-surface ocean waters were
slightly warmer than 25°C. at the time of deposition.
A detailed description of this ratio method was given
in a prior paper (Mandra and Hanna, 1969), and a
procedure for statistical utilization of silicoflagellates
has been presented earlier (Mandra, 1968).
Further study is needed to evaluate the degree of
' Mailing address: 8 Bucareli Drive, San Francisco, Cali-

fornia 94132.
Silicoflagellates are defined here as planktonic Protozoa
with a flagellum, yellow or greenish-brown chromatophores, and a skeleton of hollow siliceous rods.
'Personal communication, May 1969.
'Regarded by some workers as a synonym of Dictyocha.
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accuracy of this conclusion; hence, no claim of precision is intended for the statement, "slightly warmer
than 25°C." However, prior experience (Mandra,
1968) has demonstrated that this method is qualitatively correct. For these reasons, the term "tropical" is
preferred to "slightly warmer than 25°C." in this
report.
Seven papers presented at the Symposium on Tertiary Climate of New Zealand (Victoria University of
Wellington, August 1967) contained data supporting
our idea of Upper Eocene tropical climate at midsouthern latitudes. For the sake of brevity, reference
will be made to only three of the seven.
Hornibrook (1968, p. 13) presents a graph which
indicates that, during the Upper Eocene, maximum
temperatures were slightly above 25°C. for the latitude of Wellington, New Zealand. Similarly, Jenkins
(1968, p. 35) presents data to indicate maximum
temperatures of about 28°C. These studies of planktonic and benthonic Foraminifera were substantiated
by a study based upon Mollusca by Beu and Maxwell
(1968, p. 72), pointing to temperatures in excess of
25°C. for South Island, New Zealand in the Upper
Eocene.
The locality in the South Atlantic Ocean is close to
the present Antarctic Convergence. The sample came
from the interval 325-330 cm below the top of a core
taken in waters 2,429 m deep. These data are important because the sample contains a tropical Eocene
faunule and it is only 13° of latitude north of Graham
Land, Antarctic Peninsula.
If the geographic relationship between the locality
of our tropical sample and the Antarctic Continent
were essentially the same in Eocene time as it is now
(paleomagnetic studies by Blundell, 1962, support this
assumption), then it is possible to envision at least a
warm-temperate or warmer climate for the most
northerly, low, coastal areas of Antarctica which are
directly south of our sample site.
The climatic conclusion stated here seems to be
warranted by the limited relevant post-depositional
movement of our sample. Dr. Hanna 3 has demonstrated that the sample contains sessil benthonic diatoms that lived in waters less than 200 m deep. Since
our material was collected in waters about 2,500 m
deep, it has received considerable vertical movement.
But down-dropping without a corresponding change
in latitude does not weaken the data in this report.
Sea-floor spreading in the Atlantic must also be
considered. Most of these movements, however, are
essentially east-west or west-east with relatively little
shift in latitude. Hence, there should not be much
difference in the pre-drift position near-surface temperatures and post-drift position near-surface temperatures.
All slides of silicoflagellates used in this study will
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Temperature/population ratio. The graph is based on studies of present-day ratios of Dictyocha and Dstephanus found in waters of
different temperatures. Independent collateral evidence, in the California Tertiary, tends to confirm the validity of the relationship
shown. The graph is used as follows: the number of specimens of Dictyocha and Distephanus are expressed as a fraction which
indicates temperature. Example I: 150 Dictyocha/75 Distephanus = 2.00 = 25°C. Example II: 80 Dictyocha/160 D.stephanus = 0.50
= 15°C.

D;ctyocha. X 1900. Eocene silicoflagellate with four-blade, propeller-like structure. Scanning electron photograph made by Jeolco,
Burlingame, California, and the California Academy of Sciences.

September—October 1969

Distephanus. X 1500. Eocene silicofla gel late with one "window"
surrounded by five other "windows." Scanning electron photograph
made by Jeolco, Burlingame, California, and the California Academy of Sciences.
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Naviculopsis. X 1500. Eocene silicoflagellate with one long spine on
its central bridge. Scanning electron photograph made by Jeolco,
Burlingame, California, and the California Academy of Sciences.

be deposited in the Department of Geology Type Collection of the California Academy of Sciences. A
paper describing the fauna of silicoflagellates in this
sample is in preparation.
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Eltanin deep-sea cores from the southern oceans
have been evaluated throughout their length with respect to the mineralogy of the sand and clay-size material. In addition, the surface features of the quartz
grains and other selected minerals have been examined optically and by electron microscope for evidence of glacial transport, environmental marks,
and/or diagenetic alterations.
Krinsley and Newman (1965) suggested that the
surface features of quartz grains are of value in recognizing sediments of glacial origin. Krinsley and Takahashi (1962a, b), Krinsley and Donahue (1968), and
Krinsley and Margolis (1969) have postulated that
grain surface features are not only diagnostic of a
glacial origin of sediments, but of other environmental origins as well. The majority of this work has
been accomplished utilizing the electron transmission
scope, and currently the Scanning Electron Microscope (SEM). Recently, an optical technique employing interference microscopy (Warnke and Gram,
1968, in press) for examining grain surface replicas
has been investigated.
An even simpler optical technique has now been
developed for direct examination of grain surfaces
using reflected dark-field illumination with the Leitz
Ortholux Ultropak system. This method has been
compared with electron microscopy with favorable results. The latest optical method has the advantage of
enabling rapid evaluation of many grains without the
necessity of plating or replica-making. A depth of
field problem exists with the optical methods, particularly at higher magnifications, and some of the more
minute features may, therefore, go unobserved. However, the speed of the optical techniques permits a
large number of observations to be made and, therefore, increases the statistical reliability. This advantage compensates for the depth of field problem to a
large degree. During the present study, no features of
significance were observed electronically that were not
visible using optical methods.
In an effort to more fully establish the accuracy of
the surface-feature environmental criteria established
by the aforementioned workers, and to validate the
optical technique developed by the present author,
quartz grains from numerous environments were examined. These grains were obtained from icebergs off
the Antarctic Peninsula; Alaskan glaciers and their
outwash plains (Slatt and Hoskin, 1968) ; Florida,
California, and New York beaches; and Florida, CaliANTARCTIC JOURNAL

