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Figure 1 (left). X 900. Scanning electron micrograph of Mesocena oamaruensis, one of the common silicoflagellates found in the Upper
Eocene Oamaru diatomite of South Island, New Zealand. The square basal ring and four radiating spines are made of hollow siliceous

rods with a highly sculptured surface. New Zealand Geological Survey fossil record number ARE 273 S136/1197.
Figure 2 (right). X 9,000. Scanning electron micrograph of one radiating spine of the Mesocena oamaruensis in fig. 1. This photo-
graph demonstrates, for the first time, that the previously enigmatic reticulations are ridges between conchoidal-like surface structures.
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Prior studies (Mandra, 1969; Mandra and Mandra,
1970) indicate that at least two regions of coastal Ant-
arctica had a temperate climate during a portion of
the Upper Eocene. In terms of present-day geography,
these regions correspond to the antarctic coastal area
directly south of the South Island of New Zealand
and to the Antarctic Peninsula. The studies were con-
tinued as the South Atlantic taxonomic and paleoecol-
ogic phase was brought nearer to completion.

In addition, silicoflagellates 2 were collected from
sclected horizons at 12 Oamaru diatomite localities of
South Island, N.Z. (figs. 1 and 2). The purpose of this
preliminary paper on Oarnaru material is to record
the faunules in terms of the ratios of Dictyocha and
Distephanus, which can be used to determine paleo-
temperatures and to record the general composition of
each faunule at the generic level. A number of test
slides were made from samples that have already been
chemically treated, and it can be reported that silico-
flagellate faunules from at least six Oamaru localities
appear to be different. These differences, at least in
part, seem to be due to paleoecology because, with the
exception of Rocella, the six faunules have the same

genera, but in different proportions. A preliminary
summary of the data obtained after scanning more
than 100,000 siliceous objects (whole specimens and
fragments) on these test slides is shown in tables 1
and 2.

To avoid false accuracy it seems preferable—until
all Oamaru studies are completed and until the preci-
sion of silicofiagellate paleotemperature indicators is
determined—to report that surface and near-surface
paleo temperatures for the diatomites at Williams
Bluff, Jackson's Paddock, Papakaio (Flume Gully),
and Bain's Farm were probably 20° to 25°C. Simi-
larly, for Allan's Farm and Troublesome Gully the
data indicate 15° to 20°C. We cannot yet explain the
dual nature of our results. However, Edwards (1968,
p. 76) also reported a two-fold conclusion for his stud-
ies of the Upper Eocene climate(s) of the Oamaru
diatomite. He presented evidence based upon Forami-
nifera that the climate was tropical to subtropical. He
also presented data based upon nannoplankton and
diatoms that the climate was tropical or subtropical to
either warm or cool temperate.

Our data are significant, for they can be used to
support the concept that at least two regions of coastal
Antarctica were temperate or warmer during at least
a portion of the Upper Eocene. The data also demon-
strate that silicofiagellates can indicate Cenozoic ma-
rine temperatures fairly accurately. Our results are the

' Mailing address: 8 Bucareli Drive, San Francisco, Cali-
fornia 94132.

2 Silicoflagellates are defined here as marine, planktonic
Mastigophora (Protozoa) with pseudopodia, a flagellum,
and a skeleton of hollow siliceous rods. These organisms
also contain color pigment organelles and therefore are
treated by some authorities as plants (Algae) and by others
as an animal-plant group (Protista).
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Table 1. Number of specimens of New Zealand Upper Eocene silicoflagellates in faunules from six Oamaru localities.

Locality
	 Genera	 Total

Dictyocha	Distephanus
	

Naviculopsis	Mesocena	Rocella

William's Bluff
Number of specimens	57	 61
Approximate percentage 40	 43

Jackson's Paddock
Number of specimens	13	 9
Approximate percentage 31	 22

Allan's Farm
Number of specimens	48	 66
Approximate percentage 21	 29

Troublesome Gully
Number of specimens	80	 114
Approximate percentage 23	 33

Papakaio (Flume Gully)
Number of specimens	99	 76
Approximate percentage 32	 25

Bain's Farm
Number of specimens	139	 100
Approximate percentage 18	 13

Table 2. Upper Eocene paleotemperatures for six Oamaru
localities based on the Dictyocha/Distephanus ratio meth-

odology (Mandra, 1969).

Temperature
(°C.)	Currently

Locality	Dictyoch a/	determined	suggested
Disteph anus	from graph	temperature

ratios	(Mandra, 1969)	range ('C.)

William's
Bluff	0.93	 21	 20-25

Jackson's
Paddock	1.45	 23	 20-25

Allan's
Farm	0.73	 18	 15-20

Troublesome
Gully	0.70	 17	 15-20

Papakaio
(Flume
Gully)	1.30	 22	 20-25

Bain's
Farm	1.40	 23	 20-25

same as those based upon seven other groups of fossils
and oxygen isotopes (Mandra and Mandra, 1970).
Therefore, when other fossils are not present and oxy-
gen isotope studies are not available, as is the case for
our South Atlantic deep-sea core, then temperatures
based on a study of silicofiagellates can be used with
some confidence (Mandra, 1969).

Comprehensive studies on the silicoflagellates of
the Oamaru diatomites are being continued by the au-
thors.

Support for this study is being provided by the Na-
tional Science Foundation under grant GV-25572. We
are grateful to Dr. A. L. Brigger, research associate of
the California Academy of Sciences, who supplied the
excellent slides and other data that are so essential in
our work, and to Mr. A. R. Edwards of the New Zea-
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land Geological Survey, who gave assistance both in
the field and in the survey laboratory.
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Climatic trends have been established previously for
subantarctic cores using well documented paleoeco-
logic indicators. The purpose of this study is to illus-
trate the potential use of silicofiagellates as paleoe-
cological tools in marine Pleistocene sediments. We
have examined changes in silicofiagellate and plank-
tonic foraminiferal assemblages in a subantarctic core
from the South Pacific (Eltanin core 33-22; depth
2,744 m; length 1,094 cm; 54°56'S. 120°W.). The
core consists of carbonate ooze throughout and is rich
in both calcareous and siliceous microfossils.

Kennett (1970) established three planktonic foram-
iniferal zones in subantarctic cores and distinguished
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