
be discussed in a paper that is in preparation). This
unique sample confirms some of the author's earlier ob-
servations on the role of submarine volcanism (Nayudu,
1972). This investigation is supported by National Sci-
ence Foundation grants GV-26368 and Gv-39225.
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Temperature fluctuations during the
Late Eocene in southern ocean waters

near South Island, New Zealand
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Our study of fossil silicoflagellates 1 indicates that
during a relatively short interval of time in the Late
Eocene there was at least one pronounced change in sur-
face and near-surface southern ocean water temperatures
on the east side of South Island, New Zealand.

Two recent papers (Mandra and Mandra, 1971;
Mandra et al., 1973) recorded preliminary data on the
paleotemperatures and the taxonomic composition of
fossil silicoflagellate faunules from Upper Eocene dia-
tomaceous rocks of the Oamaru region, South Island,
New Zealand. This paper is a continuation of those
studies, presenting data obtained from 10 samples—ap-
proximately equally spaced—from the 70-foot-thick

* 8 Bucareli Drive, San Francisco, California 94132
1 Silicoflagellates are defined here as marine planktonic Masti.
gophora (protozoa) with pseudopodia, a flagellum, and a
skeleton of hollow siliceous rods. These organisms also con-
tain color pigment organelles and therefore are treated by
some authorities as plants (algae) and by others as an animal-
plant group (protista).

Flume Gully section. In some prior papers this section
has been referred to as: North Papakaio; South Papakaio;
Papakaio; Borne's; Hurst's,

After all of the non-silicates chemically were re-
moved from our samples, the materials were divided into
fractions based upon size. The fraction used in this
report is the material that passed through the 250 mesh
screen but did not pass through the 400 mesh screen. A
minimum of 4 strewn slides per horizon were made
and counts were recorded for the first 100 specimens of
silicoflagellates per slide. Hence our study was designed
to have a minimum of 400 specimens per horizon. At a
few horizons silicoflagellates were so rare that all speci-
mens on the slides had to be counted. In some cases
more than four slides had to be made. No more than
10 slides per horizon were made, however, even if the
count had not yet reached 400.

The model by which these microfossils can be used
to estimate paleotemperatures was first described and
used in a study of fossil silicoflagellates from California
(Mandra, 1958). This model also was used in studies
on antarctic Tertiary climates, by Mandra (1969, 1971,
1972); by Jendrejewski and Zarillo (1971); by Ciesiel-

Figure 1. Scanning electron micrograph of the silicoflagellate
Dictyocha (enlarged xl,200). The central apical bridge has a
reticulation pattern with many more multidirectional, intersecting,
low relief, surface ridges per equal area than the surface area
of the apical ring of fig. 2. The triangular basal ring, at its
inside diameter, has a pattern of essentially parallel, low relief,
surface ridges that appear as lines. There are three unusually
large abapical spines, one at each of the areas where the cen-

tral apical bridge is attached to the basal ring.
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Late Eocene paleotemperatures for 10 horizons in the Flume Gully section,
based on the Dictyocha/Distephanus ratio method.

Field sample	 Number of	Number of
numbers	 Dictyochi	Distephanus

specimens	 ratios

7top	 12	 6
7 bottom	 67	 89
6	 39	 41
5/8	 69	 157
5/10	 184	 112
5/12	 210	 83
4	 61	 38
3	 278	 187
2	 211	 186
1	 162	 230

* Mandra, 1958, 1969.

ski (personal communication, June 1973). In recent
Deep Sea Drilling Project reports, Martini, Bukry, and
Bukry and Foster also used this model to study equa-
torial Tertiary paleoenvironments and other Cenozoic
environments.

Data recorded in the table summarize the counts of
seven species and sub-species of Dictyocha (fig. 1), and
three species and sub-species of Distephanzes (fig. 2).
The total number of specimens of the 2 genera in
these counts constitutes about 60 percent of 4000 speci-

David Pierce
Figure 2. Scanning electron micrograph of the silicoflagellate
Dlstephanus (enlarged x1,800), tilted V. The central, smaller,
raised, apical ring has, at its inside diameter, a pattern of
essentially parallel, low relief, surface ridges that appear as
lines. At the top of this ring and at its outer diameter there
is a reticulation pattern made up of multidirectional, intersecting,
low-relief, surface ridges. The larger, six-sided, basal ring with
its six radial spines has a pattern similar to that of the inside
diameter of the apical ring. Each of the six radial spines is

bosselated.

Diciyocha/	Approximate	 Currently
Distephanus	temperatures	 suggested

ratios	 (°C.) determined	temperature
from graph*	 range (°C.)

2.00	 25	 23-27
075	 18	 16-20
0.95	 22	 20-24
0.44	 13	 11-15
1.64	 25	 23-27
2.53	 26	 24-28
1.61	 25	 23-27
1.49	 24	 22-26
1.13	 23	 21.25
0.70	 17	 15-19

mens recorded in 10 horizons of the Flume Gully sec-
tion.

The ratios in the table indicate that during the Late
Eocene there was at least one interval when the tropical
marine waters of the southern ocean in this area cooled
to a temperate temperature. This drop in temperature
is recorded approximately two-thirds of the way up the
section. At the top of the section the evidence indicates
that the Late Eocene waters again were tropical. Just
below the top of the section there appears to be a
second drop in temperature, not as pronounced as the
first (fig. 3). Because this method's degree of accuracy
has not yet been clearly established, future work may
or may not support this second drop in temperature.
To avoid false accuracy, the results are expressed in
terms of temperature ranges for the surface and near-
surface waters near this area of deposition. Notwith-
standing the fact that false accuracy should be avoided,
we believe it appropriate to point out the remarkable
consistency of the following data reported by Horni-
brook (1968), Jenkins (1968), Beu and Maxwell
(1968), our 1971 study using a different sample (one
not used in this report), and the data of this report.
Reference to these data are included for two reasons:
(1) to demonstrate that paleotemperature data can be
duplicated with remarkable consistency if based upon
the correct use of the Dictyocha/Distephanus ratio model
and correct laboratory techniques; and (2) to demon-
strate that these remarkably consistent data again are
supported by independent collateral evidence obtained
by different workers using different groups of fossils
and different methods. Support for this study was pro-
vided in part by National Science Foundation grant
GV-25572. This is contribution 49, Biogeology Clean
Lab, University of California, Santa Barbara. Facilities
were provided incidental to National Science Founda-
tion grant GB-23809 and National Aeronautics and Space
Administration grant NGR-05-016-035, to Preston Cloud.
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Fig. 3 TEMPERATURE FLUCTUATIONS RECORDED
IN THE FLUME GULLY SECTION.

top
7

bottom

6

5/8
(I)

ui 5/10
CD

Z 5/12
uJ
Q'

'a

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
PAL EOTEMPERATURES

David Crouch
Figure 3.
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Late Pleistocene water mass fluctuations
in the southern Indian Ocean

DOUGLAS F. WILLIAMS

Graduate School of Oceanography
University of Rhode Island

The planktonic foraminiferal assembleges of nine pis-
ton cores obtained on Cruise 48 of the USNS Eltanin, in
the southern Indian Ocean (fig. 1), were analyzed to
determine water mass fluctuations during the last 500,-
000 years. The cores contain well preserved planktonic
Foraminifera and are from more northern, warmer, high
latitude regions than previously examined by other work-
ers. Two cores (48-28 and 48-27) are close to the
volcanic sources on Amsterdam and St. Paul Islands
and contain coarse volcanic ash derived during late
Pleistocene eruptions on these islands (Gunn et al.,
1971).

The southern group of cores (48-28, 48-27, 48-23,
48-22, and 48-03) can be correlated with the northern-
most subantarctic core of Kennett (1970) in the South
Pacific (E20-18), using coiling trends in Globigerina
pachyderma populations (fig. 2). The southern-most
core in this study (48-03) contains five to six major
warm episodes. These can be correlated with the
Brunhes paleoclimatic fluctuations in the subantarctic
South Pacific (Kennett, 1970), based on the upward
disappearance of Globorotalia crassaformis in both re-
gions at approximately 300,000 years before present.
This planktonic foraminiferal zonation of subantarctic

Figure 1. Location of the Eltanin piston cores used in this study.
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