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While continuing investigations into southern ocean
Neogene and Oligocene paleoclimatology, a review
was made of the silicoflagellate paleotemperature
methods of Martini and Mandra for the purpose of
evaluating their potential applicability to studies of
southern ocean sediments. These methods relate surface water temperatures to the ratio of Diet yocha
fibula to Distephanus speculum (Martini, 1971) and
to the ratio of Diet yocha to Distephanus spp.
(Mandra, 1969).
In the present study, both the Mandra and Martini
techniques for paleotemperature determinations were
tested on two paleornagnetically dated Eltanin piston
cores, E50-28 and E38-8. Application of the Martini method resulted in entirely unreasonable temperature range fluctuations of 00 to 25°C. throughout
sediment intervals representative of only a few thousand years. Climatic fluctuations delineated in these
cores by the Mandra paleotemperature method are
considered more accurate (Ciesielski and Weaver,
1973; Weaver and Ciesielski, 1973); however, anomalously high paleotemperatures (in excess of 20°C.)
also were attained. Excessively high paleotemperatures
delineated in both of these early and middle Pliocene
antarctic cores are considered inconsistent with conti-

nental paleoclimatic evidence in South America and
Antarctica.
Due to the apparent inapplicability of these techniques to southern ocean paleotemperature studies, a
technique was devised to more accurately determine
silicoflagellate paleotemperatures. This technique involves the determination of Dictyocha/Distephanus
ratios in Recent surface sediments, and the correlation
of these ratios with the mean annual surface temperatures of the overlying water mass. The area selected
to test the usefulness of this method in high latitudes,
against the established methods developed at low and
middle latitudes, is between Australia and Wilkes
Land, Antarctica. It is located between 36° and 63°S.
and in close proximity to the middle and early
Pliocene cores previously studied.
Fifty phleger and trigger core surface sediment
samples (fig. 1), from close latitudinal intervals (10
to 20), were studied, Dictyocha/Distephanus ratios
within the surface sediment were plotted against the
overlying mean annual surface water isotherms (from
Gordon and Goldberg, 1970) and a best fit curve constructed from the 50 plotted points (fig. 2).
Examinations of the Dictyocha/Distephanus ratios
of the southern ocean surface sediments reveal that
major changes occur in sediments immediately across
major oceanographic boundaries, thereby verifying
their generic sensitivity to temperature change (the
temperature change across the Antarctic Convergence
Zone is approximately 3° to 4°C.). Dictyocha/Distephanus ratios 1 consistently are found in the
surface sediments north of the Antarctic Convergence,
where mean annual surface water isotherms are
7°C.; however, ratios <.50 generally are present

Figure 1. Location map of
Eltanin trigger (triangles) and
phieger (circles) cores utilized
in determining surface sediment Dictyocha/Distephanus
ratios. Examination of diatom
zones and available paleomagnetic information (Watkins, unpublished data) allowed selection of only Recent
core sediments.
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SILICOFLAGELLTE PALEOTEMPERATURE CURVE
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Figure 2. Southern , ocean
silicofiagellate paleotimperature curve. To form the curve,
D;ctyocha/Distephanus ratios
were plotted against the
overlying mean annual surface water isotherms and a
best fit curve was constructed
from the plotted points.

SURFACE SEDIMENT DICTYOCHA/ DISTEPHANUS RATIO

in surface sediments south of the Antarctic Convergence, where mean annual surface water isotherms
are 4°C.
The maximum and minimum temperatures of the
paleotemperature curve are determined at latitudes
where Dictyocha and Distephanus become absent or
nearly absent for the first time. South of 55° to 56°S.
Dictyocha generally is absent from surface sediments,
and north of 39 0 to 40 0 S. Distephanus occurs in
diminutive quantities. Mean annual surface water
isotherms are -' 1° to 2°C. at 56'S. and 13°C. at
39 0 S• the constructed paleotemperature curve therefore has a temperature resolvability range from 1° or
2°C. to 13°C. Fig. 2 shows the paleotemperature
curve to slightly more than 10°C.; beyond 10°C. the
curve flattens considerably toward its peak at -13°C.,
where Dictyocha/Distephanus ratios are generally
from 10/1 to 35/1.
Silicoflagellate paleotemperature techniques are dependent upon the ecology of living silicoflagellates
species. Use of the technique on assemblages other
than Recent is based on the assumption that the ecological response of the organisms has been similar
through past geologic periods. The older the geologic
age of the sediment, the smaller the percentage of
living genera and species with known ecologic parameters. In the southern ocean only Plio- Pleistocene
sediments contain a significant number of taxa with
living counterparts that have known temperature
tolerances. It therefore seems desirable to limit the
use of this or any other silicoflagellate paleotemperature curve only to Plio-Pleistocene sediments. All
older sediments contain a large number of taxa that
are extinct or lack living counterparts with known
temperature tolerances.
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Paleotemperature derivations based on this methodology may not be precise. But a specific temperature
range based on the presented temperature curve has
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nition (Weaver and Ciesielski, 1974; Ciesielski, in
press; Ciesielski and Weaver, in press). This technique is in the early stages of development; further
statistical refinement, in progress, should improve its
reliability.
This research partially was supported by National
Science Foundation grant Gv-42650. Unpublished
paleomagnetic data for core E50-28 was furnished by
Dr. Norman Watkins, University of Rhode Island.
References
Ciesielski, P. F. In press. Biostratigraphy and paleoecology
of Neogene and Oligocene silicoflagellates from cores recovered during antarctic leg 28, Deep Sea Drilling Project. In: Initial Reports of the Deep Sea Drilling Project
(Hayes, D. E., et al.), 28. Washington, D.C., U.S. Government Printing Office.
Ciesielski, P. F., and F. M. Weaver. 1973. Southern ocean
Pliocene paleotemperatures based on silicoflagellates from
deep sea cores. Antarctic Journal of the U.S., VIII(5)
295-297.
Ciesielski, P. F., and F. M. Weaver. In press. Early Pliocene
paleotemperature changes in antarctic seas. Geology.
Gordon, A. L., and R. D. Goldberg. 1970. Circumpolar characteristics of antarctic waters. Antarctic Map Folio Series,
13: 2.
Mandra, Y. T. 1969. Silicoflagellates: a new tool for the
study of antarctic Tertiary climates. Antarctic Journal of
the U.S., IV(5): 172-174.
Martini, E. 1971. Neogene silicoflagellates from the equatorial Pacific. In: Initial Reports of the Deep Sea Drilling
Project (Winterer, E. L., et al.), 7: 1695-1708. Washington, D.C., U.S. Government Printing Office.
Weaver, F. M., and P. F. Ciesielski. 1973. Pliocene paleoclimatic history recorded in antarctic deep sea cores. Geological Society of America, Abstracts with Programs: 856857.

ANTARCTIC JOURNAL

