
The micronodules either precipitate rapidly at some
later time and at some depth in the sediment, re-
flecting the extent of the pore water uranium-234/
uranium-238 activity ratio increase, or form at a
slow, more constant rate, also reflecting the uranium-
234 accumulation, but possibly to a lesser degree.

Additional work is in progress to develop a sediment
dating technique from the model described here.

References

Chester, R., and M. J . Hughes. 1967. A chemical technique
for the separation of ferro-manganese minerals, carbonate
minerals, and absorbed trace elements from pelagic sedi-
ments. Chemical Geology, 2: 249-262.

Kigoshi, Kunihiko. 1971. Alpha-recoil thorium-234: dissolu-
tion into water and uranium-234/uranium-238 disequilib-
rium in nature. Science, 173: p. 47-48.

Ku, T. L. 1965. An evaluation of the U'/U" method as a
tool for dating pelagic sediments. Journal of Geophysical
Research, 70: 3457-3474.

Ku, T. L., and W. S. Broecker. 1969. Radiochemical studies
on manganese nodules of deep-sea origin. Deep-Sea Re-
search, 16: 625-637.

Rosholt, J . N., B. R. Doe, and M. Tatsumoto. 1966. Evolu-
tion of the isotopic composition of uranium and thorium
in soil profiles. Geological Society of America, Bulletin, 77:
987-1004.

Rydell, H. S., and E. Bonatti. 1973. Uranium in submarine
metalliferous deposits. Geochimica et Cosmochimica Acta,
37: 2557-2565.

Scott, Martha R. 1968. Thorium and uranium concentra-
tions and isotope ratios in river sediments. Earth and
Planetary Science Letters, 4: 245-252.

Veeh, H. H. 1966.Th°/U" and U'/U" ages of Pleisto-
cene high sea level stand. Journal of Geophysical Research,
71: 3379-3386.

Late Pleistocene paleotemperature
model for the southern Indian Ocean

DOUGLAS F. WILLIAMS and WILLIAM C. JOHNSON, II
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

Planktonic foraminiferal assemblages were exam-
ined quantitatively in 25 trigger core tops and 51
piston core tops collected from the southern Indian
Ocean between latitudes 28°S. and 55°S. and between
longitudes 79°E. and 120°E. The trigger and piston
cores were collected during Eltanin cruises 39, 44, 45,
48, 49, and 50. Samples taken from water depths
exceeding 4,000 meters and/or showing any obvious
indications of calcium carbonate dissolution, reversed
geomagnetic polarity, or relict faunas were eliminated
from further analysis. Distributional variations in the
species composition of the planktonic foraminifera
with latitude correspond closely with surface water
temperature isotherms and major circulation features
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Figure 1. Plot of surface water temperature versus species diversity
(Shannon-Weiner index) of plankto.lc foraminifera in trigger core

top samples from the southeast Indian Ocean.

in the southeast Indian Ocean (positions of the Sub-
tropical Convergence and Australasian-subantarctic
front). Species diversity values were computed for
each of the core top assemblages using the Shannon-
Weiner index [H(s)] (Sanders, 1968) and the
Brillouin index (B) (Patten, 1962). Both diversity
indexes take into consideration the number of species
and the proportionment of individuals among the
species. Species diversity values of [H(s)] and (B)
vary systematically with respect to the independent
parameters of latitude and surface water temperature.
Surface water temperature values were extrap9lated
for each sample location from oceanographic atlases
of Schott (1935) and Wyrtki (1971). A strong cor-
relation of r = +.977 exists between decreasing
species diversity [H(s)] in the trigger core tops and
decreasing average summer-winter temperature of the
overlying water masses (fig. 1).

A paleotemperature equation based on this relation-
ship of diversity in the trigger top samples and surface
water temperatures was used to generate a jaleo-
temperature curve for a 6-meter piston core (E48-22)
located beneath the present position of the Subtropical
Convergence. Analytical precision for individual
paleotemperature estimates is ± 1.0°C. The paleo-
temperature curve contains three major warming and
cooling temperature cycles of the Late Pleistocene
(fig. 2). A 9°C. temperature difference was deter-
mined between interglacial and glacial episodes in the
piston core, reflecting shifts of the Subtropical Con-
vergence and Australasian-subantarctic front in this
region during the Late Pleistocene. Support for this
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Figure 2. Paleotemperature curve for Eltanin core 48-22, south-
east Indian Ocean, based on the relationship of species diversity

and surface water temperature.

study was provided by National Science Foundation
grant GV-28305.
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Absolute chronology of Upper
Pleistocene calcareous nannofossil zones

of the southeast Indian Ocean
MELVIN H. MIYAJIMA

Antarctic Research Facility
Department of Geology
Florida State University

Tallahassee, Florida 32306
Five Upper Pleistocene cores taken during USNS

Eltanin cruise 45 were studied for their nannofossil
content. The cores traverse the northern flank of the
southeast Indian Ridge, southwest of Australia
(table).

Absolute dates were established by the combined
use of gamma-ray spectrometry and paleomagnetic
data, the latter provided by Dr. N. D. Watkins (per-
sonal communication).

The excess thorium-230 method using gamma-ray
spectrometry in determining average sedimentation
rates of the last 300,000 years was developed by
Osmond and Pollard (1967). This method has been
refined by others and has been found reliable (Scott
et al., 1972; Cochran, 1973; Cochran and Osmond,
in press).

Paleomagnetic data supported by gamma-ray
spectrometric data shows the Brunhes normal mag-
netic epoch at the top of each core and the Matuyama
reversed magnetic epoch at some length down the
core. All cores generally are of Upper Pleistocene age.

Geitzenauer (1969) presented the first subantarctic
nannofossil zonation of the Pleistocene. Using gamma-
ray spectrometry and the foraminiferal data of
Kennett (1970), he extrapolated approximate abso-
lute ages for the Emiliania huxleyi/Gephyrocapsa
zonal boundary and the Gephyrocapsa/Pseudoemi-
liania lacunosa zonal boundary. Geitzenauer (1972)
refined the Gephyrocapsa/P. lacunosa zonal boundary
by extrapolation between the antarctic radiolarian
zonal boundaries of Hays (1965) and the assumption
of a uniform sedimentation rate.

Absolute ages for nannofossil zones in the equatorial
Pacific were established by Gartner (1973). Constant
sedimentation rates were assumed and ages were
extrapolated from the magnetic stratigraphy. In addi-
tion, the thorium-230/protactinium-231 ratio of Rona

Core locations, length, and water depth.

Latitude Longitude Length Depth
Core	(°S.)	(°E.)	(centi-	(meters)

meters)

	

E45-71	 480 1.5'	114 029.2'	1,100	3,658

	

E45-74	 47033.1'	114 026.4'	1,075	3,804

	

E45-77	 46026.9'	114 026.4'	990	31804

	

E45-79	 45° 3.4'	114 022.0'	910	4,097

	

E45-81	 43057.2'	114 022.0'	1,050	4,256
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