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Figure 3. Lithology, percentage of quartz and calcareous nanofossil biostratigraphy of Eltanin core 24-9. Data of lithology and percentage
of quartz are taken from Margolis and Kennett (1971). For abundance of calcareous nanofossils: A denotes abundant; B, barren; C, common;
F, few; R, rare; V, very abundant. P indicates poor preservation of the nanofossil assemblage. (cm denotes centimeter.)
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Quantitative analyses of calcareous nanoplankton from eight
Deep-Sea Drilling Project/Ocean Drilling Project sites ranging
from the equatorial zone to 65°S latitude in the south Atlantic
Ocean indicate that relatively steep latitudinal biogeographic
gradients had been established at least by the middle Eocene.
This contradicts the widely accepted inference from oxygen
isotopic data that thermal gradients between middle and high
latitudes are low or nearly flat for the Paleogene oceans. Lower
surface water salinities in the high latitudes may have lowered
the istopic oxygen-18 values of the planktonic microfossils but
apparently did not affect the distribution of the calcareous

nanoplankton, which offers an independent means for esti-
mating latitudinal thermal gradients.

Reconstruction of the thermal structure of the surface waters
in the paleo-oceans is one of the major objectives in paleo-
ceanography. The most common approach to this objective
uses oxygen isotopic data of the calcareous microfossils. There
are, however, problems with this stable isotope approach, e.g.,
preservational and biological problems, and the problem con-
cerning the uncertainty of the oxygen isotopic composition of
the water in which the microfossil tests were precipitated. The
isotopic composition of the water is affected by the continental
ice volume and by the local salinity of the water; both are
difficult to estimate. Different schools of thought give signif-
icantly different temperature estimates using the same isotopic
data (e.g., Shackleton and Kennett 1975 vs. Matthews and
Poore 1980). The often inferred near-flat thermal gradient be-
tween middle latitude and high latitude surface waters and
the widely cited lower tropical surface water temperature of
the Paleogene oceans are primarily based on the interpretation
of the oxygen isotopic data, and they appear to be in conflict
with climate modeling and paleontologic data (Barron and
Washington 1982; Barron 1987; Poore and Matthews 1984).
Therefore, biogeographic gradient studies are necessary for a
better understanding of paleotemperature changes in the oceans.

The new southern ocean drill cores recovered by the Ocean
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Locations of the sites from which samples have been analyzed
in this study, and water depths of the sites.

Water depth
Site	Latitude	Longitude	(in meters)

360
	35°50.75'S
	18° 5.79'E
	 2,949

366
	5°40.7'N	19°51.1'W

	 2,853
511	51° 0.28'S

	46°58.30'W
	2,589

513
	47°34.99'S
	24°38.40'W
	4,373

516
	30°1 6.59'S
	350 17.1 O'W	1,313

522	260 6.843'S	5° 7.784'W	4,441
523	28033.131'S

	2015.078'W
	4,562

689
	64031.009'S

	3° 5.996'E
	2,080

Drilling Program leg 113 in the Weddell Sea plus those ob-
tained by the Deep Sea Drilling Project in the mid-latitude
South Atlantic during the early 1980s offer unprecedented op-
portunity to study the Paleogene nanofossil biogeography of
the South Atlantic basin using quantitative techniques. Middle
Eocene/Oligocene calcareous nanoplankton have been ana-
lyzed quantitatively for eight Deep-Sea Drilling Project and
Ocean Drilling Project sites ranging from the equatorial zone
to 65°S latitude in the south Atlantic Ocean (table). Detailed
procedures and results are presented in Wei and Wise (in
press), and a synopsis of the results is given here.

There is a general decrease in species diversity of the cal-
careous nanoplankton through time for the middle Eocene
through the Oligocene, and species diversity also decreases
toward the higher latitudes. Similar to findings of other stud-
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Figure 1. Clusters of calcareous nanofossil taxa as determined by A-mode cluster analysis using weighted pair-group method with arithmetic
averaging.
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biogeographic gradients had been established at least by the
middle Eocene. The gradient greatly increases near the Eocene/
Oligocene boundary, indicating more severe and permanent
cooling at the high latitudes. The biogeographic gradient data
of this study conflict with the widely accepted inference from
the oxygen isotopic data that the thermal gradients between
middle latitudes and high latitudes are low or nearly flat for
the Paleogene oceans. Lower surface-water salinities in the
high latitudes may have lowered the isotopic oxygen-18 values
of the planktonic microfossils but apparently did not affect the
distribution of the calcareous nanoplankton, which offers an
independent means for estimating latitudinal thermal gra-
dients.

This study was supported by National Science Foundation
grant DPP 84-14268 and grants from the U.S. Science Advisory
Committee and the Amoco Foundation to S.W. Wise, and by
a Florida State University Dissertation Fellowship to W. Wei.
Samples were provided by the Ocean Drilling Program.
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Figure 2. Polar ordination values of site 366, 522, 516, 360, 513,
511, and 689 (in order of latitudinal position from north to south).
The greater the value the cooler water characteristics the nanoflora
are inferred, and vice versa. (Ma denotes millions of years before
present.)

ies, the drop of the species diversity of calcareous nanoplank-
ton across the Eocene/Oligocene boundary is not drastic.
Delineation of latitudinal distribution patterns of individual
species or groups and R-mode cluster analysis, however, per-
mit the classification of warm-water taxa (Coccolithus formosus,
discoasters, helicosphaerids, and sphenoliths), temperate-water
taxa (Coccolithus pelagicus, Cyclicargolithus floridanus group, Re-
ticulofenestra bisecta, Reticulofenestra sarnodurovii/ Reticulofenestra
umbilica), and cool-water taxa (chiasmoliths, Ist/nnolithus recur-
vus, and Reticulofenestra daviesii (figure 1). The abundance of
warm-water taxa plummets, whereas the abundance of cool-
water taxa sharply increases across the Eocene/Oligocene
boundary at the middle- and high-latitude sites, reflecting a
profound cooling event in these areas. Polar ordination anal-
ysis (figure 2) and similarity analysis reveal that high latitudinal
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