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The Antarctic Circumpolar Current (ACC), flows eastward
around Antarctica between approximately 400 and 65°S and is
one of the major currents in the ocean, with a transport on the

order of 125 Sverdrup (1 Sv = 10 6 cubic meters per second)
(Fandry and Pillsbury 1979). The current extends from the
surface to a depth of about 4,000 meters and serves to mix the
deep water in the ocean, contributing significant amounts of
circumpolar water to all of the deep ocean basins. In this study,
the history of ACC during the Quaternary is considered by
analyzing deep-sea benthonic foraminifera in four sediment
cores from the southeast Indian Ocean sector of the southern
ocean. The four Eltanin piston cores, E49-18, E49-23, E48-22,
and E48-28, were taken from the Southeast Indian Ridge in
waters at depths of 3,200 to 3,400 meters (figure 1). The data
for E49-18 are presented here (figure 2) and related to the glacial
circulation of the ACC. The water overlying these cores is Ant-
arctic Circumpolar Water (ACw), flowing eastward within the
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Figure 1. Map of the southeast Indian Ocean with major physiographic features, the 2,000-,3,000-, and 4,000-meter depth contours (Heezen,
Tharp, and Bentley 1972), location of four piston cores being considered in this study, and the Recent distribution of deep-sea benthonic
foraminifera (Corliss 1979). Shaded areas atop the Southeast Indian Ridge and in the South Australian Basin are areas where Uvlgerina

spp. and Eplstominella exigua dominate; the cross-hatched area is marked by the dominance of Globocassidulina subglobosa; and the
hatched area is dominated by Epistominella umbonifera. The G. subglobosa assemblage was inferred to mark a western boundary
undercurrent indicated by closed arrows. The open arrows indicate an additional route for Antarctic Bottom Water Inferred from work by
Rodman (1977) and Gordon and Molinelli (1975).

122	 ANTARCnc JOURNAL



E49-18

	

BENTHONIC	Ts (CC)	 FRAOMENTATWJ580	FORAMINIFERA	RADIOLARIANS % C daosona I %COCO, (PLOJOKTONIC, 19161	F0RAMNIFERA)

	

36 32 28 2420 -08-04 00 04 08	5	'0	5	0 IS	0 4- 40 80	20 40 60 80
300	''''''I'

400

V
bOO	 A

000

.	 •4_	 >.
t-.

	

\	---4.

II0.:>	J>
500 K>

Figure 2. Eltanin piston core E49-18: The second principal com-
ponent of the benthonic foraminiferal data is shown, along with
planktonic foraminiferal oxygen isotopic data, a radiolarian near-
surface summer temperature estimate, percentage of Cyclador-
phora davlslana, percentage of calcium carbonate (CaCO) (Hays,
Imbrie, and Shackleton 1976), and the percentage of planktonic
foraminiferal fragmentation. Negative shaded values of the sec-
ond principal component of the benthonic foraminifera are domi-
nated by Melonis barleeanum, Melonis pompilioides, and Uvigerina
spp. Positive values are marked by the dominance of Globocas-
sidulina subglobosa.

ACC with potential temperatures of 0.7° to 1.2°C, salinities of
34.72%o, and dissolved oxygen contents of 4.8 to 4.9 milliliter
per liter at the location of these cores (Gordon and Molinelli
1975; Rodman 1977).

The second principal component of the benthonic forami-
niferal data in E49-18 is presented in figure 2 along with plank-
tonic foraminiferal oxygen isotopic data from stages 12 to 5,
radiolarian near-surface summer temperature estimates, the
percentage of Cycladorphora davisiana and the percentage of
calcium carbonate (CaCO), presented by Hays, Imbrie, and
Shackleton (1976), and the percentage of planktonic forami-
niferal fragments. The principal component analysis reveals
two assemblages within the second principal component, with
the oscillations of the faunal assemblages showing a striking
correlation with the oxygen isotopic curve. The first assem-
blage, marked by positive values, is dominated by Globocas-
sidulina subglobosa and is found generally during the warm
interglacial isotopic stages 11, 9, 7, and 5. Negative values
indicate that the second assemblage is dominated by Melonis
barleeanurn, Melonis porn pilioides, and livigerina spp. and is
found generally during glacial isotopic stages 10, 8, and 6,
during intermediate isotopic levels (including the latter part
of stage 11), and during the middle of stages 9 and 7. The G.
subglobosn assemblage is similar to the faunal assemblage
found presently associated with Antarctic Bottom Water

(AABw), with potential temperatures of 0.6° to 0.8°C, suggest-
ing that the AABW boundary current was present at this site
during interglacial times, as it is today. The presence of M.
barleeanu rn and the M. barleeanurn-M. porn pilioides- Uvigerina
assemblage indicate that conditions within the ACC were dif-
ferent during glacial intervals than at present.

It is interesting to note the similarity between the benthonic
foraminiferal faunal patterns in the eastern North Atlantic and
beneath the ACC. Streeter and Shackleton (1979) analyzed one
core, v29-179 in the northeast Atlantic, which showed a Uvi-
gerina -M. barleeanurn -Astrononion assemblage during glacial
times within the last 125,000 years. The Uvigerina dominance
was suggested to reflect the reduction or elimination of the
young, well-oxygenated North Atlantic Deep Water (NADW),
resulting from the cooling and stratification of the Norwegian
Sea surface (Kellogg 1980). It was speculated that the M. bar-
leeanurn-Astrononion assemblage may reflect deep water for-
mation north of the Polar Front in the North Atlantic during
full glacial intervals. The North Atlantic faunal assemblages
during glacial times and the timing of these changes are strik-
ingly similar to those found in this study beneath the ACC.

Two possibilities are suggested to account for the glacial-
interglacial oscillations of the ACC and the similarity of faunal
patterns between the North Atlantic and the southern ocean.
The first hypothesis is that the similarity between the North
Atlantic and ACC faunal changes and timing of faunal changes
is a result of the circulation changes being linked and the deep
circulation responding as one system. The cessation or reduc-
tion of NAM during the glacial intervals has been suggested
to be due to the Norwegian Sea becoming ice covered (Kellogg
1980; Schnitker 1979; Streeter and Shackleton 1979). At present,
the NADW, with high temperatures, salinities, and dissolved
oxygen content, flows south in the Atlantic to the southern
ocean, where it becomes an important component of the ant-
arctic circumpolar water (Acw). The cessation or reduction of
NADW during glacial intervals may have affected in some man-
ner the ACW and may account for the observed faunal changes.
The hydrographic changes in the ACW may have changed
directly because of the lack of NADW input, or it may have been
altered because of changes in the residence time of the ACW.
The presence of an M. barleeanurn-M. pornpilioides-Uvigerina
assemblage suggests the presence of a deep water mass that is
not present today in the ACC, which can be called "Circumpolar
Glacial Deep Water" (cGDw).

A second possibility to account for the faunal patterns is that
the circulation changes in the two polar regions are not linked,
but occurred as a result of similar oceanographic conditions
responding to global climatic changes but independent of one
another. This explanation puts more emphasis on variables
such as the extent of ice cover and wind conditions to account
for the presence of the CGDW. Ongoing research will evaluate
these two hypotheses to account for the observed faunal pat-
terns.

This work was supported by National Science Foundation
grant DPP 78-21105.
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Early to early-middle Paleocene
diatom zonation
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Knowledge of Paleocene diatoms is still in its infancy, pri-
marily because Paleocene deposits bearing siliceous microfos-
sils are extremely rare, both on land and under the sea. With
the exception of Combos' (1977) report of late Paleocene dia-
toms from hole 327A of leg 36 of the Deep Sea Drilling Project
(DSDP), which is by far the most comprehensive and readily
accessible reference to date, information regarding Paleocene
diatom biostratigraphy is limited and inconclusive and comes
almost solely from the land outcrop sections.
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Figure 1. Location map for site 208 of leg 21 of the Deep Sea
Drilling Project. Contour Interval of bathymetric insert, 300 fathoms
(after Mammerlckx et al 1971).

Combos (1977) established three tentative late Paleocene
diatom zones from the southwestern Atlantic. This article
reports on an early to early-middle Paleocene diatom zonation
based on submarine deposits of site 208 and nearly completes
a Paleocene diatom zonation.

Site 208 of leg 21 of the DSDP was located on the northern
part of the Lord Howe Rise at 26°06.61'S 161°13.27'E at a water
depth of 1,545 meters (figure 1). Of the 255.4 meters of cored
sediments recovered from this site, 21 meters (cores 29 through
31) were referred to as early (Danian) to middle Paleocene age
on the basis of calcareous nannofossils (Martini 1971). Gen-
erally, the Paleocene sediments consist of gray, siliceous fossil-
bearing and nannofossil-bearing radiolarite or diatomite. Dis-
conformities occur above and below this section between the
middle-middle Eocene/early-middle Paleocene and the Meso-
zoic and Cenozoic (Burns et al. 1973).

From a moderately well-preserved diatom assemblage
recovered from this Paleocene section, diatom microflora of
over 40 species distributed in 16 genera were recognized
(dePrado 1981). We propose four new diatom zones for the
early to early-middle Paleocene sections. They are (in ascend-
ing order): the Hemiaulus caracteristicus s.l. partial range zone;
the Notiostyrax tasmanos partial range zone; the Riedelia ?
cylindrica partial range zone; and the Stephanopyxis conici
local range zone (figures 2 and 3).

This work was supported in part by National Science Foun-
dation grant DPP 79-11304 (to H. Y. Ling).
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