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X
hough it is generally agreed that the early Pliocene wit-
essed the last great climate warming before the onset of

Northern Hemisphere glaciation (Burckle and Pokras 1991), it
is generally not recognized that this time interval also wit-
nessed what appear to be major glaciations, which affected
both Northern and Southern Hemispheres. In our study of
brief, intense warm events in the early Pliocene, we also
encountered evidence for at least one major glaciation during
this time interval. Hole 737A was recovered during Ocean
Drilling Program leg 119 (Barron, Larson et al. 1989) and is
located in the Indian sector just south of the modern day Polar
Front Zone (PFZ). Because neither planktonic nor benthic
foraminifera were continuously present in this hole, we used
percentage of opal, percentage of carbonate, and (germani-
um/silicon) 0 [(Ge/Si)opai] as paleoceanographic proxies.

The distribution of biogenic opal and biogenic carbonate
in surface sediments of the southern oceans is largely dictated
by the position of the PFZ. Calcium carbonate is higher north
of the PFZ, and opal is higher south of it. Most carbonate
found in Quaternary sediments of the southern oceans is
foraminiferal carbonate. This is true not only north of the PFZ
but also for Holocene sediments on the continental shelf.
Indeed, Hodell (1992) has suggested that the presence of
foraminifera in sediments of the southernmost part of the
Weddell Sea may actually represent warmer than present
intergiacials during the late Quaternary. There are more strict
temperature controls on the distribution of coccolith carbon-
ate. In laboratory cultures, coccoliths survive down to a tem-
perature of 0°C but will form calcareous plates only at tem-
peratures above 3°C (McIntyre personal communication).
The presence of coccolith carbonate in sediments indicates
that, at the time of deposition, surface-water temperatures
were above 3°C during the growing season. Thus, calcium car-
bonate measurements, as well as the identification of
foraminiferal carbonate and coccolith carbonate, constitute a
useful paleotemperature indicator. Temperature controls on
carbonate content of sediment are readily apparent when one
considers their distribution in surface sediments of the south-
ern oceans and in sediments representing the Last Glacial
Maximum (LGM). It is readily apparent, because of the drop
in carbonate content of sediment, that the PFZ migrated
northward during the last glacial (CLIMAP 1976, 1981).

Percentages of opal measurements are important
because they are a measure, although imperfect, of past
diatom productivity. Charles et al. (1991) showed that the pat-
tern of southern oceans opal deposition over the past 450,000
is regionally correlative. Similarly, Mortlock et al. (1991) con-
cluded that a link exists between the percentage of opal in

sediments and paleoproductivity. These latter authors also
demonstrated that, for regions south of the PFZ, high produc-
tivity (that is, a higher percentage of opal) is associated with
interglacials and low productivity (that is, a lower percentage
of opal) with glacials. This association between productivity
and climate mode is also reflected in the (Ge/Si) 0 . Although
Holocene sediments have Ge concentrations similar to those
in seawater (0.7x10- 6), glacial sediments have lower values
(Mortlock et al. 1991). For a sediment sequence south of the
present PFZ, it would be reasonable to interpret a low per-
centage of opal combined with low (Ge/Si) opai as a glacial
event.

Armed with these tools, we measured the percentage of
carbonate, the percentage of opal, and the (Ge/Si) opal for the
lower Pliocene sequence of hole 737A. As noted above, this
hole was occupied near the present PFZ at 50013.67'S
73001.97'E in 564 meters of water. Further, it has what appears
to be a complete early Pliocene (that is, Gilbert chron) paleo-
magnetic reversal record (Sakai and Keating 1991). The figure
shows the results of this study; because the percentage of car-
bonate was generally low through this interval, it is not
shown. The percentage of opal, on the other hand, is general-
ly high, ranging between 50 and 60 percent. Between approxi-
mately 40 to 60 meters depth, the percentage concentration
of opal drops to almost 20 percent. This drop is accompanied
by a change in (Ge/Si) opm from a high of 0.80 to a low of 0.50.
This event occurs between the Nunivak and Sidufjall sub-
chrons of the Gilbert chron and is tentatively dated at about
4.5 millions years ago. Using the criteria stated above, we
interpret this to be a glacial event.

Other workers have also reported a record of glaciation at
about this time. Marchant et al. (1993) argue that, in Arena
Valley, southern Victoria Land a cold desert climate occurred
at about 4.3 million years ago and has persisted essentially
without interruption since then. Rea et al. (1993) report drop-
stones in sediments ranging in age from 4.3 to 4.6 million
years ago from both the northwest and northeast Pacific.
They conclude that such a widespread distribution implies
that glaciers were at sea level during this time. Ehrmann et al.
(1991) report the presence of ice-rafted detritus in sediments
of late Miocene and early Pliocene age in the Indian sector of
the southern oceans. They concluded that this interval of time
was characterized by repeated ice advances and retreats.
Indeed, in the sites that they examined, ice rafting was less
pronounced in the late Pliocene to Quaternaiy when, they
suggest, ice shelves had become more stable.
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