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Paleontology and
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Southwest Atlantic Ocean basin
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Florida State University
Tallahassee, Florida 32306

Over the past 4 years, research at the Antarctic Marine
Geology Research Facility (Florida State University) has been
concentrated on the southwest Atlantic sector of the southern
ocean. Field work has involved one Deep Sea Drilling Project
(DSDP) cruise and four ARA Islas Orcadas cruises to the area.
This article is a condensation of an extended paleontological
and paleoenviron mental summary by Wise ci al. (in press;
also available from the author in preprint form) which covers
some of the research to date. The summary is based on three
DSDP leg 36 drill core sequences and a reconnaissance study
of more than 75 piston cores taken on the Falkland
(Malvinas) Plateau.

Data from the three drill cores and selected piston cores
are summarized in figures 1 and 2. Much of the drill core
data was extracted from Barker ci al. (1977). The older sedi-
mentary record (figure 1) suggests that a Middle (?) to Late
Jurassic inland sea transgressed the southwest portion of
Gondwanaland, then became progressively more restricted
until by Oxfordian times predominantly pelagic and nektonic
fossils were preserved, particularly coccol iths, belemnite
rostra and arm hooks (onychites), and rare decapod remains.
Stagnant conditions continued into the Early Cretaceous,
when well-preserved marine palynomorphs and phy-
toplankton contributed to the high organic content of Aptian
black sapropelic claystones deposited in a shallow, quiet
water environment. Abrupt loss of all palynomorphs near the
Aptian-Albian boundary coincides with the ventilation of this
segment of the incipient South Atlantic Basin.

Sharp changes in the benthic foraminiferal populations in
the late Albian are attributed to down flank subsidence of the
Falkland Plateau as seafloor spreading widened the South
Atlantic Basin. A prominent stratigraphic hiatus encompass-
ing most of the Cenomanian-Santonian suggests erosion and
dissolution of calcareous microfossils by cold bottom cur-
rents. A return to normal pelagic sedimentation and a sharp

lowering of the carbonate compensation depth (CCD) is evi-
denced by a thick upper Campanian-Maestrichtian chalk se-
quence deposited at paleodepths close to present day.

The Tertiary sequence (figures 1 and 2) is characterized
by sharp fluctuations of the CCD (low stands during the late
Paleocene-early Eocene, Oligocene, Miocene, and late
Quaternary) and strong erosional events (Cretaceous-Terti-
ary boundary, Miocene, Miocene-Pliocene boundary). Con-
spicuous reworking of microfossils throughout the Miocene
sequence (figure 2) occurred as a result of an increase in cur-
rent velocity associated with the opening of Drake Passage
and the establishment of the circumpolar current. A sharp
change from calcareous ooze to diatom ooze and glacial
marine sedimentation near the Miocene-Pliocene bou ridary
(figure 2) plus erosional loss of considerable section repre-
sents intensification of the circumpolar current during the
severe late Miocene antarctic glaciation (terminal Miocene
event described by Van Couvering ci al., 1976).

The rather extraordinary erosional history of the eastern
portion of the Falkland Plateau is recounted by Ciesielski and
Wise (1977), who found that during the latest Miocene, cir-
cumpolar deep water impinging from the southwest stripped
away the upper sediment cover, exposing units at least as old
as Maestrichtian (figure 3). They speculated that a concomi-
tant northward expansion of the antarctic water mass forced
the Polar Front (antarctic convergence) well to the north of
the Maurice Ewing Bank, thus shutting off appreciable car-
bonate deposition until the southern limit of the Polar Front
zone migrated to its present position along the southern
margin of the plateau in late Pleistocene or perhaps Holocene
times (figure 3).

The late Miocene hiatus, so well developed on the
Maurice Ewing Bank (Ciesielski ci al., 1977; Ciesielski and
Wise, 1977), has now been documented in many sectors of
the southern ocean and its environs (figure 4). The agent of
erosion, however, was not always the same. In the Ross Sea
the unconformity was formed by the grounded ice sheet
(Hayes and Frakes, 1975); along the adjacent abyssal margin
(Deep Sea Drilling Project sites 266 and 274), by bottom cur-
rent winnowing (Frakes, 1975); in New Zealand, by glacial
eustatic regression (Kennett and Watkins, 1974, as rein-
terpreted by Van Couvering ci al., 1976, and Weaver, 1976);
and along the Agulhas Plateau, by climatically induced inten-
sification of local or antarctic bottom currents (Tucholke and
Carpenter, 1977). At DSDP site 328 (Malvinas Outer Basin
adjacent to the Falkland Plateau) (Gombos, 1977), the agent
probably was antarctic deep water or bottom water rather
than circumpolar deep water. Correlations of this terminal
Miocene event elsewhere in the world are given by Van
Couvering ci al. (1976) and Peck ci al. (1976).
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Figure 1. Paleontologic and lithologic properties of cores from Lleep Sea Drilling Project holes 327A and 330, Islas Orcadas sta-
tions 07-75-44 and 11-76-12 (from Wise of al., in press).
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Figure 2. Paleontologic and lithologic properties of cores from
Deep Sea Drilling Project hole 329, Islas Orcadas station
07-75-45, and Robert Conrad station 15-84 (from Wise et al., in

press).
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Figure 3. Scouring effects of circumpolar deep water during
the terminal Miocene event as visualized by Ciesielski and
Wise (1977). Land positions, bathymetry, and the present
position of the Polar Front are from Barker of al., (1977, figure

10).
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Figure 4. Late Miocene erosional and biostratigraphic
hiatuses recorded in cores from the Southern Ocean and its
environs as a result of the terminal Miocene event (from Wise

et al., in press).
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Planktonic foraminiferal
dissolution at high latitudes of the
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As part of a study of Recent planktonic foraminifera from
the South Atlantic sector of the southern ocean, we have
analyzed 53 core-top samples (Eltanin and Islas Orcadas
cruises) from the southwestern Atlantic (Scotia and Weddell
Seas; figure 1). In the eastern South Atlantic (east of the Mid-
Atlantic Ridge), the calcium-carbonate compensation depth
(CCD) under antarctic waters is 3,700 meters (Lozano and
Hays, 1976). In the western regime, none of the core tops in
areas south of the Antarctic Convergence (Polar Front) have
calcium carbonate in excess of 10 percent (figure 2). CaCO3
was analyzed by the Hiilsemann (1966) gasometric method.

If the definition of CCD as the depth at which the amount
of CaCO 3 decreases to 10 percent is followed (Lisitzin, 1972),
this indicates a CCD of less than 2,000 meters in the western
basin, which is much shallower than in the eastern basin.
Using the same criteria, the CCD in the Polar Front Zone is
between 2,100 and 3,000 meters (figure 1). We could not
determine CCD north of the Polar Front because we used sam-
ples only from depths shallower than 4,000 meters. However,
Lozano and Hays (1976) have reported a CCD of 4,900 meters
under subtropical and subantarctic waters in this area. This
shows that the CCD rapidly shallows southward across the
Polar Front.

Differential -dissolution effects were analyzed using three
dissolution -sensitive parameters (figure 3): percentages of
fragments of planktonic foraminiferal tests (in relation to
fragments plus whole tests), percentages of benthonic
foraminifera (in relation to benthonic plus planktonic
foraminifera), and proportions between the frequencies of the
planktonic foraminifera Globorotalia inflata and Globigerina
bulloides. Fragmentation is relatively constant down to about
3,500 meters, after which it increases considerably, indicating
an increase in dissolution below this depth. An increase in
benthonic foraminiferal percentages occurs at about the same
depth. High percentages of benthonic foraminifera at depths
shallower than 2,000 meters probably are related not to dis-
solution, but rather to greater relative abundances of
benthonic foraminifera in shallower depths of the Maurice
Ewing Bank (eastern Falkland Plateau; figure 1).

The ratio between the dissolution-resistant G. inflata and
the more susceptible G. bulloides (Berger, 1970) appears to be
particularly sensitive to dissolution. The samples are from a
restricted latitudinal range, and hence the ratio between the
two species is not considered to represent biogeographic
changes between the two species. G. bulloides is dominant at
depths of less than 2,000 meters while G. inflata is dominant
below about 3,400 meters. The inflection point between 2,000
and 2,500 meters may represent the lysocline in the subant-
arctic. The strong depth dependence of the G. inflataiG. bul-
bides ratios indicates severe selective dissolution in this
region. Great care must thus be exercised when interpreting
distribution charts of relative species frequencies in this area.

The number of planktonic foraminiferal tests (in the more
than 150 micrometer fraction) per gram of raw sediment is
strongly related to percent of CaCO 3 (r= 0.87). Twenty-five
core tops have planktonic foraminifera, including 15 of the 16
samples taken north of the Antarctic Boundary of the Polar
Front (figure 1). The number varies between about 3,000 and
45,000 tests in subantarctic sediments, and bctween about
100 and 23,000 within the Polar Front zone (figure 1). Ten of
the antarctic samples contained planktonic foraminifera, with
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