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Figure 2. Maestrichtian
specimens from Deep Sea
Drilling Project leg 36, hole
327A (from Wise and Wind,
In press). a. Lucianorhab-
dus arcuatus Forchhelmer,
X8,500. b. Chiastozygus
propagularia Bukry, prox-
imal view, X11,000. C.
Kamptnerius magnificus
Defiandre, X7,000. d. Bole-
tuvelum candens Wind and
Wise, X7,000. e. Cento-
sphaera barbata Wind and
Wise, X2,000. f. Lapidea-
cassis marlae Black emend.
Wind and Wise X6,500. g.
Arkhangelsklella cymbifor-
mis Vekshina, X4,000. h.
Zygodiscus sp. (Z. antho-
phorus Deflandre?), prox-
imal view, X10,000. I. Elf-
fellithus turriseiffell (Dc-
flandre and Fart), distal
view, X13,500. J. Monomar-
ginatus quaternarlus Wind
and Wise, proximal view,
X7,500. k. Blscutum dissl-
mills Wind and Wise, later-
al view, X7,400. I. Micula
decussata	Vekshina,

X8,500.
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Radiolarian distributions have been studied in a
suite of USNS Eltanin piston cores and Deep Sea
Drilling Sites from the southern ocean (figure). A
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USNS Eltanin and Deep Sea Drilling Project coring sites in
the southern ocean from which radiolarian distributions have

been studied in this research.

detailed radiolarian biostratigraphic examination
of Pliocene sediments, with particular emphasis on
the Gilbert Reversed Magnetic Epoch (3.32 to 5.18
million years before present), has enabled estab-
lishment of five new partial range zones (from old-
est to youngest): Anthocyrtidium ehrenbergi Zone,
Triceraspyrispacfica Zone, Lychnocanium grande rugo-
sum Zone, Antarctissa longa Zone, and Helotholus
vema Zone. These new zones provide increased bio-
stratigraphic control and allow detailed correlation
between cores that was not always possible with the
previous radiolarian zonations for the southern
ocean (Hays, 1965; Hays and Opdyke, 1967; Chen,
1974, 1975). Also, detailed intercore correlations
have been aided by a high degree of similarity
among frequency changes of radiolarian species
and groups.

The three oldest radiolarian zones are defined
below the upper limit of the Gilbert "C" event (4.33
million years before present) and have an average
duration of 0.3 million years. These zones are
marked by warm water radiolarian species (Petru-
shevskaya, 1973) that are not typical of present-day
antarctic faunas. The two younger zones range
from the top of the "C" event to the Gauss Matu-
yama boundary (2.43 million years before present).
The Antarctissa longa Zone, with a duration of ap-
proximately 0.5 million years, contains the first sig-
nificant abundances of Antarctissa strelkovi and A.
denticulata, the most abundant faunal elements of
the present-day antarctic radiolarian assemblages

(Hays, 1965; Keany, 1973). The Helotholus vema
Zone, with an approximate duration of 1.4 million
years, is marked by a relatively stable radiolarian
assemblage that persists to the Gauss-Matuyama
boundary where several of the radiolarian species
typical of the antarctic Pliocene sediments become
extinct.

Faunal patterns and the rapid succession of
faunas in the early Gilbert indicate rapid climatic
deterioration in the earliest Pliocene, followed
sharply by cool, climatically stable conditions that
extended to the latest Pliocene. Further detail of
the climatic history of the region, within this gen-
eral framework, was established by statistical analy-
sis of the total faunal data. Almost all radiolarian
species demonstrate distinct frequency oscillations
that can be correlated between cores; a high pro-
portion of these are clearly related to paleoclimatic
oscillations. This technique has also been success-
ful when applied to planktonic foraminifera in the
Gulf of Mexico (Kennett and Huddlestun, 1972).
Application of various statistical techniques, in-
cluding principal component and factor analysis,
correlation coefficients, and the Shannon-Weinner
diversity index, have greatly aided establishment of
detailed relationships among antarctic radiolarian
species, including several that are now extinct, and
in determining a detailed paleoclimatic curve for
the Pliocene.

The increased stratigraphic control resulting
from detailed faunal analysis makes it easier to
recognize shortened biostratigraphic zones, ex-
treme variations in sedimentation rates, and limits
of hiatuses. Definition of these parameters in the
study region suggests that early Pliocene climatic
deterioration was accomplished by increased cur-
rent activity. Regional unconformities and scour
zones in younger sediments have been described
in the southern ocean by Watkins and Kennett
(1971) and by Kennett and Watkins (1976), who
attributed the increase in current activity to an in-
crease in the production of Antarctic Bottom
Water. Apparently a regional hiatus of similar
origin is present in the early Pliocene of the south-
ern ocean.

This research was supported by National Science
Foundation grant DPP 75-15511.
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Cenozoic biogeographic and
biostratigraphic development of

planktonic microfossils in
the Antarctic
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Knowledge of antarctic and subantarctic Ceno-
zoic calcareous and siliceous planktonic microfossils
has greatly increased recently by the study of paleo-
magnetically dated piston cores of Quaternary and
Pliocene age and of Deep Sea Drilling Project
(DSDP) cores that have, for the first time, provided
excellent pre-Pliocene microfossil sequences. Gen-
eral trends are summarized from results of num-
erous investigations of several microfossil groups.

Present southern ocean biogeography is distinc-
tive from other areas because of differences in
species diversity, in species composition, in fre-
quency variation, and in general faunal and floral
dominance. Characteristic planktonic assemblages
are associated with antarctic, subantarctic, and
southern subtropical (temperate) water masses that
are separated respectively by the Antarctic Conver-
gence and the Subtropical Convergence. The Ant-
arctic Convergence sharply separates assemblages
dominated by siliceous forms (diatoms, radiolaria,
and silicoflagellates) to the south from calcareous
assemblages (foraminifera, calcareous nannofos-

sils) to the north (Hays, 1965) and essentially marks
the southern distribution limit of calcareous nanno-
fossils (Geitzenauer, 1972). This biogeographic
provinciality is circumpolar. Diversity is generally
low for all groups, with successive decrease asso-
ciated with increasingly high-latitude water masses.
Southward decrease in diversity even continues
within the antarctic water mass. Decreased diversity
is partly related to increased mixing in surficial
water masses and reduction in water mass stratifi-
cation. The antarctic water mass near the Antarctic
Convergence is the principal site of today's siliceous
biogenic productivity and sedimentation related to
nutrient-rich upwelling of intermediate waters.
These biogeographic features were not permanent
throughout the Cenozoic, but they have developed
in conjunction with the evolution of southern ocean
water mass systems.

Cenozoic biogeographic patterns of the high
southern latitudes are partly related to two trends.
Nearly all evolution of calcareous planktonic micro-
fossils takes place outside of the region, with sub-
sequent migration into these water masses. Thus,
there is virtually no endemism among calcareous
microfossil groups at these latitudes. In contrast,
evolution has been very conspicuous within the
siliceous groups especially during the Neogene
(Chen, 1975; Petrushevskaya, 1975; McCollum,
1975). Although Paleogene siliceous assemblages
are still not well known, endemism in the siliceous
groups seems much less apparent in the Paleogene,
especially during the Eocene when assemblages
seem to have a much more cosmopolitan aspect.
The low diversity of antarctic calcareous micro-
fossils throughout the Cenozoic makes them only
broadly useful for correlation. Higher diversity in
the Subantarctic makes them much more useful,
although appearances and disappearances are
often clearly diachronous with warmer regions and
are climatically controlled (Edwards and Perch-
Nielsen, 1975).

During the Eocene (55 to 38 million years ago),
sediments contain abundant calcareous microfos-
sils even adjacent to the continent (Burns, 1975a).
Antarctic planktonic microfossil assemblages are
relatively diverse compared with today, but they
still are lower than those of middle and high lati-
tudes. Faunas may still be dominated by only one
or two species (Burns, 1975a, 1975b). Subantarc-
tic Eocene planktonic foraminifera more closely
resemble temperate faunas (Jenkins, 1975). Bio-
geographic differences exist between different
sectors of the southern ocean as a result of separa-
tion by high-latitude land masses (Jenkins, 1974).
Subantarctic planktonic foraminifera have slightly
higher diversity in the Early Eocene. Calcareous
nannofossils range southward to the continent and
contain low-latitude elements (Burns, 1975b). In
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