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Calcareous nanofossil assemblages and the stratigraphic
ranges of many species, like those of other fossil groups, are
different in the high latitudes from those in the mid or low
latitudes. It is, therefore, usually difficult to correlate biostra-
tigraphic zones established in the high latitudes with those in
the mid or low latitudes. This has hindered paleoceanographic
and paleoceanographic studies on a global scale.

Recent Ocean Drilling Program (ODP) drilling at site 689
(64°31.009'S 3°5.996'E, water depth 2,089 meters) on Maud Rise
off East Antarctica recovered a rather complete middle Eocene
through Oligocene carbonate sequence. This sequence is ex-
tremely rich in calcareous nanofossils and has yielded an ex-
cellent magnetostratigraphy (Barker, Kennett et al. 1990), and
thus offers for the first time an opportunity to correlate middle
Eocene through Oligocene calcareous nanofossil datums with
magnetostratigraphy in the southern ocean. Consequently, it
is now possible to correlate calcareous nanofossil zones in the
high latitudes (Wise 1983; Wei and Wise 1990a) with those in
the mid or low latitudes (Okada and Bukry 1980). Because this
is part of an ongoing study, the precision of biostratigraphic
correlation across latitudes will be further improved as more
data become available.

Correlation of the middle Eocene through Oligocene nan-
ofossil species datums with magnetostratigraphy at ODP site
689 is summarized in the figure. The Neogene nanofossil da-
tums at this site as well as several other southern ocean sites
are discussed elsewhere (Wei and Wise in press a). It is ap-
parent from the figure that the relative stratigraphic sequence
of many nanofossil datums at site 689 is the same as that in
the mid or low latitudes (Okada and Bukry 1980), but the
positions of most of the datums relative to the magnetic time
scale are different from those observed in the mid latitudes
(Berggren, Kent, and Flynn 1985; Wei and Wise 1989). A syn-
thesis of Eocene through Oligocene nanofossil magnetobio-
chronology of the southern ocean is presented in Wei and Wise
(in preparation). A brief comparison of the biomagnetostrati-
graphic correlations at site 689 and those recorded elsewhere
follows.

The first occurrence of Reticulofenestra umbilica is located near
the top of magnetic anomaly 20 at site 689, whereas it is placed
in the basal part of anomaly 20 by Berggren et al. (1985). Cor-
relation of this nanofossil datum with magnetostratigraphy
varies from the base of anomaly 20 to slightly above anomaly
20 at a number of sites (Wei and Wise 1989). The last occurrence
of Chiasmolithus solitus at site 689 is approximately 41.3 million
years ago using the time scale of Berggren et al. (1985); that is

about 1 million years younger than that given by Berggren et
al. (1985) but is virtually the same age as at Deep Sea Drilling
Project (DSDP) site 516 in the mid latitude South Atlantic and
at ODP site 690 (116 kilometers southwest of site 689) (Wei
and Wise 1990a). The first occurrence of Chias,nolithus oama-
ruensis is located in anomaly 17N-3 at site 689 in contrast to
anomaly 17N-1 for the mid latitudes (Berggren et al. 1985).
This datum is apparently time transgressive across latitudes
and is a relatively difficult datum to use because some speci-
mens of this species strongly resemble an earlier species, Chias-
molithus expansus.

The first occurrence of Isthmolithus recurvus falls within
anomaly 16N-2/3 at site 689, quite comparable with that at ODP
site 744 in the high-latitude southern Indian Ocean (Wei and
Thierstein in press) but more than 1 million years older than
that given by Berggren et al. (1985). The last occurrence of I.
recurvus at site 689 is, however, quite consistent with that given
by Berggren et al. (1985) and that observed at a number of
other southern high-latitude sites (Wei and Wise 1990a; Wei
and Thierstein in press), falling slightly above anomaly 13.
This well-defined age has played a critical role in dating the
glaciomarine sequences recovered in Prydz Bay (East Antarc-
tica, Wei et al. 1988; Wei and Thierstein in press) and at the
CIROS-1 site in the Ross Sea (Wei in press). The last occurrence
of Reticulofenestra umbilica is located just below anomaly 12 at
site 689. The age of this datum at site 689 (33.2 million years
ago) is very consistent with that at DSDP site 528, ODP sites
690 (Wei and Wise 1990a), 744 (Wei and Thierstein in press)
and 748 (Wei, Villa, and Wise in press) but is 1.4 million years
younger than that given by Berggren et al. (1985).

The occurrence of Nannotetrina fulgens is so sporadic that the
first occurrence and last occurrence of this species is not useful
for biostratigraphy on Maud Rise (see also Pospicha!, Wei, and
Wise in press). Discoaster barbadiensis and Discoaster saipanensis,
the last occurrence's of which delimit the Eocene/Oligocene
boundary in mid or low latitudes, were not observed in the
upper Eocene sediment at site 689. Coccolithus formosus, Sphen-
olithus distentus, Sphenolithus ciperoensis, and Helicosphaera recta,
marker species used to subdivide the Oligocene in the mid or
low latitudes, were not found in the Oligocene sequence at
site 689.

On the other hand, the stratigraphic range of Reticulofenestra
oamaruensis, a cool-water species, and that of Reticulofenestra
reticulata, were found to be useful for the subdivision of the
middle Eocene/lower Oligocene in the southern ocean (Wei
and Wise 1990a; Wei and Thierstein in press; Wei et al. in
press). The first occurrence and last occurrence of R. oama-
ruensis are located within anomaly 16N-1 and just below anom-
aly 13, respectively, whereas the first occurrence and last
occurrence of R. reticulata are associated with anomaly 19N
and anomaly 16N-213, respectively, at site 689.

A useful nonconventional biostratigraphic event on Maud
Rise is the abrupt increase in abundance of cool-water taxa at
the bottom of anomaly 13 (see figure). This event coincides
precisely with a large isotopic oxygen-18 shift (Stott et al. 1990)
and suggests a sharp cooling in the surface waters of the south-
ern ocean shortly after the Eocene/Oligocene boundary, which
is conventionally placed midway between anomaly 13 and 15
(Berggren et al. 1985). The association of a large isotopic ox-
ygen-18 shift with the bottom of anomaly 13 (approximately
35.7 million years ago) has been recorded at a number of sites,
such as DSDP sites 522 (Oberhaflsli et al. 1984), 77, 292, 563,
and 593 (Hess et al. 1989), and ODP site 748 (Zachos et al. in
press). This event is apparently globally synchronous. Similar
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Correlation of middle Eocene/Oligocene calcareous nanofossil datums with magnetostratigraphy at ODP site 689. Calcareous nanofossil
data are taken from Wei and Wise (1990a) and magnetostratigraphy data are taken from Speiss (1990). The percentage of cool-water
nanofossil taxa is plotted against depth on the right panel of the figure. Cool-water taxa include chiasmoliths, Isthmolithus recurvus, and
Reticulofenestra daviesii, and these data are taken from Wei and Wise (1990b). See Wei and Wise (1990b, in press b) and Wei (1989) for
details on collection and interpretation of the data. Isotopic oxygen-18 value of Subbtonia angiporoides (planktonic foraminifera) shows a
large shift at the bottom of anomaly 13 (Stott et al. 1990) coincident with an abrupt increase in abundance of cool-water taxa. This indicates
a sharp cooling in the surface waters of the southern ocean shortly after the Eocene/Oligocene boundary. The abrupt change in the
nanofossil populations is a useful biostratigraphic event for locating the bottom of anomaly 13 in the southern ocean. (mbsf denotes meters
below sea floor.)

to site 689, an abrupt increase in abundance of cool-water taxa
coincident with isotopic oxygen-18 shift was observed at the
bottom of anomaly 13 at ODP site 748 in the southern Indian
Ocean (Wei et al. in press). We believe that the abrupt increase
in abundance of cool-water taxa is synchronous and a useful
biostratigraphic event in locating the bottom of anomaly 13
(approximately 35.7 million years ago) in the southern ocean.

This study was supported by National Science Foundation
grant DPP 89-17976 and grants from the U.S. Science Advisory
Committee. Samples were provided by National Science Foun-
dation through the Ocean Drilling Program. Dennis S. Cassidy
kindly supplied helpful literature references.

References

Barker, P.F., J.P. Kennett, et al. 1990. Proceedings of Ocean Drilling
Program, Scientific Results, 113. College Station, Texas (Ocean Drilling

Program): Texas A&M University.
Berggren, W.A., D.V. Kent, and J . Flynn. 1985. Paleogene geochron-

ology and chronostratigraphy. In N.J. Snelling (Ed.), The chronology
of the geological record. London: The Geological Society.

Hess, J . , L.D. Stott, M.L. Bender, J.P. Kennett, and J-G. Schilling.
1989. The Oligocene marine microfossil record: Age assessments
using strontium isotopes. Paleoceanography, 4, 655-679.

Oberhänsli, H., J . McKenzie, M. Toumarkine, and H. Weissert. 1984.
A paleoclimatic and paleoceanographic record of the Paleogene in
the central South Atlantic (Leg 73, Sites 522, 523, and 524). In K.J.
Hsü, L. LaBreque, et al. (Eds.), Initial Reports of the Deep Sea Drilling
Project, Vol. 73. Washington, D.C.: U.S. Government Printing Of-
fice.

Okada, H., and D. Bukry. 1980. Supplementary modification and in-
troduction of code numbers to the low-altitude coccolith biostrati-
graphic zonation (Bukry 1973, 1975). Marine Micropaleontology, 5,

321-325.
Pospichal, J . J . , W. Wei, and S.W. Wise. In press. Probing the limits

of nanofossil stratigraphic resolution in the southern high latitudes.
Proceedings of international Nannoplankton Association Meeting, Florence,
1989. Padora, Italy: Memorie di Scienze Geologiche.

Speiss, V. 1990. Cenozoic magnetostratigraphy of ODP Leg 113 drill
sites, Maud Rise, Weddell Sea, Antarctica. In P.F. Barker, J.P. Ken-
nett, et al. (Eds.), Proceedings of the Ocean Drilling Program, Scientific
Results, Vol. 113. College Station, Texas: Texas A&M University.

Stott, L.D., J.P. Kennett, N.J. Shackleton, and R.M. Corfield. 1990.
The evolution of Antarctic surface waters during the Paleogen: In-
ferences from the stable isotopic composition of planktonic fora-

1990 REVIEW	 75



minifera, ODP Leg 113. In P.F. Barker, J.P. Kennett, et al., (Eds.),
Proceedings of the Ocean Drilling Program, Scientific Results, Vol. 113.
College Station, Texas: Texas A&M University.

Wei, W. 1989. Latitudinal thermal gradient of the middle Eocene-
Oligocene South Atlantic Ocean as inferred by calcareous nanno-
plankton. Antarctic Journal of the U.S., 24(5), 110-112.

Wei, W. In press. Updated nanofossil stratigraphy of the CIROS-1 core
from McMurdo Sound (Ross Sea). In S.W. Wise, L. Schlich, et al.,
(Eds.), Proceedings of the Ocean Drilling Program, Scientific Results, Vol.
120. College Station, Texas: Texas A&M University.

Wei, W., and H.R. Thierstein. In press. Upper Cretaceous and Cen-
ozoic calcareous nanofossils of the Kerguelen Plateau (southern In-
dian Ocean) and Pzydz Bay (East Antarctica). In J. Barron, B. Larsen,
et al., (Eds.), Proceedings of the Ocean Drilling Program, Scientific Re-
sults, Vol. 119. College Station, Texas: Texas A&M University.

Wei, W., H.R. Thierstein, and ODP Leg 119 Scientific Party. 1988.
Onset of continental glaciation on East Antarctica as dated by nan-
noplankton. Antarctic Journal of the U.S., 23(5), 87-88.

Wei, W., C. Villa, and S.W. Wise. In press. Paleoceanographic im-
plications of Eocene-Oligocene calcareous nannofossils from ODP
Sites 711 and 748 in the Indian Ocean. In S.W. Wise, L. Schlich, et
al. (Eds.), Proceedings of the Ocean Drilling Program, Scientific Results,
Vol. 120. College Station, Texas: Texas A&M University.

Wei, W., and S.W. Wise. 1989. Paleogene calcareous nanofossil mag-
netobiochronology: Results from South Atlantic DSDP Site 516. Ma-
rine Micropaleontology, 14, 119-152.

Wei, W., and S.W. Wise. 1990a. Middle Eocene to Pleistocene calcar-
eous nanofossils recovered by ODP Leg 113 in the Weddell Sea. In

P.F. Barker, J.P. Kennett, et al., (Eds.), Proceedings of the Ocean Drill-
ing Program, Scientific Results, Vol. 113. College Station, Texas: Texas
A&M University.

Wei, W., and S.W. Wise. 1990b. Middle Eocene-Oligocene calcareous
nonnoplankton biogeographic gradient of the South Atlantic Ocean.
Palaeogeography, Palaeclimatology, Palaeoecology, 79, 29-61.

Wei, W., and S.W. Wise. In press a. Selected Neogene calcareous
nanofossil species of the Southern Ocean: Biochronology, biomet-
rics, and paleoceanography. In S.W. Wise, L. Schlich, et al., (Eds.),
Proceedings of the Ocean Drilling Program, Scientific Results, Vol. 120.
College Station, Texas: Texas A&M University.

Wei, W., and S.W. Wise. In press b. Latitudinal biogeographic gra-
dients of late Paleogene calcareous nannoplankton in the South
Atlantic Ocean. Proceeding of the International Nannoplankton Associ-
ation Meeting, 1989. Padora, Italy: Memorie di Scienze Geologiche.

Wei, W., and S.W. Wise. In preparation. Eocene-Oligocene calcar-
eous nannofossil magnetobiochronology of the Southern Ocean.
Geology.

Wise, S.W., Jr. 1983. Mesozoic and Cenozoic calcareous nanofossils
recovered by Deep Sea Drilling Project Leg 71 in the Falkland Plateau
region, Southwest Atlantic Ocean. In W.J. Lugwig, V.A. Krashen-
innikov, et al., (Eds.), Initial Reports of the Deep Sea Drilling Project,
Vol. 71. Washington, D.C.: U.S. Government Printing Office.

Zachos, J.C., W.A. Berggren, M-P. Aubry, and A. Magockensen. In
press. Eocene-Oligocene climatic and abyssal circulation history of
the southern Indian Ocean. In S.W. Wise, L. Schlich, et al. (Eds.),
Proceedings of the Ocean Drilling Program, Scientific Results, Vol. 120.
College Station, Texas: Texas A&M University.

76
	

ANTARCTIC JOURNAL


