
not fit into any previously described taxon and are
here referred to as Rouxia sp.

The third zone found in both Donahue's cores and
the cores in the Wilkes Abyssal Plain is the Actinocy-
clus ingens concurrent range zone defined by Donahue
(1970) as the joint occurrence of A. ingens and Cosci-
nodiscus elliptipora subsequent to the last appearance
of Cosmiodiscus insignis and is Lower to Middle Pleis-
tocene in age (0.66 to about 1.67 m.y. BP). Coscinod-
iscus margaritaceous, described by Zhuze et al. (1963)
and Donahue (1967) is Actinocyclus ingens, as was
later recognized by Donahue (1970).

Glacial and interglacial periods are being investi-
gated through the use of polar and subpolar assem-
blages of diatoms, but the concept of polar and sub-
polar assemblages in these oceans may be far more
complex as several biofacies may exist within both the
antarctic and subantarctic regions. Studies of the oc-
currence and solution of diatom frustules in the water
column and their subsequent distribution in southern
ocean sediments should help determine the effect of
other factors—such as salinity, productivity, and sort-
ing by currents—that influence their distribution.

Hays (1965) and Donahue (1967) have recognized
a general cooling of at least the Pacific sector since the
end of the Tertiary. In this present investigation, Ter-
tiary diatoms will also be considered in the hope that
they will give insight into the climate and circulation
of the southern oceans during that period. Donahue
(1970) previously looked at mid- to late Pliocene dia-
toms but found that late Tertiary sediments (brown
clays) are generally poor in diatoms. Preliminary in-
vestigations indicate that Eltanin cores between Ant-
arctica and Australia may contain older assemblages
than those previously found.

These investigations are being supported by the Na-
tional Science Foundation under Grant GV-28803 to
Dr. John Conolly, University of South Carolina.
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Growth variation in
Globorotalia pachyderma (Ehrenberg)

ORVILLE L. BANDY and FRITZ THEYER

Department of Geological Sciences
University of Southern California

Current studies of Eltanin collections reveal inter-
esting relationships in Globorotalia pachyderma (Eh.r
renberg) between growth of specimens, the develop
ment of kummerforms (Berger, 1969), and calcifica
tion. This led to comparisons of populations frorn
northern and southern oceans in both plankton ancl
sediment samples (figs. 1 and 2). Earlier studies o
this species had reported restriction of sinistral popu
lations to antarctic and arctic waters, giving way t
dextral forms in warmer areas (Bandy, 1960; 1968)
as well as the occurrence of latitudinally related for
variations (Kennett, 1968).

In antarctic surface plankton tows, specimens arc
normalform wherein the last chamber shows the same
continuous expansion trend of the earlier chamber
(fig. 1: 5, 6). Arctic surface tows, however, show bot
normalforms and kummerforms. Conversely, speci
mens from sediment samples are dominantly kummer
forms in which the last chamber shows a reduction in
size from the growth pattern of the earlier chambers.
Kummerform individuals are oriented with the penul-
timate chamber uppermost for an easy comparison of
individuals according to the normal growth pattern;
in this way, form variations can be seen clearly to be
due to size changes in the abortive final chamber.
Green (1960) reported live specimens of this species
in bottom sediments of the Arctic; likely the kummer-
forms develop not only under the stress of changed
conditions in the water column, but on the sea floor
as well.

A calcification series of G. pachyderma commences
with the thin-walled normalforms of the upper water
column such as represented by specimens 5 and 6 of
fig. 1. Initially, they appear to be slightly spinose; the
external furrows are well developed between the
chambers, and there is a slight reduction in
chambers/whorl with growth. Specimens 3 and 7 (fig.
1) show the next step consisting of moderately calci-
fied specimens from bottom sediments where septal
furrows are reduced and spines are absent; normal-
form individuals are rare among them, but a complete
series of kummerforms can be seen, ranging from
specimens with a very small abortive chamber to those
that are almost normal. The most advanced stage of
calcification is that in which the thickened wall ob-
scures septal furrows, the aperture becomes very re-
stricted, and the resulting form is oval to subglobose
(fig. 1: 11, 12; fig. 2: 11-13). Extremely calcified
specimens, such as those of specimens 11 and 12 (fig.
1) appear to be restricted to antarctic waters.
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Figure 1 (left). Globorotalia pachyderma ( Ehrenberg), southern oceans. Dextral: 1: Eltanin 39-82, 5-10 cm, 32 0 39'S. 171 0 50'E., clia.
0.33 mm. 2: Eltanin 39-76, 75-80 cm, 3630'S. 161 0 14'E., dia. 0.33 mm. 3: Eltanin 39-82, 5-10 cm, dia. 0.27 mm. 4: Eltanin 39-76,
75-80 cm, dia. 0.28 mm. 5: Drake Passage, surface plankton, 57 0 45'S. 67'33'W., dia. 0.30 mm. Sinistral: 6: Same locality as 5, dia.
0.22 mm. 7: Eltanin 39-40, 5-0 cm, 52 0 03'S. 133 0 57'E., dia. 0.30 mm. 8: Eltanin (USC) station 308, 0-3 cm, 59 0 00'S. 71'00'W., dia.
0.251 mm. 9: Same locality as 8, dia. 0.30 mm. 10: Eltanin 39-82, 5-10 cm, dia. 0.30 cm. 11: Eltanin 39-67, 5-10 cm, 43°38'S.
1'51 0 58.9'E., dia. 0.27 mm, I IA ventral view, JIB edge view. 12: Eltanin (USC) station 308, 0-3 cm, dia. 0.30 mm, 12A ventral view,

128 dorsal view.
Ifigure 2 (right). Globorotalia pachyderma ( Ehrenberg), northern oceans. Dextral, off California: 1: AHF station 4673, 33-46 cm
(Holocene), 31'54'N. 118'1 M., dia. 0.36 mm. 2: Same locality, dia. 0.28 mm. 3: AHF station 2165 (Holocene), 31 0 31'N. 118026'W.,

ia. 0.31 mm. Sinistral, Arctic Ocean: 4: Station 47A (plankton tow), Fletcher's Ice Island (T-3), 100-0 m, 84'13'N. 114'42'W., dia.
.27 mm. 5: Station 2, Fletcher's Ice Island, 86'54'N. 80'OO'W., dia. 0.25 mm. 6: Station 5, Fletcher's Ice Island, 86'06'N. 95020'W.,
Ia. 0.29 mm. 7: Same locality as 6, dia. 0.28 mm. 8: Station 1A (plankton tow), Fletcher's Ice Island, 100-0 m, 84 0 22'N. 11232'W.
ia. 0.22 mm. 9: Same locality as 4, dia. 0.27 mm. 10: Same locality as 8, dia. 0.22 mm. Sinistral, Pleistocene, off California: 11: AHF

station 4673, 173-185 cm, dia. 0.26 mm, hA edge view, FIB ventral view. Sinistral, Arctic Ocean: 12: Station 5, Fletcher's Ice Island,
dia. 0.23 mm. 13: Station 2, Fletcher's Ice Island, dia. 0.26 mm.

At all stages of calcification and kummerform de-
elopment there is a characteristic lip serving to dis-
nguish this species from Neogloboquadrina dutertrei

(d'Orbigny) vars.; its wall structure and chamber
Form. distinguish it from Globigerina quinqueloba Nat-
Ind. Population variation in G. pachyderma is some-

hat greater, especially for the northern ocean, than
at reported by Kennett (1970). It should be noted
at the planktonic specimens from tows in the Arctic

available to us are C. pachyderma rather than Globi-
,erina bulloides d'Orbigny as reported by Tibbs
(1967).

Support for this study was provided by the National
cience Foundation under grant GV-25 749. Arctic

;pecimens are from plankton collections made by J.
'41ohr's program from Fletcher's Ice Island (T-3)

eptember-October 1971

antarctic plankton tows from Drake Passage were sup-
plied by E. Boltovskoy; specimens from off California
are from collections of the Allan Hancock Foundation
(R/V Velero IV) programs; the antarctic bottom
samples are from the USNS Eltanin program. This is
Contribution No. 246, Department of Geological Sci-
ences, University of Southern California.

References

Bandy, 0. L. 1960. The geologic significance of coiling
ratios in the foraminifer Globigerina pachyderma (Ehren-
berg). Journal of Paleontology, 34 (4): 671-681.

Bandy, 0. L. 1968. Cycles in Neogene paleoceanography
and eustatic changes. Palaeogeography, Palaeoclimatology,
Palaeoecology, 5: 63-75.

173



Berger, W. H. 1969. Kummerform Foraminifera as clues
to oceanic environments. American Association of Petro-
leum Geologists. Bulletin, 53: 706.

Green, K. E. 1960. Ecology of some arctic Foraminifera.
Micropaleontology, 6: 57-58.

Kennett, J . P. 1968. Latitudinal variation in Globigerina
pachyderma (Ehrenberg) in surface sediments of the
southwest Pacific Ocean. Micropaleontology, 14(3) : 305-
318.

Kennett, J . P. 1970. Comparison of Globigerina pachy-
derma (Ehrenberg) in arctic and antarctic areas. Gush-
man Foundation for Foraininiferal Research. Contribution,
21: 47-49.

Tibbs, J . P. 1967. On some planktonic Protozoa taken
from the track of drift station Arlis I, 1960-61. Arctic,
20(4): 247-254.

Eltanin Cruise 47a
DAVID S. WOODROFFE

Lamont-Doherty Geological Observatory
Columbia University

Eltanin Cruise 47a began at Melbourne, Australia,
on April 20, 1971, and ended at Newcastle, Australia,
on May 10, 1971. Underway geophysics was the main
program conducted on this cruise. The primary objec-
tive was to investigate the history of the Tasman Basin
by gathering geophysical information on the Tasman
abyssal plain and the western flank of the Lord
Howe Rise. Six east—west traverses were made across
the survey area. These extended from the Australian
continental shelf to the western flank of the Lord
Howe Rise. Total distance steamed was 4,190 nautical
miles.

Continuous gravity, total magnetic intensity, and
normal incidence reflection measurements were made.

Track of Eltanin Cruise 47a.

These were supplemented by wide-angle seismic re-
flection and refraction lines using a total of 23 ex-
pendable sonobuoys.

Three Australian geophysicists from the University
of New South Wales joined the Lamont-Doherty team
for this cruise. Meteorological observations by two sci-
entists from the Australian Bureau of Meteorology
comprised the remainder of the scientific program.

A preliminary study of the geophysical records ob-
tained indicates that the northern section of the Tas-
man Basin may be divided into two main zones. Zone
1 consists of an abyssal plain adjacent to the Austra-
lian continental margin, with an eastern boundary
parallel to the margin. Reverberant material predomi-
nates in the topmost layer of this zone's sediment
column, transparent sediments being apparent on the
eastern side. Zone 2 extends from zone 1 to the Lord
Howe Rise. Acoustically transparent sediment layers
predominate. Ponded turbidites were encountered at
the base of the Lord Howe Rise. Occasional basement
peaks were apparent throughout zone 2.

An area characterized by rough topography and
seamounts and having a strike of 330° to 340° tran-
sects zone 2 and the northern end of zone 1.

The western flank of the Lord Howe Rise was
marked by faulted steps or a very steep slope, with
block faulting at the top and thin sediment cover.

Paleomagnetism and micropaleontology
of Eltanin deep-sea sedimentary cores

N. D. WATKINS and J . P. KENNETT

Graduate School of Oceanography
University of Rhode Island

Paleomagnetic and micropaleontological definitio
of the ages of the Eltanin sedimentary cores collect'
up through Cruise 39 have now been completed.
delineation of the Pliocene to Pleistocene regional se
imentary history between Australia, New Zealar
and Antarctica is therefore now possible.

Fig. 1 is a map of the core locations and assembi'
traverses for the area under study. A total of 126 coi
are involved. From these, over 10,000 oriented sai
ples have been taken. Fig. 2 shows the age range ai
paleomagnetism of each core in traverse G—G' (11
1). All other data are being published elsewhc
(Watkins and Kennett, 1971; in press). The resu
show that Brunhes to Late Gauss sediments are larg
missing in an extensive area centered in the southe
part of the Tasman Basin and the northern flank
the Southeast Indian Rise. This is due to a high-veic
ity Antarctic Bottom Water current, which bo
scours and inhibits deposition of all but the coars
(sand size and above) fraction throughout much
the region. When present in the scour area, young se
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