
1. A South Atlantic deep-sea core at approxi-
mately 51° S. 48° W.

2. Another South Atlantic deep-sea core at ap-
proximately 51° S. 48° W.

3. Outcrops of the Sidney Flat shale and Kellog
shale in the Mount Diablo area of central California
at approximately 37° N. 121° W.

4. Numerous outcrops of the Oamaru diatomite,
South Island, New Zealand, at 45° S. 171° E.

We have reported on the silicoflagellates from
each of these localities in prior papers. Three of the
localities are shown in figs. 1 and 2. The New Zea-
land locality cannot be shown on these figures.

All four Upper Eocene localities, on the basis
of the silicoflagel late Dictyocha/Distephanus ratio
method, clearly indicate tropical climate. Since three
of the tropical localities are approximately on the
60° latitude position of Phillips and Forsyth (1972),
it follows that during the Upper Eocene the Southern
Hemisphere tropical zone probably extended to at
least the 60° S. latitude and was bounded on the
north by its paleoequator. Specifically, figs. 1 and
2 indicate that during the Upper Eocene all of South
America and Africa were tropical. Similarly in the
Northern Hemisphere during the Upper Eocene at
least most of the west coast of the United States, all
of the east coast of North America, and most of
Europe were tropical.

We offer no explanation for this apparent wide-
spread tropical zone during the Upper Eocene—if in
fact it was so widespread. Further studies are needed
to test and correct this tentative conclusion of wide-
spread tropics during the Upper Eocene.

The figures were made by Mr. David Crouch. This
study was supported in part by National Science
Foundation grant GV-25572 and the California
Academy of Sciences.
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Biostratigraphic and paleomagnetic
studies of Eltanin samples, 1971-1972

ORVILLE L. BANDY

Department of Geological Sciences
University of Southern California

Duplicate core samples and sample splits under
study include mostly those from Eltanin Cruises 39,
45, and 47 (map, p. 194). Biostratigraphic and paleo-
magnetic studies are under way on these cores. There
are indications of an extensive area of exposed
Pliocene-Pleistocene sediments along the profile of
Cruise 45 along the flanks of the Southeast Indian
Rise as well as in the area covered by Cruise 39.

In terms of new discoveries in planktonic bio-
stratigraphy, polar front planktonic indices include
the important form Globigerina bulloides concinna
Reuss together with the appearance of the antarctic
variant of Globorotalia pachyderma (Ehrenberg) ; in
addition, these antarctic indices define cold cycles of
the Pleistocene in the northern Pacific. The origin
and development of G. pachyderma as an index in
paleoceanography has been documented (Bandy,
1972). Globorotalia truncatulinoides has been found
to appear within the Gauss Magnetic Epoch in high
latitudes in contrast to its appearance near the base
of the Gilsa event in midlatitudes (Theyer, 1972).

A history of foraminiferal research was completed
for the Indian Ocean, including the southernmost
sector (Bandy, Lindenberg, and Vincent, 1972).

In work under way (Bandy, Casey, and Theyer),
planktonic foraminiferal and radiolarian lineages of
the Gilbert and lower Gauss include many of those
of significance in upper Miocene studies. Globoro-
talia miozea miozea has an extinction level near Gil-
bert (b) whereas G. miozea conoidea disappears in
the Gauss in high latitudes; the upper limit of the
latter is within the upper Gilbert in more tropical
areas marking a cool cycle there. The base of the
radiolarian Spongaster pentas Zone appears to be
between Gilbert (c) and Gilbert (a).

This is Contribution No. 295, Department of Geo-
logical Sciences, University of Southern California.
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Locations of cores, grabs,
and trawls—Eltanin
Cruises 39, 45, and
47—under study at the
University of Southern

California.

Variations in Globigerina bulloides
d'Orbigny as indices of water masses

ORVILLE L. BANDY
Department of Geological Sciences
University of Southern California

Assemblages of Globigerina bulloides in Eltanin
cores and samples from the southern oceans show
three variations of normalforms (fig. 1): (1) those*
with four chambers in the final whorl and with a
small aperture similar to G. bulloides praebulloides
Blow, (2) typical forms with four chambers in the
final whorl and with a larger aperture defined as
G. bulloides bulloides d'Orbigny, and (3) those with
four and one-half to five chambers in the final whorl
and with a larger aperture referred to G. bulloides
concinna Reuss. Kummerforms may occur in any
of the three subspecies; those with four chambers in
the final whorl are described as G. quadrilatera Gal-
loway and Wissler. Tropical to temperate species
often confused with the G. bulloides group are G.
falconensis Blow (distinguished by its apertural lip)
and G. calida Parker (distinguished by a radial
elongation of chambers and the umbilical-extraum-
bilical nature of the aperture in adults).

Even though only the tops of trigger cores were
studied for Recent planktonic faunas, many of those
from Drake Passage, from south of Australia, and
from the southeastern Indian Ocean (Eltanin Cruise
45) show evidence of Pleistocene or older assemblages

occurring essentially in surface sediments of the sea
floor. Much of the disparity between planktonic
zones based upon bottom samples and those de-
termined by plankton tows results from this problem.
Of equal significance in explaining this disparity is
the northward movement of antarctic surface water
as subantarctic intermediate water to the north of
the Polar Front. Boltovskoy (1969) reported living
populations of Globorotalia pachyderma and Globi-
gerina bulloides to depths greater than 1000 meters.
Thus, cold water planktonic indices are displaced in
this way to the north of water masses they occupy
at the surface.

Tropical zone. Although G. bulloides occurs rarely
in tropical areas (fig. 2, top row), specimens are
small, ranging from about 0.20 to 0.30 millimeters
and characterized by a restricted aperture. Typical
forms of G. bulloides in the southern oceans (fig. 2,
all but top row) are more variable and have maxi-
mum diameters of 0.40 to 0.77 millimeters as repre-
sented in bottom sediments.

Temperate or transitional zone. Although there is
a disparity between latitudinal zonation of planktonic
faunas in bottom sediments as compared with that
based upon plankton tows, the tows by Be (1969)
and Boltovskoy (1969) in the southern ocean pro-
vide some of the critical associations of significance
in understanding the relationships between variations
of C. bulloides and water masses. Variations of G.
bulloides with but four chambers in the final whorl,
both kummerforms and normalforms, occur in the
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