
Figure 1. Forms of Globigerina bulloides d'Orbigny. Upper left:
G. praebulloides occlusa with restricted aperature, test diameter
0.43 mm (Eltanin 45-13, 32° 42' S., 101° 00' E., 4874 m).
Typical G. bulloides: Upper right: diameter 0.53 mm, lower left
0.77 mm (Eltanin—USC-58° 00' S., 700 57' W., 4005 m).
G. bulloides concinna Reuss, lower right, with five chambers in
final whorl, diameter 0.83 mm (Eltanin 45-76, 46 0 36.2' S.,

114° 24.5' E., 3822 m).

Figure 2. Globigerina bulloides, 1, 2, 3: tropical forms from
plankton tow, 00° 03.6' S., 149° 52.6' W. (dia. of 1, 0.30 mm;
of 2, 0.20 mm; of 3, 0.25 mm). G. bulloides praebulloides-like,
4, 5: Eltanin 45-13, 32° 42' S., 1010 00' E., 4874 m. (dia. of
4, 0.43 mm; of 5, 0.50 mm). G. bulloides bulloides, 6, 9, 10,
13: Eltanin (USC) 312, 58° 00' S., 70° 57' W., 4005 m (dia. of
6, 0.77 mm; of 9, 0.53 mm; of 10, 0.57 mm; and of 13, 0.53
mm). G. bulloides concinna, 7, 8, 11, 12: Eltanin 45-76, 46°
36.2' 5., 114 24.5' E., 3822 m. (dia. of 7, 0.67 mm; of 8,
0.68 mm; of 12, 0.83 mm). Eltanin (USC) 312 (dia. of 11,

0.67 mm).

temperate zone in association with dextral assem-
blages of Globorotalia pachyderma (Ehrenberg) and
Neogloboquadrina dutertrei dutertrei (d'Orbigny)
with umbilical teeth. This association occurs well
north of the Polar Front.

In the southern part of the temperate zone, G.
bulloides concinna appears together with assemblages
of G. pachyderma containing progressively greater
percentages of sinistral forms southward. In this as-
semblage are specimens of Neogloboquadrina duter-
trei subcretacea (Lomnicki) that lack umbilical
teeth. This association occurs just north of the Polar
Front, or to the north of the antarctic convergence.

Polar Front and antarctic zone. All variations of
G. bulloides occur in the zone of the Polar Front;
somewhat higher percentages (greater than 40 per-
cent) of kummerforms occur here than to the north
(about 30 percent). The species declines and dis-
appears in antarctic samples to the south. Important
associations with the Polar Front assemblages are:
(1) dominantly sinistral assemblages of Globorotalia
pachyderma, and (2) the appearance of the heavily
encrusted form of C. pachyderma, which is typical
of the Antarctic (Bandy and Theyer, 1971, fig. 1,
11-12), a form that attains a diameter greater than
0.30 millimeter in contrast to the slightly smaller
forms (0.23 millimeter) of this species. It is note-
worthy that the antarctic form of G. pachyderma
was carried into the northern Pacific with antarctic
water during colder cycles of the Pleistocene.

Support for this study was provided by the Na-
tional Science Foundation under grant GV-25 749.
Tropical specimens of C. bulloides were supplied by
G. Vilks. This is Contribution No. 294, Department
of Geological Sciences, University of Southern Cali-
fornia.
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A detailed paleomagnetic and biostratigraphic
study of 18 predominantly Gilbert-Gauss (2.4 to 5.0
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million years ago) aged deep-sea cores, collected
during Eltanin Cruise 39 in the Australian-New Zea-
land antarctic sector (see map, page 194), has been
completed (Theyer, 1972).

The results indicate that, unless cores of ideal
polarity logs are selected, interpretation of mag-
netic stratigraphies without comprehensive micro-
fossil control is very difficult. Hiatuses, mixings, and
short-lived polarity events, which do not correlate
with the established magnetic scale, complicate most
polarity logs.

Radiolarian indices permitted revision of the
existing antarctic radiolarian zonation (fig.) on the
basis of evolutionary datum planes that transcend
the present latitudes. Most proposed zonal boun-
daries correlate with similar zonal limits of tropical
and North Pacific zonations (fig.).

Planktonic foraminiferal indices allowed four evo-
lutionary zones to be proposed within the period
from the present to about 5 million years ago (fig.).
Eltanin core 39-76 (Bandy, 1972) contained suf-
ficient warm faunal elements to recognize tropical
Neogene Zone 19 within it and to correlate this zone
with middle to late Gauss (fig.). Species that the
cores share with New Zealand Neogene stages cor-
relate uppermost Tongapurutuan-lowermost Kapi-
tean (New Zealand upper Miocene) with paleomag-
netic ages up to early Gilbert, the Kapitean Stage with
mostly Gilbert-early Gauss, and the Opoitian Stage
(Pliocene) with mostly Gauss (fig.).

The material reflects the transitional faunal char-
acter of the Gauss Magnetic Epoch; several radio-
larians, foraminifers, and diatoms of Miocene af-

finities become extinct and Pliocene-Holocene line-
ages appear. This Gauss transition can be recognized
in all latitudes.

Two minor and three major cold cycles occurred,
respectively, during the upper half of the Gauss and
remaining Gauss-Gilbert. These coolings are equiva-
lent to northward displacements of modern surface
isotherms of the area under study by at least 10 de-
grees of latitude. The warmer interstadials represent
conditions comparable to those at the same latitudes
today, except for a considerably warmer period that
terminated just above Gilbert "c" and began below
the Epoch 5-Gilbert boundary, generally placed at
5.0 million years ago.

Average sedimentation rates were 0.5 centimeter
per 1,000 years during the Gauss Epoch and 0.6
centimeter per 1,000 years during the Gilbert Epoch,
which compare well with earlier data (Conolly and
Payne, 1972) for the Brunhes Epoch (0 to 0.69 mil-
lion years ago). The area is affected by an extensive
latest Gauss-latest Brunhes erosional disconformity
that can be demonstrated to extend considerably be-
yond previously defined boundaries (Watkins and
Kennett, 1972), especially west, along the South-
east Indian Rise.

Support was provided by the National Science
Foundation under grant GV-25749. A. Cox made
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Proposed radiolarian and
planktonic forminiferal zones
and correlation with previous
work. References: 1—Antarc-
tic: Hays and Opdyke, 1967;
Bandy et al., 1971.  2—North
Pacific: Hays, 1970. 3—
Tropics: Riedel and Sanfihippo,
1970. 4—Antarctic-suban-
tarctic Pacific: Kennett, 1970.
5—New Zealand: Jenkins,
1971. 6—Tropics: Blow,
1969. Correlation of 3, 5,
and 6 is with the magnetic
scale inferred here: 4 is in-
directly correlated with the
scale by Kennett, and 1 and

2 are direct correlations.

196	 ANTARCTIC JOURNAL



possible the paleomagnetic work at Stanford Univer-
sity, and C. H. Denham assisted during that part of
the study. This is contribution No. 300 of the
Department of Geological Sciences, University of
Southern California.
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Knowledge of patterns of distribution of morphologi-
cally similar populations of this relatively abundant
species may be useful in furthering understanding of
the process of speciation among other, rarer abyssal
species.

To determine if morphology of K. producta
changes with depth in relatively shallow water, a
suite of 26 samples was collected during Hero cruise
69-5. These samples were at 25-meter increments of
depth from 25 to 250 meters depth with multiple
samples taken at some stations.

Empty valves of K. producta were found at all
depths along the traverse except at 100 meters. Coin-
ciding with this discontinuity in distribution was a
marked discontinuity in size of the specimens. With
few exceptions, specimens from a depth of 75 meters
and above were small and had heavy valves. At
depths of 125 meters and below, specimens tended
to be large, with thinner valves relative to their size.
The variation in size was not simply a trend toward
larger size but a markedly discontinuous distribution
suggesting two separate populations that are at least
partially geographically isolated from each other.
Neither sediment size nor water temperature showed
a similar trend that might have accounted for the
variation in size of the ostracodes, but other environ -
mental parameters were not studied.

The figure shows outline drawings of presumed
male and female representatives of the two popula-
tions. Except for size, the organisms depicted are
closely similar in all respects, including placement of
the normal pore canals. It is highly unlikely that
the differences observed merit separating the two
morphs into separate species.

In addition to the discontinuity at 100 meters, a
trend toward a very slight reduction in size with
depth was observed in specimens from 250 meters.
Whether this trend is a significant one is not clear,
but the presence of large specimens of K. producta

Depth distribution of populations of
Krithe producta (Ostracoda)
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Krithe producta is an important species of Ostra-
coda that is widespread in the southern oceans, and
it or closely similar species are also found in cold,
abyssal waters virtually the world over. In spite of
its wide distribution, the variation of morphological
characters of K. producta is not well understood.

A	
:.

Representatives of the two populations of Krithe producta. A:
shallow water presumed male. 8: shallow water presumed female.
C: deep water presumed male. D: deep water presumed female.
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