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U. S. Antarctic Research Program, 1968—1969

Part ll: Year-Round and Stateside Activities

Research

The Marine Geology of the Southern
Oceans

H. G. GoopeLL

Departments of Oceanography and Geology
The Florida State University

Coring on USNS Eltanin since Cruise 27 has pro-
duced 132 piston cores totaling 74,426 cm (see table).

Eltanin Core Inventory

Core lengths (cm)

No. Piston
Cruise Cores Longest Average Total Cumulative
1—27 552 2,642  669.7 369,648 369,648
g0% 46 1,590 438.5 20,170 389,818
33 20 1,591 7317 14,633 404,451
34 17 2,260 739.5 12,571 417,022
35 15 1,218 686.0 10,290 427,312
36 34 1,226  493.0 16,762 444,075
1—36 684 2642 649.2 444,075 444,075

*No cores taken on Cruises 28-31.

Textural and mineralogical investigations on more
than 1,000 samples from the tops of these piston cores
or from Phleger cores have permitted mapping of the
surface sediments of the southern oceans (Fig. 1).
Across the South Pacific, the Antarctic Convergence
is the approximate boundary between carbonate oozes
to the north and siliceous oozes to the south. East of
about 110°W., this boundary disappears, except for
patches of carbonate ooze in the Drake Passage and
across the Burdwood Bank. In the Pacific-Antarctic
Basin between the Convergence and the August 0°C.
surface-water isotherm, an irregular belt of siliceous
oozes constitutes the surface sediment. Along its
southern margin, this deposit is only tens of centime-
ters thick and overlies continentally derived silts and
silty clays, but it reappears repeatedly in the cores,
interlayered with silts and silty clays. The siliceous ooze
deposit thickens northward and interfingers vertically
and laterally with the carbonate oozes.

South of the August 0°C. surface isotherm and
across the Drake Passage and Scotia Sea, the sedi-
ments are dominated by glacially derived antarctic
sediments which coarsen toward the Continent. West
of 180° and in the Southwestern Pacific Basin, the
biogenic oozes are replaced again by clayey silts and

Figure 1. Surface sedi-
ments of a sector of the
southern oceans.
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silty clays, except across the New Zealand Plateau and
the Macquarie Swell, where carbonate oozes again
dominate.

Rates of deposition vary widely with the sediment
type, their proximity to the Antarctic Continent, and
their relationship to the bottom current regime. South
of 70°S., sedimentation rates have averaged more
than 20 mm/1,000 yrs. for the last 700,000 yrs., while
across the center of the Pacific-Antarctic Basin under
the circumpolar current, rates are less than 2 mm/
1,000 yrs. (Goodell and Watkins, 1968). Over some
parts of the Pacific-Antarctic Ridge swept by bottom
currents, net rates are zero.

Superimposed on the sediments are fields of ferro-
manganese concretions (Fig. 2). These range from
large masses of ferromanganese draped on volcanics,
to fields of potato-size nodules hundreds of miles in
diameter, to areas of scattered, irregularly shaped
concretions of odd morphologies. Element suites in
the concentrations of trace elements in submarine ba-
salts co-vary directly with the same elements in adja-
cent concretions. In addition, definite suites of ele-
ments exist that are associated primarily with either
iron or manganese. Concretions and volcanics asso-
ciated with the Pacific-Antarctic Ridge are enriched
in lithophile (ferrophile) elements; those in the
abyssal basins, in chalcophile (manganophile) ele-
ments (Goodell et al., in press) .

Acknowledgement. This research is supported by
National Science Foundation grant GA—4001.
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Surface Features on Sand Grains
from Antarctic Continental Shelf
and Deep-Sea Cores

R. W. Rex and S. V. MArcoLIs

Department of Geological Sciences
University of California, Riverside

Investigations are in progress of Eltanin cores that
contain sediments of Tertiary age. The sand fractions
of these cores are being examined by transmission and
scanning microscopy in order to identify grains of
ice-rafted origin. Glacial features have been identified
on quartz sand grains from sediments of Eocene age
in core E13—4 (Geitzenauer et al., 1968). Several
other Tertiary Eltanin cores containing sediments of
Eocene to Pleistocene age have also been found to
contain evidence of ice-rafting. Sand grains known to
have been transported by turbidity currents and by
atmospheric means have been found to exhibit fea-
tures distinctive from glacially derived grains (Figs.
1-3). By examining sand grains from Eltanin cores as
well as cores collected by the D.S.D.P. (JOIDES)
project, the Tertiary variations in sediment transport
regimes and their antarctic paleoclimatological impli-
cations are being determined.

Similar examinations are being performed on sedi-
ments from the Berkner Bank in the Weddell Sea
(Rex, 1964). Scanning electron micrographs (Fig. 4)
show a sequence of features indicating an initial, gla-
cially derived texture, with a superimposed pattern of
both beach- and dune-sand abrasion. On top of all of
these features are found triangular etch pits which
suggest that the grains have undergone an extensive
period of exposure to sea water. These and other

ANTARCTIC JOURNAL



Figure 1 (above). Transmission electron micrograph of quartz sand
grain from “Turbidite’ sequence in equatorial Mid-Atlantic deep-
sea core. V-shaped indentations are believed to have been
produced by abrasion during transportation. These features are
similar to those observed on sand grains from high-energy
beach-surf zones. Triangular etch pits are evidence of solution
of quartz by sea water.

Figure 2 (top, right). Eolian surface textures, scanning electron
micrograph. Sand grain from Libyan Desert showing oriented
fracture patterns.

Figure 3 (center, right). Glacial marine environment, Eltanin core
13-4. Sand grain from sediments of Eocene age. SEM photo
showing glacial scratches on smooth surfaces at top of grain
and oriented triangular etch pits similar to those in Figure 1.

Figure 4 (bottom, right). Combination of glacial, eolian, and beach
features. Sand grain from Berkner Bank, Weddell Sea. SEM
photo shows large conchoidal fractures and chatter marks of
glacial origin. Small fractures on pitted surface are similar
to those found on grains from coastal dunes.

sedimentological data indicate that the Berkner Bank
may have been exposed at the surface during an in-
terglacial period when the antarctic land surface
stood approximately 300 m higher with respect to sea
level than it does today.

The effect of chemical solution on quartz sand
grains after burial in deep-sea cores was investigated
with the scanning microscope (Krinsley and Margolis,
1969) . Fifty sand grains were sampled every 100 cm of
core E13-17 from the South Pacific (Watkins and
Goodell, 1967). Examination of these grains showed a
progressive increase with depth in the percentage of
sand-grain surface area covered with oriented solution
features. Below a depth of 1,970 c¢m, however, there
was an abrupt increase in the area covered by these
features, possibly indicating an unconformity or per-
haps a chemical change in interstitial fluids. More
detailed investigations are in progress, in cooperation
with Dr. N. D. Watkins, on the surface features of
sand grains from Eltanin cores, with emphasis on pos-
sible chemical changes occurring at paleomagnetic
boundaries.
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Maijor Late Cenozoic Planktonic Datum
Planes, Antarctica to the Tropics
OrviLLE L. BANDY

Department of Geological Sciences
University of Southern California
and

Ricuarp E. Casey

Department of Geology
San Fernando Valley State College

Miocene-Pliocene Boundary. A significant plank-
tonic datum plane for the later Cenozoic is the Sphae-
riodinella dehiscens Datum (Fig. 1) of the tropics,
which approximates the Miocene-Pliocene boundary
(Bandy, 1963, 1964). It has been defined recently in
deep-sea cores at a position within the upper part of
the Gauss Magnetic Epoch (Glass et al., 1967). This
datum plane is essentially the boundary between Neo-
gene zones 18 (Miocene) and 19 (Lower Pliocene) of
Banner and Blow (1965). Analysis of radiolarian
faunas of antarctic deep-sea cores (Hays and Opdyke,
1967; Bandy et al., 1969) shows that the extinction
datum for Prunopyle titan occurs within the upper
part of the Gauss Normal Magnetic Epoch, a point
nearly correlative with the S. dehiscens Datum Plane
of the tropics. In California, these radiolarian and
foraminiferal events are approximately coincident
with the Miocene-Pliocene boundary; in Italy, the
first appearance of S. dehiscens is near the base of the
recognized Pliocene. Additional Upper Miocene ra-
diolarians occurring just below the Prunopyle titan
Datum include Oroscena digitata, verifying the
Upper Miocene character of the fauna.

Pliocene-Pleistocene Boundary. A second important
planktonic datum of tropical areas is that marking the
origin of the keeled forms of Globorotalia truncatulin-
oides, which is also the approximate level for the ex-
tinction of discoasters in tropical and temperate re-
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gions (Fig. 1). These planktonic events mark the ap-
proximate base of the Gilsa event, formerly misidenti-
fied as the Olduvai event, which is approximately
coincident with the extinction datum of Eucyrtidium
calvertense in antarctic and temperate deep-sea cores.
Similarly, the appearance of G. truncatulinoides and
extinction of discoasters mark the base of the Wheeler-
ian Stage in California and the base of the Calabrian
in Italy (Hay and Boudreaux, 1968; Bandy, 1969;
Bandy et al., 1969).

Paleoclimatology. Major paleotemperature varia-
tions of the Antarctic consist of subtropical conditions
in the lower part of the Gilbert Reversed Magnetic
Epoch, indicated by tropical collosphaerids; cold-
water conditions in the upper Gilbert, Gauss, and
basal Matuyama Epochs as indicated by exclusively
cold-water types; temperate influences in most of
the Matuyama Epoch, indicated by mostly continuous
occurrences of temperate species such as Pterocanium
trilobum and Saturnulus planetes ; colder water condi-
tions during much of the Brunhes Normal Epoch with
exclusively cold-water species; and a temperate influ-
ence near the top of the Brunhes indicated by the
appearance of Saturnulus planetes, Theoconus zan-
cleus, and others. The first appearance of glacial de-
posits in most cores occurs at or just above the disap-
pearance of the tropical collosphaerids well down into
the Gilbert Reversed Epoch (Fig. 1). It would appear
that the major, coldest intervals, represented by left-
coiling populations of Turborotalia pachyderma in-
vading temperate areas, are those of the Upper Mio-
cene (upper Gilbert Epoch), and the glacial Pleisto-
cene (most of the Brunhes), with perhaps a short
cooler interval in the middle Matuyama which is
equivalent to the Venturian cool interval of Cali-
fornia (Bandy, 1968) and the Astian cool interval of
the Italian section (Lona, 1962).

Radiometric dating. 1t is clear that radiometric
dates available from land sections (Obradovich, 1968;
Bandy and Ingle, in press) are in direct conflict
with those associated with the paleomagnetic scale
(Fig. 1). Planktonic events and paleomagnetic data
are in agreement for correlations made between high
and low latitudes in deep-sea cores. Planktonic events
in deep-sea cores correlate well with land-based sec-
tions. It is suggested that radiometric dates for the
land-based marine sections are too high by a factor of
about 3.

Acknowledgements. Support for this continuing
study was provided by the National Science Founda-
tion under grants GA-10204 and GB-8628. This is
Contribution No. 216, Department of Geological Sci-
ences, University of Southern California.
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Silicoflagellates: A New Tool for the
Study of Antarctic Tertiary Climates

York T. MANDRA!

Department of Geology
San Francisco State College and
Research Associate, California Academy of Sciences

A recent petrological study (Geitzenauer et al.,
1968) presented evidence in support of antarctic
Eocene glaciation, based on examination of an El-
tanin deep-sea core collected at 57°46.2’S. 90°47.6'W.
In another deep-sea core from a site 42° further east
(51°41’S. 48°29’W.), evidence was found that sup-
ports the idea of antarctic Eocene warm climate. This
report presents data and interpretations, based upon a
study of fossil silicoflagellates,? suggesting that at
least one part of Eocene Antarctica had a warm cli-
mate.

The presence of the silicoflagellate, genus Navicu-
lopsis, indicates that the age of the sample is Eocene
(probably Late Eocene). In an independent study of
the sessil benthonic diatoms in our sample, Dr. G
Dallas Hanna? also determined that the age of the
sample is Eocene.

No prior report of fossil silicoflagellates from Ant-
arctica is available for comparison. There are earlier
studies of living silicoflagellates in waters off the
coast of Antarctica (e.g., Gemeinhardt, 1931) ; how-
ever, these studies contain data that are at best dis-
tantly peripheral to Tertiary climates.

In this investigation, the ratio of two genera of
silicoflagellates, Dictyocha/Distephanus,* was used
to determine the Eocene ocean temperature. The rela-
tionship between the ratios of the two genera and
temperatures is shown in the graph. Of 540 fossil
silicoflagellates of this faunule mounted on glass
slides, 150 were specimens of Dictyocha distributed in
11 species, and 16 were specimens of Distephanus
distributed in 2 species. These data (150/16), when
applied to the graph, indicate that in the immediate
area of deposition, near-surface ocean waters were
slightly warmer than 25°C. at the time of deposition.
A detailed description of this ratio method was given
in a prior paper (Mandra and Hanna, 1969), and a
procedure for statistical utilization of silicoflagellates
has been presented earlier (Mandra, 1968).

Further study is needed to evaluate the degree of

'Mailing address: 8 Bucareli Drive, San Francisco, Cali-
fornia 94132.

? Silicoflagellates are defined here as planktonic Protozoa
with a flagellum, yellow or greenish-brown chromato-
phores, and a skeleton of hollow siliceous rods.

3 Personal communication, May 1969.
¢Regarded by some workers as a synonym of Dictyocha.
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accuracy of this conclusion; hence, no claim of preci-
sion is intended for the statement, “slightly warmer
than 25°C.” However, prior experience (Mandra,
1968) has demonstrated that this method is qualita-
tively correct. For these reasons, the term “tropical” is
preferred to “slightly warmer than 25°C.” in this
report.

Seven papers presented at the Symposium on Ter-
tiary Climate of New Zealand (Victoria University of
Wellington, August 1967) contained data supporting
our idea of Upper Eocene tropical climate at mid-
southern latitudes. For the sake of brevity, reference
will be made to only three of the seven.

Hornibrook (1968, p. 13) presents a graph which
indicates that, during the Upper Eocene, maximum
temperatures were slightly above 25°C. for the lati-
tude of Wellington, New Zealand. Similarly, Jenkins
(1968, p. 35) presents data to indicate maximum
temperatures of about 28°C. These studies of plank-
tonic and benthonic Foraminifera were substantiated
by a study based upon Mollusca by Beu and Maxwell
(1968, p. 72), pointing to temperatures in excess of
25°C. for South Island, New Zealand in the Upper
Eocene.

The locality in the South Atlantic Ocean is close to
the present Antarctic Convergence. The sample came
from the interval 325-330 cm below the top of a core
taken in waters 2,429 m deep. These data are impor-
tant because the sample contains a tropical Eocene
faunule and it is only 13° of latitude north of Graham
Land, Antarctic Peninsula.

If the geographic relationship between the locality
of our tropical sample and the Antarctic Continent
were essentially the same in Eocene time as it is now
(paleomagnetic studies by Blundell, 1962, support this
assumption), then it is possible to envision at least a
warm-temperate or warmer climate for the most
northerly, low, coastal areas of Antarctica which are
directly south of our sample site.

The climatic conclusion stated here seems to be
warranted by the limited relevant post-depositional
movement of our sample. Dr. Hanna® has demon-
strated that the sample contains sessil benthonic dia-
toms that lived in waters less than 200 m deep. Since
our material was collected in waters about 2,500 m
deep, it has received considerable vertical movement.
But down-dropping without a corresponding change
in latitude does not weaken the data in this report.

Sea-floor spreading in the Atlantic must also be
considered. Most of these movements, however, are
essentially east-west or west-east with relatively little
shift in latitude. Hence, there should not be much
difference in the pre-drift position near-surface tem-
peratures and post-drift position near-surface temper-
atures.

All slides of silicoflagellates used in this study will
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ler-like structure. Scanning electron photograph made by Jeolco, surrounded by five other “windows.” Scanning electron photograph
Burlingame, California, and the California Academy of Sciences. made by Jeolco, Burlingame, California, and the California Acad-

emy of Sciences.
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Naviculopsis. X 1500. Eocene silicoflagellate with one long spine on
its central bridge. Scanning electron photograph made by Jeolco,
Burlingame, California, and the California Academy of Sciences.

be deposited in the Department of Geology Type Col-
lection of the California Academy of Sciences. A
paper describing the fauna of silicoflagellates in this
sample is in preparation.
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Grain Surface Features in Eltanin Cores
and Antarctic Glaciation

Rarra Gram

Department of Oceanography
The Florida State University

Eltanin deep-sea cores from the southern oceans
have been evaluated throughout their length with re-
spect to the mineralogy of the sand and clay-size mate-
rial. In addition, the surface features of the quartz
grains and other selected minerals have been exam-
ined optically and by electron microscope for evi-
dence of glacial transport, environmental marks,
and/or diagenetic alterations.

Krinsley and Newman (1965) suggested that the
surface features of quartz grains are of value in recog-
nizing sediments of glacial origin. Krinsley and Taka-
hashi (1962a, b), Krinsley and Donahue (1968), and
Krinsley and Margolis (1969) have postulated that
grain surface features are not only diagnostic of a
glacial origin of sediments, but of other environ-
mental origins as well. The majority of this work has
been accomplished utilizing the electron transmission
scope, and currently the Scanning Electron Micro-
scope (SEM). Recently, an optical technique em-
ploying interference microscopy (Warnke and Gram,
1968, in press) for examining grain surface replicas
has been investigated.

An even simpler optical technique has now been
developed for direct examination of grain surfaces
using reflected dark-field illumination with the Leitz
Ortholux Ultropak system. This method has been
compared with electron microscopy with favorable re-
sults. The latest optical method has the advantage of
enabling rapid evaluation of many grains without the
necessity of plating or replica-making. A depth of
field problem exists with the optical methods, particu-
larly at higher magnifications, and some of the more
minute features may, therefore, go unobserved. How-
ever, the speed of the optical techniques permits a
large number of observations to be made and, there-
fore, increases the statistical reliability. This advan-
tage compensates for the depth of field problem to a
large degree. During the present study, no features of
significance were observed electronically that were not
visible using optical methods.

In an effort to more fully establish the accuracy of
the surface-feature environmental criteria established
by the aforementioned workers, and to validate the
optical technique developed by the present author,
quartz grains from numerous environments were ex-
amined. These grains were obtained from icebergs off
the Antarctic Peninsula; Alaskan glaciers and their
outwash plains (Slatt and Hoskin, 1968); Florida,
California, and New York beaches ; and Florida, Cali-
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fornia, and Texas sand dunes. Some Florida river
samples were also examined. The results of this effort
have, in general, supported the work of Krinsley and
his coworkers. Consequently, the use of optically iden-
tifiable grain surface features as indicators of environ-
mental origin is believed to be a valid technique.

Fig. 1 is a SEM photograph of a quartz grain from
the 6-11 cm interval of Eltanin core 11-13. The
photo shows the high relief, parallel steps, and
breakage pattern attributed to glacier action. Fig. 2 is
a reflected-light photomicrograph of a quartz grain
from the same core showing similar features; the
grain is from the 1,695—1,700 c¢m interval. Preliminary
results from this study indicate that, in general, at
least one-third of the sand-size quartz present
throughout the core lengths show surface features re-
sulting from glacier activity. The majority of the cores
examined extend into the Gauss Paleomagnetic
Epoch, four extend into the Gilbert, and one through
the Gilbert. The quantity of quartz present in these
cores showing direct evidence of glacial transport sup-
ports Goodell and others (1968) in their hypothesis
that widespread glaciation of the Antarctic Continent
was in progress at least 5 m.y. ago.

A core believed to be of Eocene age (Geitzenauer,
verbal communication) also contained some ice-rafted
quartz throughout its length, although the percentage
of such grains was considerably lower than in the
other cores examined. The majority of grains in this
core showed a combination of glacially derived fea-
tures and diagenetic or chemical features, or were
non-diagnostic. However, the presence of some grains
showing evidence of glacier activity supports to a
degree the evidence of Eocene glaciation of the Ant-
arctic found in another core by Geitzenauer and
others (1968).
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Gradziedi, Florida State University, permitted the use
of the SEM, and Mr. R. Parker took the SEM photo-
graph. Grains examined during this study, other than
those from Eltanin cores, were provided by Messrs. D
A. Warnke, R. M. Slatt, E. Hopkins, F. Stapor, and
the author.

References

Geitzenauer, K. R.; S. V. Margolis, and D. S. Edwards.
1968. Evidence consistent with Eocene glaciation in a
South Pacific deep-sea sedimentary core. Earth and
Planetary Science Letters, 4: 173-177.

Goodell, H. G., N. D. Watkins, T. T. Mather, and S. Kos-
ter. 1968. The antarctic glacial history recorded in sedi-
ments of the Southern Ocean. Palaeogeography, Palaeo-
climatology, Palaeoecology, 5: 41-62.

Krinsley, D. and T. Takahashi. 1962a. The surface tex-
tures of sand grains; an application of electron micros-
copy. Science, 135: 923-925.

September—October 1969

Figure 1. SEM photograph of quartz-grain surface showing features
resulting from glacier or ice transport. Grain from Eltanin Core
11-13, 6~11 c¢m interval. Scale bar equals 10 microns.

Figure 2. Light micrograph of quartz-grain surface showing fea-
tures resulting from glacier or ice transport. Grain from Eltanin
Core 11-13, 1,695-1,700 cm interval. Scale bar equals 10 microns.
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The Pleistocene Coccolithophoridae
of the Southern Oceans

Kurt R. GEITZENAUER

Department of Geology
The Florida State University

The Coccolithophoridae from a number of USNS
Eltanin carbonate cores taken in the subantarctic
southern oceans have been studied over the past two
years with the following objectives in mind:

1) To ascertain the stratigraphic ranges and popu-
lation composition of the Pleistocene Coccolith-
ophoridae in the southern oceans.

2) To determine the paleoecology and evolution of
the Coccolithophoridae in the southern oceans
during the Pleistocene.

3) Applying the above two objectives along with
absolute ages, paleomagnetic data, and com-
parison with other microfossil groups to develop
the Coccolithophoridae as paleoclimatic and
biostratigraphic indicators of the Pleistocene.

Although the biostratigraphic application of cocco-
liths and discoasters has been used for some time and a
zonal scheme established (Hay et al., 1967), only a
few studies have been directed toward the use of the
Coccolithophoridae  as  paleoclimatic  indicators
(Cohen, 1964; MecIntyre, 1967). Because of the
high-latitude sources of most of the Eltanin cores,
they should be ideal for the recognition of climatic
changes during the Pleistocene.

An analysis of the coccolith populations present
throughout the cores has shown that they do reflect
the paleoclimates. By comparison with the data ob-
tained from the same cores, using Radiolaria (Hays,
1967) and planktonic Foraminifera (Kennett, in
press), it has been determined that, in most cases, an
increase in the relative percentage of the coccolith
Umbilicosphaera leptopora (Murray and Blackman) is
indicative of an interglacial stage or warming trend in
at least the Upper Pleistocene (Geitzenauer, 1969).

An attempt to apply the coccolith biostratigraphic
zonation developed in the Caribbean area to the sub-
antarctic cores was not completely successful, partly
because the number of coccolith species present in the
latter cores is very limited. It also appears that the
worldwide correlation of biostratigraphic zones (even
of planktonic forms), which apparently cross biogeo-
graphic boundaries, is indeed hazardous. Based on
these studies, the subantarctic Pleistocene was divided
into zones differing somewhat from those erected by
Hay and others (1967) in the Caribbean.

Seven of the cores studied have been dated radi-
ometrically by the excess Th2?% method. The max-
imum absolute age obtained, 300,000 yrs. B.P., is espe-
cially useful as a base of reference in the absence of
reliable paleomagnetic data. This method has been
used to date the observed paleoclimatic events (Geitz-
enauer, 1969) and some biostratigraphic boundaries.
The appearance of the coccolith species and zone
fossil Emiliania huxleyi (Lohmann) in the subant-
arctic Pleistocene has been dated with the excess
Th230 method as having occurred about 150,000
years B.P.

Figure 1. Electron micrographs of coccoliths of two important Coccolithophoridae species found in Recent and Pleistocene sediments
of the southern oceans. a) Umbilicosphaera leptopora (Murray and Blackman) X 10,000. b) Emiliania huxleyi (Lohmann) X 18,300.
A 1-micron scale is in the lower left corner of each micrograph.
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Continuing Studies of Eltanin
Sedimentary Cores and Dredged Rocks

N. D. Warkins

Department of Geology
The Florida State University

In a previous report (Watkins, 1968), mention was
made of paleomagnetic observations of some Eltanin
sedimentary cores indicating hitherto undiscovered
short-period reversals of the earth’s magnetic field 0.82
and 1.07 million years ago. Subsequent detailed exam-
ination of cores taken during Cruises 27 through 35
have confirmed this earlier suggestion. Fig. 1 shows
the results of studies made on one of these cores. The
data are to be presented at a meeting of the Interna-
tional Association of Geomagnetism and Aeronomy in
Madrid in September, 1969.

During 1969, the paleomagnetic investigations have
become integrated with the micropaleontological
studies of Dr. J. Kennett. It appears probable that the
paleo-oceanographic history of the area south of Aus-
tralia and New Zealand will become clearer through
the current application of these two disciplines to the
sediment cores taken during Eltanin Cruises 16, 26,
27, 34, and 35.

The distribution of the dredged rocks recovered
during Eltanin Cruises 5-9, 12, and 22 in the Scotia
Sea has been examined. It has been shown that the
Antarctic Continent south of the Weddell Sea and the
east coast of the Antarctic Peninsula are probably the
major sources of the recovered materials (Watkins
and Self, 1969). Since an earlier regional survey of
the Eltanin dredges from the Pacific (Watkins
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Figure 1. Inclination of remanent magnetism in specimens of
core E32-47, following demagnetization at 150 oersteds. Polarity
log at right; black is normal polarity (negative or upward mag-
netic inclination), clear is reversed (positive or downward mag-
netic inclination). Specimen interval 10 cm. The known polarity
time scale is to the right. Added to this are the two short polarity
events initially detected by examination of cores from earlier
Eltanin cruise (Watkins, 1968). Correlation lines are included.

et al., 1968) indicated that rocks recovered during
Cruises 16, 26, and 27 over the Macquarie Rise in-
cluded some in situ materials, chemical, petrological,
and magnetic analyses have been made of several of
the samples, in conjunction with Dr. B. M. Gunn,
University of Montreal. This research has revealed
the occurrence of hartzburgites, of high intensity of
magnetization, which may be relevant to the genesis
of the Rise. Further analyses are intended before the
data are published.
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The Antarctic Marine Geology Research
Facility
H. G. GoopbeLL and DeEnnNis S. CassiDy

Departments of Oceanography and Geology
The Florida State University

Cores obtained during USNS Eltanin cruises are
stored in 5,200 ft* of refrigerated storage at 2°C.,
the temperature of Antarctic Bottom Water, in the
Antarctic Marine Geology Research Facility of Flo-
rida State University. An additional 400 ft2 is refrig-
erated to —10°C. for storage of core cuts destined for

177



Figure 1. Split piston cores from USNS Eltanin stored at 2°C. at
the Antarctic Marine Geology Research Facility at Florida State
University.

analysis of organic geochemistry, and 5,000 ft? is de-
voted to core and sample processing.

The Facility was completed in January 1966, and
cores from Cruise 21 of Eltanin were the first to be
accommodated directly. At present, 650 Eltanin cores,
totaling more than 4.27 km of sediment, are shelved
on about 20 percent of the available storage (Fig. 1).
These cores, from FEltanin Cruises 2—36, represent
samples from about one-third of the geographic area
covered by the southern oceans.

The 3-m core sections in their plastic core-liner
tubes are shipped under refrigeration when possible to
the Facility from the Eltanin port of debarkation in
New Zealand or Australia. At the Facility, the liners
are cut through and the cores parted (using a nylon
filament), tagged, and described. A 70-mm contin-
wous negative is made of ecach core prior to initial
sampling. The core halves are stored in their liners
sheathed in a plastic sleeve.

Since the inception of the marine geology program
on Eltanin, 14,77+ samples have been distributed for
sedimentological, mineralogical, geochemical, and pa-
leontological investigations. In addition, 30,819 sam-
ples have been taken for palcomagnetic determina-
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tions. These samples have gone to 43 investigators
representing 16 institutions in the U.S.A. Other sam-
ples have gone to researchers in Great Britain, France,
Monaco, New Zealand, and Australia.

The inventory of Eltanin dredge haul samples, ex-
clusive of manganese nodules, has been transferred to
the Smithsonian Oceanographic Sorting Center. Prior
to this transfer, 525 samples from the collection had
been provided to investigators for study.
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Foraminiferal Studies of
Southern Ocean Deep-Sea Cores

James P. KENNETT

Department of Geology
The Florida State University

The principal objectives of foraminiferal studies of
southern ocean deep-sea cores at Florida State Univer-
sity are to establish a foraminiferal biostratigraphy
and paleoclimatic history of antarctic, subantarctic,
and southern subtropical areas for as much time
within the Cenozoic as the material allows.

Middle and Upper Pleistocene cores from the sub-
antarctic region of the South Pacific (Kennett,
1969a) can be divided into three faunal zones on the
basis of the upward sequential appearance of plank-
tonic Foraminifera. Correlation of this sequence with
established radiolarian zones and paleomagnetic stra-
tigraphy are supported by radiometric dates. Alterna-
tions of cold- and warm-water planktonic foraminif-
eral faunas delimit 8 intervals of climatic warming
during the last 1.2—1.3 m.y. B.P. The relative magni-
tudes of climatic warmings were considerably greater
during the last 0.5 m.y. than between 0.5 and 1.2-1.3
m.y. B.P., when conditions were generally cooler.
Only once were conditions significantly warmer than
the Recent, i.e., during the interval between 0.4 and
0.5 m.y. B.P. Paleoclimatic trends for polar areas can
be correlated rather closely with those of tropical
arcas (Ericson and Wollin, 1968).

A South Pacific subtropical core ([Eltanin 21-5;
36°41’S. 93°38’W.; length 480 c¢m), which has been
shown by nannofossils to be Upper Pliocene to Lower
Pleistocene in age, is significant in showing alterna-
tions of dominantly keeled and non-keeled populations
of the Globorotalia truncatulinoides—G. tosaensis
plexus (Kennett and Geitzenauer, 1969). The lower
(425480 cm) and upper (0-130 cm) core sections
contain populations dominated (>78%) by keeled
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forms referable to G. truncatulinoides, while in- antarctic bottom sediments (Kennett, 1969b). Arctic

termediate sections between 198 and 400 cm contain
populations dominated (>80%) by non-keeled forms
which resemble topotypes of G. tosaensis. Transitional
populations occur between 145 and 180 cm.

Globorotalia truncatulinoides is associated in the
core only with marginal tropical foraminiferal faunas
including Globorotalia menardit, Globigerinoides con-
globatus, and “Globigerina™ dutertrei, while Globoro-
talia tosaensis is associated with a cooler-water plank-
tonic foraminiferal assemblage lacking these species
but having higher frequencies of Globorotalia
inflata and right-coiling Globigerina pachyderma.
Likewise, the coccolith Umbilicosphaera leptopora,
which prefers warmer waters, exhibits marked in-
creases in frequency in the upper and lower core sec-
tions containing Globorotalia truncatulinoides.

Although not decisive, this sequence suggests that
during the Upper Pliocene to Lower Pleistocene, at
least in this area, G. truncatulinoides and G. tosaensis
were either phenotypic variants or separate subspecies
or species with distinct environmental preferences. It
also provokes speculation as to whether the G. to-
saensis to G. truncatulinoides evolutionary bioseries
reported by a number of workers near the Pliocene—
Pleistocene boundary in tropical deep-sea areas, in-
cluding the Gulf of Mexico, is instead the result of
ecological or oceanographic change.

Comparisons have been made between antarctic
and arctic populations of Globigerina pachyderma
(Ehrenberg), the only species of planktonic Forami-
nifera living in both water masses. Populations of Glo-
bigerina pachyderma in arctic bottom sediments ex-
hibit morphologies distinctly different from those in
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populations are less heavily encrusted, more lobulate,
and have a higher arched aperture and a dominance
of 4Y%-chambered forms (umbilical view) com-
pared with a dominance of 4-chambered forms in
antarctic populations. Both exhibit dominance of sin-
istrally coiling forms and have similar size characteris-
tics. Because of a shortage of morphological data on
G. pachyderma in subarctic and Northern Hemi-
sphere subtropical areas, it is not possible to evaluate
whether these morphological differences result from
phenotypic variation or subspeciation. Characteristic
ranges of variation have been illustrated by scanning
electron micrographs.

Studies in progress include the establishment of
a paleoclimatic model for Pleistocene cores from ant-
arctic ocean areas, one objective being to correlate
this model with the one already established for sub-
antarctic areas.
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Biolithology and Chemistry of Surface
Sediments in the Subantarctic
Pacific Ocean

Y. RammouaaNroy NAYUDU

Douglas Marine Station
Institute of Marine Science
University of Alaska (Douglas)

The region wunder investigation lies between
120°W.~180°W. and 30°S.-60°S. Bounded in the
east by the East Pacific Rise and in the west by the
New Zealand Plateau, it includes three major physio-
graphic regions—the Southwestern Pacific Basin, the
Pacific-Antarctic Ridge, and a part of the Pacific-
Antarctic Basin. Most of the Southwestern Pacific
Basin lies between 2,500 and 3,000 fm. The Pacific-
Antarctic Ridge and numerous scattered seamounts
rise more than 1,500 fm above the Basin floor. Two
major oceanic west-east convergences transect the
area—the Antarctic Convergence to the south and the
Subtropical Convergence to the north. Most of the
area lies between these convergences and is commonly
referred to as the subantarctic regime. It is in-
fluenced by the tropical regime to the north and the
polar regime to the south. The major physiographic
features and surface currents are shown in Fig. 1.

Five different sedimentary units have been defined
for the area on the basis of studies of surface sedi-
ments from approximately 100 cores collected by in-
vestigators on USNS Eltanin and other ships. These
units are: (1) diatomaceous sediment, (2) carbonate
(Foraminifera-rich) sediment, (3) brown clay, (4)
mixed diatom-carbonate sediment, and (5) diatoma-
ceous clay (Fig. 2).

Surface sediments were analyzed for major ele-
ments—silicon, iron, aluminum, magnesium, calcium,
scdium, potassium, titanium, phosphorus, and man-
ganese, and trace elements—cobalt, nickel, copper,
chromium, zinc, strontium, and barium. The original
data, along with contours of the second-degree trend
surfaces for iron, manganese, cobalt, nickel, and chro-
mium are shown in Figs. 3-7.

The manganese trend (Fig. 4) shows a high in the
Southwestern Pacific Basin, as do the trends of cobalt,
nickel, and chromium (Figs. 5, 6, 7). Iron (Fig. 3)
might be expected to have a similar regional trend
due to the common association of iron and manganese
in micromanganese nodules, which are present in high
concentrations in brown clay. Instead, iron concentra-
tion seems to increase toward the north and reflects
a greater contribution of volcanic material from the
seamounts in the area (Fig. 1).

From the petrologic and chemical studies, it ap-
pears that most of the brown clay is derived from
volcanism in and around the Basin margin. Subma-
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Figure 1. Physiographic diagram of the subantarctic Pacific Ocean
showing surface currents.

Figure 2. Surface-sediment distribution in the subantarctic Pacific

Ocean. Diatomaceous sediment is shown by the open circle pat-

tern, carbonate (Foraminifera-rich) sediment by the block pattern;

the dashed pattern denotes brown clay, and areas of mixed sedi-
ment are shown by combinations of these patterns.
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Figure 3. Iron in surface sediment of the subantarctic Pacific Ocean
with contours of the second-degree trend surface. Iron values are
in weight percent. Contour interval is 1.0 percent.
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Figure 4. Manganese in surface sedi t of the sub
cific Ocean with contours of the second-degree trend surface. Man-
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Figure 5. Cobalt in surface sediment of the subantarctic Pacific
Ocean with contours of the second-degree trend surface. Cobalt
values are in ppm. Contour interval is 50 ppm.

Figure 6. Nickel in surface sediment of the subantarctic Pacific
Ocean with contours of the second-degree trend surface. Nickel
values are in ppm. Contour interval is 100 ppm.
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Figure 7. Chromium in surface sediment of the subantarctic
Pacific Ocean with contours of the d-degree trend surface.
Chromium values are in ppm. Contour interval is 20 ppm.

rine volcanism generated turbidity currents, which
would flow down-slope and spread volcanic material
(Nayudu, 1969). Mineral associations strongly suggest
in situ alteration of the volcanic sediment. A detailed
discussion of these units and the chemistry of surface
sediments will be presented in a separate paper.

A study is in progress on significant changes at
depth in these cores in order to evaluate the origin of
the sediments and the paleoclimatic history and the
paleocurrent regime of the region. Also, a study is
being conducted of the chemistry, origin, and distri-
bution of manganese nodules in the area.
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The Marine Geophysical Program
of USNS Eltanin, 1968-1969

DennNis E. Haves and Roserr Hourz

Lamont-Doherty Geological Observatory
of Columbia University

The marine geophysics program aboard Eltanin
during 1968-1969 consisted of several phases, in-
cluding the routine collection of continuous underway
gravity, magnetic, and seismic-profiler data. As part
of a cooperative program, the geophysics group of the
University of New South Wales provided one or two
observers (generally advanced graduate students)
who assisted in the data collection on Cruises 34-37.
Geophysical observations made on board Eltanin con-
tinue to provide the bulk of geophysical information
on the extreme southern oceans.
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A new program of sediment-velocity determination
was introduced on Cruise 37. This program utilizes
the normal reflection profiling equipment in con-
junction with passive, expendable radio-sonobuoys
(Le Pichon et al., 1968; Houtz et al., 1968). Sono-
buoys were made available to the program from those
supplied to the Lamont-Doherty Geological Observa-
tory by the Office of Naval Research. A commer-
cial radio receiver (Communications Electronics No.
501A) was used to receive the sonobuoy signals. Six-
teen wide-angle sonobuoy stations (Fig. 1) were made
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