
deposition, as was the case in the Drake Passage
area. Many of these samples were also analyzed for
their Pa 231 content, although considerable analyti-
cal difficulties were encountered. The Pa231/Th230
ratios obtained were consistent with the ages de-
rived by the total Th230 method, but were not reli-
able enough to use as an independent measure of
age.

The manganese nodules were analyzed for tho-
rium and uranium isotopic content in conjunction
with independent determinations of the trace ele-
ment content. The results on a variety of surface
nodules and several found at depth along one core
suggest that the nodules are much older inside than
at their outer "skin," and that the source of the
radioactive elements is unlikely to be the same as in
foraminiferal tests, where it is presumed to be dis-
solved ions. Attempts to determine sedimentation
rates for diatom oozes were mostly unsuccessful;
coccolith oozes proved more amenable to the thori-
um-isotope dating method.

Radiolaria and Diatoms in Sediments
of the Southern Oceans

LLOYD H. BURCKLE, JESSIE H. DONAHUE,

JAMES D. HAYS, and BRUCE C. HEEZEN

Lamont Geological Observatory
Columbia University

Nearly 2,000 samples have been taken from cores
obtained on Eltanin Cruises 10, 11, 13 1 15 and 17
and Vema Cruises 16, 17 and 18. The cores are
sampled at 40-centimeter intervals and the study of
the microfossils is both stratigraphic and taxonomic.

There are many cores in the Bellingshausen
Sea that penetrate the c-x boundary (probably the
Pliocene-Pleistocene boundary) and, in general, rates
of sedimentation are slow in the central portion of
the basin. It is very probable that many of these
cores contain a complete Quaternary section. Sedi-
mentation rates increase as the northern edge of the
pack ice is approached and are also higher under
the Antarctic Convergence.

An average rate of sedimentation of 0.5 cm./
1,000 years was determined for the upper three
meters of a core in the central part of the basin
by radiometric dating at Lamont. From this de-
termination, it has been possible to estimate the age
of the faunal zones. The -x boundary (Plio-Pleisto-
cene) has an estimated age of 1.60 ± 0.32 million
years.

Neutron activation analysis has been made in
order to determine the percentage of manganese in
the sediments and assess its relation to the geochemi-
cally determined rates of sedimentation.

In Pleistocene cores some ecologic conclusions,
based upon diatoms, were made and compared
with radiolarian zones. This has permi,tted some
rather broad conclusions about the Pleistocene his-
tory around the periphery of the Antarctic Conti-
nent:

1. The onset of the Pleistocene was rather abrupt
and, south of the Polar Front (Antarctic Conver-
gence), is recorded in the cores by a change of lith -
ology from red clay below to a diatomite above.
There is a great change in the radiolarian fauna
across this lithologic boundary and equally significant
changes took place in the diatoms across this bound-
ary. In cores north of the Polar Front, this faunal
and floral change is also present although there is no
change in lithology.

2. The Early Pleistocene around Antarctica was
mild, perhaps warmer than at present. The diatom
species, Coscinodiscus margaritaceus, which today
lives in temperate waters, is common in lower Pleis-
tocene sediments. The point at which it dies out
may mark the beginning of a more frigid climate
around Antarctica.

3. The Pleistocene cores record an interglacial
period warmer than the present. The radiolaria in
the o zone appear to have some affinities with types
from warmer waters. The diatoms within this zone
indicate interglacial conditions, but in many cases
Coscinodiscus margaritaceus is also present, suggest-
ing that climate conditions were as warm as those
at the beginning of the Pleistocene.

Marine Geophysics from USNS Eltanin

JAMES R. HEIRTZLER
Lamont Geological Observatory

Columbia University
A program of geophysical measurements was

begun aboard USNS Eltanin in early 1965. Seismic
reflection and magnetic measurements are made
when the ship is under way, and heat-flow measure-
ments when the ship is on station. In late 1966, a
sea gravimeter will be added.

The seismic equipment utilizes both high-voltage
spark and pneumatic sound sources. The Pacific-
Antarctic Basin has become an area of concentrated
attention. Sediment thicknesses of 1 kilometer (as-
suming an average velocity of 2 km./sec.) have been
recorded over a large area. Maximum thicknesses
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