
carbonate-rich layer was found in unit 2 about 47
meters subbottom. It is slightly over 1 meter thick
and contains about 55 percent calcium carbonate.

Concentrations of quartz, feldspar, and clay
minerals (illite and kaolinite/chlorite) were de-
termined by X-ray diffraction using the method
of Cosgrove and Sulaiman (1973). Relative concen-
trations are plotted in figure 2. The fine-grained,
noncarbonate sediment of unit 1 is enriched in clay
and depleted in quartz compared to the samples
of unit 2. The relative abundances of feldspar are
about equal.

These results demonstrate appreciable dif-
ferences in rubidium and strontium concentra-
tions and in mineral compositions of units 1 and
2. These differences presumably reflect differences
in the provenance of the sediment and in the
manner in which it was transported and deposited
at this site. Analyses of strontium-87/strontium-86
ratios are in progress and may permit quantitative
interpretations in terms of a two-component mix-
ing model.

Samples for this study were obtained as part of
the Deep Sea Drilling Project. Phillip D. Boger
assisted with the analyses. This research was sup-
ported by National Science Foundation grant OPP
72-00459.
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Volcanic dust in subantarctic
deep-sea sediments

ton cores, extending from high latitudes of the
southwest to south-central Pacific (Huang et al.,
1975b). The results show very similary time pat-
terns in the accumulation of atmospherically trans-
ported rhyolitic volcanic dust across the region
during the past 2.5 million years. The probable
source region for the volcanic dust is the Balleny
Islands.

Simple comparisons of accumulation rate curves
show that the same series of volcanic eruptions
are undoubtedly recorded in the cores examined,
for the period of 2.4 to 0.3 million years ago
(figure). Seven separate periods of intensive vol-
canic activity, each containing up to eight possibly
distinct eruptive episodes, have been detected. The
most intense eruptions occurred between 1.8 and
1.6 million years ago. The associated volcanic ash
will be found in high-latitude marine sediments of
the entire South Pacific. We name this widespread
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Using USNS Eltanin piston cores, we have devel-
oped a method to separate and count fine volcanic
glass in deep-sea sediments (Huang et al., 1975a)
and have applied the technique to nine Eltanin pis-
September/October 1975

Accumulation rates of volcanic glass in Eltanin cores E27-4,
E27-3, E33-3, E33-16, El 7-10, and El 1-9 as a function of sedi-
ment age. Volcanic glass fraction is between 36 and 11 micro-
meters for each core. Accumulation rates are in milligrams
per 1,000 years per square centimeter (note the difference in
scales among the six cores). Cross marks indicate no ob-
served glass shards. Age of sediment in million years is at
left and right. Paleomagnetic polarities (black, normal; clear,
reversed). Note the disconformities (vertical broken lines) in
cores E27-4, E33-3, E17-10, E33-16, and E11-9. Distance of
each core from its suspected source (the Balleny Islands):
E27-4, 499 kilometers; E27-3, 592 kilometers; E33-3, 1,545
kilometers; E17-10, 2,689 kilometers; E33-16, 3,356 kilo-

meters; Ell-9, 3,718 kilometers.
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deposit the "Eltanin Ash." The average volcanic
dust production rate for the 88- to 11-micrometer
size fraction was of the order of 1.7 x 105 tons per
year over an area of 4 x 106 square kilometers for
a period of up to 2 x 105 years.

Beyond 500 kilometers from the source, the glass
accumulation rates decrease exponentially with in-
creasing distance in most instances. Deviations
from this generalization are suspected to be caused
by processes that include differential dispersal by
oceanic currents, bioturbation, bottom or turbidity
currents, and minor fluctuations of sedimentation
rates, but we have demonstrated minimal distortion
for selected eruptions.

We have estimated the paleoexplosivity of the
series of major eruptions using a model derived for
this purpose (Shaw et at., 1974). An energy equiva-
lent to 40 megatons of TNT is suggested for the
maximum explosivity of eruptions. This is about 40
times the energy of the suggested violence of the
1968 Arenal volcano eruption, but only 20 to 40
percent of the 1883 Krakatoa eruption.

This research was supported by National Science
Foundation grant DES 75-04877.
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Ice-rafted debris in Eltanin
deep-sea sedimentary cores

N. D. WATKINS, J . KEANY, M. LEDBETTER,
and T-C. HUANG

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

Previous studies of ice-rafted debris (IRD) in
deep-sea sediments have produced conflicting
258

interpretations: IRD maxima have been most com-
monly associated with glacial periods, but in some
cases are interpreted to represent interglacial
periods. A simple model has been proposed to
accommodate both interpretations, with the former
being the case for regions in lower latitudes, and
the latter occurring closer to the iceberg sources
(Watkins et at., 1974). Correlations between IRD
accumulation rate and inferred paleotemperature
thus would be expected to change with decreasing
latitude from strong positive to strong negative.

Initial testing of this model has been extended
using a series of nine USNS Eltanin cores from
the southeast Indian Ocean, between 590 and 45°S.
(Keany et at., in press). In this second phase of
study, the percent of Antarctissa strelkovi has been
used as the paleotemperature index, and the IRD
has been measured for the 62 to 250 microns frac-
tion, at 5- to lO-centimeter spacing in all cores. We
have shown that the proposed model (Watkins et
at., 1974) is essentially correct fbr the Brunhes
epoch in the highest and lowest latitudes, and that
in the intermediate regions the 1R1 accumulation
rate appears to be independent of paleotempera-
ture. The merit in using relationships between IRD
and temperature (rather than magnitudes of IRD)
is demonstrated by the presence of high IRD con-
centrations in low sedimentation rate cores, show-
ing that the IRD can be a residual coarse fraction
rather than an index of higher deposition rates
from icebergs. There appears, however, to be no
significant difference between net IRD accumula-
tion rates during the Brunhes and the Matuyama
epochs.

Departures from the predicted net correlations
between IRD and paleotemperature for the relative
latitudes during the Brunhes epoch suggest com-
plexities that could be due to such factors as anoma-
lous ice shelf development, ice surges, variations
of preferred iceberg tracks, periods during which
conditions are transitional between extreme glacial
and interglacial, or differential seafloor dynamic
processes. To assist in evaluating such possibili -
ties, the original model has now been developed
(Keany et at., in press) to include stages inter-
mediate between the extreme glacial and intergla-
cial conditions. The figure shows that apparently
complex between-core IRD variations Of an appar-
ently virtually uncorrelatable nature will result
across south-to-north traverses as climatic fronts
sweep between extreme climatic conditions. Only
in the highest and lowest latitudes will this dyna-
mic effect have minimal effect on measurable IRD/
paleotemperature correlation coefficients; in these
latitudes, therefore, other natural SOUrCeS of de-
partures from the predicted correlation coeffi-
cients can be studied. Attempts are being made to
isolate periods of departure from the predicted
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