Origin of micromanganese nodules
determined from
uranium-234/uranium-238 ratios
ROBERT L. IMMEL

Antarctic Research Facility
Department of Geology
Florida State University
Tallahassee, Florida 32306
Uranium-234/uranium-238 activity ratios in micromanganese nodules (fig. 1) separated from an Eltanin
deep sea clay core (E27-4, 68°02.9'S. 174°35.5'E.,
1,886 fathoms, western South Pacific) suggest a
diagenetic origin for the concretions.
Sample processing begins with a wet-sieving of
dried samples to remove the >38 micrometer fraction
that contains the micronodules. Exposure of this fraction to an acetic acid-hydroxylamine hydrochloride
solution, as suggested by Chester and Hughes (1967),
selectively leaches the authigenic ferro-manganese
oxides. After filtration normal alpha spectrometric
methods complete the processing.
Previous disequilibrium studies have shown the
uranium-234/uranium-238 method to be inadequate
for dating deep sea sediments due to upward migration of uranium-234 (Ku, 1965). The uranium-234/
uranium-238 activity ratio, however, is a useful index
of Recent sediment origin. This is based on the observation of a natural fractionation of the two isotopes
in continental material, which is due to the leaching
of radioactively recoiled uranium-234 from parent
rock during normal weathering processes. Activity
ratios of less than unity thus are present in soils
(Rosholt et al., 1966) and stream sediments (Scott,
1968). An excess uranium-234 activity in seawater,

Figure 1. Micromanganese nodule from Eltanin core E27-4.
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Figure 2. Comparison of the uranium-234/uranium-238 activity
ratio in seawater with values obtained in this study.

which has been established as 15 percent (i.e.,
uranium-234/uranium-238 = 1.15), balances this
continental deficiency. An observed, near-unity activity ratio therefore is indicative of a predominant
terrigenous origin, as in the case of "normal" deep
sea sediments (Ku, 1965). An observed activity ratio
which approaches the seawater value (1.15) conversely suggests a seawater origin, as shown by marine
carbonates (Veeh, 1966), by metalliferous sediments
(Rydell and Bonatti, 1973), and by manganese
nodules (Ku and Broecker, 1969). Unusually great
uranium-234 excesses (up to 40 percent) have been
reported for samples from areas of high seismic activity and heat flow. Rydell and Bonatti (1973) conclude
that a submarine hydrothermal uranium source is
responsible.
Micromanganese nodules comprise core E27-4
from 0.1 to 1.6 percent, by weight of the sediment.
Uranium-234/uranium-238 activity ratios gave strikingly anomalous values. They average 2.87 ±.52 and
range from 1.42 ±.31 to 5.45 ±.87 (fig. 2). All are
higher than the seawater value. From the previous
discussion it is evident that these micromanganese
nodules originate from neither a continental nor a
seawater source. A hydrothermal origin also must be
eliminated since the observed activity ratios are very
much higher than those reported from cores having
a much closer volcanic association (core E27-4 does
contain some ash). Apparently they are a product of
diagenesis forming within the sediment. Thus, they
are not protomacronodules.
The uranium source must be the sediment pore
water which receives excesses of uranium-234 from
the detrital phase, probably as a result of radioactive
recoil (Kigoshi, 1971). The buildup of uranium-234
activity in the pore water is then a function of time.
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The micronodules either precipitate rapidly at some
later time and at some depth in the sediment, reflecting the extent of the pore water uranium-234/
uranium-238 activity ratio increase, or form at a
slow, more constant rate, also reflecting the uranium234 accumulation, but possibly to a lesser degree.
Additional work is in progress to develop a sediment
dating technique from the model described here.
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II

Planktonic foraminiferal assemblages were examined quantitatively in 25 trigger core tops and 51
piston core tops collected from the southern Indian
Ocean between latitudes 28°S. and 55°S. and between
longitudes 79°E. and 120°E. The trigger and piston
cores were collected during Eltanin cruises 39, 44, 45,
48, 49, and 50. Samples taken from water depths
exceeding 4,000 meters and/or showing any obvious
indications of calcium carbonate dissolution, reversed
geomagnetic polarity, or relict faunas were eliminated
from further analysis. Distributional variations in the
species composition of the planktonic foraminifera
with latitude correspond closely with surface water
temperature isotherms and major circulation features
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Figure 1. Plot of surface water temperature versus species diversity
(Shannon-Weiner index) of plankto.lc foraminifera in trigger core
top samples from the southeast Indian Ocean.

in the southeast Indian Ocean (positions of the Subtropical Convergence and Australasian-subantarctic
front). Species diversity values were computed for
each of the core top assemblages using the ShannonWeiner index [H(s)] (Sanders, 1968) and the
Brillouin index (B) (Patten, 1962). Both diversity
indexes take into consideration the number of species
and the proportionment of individuals among the
species. Species diversity values of [H(s)] and (B)
vary systematically with respect to the independent
parameters of latitude and surface water temperature.
Surface water temperature values were extrap9lated
for each sample location from oceanographic atlases
of Schott (1935) and Wyrtki (1971). A strong correlation of r = + .977 exists between decreasing
species diversity [H(s)] in the trigger core tops and
decreasing average summer-winter temperature of the
overlying water masses (fig. 1).
A paleotemperature equation based on this relationship of diversity in the trigger top samples and surface
water temperatures was used to generate a jaleotemperature curve for a 6-meter piston core (E48-22)
located beneath the present position of the Subtropical
Convergence. Analytical precision for individual
paleotemperature estimates is ± 1.0°C. The paleotemperature curve contains three major warming and
cooling temperature cycles of the Late Pleistocene
(fig. 2). A 9°C. temperature difference was determined between interglacial and glacial episodes in the
piston core, reflecting shifts of the Subtropical Convergence and Australasian-subantarctic front in this
region during the Late Pleistocene. Support for this
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