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Quantitative understanding of the δ238U paleo-redox proxy
requires constraints on δ238U fractionation in a range of modern
environments with different redox conditions. In particular,
euxinic environments are known to exert a substantial lever on
the global seawater δ238U mass balance through preferential
removal of 238U. However, the degree of δ238U fractionation
under low-O2, non-euxinic conditions is poorly understood.
Here, we present δ238U data for two cores from the Arabian Sea
OMZ that span the past ~65 kyr—one core each from the Oman
and Pakistan margins. Today, the Arabian Sea is characterized by
suboxic, denitrifying, non-euxinic conditions, but the intensity of
denitrification has varied over the past ~65 kyr in association
with global climate cyclicity. Δ238U values were calculated as the
difference between sediment and modern seawater δ238U. We
find that the median Δ238U value for both cores over the past ~65
kyr is 0.15‰, indicating only a modest degree of fractionation.
δ238U varies cyclically in both cores, however. δ238U maxima
correspond to interstadials, with the two cores recording δ238U
maxima during different interstadials. The maximum Δ238U value
of 0.39‰ was recorded during Dansgaard-Oeschger Event 13 on
the Oman Margin at 47.3 kyr. Trace metal proxies indicate that
higher δ238U values in the dataset may be associated with
environments in which sulfide was present in pore waters, which
we hypothesize resulted in greater fractionation than observed in
other suboxic environments around the globe. We use a δ238U
mass balance model to explore the effect of “Arabian Sea-style”
conditions on global seawater δ238U. We find that when a Δ238U
value of 0.15‰ is used for the “Arabian Sea-style” sink, even
widespread expansion of this type of environment does not exert
a substantial lever on the global δ238U mass balance. When the
maximum Δ238U value (0.39‰) is used, however, expansion of
“Arabian Sea-style” suboxia is capable of producing a seawater
δ238U value as low as −0.69‰, which matches the carbonate
record of some anoxic events of the geologic past. This suggests
that widespread ocean euxinia may not be required to explain
some negative δ238U excursions in the ancient carbonate record.
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