
Cenozoic Nedoymium isotope evolution
of Arctic Ocean deep water

B.A. HALEY
1, M. FRANK

1, K. MORAN
2, J. BACKMAN

3

1IfM-GEOMAR, Wischhofstrasse 1-3, 24148 Kiel, Germany
(bhaley@ifm-geomar.de ; mfrank@ifm-geomar.de)

2Graduate School of Oceanography and Department of Ocean
Engineering, University of Rhode Island, USA

3Department of Geology and Geochemistry, University of
Stockholm, Sweden

We present the first Nd isotope record of Arctic seawater
obtained from leaching of metal-oxide coatings of bulk sediments
from the ACEX sediment cores drilled as a part of IODP on the
Lomonosov Ridge in the central Arctic Ocean. The ACEX cores
provide the first record of Arctic Ocean sedimentation covering
most of the Cenozoic, and show that detrital sediments have dom-
inated the most recent 14 Ma, deposited above a condensed sec-
tion spanning the period from !14 and 45 Ma. The oldest
section begins at 55 Ma and is composed of organic-rich siliciclas-
tic sediments (Moran et al., submitted to Nature).

The Nd isotopic signal of the leaches is argued to be a robust
recorder of the ambient Arctic bottom water Nd isotopic compo-
sition from a comparison of core top data to direct seawater mea-
surements (typical Nd of Arctic core top sediment leachates is
!"10.5, compared with measured deep water Nd of !"11;
Andersson et al., unpublished). This is critical, as the Arctic sed-
iments in the upper 200 m are essentially barren of other authigen-
ic phases—such as carbonates—from which seawater Nd could
potentially be extracted.

Results for the period from 20 Ma to present were readily pro-
duced. Sampling resolution was generally low (Myr) with the
exception of sections showing distinct, most likely glacial/intergla-
cial, cyclicities during the Late Quaternary, where sampling was
increased to kyr resolution. Paleocene–Eocene sediments proved
to be di!cult to clean and leach due to their high organic content,
and measurements were not carried out in the condensed Eocene–
Oligocene section.

We found pronounced Nd isotopic variations on glacial–inter-
glacial cycles in the Quaternary Arctic Ocean (Nd ranges from
!"7.5 to !"10.5, respectively). The amplitude of the Nd signal
on the million year time scale is similar, with maxima at !"6
and minima at !"8.5. These data allow us to put initial con-
straints on past weathering fluxes to the Arctic Ocean (on both
million year and glacial/interglacial time scales). The Nd isotope
data also reflect the mixing of Arctic and global deepwater,
through evolving ocean gateways. We will assess the impact of
Arctic Ocean water mass exchange on global circulation as seen
through comparison the Arctic Nd record with Atlantic and
Pacific Ocean data.
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The partitioning of W between silicate and metallic liquids is
strongly dependent on the degree of oxidation of protoplanetary
mantles. Recently there have been two, e"ectively opposite, sug-
gestions for how the silicate Earth may have changed its degree
of oxidation through time. The first (Halliday, 2004) is based on
the initial W isotopic composition of the Moon and the evidence
from O isotopes that the Earth and Moon were derived from a
similar mix of inner solar system materials. On this basis, it can
be argued that the protoEarth or components of it may have
had a relatively oxidised mantle more like that found in Mars.
The second (Wood and Halliday, 2005) is based on the potential
for the Earth’s mantle to have self-oxidised as a result of the high
proportion of ferric iron in perovskite, which could have resulted
in residual metal being transferred to the core. How reducing the
earliest mantle would have been is unclear but must depend in
part on the amount of nebular H gas that was present and incor-
porated into the growing Earth. Using the same accretion model
deployed in Halliday (2004), it is possible to explore the e"ects on
W isotopic composition resulting from changes in mantle oxida-
tion, core relative mass and the fraction of the mantle in chemical
equilibrium with newly formed segregating metal. Any model
must satisfy the contraints that the present day silicate Earth
has Hf/W15 and e182W = 0. With constant full mantle equilibra-
tion and present day core proportions the e"ect of changing the
partitioning exponentially as a function of mass has a negligible
e"ect on W isotopes relative to maintaining Hf/W15 throughout.
More reducing conditions early on lead to slightly slower accre-
tion rates from W isotopes but whether the early Earth started
with 180Hf/184W of 5 or 2000, the Earth’s calculated Hf-W mean
life varies by only 3 Myr. Increasing the proportional size of the
core during accretion serves to protract calculated acretion time-
scales still further. There is evidence from siderophile elements
that iron meteorite parent bodies may have had relatively small
cores. Increasing the proportional core size at rates consistent
with independent constraints from other bodies and increasing
the bulk metal / silicate liquid distribution coe!cient for W dur-
ing accretion generates bulk silicate Earth Hf/W and W isotopic
compositions that are consistent with independent constraints
on the age of the Moon.
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