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[1] Fractionated isotopic ratios in some oceanic basalts indicates the presence of recycled
oceanic crust in the mantle. This crust must have escaped complete remixing for a
significant period of time. Gravitational settling into a dense layer at the base of the mantle
may facilitate this preservation. Christensen and Hofmann (1994) first demonstrated the
dynamics of this process by developing scaling laws for extrapolating low convective
vigor models to conditions estimated for the mantle. Here this sequestration is studied in
models with more Earth-like convective vigor. Scaling laws for geodynamic parameters
are updated and the isotopic evolution of the U-Pb and Sm-Nd systems examined.
Significant accumulation is still found at high Rayleigh number, but only when the excess

density of oceanic crust in the lower mantle is larger than currently suggested from
laboratory experiments. These accumulations are found to maintain the fractionated
isotopic signature of ancient crust for models with moderate to moderately high
convective vigor relative to mantle estimates. At the highest convective vigor tested, the

accumulations are not isotopically distinct.
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1. Introduction

[2] Analysis of oceanic basalts has revealed considerable
isotopic heterogeneity in the mantle [e.g., Zindler and Hart,
1986; Hofmann, 2004]. This may reflect geochemically
distinct mantle domains [Zindler and Hart, 1986; Hart,
1988], small distributed anomalies [Phipps-Morgan and
Morgan, 1999] or heterogeneity at both the large and small
scale [Hofmann, 2004]. Much of this heterogeneity may be
due to incomplete remixing of oceanic crust and associated
residuum [Hofmann and White, 1982; Silver et al., 1988;
Carlson, 1994; van Keken et al., 2002].

[3] The HIMU (High-y, where p = ***U/?°*Pb) and
DMM (the depleted mid-ocean ridge basalt (MORB) mantle
source) end-members of the mantle isotopic mixing array
[Zindler and Hart, 1986] are best explained in this context.
HIMU mantle is characterized by high *°°Pb, 2°*Pb to **Pb
isotopic ratios relative to bulk-Earth estimates. This indi-
cates a past U, Th enrichment or Pb depletion. Extraction of
oceanic crust is likely the source of U,Th enrichment
[Hofmann, 2004]. However, the entire cycle of creation,
interaction with seawater and subduction may be responsi-
ble for the loss of Pb. Removal of Pb to the core has also
been proposed, but is less probable than purely crustal
processes [e.g., Newsom et al., 1986]. Owing to the rela-
tively slow decay of U and Th, the Pb isotopic ratios
indicate a storage time on the order of 1 Byr.

'"Department of Geological Science, University of Michigan, Ann
Arbor, Michigan, USA.

Copyright 2007 by the American Geophysical Union.
0148-0227/07/2006JB004813$09.00

[4] A number of conceptual models have been proposed
to explain the isolation of HIMU mantle [Hofmann and
White, 1982; Davies, 1984; Kellogg et al., 1999; Tackley,
2000]. Many of these models invoke gravitational settling
of subducted crust. This may lead to accumulation of a
dense layer at the core-mantle boundary. A HIMU isotopic
signature evolved in such a layer could then be sampled by
thermal plumes [Hofimann and White, 1982]. Upon subduc-
tion the crustal basalt will be metamorphosed to eclogite.
Owing to elevated garnet content, this eclogite is likely the
densest upper mantle assemblage [[rifune and Ringwood,
1993; Poli and Schmidt, 2002]. Recent results have con-
firmed this upper mantle behavior, and indicate that the
excess density may be considerably greater than originally
predicted [Aoki and Takahashi, 2004]. Below the transition
zone, the mineral assemblage of the crust will eventually
convert to a perovskite assemblage that may still be denser
than the ambient mantle [Kesson et al., 1994; Ono et al.,
2001; Hirose et al., 2005]. Phase transitions in the crust may
be delayed causing temporary positive buoyancy in the
transition zone [[rifune and Ringwood, 1993; van Keken
et al., 1997]. However, this does not necessarily prevent
crust from penetrating into the lower mantle [Christensen,
2001]. Following the convention of Christensen and
Hofmann [1994] we collectively refer to all mineral assemb-
lages derived from subducted oceanic crust as eclogite.

[5] The geodynamics and geochemistry of this crustal
segregation were first modeled dynamically by Christensen
and Hofmann [1994] (hereafter indicated as CH94). The
authors created a 2D model where two convergent plates
meet at a migrating downwelling. Isotope composition and
chemical density were tracked with two sets of tracers and
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