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Evolution of the Earth’s mantle: perspective from
the Re-Os isotopic system
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Introduction

The Re-Os isotopic system (Allegre and Luck,
1980; Faure, 1986; Shirey, 1991) has seen
increasing use as a unique tracer, complementry
to other radioisotope systems because of its
chalcophile/siderophile behavior. Increased use
has followed improvements in measurement
sensitivity (Creaser et al., 1991; Vlkening et al.,
1991), analytical accuracy (Walczyk et al., 1991;
Yin et al., 1993) and chemical separation and spike
sample equilibration (Morgan and Walker, 1989;
Morgan et al., 1991) at picogram levels (Walker,
1988; Shirey and Walker, 1994).

Meteorites

The Re-Os system has provided the first direct
radiogenic isotopic ages on iron meteorites (Luck
et al., 1980; Luck et al., 1983; Walker et al., 1989;
Horan ei al., 1992; Morgan et al., 1992). With all
uncertainties, these ages are within errors of the
age of the solar system. Slight initial Os isotopic
differences exist between chondrites and irons
(Luck and Allegre, 1983; Walker et al., 1989)
and between different groups of irons (Horan et
al., 1992; Morgan et al., 1992). Addition of
chondritic material late in Earth’s accretion may
have determined the Re-Os systematics of the
mantle (Morgan, 1985; Morgan, 1986).

Lithospheric studies
Xenoliths of spinel and garnet peridotite in
kimberlite and minette from the Siberian,
Kaapvaal and Wyoming cratons show the lowest
1870s/1%805s (0.106 to 0.125) yet reported (Walker
et al., 1989; Carlson and Irving, in gress; Pearson
et al., in press). These low ¥70s/'**Os have mid-
Proterozoic to mid-Archean minimum model ages
relative to a convecting mantle, only possible if the
xenoliths have been part of the subcontinental
lithospheric mantle since the mid-Archean. The
low Re/Os could have been produced by high-
temperature melt depletion (Walker et al., 1989;
Carlson and Irving, in press; Pearson et al., in
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press) or high pressure crystal accumulation
(Pearson et al., submitted) as a result of cratonic
lithosphere stabilization processes.

Oceanic Mantle Reservoirs and Convecting
Mantle Evolution: Re-Os isotopic study of
MORB has been difficult because of the low Os
concentrations (< 10 ppt; Hertogen ez al., 1980;
Martin, 1991) and the incorporation of seawater
Os (Martin, 1991). Analyses of the Zambales
ophiolite and abyssal peridotites have established
the '870s/'*80s of MORB at 0.120 to 0.132
(Martin, 1991). Ridge-centered MORB may be
best analyzed using Fe-sulfides (Martin et al.,
1993).

OIB have proven amenable to Os isotopic
study because their concentrations are greater
than 100 ppt. The highest Os isotopic composi-
tions measured in OIBs ('¥7Qs/'%0s of 0.144 to
0.150) representative of OIB plume sources are for
HIMU ocean islands (Hauri and Hart, 1993;
Reisberg et al., 1994). Correlation of the radio-
genic Os isotopic signature with other HIMU
isotopic characteristics provides further confirma-
tion that HIMU OIB sources are dominated by
recycled oceanic lithosphere (Hauri and Hart,
1993; Reisberg et al., 1994). EMII-like OIBs
have '¥70s/'880s compositions of 0.123 to 0.136
that overlap abyssal peridotites, consistent with
the incorporation of small amounts of Os-poor,
but Os-isotopically-enriched sediment in their
sources (Hauri and Hart, 1993; Reisberg et al.,
1994). Hawaii and Iceland have '®70s/'®%0s
ranging from 0.131 to 0.140 (Martin, 1991;
Pegram and Allegre, 1992), midway between the
depleted MORB mantle source and the HIMU
mantle source. The *’0s/'®80s of Hawaiian and
Icelandic basalts with primitive *He/*He converges
on a value of 0.132 indicative of a plume source
compositions free from interaction with ambient
mantle or subvolcanic oceanic lithosphere
(Martin, 1991).

Ophiolite complexes (Luck and Allegre, 1991;
Martin, 1991), orogenic lherzolites (Reisberg et al.,
1991), and other ultramafic intrusions (Hattori
and Hart, 1991) have been used to examine the
depleted mantle through the Phanerozoic.
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Peridotites from ophiolites show a range of initial
Os isotopic compositions some of which are as
radiogenic as enriched mantle. Noble metal phases
in ophiolites and ultramafic intrusions have lower
Os isotopic compositions (Hattori and Hart, 1991;
Luck and Allegre, 1991) but they display
significant isotopic heterogeneity. Variations in
the Os isotopic composition of the Precambrian
mantle are poorly known because the number of
published Os isochron initial ratios on volcanic
rocks is sparse (Walker et al., 1988) and their
accuracy is plagued by uncertainties about open
system behavior (Walker et al., 1989) and spike-
sample equilibration (Shirey and Walker, 1994).

Layered intrusions, ore deposits, lithosphere-asthe-
nosphere interactions

The Re-Os system can be used to constrain the
role of subcontinental lithosphere in the genesis of
flood basalts. Combined Nd and Os isotopic
systematics of picrites from the Karoo flood
basalt province of South Africa and the
Keweenawan midcontinent rift of North America
have been explained by mixing of plume-derived
and lithospheric mantle sources (Ellam et al.,
1992; Shirey, 1991).

In mafic layered intrusions, the Re-Os system
has proved a useful tracer of the effect of crustal
assimilation versus mantle source composition on
the composition of platinum group element ores.
The late Archean Stillwater Complex, Montana
displays initial Os isotopic compositions in silicate
rocks and chromitites that range from sub-
chondritic to enriched due to melting of litho-
spheric mantle (Lambert et al., in press; Lambert
et al., 1989) and contamination of mantle-derived
melt with Archean crust (Lambert et al., in press;
Martin, 1989). Assimilation clearly has elevated
the Os isotopic compositions of platinum group
metals in the early Proterozoic Bushveld Complex,
South Africa (Hart and Kinloch, 1989;
McCandless and Ruiz, 1991) and has affected
other layered gabbros too (Hattori et al. 1991).
The maximum extent of this process probably is
seen in the mid-Proterozoic Sudbury Complex,
Ontario where the initial Os isotopic compositions
are so radiogenic that Archean crust has been the
chief source of the Os (Walker et al., 1991).
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