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Abstract

There is a debate on the behavior of Re and Os during mantle metasomatism. Some argue that the mantle can
acquire high 187Os/188Os (0.15 to s 1.0) either directly from metasomatic events or by the growth of 187Os from 187Re
over time. However, any suggestions of subduction-related Os metasomatism producing whole-scale elevation of the
mantle to 187Os/188Os values greater than 0.15 need to be supported by comparisons of increased Re and Os
concentrations and isotopic ratios, with like and consistent increases in elements (i.e., Ba, B, Rb) and isotopic ratios
(i.e., Nd, Pb, Sr) known to be affected by metasomatic processes. All of the samples in the literature, either xenoliths
or minerals (sulfides, pyroxene, phlogopite or amphibole) that are thought to represent the products of mantle
metasomatism, follow a clear correlation of increasing Re/Os with decreasing Os concentration. This inverse
correlation requires enrichment in Os concentrations in the metasomatizing agent by two to four orders of magnitude
relative to the original subduction component in order to substantially elevate 187Os/188Os, eliminating sediment or
slab melts as an effective metasomatic component. To date there is no evidence to support conclusions that Os
metasomatism, either directly or by a two-stage process involving Re metasomatism and 187Os growth over time, will
substantially change the 187Os/188Os of the mantle to values s 0.15. When other isotopic systems are considered along
with Os, in metasomatism-based models, these models are not plausible. Consequently, large-scale mantle melts
should reflect near-chondritic values. The recognition of the robustness of the Re^Os system will allow for the
discrimination of different mantle and crustal reservoirs involved in magmatic processes.
: 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The ability to decipher the source of melts and
the role of assimilation is critical to fully under-
stand magmatic processes. Unfortunately, it has

not always been possible to adequately unravel
the original melt source from the subsequent evo-
lution of a melt utilizing current elemental and
isotopic systems. Most geochemical tracers ap-
plied to date (i.e., Sr, Nd and Pb) yield equivocal
data. These elements are depleted from the mantle
during melting and are mobile during subduction-
related processes, resulting in a mantle with some
geochemical and isotopic characteristics similar to
the crust (e.g., [1]). For example, potential sources
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of melts for large igneous provinces are com-
monly attributed to either mantle plumes, asthe-
nospheric mantle contaminated by £uids or sedi-
ments during subduction events and/or melting of
a previously metasomatized subcontinental litho-
spheric mantle (SCLM). These mantle melts may
be further altered through fractionation and/or
assimilation of a crustal component (either lower
or upper crust) or assimilation of the SCLM (Fig.
1).

Currently, there is signi¢cant debate on the be-
havior of Re and Os during mantle metasomatic
events. Early investigations utilizing Re and Os
suggested that the system was relatively unaf-
fected by metasomatism (e.g., [2,3]). This behavior
was thought to be the consequence of the incom-
patible nature of Re during mantle melting,
whereas Os behaves as a compatible element.
The results are melts with low Os and high Re
concentrations and a residual mantle with high
Os and low Re concentrations. The high Os con-
centrations in the mantle (V1^9 ppb) and the low

Os concentration of potential metasomatic com-
ponents (0.001^0.200 ppb) were thought to pre-
clude major modi¢cation of the Re^Os isotope
system in the mantle (e.g., [4]). Subsequent studies
concluded that metasomatism can alter the Re^Os
system [5^7], although only to a minor degree
resulting in products with a 187Os/188Os= 0.13^
0.15. However, a number of recent studies have
also suggested that the Re^Os system within the
mantle can be modi¢ed, on a large scale, through
the process of metasomatism. These studies have
argued that metasomatism can produce melts with
187Os/188Os values that resemble the crust (0.15 to
s 1.0) [5,8^16]. This modi¢cation can either occur
directly through subduction-related metasoma-
tism by melts/£uids with high Os concentration
and high 187Os/188Os or indirectly through time-
integrated, two-stage processes whereby previ-
ously formed metasomatic minerals (such as py-
roxene, phlogopite or amphibole) with high Re/Os
are remelted and incorporated into a melt.

This study summarizes available data to under-
stand the e¡ect of mantle metasomatism on the
Re^Os system. We address a number of questions
in order to interpret the potential e¡ects of meta-
somatism on the Re^Os system. Do cryptically or
modally metasomatized xenoliths have elevated
187Os/188Os or Re/Os? Which minerals (sul¢de,
pyroxene, phlogopite and/or amphibole) are
most responsible for metasomatism of the Re^
Os system? What time scales are required for
metasomatized mantle peridotite to acquire ele-
vated 187Os/188Os through the decay of 187Re?
What is the variation in 187Os/188Os expected
from mantle melts?

2. Discussion

2.1. Mantle xenoliths

The data show that Re and Os concentrations
and 187Os/188Os in mantle xenolith samples are
relatively uniform despite a large variation in
age and location. SCLM peridotites from Arche-
an cratons, which have undergone repeated epi-
sodes of subduction and rifting, still maintain sub-
chondritic 187Os/188Os (6 0.13) values (e.g.,

Fig. 1. Schematic cartoon representing the subduction pro-
cess. (A) Subduction £uids or melt resulting from dehydra-
tion and/or melting of the subducted slab and sediments.
(B) Metasomatized asthenospheric mantle resulting from in-
put from A. (C) Metasomatized SCLM. (D) Lower crust.
(E) Upper crust. Both B and C can be metasomatized at
some time in the past allowing for growth of radiogenic iso-
tope systems over time, and are potential source regions for
‘metasomatized melts’. Areas C, D and E are potential loca-
tions for assimilation and fractionation (AFC) of the meta-
somatized mantle melts.
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[4,17]). Mantle xenoliths from the Paleozoic
through Mesozoic are also typically subchondritic
[17^19]. Peridotites from the modern Izu-Bonin^
Mariana forearc also preserve ancient subchon-
dritic 187Os/188Os values [14].

There are, however, a few notable exceptions of
mantle xenoliths with suprachondritic 187Os/188Os.
It was ¢rst suggested by [5,20] that suprachon-
dritic 187Os/188Os (V0.13^0.14) in mantle xenolith
samples were the result of recent subduction-re-
lated metasomatism. Six lherzolite and harzbur-
gite xenoliths from the Kamchatka arc [21] and
one lherzolite xenolith sample from within the
Sierra Nevada arc [22] have been reported with
187Os/188Os as high as V0.15. Although these
samples are suggested to result from subduction-
related Os metasomatism, they have measured
187Os/188Os values within the oceanic island basalt
(OIB) ¢eld and low Re/Os ratios. All xenoliths
with high 187Os/188Os within the Kamchatka arc
have low Os concentrations (0.03^0.57 ppb),
much less than would be expected through meta-
somatic overprinting by an Os-rich £uid. One
sample from the Sierra Nevada arc is the only
sample from the study [18] to show elevated
187Os/188Os, all other samples are subchondritic
despite obvious subduction metasomatic over-
printing of Sr, Nd and Pb [18]. This one sample
contains elevated S, Pt and Pd contents compared
to all other xenoliths in the study and led [18] to
the conclusion that this sample experienced Os
metasomatism through sul¢de addition via a lo-
calized process and does not represent the overall
character of the mantle wedge. Regardless of the
interpretation, it is important to note that samples
with elevated 187Os/188Os represent a small frac-
tion of the xenolith population in these studies
[21,22] and of xenoliths worldwide (e.g., [4,17]).
In studies of mantle peridotite xenoliths, where
Os metasomatism has been suggested [5,7,19^
23], the Re/Os ratios are less than 1, demonstrat-
ing that the Re^Os system could not have been
signi¢cantly a¡ected by metasomatism. Moreover,
there are no reported mantle peridotite samples
with a measured 187Os/188Os greater than 0.15.

All of the mantle samples from the literature
that have been suggested to represent the e¡ects
of mantle metasomatism, either by their 187Os/

188Os value, high Re concentration, or mineral-
ogy, follow a clear correlation of increasing Re/
Os with decreasing Os concentration (Fig. 2A).
This relation has been previously pointed out
for igneous provinces such as mid-ocean ridge ba-
salt (MORB), OIB and volcanic arcs [4,24,25].
Thus, in order for the source of the metasomatic
187Os/188Os to signi¢cantly increase over time be-
cause of the decay of Re, the source must have a
low Os concentration (0.0001^0.01 ppb). How-
ever, all of the models that suggest Os metasoma-
tism require high concentrations of Os (0.5^10.0
ppb) in the metasomatizing agent. Because of
their low concentrations of Os, this removes re-
cycled MORB, melted slab or sediments as a via-

Fig. 2. (A) Diagram of Re/Os vs. Os concentration for meta-
somatized xenoliths and metasomatic minerals. Also shown
are data for MORB, OIB and arcs [24]. Note trend of in-
creasing Re/Os with decreasing Os concentration for all
¢elds. (B) Re vs. Os for mantle xenoliths and minerals.
Note: low concentrations of Re, in general, for all samples.
Symbols are the same as in A.
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ble high 187Os/188Os contaminant to serve as a
lever to change the 187Os/188Os of mantle melts
(see also discussions in [26,27]).

Overall, the metasomatic minerals within man-
tle xenoliths show signi¢cant variability in Re and
Os concentrations, although the majority of sam-
ples have Re/Os less than 10 (Fig. 2A; Table 1).
More importantly, Re concentrations are very
low, with only one sample over 1 ppb (Fig. 2B).
In order for a mantle melt to have elevated 187Os/
188Os, the Os concentration or the 187Os/188Os of
the metasomatizing agent will need to be high
enough to in£uence the mantle. Any metasomatic
mineral with high Os concentrations will have low
Re/Os, thus will require long periods of time be-
fore the mineral can acquire a high enough 187Os/
188Os capable altering the 187Os/188Os of potential
melts (Fig. 2B). Conversely, any mineral with high
Re/Os has a low Os concentration and would be
ine¡ective for signi¢cantly elevating Os isotopic
ratios of a mantle melt, even after long periods
of time (see below).

2.2. Subduction £uids

In order for a subduction £uid to directly in£u-
ence the 187Os/188Os of the mantle the subduction
component will need to have had a high Re/Os
ratio for a long period of time. However, because
of the negative correlation of Re/Os with Os con-
centration, the subduction component must have
a low Os concentration. The resulting metaso-
matic component would therefore need to be en-
riched in Os concentration by two to four orders
of magnitude [11,26,27], relative to the original

subduction component, in order to in£uence the
187Os/188Os of the mantle wedge. Current evidence
suggests, however, that Os is not mobile in arc
environments: (1) Re^Os investigations of eclo-
gites, blueschists and ma¢c granulites indicate
that there is no appreciable loss of Os from the
ma¢c protolith during dehydration [28^30] ; (2)
any process that would concentrate Os in the £uid
should result in similar or greater enrichments of
incompatible elements (Sr, Nd, Pb), as well as Re,
which is not observed. Arc volcanic samples have
substantially lower Re concentrations than
MORB, OIB or sediments (e.g., [24]). Re is 102^
103 times more abundant than Os in the subduct-
ing component [4,24] and Re is 102^104 times
more soluble in a Cl-rich high fO2 £uid [31,32].
Thus, the only reasonable conclusion from the
uniform 187Os/188Os ratios in ancient cratonic lith-
osphere and low Re/Os ratios in metasomatized
xenoliths is that subduction-related metasomatism
alone cannot directly a¡ect the 187Os/188Os of the
overlying mantle wedge.

Alternatively, the 187Os/188Os value of mantle
melts could be a¡ected by metasomatic minerals,
which have been emplaced into the mantle (asthe-
nospheric or lithospheric) at some time in the past
and have grown more radiogenic through the de-
cay of 187Re.

Mantle sul¢des have been demonstrated both
experimentally [33] and in natural systems
[34,35] to have a large partition coe⁄cient for
Os and a small partition coe⁄cient for Re (Fig.
3). Accordingly, sul¢des o¡er a potential metaso-
matic component to alter the 187Os/188Os of the
mantle. However, sul¢des make poor metaso-

Table 1
Median Re^Os values for di¡erent possible metasomatizing agents

Lithology (n) Re Os Re/Os 187Re/188Os Standard deviation
(ppb) (ppb)

Pyroxenites 11 0.256 0.492 0.477 2.34 12.9
Phlogopites/glimmerites 5 0.075 0.336 0.223 0.747 0.5
Amphiboles 3 0.125 0.016 8.30 34.25 4.7
Metasomatized xenoliths 29 0.080 1.37 0.081 0.382 0.5
Pyroxenite EN89-2 0.367 0.484 0.758 3.73
Ma¢c layers 9 0.280 0.020 11.95 68.82 11.6

Pyroxenites [7,8,15,23,64^66]; phlogopite/glimmerites [7,8,67]; amphiboles (Chesley, unpublished data; [67]); metasomatized xeno-
liths [5,7,23,42]; ma¢c layers [68^70].
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matic agents for a number of reasons. First, sul-
¢des are di⁄cult to destabilize, FeS liquid is sta-
ble to high oxygen fugacities, partly because of
the dissolution of O into FeS at higher fO2 [36^
39]. Even when FeS or Fe-rich monosul¢de solid
solutions break down at relatively high tempera-
tures, pentlandite and chalcopyrite are stable at
lower temperatures. Additionally, metasomatic
sul¢des commonly have high Au, Pd and Re/Os,
and are Os-poor [18,40]. Thus, these elements
would potentially be sensitive indicators of meta-
somatism; however, there are no correlations of
radiogenic Os with Pd, or Au in arc rocks, or in
metasomatized peridotites [41^43]. Second, meta-
somatized peridotite should have higher S content
than fertile or unmetasomatized peridotite. Com-
pilations of S contents of all peridotites indicate
that all samples have S contents 6 300 ppm, with

no systematic low or high trend for metasomat-
ized vs. unmetasomatized samples (e.g., [44]).
Third, most in situ analyses of sul¢de have re-
sulted in 187Os/188Os ratios that are 6 0.135,
and few that are s 0.135 [40,45^48]. Indeed,
some sul¢de inclusions have been shown to have
low ppm levels of Os and 187Os/188Os as high as
0.8 [40]. The few samples that do have values
s 0.135 also have the highest Re/Os ratios, but
the lowest Os contents (Fig. 3). Recent studies of
sul¢de metasomatism have shown that metaso-
matic sul¢des contain low Os concentrations rel-
ative to primary mantle sul¢des, which contain
subchondritic 187Os/188Os and therefore the few
samples with elevated 187Os/188Os have little e¡ect
on the 187Os/188Os of the sample [7,23,40,49]. For
example, a weighted average of the recent Os con-
centration and 187Os/188Os from sul¢de inclusions
in kimberlitic olivines [40] yields an 187Os/188Os of
0.1085 (n=95). And fourth, the Ni- and Cu-rich
metasomatic sul¢des plot to the right of the Re/
Os^Os array of mantle samples (Fig. 2A), whereas
arc rocks plot to the left, indicating that these
sul¢des are not appropriate metasomatizing
agents for the sub-arc mantle. Hence, sul¢des ap-
pear as an unlikely source of Os metasomatism
capable of signi¢cantly changing the 187Os/188Os
of the mantle.

2.3. In£uence of Re enrichment over time

It may not be possible to directly in£uence the
187Os/188Os of the mantle through subduction
processes. However, it is important to consider a
model where the mantle has undergone Re enrich-
ment through subduction processes and allowed
to evolve over time. A scenario where Re addition
occurs can be tested for a hypothetical mantle
wedge with Os concentrations of 2.5 ppb. This
model would require evolution of the mantle
wedge over V100 Myr, with unreasonably high
Re concentrations (s 20 ppb) in order for the
mantle to achieve 187Os/188Os values of V0.2
(much lower than Os isotopic values observed in
arc volcanic provinces). There is strong evidence
that subduction-related £uids are unlikely to carry
high levels of Re [24]. Xenoliths from arc environ-
ments thought to have undergone metasomatism

Fig. 3. Diagrams of Re/Os, Pd and Au vs. Os concentration
for sul¢de inclusions from diamonds, kimberlitic olivines,
mantle xenoliths, massif peridotites, and abyssal peridotites.
[18,40^45]. Note trends of increasing Re/Os with decreasing
Os content.
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have low Re concentration and Re/Os [5,19,21].
In addition, because Re is incompatible during
melting, the Re concentrations of primitive arc
basalts should be higher than that of the source.
Arc-type basalts with primitive compositions
(MgOs 7%) contain very low Re concentrations
(10^500 ppt), considerably lower than OIB and
MORB [24].

Secondary Re enrichment has been documented
to be associated with silicates, such as amphibole,
pyroxene and phlogopite (e.g., [7]). However, Re
concentrations are low (Fig. 2B; Table 1); with
one exception, the Re concentration of all samples
is less than 1 ppb, with the majority less than 0.5
ppb.

In order to illustrate the possible consequence
of Re enrichment of the mantle over time, we
have constructed a model utilizing the median
187Re/188Os values for the di¡erent silicate meta-
somatic minerals (Table 1) and allowed these min-
erals to evolve over 2.5 Gyr (Fig. 2B). With the
exception of amphibole and the ma¢c layers in
peridotite massifs, the 187Os/188Os in the di¡erent
metasomatic components remains low. The meta-
somatized mantle xenoliths remain subchondritic.
Although the end-members responsible for the
isotopic characteristic of mantle melts cannot be
uniquely constrained, simple two-component mix-
ing calculations can be used to evaluate the e¡ect
of possible contaminants (Fig. 4). The modelling
shows that it would be impossible to achieve the
Os isotopic ratios measured in the di¡erent mag-
matic provinces by mixing a MORB-type source
with these metasomatic minerals. In most cases
the melt would need to be composed of 80^
100% of the metasomatizing agent just to reach
187Os/188Os values of 0.2^0.3, which is lower than
the observed 187Os/188Os values in the volcanic
provinces (Fig. 4B). Although the Re and Os
data for metasomatic minerals in the mantle are
few in number, the actual mineral type is irrele-
vant because of the inverse correlation of Re/Os
and Os concentration.

Our understanding of the behavior of Re in the
subduction environment is currently poor, and
recent qualitative arguments including both Re
addition to the mantle wedge [50] and Re loss
during degassing are important to consider

[43,51,52]. At this point these models are equivo-
cal. In order to properly test these models, studies
need to investigate other factors such as retention
in the source by garnet and sul¢de, and/or mag-
matic fractionation by magnetite and sul¢de
[24,53,54]. Sul¢de saturation or undersaturation

Fig. 4. (A) The variation in 187Os/188Os over time for di¡er-
ent metasomatic end-members based on mean Re/Os ratio in
Table 1. Variation in 187Os/188Os calculated using the decay
constant of [57] and minerals have been allowed to grow
over 2.5 Gyr. (B) Binary mixing diagram of a melt composed
of MORB-type mantle source and a variable metasomatic
component based on A, Re/Os ratios and concentrations
from Table 1. 187Os/188Os calculated at 2.5 Gyr (A). Xeno-
liths are not included in the ¢gure, as their Re/Os ratios are
subchondritic or so low that they cannot a¡ect the mantle
over any time scales. The actual mineralogy is unimportant
as long as the inverse correlation between Re/Os ratios and
Os concentration (Fig. 2A) holds. Shaded ¢elds represent
variations of 187Os/188Os in di¡erent igneous provinces. Co-
lumbia River Flood Basalt (CRB) [58], Ferrar [12,59], High-
Alumina Olivine Tholeiites (HAOT) [13], Trans-Mexican
Volcanic Arc [12,27,59,60], Cascade Arc [11], Paci¢c Arcs
[9,10].
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is a strong function of oxygen fugacity. Because
the rock suites that show evidence for Re enrich-
ment are also among the most oxidized (OIB and
BABB), where sul¢de is likely to break down,
variation in oxygen fugacity and sul¢de instability
can account for much of the variation observed in
Re concentrations. In addition, investigations of
arc magmas have shown increasing Re concentra-
tion correlated with increases in 187Os/188Os and
indicators of fractionation (increasing SiO2, de-
creasing Ni and MgO) [27], which would be un-
expected if Re volatility played an important role
in the Re concentrations of arc lavas. Until an
assessment is made of these simpler and highly
plausible explanations, qualitative arguments for
Re loss during degassing and Re enrichment of
the mantle source are premature.

2.4. Comparisons with other isotopic systems

In order to properly address any model for a
metasomatized mantle source, it is also important
to consider the e¡ects of metasomatic veining on
other isotopic systems, such as Sr, Pb or Nd, in
addition to Os. Metasomatic £uids will be en-
riched in low ion lithophile (LIL) elements includ-
ing Rb, Sr, Nd and Sm. The actual enrichment in
the mantle is dependent on the modal mineralogy.
High Rb/Sr ratios in phlogopite and low Sm/Nd
ratios in pyroxene will strongly a¡ect either the
87Sr/86Sr or 143Nd/144Nd systems, respectively [55].
We can model this e¡ect for pyroxene using an
Nd^Os mixing diagram for a SCLM that has been
intruded at various points in time by pyroxenite
veins (Fig. 5). We use a lithospheric mantle with
Os isotopic values the same as Fig. 4 and Nd
isotopic values similar to xenoliths measured
from Simcoe, which are considered metasomat-
ized (e.g., [5]). The isotopic values for this hypo-
thetical mantle overlap those of modern MORB
mantle. For older SCLM, it is unlikely that the
143Nd/144Nd present-day values would be so ra-
diogenic [1,8] and this value should be considered
a best case scenario for metasomatic mixing mod-
els. More importantly, it is clear, because of the
large variations in 187Os/188Os and 143Nd/144Nd
over time, that these initial isotopic values make
little di¡erence in the overall process. The Nd and

Os isotopic values of the metasomatic end-mem-
ber are the present-day measured values of a py-
roxenite from the Wyoming craton [EN89-2CT,
8], which has a Tðbulk earthÞ of 2.8 Ga. This sample
has the highest present-day 187Os/188Os value
measured in a pyroxenite. The Os and Nd isotopic
values of the 0.5 and 1.0 Ga pyroxenite are hypo-
thetical, as if the same pyroxenite (EN89-2CT)
were removed from a MORB-type mantle reser-
voir at these time periods and allowed to evolve
to the present with the same elemental concentra-
tions and Sm/Nd and Re/Os.

Mixing diagrams are always limited in part by
the choice of end-members. Our intent with the
binary mixing model, however, is to determine if a
metasomatized mantle could be a viable end-

Fig. 5. Os^Nd binary mixing diagram for a mantle end-mem-
ber and pyroxene EN89-2 [8] at di¡erent time periods. Data
for the more evolved Grande Ronde member of the Colum-
bia River Basalt Group and the Trans-Mexican Volcanic
Belt indicate that models requiring metasomatism of the
source or assimilation of a veined SCLM are not feasible.
Symbols on mixing curve represent 20% increments between
a SCLM and pyroxenite veins that were emplaced 0.5, 1.0
and 2.8 Gyr before present. The arrows point to isotopic
composition of the pyroxenite, if a pyroxenite with the same
187Re/188Os and 147Sm/144Nd ratios as EN82-2 was extracted
from the mantle at 0.5, 1.0 and 2.8 Ga. Shaded areas repre-
sent the range of Os and Nd isotopic compositions of basalts
from the Imnaha and Grande Ronde formations of the Co-
lumbia River Basalt Group [58,61] and from the Trans-Mexi-
can Volcanic Belt [27,60,62,63]. SCLM (Nd=2 ppm;
Os= 1.0 ppb; 143Nd/144Nd=0.5132, 187Os/188Os= 0.13), py-
roxenite EN89-2 [8] (Nd=10 ppm; Os= 0.5 ppb; 147Sm/
144Nd=0.087, 187Re/188Os= 3.7, measured 0.510866, TDM

2.72; measured 187Os/188Os= 0.276, TBE = 2.78 Ga). Nd and
Os isotopic initial values for the pyroxenite at di¡erent times
are assumed to be from a depleted mantle reservoir (147Sm/
144Nd=0.2135; 143Nd/144Nd=0.51315) and a bulk earth res-
ervoir (187Re/188Os= 0.4018, 187Os/188Os= 0.127), respectively.
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member for observed 187Os/188Os (0.15^1.0) ratios
in continental magmatic provinces. The SCLM
reservoir must be older than any metasomatizing
agent; hence we chose a starting value for 187Os/
188Os of 0.11, which is the estimated value for the
mantle at 2.5 Ga. The change in the mantle 187Os/
188Os between 2.5 Ga and present (0.11^0.13) is
signi¢cantly less than the variation in any meta-
somatic mineral over the same time period (Fig.
4A). Hence the choice of the 187Os/188Os of the
mantle reservoir is of little consequence. The ma-
jority of data for the Os concentration come from
Archean cratons; therefore it is possible that the
Os concentrations for younger lithospheric mantle
may be lower. The majority of samples have Os
concentrations between 1 and 9 ppb with an aver-
age of 3.5 ppb. We have chosen a minimal value
of 1 ppb for our mixing models to maximize any
metasomatic e¡ect. We recognize that the 2.5 Ga
used for metasomatic minerals is impossibly long
for minerals residing in a convecting astheno-
sphere, and it further emphasizes the di⁄culty in
altering the 187Os/188Os of mantle peridotite. The
187Os/188Os for the di¡erent minerals can be de-
termined at any age using Fig. 4A.

It is clear that emplacement of pyroxenite veins
into the SCLM produces very di¡erent results for
the Nd and Os isotopic systems. For young py-
roxenite veins, it is possible to change the 143Nd/
144Nd of primary melts with small amounts of
vein material. However, it would require over
100% of the melt from pyroxenite veining within
the lithospheric mantle to reach the measured Os
isotopic ratios for only the most primitive samples
(187Os/188Os = 0.13^0.15). However, if the pyroxe-
nite veins were old enough to a¡ect the Os iso-
topic values of a SCLM melt, the high concentra-
tions of unradiogenic 143Nd/144Nd in the veins
would be readily evident.

3. Di¡erentiation of mantle and crustal reservoirs

Arc magmas represent melting of the mantle as
a result of £uid addition. There are varying de-
grees of £uid input, which will a¡ect both the
degree of melting and initial chemistry of the
melt. This in turn is overprinted by di¡ering

amounts of assimilation from potentially diverse
lithospheric reservoirs (Fig. 1). Lamprophyres
contain both high incompatible and compatible
element contents and high volatile contents, and
are argued to represent partial melts of metasom-
atized upper mantle (e.g., [56]). Thus lampro-
phyres represent an opportunity to test models
for metasomatic enrichment of both Os and Re
from subduction processes. For example, if Os is
readily carried in subduction £uids then lampro-
phyric lavas should contain positive trends of LIL
elements and 187Os/188Os. As well, lamprophyres
when compared to calc-alkaline lavas should have
disproportionately elevated 187Os/188Os ratios as-
sociated with their high volatile content. How-
ever, if elevated Os isotopic ratios are the result
of assimilation, then there should be a positive
increase of 187Os/188Os with indicators of fraction-
ation. Two recent Os studies of arc volcanism
from western Mexico can be used for direct com-
parison of these two di¡erent lithologies [27,51].
The 187Os/188Os from these studies can be plotted
against common indicators of metasomatism (Ba,
Sr and Pb) along with indicators of fractionation
(MgO or Ni; Fig. 6). Overall the lamprophyric
lavas exhibit lower 187Os/188Os than the calc-alka-
line suite, which is most likely the result of the
higher initial Os concentration in the primary
melts. It is clear from Fig. 6A that the lampro-
phyres have uniformly higher Ba/Nb than the
calc-alkaline lavas, which is to be expected. How-
ever, there is no correlation of increasing Ba/Nb
with increasing 187Os/188Os, in fact the calc-alka-
line samples with the lowest Ba/Nb have the high-
est 187Os/188Os. The three lamprophyre samples
with the highest Ba/Nb have some of the lowest
187Os/188Os (V0.138) of any samples. A few of
the lamprophyres show elevated 187Os/188Os
(V0.17), however, the increase in 187Os/188Os is
correlated with a decrease in Ni content and can
be modelled using assimilation and fractionation
(AFC) processes (Fig. 6). The AFC models re-
quire that the lamprophyres and calc-alkaline
lavas originate from di¡erent source areas and/
or result from di¡ering degrees of partial melting.
Both Sr and Pb are used as common tracers of
metasomatism. Sr behaves in a similar manner to
Pb, with the lamprophyres having the lowest Sr
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isotopic ratios, and there is no correlation with
187Os/188Os (Fig. 6). The calc-alkaline suite spans
the entire range of 87Sr/86Sr and the highest 187Os/
188Os. The highest 206Pb/204Pb can be found in the
calc-alkaline suite, but does not correlate with
187Os/188Os. The lamprophyre suite contains
both low Pb and Os isotopic ratios. The combi-
nation of isotopic and elemental data for the
lamprophyric and calc-alkaline suites adds further
support to the idea that large-scale Os metasoma-
tism by means of subduction £uids is not a viable
process. Rather, large increases in the 187Os/188Os
above chondritic values are best explained by as-
similation of older crustal reservoirs, and large
deviations in isotopic tracers, such as Pb and Sr,
can be attributed to heterogeneities in the mantle.

4. Conclusions

The sum of evidence supports the conclusions
of [3], that the Os isotopic system is resistant to
large-scale metasomatism within the mantle. We
do not contend that Os is una¡ected by metaso-
matism, or that metasomatism cannot occur with-
in the mantle on a local scale. Rather, we suggest
that there is no evidence to support conclusions
that Os metasomatism either directly or by a two-
stage process involving Re metasomatism and
long periods of time, allowing for the growth of
187Os/188Os, will substantially change the 187Os/
188Os of the mantle to values s 0.15. Addition-
ally, any further suggestions of subduction-related
Os metasomatism producing whole-scale elevation

Fig. 6. Ba/Nb, Ni 87Sr/86Sr and 206Pb/204Pb vs. 187Os188Os for minettes and basanites from western Mexico [57] and calc-alkaline
lavas from Michoacan^Guanajuato volcanic ¢eld (triangles [27]). There is no apparent correlation between high 187Os/188Os and
high Ba/Nb 87Sr/86Sr and 206Pb/204Pb ratios. AFC calculations require two separate melting events and/or di¡erent reservoirs for
lamprophyric lavas and the calc-alkaline lavas. In either scenario the most primitive lavas have an initial 187Os/188Os of V0.13,
followed by subsequent assimilation within the crust. Initial starting compositions for the melts are 600 ppm Ni and 400 ppt Os
for the lamprophyric lavas and 300 ppm Ni 200 ppt Os for the calc-alkaline lavas. Data from [27,60]. Further details for AFC
calculations can be found in [27]. Crosses represent increments of 2% assimilation.
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of the mantle to 187Os/188Os values between 0.13
and 0.15 need to be supported by comparisons of
increased Os concentrations and isotopic ratios
with like and consistent increases in elements
(i.e., Ba, B, Rb) and isotopic ratios (i.e., Pb, Sr)
which are known to be a¡ected by metasomatic
processes. The fact that the Os isotopic system in
the mantle is robust will allow for a better under-
standing of the generation of melts and crust^
mantle interaction.
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