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ABSTRACT
Magmas erupted at convergent margins consist of components from both mantle wedge and
subducted slab. In an effort to quantify the relative contributions of these sources, we have determined 19 trace element partition coefficients (D values) for orthopyroxene and clinopyroxene, in
equilibrium with spinel and hydrous high-MgO melt under conditions appropriate to melting in the
mantle wedge, i.e., 1.3 GPa, 1245 ∞C, and fO2 of NNO + 1. All trace elements are more incompatible
in clinopyroxene during hydrous melting than during anhydrous melting of fertile and depleted
peridotite. Orthopyroxene D values are relatively insensitive to pressure, temperature, and phase
composition. The new D values are used to calculate the trace-element composition of the mantle
wedge, which produced primitive South Sandwich Islands and St. Vincent (Lesser Antilles) arc
basalts. Both sources correspond to previously depleted mantle that has been enriched in LILEs and
LREEs by slab-derived fluids. In the case of the South Sandwich Islands, the calculated source is in
very close agreement with dredged fore-arc lherzolites. Our partitioning data confirm that hydrous
melting of wedge peridotite itself cannot produce the characteristic enrichments of LILEs over REEs
and HFSEs. Our estimates of the slab component in South Sandwich Islands and St. Vincent are
consistent with estimates from other arcs, derived by alternative methods.

INTRODUCTION
Volcanic rocks produced at convergent plate margins are
chemical hybrids of melts and fluids derived from subductedslab material and mantle-wedge peridotite. In terms of their
trace elements, these rocks are characterized by enrichment in
large-ion-lithophile elements (LILEs) relative to rare-earth elements (REEs) and, in particular, relative to the high-fieldstrength elements (HFSEs) (Davidson 1996). Depletion of
HFSEs has been attributed to a variety of subduction-related
processes, most of which infer retention of HFSEs in a titanate
phase in the slab during dehydration (Saunders et al. 1980),
and/or partial melting either of the metabasaltic portion of the
slab (Marsh 1976) or its metasedimentary cover (Turner et al.
1997). However, the relative contribution of such accessory
phases is unknown because the ability of the silicate mantlewedge peridotite itself to fractionate HFSEs from other trace
elements is currently unquantifiable.
Peridotite partial melting in the mantle wedge is a significantly different process from that responsible for melt generation beneath mid-ocean ridges, in that melting typically takes
place in the presence of a slab-derived, H2O-rich fluid (e.g.,
Tatsumi and Eggins 1995). Addition of H2O and other components to peridotite both lowers the melting temperature and alters the melting reactions (Gaetani and Grove 1998).
Trace-element partitioning between mineral and melt is primarily a function of phase composition, pressure (P), and temperature (T). Because P and T affect the partitioning of different
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valence cations to differing extents (Blundy and Wood 2003),
it is possible that low-temperature hydrous melting in the wedge
is characterized by quite different HFSE/REE fractionations
compared to the relatively high-T anhydrous melting responsible for MORB generation. Accurate determination of partition coefficients (where Di = [i] in crystal/[i] in melt) at P and
T relevant to melt production is thus imperative for modeling
processes involved in generating primary arc magmas from the
wedge, and in particular establishing the baseline effect of peridotite in generating LILE/HFSE fractionations. Our data
complement the recent experimental study of Gaetani et al.
(2003) on clinopyroxene-melt and garnet-melt partitioning of
trace elements during melting of the hydrous mantle wedge.
High-MgO arc basalts (>9 wt% MgO) are thought to represent near-primary liquids in equilibrium with mantle peridotite. Pichavant et al. (2002) applied the inverse experimental
approach (Myers and Johnston 1996) to a hydrated high-MgO
basalt from the Soufrière Volcano, St. Vincent, Lesser Antilles
Arc, to determine the point of multiple-saturation with a mantle
lherzolite assemblage. Multiple saturation (opx + cpx + sp) was
achieved in basalt starting mixes containing 1.5 wt% H2O at
1235 ∞C, 1.15 GPa. Olivine is not produced in these experiments due the peritectic nature of low-pressure peridotite melting. We have obtained a similar result in our trace-element-doped
experiment MW1-5, using a very similar starting composition, at
1245 ∞C, 1.3 GPa. This experiment produced melt pools and pyroxene crystals large enough for ion microprobe analysis from
which we have determined partition coefficients applicable to hydrous melt generation in the mantle wedge including, for the first
time, D values for orthopyroxene.

1831

