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Subducted carbonates, metasomatism of mantle wedges, and possible connections to
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ABSTRACT
We investigated calcite globules and veins in two spinel-garnet peridotite xenoliths from the subSierra Nevada mantle. The studied xenoliths were entrained in a Miocene (11 Ma) volcanic plug. These
carbonates are associated spatially with silicate glass inclusions, suggesting that they are primary
inclusions—inclusions that formed at high temperature in the mantle and not at or close to the Earthʼs
surface. The host peridotites represent samples of the lithospheric mantle wedge beneath the Mesozoic California magmatic arc, as indicated by radiogenic isotopic ratios measured on clinopyroxene
separates [87Sr/86Sr(11 Ma) = 0.7058–0.7061, εNd (11 Ma) = –1.9 to –0.7]. Mineral chemistry of the
peridotite major phases is typical of a mantle section that was depleted of melt. The δ18O values of
olivine and orthopyroxene from the two samples are also typical of mantle rocks (δ18O = 6–6.5‰). In
contrast, calcite veins have δ18O of 18–20‰ and δ13C of –14‰, arguing for a subducted sedimentary
origin for these carbonates. Presumably, the carbonates were expelled from the downgoing slab and
ßuxed into the overlying mantle wedge as CO2- or CO2-H2O-rich ßuids or melts. The trace-element
patterns of two analyzed calcite veins are typical of the arc signatures (e.g., depletions in high-Þeldstrength elements) seen in calc-alkaline magmatic rocks worldwide. However, the cores of peridotite
clinopyroxenes do not show that pattern, suggesting that the arc-like trace element signature was
introduced via the recycled carbonate agent. A connection between mantle wedge carbonation and
diamond formation in a subduction environment is proposed based on these observations.

INTRODUCTION
Mantle metasomatism at subduction zones is thought to be
one of the key processes that leads to arc magmatism (Davies
and Stevenson 1992). Fluids released by the downgoing slab
are thought to ßux into the upper plate (the mantle wedge) and
depress the peridotite solidus (e.g., Wyllie 1984). Although these
ßuids are primarily aqueous, carbonic ßuids also can play an
important role in mantle metasomatism and melting (Wood et al.,
1996). In fact, CO2 ßuxes in arc volcanoes are larger than those at
mid-ocean ridges (Sano and Williams 1996; Marty and Tolstikhin
1998), making arc volcanoes the largest deep reservoir releasing CO2 into the atmosphere. Carbon-isotopic ratios are used to
estimate that about 80% of the CO2 inventory in arc volcanoes
is derived from recycled sediments, i.e., organic sediment and
marine limestones (Marty and Tolstikhin 1998), the remaining
being primary mantle carbon. These observations indicate that
CO2 ßuxing in the mantle wedge may be an important ingredient in generating arc magmas. However, available experimental
(e.g., Molina and Poli 2000) and thermodynamic (e.g., Kerrick
and Connolly 1998, 2001) data indicate that decarbonation takes
place at higher temperatures than dehydration in the slab and
that carbonate rocks may persist in the slab at depths greater
than those sampled by arc volcanoes. Overall, quantifying carbonate recycling at subduction zones is a particularly important
challenge, given the need to understand the role of ßuids in arc

SAMPLES AND TECHNIQUES
The Sierra Nevada batholith is a typical Mesozoic Cordilleran magmatic arc,
composed primarily of tonalitic and granodioritic plutons. Granitoid rocks are
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magmatism as well as the atmospheric carbon cycle over geologic
timescales. It is also plausible that much of the recycled CO2 in
arc volcanoes may be derived from sedimentary sections that
were emplaced in the lower crust beneath arcs via shortening
and not from the subducted slab; this hypothesis has yet to be
tested (Stern 2002). The issue of how much CO2 is released from
the slab into the upper mantle and ultimately in arc volcanoes
is very much unresolved and currently suffers from little direct
(observational) evidence.
Rare direct observations on upper-mantle xenoliths from
arc environments conÞrm the presence of carbonic ßuids in the
mantle. In this study, we present new trace-element and isotopic
analyses from carbonated peridotite xenoliths from the central
Sierra Nevada, California (Dodge et al. 1988). This is the Þrst
report of calcite-bearing peridotites from this locality. Crustal
and mantle xenoliths from Miocene pipes in the central Sierra
Nevada represent fragments of the Mesozoic-Cenozoic sub-arc
lithosphere (Ducea and Saleeby 1998) of this classic Cordilleran
subduction zone (Dickinson 1981). We use isotopic tracers to
show that the carbonates are recycled via the subducted Farallon
slab, and that they imprint an arc-like trace-element signature
on peridotite clinopyroxenes, a signature that the pyroxenes did
not possess originally. Carbonate ßuxing may have also been
responsible for generation of sub-arc diamonds in California.
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