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Abstract
An arsenide (low-Ni, high-Co löllingite) was found in a peridotite xenolith, which is strongly
metasomatized by slab-derived melt or fluid from Avacha volcano, located in the Kamchatka arc.
This is the first finding of a mantle arsenide within a fresh peridotite xenolith that may have been
precipitated from metasomatic fluid/melt ultimately derived from the subducting slab. The löllingite is
very low in Ni, suggesting low Ni-Fe partitioning between arsenide and olivine at mantle conditions.
This is in contrast to sulfide, which favors Ni over Fe. An As-bearing fluid/melt thus plays some role
in the metasomatic Fe enrichment in the mantle wedge. Supply of As is one of the characteristics of
the upper mantle beneath the volcanic front.
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Introduction
The geochemical behavior of As in the upper mantle is poorly
known (cf. Schmidt et al. 2003a, 2003b) partly due to the scarcity
of mantle arsenides. Arsenic is expected to be supplied to the
mantle wedge from the subducting slab (e.g., Hattori and Guillot
2003; Hattori et al. 2005), but there is no evidence for its residence
in the mantle. For example, Hattori et al. (2002) analyzed mantle
sulfides for As and found that their As/S ratio, especially for
mantle-wedge sulfides, is lower than the primitive mantle value.
In the sub-continental mantle, As shows covariance with some
Pt-group elements, light rare-earth elements, and other incompatible elements (Schmidt et al. 2003a, 2003b). These incompatible
elements were presumably added especially to depleted peridotites
by metasomatic fluids (Schmidt et al. 2003a; Hattori and Guillot
2003; Hattori et al. 2005). Löllingite and other arsenides have been
found in many low-pressure hydrothermal ores associated with
partially or completely serpentinized peridotites (Thalhammer et
al. 1986; Leblanc and Fischer 1990).
Lorand (1985) found Ni arsenides in solid-intrusive lherzolites, but their genesis is related to post-emplacement incipient
serpentinization at low temperatures. Melcher et al. (1997) found
rare Ni-bearing arsenides in mantle-derived podiform chromitite.
They are also associated with serpentine after olivine, indicating
that their formation was contemporaneous with serpentinization.
Hattori et al. (2005) reported a Ni arsenide from serpentinite,
possibly derived from the hydrated mantle just above subducting
slab. In contrast to these occurrences, the arsenide reported here
is from a fresh peridotite xenolith entrained in magma and transported to the surface, and is formed in the mantle at temperature
conditions higher than the stability limit of serpentine.
We found the arsenide (Co-bearing löllingite; FeAs2) in a strongly metasomatized harzburgite xenolith (no. 159) from the Avacha
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volcano of the Kamchatka arc. This is the first finding of arsenide
within fresh mantle peridotites, and we provide new information
that can constrain the behavior of As within the mantle wedge. Arai
et al. (2003), Ishimaru et al. (2007), and Ishimaru and Arai (2008a)
have provided detailed petrography and mineral chemical data of
the Avacha peridotite xenolith suite. The peridotite xenolith (no.
159) contains Ni-rich olivine and Fe-Ni monosulfide solid solutions
(MSS), which were described by Ishimaru and Arai (2008b).

Geologic and petrographic background
The host rock is a low-K basaltic andesite (e.g., Ishimaru et
al. 2007) from the Avacha volcano of the frontal chain of the Kamchatka volcanic arc (Tatsumi et al. 1994). Peridotite xenoliths
have been found within pyroclastic flow deposits. We distinguish
two different kinds of peridotite xenoliths, coarse-grained and
fine-grained varieties, and the latter accounts for approximately
15% of all our samples (Arai et al. 2003; Ishimaru et al. 2007).
The coarse-grained peridotite from the Avacha volcano is mainly
spinel harzburgite, which contains very small amount of clinopyroxene (<2 vol%) (Ishimaru et al. 2007). Both coarse-grained and
fine-grained peridotites were metasomatized to various extents
by an SiO2-rich fluid/melt, characterized by the formation of
secondary orthopyroxene replacing olivine (Arai et al. 2003;
Ishimaru et al. 2007). Portions of the fine-grained peridotites are
difficult to characterize through microscopic observations owing
to their fine grain size (sometimes <10 µm) (Ishimaru and Arai
2008a). We judge their protolith to be harzburgite to dunite from
the small quantity of coarse orthopyroxene and clinopyroxene
that would have survived metasomatism/crystallization (Ishimaru
and Arai 2008a). The fine-grained peridotite does not show clear
deformation textures except elongation and fragmentation of its
chromian spinel. This kind of peridotite cannot be assigned to
any textural type of Mercier and Nicolas (1975).
Sample 159, which contains the arsenide, is an extremely finegrained metasomatized harzburgite with a very heterogeneous
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