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Evidence for boron incorporation into the serpentine crystal structure
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Abstract
Serpentinite mud volcanoes from the Mariana forearc comprise B-rich mantle wedge peridotites
serpentinized by slab fluids. The major component of these rocks are serpentine group minerals
[Mg3Si2O5(OH)4], showing highly variable textural and geochemical features. Micro-Raman spectroscopy reveals that the serpentine minerals are well-crystallized lizardite and chrysotile. In situ SIMS
spot analyses and element mapping via ToF-SIMS show that B is evenly distributed across serpentine
grains, suggesting that serpentine, both lizardite and chrysotile in different textural regions, can host
significant amounts of B (up to ∼200 µg/g) into its crystal structure. As such structurally bound B can
only be released during recrystallization or serpentine breakdown, our results have implications for
modeling of the efficiency of cross-arc fluid mobile element recycling in subduction zones and stress
the importance of the hydrated forearc mantle as a reservoir for fluid mobile elements.
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Introduction
Boron (B) is a highly fluid mobile trace element that is very
incompatible during magmatic processes. As a result of this
incompatibility, B is strongly enriched in the Earth’s surface
(2–28 µg/g B in continental crust; Rudnick and Gao 2004) and
highly depleted in the mantle (0.25 µg/g; Smith et al. 1995).
Boron contents and B isotope composition of fluids and many
rocks (e.g., high-pressure metamorphic rocks, mantle wedge
peridotites, trench sediments, arc and backarc volcanic rocks)
have been used as records for element recycling processes and
mass fluxes during subduction (e.g., Ryan et al. 1996; Smith et
al. 1995; Palmer and Helvaci 1997; Benton et al. 2001; Tonarini
et al. 2001; Snyder et al. 2005; Marschall et al. 2006; Savov et
al. 2007). Aqueous fluids released from subducting slabs can
serpentinize the overlying depleted mantle wedge.
Serpentinization in the Mariana mantle wedge takes place
at low temperatures of ∼150–250 °C at shallow depths of up to
∼27 km at ∼0.8 GPa (e.g., Hussong and Fryer 1982; Kincaid and
Sacks 1997; Fryer et al. 1999; Peacock and Wang 1999; Mottl et
al. 2003, 2004; Peacock 2003; D’Antonio and Kristensen 2004;
Alt and Shanks 2006) and upwelling pore fluids have a pH of
∼12.5 (Mottl et al. 2003). Recent studies of variably serpentinized
peridotites from Mariana serpentinite seamounts have shown
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that within supra-subduction zones, forearc serpentinites are a
major sink for various trace elements such as B, Li, As, Sb, I,
and Cs (e.g., Fryer et al. 1990; Benton et al. 2001; Mottl et al.
2003; Scambelluri et al. 2004; Savov et al. 2005). Since primary
minerals in mantle peridotites, such as olivine and pyroxene, are
virtually devoid of Li and B (Ottolini et al. 2004), minerals of the
serpentine group (e.g., chrysotile, lizardite, and antigorite) have
been presumed to be the main Li and B sink in fluid modified
peridotites (e.g., Bonatti et al. 1984; Benton et al. 2001, 2004;
Ottolini et al. 2004; Savov et al. 2005, 2007). Evidence for Li
incorporation into serpentine and its importance for the element
cycle in subduction zones have been discussed in several studies
(Decitre et al. 2002; Tomascak et al. 2002; Benton et al. 2004;
Moriguti et al. 2004; Scambelluri et al. 2004; Deschamps et
al. 2010; Wunder et al. 2010). Nonetheless, it is still unclear if
and where B can be accommodated into the serpentine crystal
structure. Some previous studies have reported light elements
in serpentine by SIMS (e.g., Scambelluri et al. 2004; Vils et al.
2008) without discussing whether and in what manner B was
incorporated into serpentine minerals. This study demonstrates B
incorporation into the crystal structure (intra-grain) of serpentine.
Serpentine [Mg3Si2O5(OH)4] is a trioctahedral sheet silicate
made up of stacked layers of a pseudo-hexagonal network of
linked SiO4 tetrahedra with adjoining brucite-like [Mg(OH)2]
layers (Deer et al. 1992). Serpentine can crystallize as different
polymorphs, which are characterized by different wrapping
modes of tetrahedral and octahedral sheets in response to their
geometrical misfit (e.g., Wicks and Whittaker 1975; Deer et al.
1992). The polymorphs are lizardite (planar structure), chrysotile
(scrolled cylindrical structure), antigorite (modulated structure;
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