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ABSTRACT

Boron coordination in omphacite and glaucophane was determined by indirect means through the B
isotope fractionation among coexisting minerals. Samples from tourmaline-bearing reaction zones in
the high-pressure metamorphic mélange on the island of Syros were investigated. These metasomatic
zones formed at ∼0.7 GPa, 415 ± 15 °C. Equilibrium B isotope fractionations among paragenetic
dravite, phengite, omphacite, and glaucophane were determined by in situ B isotope analyses using
laser ablation multi-collector ICP-MS. The proportions of trigonally and tetrahedrally coordinated
B in omphacite and glaucophane were estimated by comparing their boron isotope fractionation relative
to dravite (94.6% [3]B and 5.4% [4]B) and phengite (100% [4]B).

The B isotope fractionation of omphacite and phengite against dravite are −12.0 ± 1.2‰ and
−13.4 ± 2.2‰, respectively, where δ11B values of omphacite are 1.9 ± 1.6‰ higher than in coexisting
phengite. No significant isotopic difference was observed between glaucophane and phengite. Conse-
quently, we concluded that in clinopyroxene (omphacite), 88 ± 9% of boron is incorporated in tetrahedral
coordination, for example via the B(F,OH)Si−1O−1 substitution, with the remaining 12 ± 9% entering by
replacement of SiO4 tetrahedra with BO3 triangles. In contrast, B in glaucophane is exclusively incorpo-
rated in the tetrahedrally coordinated sites. The boron coordination in high-pressure minerals that host
boron in subducting rocks, such as clinopyroxene, amphibole, andmica, is relevant for modeling B isotope
fractionation during slab dehydration in subduction zones.

Keywords: Boron coordination, boron isotopes, isotope fractionation, clinopyroxene, amphibole,
Lithium, Beryllium, and Boron: Quintessentially Crustal

INTRODUCTION

Boron has two stable isotopes, 10B and 11B, which differ in
their relative atomicmass by 10%. This significantmass difference
results in strong boron isotope fractionation during geological pro-
cesses, producing a variation in B isotope ratios of up to 100‰ in
nature (Palmer and Swihart 1996). As a result, B isotopes have
become a valuable geochemical tool for tracing various geological
processes (e.g., DeHoog and Savov 2018; Liu et al. 2022; Xu et al.
2022). Equilibrium B isotope fractionation is temperature depen-
dent, and it decreases with increasing temperature (Kowalski and
Wunder 2018). In addition to temperature, the coordination of
boron in coexisting phases plays a major role in determining iso-
tope fractionation among coexisting phases: the heavier isotope,
11B, is preferentially incorporated into sites that are trigonally
coordinated by oxygen, whereas 10B is preferentially incorporated
into tetrahedrally coordinated sites (Kowalski and Wunder 2018).
In hydrous fluids, B speciation and coordination are controlled by
the pH,with trigonalB species dominating at acidic conditions and
the proportion of tetrahedral B species increasing in more alkaline

environments (Hemming andHanson 1992). This pH control onB
speciation has a direct influence on B isotope fractionation in
fluid-related processes (e.g., Hemming and Hanson 1992). Other
factors, such as pressure and bond geometry, have a minor effect
on boron isotope fractionation (Schmidt et al. 2005; Kowalski and
Wunder 2018; Li et al. 2022).

Some high-pressure rocks contain tourmaline, often a member
with a Na-Mg-rich composition, high in the dravite component,
NaMg3Al6(Si6O18)(BO3)3(OH)3OH. In tourmaline-bearing rocks,
this mineral dominates the boron budget (Marschall et al. 2006b,
2009a). In tourmaline, B forms an essential structural component
in the trigonal-planar BO3 groups with [3]B coordinated to three O
atoms. In addition, however, some tourmalines contain additional
B in the tetrahedral [4]Si site (Ertl et al. 1997, 2018). Olenitic tour-
maline with up to 2.53 [4]B per formula unit (pfu) has been syn-
thesized (Kutzschbach et al. 2016). These elevated [4]B contents
are generally more typical of Al-rich tourmaline, whereas dravite
usually contains significantly lower amounts of [4]B (Kutzschbach
et al. 2016, 2021; Kowalski and Wunder 2018; Ertl et al. 2018).
Dravite from Syros has been found to contain a small amount of
tetrahedral B of ∼0.17 pfu (Marschall et al. 2004).

Inmost blueschist- and eclogite-facies rockswithout tourmaline,
white mica (phengite and paragonite) and other nominally boron-
free minerals (NBFMs), such as amphiboles (sodic and calcic)
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