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INTRODUCTION

There is considerable evidence to suggest that substantial
water may be contained within the earth’s mantle, structurally
bound (as hydroxyl groups) within nominally anhydrous mantle
phases (e.g., olivine, garnet, clinopyroxene; Miller et al. 1987;
Bell and Rossman 1992; Kurosawa et al. 1997; Jamtveit et al.
2001). The presence of water within these minerals provides
an important reservoir for water within the mantle (Thompson
1992), and likely exerts a major influence on important min-
eral physical properties (Mackwell et al. 1985; Karatao et al.
1986). The water contents of olivine are of particular interest,
as this mineral constitutes the major modal proportion of the
lithospheric and upper asthenospheric mantle (e.g., Menzies
1990; Bernstein et al. 1998). Measurements to date indicate
that typical water contents of mantle olivines and those that
crystallize from mantle-derived melts range between ~1–60
ppm H2O (Miller et al. 1987; Bell and Rossman 1992; Kurosawa
et al. 1997; Jamtveit et al. 2001; Table 1). Olivines from crustal
rocks show a wider range of water contents (up to ~700 ppm
H2O; Miller et al. 1987; Sykes et al. 1994).

To date, the specific mechanisms by which hydroxyl is in-
corporated into olivine remain unclear. Kurosawa et al. (1997)
observed a broad correlation between the hydrogen content of

olivine and trivalent cation contents in garnet peridotites and
suggested that coupled substitution of hydroxyl may occur in
oxygen positions adjacent to M site vacancies. However, simi-
lar correlations were not observed in olivine from spinel peri-
dotite, suggesting that such a mechanism may not be universal.
Sykes et al. (1994) noted that olivine from the Tayozhnoye iron
deposit, Siberia, Russia, that contains substantial B2O3 (1.35
wt%) also contained high H2O (714 ppm from the preferred
calibration of Sykes et al. 1994) and fluorine (0.33–0.55 wt%),
and suggested that hydroxyl is incorporated into the olivine
structure by the coupled charge-balanced substitution
B(F,OH)Si–1O–1 (Christ 1965; Grew et al. 1991; Sykes et al.
1994; Grew 1996). Although the Tayozhnoye olivine formed
during crustal metamorphism, Sykes et al. (1994) suggested
that this substitution could also provide a means by which sig-
nificant structurally-bound boron and hydrogen may be stored
in mantle olivine, and thus may play an important role in the
volatile element systematics of the upper mantle—although to
date there has been little data with which to test this hypoth-
esis. To directly address the role of the B(F,OH)Si–1O–1 substi-
tution within mantle olivine we report the concentrations of
boron and water, as well as lithium, from a suite of olivine
crystals from eclogitic, peridotitic, and basaltic rocks.

Although the olivine-liquid partitioning of lithium and bo-
ron are comparatively well known from experimental studies
(e.g., Chaussidon and Libourel 1993; Brenan et al. 1998; Taura
et al. 1998) and data for the lithium content of peridotite oliv-
ines have recently become available (Kurosawa et al. 1997;
Seitz and Woodland 2000), the boron contents of naturally-
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ABSTRACT

We report major element, boron, lithium, and water (present as structurally bound hydroxyl)
contents for a suite of ten mantle-derived olivine crystals, measured by electron microprobe, sec-
ondary ion mass spectrometry, and Fourier-transform infrared spectroscopy. Water measurements
are based on re-analysis and/or re-processing of data previously reported in the literature.

Analyzed olivines have lithium, boron, and water concentrations of 0.9–7.8 and 0.01–67, and
0.8–61 ppm (by weight), respectively. One olivine from Kingiti, Tanzania (possibly derived from
metasomatized peridotite) is anomalous, with boron and lithium contents of 67 and 7.8 ppm,
respectively. The remaining olivine samples have lithium and boron contents below 3 and 1 ppm,
respectively. Although lithium, boron, and water contents vary substantially, their cation propor-
tions are not strongly correlated, arguing against simple coupled substitutions involving these
elements. Importantly, the incorporation of boron and water in olivine by the B(F,OH)Si–1O–1

substitution does not appear to be a universal feature of mantle olivine, although it may be signifi-
cant in those with the highest boron contents.

Our data also support suggestions that olivine may be an important reservoir for hydrogen, lithium,
and boron in the lithospheric and upper asthenospheric mantle, and may thus play a key role in the
geochemical cycling of these elements within the mantle, and between the mantle and crust.


