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INTRODUCTION

Trace amounts of water are a common constituent of most
nominally anhydrous minerals (NAMs) of the Earth’s mantle,
and hydrogen species are ubiquitously found in mantle xeno-
liths (Bell and Rossman 1992) as well as in mantle phases syn-
thesized at high pressure and temperature (Kohlstedt et al.
1996). Such hydrogen, dissolved as hydroxyl point defects,
plays an important role in the physical and chemical properties
of mantle rocks, even at very low concentrations (Hirth and
Kohlstedt 1996). These properties include electrical conduc-
tivity, ionic diffusivity, and rheology. It is therefore important
to characterize hydrogen species in NAMs and their incorpo-
ration mechanisms in order to understand the dynamics of the
Earth’s mantle.

Fourier transform infrared (FTIR) spectroscopy is a sensi-
tive tool for detecting trace amounts of water in minerals, melts,
and glasses. This technique makes it possible to distinguish
the various species of hydrogen (present in the form of hy-
droxyl or water molecules) and, with the use of polarized ra-
diation, IR also provides information about the orientation of
OH dipoles in crystal structures. In the case of MgSiO3

akimotoite, we have combined polarized IR data with in situ
measurements of infrared spectra at high pressures in order to
constrain possible proton sites, because sites with different
compressibilities can be distinguished by differences in the
shifts of the OH stretching frequency with pressure.
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ABSTRACT

Hydrous MgSiO3 akimotoite (ilmenite-type structure), containing 350 ppm wt H2O as hydroxyl,
was synthesized at 19 GPa and 1300 ∞C in a multi-anvil apparatus. Polarized Fourier-transform
infrared spectra show bands at 3300 and 3320 cm–1 due to hydroxyl groups oriented nearly perpen-
dicular to the c axis as well as a strong band at 3390 cm–1 caused by OH molecules aligned nearly
parallel to c. Unpolarized infrared measurements performed up to 13.8 GPa in a diamond anvil cell
show that the bands shift to lower frequencies with increasing pressure, which is consistent with
hydrogen bonding. At ~9 GPa, the bands initially at 3300 and 3320 cm–1 merge, suggesting that these
two bands represent the same type of hydroxyl group. The compression behavior of the infrared
bands shows that the pressure derivative of the frequency, dn/dP, decreases with increasing initial
wavenumber, nio, and this decrease is not linear. These observations are consistent with the compres-
sion mechanism of akimotoite, as previously published. The data indicate that the relative compress-
ibility of the hydrogen bonds within a structure (i.e., the sign of dn/dP vs. nio) is governed by a
combination of the directionality of the hydrogen bonds and the anisotropy of compression, whereas
the rate of compression (i.e., the slope of dn/dP vs. nio) is a function of the bulk modulus.

HIGH-PRESSURE EXPERIMENTAL METHODS

The single crystals of MgSiO3 akimotoite (ilmenite-type
structure), used for room-pressure polarized IR measurements
and the high-pressure unpolarized IR study, were synthesized
at 19 GPa and 1300 ∞C in a multi-anvil apparatus from a mix-
ture of oxides having MgSiO3 + 5 wt% H2O + excess silica
bulk composition (see Bolfan-Casanova et al. 2000 for details).
The sample was prepared as a doubly polished slab 47 mm thick.
This akimotoite contains about 3900 H/106 Si (~350 ppm wt
H2O) as determined from polarized IR measurements (Bolfan-
Casanova et al. 2000), based on the calibration of the extinc-
tion coefficient by Paterson (1982) (see Table 1).

The crystal sections used for both the room-pressure and
the high-pressure investigations were oriented parallel to the
c-direction as determined by optical microscopy using
conoscopic light. The directions [100], [010], and [110] are
randomly distributed within the crystal plate. High-pressure
IR measurements were carried out using a Merryl-Basset type
diamond anvil cell (DAC) equipped with type I diamonds. A
250 mm thick rhenium gasket was pre-indented to 130 mm and
a 150 mm diameter hole was used as the sample chamber. Cryo-
genically loaded N2 was used as a hydrostatic pressure-trans-
mitting medium. Pressure was determined from the shift in the
fluorescence peak of two ruby chips located in the sample cham-
ber (Mao et al. 1986). Infrared spectra were measured using a
Bruker IFS 120 HR high-resolution FTIR spectrometer and
polarized radiation was generated using a wire-strip polarizer
on a KRS-5 substrate (for more details see Bolfan-Casanova et
al. 2000). The background spectra for the high-pressure IR
measurements were obtained in air because blank spectra mea-
sured through the DAC displayed interference fringes. The IR
spectra were recorded with 1 cm–1 resolution and 1000 to 1500




