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Crystal structure of monoclinic hydrous wadsleyite [b-(Mg,Fe)2SiO4]
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ABSTRACT

Wadsleyite [b-(Mg,Fe)2SiO4] is known to accept variable amounts of H and may be an
important reservoir of H in the transition zone of the mantle. The crystal structure of Fo94.6

hydrous wadsleyite (Mg1.730Fe0.098 Al0.008Si0.991H0.355O4) synthesized at 1400 8C and 17 GPa
was refined in space group I2/m from 1784 measured intensities of which 830 were unique,
and, of these, 650 were of intensity greater than 4s. Unit cell parameters are a 5 5.6715(7),
b 5 11.582(2), c 5 8.258(1) Å, and b 5 90.397(9)8. The final R(F) for all reflections was
0.026 (Rw 5 0.024); goodness of fit was 1.68. An H position was located on the nonsilicate
O atom (O1). Partial occupancy of a normally vacant tetrahedral site adjacent to M3 was
observed. This is postulated to be the result of Si moving from M3 to the adjacent tetra-
hedral void on decompression. Deviation from orthorhombic symmetry appears to result
from ordering of H, (Mg, Fe), and possibly Si, within the two nonequivalent M3 sites.

INTRODUCTION

The presence of H in rocks has a major effect on melt-
ing temperature, strength, and elastic properties and thus
may control melt generation, solid state convection, and
seismic velocities in the Earth. Also, the incorporation of
even minor amounts of H in mantle phases may have
played a central role in the development and evolution of
Earth’s hydrosphere. One tenth of one percent H2O by
weight in the minerals of the transition zone (400–670
km depth) is an amount equal to 800 m of liquid water
over the surface of the planet.

The stabilities of possible hydrous and anhydrous
phases under upper mantle conditions have been re-
viewed by Thompson (1992). Numerous hydrous high
pressure magnesium silicate phases have now been char-
acterized. Phase A [2Mg2SiO4·3Mg(OH)2] is a high-Mg
phase synthesized at the relatively low temperature of
800 8C at 7.7 GPa (Horiuchi et al. 1979). Finger et al.
(1991) reported the crystal structures of phase B
[Mg12Si4O19(OH)2] and anhydrous phase B (Mg14Si5O24).
Pacalo and Parise (1992) reported a superhydrous modi-
fication of phase B [Mg10Si3O14(OH)4]. Phase A, phase B,
and superhydrous B all have Mg/Si ratios greater than
2.0. Phase E (Mg2.08Si1.16H3.2O6) synthesized at 15 GPa and
1000 8C has an Mg/Si ratio close to that of forsterite but
has a low density of 2.822 g/cm3 (Kudoh et al. 1993).
Phase F (Mg3.35Si5.51H7.26O18) synthesized at 17 GPa and
1000 8C has an Mg/Si ratio less than 1.0 and also has a
low density of 2.826 g/cm3 (Kudoh et al. 1995). In ad-
dition to these stoichiometrically hydrous phases, Bell
and Rossman (1992) and Pawley et al. (1993) showed

that nominally anhydrous phases may contain very sig-
nificant amounts of hydrogen and thus may serve as ma-
jor sinks for protons in the mantle.

Among phases stable in the transition zone, nominally
anhydrous wadsleyite (b-Mg2SiO4) might serve as a host
phase for H, since it contains an O site not bonded to Si
with an anomalously shallow electrostatic potential
(Smyth 1987, 1994). Downs (1989) predicted that the
bridging O might be a better site for protonation, although
protonation of bridging O atoms is unknown among stoi-
chiometric silicates. Wright and Catlow (1996) calculated
the energetics of H substitution in wadsleyite and favored
protonation of the nonsilicate O. McMillan et al. (1991)
observed a small amount of OH in wadsleyite synthesized
under nearly anhydrous conditions. Young et al. (1993)
and Gasparik (1993) observed major amounts of OH in
Fo92 wadsleyite with up to 1.6% of all O atoms proton-
ated. Theoretical studies predicted that the phase may
contain up to 3.3 wt% H2O (Smyth 1987, 1994). Inoue
et al. (1995) synthesized Fo100 wadsleyite with 3.3 wt%
H2O, and Kudoh et al. (1996) determined the structure of
one of these samples of orthorhombic hydrous wadsle-
yite. They reported the structure as orthorhombic, al-
though these authors observed deviations from ortho-
rhombic symmetry as splitting of some diffraction
maxima in synchrotron radiation (personal communica-
tion). Kohlstedt et al. (1996) measured the solubility of
H in Fo90 olivine, wadsleyite, and ringwoodite [g-
(Mg,Fe)2SiO4]. They reported up to 2.4 wt% H2O in wad-
sleyite, 2.7 wt% in ringwoodite, but only 0.12 wt% in
olivine.


