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ABSTRACT
Samples of wadsleyite (b-Mg2SiO4) containing a range of dissolved water concentrations up to
1.5 wt% were synthesized at 1300 ∞C and 15 GPa. The samples were studied using 1H MAS NMR
and FTIR spectroscopy to determine the ordering of OH within the structure. As the 1H NMR chemical shift and O-H stretching frequency are both known to be correlated with the O-H◊◊◊O distances in
silicate and other materials, the spectroscopic data were compared with O◊◊◊O distances calculated
from the published crystal structure of hydrous wadsleyite.
Using this approach we show that the hydroxyl ions in wadsleyite containing 0.8–1.5 wt% H2O
are highly disordered, occupying at least 14 of the 17 possible O-H◊◊◊O environments, including
some with strong hydrogen bonding. In contrast, for low water concentrations (<0.4 wt%) the hydroxyl ions are less disordered, with four environments being much more abundant than the others
are. Three of these environments appear to involve protonation of O1, in agreement with most previous suggestions, and the fourth is probably O2-H◊◊◊O2.
It is probable that the degree of disorder will increase with increasing temperature, so it should be
taken into account when predicting phase equilibria involving hydrous wadsleyite and when extrapolating data on density and elastic properties from room temperature measurements.

INTRODUCTION

PREVIOUS WORK ON OH IN WADSLEYITE

Wadsleyite [b-(Mg,Fe)2SiO4] is likely to be the most abundant mineral in the upper part of the mantle transition zone, at
depths between 410 and 520 km. The seismic discontinuity that
is observed at 410 km is thought to result from the transformation of olivine [a-(Mg,Fe)2SiO4] to wadsleyite, and the exact
depth and width of this transition is related to the physical and
chemical properties of the two phases. One important factor is
the water concentration in wadsleyite, as this phase has a significant capacity to dissolve water in its structure. Another factor is the degree of ordering of cations, vacancies and hydroxyl
defects associated with water dissolution. The degree of ordering is extremely important because it can significantly modify
physical properties and the positions of chemical equilibria.
Increasing disorder increases the entropy of a phase, thereby
enhancing the stability at high temperature. This affects the
entropy of mixing between different end-members and modifies the Clapeyron slope for interconversion between polymorphs. The ordering of dissolved hydroxyl may also affect physical
properties such as density and elastic properties, with important consequences for the interpretation of seismic data in terms
of mineralogical and chemical models for the Earth’s mantle.
In this paper we present spectroscopic data on the location of
OH in wadsleyite and demonstrate that the ordering is strongly
dependent on the total dissolved water concentration.

It is now well established that several wt% H2O can be dissolved in the structure of wadsleyite (Smyth 1987; Gasparik
1993; Smyth 1994; Inoue et al. 1995; Kohlstedt et al. 1996)
with a water concentration of 3.3 wt%, equivalent to the formula Mg1.75H0.5SiO4, being widely accepted as the maximum
solubility. Furthermore, it has been suggested that there is complete solid solution between the two end-members Mg2SiO4
and Mg1.75H0.5SiO4. The high solubility of water in wadsleyite
has generated much speculation on the possibility that the transition zone is a large reservoir that contains a significant proportion of the global water budget. In contrast, consideration
of the seismically detected width of the olivine-wadsleyite phase
transition has been used to suggest that the actual amount of
water in wadsleyite in the transition zone is <0.02 wt% (Wood
1995), although this calculation depends both on the partitioning of water between a- and b-Mg2SiO4 and on the degree of
ordering of Mg and vacancies over the octahedral sites in
wadsleyite.
Smyth (1987) suggested that electrostatic potentials could
be used to predict O atom sites susceptible to protonation. He
suggested that the O1 site, shown in Figure 1a, is underbonded
and is therefore particularly susceptible. Note that O1 is not
bonded to Si, and is thus an unusual type of O atom site. The
approach of using the electrostatic potential calculated from
the crystal structure to predict the site of protonation in
wadsleyite was later developed by Downs (1989). He suggested
that the O2 site, which is the bridging O atom between Si tetra-
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