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aBstract

The structure and the polarized infrared absorption spectrum of OH-defects in wadsleyite 
(G-Mg2SiO4) are studied, at 0 and 15 GPa, by first-principles calculations based on density functional 
theory (DFT). Four types of OH-defects are considered: fully protonated magnesium vacancies, 
fully protonated silicon vacancies, silicon vacancies compensated by a magnesium cation and two 
protons, and OH-defects associated with the migration of a silicon cation to a normally vacant site, as 
reported by Kudoh and Inoue (1999). The results suggest that the main absorption band constituted 
by a doublet (3326 and 3360 cm–1) corresponds to at least two types of OH-defects involving M3 
vacancies with protonation of the O1-type O atoms along the O1...O4 edges. The main contribution 
of the less intense band at 3581 cm–1 is likely related to the partial protonation of a silicon vacancy 
(protonation of the O3-type oxygen) associated with the migration of the silicon cation to the Si2 
site. This assignment is consistent with several experimental constraints: wavenumber and pleochro-
ism of infrared OH-stretching bands, pressure-dependence of the band wavenumber, evidence from 
X-ray diffraction of magnesium vacancies in M3 site, and increase of the b/a axial ratio with water 
content. The integrated absorption coefficients of the corresponding OH-defects are also calculated 
and thus complement the set of data obtained previously for forsterite and ringwoodite. Absorption 
coefficients of wadsleyite computed at 0 and 15 GPa indicate that for a precise quantification of the 
hydrogen content in in situ experiments, one must consider higher absorption coefficients than those 
determined at 0 GPa after quench. It is also shown that a single theoretical relation can account for the 
three Mg2SiO4 polymorphs at 0 GPa: Kint = 278.7 ± 18.1 (3810 ± 465 – x), where Kint is the integrated 
molar absorption coefficient of the OH stretching modes and x is the average wavenumber in cm–1. 
Absorption coefficients are significantly lower than the general calibrations, the use of which would 
lead to an underestimation of the water concentrations.
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introduction

The interest for OH-defects in nominally anhydrous miner-
als (NAMs) is essentially twofold. First, given the abundance 
of the NAMs in the mantle, these OH-defects may contribute 
significantly to the water budget of the Earth. Second, the pres-
ence of OH-defects within the structure of NAMs modifies the 
bulk properties of minerals. These hydroxyl groups may affect 
the global mantle dynamics because hydrogen incorporation is 
likely to change melting temperatures, atomic diffusivities, and 
rheological properties. In addition, it is essential to know the 
effect of OH-defects on electrical conductivity and elasticity of 
minerals for interpreting accurately the geophysical properties 
that are used to probe the Earth’s interior (Keppler and Smyth 
2006).

Wadsleyite corresponds to a high-pressure polymorph of 
forsterite. It is considered to be the dominant mineral in the up-
per part of the transition zone between 410 and 520 km depth, 
before its transformation into ringwoodite at higher pressure. The 
structure of hydrogen-free wadsleyite (G-Mg2SiO4) can be refined 

in the orthorhombic Imma space group, with the following cell 
parameters: a = 5.698, b = 11.438, and c = 8.257 Å (Horiuchi 
and Sawamoto 1981). Silicon atoms in tetrahedral sites (Wyckoff 
position 8h) form Si2O7 groups (sorosilicate). There are three 
distinct octahedral sites occupied by magnesium atoms, M1 
(4a), M2 (4e), and M3 (8g), with twice as many M3 sites than 
M1 or M2 sites in each unit cell. M1 and M2 sites share edges 
and form a single octahedral chain, which runs parallel to the 
b-axis. M3 octahedra form a double chain running along the a-
axis. Finally, there are four distinct oxygen sites in the structure. 
Among them, O2 is the bridging oxygen of the Si2O7 group, and 
O1 is a non-silicate oxygen atom (not bonded to silicon atoms). 
This structural feature makes the O1 atoms strongly underbonded 
with a valence-sum of 1.82 valence units (v.u.) using the method 
of Donnay and Allmann (1970), and for this reason O1 atoms are 
expected to be very favorable sites for protonation (Smyth 1987). 
The ability of wadsleyite to incorporate significant amounts of 
hydrogen has been confirmed experimentally (e.g., McMillan et 
al. 1991; Young et al. 1993; Inoue et al. 1995; Kohlstedt et al. 
1996; Kohn et al. 2002; Demouchy et al. 2005; Ye et al. 2010). 
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