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INTRODUCTION

Wadsleyite (β-Mg2SiO4) and ringwoodite (γ-Mg2SiO4) to-
gether have the potential to store more water as hydroxyl (OH)� in 
Earthʼs mantle transition zone (TZ) at 410�660 km depth than is 
currently present in the liquid oceans. Just 0.1 wt% H2O (1000 
wt ppm) throughout the TZ is equivalent to about one kilometer 
of liquid water across Earthʼs surface. Wadsleyite has an ex-
traordinary afÞ nity for hydrogen due to an unusual non-silicate 
oxygen atom (O1) in its structure (Smyth 1994). The atom at 
O1 is coordinated to only Þ ve VIMg2+ atoms and has a Pauling 
bond strength of 1.67, thus having about one-thirds hydroxyl 
(1.0) and two-thirds oxygen (2.0) character.

Smyth (1987) predicted that wadsleyite should contain vari-
able amounts of hydrogen at O1 based on its anomalously shal-
low electrostatic potential. Full hydration of O1 corresponds to 
33 000 wt ppm (3.3 wt%) H2O. The presence of H in synthetic 
wadsleyite was conÞ rmed spectroscopically by McMillan et al. 
(1991) and Young et al. (1993). Inoue et al. (1995) synthesized 
pure-Mg (Fo100) hydrous wadsleyite containing up to 31 000 wt 

ppm (3.1 wt%) H2O, measured by secondary ion mass spectrom-
etry (SIMS). Kohlstedt et al. (1996) reported up to 24 000 wt ppm 
(2.4 wt%) H2O in Fo90 wadsleyite, estimated from unpolarized 
infrared spectroscopy using the calibration of Paterson (1982). 
Hydrous wadsleyite purported to contain 3.3 wt% H2O (i.e., 
Mg1.75SiH0.5O4) from the studies of Kudoh et al. (1996) and Ku-
doh and Inoue (1999) probably contains closer to ∼2.5 wt% H2O, 
as measured by SIMS (sample B of Inoue et al. 1995).

The O1 site is ideal for H based on electrostatic and crys-
tal-chemical arguments, but there are several different ways to 
protonate O1, as well as up to 13 other possible O-H⋅⋅⋅O envi-
ronments involving O2, O3, and O4. To date, a diverse arsenal 
of methods have been used to study the OH environments in 
wadsleyite, including calculated or experimental electrostatic 
potentials (Smyth 1987; Downs 1989), difference-Fourier analy-
sis of the charge density from single-crystal X-ray diffraction 
data (Smyth et al. 1997; Kudoh and Inoue 1999), unpolarized 
infrared spectroscopy (Kohlstedt et al. 1996; Bolfan-Casanova 
et al. 2000; Kohn et al. 2002), analysis of triple-points in the 
Laplacian ∇2ρ(r) of the electron density distribution (Ross et al. 
2003), as well as 1H (Kohn et al. 2002) and 17O NMR (Ashbrook 
et al. 2003). The most direct way to locate H in wadsleyite, * E-mail: s.jacobsen@gl.ciw.edu
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ABSTRACT

The incorporation of hydrogen into wadsleyite (β-Mg2SiO4) was investigated using polarized 
FTIR spectroscopy and X-ray diffraction on oriented single crystals. The experiments were carried 
out with a new suite of samples containing between ∼100 and ∼10 000 ppm H2O by weight (wt ppm), 
encompassing the H-contents most relevant to Earthʼs potentially hydrous mantle transition zone. 
Attempts to synthesize anhydrous wadsleyite resulted in water contents of no less than ∼50 wt ppm 
H2O. An empirical relation between the b/a axial ratio against estimated wt ppm concentrations of 
H2O in wadsleyite (CH2O) was determined: (b/a) = 2.008(1) + 1.25(3) × 10�6 · CH2O

Polarized infrared absorption spectra were measured in the three orthogonal sections perpendicular to 
the major axes of the optical indicatrix ellipsoid and are used in concert with results from new structure 
reÞ nements to place constraints on the main absorbers in the structure. All of the main bands in the 
O-H stretching region of the FTIR can be explained by protonation of O1, the anomalous non-silicate 
oxygen site. We assign the band at 3614 cm�1 to a bent hydrogen bond O1⋅⋅⋅O1 (2.887 Å) along the M3 
edge in the a-c plane. The band at 3581 cm�1 is assigned to a bent hydrogen bond on O1⋅⋅⋅O3 (3.016 Å) 
of the M3 edge in the b-c plane. The absorption bands at 3360, 3326, and 3317 cm�1 are best explained 
by hydrogen bonds on O1⋅⋅⋅O4 (3.092 Å) and O1⋅⋅⋅O4 (2.795 Å) along the M3 and M2 edges with 
possible splitting of one band due to vacancy ordering, but we cannot rule out contributions from three 
other (O1⋅⋅⋅O3) edges. The broad absorption feature at 3000 cm�1 is unambiguously assigned to the 
O4⋅⋅⋅O4 (2.720 Å) tetrahedral edge of the Si2O7 group pointing along the [100] vector. On hydration 
to ∼1 wt% H2O, M-site vacancies are observed exclusively at M3. A systematic shortening of several 
(interpreted) hydrogen bonded O⋅⋅⋅O M-site edges is attributed to reduced O-O repulsive forces on 
protonation in the vicinity of an M-site vacancy.


