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Effect of chemical environment on the hydrogen-related defect chemistry in wadsleyite
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ABSTRACT
The effect of chemical environment on the hydrogen-related defect chemistry in wadsleyite was
investigated using Fourier-transform infrared (FTIR) spectroscopy. Samples were annealed at P =
14–16 GPa and T = 1230–1973 K using Kawai-type multi-anvil apparatus. The effect of oxygen
fugacity (fO2) was investigated using three metal-oxide buffers (Mo-MoO2, Ni-NiO, and Re-ReO2).
The effect of water fugacity (fH2O) was studied using two different capsule assemblies (“nominally
dry” and “dry” assemblies). A range of total OH concentration (COH,Total) of studied wadslyeites varies
between <50 H/106Si (<3 wt ppm H2O) and 23 000 H/106Si (1400 wt ppm H2O). The observed FTIR
spectra were classified into four different classes, i.e., peaks at 3620 (“3620”), 3480 (“3480”), and
3205 cm–1 (“3205”) and the others (Group O), where the Group O includes peaks at 3270, 3330, and
3580 cm1. The variation in OH concentration corresponding to each peak was analyzed separately.
The OH concentrations correspond to “3620,” “3480,” and “3205” were found to be highly dependent
on both fH2O and fO2. Assuming COH,Group O = 2[(2H)xM] (COH,Group O is OH concentration of Group O),
present data were analyzed by using thermodynamic model for concentration of hydrogen-related
defects. Based on analytical results, OH concentration of “3620” and “3480” was found to be reasonably explained by q = 1/2 and r = 1/12 (q and r are fH2O and fO2 exponents, respectively), whereas that
of “3205” was consistent with q = 1/2 and r = –1/12. These results suggest that “3620” and “3480”
correspond to H'M whereas “3205” corresponds to Hw, respectively, under the charge neutrality condition of [Fe'M] = 2[V''M].
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INTRODUCTION
Wadsleyite [C-(MgFe)2SiO4] is considered as a potential host
of water in the Earth’s mantle transition zone (e.g., Smyth 1987;
Inoue et al. 1995; Kohlstedt et al. 1996). Recently, water content
in the mantle transition zone has been estimated by a combination
of geophysical observations, such as electrical conductivity and
seismic velocity, and physical properties of constituent minerals
(e.g., Blum and Shen 2004; Huang et al. 2005; Hae et al. 2006;
Ichiki et al. 2006). Although the estimates of water content by
these studies vary from ~0.005 to ~0.5 wt% H2O (much smaller
than the solubility limit in wadsleyite, ~3 wt%), these amounts of
water are considered to play an important role in transport properties in the mantle transition zone. Therefore, it is important to
understand nature of hydrogen-related defects in wadsleyite.
There are several studies on hydrogen in wadsleyite. The
significant solubility of water in wadsleyite was first predicted
theoretically by Smyth (1987), and the solubility of ~3 wt%
H2O was later confirmed experimentally (e.g., Inoue et al. 1995;
Kohlstedt et al. 1996). The effects of temperature and pressure
on water solubility were studied by Demouchy et al. (2005).
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The location of hydrogen atom in wadsleyite lattice has been
investigated based on FTIR spectroscopy, single-crystal X-ray
diffraction and NMR (Kudoh and Inoue 1999; Kohn et al. 2002;
Jacobsen et al. 2005). However, there is no systematic study on
the effect of chemical environments, such as oxygen fugacity (fO2)
and water fugacity (fH2O), on hydrogen-related defects in wadsleyite. The previous studies have focused on the incorporation
mechanism of the majority of hydrogen in wadsleyite. It is well
understood from crystal chemistry and experimental observation
of a good correlation between Mg/Si ratio and the water content
(e.g., Smyth 1987; Inoue et al. 1995). Two hydrogen atoms are
incorporated into the crystal lattice coupled with an M-site vacancy, which yields a neutral (no effective electric charge) point
defect, (2H)xM. In contrast, the nature of minor hydrogen-related
x
defects in wadsleyite other than (2H)M
is not well known due to
their lower concentration. However, the minor charged defects
may play more important roles in transport properties, such as
rheological properties and electrical conductivity (Karato 2006).
Since the concentration of defect is a function of many parameters characterizing chemical environments (e.g., fO2, fH2O, oxide
activity), the effect of chemical environments on point defect
chemistry provides a useful insight into the atomistic mechanisms
of hydrogen dissolution and the way in which hydrogen affects

