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INTRODUCTION

The importance of nominally anhydrous minerals (NAMs) 
as storage sites for water in the mantle was recognized over 
thirty years ago by Martin and Donnay (1972). This topic has 
received increasing attention over the past two decades as a 
result of new work on natural and synthetic NAMs as well as 
widespread recognition of the important inß uence of even trace 
amounts of OH on geochemical and geophysical processes (e.g., 
Hirth and Kohlstedt 1996; Asimow and Langmuir 2003; Karato 
2003; Dixon et al. 2004). Experimental data suggesting that water 
storage capacity increases dramatically in the mantle transition 
zone (Smyth 1994; Kohlstedt et al. 1996; Bolfan-Casanova et al. 
2000) has paved the way for an intriguing, though speculative, 
model to explain the interplay between mantle convection and 
the geochemical evolution of the Earth (Bercovici and Karato 
2003). Seismological and magnetotelluric studies are also pro-
viding more evidence for the existence of hydrated zones in the 
mantle (Karato 2003; Tarits et al. 2004). 

Much of the attention on NAMs has been focused on oliv-
ine, the predominant mineral of the upper mantle. Pioneering 
experimental work (Bai and Kohlstedt 1993; Kohlstedt et al. 
1996) revealed systematic trends of hydrogen incorporation in 
Fe-bearing olivine as a function of water and oxygen fugacity, 
silica activity, and pressure. However, recent developments have 
raised new questions and controversies. First, Bell et al. (2003) 
presented a new calibration for H measurement in olivine using 

Fourier-transform infrared (FTIR) spectroscopy. Their work sug-
gests that previous solubility measurements need to be revised 
upward by a factor of 2 to 4, but emphasizes that retrospective 
application of the calibration is complicated by reliance on 
unpolarized spectra in those studies. Second, experiments by 
different groups have yielded highly varying estimates for OH 
solubility in nominally Fe-free forsterite (Kohn 1996; Keppler 
and Rauch 2000; Locke et al. 2001; Demouchy and Mackwell 
2003; Lemaire et al. 2004; Zhao et al. 2004). Third, previous 
results (Bai and Kohlstedt 1993) with regard to the effect of 
silica activity on OH speciation have been contradicted by new 
experimental studies (Matveev et al. 2001; Lemaire et al. 2004). 
Fourth, another series of experiments suggests that the presence 
of Ti is critical to incorporation of OH in olivine (Berry et al. 
2004). Finally, new data has been brought to bear on the nature of 
nanometer-scale inclusions of hydrous phases in olivine (Khisina 
et al. 2001; Khisina and Wirth 2002; Kudoh 2002; Matsyuk and 
Langer 2004).

In light of these developments, we conducted a new experimen-
tal study of hydrogen incorporation in olivine at pressures of 2�12 
GPa and temperatures of 1000�1300 °C. In this study, we employ 
a new technique for FTIR measurement of OH concentrations in 
olivine that accounts for the correction of polarized spectra on 
randomly oriented crystals. The full details of this technique are 
provided in a separate paper (Asimow et al. 2006). 

EXPERIMENTAL AND ANALYTICAL METHODS

Details of the experiments, including starting materials, encapsulation, conditions, 
and Þ nal OH concentrations, are summarized in Table 1 and discussed below. * E-mail: jed@gps.caltech.edu
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ABSTRACT

We performed new experiments on incorporation of hydrogen in olivine at high pressures (2�12 
GPa) and temperatures (1000�1300 °C). OH concentrations were calculated using the Bell et al. (2003) 
calibration applied to principal-axis infrared absorption spectra synthesized from polarized measure-
ments on randomly oriented grains. Starting materials for the experiments included both Þ ne-grained 
powders and larger single crystals. Hydrogen was incorporated during grain growth in the former 
case and by volume diffusion in the latter. The spectra of Fe-bearing olivines exhibit similar structure 
regardless of the starting material, and are dominated by bands in the wavenumber range from about 
3500 to 3650 cm�1. We do not observe bands at 3525 and 3573 cm�1, which are predominant in many 
natural olivines as well as olivines annealed in experiments at lower pressures, and are attributed to 
humite-related defects. Furthermore, bands between 3300 and 3400 cm�1, attributed to high silica 
activity or high oxygen fugacity, are weak or non-existent. Our measurements indicate that OH 
solubility in Fe-bearing olivine is 2.5�4 times higher than that measured by Kohlstedt et al. (1996). 
Although this is largely due to the use of a new calibration in our study, correction of previous values 
is not straightforward. In the pure Mg-system, in contrast to Fe-bearing olivine, order-of-magnitude 
apparent differences in OH solubility can be obtained using different experimental procedures. This 
raises questions about attainment of equilibrium in experimental studies of hydrogen incorporation in 
nominally anhydrous minerals, particularly when crystals are grown from a hydrous melt. 
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