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INTRODUCTION

Hydrogen incorporated in nominally anhydrous minerals 
(NAMs) inß uences mantle physical and chemical properties 
including rheology (e.g., Hirth and Kohlstedt 1995), seismic 
wave propagation (Karato and Jung 1998; Katayama et al. 2004), 
electrical conductivity (Huang et al. 2005; Karato 1990), chemi-
cal diffusivity (Wang et al. 2004), and both the locus and kinetics 
of subsolidus phase transitions (Kubo et al. 1998; Wood 1995). 
Hydrogen also has a signiÞ cant inß uence on the location and 
extent of partial melting (Asimow et al. 2004; Hirschmann 2006; 
Hirth and Kohlstedt 1996). It is therefore important to quantify 
experimentally the relationship between hydrogen concentrations 
in minerals and melts and physical and chemical properties. 

Such experimental constraints are only meaningful if hy-
drogen concentrations and speciation in the phases (minerals 
and melt) can be precisely and accurately determined. Many 

analytical techniques for absolute measurements of hydrogen 
in glasses or minerals are available but each of these has their 
advantages and disadvantages. Manometry is easily available 
but is destructive and requires large samples, which remains 
problematic in the case of NAMs. Techniques using nuclear 
facilities (NRRA, ERDA) have been shown to be useful (Bell 
et al. 2003; Sweeney et al. 1997) but remain of limited practical 
use because of limited access. Also, spectroscopic methods such 
as NMR (e.g., Kohn 1996) are problematic to use for hydrogen 
determinations when iron is present in the matrix.

Among the techniques used to determine H2O concentrations 
in mantle minerals and in quenched silicate melts, Fourier trans-
form infrared spectroscopy (FTIR) may be the most powerful 
because it provides information about both bulk concentration 
and local bonding environments. However, FTIR has several 
disadvantages, particularly for analyzing the small crystals pro-
duced in many high-pressure experiments. Such limitations are 
particularly evident when the crystals produced in these experi-
ments are optically anisotropic, as these require polarized FTIR 
observations along three directions of the indicatrix to make ac-
curate quantitative H2O measurements (Libowitzky and Rossman 
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ABSTRACT

We present new Fourier Transform Infrared Spectroscopy (FTIR) and ion microprobe/secondary 
ion mass spectrometry (SIMS) analyses of 1H in 61 natural and experimental geological samples. 
These samples include 8 basaltic glasses (0.17 to 7.65 wt% H2O), 11 rhyolitic glasses (0.143 to 6.20 
wt% H2O), 17 olivines (~0 to 910 wt. ppm H2O), 9 orthopyroxenes (~0 to 263 wt. ppm H2O), 8 clino-
pyroxenes (~0 to 490 wt. ppm H2O), and 8 garnets (~0 to 189 wt. ppm H2O). By careful attention 
to vacuum quality, the use a Cs+ primary beam, and a resin-free mounting technique, we routinely 
achieve hydrogen backgrounds equivalent to less than 5 ppm by weight H2O in olivine. Compared to 
previous efforts, the new calibration extends to a wider range of H2O contents for the minerals and 
is more reliable owing to a larger number of standards and to characterization of anisotropic miner-
als by polarized FTIR on oriented crystals. When observed, discrepancies between FTIR and SIMS 
measurements are attributable to inclusions of hydrous minerals or ß uid inclusions in the crystals. 
Inclusions more commonly interfere with FTIR analyses than with SIMS, owing to the much larger 
volume sampled by the former. Plots of H2O determined by FTIR vs. (1H/30Si) × (SiO2), determined by 
SIMS and electron microprobe (EMP) yield linear arrays and for each phase appear to be insensitive 
to bulk composition. For example, basalt and rhyolite calibration slopes cannot be distinguished. On 
the other hand, calibration slopes of different phases vary by up to a factor of 4. This reß ects either 
phase-speciÞ c behavior of 1H/30Si secondary ion ratios excited by Cs+ ion beams or discrepancies 
between phase-speciÞ c FTIR absorption coefÞ cient schemes.
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