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abstract
Recent interest in hydrogen incorporation in feldspars has been driven by the potential of this
common mineral species to record magmatic water contents. Accurate measurement of H concentrations in feldspars by Fourier transform infrared (FTIR) spectroscopy is hampered by the need to
collect polarized spectra in three mutually perpendicular directions, which can be impractical for
crystals characterized by small dimensions, polysynthetic twinning, and/or chemical zoning. SIMS
is an attractive alternative to FTIR, offering high spatial resolution, high precision, and the feasibility of attaining low detection limits. In this study we compare FTIR and SIMS data for 19 feldspars,
including plagioclase, anorthoclase, sanidine, microcline, and orthoclase. We present adjustments to
previously published FTIR data on some of these samples. Our new SIMS and FTIR data are well
correlated and we demonstrate the feasibility of quantitatively measuring H concentrations as low as
1–2 ppmw H2O using SIMS. Combination of the new data together with re-evaluation of the NMR
species in feldspar increase with decreasing frequency of their O-H absorptions, in accord with theory.
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accurate, one important implication is that the H concentrations of plagioclase crystals estimated in the
literature are too high by up to a factor of two, requiring revision of previously estimated plagioclaseKeywords: FTIR, SIMS, feldspar, calibration, nominally anhydrous minerals, hygrometry, water, crust

introduction
Feldspars are the most abundant minerals in the Earth’s crust
and have long been known to contain hydrous components within
their structures, in the form of OH, H2O, and/or NH4+ molecules
(Wilkins and Sabine 1973; Solomon and Rossman 1979, 1988;
Hofmeister and Rossman 1985a, 1985b, 1986; Beran 1986, 1987;
Müller 1988; Behrens and Müller 1995; Kronenberg et al. 1996;
Xia et al. 2000; Johnson and Rossman 2003, 2004). Reported
concentrations of structurally bound OH, H2O, and NH4+ in this
nominally anhydrous mineral (NAM) group range up to 915,
1350, and 1500 ppmw H2O, respectively (Johnson 2006). Recent
studies have shown the potential for using H concentrations in
igneous plagioclase and anorthoclase to constrain the water
contents of their host magmas, both in terrestrial volcanic rocks
(Johnson 2005; Seaman et al. 2006; Hamada et al. 2011, 2013)
and in lunar anorthosites (Hui et al. 2013). Although there are
still some uncertainties in feldspar-melt H partition coefficients
(Hamada et al. 2013), this technique holds great promise for

complementing more traditional approaches to determining
magmatic volatile contents, such as measuring the compositions
of melt inclusions in phenocrysts (e.g., Blundy et al. 2006). However, one of the barriers to practical application of this method
lies in accurately quantifying feldspar H concentrations, which
are most typically measured using Fourier transform infrared
(FTIR) spectroscopy. Because of the high degree of anisotropy
of O-H bonding in feldspars, accurate FTIR is limited by the need
to collect polarized spectra from three mutually perpendicular
directions (Johnson and Rossman 2003). In practice, preparation
of the appropriate sections for such measurements can be difficult
when crystals are small and/or twinned or compositionally zoned,

For the above reason, analysis by secondary ion mass
spectrometry (SIMS) is an attractive proposition. Advantages
of SIMS include high spatial resolution, apparent insensitivity
to crystal orientation (Koga et al. 2003), high precision (e.g.,
Mosenfelder and Rossman 2013a, 2013b) and the feasibility of
attaining detection limits of 5 ppmw H2O or even less (e.g., Hauri
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