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INTRODUCTION

Much has been done to quantify the concentration of H in
many nominally anhydrous minerals (Rossman 1996), espe-
cially common mantle minerals such as olivine, garnet, and
pyroxenes (Bell et al. 1995; Ingrin and Skogby 2000). How-
ever, there has been less effort to quantify the amount of H
found in naturally occurring feldspar minerals. It has been
known for some time that IR spectra of feldspars show evi-
dence of trace structural H (Wilkins and Sabine 1973; Smith
and Brown 1988). Mid-IR and near-IR spectroscopic studies
of feldspars (Solomon and Rossman 1979; Hofmeister and
Rossman 1985a; Hofmeister and Rossman 1985b; Hofmeister
and Rossman 1986) showed that plagioclase contains struc-
tural OH groups and alkali feldspars can incorporate OH, H2O,
and NH4

+ (Solomon and Rossman 1988). The concentration of
hydrous species has been determined for a few alkali feldspar
samples using hydrogen manometry (Hofmeister and Rossman
1985a; Hofmeister and Rossman 1985b) but there has been no
determination of absolute H contents for plagioclase.

Quantitative analysis of trace H in feldspars is particularly
interesting because feldspars are abundant in the Earth’s crust
in various volcanic, plutonic, and metamorphic rocks, and be-
cause textural and structural properties of feldspars are greatly
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ABSTRACT

A universal absorption coefficient was determined for quantitative analysis of OH and H2O in
feldspars using infrared spectroscopy. 1H MAS (magic-angle spinning) NMR spectroscopy was
used to determine the H concentration in three alkali feldspars, and for the first time, eight plagio-
clase samples. To accurately measure structural H concentration in samples with low H (<1000 ppm
H2O) it was necessary to eliminate the signal due to adsorbed water in the powdered NMR sample.
The pegmatitic and metamorphic albite samples are transparent, but contain variable (40–280 ppm
H2O) concentrations of microscopic to sub-microscopic fluid inclusions. The pegmatitic albites
also have sharp bands in the mid-IR similar to the OH bands found in quartz. The other plagioclase
samples used in the IR calibration have broad anisotropic bands around 3200 cm–1 in the mid-IR and
weak combination stretch-bend bands near 4550 cm–1 in the near-IR, indicative of structural OH.
The OH vector in plagioclase is preferentially aligned parallel to the crystallographic a axis. The
concentration of structural OH in the plagioclase samples ranges from 210–510 ppm H2O by weight.
The microcline samples contain structural H2O molecules (1000–1400 ppm H2O) and the sanidine
sample contains structural OH (170 ppm H2O). An approximately linear trend is produced when the
total integrated mid-IR absorbance is plotted vs. the concentration of structural H determined from
NMR (OH and H2O) for plagioclase and alkali feldspars. The integral absorption coefficient for the
total mid-IR peak area is 15.3 ± 0.7 ppm–1·cm–2 [107000 ± 5000 L/(mol H2O·cm2)] for natural feld-
spar samples that contain structural OH or H2O. Measurements of band areas of unpolarized IR
spectra on (001) cleavage fragments provide an estimate of H concentration for alkali feldspars, but
this method does not work for most plagioclase samples.

affected by the presence of water. The rate of O atom diffusion
(Yund and Anderson 1974; Yund and Anderson 1978; Farver
and Yund 1990) and Al and Si interdiffusion rates (Yund and
Tullis 1980) in feldspars increase with increasing water pres-
sure in hydrothermal experiments. Knowledge of the amount
and speciation of H in feldspars could be used to study the
interaction of water and rock in hydrothermal systems, low-
temperature alteration of feldspars, the water content of mag-
mas, and devolatilization during eruption. The purpose of this
study is to determine absorption coefficient(s) for the mid-IR
absorption bands of hydrous species in feldspars so that inter-
esting geologic problems can be addressed quantitatively with
IR spectroscopy. To do this, reliable measurements of H con-
centrations in plagioclase must be made for the first time.

Infrared spectroscopy is sensitive to the speciation of hydro-
gen, and polarized IR spectra provide information about the ori-
entation of hydrous species in the feldspar structure. It is also
possible to distinguish structural hydrogen from fluid inclusions
or fine-grained hydrous alteration products with IR spectra.

The Beer-Lambert law is used to determine the concentra-
tion of hydrous species in a mineral from IR spectra:

A = e ¥ c ¥ t                (1)

where A is the total maximum band height in the region of in-


