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ABSTRACT
The concentration of structural OH in diopside was determined for four granulite facies siliceous marble samples from the Adirondack Mountains, New York, using FTIR spectroscopy. Single-crystal
polarized IR spectra were measured on (100) and (010) sections of diopside. The relative intensities of
four OH bands in the 3700–3200 cm–1 region vary among the samples, with the 3645 cm–1 band dominating the spectra of diopside from a xenolith at Cascade Slide. Total OH content in the diopsides
ranges from 55 to 138 ppm H2O by weight. The OH concentration in diopside increases monotonically with increasing fH2O for the sample, as estimated using oxygen isotope systematics for diffusion rates
in these samples from Edwards and Valley (1998). There is no significant variation in OH content
within a single diopside grain or among diopside grains from the same hand sample. Charge-coupled
substitution with M3+ and Ti4+ in the crystal structure may have allowed retention of OH in the diopside structure during and after peak metamorphism (~750 °C, 7–8 kbar). The Cascade Slide diopsides
have an Fe3+/Fe2+ of 0.98, compared to Fe3+/Fe2+ (0 to 0.05) for the other samples, implying that some
loss of hydrogen through oxidation of Fe was possible in this sample. This is the first study we know
of which shows that the OH content in anhydrous minerals from natural samples correlates to the rate
of oxygen isotope diffusion.

INTRODUCTION
Studies of the concentration of OH in pyroxenes throughout
the world (e.g., Skogby et al. 1990) show a large range in OH
concentration (0.12 to 0.001 wt% OH) that is broadly related to
rock type. Nominally anhydrous minerals (NAMs) from the
mantle, especially clinopyroxenes, have high OH concentrations (up to 1300 ppm H2O, 400–600 ppm for diopside), suggesting there is a significant reservoir of water in the mantle
(Bell 1993; Ingrin and Skogby 2000). Calculations of water
content of melt in equilibrium with mantle xenocrysts (Bell
1993), and initial calculations of the total amount of hydrous
species stored in the mantle (200 to 550 ppm H2O; Bell and
Rossman 1992) assume that the OH in mantle xenoliths was not
incorporated or removed during the journey to the surface.
Subsequent estimates of mantle OH concentration (300 to 600
ppm H2O; Ingrin and Skogby 2000) have factored in estimates
of possible loss of H from NAMs due to redox reactions. There
is little evidence that OH concentration in NAMs from the mantle is strictly preserved. Bell (1993) found that OH concentrations in garnet and clinopyroxene xenocrysts from the
Monastery kimberlite in South Africa were correlated with the
100Mg/(Mg+Fe) and 100Ca/(Ca+Mg) of these minerals,
respectively, and pyroxene OH content was found to be correlated with major element trends in the mantle wedge below
Mexico and Washington State (Peslier et al. 2000). Even less is
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known about the preservation and concentration of hydrous
species in NAMs in the lower crust. The lower crustal contribution to the hydrogen budget of the Earth is unknown. To prove
that estimates of water content of the mantle and lower crust are
correct, it is important to establish that the OH concentration of
NAMs is directly related to high-temperature fluid conditions.
We know of no previous work to determine if OH concentration in NAMs is correlated to oxygen isotope systematics,
which provides information about fluids in hydrothermal systems and during peak and post-metamorphism. Linking the concentration of hydrogen species in an anhydrous mineral to the
amount of water in a particular geological system through oxygen isotope data would be further proof that incorporation of
hydrous components into NAMs is influenced by geological
conditions. Additionally, it would be useful to separate the effect
of water activity from the potentially important effects that crystal chemistry and oxygen fugacity (Peslier et al. 2000) could
exert on OH concentration in the clinopyroxene structure. An
ideal region for study is one with large areas of outcrop
exposed, and where previous work has established the regional
geological context, including peak pressures and temperatures,
post-metamorphic cooling rate, oxygen fugacity, and water
activity.

LOCALITY
One such well-studied area is the Adirondack Mountains,
NY, at the southeastern tip of the Grenville Province. The
Adirondacks Highlands underwent granulite-facies metamorphism at ~1 Ga with maximum temperatures of 725 to 800 ∞C
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