American Mineralogist, Volume 85, pages 480–487, 2000

Hydrogen in diopside: Diffusion profiles
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ABSTRACT
The kinetics of diffusion for hydrogen in diopside single crystals from Jaipur, India, were determined by performing room pressure dehydration experiments at temperatures from 700–850 °C and
an oxygen fugacity of 10–14 bar. The hydrogen diffusivities were determined for the [100], [010], and
[001]* directions either from concentration profiles for hydroxyl in samples after annealing or from
bulk hydroxyl concentrations as a function of anneal time for sequential dehydration experiments.
The rate of diffusion is anisotropic, with fastest transport along the [100] and [001]* axes and slowest along the [010] axis. Fits of the data to an Arrhenius law yield activation energies and preexponential terms of 181 ± 38 kJ/mol and 10–2.1±1.9 m2/s for diffusion parallel to [100], and 153 ± 32
kJ/mol and 10–3.4±1.6 m2/s for diffusion parallel to [001]*. For diffusion parallel to [010], the data were
measured over an insufficient temperature range to calculate the activation energy for diffusion.
However, these diffusivities were approximately an order of magnitude slower than those for diffusion parallel to [100] or [001]*. The measured rates and anisotropy for self-diffusion of hydrogen in
diopside are consistent with those determined from hydrogen-deuterium exchange in Russian diopside (Hercule and Ingrin 1999). The hydrogen diffusivities are also similar in magnitude to those for
olivine (Mackwell and Kohlstedt 1990) and are large enough that the hydrogen content of millimeter-size diopside grains with compositions near Jaipur diopside will adjust to changing environmental conditions in time scales of hours at temperatures as low as 800 °C. As xenoliths ascending from
the mantle remain at high temperatures (i.e., >1000 °C) but experience a rapid decrease in pressure,
diopside grains may dehydrate during ascent. Thus, low water contents for diopside crystals from
xenoliths cannot be taken as indicative of low water contents in the mantle.

INTRODUCTION
Knowledge of the water content within Earth’s interior is
important to many aspects of geoscience. The presence of water, as a free phase or dissolved within mineral grains, has a
major effect on melting relations, diffusion kinetics and solid
state deformation, and may exert an influence on other physical and chemical properties. Determination of the water content of the upper mantle is based on inferences from basalt
genesis (e.g., Wyllie 1979), measurement of water contents of
minerals within mantle xenoliths (e.g., Bell and Rossman 1992)
and mantle-derived glasses (e.g., Michael 1988; Dixon and
Stolper 1995), and measurements of gas effusion from volcanoes (e.g., Holland 1984). Several previous studies investigated
the diffusion rates and concentrations of dissolution of water-
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derived species in upper mantle minerals. Bell and Rossman
(1992) catalogued the hydroxyl contents of a range of natural
nominally anhydrous mantle minerals from a variety of sources
using infrared (IR) spectroscopy. Of the most abundant nominally anhydrous minerals in the upper mantle of Earth, they
demonstrated that natural clinopyroxene contains the highest
concentrations of water-derived species.
Although olivine is volumetrically the most abundant mineral in the upper mantle, hydroxyl concentrations in mantlederived olivine are lower than for the pyroxenes (Bell and
Rossman 1992). Mackwell and Kohlstedt (1990) and Kohlstedt
and Mackwell (1998) performed hydration experiments on
samples of mantle-derived olivine and characterized the rate
of incorporation of water-derived species into the crystal interiors using IR spectroscopy. They demonstrated that the diffusion of water-derived species in olivine is sufficiently rapid to
allow significant changes in water content during ascent of
xenoliths from the mantle. Bai and Kohlstedt (1992, 1993) and
Kohlstedt et al. (1996) investigated the solubility of hydrous
species in olivine over a broad range of fluid pressures, showing that hydroxyl contents of olivine may increase substantially
with depth in the upper mantle.
Wang et al. (1996) reported slower diffusion kinetics at the
same conditions for pyrope garnet than for olivine and an apparent concentration dependence for the diffusion. They expressed

