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Ab initio study of water speciation in forsterite: Importance of the entropic effect

TIAN QIN'2, RENATA M. WENTZCOVITCH***-}, KOICHIRO UMEMOTO*, MARC M. HIRSCHMANN!,
AND DAVID L. KOHLSTEDT!

"Department of Earth Sciences, University of Minnesota, 116 Church Street SE, Minneapolis, Minnesota 55455, U.S.A.
“Department of Earth and Environmental Sciences, Columbia University, Lamont-Doherty Earth Observatory, Palisades, New York 10964, U.S.A.
*Department of Applied Physics and Applied Mathematics, Columbia University, New York, New York 10027, U.S.A.
“Earth-Life Science Institute, Tokyo Institute of Technology, 2-12-1-IE-12 Ookayama, Meguro-ku, Tokyo 152-8550, Japan

ABSTRACT

In this ab initio study, we expand previous investigations of charge-balanced hydrous Mg ((2H),)
and Si ((4H)%;) defects in forsterite, the Mg end-member of olivine, to address the relative stability
of these two defects. First, we systematically search for (2H)3, configurations to find possible defect
states; second, we include the contribution of vibrational energy and defect configurational entropy
in the calculation of formation energies of both defects; third, we address the effect of pressure and
temperature simultaneously on their relative stability. Based on these considerations, we demonstrate
that hydrous Mg defects ((2H)Y;,) can be stabilized with respect to hydrous Si defects ((4H)%,) at rel-
evant mantle conditions and that configurational entropy and vibrational free energy play key roles
in this stabilization. Our results reveal that water speciation in olivine is influenced by temperature
and pressure. As mantle physical and chemical properties may be affected by the speciation of water
in olivine, application of experimental results to the mantle should account for the temperature- and
pressure-dependent changes in water speciation.
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