Effect of water in high pressure and high temperature deformation of olivine single crystal
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Seismic velocity anisotropies observed in the upper mantle are interpreted from lattice-preferred orientations (LPO) produced experimentally in olivine, which depends on the dominant dislocation slip systems.  At low pressure P<3GPa, mantle temperature (T) and in dry conditions, olivine [100] dislocation slip dominates the less active [001] slip. This tends to align crystal fast velocity [100] axis with the principal shear direction.  Yet recent high-pressure deformation experiments [1] show that [001](010) slip system dominates [100](010) system in the (P,T) range of the deep upper mantle. This may promote a shear-parallel slow-velocity [001] axis and may explain the seismic-velocity attenuation observed at depth >200 km [2]. However the water contains in the sample can have an influence on the slip system activation. In fact, previous study revealed that at high temperature and pressure the water could affect the olivine plastic deformation and induce the transition between the [100] slip to the [001] slip. [3]

In order to show the effect of water on olivine slip system activities at high pressure, deformation experiments were carried out in wet condition, at P<7 GPa and T=1200\degC, on pure Forsterite (Fo100) and San Carlos olivine crystals, using the Deformation-DIA apparatus at the X17B2 beamline of the NSLS (Upton, NY). To keep the water in the cell assembly during the high-pressure deformation experiments, a sleeve of talk was placed in the cell, around the single crystal samples. Then crystals were oriented in order to active either [100] slip alone or [001] slip alone in (010) plane, or both [100](001) and [001](100) systems together. Constant applied stress sigma <300 MPa and specimen strain rates were monitored in situ using time-resolved x-ray diffraction and radiography, respectively.
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