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Mineral inclusions as models to characterize deviatoric stress in single crystals
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Non-hydrostatic stress is known to change the evolution of unit cell parameters [1] and the compression of bond lengths and angles in
the structures of crystals, e.g. [2]. The resulting modifications in the structures can lead to changes in the physical and thermodynamic
properties of crystals, and thus change their thermodynamic stability. As a consequence, both reconstructive phase transitions [3] and
displacive-type symmetry-breaking phase transitions [4] under deviatoric stress can occur at different temperatures and different mean
stress than under hydrostatic pressure. Despite its importance, the effect of non-hydrostatic stress on crystal structures is still poorly
understood, because it is challenging to perform experiments under controlled deviatoric stress conditions. On the other hand, mineral
host-inclusion systems composed of a mineral entrapped inside another mineral provide the perfect example to characterize a crystal
under deviatoric stress. Because the inclusion is entrapped inside another crystal, it will not be under hydrostatic pressure and the
deviatoric stress imposed on it will be the result of the difference in the elastic properties of the two crystals and their mutual
crystallographic orientations. In this contribution, we describe a methodology to characterize the effect of deviatoric stress on
inclusion crystal structures using synchrotron x-ray diffraction, including how to deal with the experimental challenges in the
collection of intensity data from a host-inclusion system, and the evaluation of the quality of the results. The quartz in garnet system is
an ideal candidate for this study. Quartz has a simple and well-known structure, whose variation with pressure and temperature has
been widely characterised, while garnet, being cubic, imposes an almost isotropic strain on the inclusions, thus providing a relatively
simple case study. Furthermore, quartz is one of the most common mineral inclusions in different types of rocks, so it qualifies as an
interesting case for geological applications.
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