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AbstrAct

Understanding effects of non-hydrostatic pressure on phase transitions in minerals relevant to 
the Earth’s mantle is important to translate the observable seismic signals to not directly observable 
mineralogical models for the deep Earth. SiO2 can occur as a free phase in subducting slabs, which 
contain sedimentary layers and/or mid-ocean-ridge basalts. In this study, we report on the effect of 
deviatoric strain on the pressure-induced phase transition in SiO2 and its consequences on the seismic 
signal. 

The acoustic velocity in polycrystalline stishovite across the post-stishovite phase transition was 
measured by Brillouin scattering in the pure SiO2 system at room temperature under deviatoric stress. 
High-pressure synchrotron X-ray diffraction data were also collected at SPring-8. A linear fit to the 
symmetry-breaking strain values and the pressure of the transverse velocity minimum indicate a 
transition pressure between 25 and 35 GPa, which is about 20 GPa lower than that under hydrostatic 
conditions. The transverse velocity dropped by about 3% at around 25 GPa in this study. This is much 
smaller than the prediction from ab initio calculations that a transverse velocity reduces by ~60% at 
around 50 GPa under hydrostatic conditions. The results of the present study indicate that the deviatoric 
stress lowers the transition pressure and reduces the acoustic velocity change associated with the post 
stishovite phase transition. Sedimentary and mid ocean ridge basalt (MORB) layers in a subducting 
slab are likely sites for finding stishovite and its high-pressure polymorphs in the deep earth. Seismic 
observations of deep earthquakes occurring in subducting slabs indicate the existence of considerable 
stress in down-going slabs. This study suggests that nonhydrostatic deviatoric stress is one of the 
possible reasons for the absence of general seismic features that can be directly related to the post-
stishovite phase transition in subducting slabs at 1500 km depth. The phase transition of stishovite under 
deviatoric stress, which occurs at shallower depths, can affect the local seismic scattering structures 
and the rheological behavior of a subducting slab in the mid-lower mantle region.
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iNtroductioN

Silica (SiO2) is one of the major constituents of the Earth’s 
crust, and significant amounts of silica and silicates are trans-
ported to the deep earth by subducting slabs. Stishovite, a high-
pressure polymorph of silica with Si in sixfold coordination, is 
considered to be an important constituent of subducted oceanic 
basalts and sediments in the Earth’s deep interior. Stishovite 
exhibits the tetragonal rutile structure and transforms to the or-
thorhombic CaCl2 structure above 50 GPa in the pure SiO2 system 
(e.g., Tsuchida and Yagi 1989; Kingma et al. 1995; Andrault et 
al. 1998; Hemley et al. 2000; Andrault et al. 2003). This phase 

transition is being thought of as a classic displacive transition. 
According to theoretical models, the phase transition is triggered 
by the lattice instability of the soft transverse acoustic mode 
associated with the shear elastic constant; (c11-c12)/2. A strong 
change in elastic properties is expected across the transition (e.g., 
Cohen 1992). Karki et al. (1997) reported that the shear wave 
velocity (vS) decreases by 60% and the anisotropy increases by 
a factor of five prior to the transition from the tetragonal rutile 
structure to the orthorhombic CaCl2 structure based on athermal 
first-principle calculations. They reported that the post-stishovite 
phase transition may cause discontinuous change in the shear 
wave velocity. Conversely, using a Landau free energy expan-
sion, Carpenter et al. (2000) suggested that the variation in the 
transverse and longitudinal velocities might exhibit a dip instead 
of a discontinuity in the vicinity of the transitional pressure. For 
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