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ABSTRACT

The influence of Al substitution on the elastic properties of stishovite and its transition to post-stishovite
is of great importance for interpreting the seismic wave velocities of subducted mid-ocean ridge basalt
(MORB) within the mantle transition zone and the lower mantle. However, atomistic mechanisms of
Al substitution effects on the transition and its associated elasticity remain debated. Here synchrotron sin-
gle-crystal X-ray diffraction measurements have been performed at room temperature on Al1.3-SiO2

[1.3 mol% Al in the chemical formula of Si0.965(3)Al0.041(1)O2H0.017(4)] and Al2.1-SiO2 [2.1 mol% Al
in Si0.948(2)Al0.064(1)O2H0.018(3)] crystals in diamond-anvil cells with Boehler-Almax designed anvils up
to 38.0 and 28.5 GPa, respectively. Analyses of the diffraction patterns show that a transformation from
stishovite (space group P42/mnm; No. 136) to CaCl2-type post-stishovite (space group Pnnm; No. 58) is
accompanied by splitting ofO coordinates. TheAl substitution in stishovite results in a faster decrease in the
O coordinate, softer apical (Si,Al)-O bonds, and a softer and less distorted (Si,Al)O6 octahedron under com-
pression. This leads to reduced adiabatic bulk modulus (KS), shear modulus (G), shear wave velocity (VS),
and compressional wave velocity (VP) in the stishovite phase, explaining seismic wave perturbations in the
mantle transition zone. Together with Raman data, Landau theory modeling shows that Al substitution
increases the order parameter and excess free energy, stabilizing the post-stishovite phase at lower pressures.
Correlation between elasticity and octahedral distortion index (D) reveals that at certainD, the Al substitu-
tion reduces KS, G, VS, and VP of the stishovite phase while increasing G, VS, and VP of the post-stishovite
phase. Importantly, the maximum shear reduction is slightly enhanced at D = 0.00620(9) at the transition
point. Our results help explain the seismically observed small-scale VS anomalies beneath subduction
regions in the shallow lower mantle where Al,H-bearing stishovite undergoes the post-stishovite transition.
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INTRODUCTION

Stishovite is expected to be an abundant component in sub-
ducted mid-ocean ridge basalt (MORB) in the mantle transition
zone and the lower mantle (Hirose et al. 1999; Litasov and Ohtani
2005; Ishii et al. 2019). Previous experimental studies have shown
that in a MORB composition, stishovite can accommodate up
to 10.2 wt% Al2O3, together with a certain amount of hydrogen,
in its structure mainly through charge-coupled substitutions of
Al3��H� = Si4� and 2Al3��OV2� (oxygen vacancy) = 2
Si4� (Tsutsumi et al. 2024). The Al substitution can affect the
elastic properties of stishovite and post-stishovite transition as
well as the transition depth, which are of great importance in
understanding seismic wave properties of subducting MORB in
the deep Earth. Specifically, previous X-ray diffraction studies

have shown that 1.82–5.37 wt% Al2O3 substitution can reduce
the density of stishovite by ∼0.2–1.2% at 15 GPa (Ono et al.
2002; Lakshtanov et al. 2005; Zhang et al. 2022; Criniti et al.
2023). Previous ultrasonic data have shown that 3.43 wt%
Al2O3 substitution reduces the shear wave velocity (VS) and com-
pressional wave velocity (VP) of stishovite by ∼4.1 and ∼3.5%,
respectively, at 18.4 GPa and 1700 K (Gréaux et al. 2016). These
findings have been used to interpret the negative sound velocity
perturbation in the mantle transition zone (Simmons and Gurrola
2000; Tauzin et al. 2013; Gréaux et al. 2016).

Of particular interest in deep-mantle seismology is the role of
Al substitution on the depths of the post-stishovite transition and
its associated velocity reductions (Lakshtanov et al. 2005,
2007b; Bolfan-Casanova et al. 2009; Umemoto et al. 2016;
Zhang et al. 2022; Criniti et al. 2023), because this can be asso-
ciated with the observed small-scale negative VS anomalies
beneath subduction region in the shallow lowermantle (Niu et al.
2003; Kaneshima 2016, 2019; Zhang et al. 2022). The Al sub-
stitution in stishovite can significantly lower the transition pres-
sure: 3.43–6.07 wt% Al2O3 substitution in stishovite can reduce
the transition pressure from ∼52 to 16–24 GPa (Andrault et al.
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