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Abstract
Stishovite, a rutile-structured polymorph of SiO2, is a main component of subducted basaltic 

lithologies in the lower mantle. At mid lower-mantle depths, a second-order ferroelastic transition to 
orthorhombic CaCl2-type (post-stishovite) structure occurs, causing extensive elastic shear softening. 
Previous studies showed that Al incorporation can decrease the transition pressure, while it is still 
debated whether H has a similar effect. Here we report the equations of state, structural evolution, 
and phase transformation of Si0.948Al0.052O1.983H0.018 (Al5) stishovite and Si0.886Al0.114O1.980H0.074 (Al11) 
post-stishovite samples using diamond-anvil cells in combination with synchrotron X-ray diffraction 
and Raman spectroscopy. The Al5 sample transformed to the orthorhombic polymorph upon com-
pression to 16 GPa, displaying a drop of ~12% in its bulk modulus across the transformation. The 
Al11 sample did not undergo any phase transition in the pressure range investigated. Single-crystal 
structural refinements and Raman spectroscopy measurements on the Al5 sample show that the soft 
optic mode B1g is decoupled from the tetragonal-to-orthorhombic structural transformation and shows 
a plateau in the stability field of post-stishovite, between 20 and 30 GPa. This observation indicates 
that the transformation is not pseudo-proper ferroelastic as in SiO2 stishovite and that existing Landau 
expansions are likely not applicable to H-rich Al-bearing silica samples. Using the equation of state 
parameters of orthorhombic Al5 and Al11 and literature data on SiO2 post-stishovite we then discuss 
the possibility of non-ideal mixing along the SiO2-AlOOH join.
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Introduction
Stishovite is a high-pressure polymorph of SiO2 with rutile-

type structure (space group P42/mnm) that constitutes up to 
25 vol% of metabasaltic phase assemblages at lower mantle 
depths (e.g., Irifune and Ringwood 1993; Ishii et al. 2019a, 
2022a). At approximately 50 GPa and room temperature, SiO2 
stishovite was found to undergo a second-order ferroelastic 
phase transition to a post-stishovite phase having CaCl2-type 
structure (space group Pnnm), with a decrease from tetragonal 
to orthorhombic symmetry (Kingma et al. 1995; Andrault et al. 
1998). Stishovite experiences extensive elastic softening across 
the post-stishovite transition, where its aggregate shear wave 
velocity (vS) is expected to drop by about 20% (Carpenter et 
al. 2000). In the last few decades, seismological studies have 
detected several plate-like seismic scattering bodies having 
negative shear wave velocity anomalies (–4% < dvS < –12%), 
but positive density anomalies (+2% < dρ < +6%) compared 
to the surrounding mantle at about 1600–1800 km depth (e.g., 
Kaneshima and Helffrich 1999; Niu 2014). Temperature anoma-
lies alone cannot explain such a drastic change in the elastic 

properties and density of the scatterers, which were therefore 
argued to represent chemically heterogeneous layers of dense 
subducted basalt (Kaneshima and Helffrich 1999). In addition, 
the shear elastic softening that characterizes the post-stishovite 
transition in subducted basalt matches well the elastic anoma-
lies proposed for the scatterers (Kaneshima 2019), providing 
evidence for the recycling of subducted oceanic plates down to 
the mid-lower mantle.

More recently, scattering bodies displaying similar features 
have been detected in the proximity of subducted oceanic plates 
sinking or stagnating in the topmost lower mantle (Kaneshima 
2019). These conditions are too shallow to be reconciled with 
the pressure and temperature conditions of the post-stishovite 
transition in SiO2. In a dry mid-ocean ridge basalt (MORB) phase 
assemblage, however, stishovite is not pure SiO2 and can host up 
to 4 mol% of AlO1.5 component between 25 and 60 GPa (Ono 
et al. 2001; Hirose et al. 2005; Ricolleau et al. 2010; Ishii et al. 
2019a, 2022a). In the presence of water, the solubility of Al is 
even higher and reaches 7 mol% AlO1.5 component, correspond-
ing to approximately 6 wt% Al2O3 (Litasov et al. 2007). It was 
shown that Al-enriched stishovite samples transformed to the 
post-stishovite phase at lower pressures compared to pure SiO2 
(Lakshtanov et al. 2005, 2007b; Bolfan-Casanova et al. 2009). 
In the previous study by Lakshtanov et al. (2007b), the soft 
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