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INTRODUCTION

The effect of minor elements such as aluminum or hydrogen 
on the elasticity of high-pressure mantle phases has always been 
an important issue in mineral physics. SpeciÞ cally, attention has 
recently focused on the properties of nominally anhydrous min-
erals (NAMs) such as Mg2SiO4 polymorphs, majoritic garnets, 
ringwoodite, and stishovite, as they have been shown to dissolve 
considerable amounts of water with increasing pressure (e.g., 
Bell and Rossman 1992; Kohlstedt et al. 1996). In particular, 
several studies have shown that the stishovite that forms from 
MORB at high pressures acquires up to 5 wt% of Al2O3 (Irifune 
and Ringwood 1993; Chung and Kagi 2002; Litasov and Ohtani 
2005). In the presence of water, the alumina content can grow to 
9 wt% (Ono 1999), with local charge balance possibly attained 
through the coupled substitutions: Si4+ → Al3+ + H+ or 2Si4+ → 
2Al3+ + o

2+ (Pawley et al. 1993), where o
2+ is a vacant oxygen 

site. In this way, nominally anhydrous stishovite (and presum-
ably its higher pressure polymorphs) can potentially dissolve a 
signiÞ cant amount of H2O and retain it at least down to mid-lower 
mantle pressures (Lakshtanov et al. 2005), and possibly to the 
core-mantle boundary.

Stishovite is the lowest-pressure SiO2 polymorph with octa-

hedrally coordinated silicon. The stability Þ eld of the pure SiO2 
stishovite lies from ~10 GPa (upper Upper Mantle) to ~55 GPa 
(mid-lower mantle) where it undergoes a second-order phase 
transition from rutile- to CaCl2-type structure (Kingma et al. 
1995; Andrault et al. 1998). Pure stishovite has been studied 
experimentally and theoretically for ~40 years; however, there 
are only two experimental studies on the compressibility of H 
and/or Al-bearing stishovite (Ono et al. 2002; Lakshtanov et 
al. 2005), and neither of them has directly determined the H+ 
content of their samples. Panero and Stixrude (2004) have used 
Þ rst principles calculations to study the solubility of Al3+ and 
H+ in stishovite (via the coupled substitution mechanism), and 
its effect on the bulk modulus. However, comparisons between 
the existing experimental and theoretical studies performed to 
date are hindered due to differences in the Al3+ and H+ concen-
trations considered, possible differences in stoichiometry, and 
relatively large uncertainties in the chemistry of samples used 
in experiments.

In this paper we report the Þ rst systematic experimental study 
of the elastic properties of synthetic alumina- and hydrogen-bear-
ing stishovite with measured Al/H concentrations and discuss the 
effect of Al3+ and H+ on the elasticity of stishovite.

EXPERIMENTAL METHODS
Samples of Al3+-H+-bearing stishovites (AHS) were synthesized using a 

Kawai-type (MA8) multi-anvil apparatus at Tohoku University. Sample assemblies 
similar to those used in the present study were described by Litasov and Ohtani 
(2002). The chemical compositions of the Al3+-H+-bearing stishovite samples 
were determined by electron microprobe (Jeol Superbrobe, JXA-8800; Table 1). 
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ABSTRACT

X-ray diffraction, Brillouin, and Raman scattering measurements were performed on Al3+ and H+-
bearing stishovite at ambient conditions. Samples with different Al3+ and H+ contents were used to 
examine the effects of these minor constituents on the density, acoustic velocities, single-crystal and 
aggregate elastic moduli. The X-ray diffraction and compositional data suggest that the incorpora-
tion mechanism of Al3+ into stishovite involves the formation of oxygen vacancies, in addition to the 
incorporation H+ in the structure. Our data show an overall linear decrease of the acoustic velocities, 
single crystal (cij) and aggregate (K0, G0) elastic moduli as a function of Al3+ concentrations. For the 
sample of stishovite containing 6.07(5) wt% Al2O3 and 0.24(2) wt% H2O we obtained: zero-pressure 
adiabatic bulk modulus, KS0 = 290(3) GPa, and the shear modulus, GS0 = 207(2) GPa, with a calculated 
density of ρ = 4.16(1) g/cm3 based on X-ray diffraction. Stishovite containing 4.37(12) wt% Al2O3 and 
0.29(3) wt% H2O possesses higher aggregate moduli: KS0 = 296(3) GPa and GS0 = 213(2) GPa, with 
a calculated density of ρ = 4.21(1) g/cm3 based on X-ray diffraction. We conclude that the formation 
of oxygen vacancies has a stronger effect on the density and thus elastic properties of stishovite than 
does the incorporation of hydrogen.

Keywords: Stishovite, elasticity, aluminum, hydrogen, mantle, Brillouin spectroscopy, oxygen 
vacancies


