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Abstract
As a major nominally anhydrous mineral (NAM) in the Earth’s upper mantle, orthopyroxene could 

host up to several hundred parts per million H2O in its crystal structure and transport the H2O to the 
deep Earth. To study the effect of structural H2O on the elasticity of orthopyroxene, we have measured 
the single-crystal elasticity of Mg1.991Al0.065Si1.951O6 with 842–900 ppm H2O and 1.64 ± 0.20 wt% 
Al2O3 at ambient conditions using Brillouin spectroscopy. The best-fit single-crystal elastic moduli 
(Cijs), bulk (KS0), and shear (G0) modulus of the hydrous Al-bearing orthopyroxene were determined 
as: C11 = 235(2) GPa, C22 = 173(2) GPa, C33 = 222(2) GPa, C44 = 86(1) GPa, C55 = 82(1) GPa, C66 = 
82(1) GPa, C12 = 75(3) GPa, C13 = 67(2) GPa, and C23 = 49(2) GPa, KS0 = 111(2) GPa, and G0 = 78(1) 
GPa. Systematic analysis based on the results presented in this and previous studies suggests that the 
incorporation of 842–900 ppm H2O would increase C13 by 12.0(7)% and decrease C23 by 8.6(8)%. The 
effects on C11, C22, C33, C44, C66, KS0, and VP are subtle if not negligible when considering the uncertain-
ties. The C55, C12, G0, and VS are not affected by the presence of structural H2O. Although laboratory 
experiments show that Fe,Al-bearing orthopyroxenes can host up to 0.8 wt% H2O in its structure, 
future high-pressure-temperature elasticity measurements on orthopyroxene with higher H2O content 
are needed to help better quantify this effect.
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Introduction
Water, in the form of structural H2O or free H2O, is trans-

ported into the deep Earth’s interior primarily via subduction. 
As an important carrier of structural H2O, NAMs contain a small 
amount of H2O in the form of hydroxyl as point defects in their 
crystalline structures (Demouchy and Bolfan-Casanova 2016; Ni 
et al. 2017; Ohtani 2005, 2015; Ohtani et al. 2004). The bonded 
structural H2O can reach up to 1.2–3.1 wt% in the experimentally 
synthesized NAM crystals (Inoue et al. 1995; Kohlstedt et al. 
1996). Moreover, a hydrous ringwoodite inclusion containing 
~1.5 wt% H2O was recently discovered in a natural diamond 
(Pearson et al. 2014), further highlighting the critical role that 
NAMs play as a possible major volatile reservoir in the deep 
Earth. Structural H2O significantly impacts the ionic diffusion, 
dislocation motion, electrical conductivity, phase transitions, 
melting temperature, and viscosity of mantle minerals (Costa 
and Chakraborty 2008; Demouchy and Bolfan-Casanova 2016; 
Jacobsen et al. 2010; Yoshino et al. 2009; Zhang et al. 2012). 
In particular, recent studies have suggested that the presence of 
structural H2O can result in some observable seismic signatures 
in the deep Earth (Kong et al. 2020; Van der Meijde et al. 2003; 
Yuan and Beghein 2013). Consequently, evaluating the effect of 
structural H2O on the elastic properties of NAMs is crucial to 

understand the seismic structure, volatile recycling, and mantle 
mineralogy in the deep Earth (e.g., Ni et al. 2017; Ohtani 2015; 
Ohtani et al. 2004).

The Earth’s pyrolitic upper mantle is primarily composed of 
olivine, orthopyroxene, clinopyroxene, and garnet. The effects 
of structural H2O on the elasticity of olivine and its high-pressure 
polymorphs have been extensively studied (Buchen et al. 2018; 
Inoue et al. 1998; Jacobsen et al. 2008; Kavner 2003; Mao et al. 
2008, 2011, 2012; Schulze et al. 2018; Zhou et al. 2021, 2022). 
It was suggested that the presence of 1 wt% structural H2O in the 
olivine polymorphs could reduce seismic velocities up to ~2.5% 
(Inoue et al. 1998; Jacobsen et al. 2008; Mao et al. 2008, 2011, 
2012) and enhance the S-wave splitting anisotropy (Inoue et al. 
1998; Jacobsen et al. 2008). However, recent studies showed that 
high pressure would suppress the effect of structural H2O and 
the hydration-induced reductions of sound velocities vanish at 
transition zone pressure-temperature conditions (Buchen et al. 
2018; Schulze et al. 2018; Zhou et al. 2021, 2022). Moreover, 
the effects of structural H2O on the elastic properties of the Na,Al 
bearing-clinopyroxene, and garnet were found to be negligible at 
room-temperature condition (Fan et al. 2019; Mans et al. 2019). 
Although the orthorhombic orthopyroxene is the second most 
abundant mineral in the pyrolitic upper mantle, there has been 
no report about the effect of structural H2O on its single-crystal 
elastic properties to date.

Compared with olivine, H2O preferably partitions into 
orthopyroxene at depth above ~300 km in the upper mantle 
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