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ABSTRACT

We have measured the sound velocities and elasticity of synthetic polycrystalline β-Mg2SiO4

containing 1.2 wt% H2O to 10 GPa and 600 K using ultrasonic interferometry with synchrotron
X-radiation. We determined sample length at high pressure and temperature using the sample’s
X-ray image and applied travel-time bond corrections appropriate to the experimental cell assembly
configuration. Fitting the entire moduli data to third-order finite strain equations yields the adiabatic
bulk [KS0 = 153.3(4) GPa] and shear [G0 = 101.8(2) GPa] moduli, their pressure derivatives ( ∂KS/ ∂P)T
= 5.15(6) and ( ∂G/ ∂P)T = 1.68(3) and temperature derivatives ( ∂KS/ ∂T)P = –0.0179(9) GPa/K and
( ∂G/ ∂T)P = –0.0151(7) GPa/K. Comparing the bulk sound velocity contrast between the new hydrous
wadsleyite data and olivine (0.38 wt% H2O) with seismic bulk sound velocity contrasts of 3.5% and
4.0% yields 53% and 60% olivine contents, respectively, assuming an isochemical mantle model of the
Earth. The results suggest that a hydrous mantle transition zone with a pyrolite model composition
could explain the 410 km seismic velocity jump.

Keywords: Hydrous wadsleyite, elasticity, high pressure and high temperature, ultrasonic
interferometry, in situ

INTRODUCTION

There is extensive seismological research concentrated on
the seismic velocity discontinuity at the 410 km depth in the
Earth’s mantle (e.g., Dziewonski and Anderson 1981; Kennett
2020; Shearer and Flanagan 1999), and it is also widely accepted
that the discontinuity is due to the phase transformation from
olivine to wadsleyite (e.g., Anderson 1967; Ringwood 1975;
Sawamoto et al. 1984). Previous studies also established that
hydrous wadsleyite is near the 410 km depth. However, the esti-
mated water content in wadsleyite reported in previous studies
(Yoshino et al. 2008; Bercovici and Karato 2003; Fei et al. 2017)
spans a wide range, from almost zero to nearly saturated condi-
tions, leading to significant uncertainty in the inferred mantle
chemical composition. Smyth (1994) reported that the maxi-
mum water solubility in wadsleyite is 3.33 wt% H2O. Structural
changes caused by water incorporation into the wadsleyite struc-
ture reduce density, elastic wave velocities, and elastic moduli
due to the M-site vacancy created when hydroxyl (OH−) occu-
pies the oxygen (O1) sites (Smyth 1994; Kudoh et al. 1996).

There has yet to be a consensus on the effect of OH− incor-
poration on the elastic properties of the wadsleyite structure.
Mao et al. (2008b) measured the elasticity properties of wad-
sleyite (Mg2SiO4) containing 0.37, 0.84, and 1.66 wt% H2O

at ambient conditions by Brillouin scattering (BS). They found
that the adiabatic bulkmodulus (KS0) and the shear modulus (G0)
decrease with increasing water content in wadsleyite, and, more
specifically, that incorporating 1 wt%H2O decreasesKS0 andG0

by 7.6% and 7.0%, respectively. On the other hand, results by ab
initio calculations (Wang et al. 2019) suggest that β-Mg2SiO4

with 1 wt% H2O lowers KS0 and G0 by about 5.7 and 6.0%,
respectively. Their calculations also indicate that the effect of
hydration on the elasticity of wadsleyite diminishes at the
410 km depth P-T condition. Whereas they reported the elastic
properties of β-Mg2SiO4 containing 1.63 wt% H2O at 14 GPa
and 1900 K, the maximum wadsleyite water content determined
by Fourier transform infrared spectroscopy (FTIR) at 14 GPa
and 1673 K (Frost and Dolejš 2007) is only about 0.93 wt%.
Studies (Mao et al. 2011; Buchen et al. 2018; Zhou et al.
2021) show that H2O and Fe in wadsleyite significantly reduce
the elastic moduli, but their effects on the pressure derivatives
still need to be constrained. Static compression studies
(e.g., Yusa and Inoue 1997; Holl et al. 2008) generally show that
KT0 decreases with increasing water content in wadsleyite while
K

0
T remains invariable. However, the compression studies do not

yield the material’s shear properties.
Mao et al. (2008a) obtained the pressure derivative of the adi-

abatic bulk modulus [K
0
S0 = 4.1�1�] and of the shear modulus

[G
0
0 = 1.4�1�] from the BS measurement of the 0.84 wt% wad-

sleyite (Mg2SiO4) to 12 GPa at room temperature and concluded
that K

0
S0 and G

0
0 are independent of water content in the
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