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Effect of hydration on the single-crystal elasticity of Fe-bearing wadsleyite to 12 GPa
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abStract

The single-crystal elastic properties of Fe-bearing wadsleyite with 1.93 wt% H2O 
(Mg1.634Fe0.202H0.305SiO4) have been determined by Brillouin scattering. At ambient conditions, the 
aggregate bulk and shear moduli (KS0, G0) of this wadsleyite are 156.2(5) and 98.0(3) GPa, respectively. 
Compared to the corresponding anhydrous wadsleyite, 1.93 wt% H2O lowers KS0 and G0 by 8.1% and 
9.3%, respectively. High-pressure measurements up to 12 GPa show that the pressure derivative of 
the bulk modulus, K′S0 = 4.8(1), is similar to that of the anhydrous Fe-wadsleyite with reported values 
of 4.6–4.74, but the addition of H2O increases the pressure derivative of the shear modulus, G0′ from 
1.5(1) to 1.9(1). This contrasts with the G0′ of Fe-free wadsleyite, which is the same within uncertainty 
for the hydrous and anhydrous phases. As a result, both the compressional- and shear-wave velocities 
(vP, vS) of hydrous Fe-bearing wadsleyite are about 200(±24) m/s slower than anhydrous Fe-bearing 
wadsleyite at transition zone pressures.
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introDuction

Knowledge of elastic properties of major mantle minerals 
provides a direct means to interpret seismic images and profiles 
and thus constrain the mantle composition and structure (Duffy 
and Anderson 1989). Elastic moduli depend on pressure, tem-
perature, phase, and composition. Here, we focus on the effect 
of compositional variations (Fe, H) on the elasticity of a major 
transition zone mineral, wadsleyite, at both ambient conditions 
and high pressures.

As a high-pressure polymorph of olivine, wadsleyite, 
β-(Mg,Fe)2SiO4 is expected to make up ~40–60 vol% of the 
transition zone (from 410 to 520 km depth) in a pyrolite mantle 
(Ringwood and Major 1967; Irifune and Ringwood 1987; Iri-
fune and Isshiki 1998; Frost et al. 2003). The effect of Fe on the 
elasticity of wadsleyite and other olivine polymorphs has been 
studied extensively (e.g., Sawamoto et al. 1984; Duffy et al. 
1995; Zha et al. 1996; Li and Liebermann 2000; Sinogeikin et 
al. 2003; Liu et al. 2009). As summarized by Mao et al. (2008a), 
addition of Fe has a weak positive effect on the aggregate bulk 
modulus, KS0, of olivine polymorphs at ambient conditions, but 
strongly reduces the shear modulus, G0. For example, 10 mol% 
Fe increases KS0 of olivine by 0.5%, but decreases G0 by ~3.2% 
(Zha et al. 1996; Abramson et al. 1997; Speziale et al. 2004). 
In wadsleyite, 10 mol% Fe does not change KS0 compared with 
Mg-wadsleyite, but lowers G0 by 3.6% (Sinogeikin et al. 1998).

The influence of Fe on the pressure derivative of the bulk 
modulus, K′S0 = (∂KS/∂P)T0, and the shear modulus, G′0 = (∂G/∂P)T0 
for olivine and wadsleyite are more uncertain. The reported K′S0 
of forsterite from Brillouin scattering is 4.2(2) with G0′ value of 

1.4 (Zha et al. 1996). The reported K′S0 of Fo90-olivine exhibits a 
range in the literature, spanning values from 3.8 (Zha et al. 1998), 
4.29 (Abramson et al. 1997), and 4.6 (Webb 1989; Zaug et al. 
1993). However, the Brillouin scattering study of pure fayalite 
to 12 GPa (Speziale et al. 2004) shows K′S0 = 4.9(1) and G0′ = 
1.8(1), confirming that Fe increases the derivatives of the bulk 
and shear moduli of olivine. For wadsleyite, pure-Mg samples 
have reported K′S0 and G0′ values of 4.3(1) and 1.4(1) from a 
previous Brillouin scattering study (Zha et al. 1997). K′S0 and G0′ 
of Fe-bearing wadsleyite have been measured by high-pressure 
ultrasonic measurements (Li and Liebermann 2000; Liu et al. 
2009). Due to the trade-off between the elastic moduli and their 
pressure derivative in the ultrasonic study, K′S0 of wadsleyite 
with 12–13 mol% Fe was reported as 4.10(11) when KS0 was 
fitted in the third-order equation of state to 175.4(7) GPa, but 
K′S0 = 4.74(8) when a fixed value of KS0 = 171.3 GPa from room-
pressure measurements was used (Liu et al. 2009). With a fitted 
value of KS0 = 172(2) GPa, Li and Liebermann (2000) obtained 
K′S0 = 4.6(1) for anhydrous Fe-bearing wadsleyite. The G0′ from 
Li and Liebermann (2000) and Liu et al. (2009) is 1.5–1.6.

In addition to Fe, hydration is known to decrease the elastic 
properties of olivine polymorphs as a result of bond-weakening 
defects that accompany hydrogen incorporation (Inoue et al. 
1998; Wang et al. 2003, 2006; Jacobsen et al. 2004, 2008; Jacob-
sen 2006; Jacobsen and van der Lee 2006; Holl et al. 2008; Mao et 
al. 2008a, 2008b, 2010; Tsuchiya and Tsuchiya 2009). Hydrogen 
is present as structurally bound hydroxyl in nominally anhydrous 
minerals and can couple with the Fe3+ content under oxidizing 
conditions (e.g., Smyth 1987; McCammon et al. 2004; Frost 
and McCammon 2009). Among olivine polymorphs, wadsleyite 
has the greatest hydrogen storage capacity (e.g., Smyth 1987; * E-mail: zhumao@ucla.edu


