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Sound velocities of wadsleyite β-(Mg0.88Fe0.12)2SiO4 to 10 GPa
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ABSTRACT
We measured the sound velocity of wadsleyite β-(Mg0.88Fe.0.12)2SiO4 to 9.6 GPa at room temperature using ultrasonic techniques in a uniaxial split-cylinder apparatus using a polycrystalline specimen
hot-pressed at 14 GPa and 1200 °C. Bench-top velocity measurements yielded VP = 9.33(3) km/s and
VS = 5.43(2) km/s; the calculated bulk modulus (K) and shear modulus (G) are 172(2) GPa and
106(1) GPa, respectively. These K and G values are indistinguishable from those for single crystal
and polycrystalline specimens of Mg2SiO4-wadsleyite. Pressure derivatives of the bulk and shear
moduli have been obtained by fitting the current experimental data to 9.6 GPa using third-order,
finite strains equations, yielding K S' 0 = 4.6(1) and G'0 = 1.5(1). From comparison with previous data
for similar specimens and techniques, we observe no effect of iron content on the pressure derivatives of either the bulk or shear moduli, within the limited compositional range investigated.

INTRODUCTION
Wadsleyite and ringwoodite are high-pressure polymorphs
of the most abundant upper mantle mineral olivine (Mg,Fe)2
SiO 4. Because the phase transformations from olivine to
wadsleyite and wadsleyite to ringwoodite occur at the pressure
and temperature conditions attributing to 410 km and 520 km
depths inside the Earth (e.g., Katsura and Ito 1989; Bina and
Wood 1987; Morishima et al. 1994), they have been considered to be responsible for the observed 410 km and 520 km
seismic discontinuities. Thus, many researchers have used elastic properties for these phases measured in the laboratory to
study the composition of the mantle by comparing the velocity
change with the magnitudes of the discontinuities from seismic data (e.g., Duffy and Anderson 1989; Weidner 1985;
Gwanmesia et al. 1990; Li et al. 1998b; and references therein).
Due to the lack of elasticity measurements at high pressures and temperatures on iron-bearing wadsleyite phases, most
previous investigations used the elastic properties for the Mg
end-members in their studies instead of those of a natural olivine composition (e.g., San Carlos olivine). To date, acoustic
measurements on iron-bearing wadsleyite phases have only
been studied at ambient conditions using Brillouin scattering
techniques (Sinogeikin et al. 1998). Results from P-V-T equation of state studies using X-ray diffraction techniques at high
pressure and high temperature have been reported, but these
yield only information about the isothermal bulk modulus and
its pressure derivative (e.g., Fei et al. 1992).
Experimental data on the shear and bulk elasticity as a function of pressure and/or temperature for the iron-bearing
wadsleyite phase are still in great need for the modeling of the
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mantle’s composition. Here, we report ultrasonic measurements
of elastic wave velocities for a wadsleyite phase with composition (Mg0.88Fe00.12)2SiO4 to 9.6 GPa at room temperature using techniques recently developed in our laboratory (Li et al.
1996a, 1998a).

EXPERIMENTAL TECHNIQUES
A polycrystalline specimen was hot-pressed at 14 GPa and
1200 °C in a 2000 ton uniaxial split sphere apparatus (USSA2000) in the Stony Brook High Pressure Lab following the techniques described by Gwanmesia and Liebermann (1992).
Natural San Carlos olivine powder was used as starting material. The product was examined by X-ray diffraction and complete transformation to the wadsleyite structure was confirmed
by matching that in the JCPDS database (JCPDS no. 340556).
A bulk density of 3.600 g/cm3 was obtained using immersion
technique. Electron microprobe analysis of the sample showed
that the sample had a composition of (Mg0.88Fe0.12)2SiO4.
Acoustic measurements were conducted in a 1000 ton
uniaxial split cylinder apparatus (USCA-1000) using ultrasonic
interferometry (Li et al. 1996a, 1998a). Most of the previous
experiments on single crystal and polycrystalline specimens
have utilized LiNbO3 transducers (36° Y-cut for compressional
wave and 41° X-cut for shear waves, from the Valpey-Fisher
Co.). In our experiments several technical innovations were
introduced. First, two half-circular (diameter of 3.2 mm) transducers were mounted on the stress-free corner of one of the
eight WC cubic anvils in order to generate P and S waves simultaneously (Fig. 1). Second, we used an extended buffer rod
made of tungsten metal with a diameter of 3 mm inserted between the WC anvil and the sample. Thus, the sample was positioned close to the center of the pyrophyllite octahedron before
and after the experiment. All surfaces of the interfaces along
the acoustic path, including the ends of the WC cube with trans-

