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INTRODUCTION

Ringwoodite (g-Mg2SiO4) is a high-pressure polymorph of
olivine and is widely considered to be the most abundant phase
in the transition zone at depths of ~520–670 km. Seismic
discontinuities at 520 and 660 km depth are often attributed to
phase transformations from wadsleyite Æ ringwoodite and from
ringwoodite Æ perovskite + magnesiowüstite, respectively. The
elastic properties of ringwoodite may therefore have a direct
influence on the properties of the 520 and 660 km
discontinuities. As a result, there have been numerous mea-
surements of the elastic properties of g-Mg2SiO4 (Weidner et
al. 1984; Jackson et al. 2000; Meng et al. 1994). Recent studies
have shown that ringwoodite can contain up to ~2.8 wt% wa-
ter in its crystal structure (Inoue et al. 1998; Kohlstedt et al.
1996; Yusa et al. 2000), decreasing the density, elastic moduli,
and acoustic velocities. The Brillouin scattering results of Inoue
et al. (1998) showed that KS and m of hydrous ringwoodite with
~2.2 wt% water are about 16% and 10% smaller, respectively,
than those of anhydrous ringwoodite. Yusa et al. (2000) mea-
sured the compression of hydrous (~2.8 wt% water)
ringwoodite, obtaining a bulk modulus ~20% smaller than that
of anhydrous ringwoodite. From these studies, the amount by
which the bulk modulus is reduced upon a given degree of
ringwoodite hydration appears to be greater than observed for
the hydration of b-Mg2SiO4 or other minerals. The purpose of
this study was to reinvestigate the question of how hydration
affects the elastic properties of ringwoodite via Brillouin scat-
tering.

EXPERIMENTAL DETAILS

The hydrous ringwoodite crystals used in this study were synthesized at 19
GPa and 1300 ∞C for 60 minutes in a multi-anvil press at Stony Brook. A mix-
ture of MgO:Mg(OH)2:SiO2 in a 1:1:1 molar ratio was the starting material,
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ABSTRACT

Sound velocities and single-crystal elastic moduli of hydrous g-Mg2SiO4 (ringwoodite) containing
2.3 wt% H2O have been measured by Brillouin spectroscopy at ambient conditions. The aggregate
elastic moduli (VRH averages) are KS = 165.8(5) GPa and m = 107.4(3) GPa for the adiabatic bulk
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tionships between changes in the elastic properties and density that accompany the hydration of min-
eral phases.

equivalent to   Mg2SiO4 + 11.3 wt% water. The experimental product consisted
of clear, colorless single crystals up to 500 mm in maximum dimension at the
cooler end of the capsule, coexisting with glass from a quenched liquid in the
center of the capsule. X-ray diffractometry at Ehime University confirmed the
crystals to be hydrous ringwoodite. All of the crystals contained numerous in-
clusions, approximately 1–5 mm in diameter, that likely contained an aqueous
fluid. The composition of the hydrous g, measured by electron microprobe analy-
sis (EMPA) at Ehime University, yields an Mg/Si ratio of 1.88 ± 0.03% and a
water content of 2.7 wt% (by difference of the oxide sum from 100%). Second-
ary ion mass spectrometry measurements (Tokyo Institute of Technology) gave
2.34 ± 0.11 wt% water. We take the SIMS analysis to be more accurate than
EMPA, and use 2.3 wt% as the H2O content and Mg1.852Si0.985O4H0.356 as the
chemical formula.

 The lattice parameter was measured from three samples of hydrous g using
a four-circle diffractometer. This gave an average value of a = 8.09(1) Å, with a
unit-cell volume and density of 530.1 ± 1.2 Å3 and 3.433 ± 7 g/cm3, respec-
tively.

We prepared three 25–30 mm thick samples with parallel sides by grinding
and polishing with 0.3 mm Al2O3 abrasive. Samples 2 and 3 contained fewer
inclusions and were of better optical quality than sample 1. Elastic scattering
from inclusions increases the background and noise in Brillouin spectra. The
incident laser power was kept low (~35 mw; 70 mw maximum) to avoid heating
and possible dehydration of the samples. This resulted in collection times of
about 1.5 ~ 2 hours for each spectrum. The quality of the Brillouin spectra was
excellent (Fig. 1) and peak positions could be precisely measured. All Brillouin
measurements were performed using a 90∞ symmetric scattering geometry (which
reduces uncertainties related to the refractive index and the scattering angle), an
argon ion laser (l = 5415 Å) as the light source, and a six-pass Fabry-Perot
interferometer to analyze the scattered light. The Brillouin system was cali-
brated using an MgO single crystal to minimize systematic errors (Sinogeikin
et al. 1998).

RESULTS AND DISCUSSION

Brillouin measurements were obtained from three samples
over an angular range of 180∞ in increments of 30∞ or 15∞.
Most Brillouin spectra showed one compressional and one shear
mode, but two shear modes were observed in several direc-
tions for samples 1 and 2 (Fig. 2). Cubic hydrous g-Mg2SiO4

has three independent single-crystal elastic moduli (Cij), which
were calculated from the measured sound velocities (Table 1)
and phonon directions by a least-squares technique (Weidner


