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INTRODUCTION

Olivine [α-(Mg,Fe)2SiO4] and its high-pressure polymorphs
(modified spinel structured β-phase, and spinel structured γ-
phase) are widely acknowledged to be major constituents of
the upper mantle of the Earth. There is not, however, agree-
ment on the question of whether the mantle is chemically lay-
ered or of uniform composition and, in particular, whether the
olivine content of the mantle is constant with depth (Ringwood
1975; Bass and Anderson 1984; Weidner 1985; Anderson and
Bass 1986; Duffy and Anderson 1989; Ita and Stixrude 1993;
Duffy et al. 1995; Li et al. 1998; Zha et al. 1998). Numerous
studies of the phase relations in (Mg,Fe)2SiO4 show that at
mantle temperatures, the α → β and β → γ transformations in
(Mg0.9Fe0.1)2SiO4 are relatively sharp, and occur at ~13 and 19
GPa, respectively (e.g., Katsura and Ito 1989). At 23 GPa γ-
phase disproportionates into a mixture of (Mg,Fe)SiO3 with
the perovskite structure and (Mg,Fe)O (Ito and Takahashi 1989).
The transition pressures roughly correspond to the pressures at
seismologically determined velocity/density discontinuities at
410, 520, and 660 km (Dziewonski and Anderson 1981; Benz
and Vidale 1993; Flanagan and Shearer 1998; Gaherty et al.
1999). Thus, these polymorphic phase transitions are viewed
as being associated with seismic mantle discontinuities. Under
this assumption, the magnitudes of observed velocity increases
could be used to constrain the olivine content of the mantle,
provided that laboratory elasticity data on the relevant phases
are available.

Here we present single-crystal measurements on the sound
velocities and elastic properties of γ-Mg2SiO4 at high tempera-
tures to 873 K. To our knowledge, no other high-temperature
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ABSTRACT

The sound velocities and single-crystal elastic moduli of spinel-structured γ-Mg2SiO4 were mea-
sured to 873 K by Brillouin spectroscopy using a new high-temperature cell designed for single-
crystal measurements. These are the first reported acoustic measurements of γ-Mg2SiO4 elasticity at
high temperatures. A linear decrease of elastic moduli and sound velocities with temperature ad-
equately describes the data. The adiabatic bulk modulus, KS, shear modulus, µ, and respective tem-
perature derivatives for γ-Mg2SiO4 are: KS = 185(3) GPa, µ = 120.4(2.0) GPa, (∂KS/∂T)P = –0.024(3)
GPa/K and (∂µ/∂T)P = –0.015(2) GPa/K. Extrapolation of our data to transition zone pressures and
temperatures indicates that the shear and compressional impedance contrasts associated with β- →
γ-(Mg,Fe)2SiO4 transition are sufficient to produce an observable discontinuity at 520 km depth,
even with a moderate (30–50%) amount of olivine.

single crystal acoustic measurements have previously been re-
ported for this phase. Our measurements are highly compli-
mentary to PVT equation of state measurements (Meng et al.
1993, 1994) and have the advantage that they provide informa-
tion on the shear modulus and single-crystal stiffness constants
for the material. The results are used to investigate the impli-
cations of the seismic velocity increase centered at 520 km for
the olivine content of the transition zone (at depths between
410 and 660 km).

EXPERIMENTAL  METHODS

For high-temperature Brillouin scattering experiments, we
used a compact ceramic high-temperature (HiT) cell (Fig. 1)
(Sinogeikin et al. 2000). The cell is similar in geometry and
design to a Merrill-Bassett diamond anvil clamp (DAC) (Merrill
and Bassett 1974) with external heating (Hazen and Finger
1981), except that the cell is designed for use at high tempera-
ture only. No pressure is generated inside the cell. The cell
consists of a ceramic base, Pt-30Rh double-coil heater, and
fused-silica windows with two attached thermocouples. The
thermal conductivities of the ceramic parts are low, thus help-
ing us to minimize thermal gradients in our cell. Due to the
geometry of the cell, the temperature gradients are not radially
symmetric throughout the cell. Our experiments show that the
thermal gradients increase with increasing temperature, and that
the maximum gradient measured was less than 0.01 K/µm at
the highest temperature of 873 K achieved in the present study.
This implies a maximum temperature difference across the
sample of <1.5°. In our experiments on γ-phase, the sample
was embedded in Pt foil, which should significantly lower tem-
perature gradients from this maximum value (see below). Fur-
ther details on cell design are given elsewhere (Sinogeikin et
al. 2000).

The major advantage of the cell is that it is compact and can
be placed onto a standard three or four-circle goniometer for
measurements on single crystals. This allows the orientation
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