
INTRODUCTION

Orthopyroxene (Opx), with a simplified formula of
(Mg,Fe)SiO3, is an abundant mineral in mafic rocks of the crust
and is a major constituent of all proposed models of upper
mantle mineralogy to a depth of ~500 km. Knowledge of the
elastic properties of orthopyroxenes, is therefore important for
constraining mantle mineralogy through comparisons of seis-
mic velocities with laboratory measurements of velocities and
elastic properties. In addition, the elastic properties of end-
member phases provide a baseline for assessing the effects of
compositional variations on the elastic properties of solid so-
lutions. This is especially true for the Mg end-member Opx,
enstatite, because the compositions of most orthopyroxenes
are dominated by the MgSiO3 component.

Although the elastic moduli of Mg-rich Opx with up to 20%
Fe have been measured previously, substantial uncertainties
still exist. In particular, values reported for the bulk modulus
of MgSiO3 range from an isothermal KT = 95.8(30) GPa (Hugh-
Jones and Angel 1994a), to KS = 107.8 GPa for the adiabatic
bulk modulus (Weidner et al. 1978). It is unlikely that this 12%
spread in values is due to the difference between isothermal
and adiabatic measurements. Given the large uncertainty in K
for end-member enstatite, it is presently not possible to iden-
tify the effects of chemical composition on the elasticity of
Opx. In particular, the lowermost value of KT = 95.8 GPa is
significantly smaller than typical values of KT for orthopyroxene
solid solutions. This would imply that small (<1%) concentra-
tions of elements such as Ca and Al may have major effects on
the elasticity of Opx solid solutions close to the MgSiO3-FeSiO3

join (Hugh-Jones and Angel 1997). Chemical composition is

not observed to have such a drastic effect on elastic properties
in other mineral systems; if such effects can be verified they
would be unique to Opx. To resolve discrepancies in the elas-
ticity data base and further our understanding of elasticity-com-
position relationships for Opx, we performed Brillouin scat-
tering measurements of sound velocities and elastic moduli on
synthetic single crystals of MgSiO3 orthoenstatite.

EXPERIMENTAL  PROCEDURES

The orthoenstatite (OEN) samples used in this experiment
are nearly pure MgSiO3 with trace amounts of Li and V (<0.25
wt%) from the flux growth in lithiumvanadomolybdate (Ito
1975). The crystals were kindly provided by G. Rossman
(Sample GRR 259). Lattice parameters were measured on a
four-circle X-ray diffractometer, and from these the density
was calculated (Table 1). Refractive indices were measured
with a spindle stage at ~589 nm and ~514.5 nm wavelengths
using index-matching fluids. The lattice parameters and refrac-
tive indices agree with literature values for pure orthoenstatite
(Deer et al. 1997; Ito 1975; Cameron and Papike 1980).

The as-grown euhedral samples exhibited {010}, {100},
and {210} growth faces, and in addition to these {001} sur-
faces were ground and polished. Each sample was oriented
with a four-circle X-ray diffractometer, and then transferred to
a three-circle Eulerian cradle which is used to control the
sample orientation on the Brillouin system. The orientation of
each crystal was verified by optical goniometry and is believed
to be accurate to within less than one degree. Any desired
phonon direction can be chosen by appropriate choice of set-
tings on the three-circle cradle.

In the Brillouin experiments a 90° scattering geometry was
used, with an argon laser (λ = 514.5 nm) as the light source.
The scattered light was analyzed by a tandem 6-pass Fabry-
Perot interferometer and photon counting electronics (Bass
1989; Sinogeikin et al. 1998). Most spectra were collected in
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The single-crystal elastic moduli of the MgSiO3 orthoenstatite end-member have been measured
by Brillouin spectroscopy at ambient conditions. The aggregate elastic moduli at 1 atm are KS =
107.6(15) GPa and µ = 76.8(7) GPa, for the adiabatic bulk modulus and shear modulus, respectively.
These values are in excellent agreement with the results of previous acoustic studies of synthetic
MgSiO3. Comparison of our results with pressure-volume (P-V) measurements do not support the
presence of a change in the P-V trajectory of orthoenstatite at ~4 GPa, as suggested previously on the
basis of X-ray measurements to 8.5 GPa. The effects of chemical composition on the elasticity of
orthopyroxenes are well represented by the variation of compressional and shear velocities with
density, which exhibit well defined trends for both synthetic and natural samples.
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