
4440003–004X/98/0506–0444$05.00

American Mineralogist, Volume 83, pages 444–450, 1998

Sound velocities of polycrystalline MgSiO3-orthopyroxene to 10 GPa at room temperature
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ABSTRACT

A polycrystalline sample of MgSiO3-orthopyroxene was hot pressed at a pressure of 4
GPa and temperature of 975 8C in a multi-anvil apparatus. The recovered specimen has a
bulk density within 1% of the X-ray density and compressional and shear wave velocities
within 1% of the Hashin-Shtrikman averages of the isotropic velocities calculated from
the single-crystal elastic moduli. Compressional and shear wave travel times were mea-
sured at pressures up to 10 GPa at room temperature using the phase comparison method
of ultrasonic interferometry in a 1000 ton uniaxial split-cylinder apparatus (USCA-1000).
The velocities and elastic moduli monotonically increase with pressure; discontinuous be-
havior is not observed. Both the compressional velocity and bulk modulus, however, ex-
hibit pronounced non-linear dependence on pressure. Fitting a fourth-order Eulerian finite-
strain equation of state yield values of the bulk modulus and its first and second pressure
derivatives, K0 5 104(2) GPa, K 5 10.9(5), and K 5 21.6(2) GPa21. In contrast, the9 0
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shear velocity and modulus are linear with pressure, yielding values of G0 5 74.9(1.5) GPa
and G 5 1.6(1), when fit to a third-order finite-strain equation of state. A P-V trajectory90
calculated from these continuous measurements of K vs. P to 8 GPa is in agreement with
extant static compression data for this material, without requiring a discontinuous change
in K at 4 GPa. The velocities of MgSiO3-orthopyroxene increase more rapidly with pressure
than those for Mg2SiO4-olivine (especially for P-waves), such that these two mineral phases
are virtually indistinguishable in their velocities at 200 km depth, unless the velocity-
temperature dependence of the two phases is dramatically different.

INTRODUCTION

Orthopyroxene is the second most abundant phase in
the Earth’s upper mantle and its elastic properties are im-
portant in interpreting seismic velocity models. Until re-
cently, experimental difficulties have limited the available
data for sound velocities in orthopyroxenes (opx) to pres-
sures less than 4 GPa at room temperature.

The adiabatic bulk modulus of orthoenstatite at ambi-
ent pressure, K0 5 108 GPa, can be calculated from the
single-crystal elastic moduli measured by Brillouin spec-
troscopy (Weidner et al. 1978). Frisillo and Barsch (1972)
used ultrasonic pulse superposition to determine the elas-
tic properties of a natural (Mg0.8Fe0.2)SiO3-opx single
crystal to 1 GPa and measured an unusually high value
of the pressure derivative of the bulk modulus, K 5 9.6.9
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This is significantly higher than K observed for other9
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mantle minerals, typically between four and six. Ito et al.
(1977), in an ultrasonic study from 2 to 4 GPa on a po-
lycrystal of MgSiO3, also measured a high value of K 59
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10.7. In a later ultrasonic study of natural
(Mg0.8Fe0.2)SiO3-opx single crystals, Webb and Jackson
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(1993) measured a high initial value of K 5 10.8, but9
0

observed a significant second pressure derivative, K 50
0

21.6 GPa21; consequently, dK/dP decreases from 10.8 at
zero pressure to ;5 or 6 at 3 GPa. This unusual behavior
of the elastic moduli of orthopyroxene casts uncertainty
on any attempts to extrapolate the sound velocities to
higher pressures.

In a static compression study of MgSiO3-opx to 8 GPa
(Hugh-Jones and Angel 1994), a change in slope was
observed in the volume vs. pressure plot around 4 GPa;
although no change in crystal symmetry was observed.
Hugh-Jones and Angel (1994) fit the P-V data above and
below 4 GPa with different equations of state and con-
cluded that the mechanism by which the orthopyroxene
crystals accommodate the decrease in volume under pres-
sure changes near this critical pressure. A second-order
discontinuity in the P-V trajectory as observed for
MgSiO3-opx by Hugh-Jones and Angel (1994) should be
manifest as a first-order discontinuity in the compress-
ibility (or the bulk modulus, the incompressibility), which
is the slope of the P-V curve at any pressure (as also
shown in Fig. 4 of Chai et al. 1998).

Because it is now possible in our laboratory and others
to measure the acoustic velocities of single crystal or po-


