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Elastic wave velocities of Mg3Al2Si3O12-pyrope garnet to 10 GPa
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ABSTRACT

Elastic wave velocities of Mg3Al2Si3O12 pyrope garnet were measured to 10 GPa at
ambient temperature, using ultrasonic interferometry in a 1000 ton split-cylinder, multi-
anvil apparatus (USCA-1000). The sample used in the ultrasonic measurements was a
polycrystalline specimen hot-pressed at 5 GPa and 1350 8C in a 2000 ton uniaxial split-
sphere apparatus (USSA-2000) from a homogeneous glass of pyrope composition. Special
P-T paths used during synthesis minimized effects of decompressing and thermal cracking;
the bulk density of the sample was indistinguishable from the X-ray density. The elastic
wave velocities measured at the ambient condition agree with the Hashin-Shtrikman av-
erages of the single crystal values within the mutual uncertainties. The high-pressure ex-
periments yielded the elastic moduli and their pressure derivatives (finite strain fit) for the
shear modulus G0 5 92 6 1 GPa, G09 5 (]G/]P)T 5 1.6 6 0.2 and for the longitudinal
modulus L0 5 294 6 1 GPa, L09 5 (]L/]P)T 5 7.4 6 0.5, (L 5 KS 1 4/3G), from which
the bulk modulus K0 5 171 6 2 GPa, K09 5 (]KS/]P)T 5 5.3 6 0.4 was calculated. The
pressure derivative for the shear modulus of pyrope did not differ from those of natural
pyrope-almandine-grossular garnets. For the bulk modulus, the pressure derivative for py-
rope agreed with that for pyrope-almandine but was substantially higher (25%) than that
for the Ca-bearing garnet. In the pyrope-majorite series, K09 remained constant, whereas
G09 increased by 25 for 38% majorite content.

INTRODUCTION

High-pressure petrological studies indicate that garnets
are prominent mineral constituents in the transition zone
of the Earth’s mantle (depths of 400 to 700 km) for a
wide variety of chemical compositional models; the vol-
ume fraction of garnets in this region ranges from ;40%
for pyrolite to more than 70% for C1 carbonaceous chon-
dritic compositions (e.g., Ita and Stixrude 1992). The
composition of these transition zone garnets lies primarily
along the enstatite-pyrope join (Irifune and Ringwood
1987), with the entatite end-member being MgSiO3-ma-
jorite. Therefore, knowledge of the elasticity of pyrope-
majorite (Py-Mj) garnets is critical in interpreting seismic
models of the elastic wave velocities and densities in the
transition zone.

Despite a wealth of elasticity data for natural alumi-
nous garnets in the pyrope-almandine-grossular series,
until recently very few data have been available for the
more Si-rich garnets along the Py-Mj join. Static com-
pression studies of the pressure-volume behavior (e.g.,
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Hazen et al. 1994) have yielded information on the iso-
thermal bulk modulus (KT) and its pressure derivative
(KT09) but none on the shear modulus; furthermore, fitting
such P-V data to an equation of state has required a sig-
nificant tradeoff between the bulk modulus and its pres-
sure derivative (e.g., Yagi et al. 1992; Wang et al. 1997).

Studies of the elasticity of Py-Mj garnets at ambient
conditions have been performed by Brillouin spectros-
copy (e.g., Leitner et al. 1980; Bass and Kanzaki 1990;
Yeganeh-Haeri et al. 1990; O’Neill et al. 1991; Pacalo
and Weidner 1997; Sinogeikin et al. 1997). High-pressure
work above 1 GPa has been limited to studies of natural
garnets using both ultrasonic (Webb 1989) and impulsive
stimulated scattering (Chai et al. 1997) techniques, with
the exception of the work of Rigden et al. (1994) on a
synthetic Py62Mj38 specimen.

Using techniques developed recently in the authors’
multi-anvil, high-pressure laboratory for hot-pressing
polycrystalline aggregates of high-pressure phases
(Gwanmesia et al. 1993) and for measuring their elastic
properties to 10 GPa by ultrasonic techniques (Li et al.
1996), a project has been undertaken to synthesize a suite
of samples across the Py-Mj join and to characterize their
elastic behavior as a function of pressure to conditions


