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INTRODUCTION

Garnet occurs as a stable phase in such a wide range of
pressure, temperature and chemical environments that it is
among the most important constituent minerals in the Earth’s
lower crust and upper mantle. In a subducting slab, the oceanic
crust between 50 and 400 km is transformed first to eclogite in
which garnet is volumetrically important (>40%). At depths
greater than 400 km, clinopyroxene progressively dissolves into
the garnet structure, and finally eclogite completely transforms
to garnetite (garnet aggregate) at a depth of about 450 km
(Ringwood 1991). Furthermore, continental collision results
in a thickened crust whose lower part is depressed below the
level at which the granulites of the lower crust undergo a phase
transition to eclogite. The recent discovery of coesite and dia-
mond bearing ultrahigh pressure metamorphic rocks (Liou et
al. 1998) indicates that a large volume of continental crust can
be subducted into the upper mantle and metamorphosed to
eclogite. Thus the elastic properties of garnet imposes signifi-
cant constraints on the geological interpretation of seismic ve-
locity data from both the subducting slab and the thickened
continental crust.

Previous researchers (Isaak and Graham 1976; Yeganeh-
Haeri et al. 1990; Duffy and Anderson 1989) compared elastic
properties (bulk modulus, shear modulus, Poisson ratio and their
pressure derivatives) of garnets with various chemical compo-
sitions and suggested a systematic correlation between elastic
properties and chemical composition for garnets that have the
same crystal structure. They referred to this correlation as elastic
systematics. In this study we used an ultrasonic technique to
obtain elastic stiffness constants and their pressure derivatives
for six silicate garnets [almandine (Alm), grossular (Grs), py-
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ABSTRACT

The elasticities of six polycrystalline silicate garnets (almandine, grossular, pyrope, uvarovite,
andradite, and Prp25Alm56Spe19) have been experimentally studied at pressures up to 3.0 GPa using a
phase comparison method with an ultrasonic interferometer in a liquid cell piston-cylinder appara-
tus. Complete elasticity data sets (P- and S-wave velocities, bulk moduli Ks, shear moduli G, and
their first pressure derivatives KS' and G') have been obtained for all six garnets, and are used together
with an up-to-date compilation of garnet elasticity data to examine composition-elasticity systemat-
ics of garnets. Our results suggest that pyralspite and ugrandite have different relationships between
bulk sound velocity (Vφ) and mean atomic weight (M—0), between Poisson’s ratio (σ) and density (ρ),
and between G/Ks and Ks/ρ ratios. A large error may occur when the systematics are applied across
different garnet groups.

rope (Prp), uvarovite (Uv), andradite (And), and the solid so-
lution Prp25Alm56Spe19, where Spe is spessartine]. Based on the
data from this and previous studies we examine the elasticity
systematics of garnets.

EXPERIMENTAL DETAILS

Specimens

The Alm, Grs, Uv, And, and Prp25Alm56Spe19 samples are
natural, gem-quality single crystals, commercially available
from Wards (New York, U.S.A.) and Palla Properties (Califor-
nia, U.S.A.). The Prp is a centimeter-size single crystal, hand-
picked from the Dora Maria massif (Western Alps, Italy).

Ultrasonic velocity measurements were performed on garnet
polycrystalline aggregates which were fabricated using the hot iso-
static pressing (HIP) technique. The garnet crystals were first
crushed, grounded in an agate mill, and sieved to produce fine-
grained powders with grain sizes smaller than 60 µm. Fine-grained
(<15 µm) powders, which were used as starting material for pro-
ducing the garnet aggregates, were obtained by settling in distilled
water. The powder was cold pressed in steel jackets 15 mm long
and 10 mm in diameter and then isostatically pressed for 5 hours
at 1.0 GPa and 1200 °C in a piston-cylinder apparatus.

The resulting polycrystalline aggregates were free of mac-
roscopic cracks. Bulk densities of these aggregates were deter-
mined by the Archimedes method in ethanol. Porosities of these
specimens, determined by comparing measured bulk densities
with X-ray densities, average less than 1.0% (Table 1). For the
Prp25Alm56Spe19 sample the theoretical density was estimated
from the densities of Alm, Prp and Spe and their volume frac-
tions according to the equation:
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