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ABSTRACT
The resonant sphere technique, RST, was applied to measure the elastic moduli of spinel. Resonant frequencies of 23 modes were measured between 293 and 1167 K. Results are similar to previous measurements by two of the authors (IS and OLA) using a rectangular prism specimen in that
resonant frequencies of all modes decrease with temperature, and some modes show discontinuous
change of slopes near 904 K. In the present work, inversion calculations of the frequency data to
obtain elastic moduli was repeated until the standard error, σ, was minimized so that σ = 0.16 kHz
(0.012%). Elastic moduli and their probable errors in GPa are: C11 = 281.310 ± 0.014, C12 = 155.437
± 0.013, C44 = 154.587 ± 0.007, and Cs = 62.936 ± 0.003, where density ρ = 3.5846 g/cm3 at 293 K.
The anisotropy factor is A = C44/Cs = 2.46 and is much larger than that of other cubic crystals.
Isotropic properties are: bulk moduli, KS = 197.39 ± 0.01 GPa; isothermal bulk modulus, KT = 196.20
GPa; and rigidity modulus, µ = 107.81 GPa (the Hill average).
Temperature dependence was clarified for elastic moduli in which one of shear moduli, Cs [=
(C11 – C12)/2] shows a distinctive bend at Tc = 904 K. The bend in KS [ = (C11 + 2C12)/3] at Tc is less
pronounced because of opposite changes of slopes for C11 and C12 at 904 K. Combining elasticity
and thermal expansivity data, we evaluate anharmonic parameters, resulting in the Grüneisen parameter, γ = 1.17, and the Anderson-Grüneisen parameters, δS = 2.98 and δT = 4.72 at T = 300 K;
whereas, these are parameters are 1.10, 4.46, and 6.37, respectively, at T = 1200 K. The Grüneisen
parameter is about 0.1 lower on the high-temperature side of Tc compared to its value on the lowtemperature side.

INTRODUCTION
Elasticity and its pressure and temperature dependencies are
important for studying material properties and their application to the Earth’s interior. The resonant sphere technique (RST)
that uses a spherical specimen for both elastically isotropic and
anisotropic material has been used only recently for anisotropic materials. The spherical shape of the specimens in RST has
many advantages when measuring elastic and anelastic properties (Suzuki et al. 1991, 1994). Recent developments enable
use of the Fourier transform (FT) method (Suzuki 1998) and
data acquisition at high pressure (Ohno et al. 2000).
Olivine, one of the main constituents in Earth’s mantle,
changes to progressively denser structures as demonstrated by
many high-pressure experiments. The gamma phase, one of
the high-pressure phases of olivine, has received much attention (e.g., Suzuki et al. 1979a). The crystal structure of gamma
olivine is the same as spinel MgAl2O4. The gamma-olivine
phase is not stable at ambient pressure; much attention has,
therefore, focused on spinel MgAl2O4 as a useful analogue since
it is stable at ambient pressure.
Spinel MgAl2O4 also has many common uses; thus many of
the physical properties of spinel have been measured. An inflection point is found at 933 K in the linear thermal expansion
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curve of spinel (Suzuki and Kumazawa 1982), and such an inflection was also found in other physical properties as listed in
Appendix Table 1. The crystal structure of spinel has been studied extensively by Yamanaka and Takeuchi (1982), and they
suggested an order-disorder transition due to preferred site occupation of cations. Later, the order-disorder phenomena in
MgAl2O4 spinel were studied extensively with NMR (Wood et
al. 1986; Millard et al. 1992). They give the inversion factor x
as functions of temperature.
The temperature dependence of elasticity was previously
measured using the RPR method with a rectangular prism spinel
specimen, and a similar inflection was observed in elasticity
changes (Suzuki et al. 1982). Large discrepancies between measured and computed frequencies, however, resulted in ambiguous interpretation of the results. Cynn et al. (1993) also applied
the RPR method together with buffer rods and made carefully
high-temperature measurements of elasticity of spinel. In the
measurements presented here, we applied the recently developed RST technique and made measurements of frequency for
23 oscillatory modes up to 1167 K, using narrower temperature intervals than in previous spinel resonance experiments.
The maximum temperature is well above the temperature, Tc,
at which inflections in frequency and thermal expansion have
been observed. We also used an oven that provided a more
uniform temperature distribution. Our purpose was to improve
accuracy and to clarify the change of the elastic moduli of spinel
with temperature.

