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Evaluation of shear moduli and other properties of silicates with the spinel structure from
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ABSTRACT
Vibrational spectra are used to determine key physical properties of phases thought to be important in Earth’s transition zone. Single-crystal infrared (IR) reflectance spectra were measured for
synthetic Mg, Fe, Ni, or Co-bearing silicates with the spinel structure. Peak parameters (frequency,
damping coefficient, and oscillator strength) were determined for the fundamentals, and for overtones, up to 3rd order. On average, the frequencies and damping coefficients of the overtones are
simple multiples of the corresponding parameters of the fundamental modes. Absorption spectra of
thin films were measured at pressures (P) up to 370 kbar for γ-Mg2SiO4 and up to 200 kbar for γFe2SiO4. Widths are nearly constant, but frequencies (νi) increase either linearly or quadratically
with P. For weak peaks, the absorption widths have values close to their corresponding damping
coefficients. For γ-Fe2SiO4, ambient IR data predict heat capacity (CV = 126 ± 2.5 J/mol·K), shear
modulus (G = 875 ± 15 kbar), and sound velocities (uP = 8.20 ± 0.05, uS = 4.25 ± 0.06 km/s) at 298
K; pressure data give ∂G/∂P = 0.06, 0.44, or 0.91 if for the bulk modulus, ∂K/∂P = 5, 4.5, or 4,
respectively, and an average mode Grüneisen parameter of <γ> = 1.45 ± 0.4, which implies that
thermal expansivity is (21 ± 1) × 10–6/K. For γ-Mg1.2Fe0.8SiO4, ambient IR data predict G = 1120 ± 50
kbar, uP = 9.12 ± 0.20, and uS = 5.18 ± 0.20 km/s at 298 K, assuming that the frequency of the
acoustic mode is 225 to 240 cm–1. This calculation uses KS = 1995 kbar, which was obtained from
recent compression data by assuming ∂K/∂P = 4. The above values provide a smooth quadratic
dependence of KS and G on Fe/(Fe + Mg). The trends suggest that ∂K/∂P remains at 4 whereas
∂G/∂P drops from ~1 to ~0.5 as Fe content increases in ringwoodite. Acoustic fundamentals or
overtones were used successfully here to provide u, G, and their P and T derivatives for silicate
spinels. This method should work for other simple structures, and may be generally applicable.

INTRODUCTION
Olivine transforms to the spinel structure (γ–phase or
ringwoodite) or to the related β-phase (wadsleyite) at conditions likely to exist from depths of 410 to 670 km—the transition zone of the Earth’s mantle. Because the seismic profiles in
this region are not yet well matched by laboratory measurements (e.g., Anderson 1989), knowledge of the physical properties of these “silicate spinels” are needed. Several key
properties are poorly constrained or unknown for phases expected to occur in the transition zone: the shear modulus (G);
the thermal Grüneisen parameter (γTh), which relates adiabatic
(KS) to isothermal (KT) bulk modulus; thermal expansivity (α);
and the thermal conductivity, which is essential to understand
convection and conduction. In particular, knowledge of the
pressure derivatives of such physical properties and data on G,
even if only at ambient conditions, are essential in relating seismic determinations of the Earth to laboratory measurements of
high-pressure phases. Thermodynamic, elastic, and transport
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properties are generally measured by a host of different techniques, each with its advantages and disadvantages. For example, Brillouin spectroscopy (e.g., Bass et al. 1984) provides
highly accurate acoustic frequencies (and hence elastic properties: K, G, and the sound velocities), but a transparent sample
is needed. Side-band spectroscopy, a technique closely related
to the Raman method, also directly probes the acoustic frequencies but samples must be suitably doped with impurities
(Chopelas 1996a). As an alternative, thermodynamic and transport properties can be calculated from IR and/or Raman spectra using semi-empirical models (e.g., Kieffer 1979; Hofmeister
1991, 1999; Chopelas 1996b). The IR spectroscopic approach
has an unique advantage because it provides insight into the
microscopic behavior of the solid, as well as a means of inferring macroscopic properties, and every solid (except those with
the diamond structure) has an IR spectrum.
Previous IR data on silicate spinels are adequate to model
many of the thermodynamic quantities, but are insufficient to
establish thermal conductiivty (Hofmeister 1999) because the
widths of the dielectric peaks and, consequently, the damping
coefficients (Γi), were not extracted from reflectivity measure-

