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The elastic properties of diopside, CaMgSi2O6
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aBStraCt

The 13 single-crystal elastic moduli of two samples of diopsidic pyroxenes close to the ideal 
composition (CaMgSi2O6) from different locations have been measured at ambient pressure and room 
temperature by Brillouin spectroscopy. We obtain (in GPa, ±1σ uncertainty): C11 = 229.0(4), C22 = 
179.0(4), C33 = 242.5(4), C44 = 78.9(3), C55 = 68.1(2), C66 = 78.2(3), C12 = 78.0(7), C13 = 69.8(6), C23 
= 58.0(7), C15 = 9.9(3), C25 = 6.1(5), C35 = 40.9(3), C46 = 6.6(2), and C11 = 226.1(9), C22 = 179.5(8), 
C33 = 239.2(9), C44 = 78.1(6), C55 = 69.2(4), C66 = 76.4(8), C12 = 77.4(10), C13 = 70.2(13), C23 = 
56.7(16), C15 = 9.9(7), C25 = 5.9(12), C35 = 41.0(7), C46 = 6.8(4) for the two diopside samples. There 
are no major differences in the elastic tensor of the nearly pure diopside composition compared with 
the second sample containing slightly higher Al and Fe contents. Polycrystalline averaging of the Cij 
for the aggregate bulk and shear moduli yield Ks = 114.6(7) GPa, G = 72.7(4) GPa and Ks = 113.7(8) 
GPa, G = 72.2(5) GPa for the two diopside samples. The shear moduli reported here are 8% larger 
than those determined from previous measurements on a similar natural sample. We confirm the ex-
istence of systematic correlations between the composition of the M2 site and most of the Cij values. 
No unusual compositional dependence of Cij values or the shear modulus near end-member diopside 
composition is observed.
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introduCtion

Ca-rich clinopyroxene is considered to be one of the four 
major minerals in the Earth’s upper mantle, along with oliv-
ine, orthopyroxene, and pyrope-rich garnet. Because Ca-rich 
clinopyroxenes represent approximately 10 to 30% of the upper 
mantle (McDonough 1990), they have been the subject of several 
previous studies of their elastic properties and phase relations 
(e.g., Levien et al. 1979; Levien and Prewitt 1981; Kandelin 
and Weidner 1988a; Zhang et al. 1989; Zhang and Hafner 1992; 
Comodi et al. 1995; Norris and Bass, in preparation). To accu-
rately describe the seismic behavior of the Earth’s mantle, it is 
necessary to understand the elastic properties of mantle minerals 
and their variation with pressure and temperature. Single-crystal 
elasticity measurements using Brillouin spectroscopy have 
been previously performed on monoclinic pyroxenes of various 
compositions at ambient conditions, such as near end-member 
compositions of jadeite (Kandelin and Weidner 1988b; Norris 
and Bass, in preparation), diopside (Levien et al. 1979), and 
omphacite (Bhagat et al. 1992).

Collins and Brown (1998) determined the elasticity of a 
natural clinopyroxene with composition Di72Hd9Jd3Cr3Ts12 (Di, 
diopside; Hd, hedenbergite; Jd, jadeite; Cr, kosmochlor; Ts, 
Mg-tschermakite) by the impulsive stimulated scattering tech-
nique. Their results brought to light some irregularities in the 
compositional dependence of Cij along the diopside-jadeite join, 
in particular, unusual changes of C66 and C15 near the diopside 

end-member. More recently, Isaak and Ohno (2003) measured 
the elastic moduli of chrome-diopside from resonant ultrasound 
spectroscopy. They also noted unusual compositional dependence 
of the elastic constants near the diopside end-member, in par-
ticular C66, C13, and C15, compared to the results of Levien et al. 
(1979). They proposed that this effect could be related partly to 
compositional variations in both M2 and M1 sites that are not 
taken into account when data are projected onto the Di:Jd join. In 
this study, we have re-investigated the elastic moduli of diopside 
at ambient conditions, employing improvements in Brillouin 
scattering techniques that have evolved since the previous diop-
side study carried out by Levien et al. (1979). The single-crystal 
elastic moduli can now be measured with far greater precision 
and accuracy than was possible even just a decade ago. In light 
of these new measurements, we reconsider the compositional 
dependence of elastic properties in the Di-Jd system.

experimentaL methodS
Two different samples, diopside 1 (Wakefield, Quebec; Am. Museum Nat. Hist. 

no. 39849) and diopside 2 (DeKalb, New York), were used for this experiment. 
The dimensions of both these single crystals were approximately 1000 × 400 × 
100 µm. Their compositions were determined by electron microprobe analysis 
(Table 1). Diopside 1 is very close in composition to the diopside end-member, 
while diopside 2 has slightly higher Fe and Al content.

Diopside has a monoclinic structure with space group C2/c (Warren and Bragg 
1928). The unit-cell dimensions for diopside 1, as determined by a 4-circle X-ray 
diffractometer, are: a = 9.759(6), b = 8.933(5), and c = 5.256(3) Å, β = 105.852(7)°. 
This yields V0 = 440.7(8) Å3 and density ρ = 3.264(6) g/cm3 for diopside 1. For 
diopside 2, a = 9.750(5), b = 8.923(5), and c = 5.255(3) Å, β = 105.85(1)°, yielding 
V0 = 439.85(7) Å3 and density ρ = 3.270(1) g/cm3.

For each sample, we prepared three 25–30 µm thick crystals by polishing nearly 
parallel to a-b, b-c, and a-c planes. The crystals were oriented by a four-circle X-ray * E-mail: sang1@illinois.edu


