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abStraCt

The 13 single-crystal adiabatic elastic moduli (Cij) of a C2/c jadeite sample close to the ideal compo-
sition (NaAlSi2O6) and a natural P2/n diopside-rich omphacite sample have been measured at ambient 
condition by Brillouin spectroscopy. The obtained Cij values for the jadeite sample are: C11 = 265.4(9) 
GPa, C22 = 247(1) GPa, C33 = 274(1) GPa, C44 = 85.8(7) GPa, C55 = 69.3(5) GPa, C66 = 93.0(7) GPa, 
C12 = 84(1) GPa, C13 = 66(1) GPa, C23 = 87(2) GPa, C15 = 5.4(7) GPa, C25 = 17(1) GPa, C35 = 28.7(6) 
GPa, C46 = 14.6(6) GPa. Voigt-Reuss-Hill averaging of the Cij values yields aggregate bulk modulus 
KS = 138(3) GPa and shear modulus G = 84(2) GPa for jadeite. Systematic analysis combing previ-
ous single-crystal elasticity measurements within the diopside-jadeite solid solution indicates that the 
linear trends are valid for most Cij values. The vp and vs of omphacite decrease with diopside content, 
though the velocity changes are small as diopside component exceeds 70%. We also found that both 
the isotropic vp and vs, as well as the seismic anisotropy of eclogite, changed strongly with the bulk-
chemical composition. The relationship between the anisotropic velocities of eclogite and the chemical 
composition can be a useful tool to trace the origin of the eclogitic materials in the Earth’s mantle.
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introduCtion

Clinopyroxene (Cpx) is one of the major mineral phases in 
the Earth’s upper mantle (Ringwood 1975; Anderson and Bass 
1984). The chemical composition of the upper mantle Cpx is 
close to Fe-bearing diopside (Di, CaMgSi2O6), with significant 
jadeite (Jd, NaAlSi2O6) component (e.g., Nestola et al. 2016). The 
crust of the subducted slabs and the delaminated lithosphere from 
continental roots form eclogite at depth >70–100 km (Irifune 
et al. 1986; Kay and Kay 1993). Cpx constitutes up to 70% of 
natural eclogite. The Cpx in eclogite is essentially Fe-bearing 
omphacite, which is the solid solution between Di and Jd. The 
coupled substitution of (Ca, Mg) for (Na, Al) in the Di-Jd solid 
solution stiffens the crystal structure, which has been confirmed 
by both the high-pressure single-crystal X-ray diffraction ex-
periments and the sound velocity measurements (Kandelin and 
Weidner 1988; Nestola et al. 2006; Sang et al. 2011; Pandolfo et 
al. 2012; Zhang et al. 2016). The bulk (KS) and shear (G) moduli 
of the end-member Jd are ~25% and ~18% higher, respectively, 
than the end-member Di (Kandelin and Weidner 1988; Sang et 
al. 2011). In the Di-Jd solid solution, the chemical composition 
strongly influences the elastic properties and therefore, should 
be considered for modeling the seismic properties of pyrolite 
and eclogite.

The general chemical formula of Cpx is (M2M1)Si2O6. The 
M2 site is usually occupied by cations with larger ionic radii, 

such as Ca2+ and Na+. The M1 site is slightly smaller, thus 
preferred by smaller cations, such as Mg2+ and Al3+. At low-
temperature conditions, the cations in the M1 and M2 sites are 
usually ordered, and the omphacite crystals show a lower P2/n 
symmetry, compared with the higher C2/c symmetry of the Di 
and Jd end-members. As temperature increases, the ordering of 
the cations degrades in both the M1 and M2 sites, and eventually, 
the ordered P2/n structure will convert to a completely disordered 
C2/c structure at temperatures higher than ~725 °C (Fleet et al. 
1978; Carpenter 1980).

Previous high-pressure equation of state studies in the Di-Jd 
solid solution (e.g., Nestola et al. 2006; Pandolfo et al. 2012; 
Zhang et al. 2016) provided constraints to the composition-
dependent isothermal bulk modulus (KT). However, determina-
tion of the seismic velocities and elastic anisotropy requires direct 
single-crystal sound velocity measurements. The single-crystal 
elastic properties of Cpx with close to upper mantle chemical 
compositions have been studied previously (Levien et al. 1979; 
Bhagat et al. 1992; Collins and Brown 1998; Isaak and Ohno 
2003; Norris 2008; Sang et al. 2011; Walker 2012; Skelton and 
Walker 2015). Levien et al. (1979) first measured the single-crys-
tal elasticity of the Di end-member using Brillouin spectroscopy, 
and the results were improved in a more recent study by Sang 
et al. (2011). Isaak and Ohno (2003) measured a Cr-bearing Di 
using resonant ultrasound spectroscopy, which agrees well with 
Sang et al. (2011), suggesting that the incorporation of small 
amounts of Cr has no resolvable effect on the elastic properties. 
A Cpx with more realistic and complicated upper mantle com-
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