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Thermal equation of state of omphacite
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ABSTRACT
In-situ synchrotron X-ray diffraction experiments were conducted using the MAX-III multianvil press of KEK on an omphacite (Di63Jd37), for which Di = Ca(Mg,Fe)Si2O6 and Jd = NaAlSi2O6.
Pressure-volume-temperature data were collected at up to 10 GPa and 1000 K. A fit to the hightemperature Birch-Murnaghan equation of state yielded an isothermal bulk modulus KT0 = 126(1)
GPa, an assumed pressure derivative of the bulk modulus K'T = 4.0, a temperature derivative of the
bulk modulus (∂KT/∂T)P = –0.015(4) GPa/K, and a volumetric thermal expansivity a = 2.2(1) ¥ 10–5 K–1,
when the equation of state of NaCl by Brown (1999) is adopted for the pressure scale. The derived
KT0 value is consistent with the linear interpolations from KT0 values for diopside and jadeite in the
literature.

INTRODUCTION
Subducted mid oceanic ridge basalt (MORB), which is rich
in components of pyroxene and garnet, may be the source of
the most important chemical heterogeneity in the olivine-rich
Earth’s mantle. It is well understood that the MORB component exists as eclogite at pressure conditions of 3–15 GPa (e.g.,
Irifune et al. 1986). Omphacitic clinopyroxene, which consists
essentially of solid solution of a diopside (CaMgSi2O6) and jadeite (NaAlSi2O6), is the major mineral phase in eclogite.
Knowledge of the physical properties of omphacite is very
important in clarifying the behavior of subducted MORB in
the deep mantle.
Some experimental results have been reported for density
changes of omphacites at high-temperature or high-pressure
(McCormick et al. 1989; Pavese et al. 2000, 2001). McCormick
et al. (1989) conducted room-temperature compression experiments to 6 GPa with the diamond-anvil cell using a liquid pressure medium on both vacancy-rich and vacancy-poor natural
omphacites, and Pavese et al. (2001) reported similar experiments to 13 GPa on a P2/n-omphacite. Pavese et al. (2000)
recorded thermal expansive properties for the same P2/nomphacite that was used in Pavese et al. (2001). Thermal equation of states on some end-member clinopyroxenes have also
been investigated (e.g., diopside; Zhao et al. 1998, jadeite; Zhao
et al. 1997). However, simultaneous in situ measurements of
thermoelastic properties of omphacite at high-pressure and hightemperature are still needed to derive complete equation of state
for this mineral.
In this study, pressure-volume-temperature (P-V-T) relations of synthetic omphacite were measured at pressure and
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temperature conditions up to 10 GPa and 1000 K with synchrotron radiation, and the thermal equation of state was
determined. The results are compared to previously reported
thermoelastic parameters of omphacites and end-member pyroxenes.

EXPERIMENTAL PROCEDURE
Samples
Based on the results of the previous phase equilibrium experiments on the MORB composition, we synthesized
omphacite to have an appropriate chemical composition for an
eclogitic clinopyroxene. Chemical compositions of
clinopyroxene in MORB at 5 GPa and 1773 K (Aoki 1999),
and at 5.6 GPa and 1473 K (Irifune et al. 1986) are shown in
Table 1. Although the experimental conditions and starting compositions are similar, compositions of these two clinopyroxene
minerals differ significantly in SiO2 and Al2O3. This may be
due to the different starting materials (dried natural MORB in
Aoki 1999 vs. glass in Irifune et al. 1986). Reagents were mixed
to match the former composition. Trace elements were ignored
and reagents of SiO2, Al2O3, Fe2O3, MgO, CaCO3, and Na2CO3
were used. The mixture was ground and heated slowly from
873 to 1173 K and kept at 1173 K for more than 12 hours for
decarbonation. The decarbonated sample was then melted for
10 min at 1622 K at the fayalite-magnetite-quartz buffer in a
one atmosphere furnace. The quenched glass was confirmed to
be homogeneous by microprobe analysis. Omphacite was synthesized from the glass using the SPI-1000 1000 ton multianvil press at the Magma Factory, Tokyo Institute of
Technology. The glass was enclosed in a Re foil capsule (3.2
mm in diameter, 3.4 mm in length), and experimental conditions were P = 5 GPa, T = 1773 K, and t = 30 min. Experimental techniques and the cell assembly used in the synthesis

