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aBstract

Due to their widespread occurrence in several geological settings, omphacite inclusions could be used 
for elastic Raman geothermobarometry. However, the Raman scattering of complex silicate minerals 
entrapped in a host depends on both the chemical composition and elastic strain developed during the 
metamorphic pathway, which makes the task very challenging. Here, as a very first step to probe the 
potential of omphacite to be used as a mineral inclusion in elastic geothermobarometry, we report the 
pressure dependence of the Raman spectra of omphacite crystals with the same composition, approxi-
mately Jd43Di57, but having different symmetry because of the existence (P2/n) or absence (C2/c) of 
chemical order at the six- and eight-coordinated cation sites. The experimental results are complemented 
by ab initio quantum mechanical simulations on fully ordered omphacite (Jd50Di50). We demonstrate 
that the position of the well-resolved Raman peak near 688 cm–1, arising from Si-O-Si bond bending, 
is very sensitive to pressure but independent of the state of chemical order, which makes it promising 
to be utilized in Raman geobarometry. The width of this peak varies with chemical order but not with 
pressure and therefore can be used to constrain the temperature of inclusion entrapment, because the 
chemical order is indicative of the closure temperature of the cation-exchange reaction. However, 
further detailed analyses on the compositional variation of the Raman spectra of omphacite is required 
before considering omphacite-in-garnet systems to be suitable for Raman elastic geothermobarometry.
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introduction

Clinopyroxenes (general formula M2M1T2O6) are key miner-
als, due to their widespread occurrence in the Earth’s crust and 
upper mantle (Skelton and Walker 2015), to characterize various 
geological settings and processes. They can be found as both 
rock-forming and accessory minerals in several terrestrial rock 
types from diverse geological contexts, including mantle xenoliths, 
magmatic rocks (e.g., Lentz et al. 2011; Murri et al. 2016, 2019b; 
Gianola et al. 2023) and high-pressure/temperature metamorphic 
rocks (Philpotts and Ague 2009; Gilio et al. 2020). Clinopyroxenes 
also occur as inclusions in diamonds (Meyer and Boyd 1972; 
Nestola et al. 2016; Pasqualetto et al. 2022) and as rock-forming 
minerals in meteorites (e.g., Papike 1980; Alvaro et al. 2015; 
Carli et al. 2023). Among clinopyroxenes, omphacite, a solid 
solution of jadeite (NaAlSi2O6) (20–80%), augite [Ca(Mg,Fe2+)
Si2O6] (20–80%), and aegirine (NaFe3+Si2O6) (0–50%) (Morimoto 
et al. 1988) with the general formula (Ca,Na)(Mg,Fe2+,Al)Si2O6, 
is extremely important for constraining pressure and temperature 
conditions in eclogitic metabasites where quartz is not present 
as an equilibrium phase at peak conditions. It is well known that 

omphacites may exhibit site-occupancy cation order, which leads 
to a splitting of both M1 and M2 sites into (M1, M11) and (M2, 
M21), respectively (Fig. 1). Consequently, the chemical order re-
duces the space group symmetry from C2/c to P2/n (e.g., Carpenter 
et al. 1990a, 1990b; Boffa Ballaran et al. 1998a, 1998b). Thus, the 
determination of the state of chemically ordered omphacite can 
constrain the closure temperature and cooling rate experienced by 
the host rock. The degree of cation order of omphacite is com-
monly determined by means of single-crystal X-ray diffraction 
(XRD) measurements followed by structural refinements, but this 
analysis generally requires large (~50–150 μm) good-quality single 
crystals. Moreover, chemically ordered regions form antiphase 
domains that are detectable by transmission electron microscopy, 
therefore their size variation has been proposed to serve as a geo-
thermometer (Phakey and Ghose 1973; Carpenter 1980, 1982a, 
1982b). However, the dimensions of chemically ordered regions 
depend also on the chemical composition as well (Cámara et al. 
1998) and they can be affected further by post-crystallization 
deformation processes (van Roermund and Lardeaux 1991). Ra-
man spectroscopy can verify the existence of M-site cation order 
in omphacite by the splitting of the SiO4-stretching Raman peak 
near 1017 cm–1, due to the doubling of the primitive unit cell 
(Katerinopoulou et al. 2008). Besides, Raman spectroscopy has 




