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Abstract

High-pressure and room-temperature single-crystal X-ray diffraction (XRD) studies have been 
performed on crystals of a natural pigeonite sample with composition ca. Wo10En43Fs47 using diamond-
anvil cells. The unit-cell parameters were determined at 18 different pressures up to about 6 GPa. A 
first-order P21/c-C2/c phase transition was found between 3.5 and 3.6 GPa, associated with the disap-
pearance of the b-type reflections (h + k = odd) and a strong discontinuity (about 1.7%) in the unit-cell 
volume. At the transition, a small hysteresis (~0.3 GPa) was observed. A third-order Birch-Murnaghan 
equation of state (BM3-EoS) fit to the 10 P-V data of the low-P phase yielded V0 = 431.93(2) Å3, KT0 
= 96.8(8) GPa and K′ = 8.5(6). A second-order Birch-Murnaghan EoS fit to the 8 P-V data (between 
3.6 and 6 GPa) of the C2/c high-P phase yielded V0 = 423.6(1) Å3 and KT0 = 112.4(8), indicating that 
the high-P C2/c phase is significantly stiffer than the low-P phase. 

In a separated experiment with crystals of the same sample, intensity data were collected and crystal 
structures were refined at 13 pressures up to 9.4 GPa. The M1-O and M2-O mean bond lengths of the 
low-P P21/c phase decrease by 0.7 and 2.1%, respectively. The two non-equivalent A and B tetrahedral 
chains become more kinked with pressure, with a reduction of their angle by 2.2 and 5.1%, respectively. 
At the transition the A-chain changes sense of rotation and both chains become equivalent and more 
kinked, with a further reduction of their angle by 2.5% up to 9.4 GPa.

Strain calculations have been performed and the evolution of the spontaneous strain and the order 
parameter variation with pressure are discussed, considering geometrical parameters of the structure 
and comparing our results with the available data for other compositions.
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Introduction

Mg-rich clinopyroxenes (CPXs) are among the most abundant 
phases of the Earth’s upper mantle, and therefore the knowledge 
of their structural and thermodynamic properties is crucial in 
constraining the geodynamic models in which they are involved. 
In particular, low-Ca pyroxenes show P21/c-C2/c high-pressure 
and high-temperature phase transitions strongly dependent 
upon composition (Angel et al. 1992; Ross and Reynard 1999; 
Tribaudino et al. 2002; Cámara et al. 2002; Nestola et al. 2004). 
The HT and HP C2/c clinopyroxenes are structurally different, as 
the tetrahedral chains are extended in the HT C2/c structure and 
strongly kinked in the HP C2/c structure (Angel et al. 1992; Angel 
and Hugh-Jones 1994; Hugh-Jones and Angel 1994; Hugh-Jones 
et al. 1994; Arlt et al. 1998; Arlt and Angel 2000). The substitu-
tion of Fe in MgSiO3 clinopyroxenes induces a decrease in the 
transition pressure Pc and a disappearance of hysteresis (Hugh-
Jones et al. 1994; Ross and Reynard 1999). Also the substitution 
of Ca causes a significant decrease of Pc (Tribaudino et al. 2001; 
Nestola et al. 2004) and affects the thermodynamic character of 

the transition (Tribaudino et al. 2001). Arlt et al. (1998) have sug-
gested that the transition pressure of the P21/c to HP C2/c phase 
transformation is not exclusively controlled by the ionic radii of 
the M1 and M2 cations, but that an additional stabilization of the 
HP C2/c structure may arise from crystal field effects when the 
clinopyroxene contains Cr2+ and/or Fe2+. Natural pigeonites may 
be considered clinopyroxenes with mixed compositions along 
the clinoferrosilite-clinoenstatite join containing small amounts 
of Ca. This Ca substitution may be crucial in determining the 
high-pressure behavior of pigeonite, however, with respect to the 
(Mg,Fe)SiO3 clinopyroxenes, since no stabilization energy from 
crystal field effect can be expected for the Ca atom.

In this study, we have performed single-crystal high-pressure 
X-ray diffraction experiments on pigeonite sample BTS-308, 
previously studied at high-T and room pressure by Cámara et 
al. (2002) and Domeneghetti et al. (2005), with composition 
ca. Wo10En43Fs47, to constrain the simultaneous effect of Ca and 
Fe2+ substitution into the clinoenstatite structure. Moreover, we 
have calculated the lattice strain associated with the P21/c-C2/c 
high-pressure phase transition to constrain its thermodynamic 
behavior in the framework of the Landau theory.* E-mail: matteo_alvaro@dst.unipv.it


