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INTRODUCTION

Phase transitions in pyroxenes have been the subject of
several investigations due to their value in determining the
thermal history of the host rocks. In Ca-poor clinopyroxenes
a P21/c-C2/c phase transition occurs at high temperature (Smyth
and Burnham 1972; Brown et al. 1972; Sueno et al. 1984) and
with increasing pressure (Angel et al. 1992; Hugh-Jones et al.
1994). Structurally, this transition is driven by changes in the
tetrahedral chain arrangement. In the primitive structure there
are two different chains, one highly kinked (B chain) and the
other more elongated (A chain), chain kinking being measured
by the angle between the O3 atoms bridging the chain tetrahe-
dra (O3-O3-O3 angle). In the C2/c structure the chains become
symmetrically equivalent. In the high-temperature C2/c struc-
ture the two chains are elongated, whereas in the high-pressure
form they are both kinked. It has been shown that the high-T
(HT) and high-P (HP) C2/c structures have different stability
fields (Arlt et al. 2000; Arlt and Angel 2000), and that the P21/c
structure, characteristic of pigeonite clinopyroxene, is interme-
diate between the two varieties.

The structural changes that occur with increasing tempera-
ture and at the transition were determined by in situ high-tem-
perature X-ray diffraction studies and the thermodynamic
character of the transition was found to be first order (Brown
et al. 1972; Smyth 1974; Sueno et al. 1984; Arlt and Armbruster
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ABSTRACT

A high-temperature in situ single-crystal X-ray diffraction study was performed from room T to
1150 ∞C on two crystals of Fe-free P21/c clinopyroxenes of composition Ca0.15Mg1.85Si2O6 [cell
parameters at room T: a = 9.651(2) Å, b = 8.846(2) Å, c = 5.202(1) Å, b = 108.38(2)∞, V = 421.4 (2)
Å3] synthesized by isothermal annealing for 624 h at T = 1370 ∞C, P = 1 atm. A first order P21/c-C2/c
phase transition was found slightly below 1000 ∞C [Tc = 926(39) ∞C]. The transition was revealed by
discontinuous changes in intensities and cell parameters. Prolonged heating at high temperature
induced a non-reversible increase in the transition temperature up to more than 1150 ∞C, without
apparent changes in the order of the phase transition. Coupling with strain due to incipient exsolution
in a formerly almost defect-free sample is suggested to be responsible for increase in Tc. TEM
observations of a sample from the same starting material after further annealing for 72 h at T = 1050
∞C, P = 1 atm are consistent with the proposed incipient exsolution model. Annealing was found to
induce the formation of a mottled texture oriented parallel to (101).

Results from structure refinement of data collected below the transition at T = 25, 500, 650, 800,
and 1000 ∞C showed only minor changes in the chain configurations, which are highly differenti-
ated up to 1000 ∞C, confirming the strong first-order character of the transition.

1997). This was demonstrated by a sudden loss, at the transi-
tion temperature, in the intensity of the h + k odd reflections,
which are not present in the C2/c space group, (Smyth 1974)
and by the coexistence of primitive and C-centered structures
observed using Shimobayashi and Kitamura (1991) by high-
temperature electron microscopy. However, recent TEM inves-
tigations of synthetic Di40En60-Di60En40 samples by Tribaudino
(2000) have shown deviations from first-order behavior and
Cámara et al. (2002) have observed a marked continuous be-
havior in Fe-rich samples with Ca-content up to 0.2 Ca atoms
pfu. The main problem in constructing a reliable model for this
transition using only data for natural clinopyroxenes is their
large compositional variability and the presence of Mg-Fe cat-
ion ordering. The changes in the thermodynamic behavior may
be triggered by both compositional changes and by coupling
with the non-convergent process of Mg-Fe cation order. It was
also suggested recently that microtextural disorder coming from
antiphase domains or exsolution textures might affect the tran-
sition (Tribaudino 2000; Tribaudino et al. 2001).

In this work, a synthetic clinopyroxene of composition
Ca0.15Mg1.85Si2O6 was investigated by using situ high-tempera-
ture single-crystal X-ray diffraction (XRD), through the P21/c
to C2/c phase transition, with the following objectives: (1) to
detail the thermodynamic behavior in a sample unaffected by
the non-convergent cation order process and to clarify the pos-
sible effects of microtextures on the phase transition and (2) to
determine the high-temperature structural evolution in a sample
with a very simple composition.
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