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clinopyroxenes along the diopside-enstatite (CaMgSi2O6-Mg2Si2O6) join
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ABSTRACT
A transmission electron microscope investigation was performed on a series of synthetic
clinopyroxenes with compositions between Ca0.7Mg1.3Si2O6 and Ca0.5Mg1.5Si2O6. For samples with
Ca content lower than 0.6 atoms per formula unit (apfu) selected-area electron diffraction (SAED)
patterns showed the presence of reflections violating the C2/c space group (b type, h+k odd), indicating a transition to the P21/c symmetry at room temperature. Antiphase domains induced by the
transition could be imaged, with irregular boundaries and size decreasing with increasing Ca content. The antiphase domain size and shape appears unrelated to the non-periodic mottled texture that
could be imaged in samples with Ca lower than about 0.65 apfu.
A comparison with data reported in the literature suggests a different behavior in the cell parameters of the P21/c clinopyroxenes along the diopside-enstatite (Di-En) join. For compositions between Di60En40 to about Di40En60, cell parameters deviate little with respect to the trend shown by
Ca-rich C2/c clinopyroxenes, whereas for compositions richer in Mg than about Di40En60, a significant deviation is present, which is marked by discontinuities in the c and β cell parameters.

INTRODUCTION
In the pyroxene quadrilateral (CaMgSi 2O 6 -Mg 2 Si2 O 6CaFeSi2O6-Fe2Si2O6 , diopside-enstatite-hedenbergite-ferrosilite,
Di-En-Hd-Fs), the space groups for clinopyroxenes are C2/c for
Ca-rich and P21/c for Ca-poor compositions. The P21/c space
group originates from a parent high-symmetry C2/c phase. Several structural and microtextural in-situ investigations have been
carried out to clarify the mechanism of the transition from
P2 1/c to C2/c. Single-crystal structural analyses, performed
on samples of varying Ca and Fe content by in-situ, hightemperature measurements and refinements (Brown et al.
1972; Smyth and Burnham 1972; Smyth 1974), showed that
the transition occurs via a rearrangement of the tetrahedral
chains: in the P2 1/c structure, there are two non-equivalent chains that become equivalent in the high-temperature C2/c configuration. The transition was described as
first order (Smyth 1974), with a T c (critical temperature)
decreasing with Ca content (Schwab and Schwerin 1975).
The same P21/c → C2/c transition also was observed at high
pressure (Angel et al. 1992; Christy and Angel 1995; Hugh
Jones et al. 1994); the high-pressure phase transition is first
order, with a C2/c high-pressure phase displaying extreme kinking of the tetrahedral chains with respect to the high-temperature C2/c phase. Most recently, Bozhilov et al. (1999)
documented the high-pressure transition in a natural pyroxene.
Microtextural observations on the antiphase domains originating from the C to P symmetry reduction and on their relation to exsolution lamellae were widely performed in P21/c
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pigeonites, in view of the potential geothermometric inferences
that can be obtained from the size, shape, and orientation of
the domains (Carpenter 1978, 1979; Fujino et al. 1988). It was
found that the domain size increases with decreasing Ca content (Fuess et al. 1986), and that the antiphase boundaries have
a structure that favors the entry of Ca (Carpenter 1978). A hightemperature, in-situ TEM investigation on the P21/c → C2/c
transition was done by several authors (Gordon et al. 1981;
Fuess et al. 1986; Shimobayashi and Kitamura 1991;
Shimobayashi 1992). Gordon et al. (1981) showed that the
antiphase domains form at the same position before and after
the heating runs, which is the “memory effect.” The observed
memory effect was related to Ca clustering at the boundaries,
already present before heating. Shimobayashi and Kitamura
(1991) described the transition as first-order martensitic, in view
of the large hysteresis, which, however, decreases with repeated
heat treatments. It was also shown by Shimobayashi and
Kitamura (1991) that the transition occurs by growth of the
C2/c high-temperature phase from the antiphase boundaries.
The transition also can be followed at room temperature, as
Ca-rich clinopyroxenes are C2/c but increasing Mg or Fe substitution at the M2 site gives rise to P21/c Ca-poor clinopyroxenes.
Intermediate samples can be synthesized in a narrow hypersolvus
field at high P and T, where almost complete solid solution exists within the M2 site, both for Ca and Fe (Lindsley and Munoz
1969) and for Ca and Mg (Newton et al. 1979). Structural data
on both C2/c and P21/c clinopyroxenes along the diopsideenstatite and hedenbergite-ferrosilite joins (enstatite and
hedenbergite in this work refer to the monoclinic varieties) are
available (Ohashi et al. 1975; Ohashi and Finger 1976; Bruno et
al. 1982; Tribaudino et al. 1989). However, the maximum al-

