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INTRODUCTION

Pigeonite (Mg,Fe2+,Ca)(Mg,Fe2+)(Si2O6) has space group
P21/c at room temperature. This structure contains two sym-
metrically distinct chains of SiO4 tetrahedra. At high tempera-
tures it has space group C2/c, and previous studies have shown
that a C2/c-P21/c transition occurs by rotations of the tetrahe-
dra until the two chains become symmetrically equivalent
(Brown et al. 1972; Smyth 1974; Pannhorst 1984; Schröpfer
1985; Arlt et al. 2000). The thermodynamic character of the
transition varies with composition. Smyth (1974) and
Tribaudino et al. (2002) reported first order character for crys-
tals with composition En32Fs66Wo2 and En92Wo8, respectively.
By way of contrast, Cámara et al. (2002) found that the transi-
tion is second order in crystals with composition En47Fs43Wo10.
The same phase transition in natural kanoite (MnMgSi2O6) is
first order (Arlt and Armbruster 1997), in synthetic ferrian
magnesian spodumene it is tricritical (Cámara et al. 2003), and
in synthetic LiFeSi2O6 it is close to tricritical (Zhang et al. 2002).
Data in the literature show that the transition temperature de-
creases with increasing Fe2+-content and Ca2+-content in the
Ca,Mg,Fe pigeonite solid solution (Prewitt et al. 1971;
Tribaudino 2000), and with increasing Na+-content in natural
kanoite crystals (Arlt et al. 2000).

Octahedrally coordinated cations (mainly Fe2+ and Mg) in

pigeonite crystals are distributed between M1 and M2 sites in
a strongly temperature dependent manner (Woodland et al.
1997; Angel et al. 1998; Pasqual et al. 2000; Cámara et al. 2002).
Calcium, due to its large ionic radius, is considered to be fully
ordered at the larger M2 site. Cámara et al. (2002) have shown
that the C2/c-P21/c transition is influenced by this non-conver-
gent ordering as well as by composition. The simplest expla-
nation for such a dependence is that increasing Fe/Mg disorder
causes the average size of cations at the M2 site to decrease,
which, in turn, destabilizes the C2/c structure with respect to
the P21/c structure and transition temperature increases. It fol-
lows that, under equilibrium conditions, there is a complex re-
lationship between the displacive order parameter, QD, and the
non-convergent order parameter, QOD. QOD will change as a con-
sequence of the displacive transition and the displacive transi-
tion temperature will change as a function of QOD. These
interdependencies can be described qualitatively in terms of
the size of the M2 site, or some other crystallographic param-
eter, but a quantitative analysis requires a more formal defini-
tion of the coupling between the two order parameters.

Following on from the work described in Cámara et al.
(2002), the main objectives of this paper are (1) to present for-
mal Landau theory which describes the effects of coupling be-
tween a non-convergent order parameter (QOD) and a symmetry
breaking order parameter (QD), and (2) to demonstrate how this
leads to a simple relationship between the displacive transition
temperature and the degree of non-convergent Fe/Mg order* E-mail: camara@crystal.unipv.it
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ABSTRACT

A Landau potential with linear-quadratic coupling has been developed to describe interactions
between a non-convergent order parameter, QOD, for Fe/Mg ordering, and the order parameter, QD,
for the C2/c-P21/c phase transition in pigeonite. Spontaneous strain relationships, and expressions
for the effect of ordering on the transition temperature derived from this expansion, have been tested
by single crystal X-ray diffraction methods. Lattice parameters collected from a natural pigeonite
crystal with composition En47Fs44Wo9, in situ at temperatures up to 1050 ∞C, reveal that increasing
QOD could act to suppress QD by a mechanism which includes overlapping and opposing strain fields.
In a second experiment, the intensities of superlattice reflections (h + k = 2n + 1) were followed in
situ at temperatures up to 500 ∞C. The crystal was heated ex situ successively at 700, 750, 800, and
850 ∞C between repeated in situ measurements in order to produce changes in the degree of cation
order. The resulting data sets, giving the temperature dependence of QD

2 for different fixed values of
QOD, are consistent with the initial Landau model. In particular, they show a strong and linear depen-
dence of transition temperature on QOD. The fourth order coefficient of the expansion describing the
phase transition is perhaps also renormalized by changes in QOD. It is suggested that the influence of
QOD on the phase transition could be greater than the influence of the phase transition on the equilib-
rium variation of QOD.


