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DAVID C. PALMER,!'* MARTIN T. DOVE,! RICHARD M. IBBERSON,2 ANDBRIAN M. POWELL3

]Department of Earth Sciences, University of Cambridge, Downing Street, Cambridge, CB2 3EQ, U,K

'ISIS Facility, Rutherford-Appleton Laboratory, Chilton, Didcot, Oxfordshire, OXII OQX, U.K
3AECL Research, Chalk River Laboratories, Chalk River, Ontario, KOJ 110, Canada

ABSTRACT

High-resolution neutron powder diffraction was used to study phase transitions in the
leucite phases of KAlSi206, RbAlSi20", CsAlSi206, and KFeSi206. The temperature-depen-
dent structural behavior involves two mechanisms: relaxation of the tetrahedral framework
about channel cations, and slowly changing T-O bond lengths. The high-temperature cubic
phase is characterized by a fully-extended tetrahedral framework; thermal expansion occurs
by an increase in mean T-0 bond lengths. On decreasing temperature, a displacive phase
transition to tetragonal symmetry is manifested by an optic instability; twisting of tetrag-
onal prisms of comer-linked (AI,Si)04 tetrahedra about [001] leads to collapse of the (111)
structural channels and concomitant volume reduction.

INTRODUCTION

Leucite, KAISi200> has been the subject of a remark-
able proliferation of research papers in recent years (Boy-
sen 1990; Brown et a!. 1987; Dove et a!. 1993a; Hatch
et a!. 1990; Heaney and Veblen 1990; Lange et a!. 1986;
Murdoch et a!. 1988; Palmer 1990a, 1990b; Palmer et a!.
1988, 1989, 1990; Palmer and Salje 1990; Phillips et a!.
1989; Phillips and Kirkpatrick 1994). Though not a major
rock-forming mineral, leucite is nevertheless interesting
to geologists because of its petrogenesis and occurrence
in regions of alkaline volcanism and continental rifting.
The mineral is interesting in its own right because of its
complex phase-transition behavior, manifested in the fine-
scale twinning that has for so long been a diagnostic fea-
ture. Leucite structures are extremely tolerant toward ion-
ic substitutions (Bayer 1973; Taylor and Henderson 1968;
Galli et a!. 1978), and it is the considerable structural
flexibility with respect to changing composition, temper-
ature, and pressure that makes leucite particularly impor-
tant from a crystal-chemical viewpoint.

The leucite structure comprises a framework of comer-
sharing (AI,Si)04 tetrahedra, arranged in fourfold, sixfold,
and eightfold rings. The sixfold rings are arranged axially,
forming structural channels parallel to (111). Such a chan-
nel arrangement is typical of feldspathoids (Merlino
1984) and some zeolites. In comparison with feldspars
and other framework structures without channels, feld-
spathoids show many possibilities for structural modifi-
cation, including framework distortion, channel collapse,
and ionic mobility.

Naturally occurring leucite crystallizes in the cubic
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phase, with space group Ia3d (Peacor ]968). On cooling
below T, = 938 K, there is a phase transition to a tetrag-
onal form, which has space group 14/a at room temper-
ature (Mazzi et a!. 1976). There are indications, however,
that an additional tetragonal phase is stable over a narrow
temperature interval. The first evidence for this was the
discovery of two DTA peaks near the supposed inversion
temperature (Faust] 963). This observation was later ver-
ified by DSC scans in several leucite samples (Lange et
a!. 1986) and attributed to the two phase transitions Ia3d
-? 14/acd and 14/acd -? 14/a.

X-ray diffraction studies showed that the two phase
transitions are displacive in character and lead to large
spontaneous strains (Palmer et a!. 1989). These produce
the distinctive lamellar twins that are generally visible on
an optical scale. A second type of twinning, induced by
the tetragonal-tetragonal inversion, is only observed on
the electron-microscopic scale (Palmer et a!. 1988; Palm-
er 1990a; Heaney and Veblen 1990). The distortion of the
unit cell may be rationalized in terms of ferroelastic (i.e.,
shape-changing) and isotropic (volume-changing) parts.
The anomalous (and continuous) volume decrease at low
temperatures is a result of the 14/acd -? 14/a phase
transition.

There had been suggestions that AI-Si ordering plays
a role in the phase transition (Brown et a!. 1987; Murdoch
et a!. 1988; Phillips et a!. 1989), but modeling studies
(Dove et al. ]993a) have shown that Al-Si ordering is not
required for the transitions to occur. Furthermore, lattice
strains occur in the absence of any long-range order, and
any ordering produces strains that are considerably small-
er than the actual spontaneous strain observed.

Dielectric studies (Palmer and Salje 1990) have shown
that the phase transitions are associated with critical be-


