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INTRODUCTION

The mineral malayaite, CaSnOSiO4, was first described from
an occurrence in Perak, Malay Peninsula (Ingham and Bradford
1961). The structure of the colorless to yellowish mineral was
solved by Higgins and Ribbe (1976) in space group A2/a. They
showed that the structure of malayaite is characterized by SnO6-
octahedra forming chains parallel to [100] through shared trans
corners. These chains are mutually connected via SiO4 tetrahe-
dra. CaO7 polyhedra form chains parallel to [101] within the
SnO6-SiO4 framework (Fig. 1). This structure is equivalent to
the aristotype of titanite CaTiOSiO4. Takenouchi (1971) showed
that malayaite and titanite have a complete solid solution above
888 ± 15K. Kunz et al. (1997) investigated the CaSnOSiO4–
CaTiOSiO4 join in more detail using quenched samples and
found that a small substitution (10 mol%) of Sn changes the
titanite symmetry from P21/a to A2/a. Investigations of
malayaite at high temperature using synchrotron radiation, high-
resolution transmission electronic microscopy, X-ray powder
diffraction, and Raman spectroscopy by Groat et al. (1996) re-
vealed a structural anomaly around 500 K. The authors corre-
lated this anomaly with the thermal parameter of the Ca position
indicating a maximum elongation along the a axis. Neverthe-
less, they did not find any deviations from A2/a symmetry, nor
any structural domains or antiphase boundaries with a reduced
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ABSTRACT

A single crystal high-pressure diffraction study in a diamond-anvil cell shows that monoclinic
malayaite (CaSnOSiO4) transforms into a triclinic high-pressure polymorph at Pc = 4.95(1) GPa. No
discontinuity was observed for the individual crystallographic axes or the volume compressibility.
Instead, the A2/a – A1– phase transition reveals itself by significant deviations of the a and g angles
from 90∞. The bulk elastic properties of the triclinic phase cannot be distinguished from those of the
monoclinic structure within experimental uncertainty (A2/a: V0 = 389.68(3) Å3, K0 = 121(1) GPa,
and K'  = 4.2(5); A1–: V0 = 390.3(1) Å3, K0 = 118.3(7) GPa, K' = 4). Fitting the compressibility to all
data gives values of V0 = 389.64(3) Å3, K0 = 121.6(7) GPa and K' = 4.6(2). Structure refinements at
four different pressures reveal the structural details of the monoclinic A2/a and triclinic A1

–
 phases.

Below the transition temperature the SiO4 polyhedra show some non-rigid distortion, whereas the
SnO6 polyhedra remain almost unchanged. At the phase transition, the SiO4 tetrahedra show further
angular twisting while the SnO6 chains shift parallel to [1

–
01], inducing a reduction in symmetry.

Furthermore, at pressures above 5 GPa the Ca atoms are displaced almost parallel to [100], causing
a change in coordination from CaO7 polyhedra to sheets of CaO8 parallel to (1–11).

At 7.394(4) GPa the cell parameters of the triclinic structure are a = 6.9958(4) Å, b = 8.8080(9) Å, c =
6.4968(4) Å, a = 89.078(7)∞, b = 112.745(5)∞, g = 91.230(7)∞ , V = 369.10(5) Å3; space-group A1–.

symmetry. Meyer et al. (1998) reinvestigated the 500 K anomaly
using single crystal X-ray diffraction and powder IR spectros-
copy at different temperatures. They confirmed the strong in-
crease of the anisotropic thermal parameter U11 for Ca as a
function of temperature and concluded a partial collapse of the
CaO7 polyhedra around 500 K. Both Bismayer et al. (1999)
and Zhang et al. (1999) described another important behavior
with respect to the 500 K anomaly: single crystal X-ray dif-
fraction and powder hard-mode IR studies showed a weak tilt-
ing of the SnO6 octahedra. These displacements changed the
environment around the Ca atoms in that one O atom moved
closer to the calcium atom. Zhang et al. (1999) also reported a
change in the coordination of the Ca atom and described the
structural anomaly at 500 K as an isosymmetric second-order
phase transition.

As mentioned above, titanite CaTiOSiO4 is isostructural to
malayaite and has been an object of several investigations. At
ambient conditions the Ti atoms exhibit out-of-center distor-
tions with parallel displacement vectors within a single TiO6

chain and antiparallel orientation between neighboring chains.
High-temperature studies of titanite showed a phase transition
from P21/a to A2/a symmetry (a-b transition) at 496 K (Taylor
and Brown 1976; Kek et al. 1997; Salje et al. 1993). The tran-
sition at 496 K is driven by the loss of long-range coherence
between the out-of-center dipoles due to a dynamic disorder
with increasing temperatures. Therefore the structure shows
on average A2/a symmetry. A second, isosymmetric phase tran-
sition has been observed at 825 K and ambient pressure (b-g


