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Crystal structure and compressibility of a two-layer polytype of pseudowollastonite (CaSiO3)
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INTRODUCTION

Pseudowollastonite, the stable form of CaSiO3 at tempera-
tures above ~1125 °C, is an important phase in experimental
petrology and commonly occurs in slags, cement, and ceramic
materials. Its crystal structure is characterized by alternate stack-
ing of layers of ternary (Si3O9) tetrahedral rings and distorted-
bicapped Ca octahedra along [001]. A distorted-bicapped
octahedron is formed by eight oxygens, with six of them in an
octahedral arrangement plus two from bridging oxygens of the
Si3O9 ternary ringsone above and one below the octahedron.
At high pressure and temperature (~3.0 GPa and 1100 °C),
CaSiO3 transforms to a walstromite-II phase (Trojer 1969) and
further transforms to perovskite above 10 GPa (Ringwood and
Major 1967; Liu and Ringwood 1975). Owing to different stack-
ing sequence of octahedral layers and ternary rings, various
polytypes could exist in pseudowollastonite (Yamanaka and Mori
1981; Ingrin 1993). However, because of the difficulties in prepa-
ration of good quality single crystals (Jeffery and Heller 1953;
Yamanaka and Mori 1981; Matteson 1983; Ingrin 1993; Richet
et al. 1998), few investigations have been performed to charac-
terize polytype structures in pseudowollastonite.

From X-ray precession photographs, Yamanaka and Mori
(1981) observed three polytypes of pseudowollastonite: a domi-
nant four-layer phase, plus a six-layer and a disordered struc-
ture. The layers referred to here are composed of one layer of
ternary rings plus one layer of CaO6 octahedra (Yamanaka and
Mori 1981). The six-layer polytype was thought to be
isostructural with SrGeO3 described by Dornberger-Schiff
(1962) and Hilmer (1963). For the four-layer polytype,
Yamanaka and Mori (1981) obtained a triclinic unit cell and
solved its structure in space group C1

–
. However, a re-determi-

ABSTRACT

The crystal structure of a synthetic two-layer polytype of CaSiO3 pseudowollastonite was deter-
mined using single-crystal X-ray diffraction data. It is monoclinic with space group C2/c and unit-
cell parameters a = 11.8322(6), b = 6.8624(8), c = 10.5297(5) Å, β = 111.245(8)°, and V = 796.9(1)
Å3. The material is isostructural with two-layer SrSiO3 and SrGeO3 and has basic structural features
similar to those found in four-layer CaSiO3 pseudowollastonite, except for the stacking sequence of
layers of CaO6 octahedra and Si3O9 ternary rings. The compressibility of the structure was measured
up to 9.94 GPa and no phase transition was observed. With increasing pressure, all unit-cell param-
eters decrease nonlinearly with a positive curvature. The axial compression ratios at room pressure
are βa:βb:βc = 2.25:2.36:1.00 and the bulk modulus, KT, is 86(1) GPa with K' = ∂KT/ ∂P = 3.8(4).

nation of the four-layer pseudowollastonite structure by Yang
and Prewitt (1999) suggests that its real symmetry is mono-
clinic C2/c, rather than triclinic C1

–
. Ingrin (1993) investigated

polytypism in CaSiO3 using transmission electron microscopy
and observed the coexistence of two-, four-, and six-layer
polytypes in the form of lamellae parallel to (001). Trojer (1969)
determined the structure of a three-layer CaSiO3 phase synthe-
sized at 6.5 GPa and 1300 °C. This paper reports the structure
of a two-layer pseudowollastonite polytype and presents the
compressibility data on this phase up to 9.94 GPa.

EXPERIMENTAL  PROCEDURES

A Ca0.75Mg1.25Si2O6 gel was first prepared from stoichio-
metric amounts of puratronic CaCO3, MgO, and tetraethyl
orthosilicate for the synthesis of the Di-En solid solution. The
dried gel was crystallized at 1400 °C for five days and then
mixed with K2WO4 as flux in a weight ratio of 1:1. The mix-
ture was heated at 1300 °C for 24 days and then slowly cooled
to 1200 °C, at which the charge was held for 7 days and quickly
quenched into liquid mercury. Microprobe analysis and X-ray
diffractometry revealed the existence of three different, trans-
parent phases: diopside (CaMgSi2O6), an unknown K-Mg sili-
cate, and a CaSiO3 phase. The flux apparently reacted with the
starting material, resulting in the loss of Mg to the K-Mg sili-
cate and formation of CaMgSi2O6 diopside and the CaSiO3

phase, instead of the intended Di-En solid solution. Three
CaSiO3 crystals were analyzed and all were homogeneous giv-
ing a nearly stoichiometric composition (average of 11 points):
Ca0.995Si1.005O3. Based on optical examination, an elongated
single crystal (0.09 mm × 0.06 mm × 0.05 mm) was selected
for precession photography. It was found to be monoclinic with
possible space group Cc or C2/c; no diffuse streaks or other
polytypes were observed. The crystal was then placed on a
Picker four-circle diffractometer equipped with a Mo X-ray*E-mail: yang@gl.ciw.edu


