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INTRODUCTION

The system CaO-Al2O3-TiO2-SiO2 includes in its TiO2-rich
part the stability fields of titanite (CaTiSiO5) and perovskite
(CaTiO3). These minerals are potential hosts for the rare earth
elements (REE) or the high field strength elements (HFSE: e.g.,
Nb, Ta, Zr, Hf), which are relevant for geochemical modeling
(Green and Pearson 1986; Wooley et al. 1992; Haggerty 1983;
Simon et al. 1994). Although titanite and perovskite are com-
mon accessory phases in a large number of rock types (Fleischer
1978; Hellman and Green 1979; Mitchell and Reed 1988;
Onuma et al. 1981; Dawson et al. 1994), scant knowledge ex-
ists of the processes controlling element partitioning between
these minerals and silicate liquid.

For this reason, we started a systematic study of the pres-
sure and compositional dependencies of trace element parti-
tioning between titanite-melt and perovskite-melt in the pressure
range from 1 atm up to 1.5 GPa. As the starting-point of our
study, we chose the pseudo-eutectic system anorthite-titanite,
which has first been investigated by Prince (1943) under atmo-
spheric pressure conditions. Schosnig (1996) stated the occur-
rence of perovskite at 1 atm in the course of trace element
extended experiments in that system. Further studies of that
system under high-pressure conditions with trace element ex-

Structure and stability of the high-pressure phase, Ca3TiSi2(Al,Ti,Si) 3O14

PETRA SCHEUERMANN , ALI  KUTOGLU , MICHAEL  SCHOSNIG,* AND EDGAR HOFFER

Department of Earth Sciences at the Philipps University, Marburg, Hans Meerweinstrasse, 35032 Marburg, Germany

ABSTRACT

The pressure and compositional dependence of element partitioning were examined in the pseudo-
ternary section anorthite-titanite-perovskite of the system CaO-Al2O3-TiO2-SiO2. Preliminary phase
relations in that section were experimentally determined at pressures from 1 atm to 1.5 GPa and at
temperatures from 1300 to 1500 °C, using a double-ellipsoid mirror furnace and a piston cylinder
apparatus. Further experiments were carried out with trace element extended compositions. All run
products represent near-equilibrium parageneses consisting of crystals with their coexisting melt;
the pairing is desired for element partitioning studies. At pressures above 1.0 GPa a new Ti-rich
compound, having the ideal formula Ca3TiSi2(Al,Ti,Si)3O14, appears as the dominant phase in this
paragenesis.

The composition and homogeneity of the phases were checked with electron microprobe and
scanning electron microscopy. Determination of the structure of this compound was performed with
a conventional four circle diffractometer on a single crystal, cut from a larger specimen of the equi-
librium paragenesis. The compound crystallizes in space group P321 with cell dimensions a = 7.943(1)
Å and c = 4.930(1) Å. Its structure consists of layers stacked parallel to (001) such that sheets of two
types of corner-linked tetrahedra (T1 = Si; T2 = Al, Ti, Si) at z = 1/2 alternate with sheets centered at
z = 0 containing [6]Ti- and irregular eightfold-coordinated Ca-sites. A statistical distribution for Al,
Si, and Ti atoms at one of the two tetrahedral sites in the crystal structure was confirmed by X-ray
diffraction data. The Ti-octahedron is distorted, with Ti-O = 1.952(3) Å and O-Ti-O bond angles
between 85.5° and 102.4°, which results in an angle bend of the vertex O atoms of 167.6°.

tended compositions have first been performed by Scheuermann
(1998). The results of the element partitioning studies will be
reported elsewhere. During these high-pressure experiments, a
new compound with composition close to Ca3TiSi2(Al,Ti,Si)3O14

was discovered.
Run products of experimental studies, especially of high-

pressure experiments, often possess very small crystal sizes,
which are difficult to analyze or to separate (Gasparik et al.
1995; Kudoh and Kanzaki 1998; Taura et al. 1998). We present
a method to obtain run products, which show near-equilibrium
parageneses of crystals with coexisting melt, in which the crys-
tals reach sizes up to 2 mm. Therefore, all analytical data could
be obtained directly from polished thin sections with up to 80
data points in each single phase and from separated crystals of
the new compound for structure determination, respectively.

The new phase described in this paper belongs to the struc-
ture-type with the general formula [8]Ax

[6]By
[4]TzO14, which is

also known for some synthetic germanates (Belokoneva and
Belov 1981; Mill et al. 1982). Materials with this type of struc-
ture are countered to be of interest for many technological pur-
poses, especially laser techniques (Kaminskii et al. 1984a,
1984b). Recently, Gasparik et al. (1995) described a silicate
with the formula Na1.8Ca1.1Si6O14, which is isotypic to the
germanates mentioned above. This silicate was discovered in
high-pressure experiments between 8 and 15 GPa, whereas the
Ca3TiSi2(Al,Ti,Si)3O14 compound crystallizes at significantly*E-mail: schosnig@mailer.uni-marburg.de


