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ABSTRACT

Single crystals of MnSiO(SiO4) with the titanite structure together with MnSiO3 clino-
pyroxene were synthesized from a MnO-SiO2 oxide mixture at 1000 8C and 9.2 GPa in a
multi-anvil press. The crystal structure of MnSi2O5 [space group C2/c, a 5 6.332(1) Å, b
5 8.161(1) Å, c 5 6.583(1) Å, b 5 114.459(3)8, and V 5 309.66 Å3] was refined at room
temperature from single-crystal X-ray data to R1 5 2.23%. The monoclinic MnSi2O5 phase
has the titanite aristotype structure and is similar to the monoclinic Ca-analogue CaSi2O5.
Si occurs in compressed octahedral coordination, replacing Ti in titanite, and in tetrahedral
coordination as an orthosilicate group. Mn has a distorted sevenfold coordination with Mn-
O distances between 2.086 and 2.365 Å.

INTRODUCTION

The binary phases in the system MnO-SiO2 are braun-
ite, tephroite, rhodonite, and pyroxmangite: These min-
erals are well known in natural metamorphic manganese
deposits (e.g., Abs-Wurmbach et al. 1983). At high pres-
sure, the olivine tephroite (Mn2SiO4) is stable up to 14
GPa (Ito et al. 1974) whereas the pyroxenoids (MnSiO3)
transform to clinopyroxene at 7 GPa and 1000 8C (Aki-
moto et al. 1972). At pressures above 12.5 GPa, a tetrag-
onal majorite-like garnet Mn3(MnSi)(SiO4)3 is known in
which Si occupies both the tetrahedral position and the
sixfold-coordinated octahedral Y position (Akimoto et al.
1972; Fujino et al. 1986). No Si-richer phase than Mn
SiO3 has been reported so far in the MnO-SiO2 system.
However, in the CaO-SiO2 system, Kanzaki et al. (1991)
identified b-Ca2SiO4 (larnite) and a phase CaSi2O5 with a
titanite-like structure by powder X-ray diffraction. From
the shift of 29Si MAS NMR peaks, the authors suggested
that octahedral Si replaces Ti in titanite-type CaSi2O5. The
stability field of CaSi2O5 has been found to lie above 9.2
GPa at 1000 8C, limited by the breakdown to Ca-perov-
skite and stishovite at approximately 12 GPa (Gasparik
et al. 1994; Wang and Weidner 1994; Kubo et al. 1997).
At room conditions, the crystal structure of CaSi2O5 was
solved by Angel et al. (1996) to be triclinic with Si in
fourfold-, fivefold-, and sixfold-coordinated sites. Re-
cently, this triclinic structure has been found to transform
to monoclinic (space group A2/a) at room temperature
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and approximately 0.2 GPa. The structure type of mono-
clinic CaSi2O5 is that of the titanite aristotype (Angel
1997). The A2/a space group (C2/c in standard setting)
of titanite is also exhibited by the mineral malayaite
CaSnSiO5 at room conditions (Higgins and Ross 1977;
Groth et al. 1996; Kunz et al. 1997) and is found in pure
titanite CaTiSiO5 at high temperature (Taylor and Brown
1976; Kek et al. 1997), high pressure (Kunz et al. 1996),
and ambient conditions in partially substituted natural ti-
tanite (Oberti et al. 1991; Hughes et al. 1997).

EXPERIMENTAL TECHNIQUE

The starting material used for the synthesis of MnSi2O5

‘‘titanite’’ consisted of a 1:1.25 mol% mixture of MnO
(Aldrich, 99%) and SiO2 (Johnson Matthey, Specpure).
Approximately 4 mg of finely ground oxide mix and 0.2
ml of H2O (added by micro-syringe) were welded into a
platinum capsule of 1.6 mm outer diameter.

The synthesis was performed at 9.2 6 0.2 GPa pressure
and 1000 8C for 32 h in a Walker-type multi-anvil ap-
paratus (Walker et al. 1990). Tungsten-carbide cubes with
truncated edge lengths of 12 mm were used. The pressure
transmitting octahedron and gasket-fins are fabricated
from MgO-based castable ceramics (Ceramcast 584), and
were fired at 1150 8C for at least 10 h. Stepped graphite
heaters of 3.5 mm outer diameter were used to minimize
thermal gradients. Pressure calibration is based on the fol-
lowing phase transitions: garnet-perovskite in CaGeO3

(6.1 GPa at 1000 8C, Susaki et al. 1985), rutile-b-PbO2

structure in TiO2 (7.7 GPa at 1100 8C, Akaogi et al.


