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abstract

The high-pressure phase relation of MnSiO3 was examined up to 85 GPa and 2600 K using a laser-
heated diamond-anvil cell combined with synchrotron radiation. MnSiO3 garnet decomposes into a 
mixture of MnO with a rock-salt structure (B1) + SiO2 stishovite at pressures higher than ~20 GPa 
and temperatures higher than ~1200 K. However, MnO (B1) + SiO2 stishovite further transforms to 
a perovskite structure with increasing pressure. The phase boundary between these structures is posi-
tive in the pressure-temperature diagram. The triple point of garnet, MnO + SiO2 and perovskite in 
the pressure-temperature diagram is ~20 GPa and 1200 K. MnSiO3 perovskite is orthorhombic, and 
consistent with space group Pbnm, both at high pressure and high temperature and at high pressure 
and room temperature, but becomes amorphous during decompression. The refined cell parameters of 
MnSiO3 perovskite at 85 GPa and 2600 K are a = 4.616(2) Å, b = 4.653(2) Å, c = 6.574(3) Å, and V 
= 141.2(2) Å3. The a/b ratio increases (approaches 1) with pressure and temperature, while the √2a/c 
ratio remains nearly constant (<1). This indicates that the orthorhombic distortion decreases and the 
structure tends toward a tetragonal perovskite with increasing pressure and temperature. 
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introDuction

MnSiO3 compounds are interesting models for the high-
pressure behavior of MgSiO3, FeSiO3, and CaSiO3 in the Earth’s 
deep interior, because the ionic radius of Mn is intermediate 
between those of Mg and Ca and close to that of Fe (Shannon 
1976). MnSiO3 is stable as rhodonite, having a pyroxenoid 
structure with space group P1 (Narita et al. 1977) at ambient 
conditions. It has many high-pressure polymorphs. At 1273 
K, MnSiO3 rhodonite transforms to pyroxmangite at 4 GPa, 
to clinopyroxene at 8 GPa, and to garnet at 13 GPa (Akimoto 
and Syono 1972). Pyroxmangite also has a pyroxenoid struc-
ture with space group P1 (Narita et al. 1977). Tokonami et al. 
(1979) reported MnSiO3 clinopyroxene at atmospheric pressure 
as a P21/c structure, and Arlt et al. (1998) found the P21/c-C2/c 
phase transition for MnSiO3 clinopyroxene at 2.9 GPa and room 
temperature. MnSiO3 garnet was analyzed as tetragonal garnet 
with space group I41/a (Fujino et al. 1986). 

Regarding the stable forms of MnSiO3 at higher pressures, 
Liu (1976) reported that MnSiO3 garnet decomposes into MnO 
with a rock-salt structure (space group Fm3m, hereafter referred 
to as the B1 structure) + SiO2 stishovite with a rutile structure 
(space group P42/mnm ) at 26 GPa and from 1673 to 2073 K. 
Ito and Matsui (1977) also reported the stable assemblage of the 
same oxide mixture at 22 GPa and 1273 K. 

However, the stable form of MnSiO3 at higher pressures 

has not been determined. It is of particular interest to know 
whether MnSiO3 has a perovskite structure, because the Gold-
schmidt’s tolerance factor tf of MnSiO3 (0.927) is appropriate 
for the perovskite structure since it is between those of MgSiO3 
(0.900) and CaSiO3 (0.990), both structures having a perovskite 
structure (ionic radii used were taken from Shannon 1976). Here, 
the Goldschmidt’s tolerance factor is defined as tf = (rA + rO )/
[√2(rB + rO)], where rA, rB, and rO are the ionic radii of eightfold 
A cation, sixfold B cation, and oxygen, respectively, in ABO3 
compounds (Leinenweber et al. 1991). In this study, we aimed to 
clarify the high-pressure phase relation of MnSiO3 at pressures 
up to 85 GPa, with a focus on whether MnSiO3 has a perovskite 
structure, using a laser-heated diamond anvil cell (LHDAC) 
combined with synchrotron radiation. 

experimental methoDs

Starting materials 
Synthetic rhodonite was used as the starting material for the LHDAC ex-

periments. Rhodonite was synthesized by the intimate mixing of MnO2 and SiO2 
reagents in stoichiometric proportions, forming a tablet and heating the tablet hung 
by a Pt wire at 1523 K for 30 h. The oxygen partial pressure was controlled to 
conform to Mn2+ by a gas mixing technique using CO2-H2 gas with PCO2

/PH2
 = 2. 

The synthesized material was confirmed to be single-phase rhodonite by powder 
X-ray diffractometry.

Laser-heated diamond anvil cell experiments
The rhodonite starting material was ground to a fine powder, and for some cases 

it was mixed with gold, which served as the internal pressure standard for the high-
pressure and high-temperature in situ X-ray diffraction experiments. The starting * E-mail: kiyoshi-fujino@mail.sci.hokudai.ac.jp


