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abstract

To determine the phase boundary between the perovskite and post-perovskite structures in MnGeO3, 
in situ X-ray observations were carried out at pressures of 57–68 GPa and temperatures of 1000–1900 
K using the Kawai-type high-pressure apparatus equipped with sintered diamond anvils interfaced 
with synchrotron radiation. The phase boundary was determined to be P (GPa) = 39.2 + 0.013T (K) 
based on Tsuchiya’s (2003) gold pressure scale. The Clapeyron slope, dP/dT, of 13(+12/–5) MPa/K, 
determined in the present study is larger that of MgGeO3 and MgSiO3. 
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introDuction

The nature of the (Mg,Fe)SiO3 compound is important to 
understand the dynamics of the lower mantle, because it is 
predominantly composed of (Mg,Fe)SiO3-perovskite (Pv), 
which occupies the volume of the lower mantle to ~75%, and 
ferro-periclase, (Mg,Fe)O. Recently, Murakami et al. (2004) first 
reported the pressure-induced phase transformation in MgSiO3 
from Pv structure to a higher pressure phase with the CaIrO3 type 
structure named “post-perovskite” (PPv) at 120 GPa and 2300 K 
by using a laser-heated diamond anvil cell (LHDAC). Therefore, 
it has been widely accepted that the ubiquitous presence of the 
PPv phase at the bottom of the lower mantle is responsible for for-
mation of the D″ layer. Many seismic anomalies such as velocity 
jumps and anisotropy observed in the D″ layer (e.g., Wysession 
et al. 1998; Panning and Romanowicz 2004) can be explained 
by the physical properties of the PPv phase (Iitaka et al. 2004; 
Murakami et al. 2007a, 2007b; Merkel et al. 2007; Yamazaki et 
al. 2006a). In this context, the Clapeyron slope, dP/dT, of the 
phase boundary between Pv and PPv is likely to play an important 
role in the structure and dynamics of the D″ layer (e.g., van der 
Hilst et al. 2007). The Clapeyron slope of the phase boundary has 
not been experimentally well defined in LHDAC experiments 
mostly due to large uncertainty in temperature determination and 
the resultant large uncertainty in pressure estimation, although 
experimental conditions have been expanded to 4400 K and 150 
GPa (Tateno et al. 2009).

Ringwood (1970) emphasized that MnGeO3 is the best 
model of MgSiO3 because the ratio of ionic radii of Mn/Ge is 
close to that of Mg/Si (tolerance factors = 0.85–0.90). MnGeO3 

actually exhibits a similar transition sequence to that of MgSiO3 
with increasing pressure but at substantially lower pressures. 
MnGeO3 has the orthopyroxene structure at ambient conditions 
and transforms to clinopyroxene between 1.5 and 2.5 GPa and to 
the ilmenite structure at 3 GPa (Ringwood and Seabrook 1963). 
Ilmenite further transforms to the orthorhombic Pv structure at 
~12 GPa (Yamazaki et al. 2007). The Pv sustains its structure to 
~60 GPa (Yamazaki et al. 2006b), and then transforms to the PPv 
structure (Tateno et al. 2006). In addition to the similar transition 
sequence, MgSiO3 and MnGeO3 show similar Clapeyron slopes 
for the phase transition from ilmenite to Pv (Ono et al. 2001; 
Yamazaki et al. 2007).

Although the maximum attainable pressure using the Kawai-
type multianvil apparatus (KMA) has been extended to high 
pressures with use of sintered diamond (SD) anvils, and recently 
attained pressures higher than 90 GPa (Ito et al. 2010), we can-
not yet observe the phase transition of Pv to PPv in MgSiO3. 
Nevertheless, we can determine the phase boundary precisely up 
to ~90 GPa by using the KMA with SD anvils because tempera-
ture is controlled better than using a LHDAC. In this study, we 
determined the phase boundary between Pv and PPv in MnGeO3 
by using the KMA equipped with SD anvils at 57–68 GPa and 
1300–1900 K by in situ X-ray observation.

eXperimental methoDs
We used the multi-anvil high-pressure system (Kawai-type cell) composed of 

eight cubic second-stage SD anvils with an edge length of 14 mm and truncated 
edge lengths (TEL) of 1.0 or 1.5 mm. For in situ X-ray observations, the Kawai-
type cell was compressed using a DIA type press (SPEED-Mk.II; Katsura et al. 
2004) installed on the beamline BL04B1 of SPring-8. The high-pressure system 
is combined with a synchrotron radiation source and the energy-dispersive X-ray 
diffraction system with a Ge solid-state detector (SSD) and a charge coupled devise 
(CCD) camera for radiographic imaging of the sample. A polychromatic X-ray 
beam collimated to the dimensions of 50 µm horizontally ×100 µm vertically was * E-mail: dy@misasa.okayama-u.ac.jp


