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INTRODUCTION

Recent seismological discoveries have indicated that the 
core-mantle boundary is likely to have more complex features 
than the simple boundary between the silicate mantle and liquid 
iron. There is an abrupt reduction in seismic wave velocity at the 
bottom of the lower mantle, which is called the �ultralow-velocity 
zone� (Mori and Helmberger 1995; Reasoner and Revenaugh 
2000; Rost and Revenaugh 2003; Thorne and Garnero 2004). 
Some candidate explanations of this ultralow-velocity zone 
have been proposed. Partial melting of the mantle rock (Vidale 
and Hedlin 1998), chemical reactions between core and mantle 
materials (Song and Ahrens 1994), or underside sedimentation 
from the core (Buffett et al. 2000) seem to be plausible. Recently, 
several new models explaining the features of the ultralow-ve-
locity zone have been proposed. (1) An iron-rich CaIrO3-type 
(post-perovskite) phase layer exists at the bottom of the D� layer 
(Mao et al. 2004). (2) Subducted relics of banded iron formations 
have accumulated above the core (Dobson and Brodholt 2005). 
(3) A reversed phase transition from a CaIrO3-type phase to a 
perovskite phase occurs at the top of the ultralow-velocity zone 
(Hernlund et al. 2005; Ono and Oganov 2005). The thermoelastic 
properties of the deep mantle minerals are key parameters for 
resolving the origin of the ultralow-velocity zone. Recently, the 
discovery of CaIrO3-type MgSiO3 was prompted by the observa-
tion of CaIrO3-type Fe2O3 (Ono et al. 2004), which transforms 
from corundum to the Rh2O3-type or perovskite phase and then 
to the CaIrO3-type phase under increasing pressure. The transi-
tion pressures from perovskite to the CaIrO3-type phase in pure 
MgSiO3 and in material equivalent in composition to pyrolite 
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ABSTRACT

The structure and equation of state for CaIrO3-type MgSiO3 were determined using high-pressure 
powder X-ray diffraction from 116 to 144 GPa. The CaIrO3-type phase remained stable over this 
entire pressure range. At each pressure increment, the sample was heated with a laser to relax the 
deviatoric stress in the sample. Pressure-volume data could be Þ tted to the Birch-Murnaghan equation 
of state with K0 = 237(1) GPa using Anderson�s gold pressure standard, when K0' and V0 were set to 
4 and 162.86 Å3, respectively. This indicates that the bulk modulus of MgSiO3 decreases when the 
phase transition occurs, because the bulk modulus of perovskite-type MgSiO3 is 250�260 GPa. The 
b axis of the unit-cell parameter was more compressive than the a and c axes. The unit-cell volumes 
at high pressures, observed in high-pressure experiments, were slightly smaller than those predicted 
by theoretical studies. 
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mantle have been determined by both theoretical and experimen-
tal studies (Oganov and Ono 2004; Tsuchiya et al. 2004; Ono 
and Oganov 2005). Theoretical studies have also determined the 
thermoelastic parameters of the CaIrO3-type phase. Although the 
thermoelastic parameters are important in assessing these new 
models of the ultralow-velocity zone, these parameters have not 
been determined in high-pressure experiments.

In this study, we used laser heating and powder X-ray diffrac-
tion methods with a synchrotron radiation source. The isothermal 
bulk modulus of CaIrO3-type MgSiO3 was determined at room 
temperature using pressure-volume data up to 144 GPa. We also 
compare the structural properties predicted theoretically by ab 
initio calculations with those observed in this study. 

EXPERIMENTAL METHODS

High-pressure X-ray diffraction experiments were performed using a laser-
heated symmetrical-type diamond anvil cell (DAC) with a 50° conical aperture 
combined with synchrotron radiation. Synthetic MgSiO3 enstatite was mechanically 
ground in an agate mortar to ensure homogeneity and a sufÞ ciently Þ ne grain size 
(less than a few micrometers). Gold powder, mixed with the sample, was used as 
an internal pressure calibrant and a heat source for laser heating. NaCl was used 
as a pressure-transmitting medium to reduce deviatoric stress and temperature 
gradients in the sample. A small pellet of the sample, with a thickness of about 
10 µm, was produced using a hand press. The sample was embedded in the NaCl 
pressure-transmitting medium. The sample was heated with a multi-mode YAG 
laser to synthesize the CaIrO3-type phase. The size of the heating spot was about 
50 µm. After each change in pressure, the sample was heated using the YAG laser 
to reduce the generation of pressure inhomogeneity in the sample. After laser heat-
ing, the shape of each peak in the diffraction pattern became signiÞ cantly sharper. 
This indicates that heating reduced the deviatoric stress in the sample chamber. 
Some reliable studies of equations of state for high-pressure minerals have been 
reported using this laser-heated annealing method (Shim et al. 2000; Andrault et 
al. 2003). The samples were probed with an angle-dispersive diffraction technique 
using a monochromatic incident X-ray beam at the synchrotron beam lines BL13A, 
Photon Factory (Ono et al. 2005a) and BL10XU, SPring-8 (Ono et al. 2005b). 


