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INTRODUCTION

To understand the carbon circulation in the Earth�s system, 
we need to know the high-pressure behavior of carbonates (e.g., 
MgCO3 and CaCO3), because a large volume of carbonate rocks 
sink into the deep mantle at subduction zones. Theoretical calcu-
lations on the behavior of MgCO3 and CaCO3 at high pressures 
(Skorodumova et al. 2005; Oganov et al. 2006) predict that both 
carbonates will transform into a pyroxene-type structure. The 
transition pressures of MgCO3 and CaCO3 were calculated to be 
100 and 137 GPa, respectively (Oganov et al. 2006). However, 
no evidence of these high-pressure phases has been observed in 
high-pressure X-ray diffraction studies. Magnesite (MgCO3) is 
stable from the Earth�s surface to the mid-lower mantle (Fiquet 
et al. 2002). The high-pressure phase of MgCO3 (>100 GPa) 
observed in experiments (Isshiki et al. 2004) is different from that 
predicted by calculations (Skorodumova et al. 2005; Oganov et 
al. 2006). In contrast, the high-pressure phase of CaCO3 (>100 
GPa) has not been investigated in high-pressure experiments.

Calcite phase transitions under static and dynamic compres-
sion have been performed in many studies. The pioneering work 
of Bridgman (1939) indicated that two polymorphs of calcite 
(CaCO3) exist at high pressures. Several investigations into the 
pressure response of the structure of calcite have followed (Ja-
mieson 1957; Ahrens and Gregson 1964; Fong and Nicol 1971; 
Merrill and Bassett 1975; Singh and Kennedy 1974; Tyburczy 
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ABSTRACT

Calcite, CaCO3, is a common carbon-bearing mineral found on the Earth�s surface. As carbon 
dioxide in the atmosphere can be sequestered in carbon-bearing minerals (carbonates), the stabil-
ity of carbonate minerals is of great interest to earth science. In our study, in-situ X-ray diffraction 
observations indicate that calcium carbonate (CaCO3) transforms to an orthopyroxene-type structure 
that has fourfold coordination of carbon cations, when heated to temperatures >1500 K at pressures 
>130 GPa, which is in agreement with theoretical predictions from ab initio calculations. The volume 
reduction of this transition is ~0.5%, and the high-pressure phase did not quench on decompression 
to ambient pressure. Although the post-aragonite phase, which has threefold coordination of carbon 
cations, shows strongly anisotropic compressibility of each axis of the unit-cell parameter, no obvi-
ous anisotropy in the pyroxene-type phase was observed. The stability of this new calcium carbonate 
implies that the carbon dioxide could be storable at the base of the lower mantle.
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and Ahrens 1986; Liu and Mernagh 1990; Biellmannet al. 1993; 
Fiquet et al. 1994; Suito et al. 2001; Ivanov and Deutsch 2002). 
Aragonite (CaCO3) is known to be a more important phase at 
pressures corresponding to the mantle. Therefore, the stability 
and structure of aragonite at high pressures were also investi-
gated by many researchers (Vizgirda and Ahrens 1982; Kraft 
et al. 1991; Santillán et al. 2004; Ono et al. 2005a). Recently, 
both theoretical and experimental studies conÞ rmed that the 
structure of the post-aragonite phase is orthorhombic (space 
group Pmmn) at pressures higher than ~40 GPa (Oganov et al. 
2006; Ono et al. 2005a).

In this study, we conducted laser-heated diamond anvil cell 
experiments combined with X-rays from a synchrotron radia-
tion source to acquire data on CaCO3 phases at high pressures 
up to 192 GPa. We report the results of in situ X-ray powder 
observations of a new orthorhombic CaCO3 phase identiÞ ed 
here for the Þ rst time.

EXPERIMENTAL METHODS
To clarify whether a structural phase transition occurs, we carried out a high-

pressure an in situ X-ray diffraction study of CaCO3 heated to temperatures >1500 
K, corresponding to temperatures in the Earth�s mantle for P > 100 GPa. Heating 
carbonate samples is often necessary to overcome any kinetic barriers to phase 
transitions (Ono et al. 2005a). Our sample consisted of polycrystalline calcite mixed 
with platinum (8 wt%), which acted as both an absorber of the laser beam power 
for heating and as a pressure standard (Holmes et al. 1989). Rhenium gaskets were 
pre-indented to a thickness of 40 μm and then drilled to give a 50 μm hole. The 
sample pellet was loaded into a motor-driven diamond anvil cell with a 50° conical 
aperture (Ono et al. 2007). The samples were heated with a TEM01-mode Nd:YLF 
laser or a multimode Nd:YAG laser. Sample temperatures were measured using 
a spectroradiometric method, which consists of a thermoelectrically cooled CCD 


