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INTRODUCTION

Calcite is the dominant carbon-bearing phase in the Earthʼs 
crust, and acts as a buffer for the long-term cycling of CO2 be-
tween the atmosphere, oceans, and solid Earth. It is unsurpris-
ing, therefore, that the high-pressure stability and behavior of 
CaCO3 and related phases has attracted considerable interest. It 
is generally known that CO2 and H2O are the dominant volatile 
components in the Earthʼs mantle. Magmas originating from the 
mantle, such as MORB, hot-spot, and kimberlite, contain CO2 
gas. This carbon is supplied by subducted slabs, which include 
carbonate minerals (Marty and Jambon 1987). Recently, Kep-
pler et al. (2003) reported that the carbon solubility in olivine 
is exceedingly low. This indicates that most carbon must be 
present as a separate phase in the upper mantle. To understand 
carbon recycling in the mantle, there have been several inves-
tigations into the pressure response of the structure of CaCO3 
polymorphs, ranging from the pioneering work of Bridgman 
(1939) to recent static and dynamic high-pressure studies (e.g., 
Tyburczy and Ahrens 1986; Biellmann et al. 1993; Fiquet et al. 
1994; Martinez et al. 1995, 1996; Suito et al. 2001; Luth 2001; 
Ivanov and Deutsch 2002). It is generally known that calcite 
transforms to aragonite, which often occurs in high-pressure 
metamorphic rocks, at high P-T that correspond to the lower 
crust and the uppermost upper mantle. It is unknown whether 
aragonite transforms to a new high-pressure phase in the deep 
mantle. In this study, therefore, the high-pressure stability limit 
of aragonite was investigated using a laser-heated diamond anvil 
cell combined with a synchrotron X-ray diffraction method.

EXPERIMENTAL METHOD

High-pressure X-ray diffraction experiments were performed using a laser-
heated diamond anvil cell (LHDAC) high-pressure apparatus. Synthetic powdered 

CaCO3 (purity 99.9%) was loaded into a 50�100 μm diameter hole that was drilled 
into a rhenium gasket using an excimer laser. The CaCO3 powder was mixed with 
8 wt% platinum to absorb the laser radiation to provide a heat source, and the Pt 
was also used as an internal pressure calibrant. These were mechanically ground 
in an agate mortar for several hours to ensure homogeneity and a sufÞ ciently Þ ne 
grain size. In some experiments, NaCl was used as a pressure transmitting medium 
to reduce deviatoric stress and temperature gradients in the sample. The sample 
thickness was 10�30 μm. The samples were heated with a TEM01-mode YLF laser 
or multi-mode YAG laser to overcome potential kinetic effects on possible phase 
transitions. The size of the heating spot was about 30�100 μm. The laser beam 
was not scanned to heat the sample, because scanning causes huge temperature 
gradients and thus promotes chemical disequilibrium in the sample. The reaction 
between the sample and the rhenium gasket was negligible, as the temperatures 
of the rhenium gasket were much lower than those of the samples during the laser 
heating. The sample temperature in some experiments was measured using the 
spectroradiometric method. The spectroradiometric system consists of a thermo-
electrically cooled CCD detector (Princeton Instruments, HAM 256 × 1024) and 
a spectrograph (Acton Research, SpectraPro-150). The spectrometer allows us 
to measure a temperature proÞ le across a laser-heated spot. Temperatures were 
determined by Þ tting the thermal radiation spectrum between 600 and 800 nm to 
the Planck radiation function:

I = 2πhc2ε(λ)λ�5/[exp(hc / kλT) � 1],

where I is the spectral intensity, ε emissivity, λ wavelength, and T temperature. 
The system response was calibrated with a tungsten ribbon lamp (OL550, Optronic 
Laboratories) of known radiance. The accuracy of temperature measurement using 
spectral radiometry in the diamond anvil cell is affected by the wavelength depen-
dence of emissivity and the systemʼs optical aberration. However, no data for high 
P-T emissivity are available. Therefore, the emissivity of tungsten (De Vos 1954) 
was used to model the radiation spectrum from the heated sample. In the several 
experiments made without the spectroradiometric method, the temperature was 
estimated from the emission of the heated sample. The pressure was determined 
from the observed unit cell volume of platinum from the Pt equation of state (EOS) 
of Holmes et al. (1989), with the electronic thermal pressure correction (Tsuchiya 
and Kawamura 2002). The samples were probed using an angle-dispersive X-ray 
diffraction technique at the synchrotron beam lines BL10XU, SPring-8 (Ono et al. 
2002a) and BL13A, Photon Factory (Ono et al. 2002b) in Japan. A monochromatic 
incident X-ray beam with a wavelength of λ ∼ 0.42 Å was used. The X-ray beams 
were collimated to a diameter of 15�30 μm, and the angle-dispersive X-ray dif-
fraction patterns were obtained with an imaging plate. The observed intensities 
on the imaging plates were integrated as a function of 2θ using the ESRF Fit2d * E-mail: sono@jamstec.go.jp
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ABSTRACT

Phase transformations of calcium carbonates (CaCO3) were investigated using a laser-heated dia-
mond anvil cell combined with a synchrotron X-ray diffraction method. Calcite, which is the stable 
phase at ambient conditions, transforms to aragonite at high P-T conditions that correspond to the 
uppermost part of the upper mantle. The phase transformation from aragonite to a new form of calcium 
carbonate was observed at pressures higher than about 40 GPa, corresponding to the lower mantle. 
The new carbonate has orthorhombic symmetry (P21212) and was conÞ rmed to remain stable at least 
up to 86 GPa (2000 kilometer depth). This indicates that carbon might be stored in the new calcium 
carbonate phase in the deep mantle. 


