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Phase relations of CaCO3 at high pressure and high temperature
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ABSTRACT
Phase transitions in calcite, a naturally occurring crystalline form of CaCO3, have been investigated by three different experimental techniques: (1) in-situ X-ray diffraction (XRD) using synchrotron radiation to 6 GPa and 1750 °C in a cubic anvil press; (2) Raman scattering to 10 GPa at room
temperature using a diamond-anvil cell; and (3) post-compression XRD on samples retrieved after
heat treatment at temperatures to 2000 °C and pressures to 9 GPa in an octahedral anvil press. At
room temperature, calcite I transformed into calcite II at 1.7 GPa and then to calcite III at ~2 GPa.
Calcite III persisted to at least 10 GPa. Elevation of temperature at 3, 4, and 6 GPa caused a sequence
of transitions: calcite III → aragonite → disordered calcite → liquid, and aragonite was retained upon
rapid cooling of the liquid. The melting curve of disordered calcite increased with pressure following
a relation: Tm (°C) = 1338 + 82 P – 2.9 P2 where P is in units of GPa.

INTRODUCTION
In nature, calcium carbonate (CaCO3) occurs in three structural forms: rhombohedral calcite, orthorhombic aragonite, and
hexagonal vaterite. Calcite is stable at atmospheric pressure,
whereas aragonite is thermodynamically stable under pressure
but can be retained to ambient conditions. The stability field of
vaterite is not well established.
Various laboratory experiments have revealed that calcite
exists in five different modifications (calcite I, II, III, IV, and
V) over ranges of pressure and temperature (Mirwald 1976;
Liu and Bassett 1986). (For clarification we will refer to ordinary rhombohedral calcite as calcite I in this paper.) The first
finding of the high-pressure phases of calcite (calcite II and
III) by Bridgman (1938) using volumetric measurements was
later substantiated by XRD (Jamieson 1957; Davis 1964; Merrill
and Bassett 1972, 1975; Bassett and Merrill 1973; Merrill 1974),
Raman scattering (Fong and Nicol 1971; Nicol and Ellenson
1972; Liu and Mernagh 1990; Hess et al. 1991; Williems et al.
1992), ultrasonic (Wang 1968; Kondo et al. 1972; Vo Thanh
and Lacam 1984), electrical resistance (Jamieson 1953), and
volumetric (Singh and Kennedy 1974) measurements. These
studies have shown that the calcite I → calcite II transition
takes place at about 1.5 GPa. The transition from the rhombo–
hedral (R3 c) to the monoclinic (P21/c) structure is of the
displacive type with a density increase of about 2.2%, involving a rotation of the CO–32 planar groups and a small displacement of the Ca2+ cations (Hatch and Merrill 1981). The transition
from calcite II to calcite III occurs at about 2.0 GPa. The structure of calcite II has been the subject of some controversy; a
monoclinic structure (Merrill and Bassett 1972; Smyth and
Ahrens 1997) and an orthorhombic structure (Davis 1964;
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Fiquet et al. 1994) have been suggested. In addition to calcite
II and III, high-pressure and high-temperature phases labeled
calcite IV and V have been found and these phases are commonly called disordered calcite, owing to the orientational disorder of the CO–32 (Johansens and Puhan 1971; Cohen and
Klement 1973; Reeder and Wend 1983; Dove and Powell 1989;
Redfern et al. 1989; Fiquet et al. 1994).
Almost all previous experiments on the phase relations of
CaCO3 were limited to pressures below about 4 GPa. Recently
CaCO3 was shown to be useful as a catalyst/solvent for synthesis of diamond from graphite at about 8 GPa and above 2000
°C (Akaishi et al. 1990). Furthermore, with CaCO3 as a catalyst, diamond crystals were grown on the faces of diamond
seed crystals at 5.5 GPa and 1600~1800 °C (Kanda et al. 1991).
Hence it is necessary to clarify the phase relations of CaCO3 at
pressures beyond 4 GPa to understand the mechanisms of the
nucleation and growth involved in the diamond formation in
the presence of CaCO3.
In the present study, the phase relations of CaCO3 have been
studied at multiple P-T points using various high-pressure techniques. These include synchrotron X-ray diffraction using a
cubic anvil press, Raman scattering using a diamond-anvil cell,
and post compression XRD on samples retrieved after heat treatment in an octahedral anvil press. The phase relations among
calcite III, aragonite, disordered calcite (calcite IV, V), and liquid between 2 and 10 GPa and to 2000 °C have been delineated.

EXPERIMENTAL METHODS
Samples
Synthetic and natural calcite (i.e., calcite I) were used as
starting materials. The synthetic sample was of reagent-grade

