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Abstract
The equation of state of aragonite was determined by in situ synchrotron X‑ray diffraction experiments on a hot-pressed polycrystalline specimen of aragonite within its stability field up to 5.8 GPa
and 1173 K. As a complement to this experimental study, first-principle density functional theory
calculations were performed up to 20 GPa at 0 K. Thermoelastic parameters for aragonite (CaCO3)
were derived by a least-squares fit of the experimental P-V-T data to the third-order Birch-Murnaghan
equation of state (EOS), yielding the bulk modulus and its pressure and temperature derivatives K0 =
65.24 ± 0.24 GPa, Kʹ0 = 4.95 ± 0.12, (∂KT/∂T)P = –0.024 ± 0.002 GPa/K and volume thermal expansion
a300 = (6.1 ± 0.7) × 10-5 K-1. The analyses of the axial compressibility at ambient temperature show that
the c-axis is much more compressible than the a- and b-axes. Based on first-principle calculations, the
anisotropic compression behavior of aragonite structure is explained by the heterogeneous shortening
of <Ca-O> and <C-O> bond lengths and the rotation of <O-C-O> angles along the a-, b-, and c-axes,
whereas the unit-cell volume change of aragonite under compression is accommodated by comparable
compression rate of the CaO9 polyhedra and the voids in the crystal lattice. The results attained from
this study provide important thermoelastic parameters for understanding the thermodynamic behavior
and chemical reactions involving aragonite at subduction zone conditions.
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Introduction
Dissolution of carbonates is an important mechanism for
transferring carbon into the mantle and ultimately recycling
back into the atmosphere to balance the carbon flux (Kerrick
and Connolly 1998; Frezzotti et al. 2011). CaCO3 is a dominant
carbon-bearing mineral and exists widely in the crust, mainly in
pelagic marine sediments such as clay-rich marls and carbonate
ooze (Plank and Langmuir 1998). When entrained by the subducting process, the polymorphic phases of CaCO3 (e.g., calcite,
aragonite, and veterite) can be transported to deep depths in the
subduction zone (Dasgupta and Hirschmann 2010; Perchuk and
Korepanova 2011).
In recent years, the high-pressure properties and behaviors
of CaCO3 have attracted considerable interest to facilitate our
understanding of the global carbon cycle by identifying potential
carbon storage pathways in the Earth. Of particular interest is
aragonite, a phase stable at the P-T conditions corresponding
to the lower crust and the uppermost mantle, which has been
identified to be a major carbonate phase that can store oxidized
carbon in mantle-related assemblages of high-pressure metamorphic rocks (Litasov and Ohtani 2010; Grassi and Schmidt 2011).
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The thermodynamic calculation results of Kerrick and Connolly
(2001) have shown that clay-rich marls along low-temperature
geotherms at depths of <180 km have undergone virtually no
devolatilization in subduction zone; aragonite is also a main
carbon storage phase in siliceous limestones and carbonate ooze
at these depth ranges.
Previously, the behavior of aragonite at high pressures and
temperatures has been studied by infrared spectroscopy (Kraft
et al. 1991), X‑ray diffraction (Martinez et al. 1996; Santillán
and Williams 2004; Ono et al. 2005), Brillouin scattering (Liu et
al. 2005), and Raman spectroscopy (Kraft et al. 1991; Williams
et al. 1992; Gillet et al. 1993). At ambient pressure, aragonite
spontaneously reverts to calcite at temperatures above 673 K
(Carlson and Rosenfeld 1981); whereas at high pressures,
metastable phases of CaCO3, calcite II and III, have been observed within the stability field of aragonite (Merrill and Bassett
1975). Calcite III has been considered as a disordered variant of
aragonite (Fong and Nicol 1971). The phase transitions among
calcite II, calcite III, and aragonite were also identified within
the pressure of 0–6 GPa (Suito et al. 2001; Catalli and Williams
2005; Ono et al. 2005). No phase transitions were observed in
aragonite up to 30–40 GPa according to Kraft et al. (1991) and
Gillet et al. (1993). At pressures above 40 GPa, it transforms to
post-aragonite structure and remains stable at the lower mantle
pressures (Ono et al. 2005). To date, the bulk modulus and its
pressure derivative are still scattered, ranging from 64 to 88 GPa
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