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abSTracT

A recent force field model is used in this paper to analyze, with a nano-scale simulation, the structural 
and the vibrational properties of a rock system under the application of various high pressures. Our 
results show that this model reproduces accurately the equilibrium structural properties for calcite, 
gives comparable results for aragonite with the observed data, and predicts the structural, elastic and 
vibrational properties of the post-aragonite phase.

In addition, we show that the transition from the aragonite to the post-aragonite phase appears at a 
transition pressure of 35.2 GPa. The longitudinal wave velocity increases rapidly by a factor of 1.71. 
In contrast the shear wave velocity increases very slowly up to the transition pressure, and thereafter 
increases rapidly, changing by 45% to 80 GPa. In addition, our calculations for the vibrational prop-
erties show that with the new potential model presented here, we observe a softening mode in the 
Γ-F direction. The phonon frequencies of the post-aragonite phase show more modes than for calcite 
and aragonite.
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iNTroducTioN

The alkaline earth carbonates have been a subject of consid-
erable interest in the Earth sciences because they are the most 
abundant C-bearing species in the crust, and they represent a 
major reservoir for C within the Earth’s mantle (Berg 1986; 
Canil 1990; Katsura and Ito 1990; Kraft et al. 1991). Among such 
carbonates, calcite (CaCO3) is one of the most abundant mineral 
species on the surface of this planet and is stable at ambient 
conditions. It occurs in biogenic and inorganically precipitated 
sediments and sedimentary rocks. Calcite represents a prototype 
that has shown extensive high-pressure polymorphism. Several 
forms have been reported: calcite II, III, IV, and V. Calcite is 
observed to transform to the metastable phases CaCO3 (II) at 
14.5 kbar and CaCO3 (III) at 18.5 kbar. High-pressure vibrational 
spectroscopic studies are able to identify unequivocally these 
phase transformations by the sudden appearance or disappear-
ance of lines in the vibrational spectrum (Fong and Nicol 1971; 
Adams and Williams 1980; Hess 1990).

Theory and experiment can fruitfully complement each other 
in the search for new high-pressure phases. Atomistic simulations 
in the Earth and material sciences allow observation of processes 
on the atomic scale, where direct laboratory measurements are 
difficult or impossible to perform. The improving technology in 
both code and computer speed allow the creation of larger, more 
accurate, models from which better understanding of processes 
can be obtained.

Many works have been published using empirical models 

to explore the bulk and surface properties of CaCO3 at ambient 
conditions (Paverse 1992; Dove 1992; Catti 1993; Catti and 
Paverse 1997). Molecular mechanics studies based on rigid ion 
and shell models were used in these to calculate the elastic and 
optical properties of CaCO3.

Parker et al. (1993), using an atomistic model, examined the 
surface precipitation and dissolution processes. On the other 
hand, Fisler et al. (2000) used the shell model to simulate the 
rhombohedral carbonates and their point defects. Archer et al. 
(2003) developed a new empirical potential to study the first-
order phase transition between calcite I and calcite II. In 2003, 
Rohl et al. (2003) developed a new, more accurate force field 
for calcite that corrects deficiencies of previous models. They 
calculate the structure of the gas phase species, as well as the 
bulk and surface properties of calcite and aragonite.

Recently, Oganov et al. (2006) studied, using both high-
pressure experiments and a combination of advanced ab initio 
simulation techniques, the post-aragonite crystal structure of 
CaCO3. They found a novel stable structure for CaCO3 between 
42 and 137 GPa. Their simulations showed that triangular CO3

2– 
ions are stable under pressure. On the other hand, Arapan et al. 
(2007) obtained, using ab initio calculations, a new high-pressure 
modified-aragonite phase of CaCO3, which possesses the same 
space group as aragonite, a higher coordination number for Ca 
ions, and a higher coordination number for C through formation 
of sp3 bonds.

The main aim of this work is to shed light on the mechanism 
of high-pressure phase transitions in CaCO3 from aragonite to 
the post-aragonite phase from a theoretical point of view. We 
previously studied the equivalent kind of problem for different * E-mail: azaoui@polytech-lille.fr


