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abStract

Dolomite occurs in a wide range of rock compositions, from peridotites to mafic eclogites and 
metasediments, up to mantle depths of more than 200 km. At low-temperatures dolomite is ordered 
(R3), but transforms with increasing temperature into a disordered higher symmetry structure (R3c).

To understand the thermodynamics of dolomite, we have investigated temperature, pressure, kinet-
ics, and compositional dependence of the disordering process in Fe-bearing dolomites. To avoid quench 
effects, in situ X-ray powder diffraction experiments were performed at 300–1350 K and 2.6–4.2 GPa. 
The long-range order parameter s, quantifying the degree of ordering, has been determined using 
structural parameters from Rietveld refinement and the normalized peak area variation of superstruc-
ture Bragg peaks characterizing structural ordering/disordering. Time-series experiments show that 
disordering occurs in 20–30 min at 858 K and in a few minutes at temperatures ≥999 K. The order 
parameter decreases with increasing temperature and XFe. Complete disorder is attained in dolomite 
at ∼1240 K, 100–220 K lower than previously thought, and in an ankeritic-dolomites.s. with an XFe 
of 0.43 at temperatures as low as ∼900 K. The temperature-composition dependence of the disorder 
process was fitted with a phenomenological approach intermediate between the Landau theory and 
the Bragg-Williams model and predicts complete disorder in pure ankerite to occur already at ∼470 K.

The relatively low-temperature experiments of this study also constrain the breakdown of dolomite 
to aragonite+Fe-bearing magnesite at 4.2 GPa to temperature lower than ∼800 K favoring an almost 
straight Clapeyron-slope for this disputed reaction.
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introduction

Natural evidence, experimental studies, and phase equilibria 
calculations demonstrate that carbonates are stable in the mantle 
and in most crustal bulk compositions for a wide range of P, 
T, and fO2. Even though the composition of carbonates in CO2-
bearing systems is very dependent on temperature, pressure, 
and bulk composition, carbonates with dolomitic composition 
are generally stable at pressure up to 2.7–3 GPa in peridotites 
(Wallace and Green 1988; Falloon and Green 1989; Dasgupta 
and Hirschmann 2006; Tumiati et al. 2012), to 2–7 GPa in mafic 
eclogites (Molina and Poli 2000; Hammouda 2003; Yaxley and 
Brey 2004; Dasgupta et al. 2004, 2005; Poli et al. 2009) and to 8 
GPa in carbonated metapelites (Grassi and Schmidt 2011). Nev-
ertheless, dolomite is not the only stable carbonate at pressures 
lower than 6 GPa; the pair dolomite+magnesite, for example, 
has been synthesized by Molina and Poli (2000), Dasgupta et al. 
(2004), and Poli et al. (2009) up to 4.5 GPa in carbonate bearing 
mafic eclogites.

The pressure stability of dolomite to high pressure is confined 
by the reaction dolomite = magnesite+aragonite. In a composi-
tional space approaching the pure system CaO-MgO-CO2, this 
reaction occurs at >5 GPa at temperatures ≥1100–1200 K but the 
different studies yielded large discrepancies in the position and 
the dP/dT slope of the reaction at <5 GPa: the studies of Martinez 

et al. (1996), Sato and Katsura (2001), and Morlidge et al. (2006) 
found a straight Clapeyron slope of ∼7.5 MPa/K for this reaction, 
while others have a slightly steeper slope of 12 MPa/K at >1200 
K and a sharp bent to a P-T slope of <2 MPa/K at <1000 K (Luth 
2001; Shirasaka et al. 2002; Buob et al. 2006). Hammouda et 
al. (2011) found a similar high-temperature slope, but a moder-
ate bent to a slope of ∼3.3 MPa/K at <1000 K. Whether or not 
the proposed change in slope near 5 GPa (Luth 2001; Buob et 
al. 2006) and the exact P-T position of this reaction might be 
ascribed to dolomite impurities and/or ordering phenomena has 
still to be largely explored.

Complex solid solution relations between disordered “calcite 
like” structures (R3c) and ordered “dolomite like” structures 
(R3) characterize the carbonates. The structure of the ordered 
compound (i.e., dolomite) is made of alternating layers of Ca2+ 
and Mg2+ in octahedral coordination, intercalated by planar 
CO3

2– groups, defining M1 and M2 sites, which can preferentially 
host Ca or Mg, respectively. With increasing temperature Ca and 
Mg exchange between the two octahedral sites up to the critical 
temperature, where M1 and M2 become undistinguishable and 
the disordered higher symmetry structure R3c becomes stable. 
The degree of ordering can be quantified with the long-range 
order (LRO) parameter s = 2XM

C
1
a–1, where XM

C
1
a is the mole fraction 

of Ca hosted in the M1 site. The long-range order parameter s 
varies between 1 at low temperature, when the structure is per-
fectly ordered, and 0 above the critical temperature (Tc), when 
the structure is completely disordered.* E-mail: stefano.poli@unimi.it 


