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abstraCt

Despite being studied for more than one century, no consensus exists regarding the ultimate 
mechanism(s) of the thermal decomposition of dolomite [(CaMg(CO3)2]. To shed light on such a re-
action, dolomite single crystals were calcined in air between 500 and 1000 °C, and in situ, in a TEM 
(high vacuum), following irradiation with the electron beam. In situ TEM shows that the decomposition 
involves the initial formation of a face centered cubic mixed oxide (Ca0.5Mg0.5O) with reactant/prod-
uct orientation relationships [001]dolomite//<111>oxide, <441>dolomite//<100>oxide, {11 20}dolomite//{110}oxide, 
{1128}dolomite//{110}oxide and {10 14}dolomite^{100}oxide~12°. This phase undergoes de-mixing into oriented 
crystals of Mg-poor CaO and Ca-poor MgO solid solutions upon long-term e-beam exposure. Ex situ 
TEM, XRD, 2D-XRD, and FESEM analyses show the formation of porous pseudomorphs made up 
of oxide nanocrystals with similar parent/product orientation relationships, but with limited Ca/Mg 
substitution (up to ~9–11%) due to de-mixing (spinodal decomposition) of the metastable (Ca,Mg)O 
precursor. High ion diffusivity at T > 500 °C (ex situ experiments) favors the formation of pure CaO 
and MgO crystals during coarsening via oriented aggregation and sintering. These results show that 
the thermal decomposition of dolomite is topotactic and independent of pCO2. Formation of Mg-calcite 
nanocrystals (up to ~8 mol% Mg) during the so-called “half decomposition” is observed at 650–750 °C. 
This transient phase formed topotactically following the reaction of CaO nanocystals (solid solution 
with ~9 mol% Mg) with CO2 present in the air and/or released upon further dolomite decomposition. 
With increasing T, Mg-calcite transformed into calcite, which underwent decomposition following the 
known topotactic relationship: {10 14}calcite//{110}CaO and <441>calcite//<110>CaO. These observations 
solve the long standing controversy on the mechanism of the “two-stage” decomposition of dolomite, 
which assumed the direct formation of calcite during the so-called “half decomposition.”
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iNtroduCtioN

The thermally induced decomposition of dolomite 
[CaMg(CO3)2] is of geological significance both at a local 
scale during meteorite impact and pyrometamorphism (Grapes 
2006) and at a large scale in subduction zones and high-grade 
metamorphism (Best 1982). Dolomite thermal decomposition is 
also of technological importance in the construction, ceramics, 
glass, iron, and steel industry, in pharmacy, as a source of CaO 
and MgO, and as a gas scrubber for pollutant gases (Siegel et 
al. 1978; De Aza et al. 2002; Cultrone et al. 2008). Due to its 
scientific and technological importance, numerous studies on 
the thermal decomposition of dolomite have been performed 
over the last 100 years (Galwey and Brown 1999; De Aza et 
al. 2002; Galai et al. 2007, and references therein). However, 
the mechanism(s) of this reaction are still poorly understood.

Depending on T and pCO2, dolomite decomposition is 
reported to follow two different paths: (1) the so-called 
“one-step” (“one-stage”) or “full-decomposition”, and (2) the 
“two-step” (“two-stage”) or “half-decomposition” routes. At 
low pCO2 [i.e., pCO2 below 0.016–0.267 bar at 685–700 °C 

(Bandi and Krapf 1976; Powell and Searcy 1978)] dolomite 
undergoes a “one-step” decomposition according to the reaction 
CaMg(CO3)2 → CaO + MgO + 2CO2 (Britton et al. 1951; Haul 
and Markus 1952; Powell and Searcy 1978; Engler et al. 1989). 
At high pCO2, the decomposition path is commonly represented 
by a “two-step” reaction, (1) CaMg(CO3)2 → CaCO3 + MgO 
+ CO2 (i.e., “half decomposition”) and (2) CaCO3 → CaO + 
CO2, which proceed sequentially at a T that depends on the 
experimental conditions (pCO2, crystal size, sample mass, and 
heating rate) (Lange and Roesky 1964; Milodowski et al. 1989; 
De Aza et al. 2002). Whereas the mechanism of decomposi-
tion of CaCO3 according to reaction 2 is now well understood 
(Rodriguez-Navarro et al. 2009), the so-called “half decomposi-
tion” or “half calcination” of dolomite (reaction 1) has been, 
and still is a matter of strong controversy. Several, mutually 
excluding mechanistic models have been proposed for such a 
reaction. (1) Dissociation into the pure carbonates CaMg(CO3)2 
→ CaCO3 + MgCO3 and successive decomposition of MgCO3 
into MgO and CO2 (Samtani et al. 2001). (2) A formation of a 
“mixed crystal” between calcite and magnesite following the 
reaction CaMg(CO3)2 → CaCO3(1 – n)MgCO3 + nMgO + nCO2, 
where n increases from 0 to 1 with time (Hashimoto et al. 1980) * E-mail: carlosrn@ugr.es


