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Calorimetric studies of the energetics of order-disorder in the system Mg1–xFexCa(CO3)2
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INTRODUCTION

Substitution of Fe for Mg in dolomite, ordered CaMg(CO3)2,
results in a solid solution, the more iron-rich part of which is
referred to as ankerite. However, the solid solution is incom-
plete (Goldsmith et al. 1962; Reeder and Dollase 1989;
Davidson et al. 1993), and the ordered phase FeCa(CO3)2 does
not exist, although a disordered calcite-type solid solution of
this composition can be made above about 650 °C (Davidson
et al. 1993). Goldsmith et al. (1962) examined the dolomite-
ankerite system both experimentally and by characterization
of natural samples, and concluded that ordered compositions
extend little more than two-thirds across the join toward
CaFe(CO3)2, a limit essentially confirmed by Rosenberg (1967).
Reeder and Dollase (1989) used single-crystal X-ray diffrac-
tion (XRD), Mössbauer spectroscopy, and transmission elec-
tron microscopy (TEM) to characterize the structural states of
a suite of largely ordered samples over this composition range
in an effort to identify a structural cause for the limited Fe-Mg
substitution. However, no cause was found.

Chai and Navrotsky (1996) determined the energetics of a
series of synthetic, largely disordered, solid solutions along
the MgCa(CO3)2-FeCa(CO3)2 join, and Chai et al. (1995) mea-
sured the enthalpies of formation of a set of Ca-rich natural
dolomites. Those studies expanded the data base for the
MgCO3-FeCO3-CaCO3 system, whose energetics are dominated
by order-disorder reactions, but the work left several unan-
swered questions. In particular, the results suggested that the
enthalpy of complete disordering of dolomite was in the 20–
30 kJ/mol range. This value is much higher than the 12 kJ/mol
suggested by Navrotsky and Capobianco (1987) on the basis
of a calorimetric study of a dolomite that had been quenched
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Calorimetric studies by Chai and Navrotsky (1996) on dolomite-ankerite energetics have been
extended by including two additional types of samples: a very disordered stoichiometric MgCa(CO3)2

prepared from low-temperature aqueous solution and three largely ordered natural samples of inter-
mediate iron content.

Combining these data with previous work, we see three distinct energetic trends. These represent
samples with nearly complete order, nearly complete disorder, and intermediate order. From these
trends, the enthalpy of complete disordering is estimated to be 33 ± 6 kJ/mol for MgCa(CO3)2 and 18
± 5 kJ/mol for FeCa(CO3)2.

from above its order-disorder transition but which may have
undergone significant reordering upon cooling. Furthermore,
because the synthetic (Mg, Fe)Ca(CO3)2 solid solutions had an
increasingly disordered structural state with increasing Fe/(Fe +
Mg), their energetics were difficult to interpret. The purpose of
this communication is to report and interpret additional new calo-
rimetric data relevant to the issue of order-disorder along the
dolomite-ankerite join. Two types of samples were investigated
in the present study: natural ankerites that are more strongly
ordered than their synthetic counterparts, and a highly disor-
dered synthetic MgCa(CO3)2 phase produced by precipitation
from aqueous solution that appears to approximate a fully disor-
dered dolomite (Siegel 1961; Brady, unpublished observations).
By comparing samples of different structural state at the same
composition, the systematics suggested by Chai and Navrotsky
(1996) have been confirmed and made more quantitative.

EXPERIMENTAL  METHODS

Sample preparation and characterization

The natural ankerites were taken from a set of samples stud-
ied by XRD, Mössbauer, and TEM techniques (Reeder and
Dollase 1989). They had been analyzed with the electron mi-
croprobe in the earlier study and two calorimetric samples have
been analyzed again with the microprobe (see Table 1). Of the
many samples studied previously, we chose three that showed
strong ordering reflections, nearly stoichiometric Ca content,
and compositional homogeneity.

The synthetic disordered CaMg(CO3)2 sample was grown
after the method of Siegel (1961) by combining equal volumes
(10 mL) of 1 M MgSO4 and 1 M CaCl2 to form a CaSO4 gel,
followed by addition of 20 mL of 1 M Na2CO3 and stirring at
70 °C. After 20 minutes of reaction, samples were filtered and
washed with deionized water. Both XRD and TEM showed no
ordering reflections. Chemical analysis by DCP indicated a*E-mail: anavrotsky@ucdavis.edu


