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Influence of cation disorder on the mineral physics of ankerite
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ABSTRACT

The structural evolution and compressibility of ordered and disordered ankerite were investigated at
pressures up to ∼25 GPa using synchrotron single-crystal X-ray diffraction in a diamond-anvil cell.
Ordered ankerite (space group R3̄) undergoes a discontinuous phase transition between 12.15 and
13.45 GPa to a high-pressure structure called ankerite-II (space group P1̄) that has Ca in an eightfold
coordination. Disordered ankerite (R3̄c space group) does not undergo a phase transition in the investi-
gated pressure range.

A Birch-Murnaghan equation of state was used to fit the volume compressibility. Ordered ankerite
[K0V = 95(1) GPa, K 0 = 3.8(3)] appears slightly more compressible than disordered ankerite [K0V = 99(1)
GPa, K 0 = 2.7(1)]. The phase transition in ordered ankerite has a change in volume of ∼0.6% and
K13.45V = 110(11) GPa, K 0 = 7(3) for ankerite-II. The possible significance of this different behavior of
ordered and disordered ankerite is discussed.
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INTRODUCTION

Carbonates are key phases in the Earth’s carbon cycle
(Litasov et al. 2020). They have stability fields that extend from
ambient conditions (shallow C cycle) to low-pressure hydrother-
mal systems to high-pressure–high-temperature (HP–HT) condi-
tions typical of the upper mantle, lower mantle, and transition
zone (e.g., Biellmann and Gillet 1992; Luth 2001; Zhu and
Ogasawara 2002; Buob et al. 2006; Hammouda et al. 2011;
Zucchini et al. 2014, 2017;Cerantola et al. 2017;Binck et al. 2020).

The most abundant carbonates in nature are calcite (CaCO3,
space group R3̄c), magnesite (MgCO3, space group R3̄c), and
dolomite [CaMg(CO3)2, space group R3̄]. The addition of small
transition metals to dolomite does not change its space group.
Moreover, the Mg2�-Fe2� substitution is a complete solid
solution in the FeCO3-MgCO3 systems, whereas in the
FeCO3-MgCO3-CaCO3 system, the substitution is limited to
ankerite having the chemical formula Ca(Mg1–xFex)(CO3)2,
where 0≤ x≤ 0.7, and being isostructural with dolomite.

In naturally R3̄ occurring carbonates, there is an ordered
alternation of cations between structural layers. At HT, cations
start to randomly distribute among the different cationic sites,
giving rise to disordered structures (Reeder and Wenk 1983;
Zucchini et al. 2012a, 2012b). The critical temperature (TC)
for the order-disorder transition, at which the disordering
process is complete and the space group changes from R3̄
(dolomite-like structure) toR3̄c (calcite-like structure), is strongly
influenced by the cationic species. In fact, a TC of ∼1200 °C was
attributed to dolomite (Zucchini et al. 2012a, 2012b; Hammouda

et al. 2011), and it decreaseswith increasing Fe content (Franzolin
et al. 2012).

High-pressure behavior of carbonates

Structural parameters such as chemical composition and cation
order/disorder strongly influence a carbonate’s stability under non-
ambient conditions, and considerable efforts have been made to
constrain the phase stability of carbonates. Given the similarity
of ankerite and dolomite, the known phase transitions in the sys-
tem CaCO3-MgCO3 are given in Table 1. The mineral physics of
dolomite at HP is strongly influenced by its crystal-chemical fea-
tures. Experimental and theoretical studies on the HP phase transi-
tions of dolomite as a function of disorder (Zucchini et al. 2014,
2017) showed that disordered dolomite does not transform to the
HP polymorph dolomite-II, at least up to∼30 GPa. Moreover, the
Mg substitution by Fe has important effects on the HP behavior of
the mineral, in terms of compressibility, structural stability, and
thermoelastic properties (Zhang et al. 1998; Merlini et al. 2016),
i.e., the transition pressures were shown to slightly decrease
(∼2–4 GPa lower) with increasing Fe content in dolomite (Merlini
et al. 2012, 2017; Zhao et al. 2020). However, although the effect
of Fe on the behavior of ordered dolomites has been investigated
(e.g., Ross and Reeder 1992; Merlini et al. 2016; Chuliá-Jordán
et al. 2021), the effect of cation disorder on the compressibility
and possible phase transitions occurring in ankerite is unknown,
in spite of its importance, since at mantle conditions carbonates
are expected to be disordered (Zucchini et al. 2012a, 2012b;
Franzolin et al. 2012). For these reasons, in this study, synchrotron
single-crystal X-ray diffraction (SC-XRD) experiments have been
performed to constrain the HP behavior of ordered and disordered
ankerite and to give insight into the influence of cation disorder on
its structural evolution.
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