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Abstract
In this study, we investigated four different ferroan dolomite samples using in situ Raman spectros-

copy and powder X-ray diffraction (XRD) at pressures up to 48 GPa and room temperature. Our results 
show that the transition from Dolomite-I (Dol-I) to Dolomite-II (Dol-II) occurs above 13–16 GPa, and 
the transition pressure depends on the composition of the solid solution. Compression above 32–35 GPa 
results in the appearance of Dolomite-IIIc (Dol-IIIc) or Dolomite-IIIb (Dol-IIIb). In the high-pressure 
XRD study, we found that the XRD patterns of Ca0.97(Mg0.77Fe0.23Mn0.03)(CO3)2 (xFe = 0.23, Ank23) 
can be indexed as Dol-IIIc at 44 GPa, while the rhombohedral Dol-IIIb structure matches better with 
the XRD patterns of the xFe = 0.40 (Ank40) and 0.64 (Ank64) solid solutions. Additionally, in the 
Raman spectra of the Fe-richest sample (Ank64), we observed an abrupt frequency downshift of the 
CO3-stretching vibrations between 40–42 GPa, which may reflect a pressure-induced Fe2+ spin transition.

We further investigated two samples with xFe = 0.19 (Ank19) and 0.23 (Ank23) at high pressure 
and high temperatures, up to at least 2600 K. The experiments revealed that the unquenchable Dol-
IIIc structure could be a stable high-pressure/high-temperature polymorph in ferroan dolomite up to 
at least 2600 K.
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Introduction
A large amount of carbon is stored in the Earth’s interior and 

constitutes the deep carbon cycle driven by plate tectonics (Sleep 
and Zahnle 2001; Plank and Manning 2019). Carbonates, pre-
dominantly calcite and dolomite that occur in marine sediments, 
hydrothermally altered basalts, and carbonated serpentinites, are 
the major carbon-bearing minerals of the oceanic crust (Plank and 
Manning 2019). Depending on the pressure-temperature-time path 
experienced by each subduction slab and the amount of aqueous 
fluid present, about 20–80% of Ca-, Mg-, and Fe-carbonates could 
remain after decarbonation and melting beneath island arcs and 
be further transported beyond ~150 km depth to the deep mantle 
(Kelemen and Manning 2015; Plank and Manning 2019). The 
primary inclusions in superdeep diamonds contain dolomite and 
Ca-carbonate, which confirm their existence in the deep mantle 
(Stachel et al. 1998, 2000; Walter et al. 2008; Wirth et al. 2009). 
The identification and characterization of the high-pressure be-
havior of carbonates is an important step toward the understanding 
of the deep carbon cycle and the role of carbon-bearing phases in 
mantle processes. While it is well established that Mg- and Ca-
carbonate have stable polymorphs at mantle conditions (Boulard 
et al. 2011; Lobanov et al. 2017), the high-pressure behavior of 
dolomite is still not well understood.

Dolomite [CaMg(CO3)2] forms solid solutions with ankerite 

[CaFe(CO3)2] with Fe2+, substituting up to 70% of Mg2+ in natural 
samples (Reeder and Dollase 1989). According to the nomencla-
ture proposed by Reeder (1983), solid solutions with Fe<Mg are 
named ferroan dolomite, while Fe>Mg–ankerite. At ambient con-
ditions, dolomite, ferroan dolomite, and ankerite adopt a trigonal 
structure [Dol-I, space group R3] with nearly planar triangular 
CO3 units and alternating layers of CaO6 and (Mg,Fe)O6 octahedra 
(Reeder and Dollase 1989).

Room temperature experiments show that dolomite-ankerite 
solid solutions have two high-pressure polymorphs (Mao et al. 
2011; Merlini et al. 2012, 2017). Pressure increase to 15–20 GPa 
leads to the phase transition from Dol-I to Dol-II (Mao et al. 2011; 
Merlini et al. 2012; Efthimiopoulos et al. 2017, 2019; Binck et al. 
2020; Vennari and Williams 2018; Zhao et al. 2020; Chuliá-Jordán 
et al. 2021). A single-crystal X-ray diffraction study reported a 
triclinic structure (space group P1) for Dol-II with tilted CO3 
groups and eightfold coordination of the Ca and Mg/Fe cations 
with respect to the oxygen anions (Merlini et al. 2012) (Online 
Materials1 Fig. S1).

Further increase of pressure above 35 GPa results in the for-
mation of a second high-pressure polymorph named Dolomite-III 
(Dol-III) (Mao et al. 2011; Merlini et al. 2012). The structure of 
Dol-III was first reported by Mao et al. (2011), who conducted 
powder X-ray diffraction (XRD) experiments on Fe-poor dolo-
mite (xFe = 0.078). The XRD patterns were attributed to a phase 
with monoclinic symmetry, yet no more structural details were 
provided. Later, the single-crystal studies by Merlini et al. (2012, 
2017) and Binck et al. (2020) showed that the behavior of the 
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