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Dolomite-IV: Candidate structure for a carbonate in the Earth’s lower mantle
Marco Merlini1,*, Valerio Cerantola2, G. Diego Gatta1, Mauro Gemmi3, Michael Hanfland2,
Ilya Kupenko2,4, Paolo Lotti1, Harald Müller2, and Li Zhang5
Università degli Studi di Milano, Dipartimento di Scienze della Terra, Via Botticelli, 23, 20133 Milano, Italy
2
ESRF, The European Synchrotron 71, Avenue des Martyrs, 38043 Grenoble, France
3
Center for Nanotechnology Innovation@NEST, Istituto Italiano di Tecnologia, Piazza San Silvestro, 12, 56127 Pisa, Italy
4
Institute for Mineralogy, Westfälische Wilhelms-Universität, Corrensstrasse 24, 48149 Münster, Germany
5
Center for High Pressure Science and Technology Advanced Research (HPSTAR), Shanghai 201203, China
1

Abstract
We report the crystal structure of dolomite-IV, a high-pressure polymorph of Fe-dolomite stabilized at 115 GPa and 2500 K. It is orthorhombic, space group Pnma, a = 10.091(3), b = 8.090(7),
c = 4.533(3) Å, V = 370.1(4) Å3 at 115.2 GPa and ambient temperature. The structure is based on
the presence of threefold C3O9 carbonate rings, with carbon in tetrahedral coordination. The starting
Fe-dolomite single crystal during compression up to 115 GPa transforms into dolomite-II (at 17 GPa)
and dolomite-IIIb (at 36 GPa). The dolomite-IIIb, observed in this study, is rhombohedral, space group
R3, a = 11.956(3), c = 13.626(5) Å, V = 1686.9(5) Å3 at 39.4 GPa. It is different from a previously
determined dolomite-III structure, but topologically similar. The density increase from dolomite-IIIb to
dolomite IV is ca. 3%. The structure of dolomite-IV has not been predicted, but it presents similarities
with the structural models proposed for the high-pressure polymorphs of magnesite, MgCO3. A ringcarbonate structure match with spectroscopic analysis of high-pressure forms of magnesite-siderite
reported in the literature, and, therefore, is a likely candidate structure for a carbonate at the bottom
of the Earth’s mantle, at least for magnesitic and dolomitic compositions.
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Introduction
Minor and trace elements in the Earth’s mantle play an important role in geochemical processes. In recent years, there has
been a particular interest in the understanding of the behavior
of carbon in the inner Earth. It is estimated that 90% of bulkEarth carbon is hidden in deep reservoirs (Hazen and Schiffries
2013). A significant fraction is very likely in the core, stored in
intermetallic phases, such as Fe3C or Fe7C3, as suggested by the
composition of iron meteorites (Anders 1964) and as recently
found within super-deep diamonds (Smith et al. 2016). In the
upper and lower mantle, carbon may be present as elemental
carbon (diamond), dissolved in fluids (e.g., CH4, CO2), or as
carbonate minerals. The occurrence of carbonate as inclusions
in diamonds (Berg 1986; Howell et al. 2012) indicates that the
coexistence of reduced and oxidized carbon form is possible.
Carbonates undergo polymorphic phase transitions; therefore,
the search for the possible structures adopted by carbonates
at high pressures and temperatures, still unclear (Hazen et al.
2012), is an important issue to be addressed. Computational and
experimental works suggest a rich polymorphism of carbonates
and their transformation at extreme conditions into complex
structures featuring tetrahedrally coordinated carbon (Arapan et
al. 2007; Oganov et al. 2008, 2013; Boulard et al. 2011). However, a full ab initio experimental determination of the structure
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of a carbonate with tetrahedrally coordinated carbon and ABO3
stoichiometry has still not been achieved. We have previously
applied synchrotron single-crystal diffraction on a multigrain
sample after red-ox reaction of a natural Mg-siderite (Merlini
et al. 2015), and successfully determined the crystal structure of
a new carbonate, Mg2Fe2(C4O13), whose stoichiometry deviates
from that of ABO3, adopted by calcite, magnesite, and dolomite.
The results indicate that, from a methodological point of view, it
is possible to perform accurate single-crystal X‑ray diffraction
and ab initio structure determination in non-ideal situations, with
a conventional single-crystal diffraction approach. From a crystal
chemistry point of view, the Mg2Fe2(C4O13) structure confirms
the coordination increase from three- to fourfold for carbon and
the pressure-induced polymerization of carbonate units.
Here, we report a novel experimental work on Fe-dolomite
studied above 100 GPa and lower mantle temperatures, with
the main aim to determine the crystal structure of a carbonate
with ABO3 stoichiometry. Few attempts in stabilizing a single
crystal of HP-magnesite have been not successful. In previous
studies (Mao et al. 2011; Merlini et al. 2012a), it was observed
that dolomite compositions above 40 GPa can exist as single
phases at mantle pressures and temperatures in contrast to the
decomposition into a mixture of aragonite/post-aragonite and
magnesite seen in pure CaCO3. We selected a sample with the
same composition (Merlini et al. 2012a) for the experiment, i.e.,
Ca(Mg0.6Fe0.4)(CO3)2, expecting that also at a higher pressure a
single phase could be maintained, possibly without undergoing a
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