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Inclusions in calcite phantom crystals suggest role of clay minerals in dolomite formation
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ABSTRACT

Micro- and nano-inclusions embedded in calcite phantom crystals from Gemerska Ves, Slovak
Republic, have been characterized by a combination of Raman spectroscopy, scanning and transmis-
sion electron microscopy, X-ray powder diffraction, and C and O isotope analysis. Whereas the outer,
colorless part of the phantom crystal is relatively homogeneous and cavity and inclusion-free, the inner
terracotta-colored part contains abundant cavities, dolomite, hematite, goethite, titanite, phyllosilicates
(mainly kaolinite and illite), and apatite inclusions and nanostructures that have formed on the walls of
cavities. The nanostructures comprise hematite and goethite particles sandwiched between either two
phyllosilicate crystals or a phyllosilicate and a carbonate (calcite or dolomite) crystal. Our observations
suggest that all inclusions in the terracotta calcite originate from the terra rossa (a common soil type in
karstic areas) and limestone outcropping adjacent to the calcite crystals. While the micrometer-sized
phyllosilicate and hematite particles were likely transported from the terra rossa and attached to the
surface of growing calcite, the presence of phyllosilicates that are only a few atomic layers thick and
of euhedral hematite, goethite, and dolomite crystals suggests that these particles precipitated along
with the phantom calcite in situ, from an aqueous solution carrying terra rossa-derived and limestone-
derived solutes. The compositional differences between the terra rossa (e.g., smectite as the only major
Mg-rich phase) and terracotta calcite inclusions (e.g., dolomite as the only major Mg-rich phase and
the presence of only Mg-free clays) hint that a smectite-illite conversion provides the Mg necessary
for the precipitation of dolomite and possibly the Fe associated with the iron oxyhydroxide nanostruc-
tures. Phyllosilicate nucleation on calcite and dolomite nucleation on phyllosilicates, as inferred from
nanoscale mineralogical associations, suggest that carbonates and phyllosilicates may mutually enhance
nucleation and growth. This enhancement may result in the formation of large-scale clay-carbonate
successions in aqueous settings, including the enigmatic, pink-colored cap dolostones succeeding late
Neoproterozoic “Snowball Earth” deposits. The distribution of inclusions in the terracotta calcite and
the preferred nucleation of hematite and goethite on phyllosilicate, rather than on carbonate surfaces,
indicates that phyllosilicates have a potential to not only disrupt crystal growth and trigger the forma-
tion of cavities in the structure of the calcite host, but also to provide surfaces for the precipitation
of different phases in the cavities and to uniformly distribute otherwise incompatible materials in a
calcite host crystal. This calls for further exploration of the potential application of phyllosilicates in
composite structure development.
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