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Halogens subducted from Earth’s surface to the mantle
play an important role on many geochemical processes
including element recycling in deep Earth. The occurrence of
various hydrated sediments, altered oceanic crust, and
abyssal serpentinites has been widely recognized for their
potential role in transferring halogens from Earth’s surface to
the deep mantle. The abundance of halogens, in particular
fluorine, is found to be exceptionally high in carbonatite melt.
They have a major role on the degree of partial melting and
volatile saturation as a function of pressure and temperature.
However, the origin and source of halogens stored in the deep
Earth remain uncertain.

Calcium carbonate (CaCO;) remains stable at elevated
pressure, and plays a key role in the deep carbon cycle. Here,
we report how halogens may be incorporated into the various
phases of CaCO;, affecting their relative stability under
pressure. Three common polymorphs of CaCO; (calcite,
aragonite, and vaterite) are considered. Periodic models of
fluorine-bearing CaCO; have been built for strucural
optimization, and different substitution mechanisms are
introduced to predict the stability of F-, Cl- and Br-bearing
CaCO; polymorphs at elevated pressure. Based on our first-
principles calcualtions of the structrual changes of CaCO,
polymorphs with pressure and halogen substitution, our
results show that fluorine is stabilized in CaCO; by pressure.
This finding may indicate that subducted marine carbonates
are a potential reservoir for halogens, including F, Cl and Br,
at depth, and may be key in explaining the fluorine depletion
of the oceans and enrichment of the mantle.



