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Carbonatites are rare carbonate-rich igneous rocks whose
origin is still highly debated. Their genesis and chemical
evolution is complex and it is still not clear which process
accounts for their carbonate-rich composition. Calcium stable
isotopes have the potential to inform the reaction kinetics
underlying the isotope fractionation recorded in natural samples
([1], [2]) and, thus, may help to shed light on carbonatite genesis.
Here, we apply the new 42Ca-44Ca-48Ca triple-isotope approach
and report high-precision Ca stable isotope data for 91
carbonatites and associated silicate rocks from different localities
and ages raging from 3000 to 67Ma. These data are corroborated
by 87Sr/86Sr data for 64 carbonatites and associated silicate rocks
as well as C and O isotopic data for 56 carbonatites. These data
reveal a wide range of stable Ca isotope compositions from
d44/42CaSRM915b= -0.26 ± 0.01 ‰ to 0.36 ± 0.01 ‰. The lightest
samples also record positive residual anomalies in the kinetically
mass fractionated data. This observation establishes that a
component of the Ca present in these samples has been
fractionated by mass dependent equilibrium processes.
Equilibrium isotope fractionation is expected to dominate at low
temperature and, moreover, marine carbonates can be enriched in
the lightest Ca isotopes relative to BSE (e.g., [3]). As such, the
presence of an equilibrium fractionation component in
carbonatites provides strong evidence for recycled Ca from the
Earth’s surface in the mantle source of Ca- and Mg-rich
carbonatites and their associated alkali silicate rocks.
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