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FLUIDS IN THE CRUST

The structure of water-saturated carbonate melts†
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aBstract
The structure of water-saturated Ca- and Mg-bearing carbonate melts under reducing and oxidizing
conditions was investigated in a series of hydrothermal anvil cell experiments conducted at 400–1100
C and 442–2839 MPa. Equilibria were investigated in the calcite-H2O, calcite-CaO-H2O, magnesiteH2O, and magnesite-MgO-H2O systems, with redox conditions controlled by Re/ReO2 and Ti/TiO2
were assessed in situ by Raman vibrational spectroscopy. Hydrous melting of MgCO3-MgO occurred
at ~850 C, 1.5–2 GPa. In the CaCO3-CaO-H2O system, melt was formed at 600–900 C and pressures
of 0.5–1.5 GPa because of melting-point depression imposed by the presence of CaO. The C-O-H
speciation of the carbonate melts and coexisting supercritical aqueous solutions was mainly H2O and
CO2–
3 , with traces of CO2(aq) and CH4(aq)
2
attained in the Mg-bearing melt (median 0.5) were higher than in the Ca-bearing melt (median 0.3).
Under oxidizing redox conditions, dissolved ReO2 was present in all phases, underscoring the enhanced
solubility of metals in carbonate-bearing melts and carbonatites. In effect, the enhanced solubility of
H2O along with the ionic nature of the carbonate melts may promote the solvation of ionic species in
the melt structure.
From in situ vibrational spectroscopy, the v1-CO32– vibration recorded in the melt spectra suggests
the presence of intermolecular interactions between the oxygen of the carbonate ion with water dissolved in the melt. The thermodynamic properties of this water appear to be similar to the supercritical aqueous phase. For example, the estimated enthalpy for the breakage of the hydrogen bonding
between water molecules attained values of 6.8 1.5 kcal/mol and 8.4 1.3 kcal/mol in the melt and
6 cm3/mol) is
2O in the melt ( 48
also comparable to the partial molar volume of supercritical water at similar conditions. Interestingly,
this value is considerably greater than published partial molar volume values for H2O in silicate melts
(10–12 cm3/mol).
The pressure-temperature melting relationships of the CaO-CO2-H2O and MgO-CO2-H2O systems
highlight the important role of water and alkaline earth oxides on the hydrous melting of the carbonatebearing subducting oceanic crust. Carbonates present in marine sediments or serpentinized peridotites
may melt before complete dehydration at the slab-mantle wedge transition zone, and thus, never reach
sub-arc depths. To this end, melting of carbonate minerals at crustal temperatures and pressure can
contribute to the volcanic CO2
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introDuction
Carbonatites, igneous rocks derived from carbonate melts
(Streckeisen 1980), are thought to be originated from small degree
melts in the asthenospheric mantle (e.g., Gudfinnsson and Presnall
2005; Nelson et al. 1988), although a lithospheric origin (Bell and
Blenkinsop 1989) and more complex models of refertilization and
melting may be operational (Bizimis et al. 2003). Recent studies also
suggest origins as deep as the mantle transition zone (Dalou et al.
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2009). Understanding the structure of carbonate melts is important
toward constraining the cycling of C-O-H-N volatiles and trace
element/metal mobility in the Earth’s interior (Jones et al. 2013).
Experimentally, phase equilibrium relationships in the CaOCO2-H2O and MgO-CO2-H2O systems have been extensively
studied over a wide range of pressure, temperature conditions
and for varying water content, to address melting behavior of
calcite and magnesite coexisting with Ca-Mg oxides and hydroxides (Boettcher et al. 1980; Irving and Wyllie 1975; Walter
et al. 1962; Wyllie and Boettcher 1969; Wyllie and Tuttle 1959,
1960). Overall, it is commonly concluded that hydrous melting
of calcite-lime and magnesite-periclase assemblages commences
at significantly lower temperatures (<900 C) than for the pure

