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Abstract
The presence of Ca-Mg-carbonates affects the melting and phase relations of peridotites and eclogites 

in the mantle, and (partial) melting of carbonates liberates carbon from the mantle to shallower depths. 
The onset and composition of incipient melting of carbonated peridotites and carbonated eclogites 
are influenced by the pure CaCO3-MgCO3-system making the understanding of the phase relations of 
Ca-Mg-carbonates fundamental in assessing carbon fluxes in the mantle. By performing high-pressure 
and high-temperature experiments, this study clarifies the suprasolidus phase relations of the nominally 
anhydrous CaCO3-MgCO3-system at 6 GPa showing that Ca-Mg-carbonates will (partially) melt for 
temperatures above ~1300 °C. A comparison with data from thermodynamic modeling confirms the 
experimental results. Furthermore, partition coefficients for Li, Na, K, Sr, Ba, Nb, Y, and rare earth 
elements between calcite and dolomitic melt, Ca-magnesite and dolomitic melt, and magnesite and 
dolomitic melt are established.

Experiments were performed at 6 GPa and between 1350 to 1600 °C utilizing a rotating multi-anvil 
press. Rotation of the multi-anvil press is indispensable to establish equilibrium between solids and 
carbonate liquid. Major and trace elements were quantified with EPMA and LA-ICP-MS, respectively.

The melting temperature and phase relations of Ca-Mg-carbonates depend on the Mg/Ca-ratio. 
For instance, Ca-rich carbonates with a molar Mg/(Mg+Ca)-ratio (XMg) of 0.2 will transform into a 
dolomitic melt (XMg = 0.33–0.31) and calcite crystals (XMg = 0.19–0.14) at 1350–1440 °C. Partial melt-
ing of Mg-rich carbonates (XMg = 0.85) will produce a dolomitic melt (XMg = 0.5–0.8) and Ca-bearing 
magnesite (XMg = 0.89–0.96) at 1400–1600 °C. Trace element distribution into calcite and magnesite 
seems to follow lattice constraints for divalent cations. For instance, the compatibility of calcite (XMg 
= 0.14–0.19) for Sr and Ba decreases as the cation radii increases. Ca-Mg-carbonates are incompat-
ible for rare earth elements (REEs), whereby the distribution between carbonates and dolomitic melt 
depends on the Mg/Ca ratio and temperature. For instance, at 1600 °C, partition coefficients between 
magnesite (XMg = 0.96) and dolomitic melt (XMg = 0.8) vary by two orders of magnitudes from 0.001 to 
0.1 for light-REEs to heavy-REEs. In contrast, partition coefficients of REEs (and Sr, Ba, Nb, and Y) 
between magnesite (XMg = 0.89) and dolomitic melt (XMg = 0.5) are more uniform scattering marginal 
between ~0.1–0.2 at 1400 °C.
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Introduction
Ca-Mg-carbonates [(Ca,Mg)CO3] are introduced into the 

mantle at subduction zones, while volcanic eruption outgases 
carbon back to the lithosphere and atmosphere (Hazen et al. 
2013). Within the subducting slab, carbonates are most abun-
dant in sediments and in the hydrothermally altered parts of 
the oceanic crust (Alt and Teagle 1999). During heating and 
compression, some carbon is released from the subducting 
lithologies by decomposition and devolatilization into a mobile 
phase (fluid or melt). Carbonic fluids eventually return to the 
surface via arc-related magmatism and by diffuse outgassing 
(Hazen et al. 2013; Kelemen and Manning 2015) or may interact 
with (hydrated) peridotites in the subducting slab and with the 
supra-subduction mantle to form Ca-Mg-carbonates (Piccoli et 
al. 2016; Scambelluri et al. 2016; Sieber et al. 2018). However, 

in the absence of water, carbonates are stable along typical sub-
duction zone geotherms. Therefore, carbonate-bearing litholo-
gies in the slab that do not experience pervasive dehydration 
or fluid infiltration can transport carbonates to greater mantle 
depths (Gorman et al. 2006; Kerrick and Connolly 1998, 2001). 
The presence of some carbonates in the mantle is evidenced, 
for instance, by carbonate-bearing ultra-high pressure meta-
morphic rocks (Korsakov and Hermann 2006; Shatsky et al. 
2006), carbonate-bearing mantle xenoliths (Ionov et al. 1993; 
Ionov et al. 1996), and inclusions in diamonds (Stachel and 
Harris 2008; Wang et al. 1996).

Experimental studies demonstrate the stability of carbonates 
at the solidus of carbonated peridotites and eclogites and flag 
the relevance of carbonates to their melt relations and melting 
temperature (Brey et al. 2008; Dasgupta et al. 2004; Yaxley and 
Green 1994). For instance, the mantle solidus is reduced from 
~1730 °C to ~1250–1380 °C at 6 GPa in the presence of car-
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