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Abstract
We reexamined the phase relationships in the system diopside-CO2 in the range of 3–6 GPa and 

850–1500 °C in multi-anvil experiments, including reversal ones lasting up to 169 h. The reaction 
CaMgSi2O6 (clinopyroxene) + 2CO2 (fluid) = 2SiO2 (quartz/coesite) + CaMg(CO3)2 (dolomite) passes 
through 3 GPa/950 °C with a slope of 6 MPa/°C and terminates at an invariant point near 4.5 GPa/ 
1200 °C, where carbonate liquid coexists with clinopyroxene, coesite, dolomite, and CO2 fluid. The 
newly determined boundary has the equation P(GPa) = 0.006 × T(°C) – 2.7. As temperature increases 
to 1250 °C at 4.5 GPa, liquid, dolomite, and coesite disappear, and clinopyroxene coexists with CO2 
fluid. As pressure increases to 6 GPa, the solidus temperature increases to 1300 °C revealing a slope 
of 15 MPa/°C. At 4.5 and 6 GPa, solidus melts contain about 1 wt% SiO2. As temperature increases 
to 1400 and 1500 °C at 6 GPa, the silica contents in the carbonate melt increase to 6 and 13 wt%, 
respectively. Our data, combined with that of Luth (2006), indicate that above 4.5 GPa the liquidus 
reaction involving clinopyroxene and CO2 sweeps down through 350 °C via a pressure maximum 
near 5.3 GPa to meet the invariant point at 4.5 GPa. The shape of the diopside-CO2 solidus resembles 
that of lherzolite-CO2 (Wyllie and Huang 1975a) but shifted by 2 GPa to higher pressure. Thus, the 
deep depression along the solidi in the system CaO-MgO-SiO2-CO2 is a fundamental feature of both 
ultramafic and mafic assemblages at depths of 70–150 km.
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Introduction
The relative stability of CO2 fluid, carbonates, and their melts, 

controlled by the reactions of carbonation-decarbonation and 
melting, are of key importance for the understanding genesis of 
CO2-rich magmas (kimberlites, carbonatites), diamond-forming 
fluids, and the deep carbon cycle. The system CaO-MgO-SiO2-
CO2 (CMS-CO2) is a basis for studying these reactions (Wyllie and 
Huang 1975b). The carbonation of peridotites in the CMS-CO2 
system is controlled by the reaction:

2Mg2SiO4 (Ol) + CaMgSi2O6 (Cpx) + 2CO2 (F) = 
                  2Mg2Si2O6 (Opx) + CaMg(CO3)2 (Dol) (1)

which lowers the solidus from 1600 to 1200 °C at 2.5 GPa 
(Wyllie and Huang 1975a) (Fig. 1). Solidus ledges are observed not 
only for the model CMS-CO2 system but are specific for complex 
peridotite-CO2 systems (Wallace and Green 1988; Falloon and 
Green 1989).

In a mafic suite modeled by the CMS-CO2 system, the car-
bonation reaction,

CaMgSi2O6 (Cpx) + 2CO2 (F) = 2SiO2 (Qz/Coe) + 
               CaMg(CO3)2 (Dol) (2)

occurs 1.5–2 GPa higher (Wyllie et al. 1983; Luth 1995, 2006) 
(Fig. 1). However, the effect of carbonation on the mafic suite 
solidus remains unclear. The solidus ledge in the carbonate-bearing 
mafic system has been detected by Hammouda (2003) for the 
eclogite-CO2 system. He found a significant drop (by ~250 °C) 
in the solidus temperature at ~6 GPa. Based on the study of Luth 
(2006), no solidus drop occurs at pressures above the carbonation 
reaction in the CaMgSi2O6-CO2 system (Fig. 1). Yet, following the 
experiments by Luth (1995, 2006), reaction 2 stabilizes dolomite 
at temperatures 150–200 °C higher than dolomite melting reported 
in other studies (Buob et al. 2006; Müller et al. 2017; Shatskiy et 
al. 2018) (Fig. 2). To clarify this discrepancy, additional experi-
ments in the CaMgSi2O6-CO2 system at 4.5–6 GPa are needed.

In all previous studies, the reaction was investigated only from 
the side of decarbonation in the experiments with a duration of 24 h 
and less (Fig. 2), which might be insufficient to achieve equilibrium 
at temperatures of 800–1000 °C. Therefore, reverse experiments 
on diopside carbonation are needed to resolve this uncertainty.

We present new data on phase relations in the CaMgSi2O6-CO2 
system at 3–6 GPa. To clarify the issues mentioned above, we 
studied both carbonation and decarbonation reactions at 3 GPa 
in longer experiments (up to 169 h) and reexamined phase rela-
tions at 4.5 and 6 GPa to clarify the position of the solidus in the 
CaMgSi2O6-CO2 system.

Experimental methods
Synthetic diopside, reagent-grade SiO2, Ag2C2O4, CaCO3, and natural magnesite 

(<0.1% impurity) from Brumado (Bahia, Brazil) were employed as components 

American Mineralogist, Volume 108, pages 2338–2347, 2023

0003-004X/23/0010–2338$05.00/DOI: https://doi.org/10.2138/am-2022-8588       2338 

* E-mail: shatskiyantonf@gmail.com
† Orcid 0000-0002-6556-008X

mailto:shatskiyantonf@gmail.com
https://orcid.org/0000-0002-6556-008X



