
American Mineralogist, Volume 102, pages 2440–2449, 2017

0003-004X/17/0012–2440$05.00/DOI: http://dx.doi.org/10.2138/am-2017-5831    2440

* E-mail: jmueller@gfz-potsdam.de

Melting relations in the system CaCO3-MgCO3 at 6 GPa

Jan Müller1,*, Monika koch-Müller1, Dieter rheDe1, Franziska D.h. Wilke1, anD  
richarD Wirth1 

1GFZ, German Research Centre for Geoscience, Telegrafenberg, D-14473 Potsdam, Germany

abstract

To define the liquidus and solidus of the system CaCO3-MgCO, rotating multi-anvil experiments 
were performed at 6 GPa in the temperature range 1300 to 1800 °C under anhydrous conditions. Ad-
ditionally, experiments under hydrous conditions were performed in the Mg-rich part of the phase 
diagram. To determine the melting point of the end-member magnesite at 6 GPa falling sphere/body 
experiments were performed. The run products were analyzed using electron microprobe, Raman 
spectroscopy, and X-ray diffraction. Some of the run products were investigated by transmission 
electron microscopy (TEM). 

Previous studies report tremendous quenching problems in melting experiments of carbonates, as 
the primary grown carbonates could not be distinguished from the quenched melt. With the help of 
rotating multi-anvil experiments the primary grown crystals could be separated from the melt phase and 
the compositions of both phases could be analyzed by electron microprobe. Compared with the results 
of static experiments the corresponding phase diagram under anhydrous conditions is significantly dif-
ferent. The anhydrous melting point of MgCO3 at 6 GPa could be located between 1750 and 1800 °C. 
Under hydrous conditions liquidus and solidus moved to lower temperatures compared to anhydrous 
conditions and the melting point of hydrous MgCO3 at 6 GPa is located between 1700 and 1750 °C.
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introDuction

One key feature in understanding the long-term carbon 
cycle is the knowledge of the behavior of carbon in the mantle. 
Therefore, outgassing of CO2 and subduction of carbonates play 
an important role (Sleep and Frost 2001). Carbonates, especially 
CaCO3 and MgCO3, are the most common carbon bearing miner-
als on Earth and are therefore the most likely carbonates to be 
subducted. Findings of magnesite in high-pressure metamorphic 
rocks support this idea (Ogasawara et al. 2000). Experimental 
studies confirm the stability of, for example, magnesite, dolomite, 
and CaCO3, in different high-pressure modifications up to lower 
mantle conditions (Efthimiopoulos et al. 2017; Koch-Müller et 
al. 2016; Solopova et al. 2015; Isshiki et al. 2004; Katsura et al. 
1991; Santillan and Williams 2004; Ono et al. 2005; Thomson 
et al. 2014).

Previous work on the anhydrous melting relations in the sys-
tem CaCO3–MgCO3 has been carried out at different pressures. 
Irving and Wyllie (1975) determined the phase diagram at 2.7 
GPa, Byrnes and Wyllie (1981) at 1 GPa, and more recently Buob 
et al. (2006) presented a phase diagram of the CaCO3–MgCO3 
system at 6 GPa. Problematically, Buob et al. (2006) report 
quenching problems in experiments within the two-phase stabil-
ity fields of melt and solid. It is well known that carbonate melt 
is not quenchable but crystallizes very rapidly and fractionates 
in composition (Jones et al. 2013). This structure is referred 
to as spinifex structure and its bulk composition is difficult to 

measure by electron microprobe (EMP). Therefore, Buob et al. 
(2006) were not able to distinguish between melt with its spinifex 
structure and the solid phase in their experimental run products 
and could not determine experimentally the shape of the two-
phase fields. Shatskiy et al. (2014) also worked on the system 
CaCO3-MgCO3 at 6 GPa under anhydrous conditions and made 
some corrections on the proposed phase diagram by Buob et al. 
(2006), mainly with respect to the melting point of magnesite 
and CaCO3 at 6 GPa.

The melting point of the end-member magnesite has been 
determined by Irving and Wyllie (1975) at 2.7 and 3.3 GPa and 
by Katsura and Ito (1990) at 8 and 15 GPa. Recently, Solopova 
et al. (2015) published the melting curve of magnesite between 
12 and 80 GPa from laser heated diamond-anvil cell (DAC) 
experiments; however, they show relatively high errors in the 
temperature determination. Buob et al. (2006) and Shatskiy 
et al. (2014) both present melt temperatures of magnesite in 
the anhydrous system at 6 GPa differing by 250 °C. Buob et 
al. (2006) extrapolated the melting point from experiments by 
Irving and Wyllie (1975), and Shatskiy et al. (2014) extrapolated 
it from experiments by Katsura and Ito (1990). Their results are 
plotted in Figure 1 together with the melting curve determined 
by Solopova et al. (2015).

The melting point of CaCO3 at 6 GPa has been determined 
by several studies, which fairly well agree on the melting 
point, located between 1600 and 1700 °C (Shatskiy et al. 
2014), 1630 and 1730 °C (Suito et al. 2001), and recently it 
was placed at 1727 °C by Li et al. (2017). However, despite the 
agreement on the melting temperature it is not clear whether 




