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ABStrAct

The subsolidus and melting phase relations in the CaCO3-siderite system have been studied in multi-

anvil experiments using graphite capsules at pressure of 6 GPa and temperatures of 900–1700 qC. At low 

temperatures, the presence of ankerite splits the system into two partial binaries: siderite + ankerite at 900 

qC and ankerite + aragonite up to 1000 qC. Extrapolated solvus curves intersect near 50 mol% just below 

900 qC. At 1100 and 1200 qC, the components appear to form single-phase solid solutions with space 

group symmetry R3c, while CaCO3 maintains aragonite structure up to 1600 qC and 6 GPa. The FeCO3 

solubility in aragonite does not exceed 1.0 and 3.5 mol% at 900–1000 and 1600 qC, respectively. An 

increase of FeCO3 content above the solubility limit at T > 1000 qC, leads to composition-induced phase 

transition in CaCO3 from aragonite, Pmcn, to calcite, R3c, structure, i.e., the presence of FeCO3 widens 

WKH�FDOFLWH�VWDELOLW\�¿HOG�GRZQ�WR�WKH�P-T conditions of sub-cratonic mantle. The siderite-CaCO3 diagram 

resembles a minimum type of solid solutions. The melting loop for the FeCO3-CaCO3 join extends from 

1580 qC (FeCO3) to 1670 qC (CaCO3) through a liquidus minimum near 1280 r 20 qC and 56 r 3 mol% 

CaCO3. At X(Ca) = 0–30 mol%, 6 GPa and 1500–1700 qC, siderite melts and dissolves incongruently 

DFFRUGLQJ�WR�WKH�UHDFWLRQ��VLGHULWH� �OLTXLG���ÀXLG��7KH�DSSDUHQW�WHPSHUDWXUH�DQG�X(Ca) range of siderite 

incongruent dissolution would be determined by the solubility of molecular CO2 in (Fe,Ca)CO3 melt. 

The compositions of carbonate crystals and melts from the experiments in the low-alkali carbonated 

eclogite (Hammouda 2003; Yaxley and Brey 2004) and peridotite (Dasgupta and Hirschmann 2007; 

Brey et al. 2008) systems are broadly consistent with the topology of the melting loop in the CaCO3-

MgCO3-FeCO3 system at 6 GPa pressure: a Ca-rich dolomite-ankerite melt coexists with Mg-Fe-calcite 

in eclogites at CaO/MgO > 1 and Mg-dolomite melt coexists with magnesite in peridotites at CaO/MgO 

< 1. However, in fact, the compositions of near solidus peridotite-derived melts and carbonates are more 

magnesian than predicted from the (Ca,Mg,Fe)CO3 phase relations.
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introduction

Carbon is transported into the mantle through subduction 

mainly as carbonates over hundreds of millions of years. Some 

of this carbon is released as CO2 at shallow depths via island arc 

volcanism (Sano and Williams 1996; Marty and Tolstikhin 1998). 

Significantly more carbon, however, appears to be subducted into 

the deep mantle (Hilton et al. 2002; Dasgupta and Hirschmann 

2010). At mantle depths in the presence of alkalis, carbonates 

could partially melt to form Na- and K-rich carbonatite melts 

(Sweeney 1994; Yaxley and Brey 2004; Brey et al. 2011; Grassi 

and Schmidt 2011; Kiseeva et al. 2012, 2013; Litasov et al. 2013), 

similar to those found as microinclusions in kimberlitic diamonds 

(Navon 1991; Schrauder and Navon 1994; Kaminsky et al. 2009; 

Klein-BenDavid et al. 2009; Weiss et al. 2009; Zedgenizov et al. 

2009, 2011; Logvinova et al. 2011). At the same time, refractory 

alkaline earth carbonates could remain in a solid state down to 

upper and even lower mantle depths, as indicated by high-pressure 

experiments (Yaxley and Green 1994; Hammouda 2003; Dasgupta 

et al. 2004; Litasov and Ohtani 2009, 2010) and findings of crys-

talline Ca-, Ca-Mg-, Mg-, and Fe-carbonates within kimberlitic 

diamonds (Meyer and McCallum 1986; Bulanova and Pavlova 

1987; Phillips and Harris 1995; Wang et al. 1996; Sobolev et al. 

1997; Stachel et al. 2000).

Carbonate minerals may enter subduction zones incorporated in 

hydrothermally altered basaltic crust, overlying marine sediments 

and underlying mantle lithosphere. Neglecting the contribution of 

subducting mantle lithosphere, whose carbon content is not well 

constrained, the dominant source of carbon entering the present-

day trenches is carbonate-bearing altered oceanic basalt (Dasgupta 

and Hirschmann 2010). Two-thirds of the global CO2 subduction is 

composed of low-temperature carbonate precipitated as veins and 

present in vesicles in the upper volcanics of ocean-floor basalt, and 

the remainder is in accreted sediments (Jarrard 2003). Nearly all of 

this CO2 occurs in the form of calcite (Alt and Teagle 1999; Jarrard 

2003), while siderite or ankerite are also found (Laverne 1993).
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