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ABStrAct

Phase relations in the system K2CO3-CaCO3 have been studied in the compositional range, X(K2CO3), 

from 100 to 10 mol%, at 6.0 GPa and 900–1450 qC. At 900–950 qC, the system has three intermediate 

compounds: K6Ca2(CO3)5, K2Ca(CO3)2, and K2Ca3(CO3)4. The K2Ca(CO3)2 compound decomposes to 

the K6Ca2(CO3)5 + K2Ca3(CO3)4 assembly above 950 qC. The K6Ca2(CO3)5 and K2Ca3(CO3)4 compounds 

melt congruently slightly above 1200 and 1300 qC, respectively. The eutectics were established at 64 

and 44 mol% near 1200 qC and at 23 mol% near 1300 qC. K2CO3 remains as a liquidus phase at 1300 

qC and 75 mol% and melts at 1425 r 20 qC. Aragonite remains as a liquidus phase at 1300 qC and 20 

mol% and at 1400 qC and 10 mol%. CaCO3 solubility in K2CO3 and K2CO3 solubility in aragonite are 

below the detection limit (<0.5 mol%). 

,Q¿OWUDWLRQ� RI� VXEGXFWLRQ�GHULYHG�.�ULFK�&D�0J�)H�FDUERQDWLWH� LQWR� WKH�)H0-saturated mantle 

FDXVHV�WKH�H[WUDFWLRQ�RI��0J�)H�&23 components from the melt, which shifts its composition toward 

K-Ca-carbonatite. According to our data this melt can be stable at the P-T conditions of subcratonic 

lithosphere with geothermal gradient of 40 mW/m2 corresponding to temperature of 1200 qC at 6 GPa.
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introduction

Carbonates are one of the important classes of compounds in 

the Earth’s mantle that lower solidi of mantle rocks resulting in 

an appearance of carbonatite melt (Wyllie and Huang 1975; Wal-

lace and Green 1988; Sweeney 1994; Dalton and Presnall 1998; 

Luth 2006; Litasov 2011). This carbonatitic melt is known as an 

effective metasomatic agent altering mantle geochemistry (Green 

and Wallace 1988; Haggerty 1989) and as a solvent-catalyst 

promoting crystallization of sublithospheric diamonds (Akaishi 

et al. 1990; Pal’yanov et al. 2002; Shatskii et al. 2002; Palyanov 

and Sokol 2009). Additionally, carbonates are important carbon 

carriers responsible for the carbon inflow into the mantle with 

subducting slabs and outflow with deep magmas (Dasgupta and 

Hirschmann 2010; Dobretsov and Shatskiy 2012).

The specific feature of deep carbonatite melts is high alkali 

contents (particularly K), determined from studies of the melt in-

clusions in diamonds (Navon 1991; Schrauder and Navon 1994; 

Izraeli et al. 2004; Klein-BenDavid et al. 2004; Tomlinson et al. 

2006; Weiss et al. 2009; Zedgenizov et al. 2009, 2011; Logvinova 

et al. 2011) and high-pressure experiments on partial melting 

of carbonatites (Litasov et al. 2013), kimberlites (Litasov et al. 

2010b; Sharygin et al. 2013), carbonated peridotites (Dasgupta 

and Hirschmann 2007; Brey et al. 2011), eclogites (Dasgupta 

et al. 2004; Yaxley and Brey 2004; Litasov et al. 2010a), and 

pelites (Grassi and Schmidt 2011). Experimental data on syn-

thesis of K-bearing clinopyroxene (Harlow 1997) suggests that 

clinopyroxenes from inclusions in diamonds and diamond-

bearing metamorphic rocks with up to 1 wt% K2O (Sobolev et 

al. 1972, 1991; Sobolev and Shatsky 1990; Harlow and Veblen 

1991; Shatsky et al. 1995) are crystallized from ultrapotassic 

carbonate-silicate melts containing 15–28 wt% K2O.

It is thus essential to know phase relations in binary and 

more complex carbonate systems under mantle conditions. Since 

carbonates could participate in various mantle processes (kim-

berlite magma generation, mantle metasomatism, and diamond 

formation) that have occurred at the base of subcratonic mantle 

(150–230 km depths), pressure of about 6 GPa is the most inter-

esting for the study of those systems. Although phase relations in 

the CaCO3-MgCO3 (Buob et al. 2006), CaCO3�)H&23 (Shatskiy 

et al. 2014), K2CO3-MgCO3 (Shatskiy et al. 2013c), Na2CO3-

MgCO3 (Shatskiy et al. 2013a), and Na2CO3-CaCO3 (Shatskiy 

et al. 2013d) systems were already studied at 6 GPa, the data 

on phase relations in the K2CO3-CaCO3 system are limited by 

pressures d0.1 GPa (Niggli 1916; Eitel and Skaliks 1929; Kröger 

et al. 1943; Ragone et al. 1966; Chattaraj et al. 1973; Cooper 

et al. 1975; Malik et al. 1985; McKie 1990; Gavryushkin et al. 

������-DJR�DQG�*LWWLQV�������$UFHR�DQG�*ODVVHU��������)LJ������
Therefore, in this paper we present experimental data on phase 

relations in the system K2CO3-CaCO3 at 6 GPa and 900–1450 qC.

ExPEriMEntAL MEthod
Experiments have been conducted using a pressless split-sphere apparatus 

“BARS” (Pal’yanov et al. 1997; Shatskiy et al. 2011a) equipped with an 8-6 

type multi-anvil system at the V.S. Sobolev IGM SB RAS (Novosibirsk, Rus-

sia) (Palyanov et al. 2010) and a Kawai-type wedge and DIA uniaxial presses at 
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