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Abstract
The frequent occurrence of chlorides and carbonates in the form of microinclusions of melts or 

high-density fluid (HDF) in diamonds and igneous minerals of kimberlites worldwide generates genuine 
interest in their phase diagrams under pressure. Here, we present the first experimental results on the 
phase relations in the NaCl-CaCO3 and NaCl-MgCO3 systems at 6 GPa in the range 1000–1600 °C 
performed using a multi-anvil press. We found that both systems have the eutectic type of phase 
diagrams. The subsolidus assemblages are represented by halite + aragonite and halite + magnesite. 
Halite-aragonite eutectic is situated just below 1200 °C and has a composition of 40 wt% NaCl and 
60 wt% CaCO3. Halite-magnesite eutectic is located at 1300 °C and has a composition of 72 wt% NaCl 
and 28 wt% MgCO3. The halite melting point was established at 1500 °C. Complete miscibility between 
carbonate and chloride liquids was observed up to 1600 °C. The results support the hypotheses that 
saline HDF is either a low-temperature derivative or precursor of mantle carbonatite HDF. The data 
also do not exclude an alternative hypothesis, according to which saline HDF are formed as a result 
of the reduction of the carbonate component of chloride-containing carbonatite melts to diamond.
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Introduction
Alkaline chlorides and carbonates are important constituents 

of diamond-forming HDFs (Navon et al. 1988; Izraeli et al. 2001; 
Kaminsky et al. 2013; Jablon and Navon 2016; Zedgenizov et al. 
2018) and a liquid component of kimberlite magma carrying dia-
monds to the surface (Kamenetsky et al. 2004, 2014; Abersteiner 
et al. 2019; Golovin et al. 2020; Sharygin et al. 2021). Although 
the natural abundance of Cl in the mantle does not exceed 30 wt 
ppm (Palme and O’Neill 2003; Shimizu et al. 2016), the probes 
of deep-seated magmas (basalt, komatiite, kimberlite), entrapped 
as inclusions in mantle minerals, indicate an excess of chlorine, 
implying the abundance of chlorine in the source regions of these 
magmas (Kamenetsky et al. 2009; Hanyu et al. 2019; Asafov et 
al. 2020). Subducted seawater-altered and carbonated oceanic 
crust is considered a likely source of chlorine (Weiss et al. 2015; 
Hanyu et al. 2019; Asafov et al. 2020). Kendrick et al. (2011) 
found that a significant portion of chlorine survives deserpeniza-
tion at subarc depth and, therefore, can be subducted to depths 
greater than 70 km.

Inclusions in diamonds are the deepest probes of mantle melts 
and HDFs extending to the lower mantle (Kaminsky et al. 2013, 
2016). Their composition varies between a silicic melt, rich in 
Si, K, Al, water, and a minor carbonate; carbonatitic, rich in 
carbonate, Ca, Mg, K, and a saline, rich in Cl, K, Na, water; and 
carbonates (Bulanova et al. 1988; Navon et al. 1988; Schrauder 
and Navon 1994; Izraeli et al. 2001; Klein-BenDavid et al. 2009; 

Zedgenizov et al. 2009, 2011; Jablon and Navon 2016; Shatsky et 
al. 2019). Continuous variations in the composition of HDFs sug-
gest a genetic link between the end-members (Klein-BenDavid 
et al. 2007; Weiss et al. 2015).

Experiments show that silicic and carbonatitic melts are 
immiscible and can be derived by partial melting of recycled 
hydrothermally altered basalts (Kiseeva et al. 2012) or carbonated 
pelites at a depth of about 200 km (Shatskiy et al. 2019). The 
carbonate melt dissolves chlorides and remains in equilibrium 
with silicate minerals up to 1380–1450 °C at 4.5–5.5 GPa. At 
higher temperatures, either an immiscible carbonate-silicate 
melt appears in addition to chloride-carbonate melt (Safonov 
et al. 2007; Litasov and Ohtani 2009; Safonov et al. 2009a, 
2009b, 2011) or carbonatite melt evolves toward silicate melt at 
1500–1700 °C (Litasov et al. 2010; Safonov et al. 2011).

However, a genetic link between saline and carbonatitic 
end-members remains controversial and experimentally unre-
solved. Some hypotheses consider the saline HDFs as either a 
slab-derived precursor of carbonatitic melts (Weiss et al. 2015) 
or a low-temperature derivative of mantle carbonatite melts 
(Shatskiy et al. 2019). On the other hand, immiscibility between 
molten chlorides and carbonates, if any, can be involved to ex-
plain their genetic link (Veksler 2004). Yet, phase equilibria in 
chloride-carbonate systems are still experimentally challenging.

Here, we studied solidus and melting phase relations in 
the binary NaCl-CaCO3 and NaCl-MgCO3 systems at 6 GPa 
in the range 1000–1600 °C and discussed the constrained T-X 
diagram with implication to the mantle saline and carbonatitic 
melts/HDFs.
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