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Influence of the fluid composition on diamond dissolution forms in carbonate melts
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AbstrAct

The influence of СО2 and Н2О on the morphology of diamond dissolution in carbonate melts 
was studied experimentally at pressure 5.7–7.0 GPa and temperature 1400–1750 °С, using a BARS 
multi-anvil apparatus. It has been established that diamond dissolution in fluid-free carbonate melts 
starts with the development of positive trigons on the {111} diamond faces, followed by truncation 
of crystal edges by trigon-trioctahedral surfaces, and finally by the transformation of diamond into 
spherical dodecahedroid-like morphology. Diamond dissolution in СО2-bearing carbonate melts also 
begins with the formation of positive trigons on the {111} faces and development trigon-trioctahedron 
surfaces on the edges. Dissolution form changes from trigon-trioctahedron to dodecahedroid with 
increasing loss of initial weight. Addition of more than 8 wt% of Н2О into the carbonate medium 
changes the orientation of the trigons and the secondary morphology of diamond. At the beginning of 
the process, negative trigons and ditrigonal (shield-shaped) dissolution layers developed on the {111} 
faces. Dissolution form of diamond in water-bearing melts is tetrahexahedroid, which is most similar 
to rounded natural diamonds. The results obtained allow us to regard the morphology of trigons and 
dissolution forms as an indicator of the composition of the diamond dissolution medium. The experi-
ments suggest that the morphology of diamond during dissolution is controlled by the presence of 
water in a system. Our data show that the СО2/(СО2+Н2О) ratio by weight value was <0.81 during 
natural diamond dissolution.
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introduction

It is commonly accepted that the morphology of most natural 
diamonds is a result of dissolution or oxidation (Fersman 1955; 
Moore and Lang 1974; Orlov 1977; Robinson 1978; Sunagawa 
1984; Kaminsky et al. 2000; Gurney et al. 2004). Since rounded 
diamonds occur exclusively in kimberlites and lamproites, their 
dissolution is assumed to proceed in fluid-bearing ultrabasic 
carbonate-silicate melts with СО2 and Н2О as the main compo-
nents of fluid (Haggerty 1986; Wyllie 1995; Girnis et al. 1995; 
Navon 1999; Ryabchikov and Girnis 2005). However, the fac-
tors affecting the morphology and preservation of diamond are 
not quite clear. Typically, Н2О or СО2 are regarded as diamond 
oxidizers (or solvents) in natural processes (Kozai and Arima 
2005; Fedortchouk et al. 2007; Khokhryakov and Pal’yanov 
2007b; Arima and Kozai 2008). It was established experimen-
tally that dry silicate melts do not react with diamond up to 
temperature 1750 °С at pressure 7.0 GPa (Borzdov et al. 1999). 
It was shown (Rudenko et al. 1979; Kozai and Arima 2005) that 
carbonate melts do not interact with diamond at pressures <1 
GPa. At 1 GPa, only surface graphitization and irregular corro-
sion sculptures were observed on diamond crystals (Fedortchouk 
et al. 2007). However, at high pressures in the field of diamond 
thermodynamic stability, carbonate melts are not only good car-

bon solvents (Khokhryakov and Pal’yanov 2000), but they also 
provide diamond crystallization (Akaishi et al. 1990; Taniguchi et 
al. 1996; Litvin 1998; Pal’yanov et al. 1999, 2002, 2007b; Sokol 
et al. 2001). Experimental studies have shown that kimberlites 
could originate from melts rich in carbonates or directly from 
carbonatitic melts (Dalton and Presnall 1998; Gudfinnsson and 
Presnall 2005; Brey et al. 2008; Canil and Bellis 2008). The 
formation of kimberlite melts and their separation apparently 
takes place over a long period of time. Therefore, diamonds 
that come into contact with these primary melts in the mantle 
could experience significant dissolution prior to the kimberlite 
ascent. In this respect, investigations of diamond dissolution in 
the carbonate melts at mantle P-T conditions are of particular 
interest both for establishing the role of mantle processes in 
the genesis of rounded natural diamonds and for verification of 
the hypothesis on the original carbonatite composition of the 
kimberlite melt. 

In this paper, we report experimental results on diamond 
dissolution in carbonate melts at P-T parameters of diamond 
thermodynamic stability and present data on the morphology of 
obtained dissolution forms. Change in the morphology during 
dissolution of diamond crystals was studied in fluid-free, СО2-
bearing, and Н2О-bearing carbonate melts. The data obtained 
allowed us to determine the ratios of СО2 and Н2О in carbonate 
melts, which cause changes in the morphology of trigons and 
dissolution forms.* E-mail: khokhr@uiggm.nsc.ru 


