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Sulfides are the abundant minerals of the Earth’s mantle. Sulfide minerals are associated with the 

mantle peridotites and eclogites including the diamond-bearing varieties as well with diamonds as 
both primary inclusions [1, 2] and contacts covers [3]. Study of the mantle mineral systems with 
sulfides is of interest for the mantle mineralogy and petrology and an understanding of the processes 
of natural diamond formation. 

The detection of sulfides in the centers of diamond nucleation is a base for the sulfide version of 
diamond formation. Under this version, sulfide substances are the natural diamond-forming media [4]. 
Silicate minerals may be included together with sulfides in the same diamond crystal (fig. 1, 2) that is 
an evidence of a syngenesis of diamond, sulfide, and silicate minerals 
 

 
Fig. 1. Primary sulfide inclusions [4]: a) sulfide in diamond; b) sulfide (the inclusion is 
withdrawn from diamond); c) garnet in sulfide (the inclusion is withdrawn from 
diamond); d) sulfide in garnet (the inclusion is withdrawn from diamond). 

 

 
Fig. 2. Inclusions of silicate (a) and sulfide (b) in the growth center of diamond [5]. 

 
Experimental data demonstrate that silicate melts do not dissolve carbon and are not 

effective for the processes of diamond formation [6] in contrast to the melts with chemistry of 
natural parental media such as the carbonate-silicate-carbon [7] and sulfide-carbon [8] ones. 

The assumption that diamonds containing simultaneously syngenetic silicate and sulfides 
inclusions were crystallized from hybrid sulfide-silicate melts is not in agreement with liquid 
immiscibility of sulfide with both silicate and carbonate melts which is observed in natural 
and experimental conditions (fig. 3). 
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Fig. 3. Liquid immiscibility of sulfide melts with the silicate and carbonate ones:  
(a) by natural evidence [9]; (b) in experiment at 7 GPa [10]. 

 
The main objective of the experimental study is checking of a possibility of the syngenetic 

crystallization of diamond and silicates from sulfide melts. 
The silicate–sulfide system, which was chosen for realization of the goal consists of natural garnet 

(Grt) from Udachnaya pipe (Yakutiya) and pyrrotite (Po). Garnet composition: SiO2 – 39.16, TiO2 –
64, Al2O3 – 21.05, Cr2O3 – 0.03, FeO – 21.86, MnO – 0.44, MgO - 8.55, CaO - 8.50, Na2O – 0.09 (wt. 
%). Pyrrotite composition: S -38.96, Fe – 60.74, Co – 0.06, As – 0.04 (wt. %). 

Powdered mixtures of the minerals in the ratios of 50:50, 75:25, and 25:75 were placed in graphite 
ampoules and subjected to pressure of 7GPa and temperatures of 1200 – 2000 oC in the anvil-with-hall 
apparatus with the cell made from lithographic limestone [11]. The accuracies of pressure and 
temperature estimations are ± 0.1 GPa and ± 20oC, respectively. Experimental samples were studied 
by the methods of scanning electron microscopy and electron microprobe with the use of electron 
microscope Tescan Vega TC 5130 MM with the analyzer Link inca Energy (IEM RAS, with 
assistance of A.N. Nekrasov). 

Experimental studies of the garnet – pyrrotite system (fig. 4) point to a formation of two-phase 
subsolidus assemblage Grt +Po with compositions of the boundary phases of the system – natural 
pyrope – almandite – grossularite garnet  and pyrrotite Fe1-xS (without any indications of formation of 
sulfide – silicate solid solutions). When the subsolidus assembly melts completely, sulfide and silicate 
melts in a state of complete liquid immiscibility are formed. A phase diagram for the mantle sulfide – 
silicate system is first constructed and belongs to the type of that for the systems with components 
which crystallize from their own melts [12]. 
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Fig. 4. Phase diagram of the experimental garnet – pyrrotite system at 7 GPa. 
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By the microprobe analyses of experimental phases, a mutual solubility of the components is 

absent at the melting temperature of the more refractory components and higher temperatures. It is 
found that garnet is not practically capable to dissolve in sulfide melt.  The mapping of distribution of 
chemical elements (fig. 5) supports the result. 
 

    
 

Fig.5. Maps of chemical elements (S, Fe, Al) from different fields of phase diagram 
 

By the experimental evidence, silicate minerals can not crystallize from sulfide melts. This argues 
for an impossibility of a syngenesis of diamond and silicate minerals in sulfide melts. 

The system under study is first successfully used for diamond synthesis. For this, graphite was 
added to the starting materials as the carbon source. Scanning electron microscope images of 
diamonds in situ in the pyrrotite – carbon and garnet – pyrrotite – carbon systems are given on the figs. 
6, a and 6, b, respectively. The experimental conditions are 8.5 GPa and 1600 - 1700 oC.  Diamond 
crystallization proceeded in sulfide – carbon melts with dissolved carbon in the state of labile over 
saturation to diamond. 
 

  

 
 
Fig. 6. Diamonds synthesized 
in the systems:  
a) pyrrotite – carbon (smpl. 
1/879);  
b) garnet – pyrrotite – carbon 
(smpl. 1/880). 

 
 
Thus, the studies allow definite conclusions: 
(1) Phase equilibria of the garnet - pyrrotite silicate – sulfide system at the parameters of diamond 

stability (7 GPa, 1400 – 2000 oC) on the carbon phase diagram [13] is first studied. 
(2) The type obtained for phase diagram for the Grt – Po join declines a possibility of the 

syngenetic formation of diamond and garnet from sulfide – carbon melts. This may be evidence that 
natural diamonds with the coexisting sulfide and silicate inclusions were formed in carbonate – silicate 
– carbon melts with high contents of admixed sulfides. As this takes place, the episodes when sulfide-
carbon melts became parental media are not excluded. 

(3) Spontaneous crystallization of diamond in the Po - C and Grt – Po – C at 8.5 GPa and 1600 – 
1700 oC is first realized. 
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