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Introduction 

 

Kimberlites are broadly seen as being generated in a CO2-rich or carbonated mantle source or evolved from 

carbonatitic magmas (Dalton and Presnall, 1998; Le Roex et al., 2003; Wyllie, 1980); and references 

therein). As the proceeding of crystallization and dissolution of volatile in melts, the oxygen fugacity (fO2) 

of kimberlitic melts increases progressively (Canil and Bellis, 2007; Casetta et al., 2023), regardless of the 

redox state of their mantle source. Although the oxygen fugacity of kimberlite source cannot be revealed 

directly, the effect of redox variation would be evidenced by the changes of mineral stabilities during 

kimberlitic magma fractionation. However, the temperature and oxygen fugacity conditions for the 

crystallization in the late stage of kimberlite melts evolution and the sequence crystallization are still poorly 

constrained (Giuliani et al., 2023), therefore, experiments are required to establish and verify these 

conditions. Given that kimberlitic melts are susceptible to serpentinization and crustal contamination at low 

pressure and temperature (Afanasyev et al., 2014), we conducted high-pressure and high-temperature 

experiments to simulate kimberlite magma evolution after rising from the source mantle before 

emplacement at the bottom of crust. The primary melt composition of kimberlite used in this study is based 

on that reconstructed from Group I aphanitic kimberlites from South Africa after correction of contaminated 

macrocryst (Becker and Roex, 2006; Sokol and Kruk, 2015). The starting material used in this study has 

been altered to contain slightly higher H2O and CO2, and could be regarded as more approximate to the 

primary kimberlite magma, considering the CO2 degassing during kimberlite magma ascent and the 

extraction of H2O from later serpentinization (Edgar et al., 1988).  

   

Methods 

 

We conducted high pressure experiments in a piston cylinder apparatus at 2-3 GPa, and temperatures 

between 900 and 1200 °C. We used two fO2 settings (Fig. 1) with the double capsule technique (Eugster 

and Skippen, 1967) to buffer the required redox conditions. The first set was graphite-saturated C-COH 

fluid conditions (abbr. CCOH buffer, Ulmer and Luth, 1991), and the second set was Ni-NiO conditions 

(abbr. NNO buffer). All experiments were performed for 6-24 hours to ensure reaching chemical 

equilibrium. After experiments, the mineral and melts compositions were determined by scanning electron 

microscope (Apreo 2 SEM) at IDSSE and electron microprobe JOEL 8230 in the commercial analysis 

companies. The run conditions and results are reported in Table 1. 

 

Results and discussion 

 

Our results show that, magnesian ilmenite composition obtained in this study is characterised by 14.4-17.9 

wt.% of MgO, comparable to the groundmass composition obtained in the hypabyssal kimberlite (Mitchell, 

1977; Arculus et al., 1984). The clinopyroxene under both redox conditions is diopside, as to the case of 

micaceous hypabyssal kimberlite (Mitchell, 1986). Orthopyroxene was absent under all NNO buffered 

conditions, however, contrary to what is commonly believed that it is rare or absent in most kimberlites, 
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we observed orthopyroxene crystallization under CCOH buffered conditions at 2-3 GPa. Further, olivines 

in this study are rich in MgO (Fo83-95) under both redox conditions, which are different from either 

megacrysts or microphenocrystal olivines in kimberlite rocks, but comparable to the xenocrystal olivines 

found in kimberlites (Mitchell, 1986, Giuliani et al., 2018). Although MgO-rich phenocrystic olivine are 

commonly absent or rare in kimberlite rocks, our studies indicates that olives formed from kimberlite 

fractional crystallization are MgO-rich and able to coexistent with the CO2-rich fractionated melt. 

 

Table 1: Experimental run conditions and phases assemblages in the experiments 

Exp No. P/GPa T/°C t/hr Outer-inner 

capsule 

Buffer Phases 

KMB-2 3 1200 6 Pt-C CCOH Ol + Cpx + Opx + Phl* + Rt* + Melt 

KMB0-3 3 1100 12 Pt-C CCOH Ol + Cpx + Opx +Mg-Ilm* + Rt + Phl + Melt 

KMB-3 3 1000 24 Pt-C CCOH Ol + Cpx + Opx + Rt + Phl + Dol + Melt 

KMB-7 3 1000 24 Au-Pt NNO Ol + Cpx + Mg-Ilm + Phl + Apt + Dol + Mgs  

KMB-19 2.4 1200 7 Pt-C CCOH Ol + Opx + Phl* + Melt 

KMB-18 2.4 1200 7 Au-Pt NNO Ol + Melt 

KMB-26 2.4 1100 12 Pt-C CCOH Ol + Cpx + Melt 

KMB-25 2.4 1100 12 Au-Pt NNO Ol + Melt 

KMB-29 2.4 1000 24 Pt-C CCOH Ol + Cpx Mg-Ilm + Rt + Phl + Melt 

KMB-22 2.4 1000 24 Au-Pt NNO Ol + Cpx + Rt + Phl + Melt 

KMB-20 2 1200 7 Pt-C CCOH Ol + Melt 

KMB-23# 2 1200 7 Pt-AuPd NNO Ol + Melt 

KMB-27 2 1100 12 Pt-C CCOH Ol + Cpx + Melt 

KMB-35 2 1100 12 Pt-AuPd NNO Ol + Cpx + Mg-Ilm + Phl + Melt 

KMB-15 2 1050 12 Au-Pt NNO Ol + Cpx + Melt 

KMB-21 2 1000 24 Pt-C CCOH Ol + Cpx + Mg-Ilm + Rt + Phl +Melt 

KMB-11 2 1000 24 Au-Pt NNO Ol + Cpx + Mg-Ilm + Rt + Phl + Apt + Dol 

KMB-14 2 950 12 Au-Pt NNO Ol + Cpx + Mg-Ilm + Phl + Apt + Dol 

KMB-13 2 900 8 Au-Pt NNO Ol + Cpx + Mg-Ilm + Phl* + Apt + Dol  

P-pressure, T-temperature, t-run duration in hour(s), Outer-inner-the material of outer and inner capsule, respectively, buffer-

mineral oxygen fugacity buffer. Ol-olivine, Cpx-clinopyroxene, Opx-orthopyroxene, Rt-rutile, Phl-phlogopite, Mg-Ilm-magnesian 

ilmenite, Apt-apatite, Dol-dolomite, Mgs-magnesite. Mg-Ilm*: The grains were too small to be detected with EMPA and were only 

confirmed with SEM. KMB-23#: Inner capsule leaked.  

Figure 1: The residual compositions of kimberlite magma and comparison with those in previous studies. The red 

star represents the composition of the starting material used in this study.  
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As demonstrated by Fig. 1, the residual melt of kimberlite, derived from factional crystallization of 

kimberlite, features low SiO2 + Al2O3 but high CO2 + H2O, and evolves to carbonatitic melts as the 

temperature decreases. Thus, the residual melt compositions obtained in this study are transitional between 

those of carbonate melts and silicate melts, supporting that kimberlite may fractionate to carbonatites 

(Stamm and Schmidt, 2017). 
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