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PETROGENESIS OF KIMBERLITES AND RELATED MAGMAS; A.E. 
Ringwood, W. Hibberson, N. Ware and S.E. Kesson, Research School of Earth Sciences, 
Australian National University, Canberra, ACT 2601, Australia. 

Kimberlites occur mainly in ancient cratonic regions and are of commercial importance as 
the principal sources of natural diamonds. Hitherto, it has been widely presumed that kimberlites 
were formed by small degrees of partial melting of hydrous, carbonated garnet peridotite at depths 
of 150-250 km in the subcontinental lithosphere [I]. This depth regime is implied by the presence 
in kimberlites of diamonds and of certain types of high pressure xenoliths. Recently, diamonds 
and xenoliths containing majorite garnet have been recovered from 3 kimberlites in South Africa 
and one in Brazil [2]. The formation of majorite requires exceptionally high pressures, exceeding 
those at a depth of 400 krn [3]. Majorite is believed to be an important constituent of the transition 
zone in the Earth's mantle (400-650 km) and, in that region, is accompanied by P or 
y(Mg,Fe)2Si04 [4]. These occurrences, in otherwise typical kimberlites, suggested that 
kimberlitic magmas may have formed in the mantle at much greater depths than had previously 
been considered. High pressure experiments have accordingly been carried out to evaluate this 
possibility. 

Rare earth fractionation patterns in kimberlites imply that they were produced by partial 
melting processes in the presence of residual garnet, which would have been accompanied by an 
orthosilicate phase, a, P or Y(Mg,Fe)2Si04, according to pressure [1,4]. Kimberlite magma, 
when crystallized experimentally at pressures and temperatures corresponding to its conditions of 
origin, should accordingly display both garnet and an orthosilicate together as near-liquidus 
phases. 

A synthetic kimberlitic starting material was prepared with the composition given in 
Table 1. FeO was replaced by COO in order the minimize loss of metal from the charge to the Pt 
container. The composition contained 5 wt% each of H20 and C02, these amounts of volatiles 
being representative of relatively fresh, deep kimberlitic dykes and "blows" which do not appear 
to have experienced extensive degassing after being intruded into the crust. Samples were sealed 
in Pt capsules and subjected to high pressures and temperatures in an MA-8 apparatus using 
standard procedures. Two sets of runs were carried out at 16 GPa and 10 GPa. Run times were 
10 minutes, after which the samples were quenched, recovered, and studies by optical, X-ray and 
electronprobe methods. 

At 16 GPa, majorite garnet and P(Mg,Co)2SiOq crystallize together at 1700°C, which is 
very close to the liquidus. These phases are joined by clinoenstatite between 1600-1650°C and 
the solidus is between 1500-1550°C. Compositions of near-liquidus garnet and PM2Si04 are 
given in Table 1. The results demonstrate that a kimberlite magma of the experimental 
composition could be produced by a small degree of partial melting of a majorite + PM2Si04 
mineral assemblage at depths of 400-550 krn. It seems quite likely that analogous behaviour 
would be observed between 550-650 km where the stable orthosilicate is y-M2SiOq. The melting 
interval for the kimberlite at this pressure is less than 200°C. 

In contrast, at 10 GPa, the liquidus phases near 1650°C are olivine + CaTi03 perovskite. 
Clinoenstatite enters near 1600°C and primary garnet is not observed until near 1550°C, well 
below the liquidus. Magnesite appears around 1450°C and the solidus is near 1250°C. The 
melting interval is -400°C as compared to -200°C at 16 GPa. 

Since garnet crystallizes far below the liquidus at 10 GPa, it follows that this typical 
kimberlite composition could not have been produced by a small degree of partial melting of a 
garnet-bearing assemblage at a depth of 300 km. An extensive body of experimental data on other 
basic and ultrabasic systems shows that garnet would be even further removed from the liquidus 
of this composition at depths smaller than 300 km. These data show that, providing C02 contents 
of the melts do not exceed about 10 wt%, the pressure needed to cause garnet to appear on the 
liquidus increases regularly as the A1203 content of the system decreases [5]. Since primitive 
kimberlites contain only 2-4 wt% A1203, the pressure needed for the appearance of garnet on the 
liquidus together with an orthosilicate phase is relatively high. The present results show that a 
kimberlite magma of the composition studied could be formed only by a small degree of partial 
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melting of a majorite-bearing source region within the transition zone, and could not have formed 
at shallower levels. The results therefore support the evidence provided by the occurrences of 
natural majorite, that at least some kimberlites are derived from great depths in the Earth's mantle. 

Modelling based upon the observed compositions of the liquidus phases at 16 GPa shows 
that the parental lithology from which kimberlites formed by partial melting comprised an 
ultrabasic assemblage of P or y-(MgYFe)2Si04 plus majorite and possessed higher Mg/Fe ratios 
and lower Na,Ca and A1 contents than does the pyrolite source region of MORBs. This refractory 
protolith possessed a composition similar to harzburgites from the upper mantle and may have 
been generated by subduction of oceanic lithosphere. It was subsequently refertilized by 
hybridization with melts containing high abundances of incompatible elements, which themselves 
had been formed by partial melting of a source region containing garnet as a major phase. This 
latter source region is believed to represent a layer of former basaltic crust, perhaps 50-100 km 
thick, which was buoyantly trapped on top of the 650 km discontinuity during subduction [4]. 
Thus the formation of kimberlite source regions is believed to arise from subduction of 
differentiated oceanic lithosphere into the transition zone of the Earth's mantle accompanied by 
subsequent partial melting of the former oceanic crust (garnetite) and refertilization of adjacent 
former harzburgite. 

Table 1 

Compositions of kimberlite starting material used in the present experiments, together with 
those of phases observed on the liquidus of the kimberlite at 16 GPa, 1700°C. 

Group IA Majorite Beta 
kimberlite[2] garnet2 (MgYCo)2SiO4 

Si@ 32.1 49.07 40.16 
Ti@ 2.0 0.50 0.23 
A126 
Cr203 coo 
NiO 
MgO cao 
Na20 
K20 

Synthetic kimberlite composition contains equimolar COO replacing FeO. 
2 Garnet contains 38 mol% of majorite component. 
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