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The radioactive decay of La-138 to Ce-138 with a halflife of 112xl0^y can be used 
for age determination but is especially interesting as an indicator for rare earth 
element fractionation, isotopic evolution and correlated geological processes (Tanaka, 
1982). 

The change of the valency from 3+ to 4+ by a temporary high oxygen fugacity is an 
outstanding feature of Ce (besides Eu) within the REE which may cause Ce anomalies. In 
meteorites and lunar rocks these anomalies reach 20% and more. Therefore the La-Ce 
system should be especially useful as an indicator of chemical processes Involved in 
the genesis of crustal and mantle rocks. 

We report here the first Ce isotopic data obtained for kimberlites. Three fresh 
South African kimberlites were analyzed for the radiogenic ratio Ce-138/Ce-142 (nor¬ 
malization ratio is Ce-136/Ce-142=0.01720) and compared with other terrestrial 
samples. The Jwaneng kimberlite (basaltic - Group I) has a significantly less radio¬ 
genic Ce-138/Ce-142 isotopic composition compared to the New Elands and Finsch kimber¬ 
lites (micaceous - Group II) and to other terrestrial rocks. The measured differences 
for the isotopic composition of Ce between the two types of kimberlites reflect dis¬ 
tinct mantle reservoirs with significant differences in Ce-138/Ce-142; the Group I 
kimberlite with Ce-138/Ce-142=0.02287955144 clearly differs from the mean of the two 
Group II kimberlites which is Ce-138/Ce-142=0.0228261112(26'). The Group II kimberlites 
are identical within IG. In terms of ^-deviation from the chondritic uniform reservoir 
(BCR-1: Ce-138/Ce-142=0.0228166) this is -9.2±1.9£ for Group I and +4.210.5£ for Group 
II kimberlites, a total variation of 13.412.46:. 

New Elands and Finsch, Group II, may be derived from an enriched source as initial 
Sr and Nd isotopic ratios and high time-averaged Rb/Sr and Sm/Nd indicate, whereas 
Jwaneng, Group I, should come from an undifferentiated to slightly depleted source 
relative to bulk earth (Smith, 1983). For Group II this seems to be consistent with 
the isotopic data of Ce though the slightly radiogenic ratio Ce-138/Ce-142 compared to 
bulk earth and a "normal" Pb-206/Pb-204 ratio close to the geochron are more likely 
derived from a bulk-earth-like source region. In contrast the higher Pb-206/Pb-204 
ratio of the Group I corresponds to a much less radiogenic Ce. This indicates anomal¬ 
ous time-averaged Pb/U and La/Ce ratios in the sources of Group I kimberlites signifi¬ 
cantly lower than in bulk earth. The measured La/Ce ratio of Jwaneng normalized to the 
chondritic value is 1.55; most terrestrial La/Ce ratios are between 0.5 and 2.0 
(Schier, 1983). The calculated La/Ce ratio of the Group I source derived from the 
chondritic evolution line is dependent on its age and the measured radiogenic Ce of 
this Group I kimberlite: for 4.5 b.y. the La/Ce ratio of the source would be 0.42 and 
becomes zero at the minimum source age of 2.6 b.y. The corresponding range of the 
Sm/Nd ratio is much smaller, varying from 1.04 at 4.5 b.y. to 1.06 at 2.6 b.y. These 
calculated source ratios of Group I, required to generate the present-day 
Ce-138/Ce-142 and Nd-143/Nd-144 ratios, are unlikely caused by normal differentiation 
processes. Melting curves combined with the La/Ce-Sm/Nd correlation line of source 
ratios as a function of time should give more information about the generation of this 
kimberlites's source rock. 

Starting from a chondritic reservoir for melting calculations, and provided that 
the La/Ce-Sm/Nd correlation line for the generation of the source represents all 
possible La/Ce and Sm/Nd ratios of the endproducts of melting as a function of time, 
it is apparent that a batch melting process cannot generate the source of the Group I 
kimberlite at any time, either as the residuum or as the melt. No batch melting curve, 
either for the liquid or the solid, intersects the La/Ce-Sm/Nd correlation line (see 
Fig.l). Agreement was found for continuous melting calculations (Langmuir, 1977) which 
showed that the possible range of Group I source ratios La/Ce and Sm/Nd result from a 
liquid (enriched in LREE) rather than the residue. It was postulated previously 
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(Wyllie, 1975) that fractional fusion can produce kimberlitic magmas. A corresponding 
calculation was performed as a 3% continuous melting of a chondritic source with total 
removal of the melt. The resulting liquid has the required La/Ce and Sm/Nd ratios 2.7 
b.y. ago to generate the present-day Ce-138/Ce-142 and Nd-143/Nd-144 ratios, and could 
therefore serve as a 2.7 b.y. old source for cretaceous southern African kimberlites. 

A second and much discussed event of melting of this original source occured 90 
m.y. ago (Smith, 1983) which again changed the La/Ce and Sm/Nd source ratios by en¬ 
richment of the LREE in the resulting liquid. The measured La/Ce and Sm/Nd ratios of 
the kimberlite represent the ratios in this liquid (Kramers, 1981). The radiogenic 
isotopic ratios of Ce and Nd are long-time-fractionated and should therefore reflect 
an original source feature of kimberlites. 
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