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Nd and Sr isotopic compositions in kimberlites from Zaire indicate a time-integrated depleted mantle source 
(c Na = + 6 to + 2 a n d  S7Sr/86 Sr = 0.7040). Slight upper crust contamination is reflected only by the Pb isotopic system. 
Differences in the isotopic compositions of kimberlites from two kimberlite provinces, Mbuji Mayi and Kundelungu, 
point to the existence of regional heterogeneities in the subcontinental mantle, with a range comparable to that observed 
in the suboceanic mantle. This suggests that the deep mantle (asthenosphere) has comparable characteristics under the 
oceans and under the continents. 

Cr-diopside megacrysts, with a more depleted signature (eNd = +6.5 and S7Sr/86Sr=0.7030) than their host 
kimberlites, could either be xenocrysts derived from a higher level within the mantle and incorporated during the ascent 
of the kimberlites or, alternatively to an early crystallization stage from a "proto-kimberfitic magma" which was 
subsequently mixed with an enriched mantle component. These data preclude a primary undifferentiated mantle from 
being the source of these kimberlites. 

1. Introduction 

Kimber l i t e s  con ta in  var ied  popu la t i ons  of  
xenol i ths  f rom the subcont inen ta l  mant le  and  the 
lower  crust  [1] and,  as such, their  geochemical  and  
i so topic  (Sr, Pb and  Nd)  compos i t ions  can be  used 
to character ize  their  source r e g i o n - - t h e  subcon-  
t inenta l  m a n t l e - - a n d  to compa re  this wi th  the 
suboceanic  mant le .  

Recent  results  on  Sr and  N d  isotopic  composi -  
t ions have ind ica t ed  a wide range of  values. The  
very first N d  i so topic  studies [2,3] showed that  
mos t  k imber l i tes  have ini t ia l  eps i lon N d  values 
(~Yd) close to zero, which was in te rpre ted  as re- 

* Present address: The Lunatic Asylum of the Charles Arms 
Laboratory, Divison of Geological and Planetary Science, 
California Institute of Technology, Pasadena, CA 91125, 
U.S.A. 

** FNRS Charge de recherches. 

sui t ing f rom a relat ively undi f fe ren t ia ted  chondr i t ic  
man t l e  source (actual ly,  6 of the 9 repor ted  values 
have sl ightly posi t ive  end values:  + 1.0 to + 3.2). 
Basu et al. [4] recent ly  reendorsed  this first inter-  
p re t a t ion  in spite  of  values up to + 4. Kramers  et 
al. [5] also r epor ted  posi t ive  end values ( +  1.8 to 
+4 .1 )  with 87Sr/86Sr ra t ios  ranging  f rom 0.70386 

to 0.70461 for five South  Afr ican  kimberl i tes ,  sug- 
gest ing a slight t ime in tegra ted  dep le t ion  of  l ight 
rare  ear th  d e m e n t s  (LREE)  in the source. Cr-di -  
ops ide  megacrys ts  inc luded in these k imber l i tes  
have dis t inct  i so topic  features:  their  ~Nd values 
range  f rom +3 .8  to + 7 . 4  and  87Sr/86Sr rat ios 

f rom 0.7028 to 0.7036 [5]. These da ta  p lo t  in the 
left  uppe r  par t  of  the 143Nd/144Nd versus 
87Sr/86Sr d i a g ra m and  fall  wi th in  the mant le  a r ray  
def ined  b y  oceanic  basal ts ,  of  ei ther  tholei i t ic  or  
a lkal ine  affini t ies [6-8].  Smith  [9] also found  these 
dep le ted  character is t ics  for South  Afr ican  basal t ic  
( type  I) k imber l i tes  while an enr iched upper  man-  
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tie source is required for micaceous (type II) 
kimberlites (initial 87Sr//86Sr ratios from 0.7074 to 
0.7109 and end from --5 to --9). Moreover, di- 
opsides from micaceous garnet lherzolite nodules 
in kimberlites from the Kimberley area in South 
Africa [10] have end values between - 1  and - 6  
for 875r/86Sr ratios between 0.7047 and 0.7075; 
this shows the existence of both depleted and 
enriched mantle sources beneath southern Africa. 
Kimberlites and lamproites from the West Kim- 
berley district (western Australia) [11] also have 
negative end values (-- 7 to -- 15) and even higher 
87Sr//86Sr ratios (up to 0.718). The authors rule out 
crustal contamination so that the subcontinental 
mantle source of these rocks must be highly en- 
riched in LREE and large-ion lithophile elements 
in general. 

In an attempt to further characterize the source 
regions of kimberlites, we present additional Nd, 
Sr and Pb isotopic data for kimberlites from Zaire. 

2. Sample description 

Detailed petrographic, trace element geochem- 
ical and Sr isotopic data of Zaire kimberlites have 
been published elsewhere [12,13]. Two kimberlitic 
provinces have been recognized in Zaire (see loca- 
tion map in Demaiffe and Fieremans [12]); in the 
East Kasai province at Mbuji Mayi (formerly 
Bakwanga) [14,15], and in the Shaba province 
intruding the Precambrian rocks of the Kunde- 
lungu plateau [16]. At Mbuji Mahi, "pr imary" 
kimberlites (these kimberlites are not depleted in 
volatile elements; they probably crystallized at 
high pressure, presumably as sills or dykes, and 
were incorporated later in the breccia) occurring as 
rounded (2-15 cm) nodules (autoliths) in the di- 
amondiferous breccia ("yellow grounds") have 
been analysed. They have typical porphyritic tex- 
ture with two generations of olivine phenocrysts. 
Following the classification of Dawson [1], they 
were considered as of the micaceous type because 
they contain phlogopite as macrocryst as well as 
groundmass phase (this phlogopite is often retro- 
gressed to chlorite). The similarity with Smith's 
type II kimberlites [9] is not clear on the basis of 
the data we have. Indeed, in the Kimberley area, 
there are varieties of basaltic (type I) kimberlites, 

found in dykes, which contain some mica but have 
87Sr//S6Sr around 0.704 [43], indicating that the 
occurrence of mica is not sufficient evidence to 
attribute kimberlites to Smith's [9] group II. The 
Cr-diopsides contain 0.4-0.8% Cr20 3 and hence 
belong to the Cr-poor series as defined by Eggler 
et al. [17]. Together with garnet and ilmenite, the 
Cr-diopsides constitute the typical "megacryst 
suite" [1]. The emplacement of the Mbuji Mayi 
kimberlites has been dated at 71 m.y. using U-Pb 
on zircons [18]. On the Kundelungu plateau, the 
kimberlites are of the basaltic type and contain 
large rounded olivine phenocrysts. Only whole-rock 
samples have been studied. These kimberlites have 
not been dated and the emplacement age is as- 
sumed to be 71 m.y., i.e. Cretaceous, as many 
other kimberlites in Africa [18]. Such an age was 
therefore used to calculate initial isotopic ratios. 

3. Analytical techniques 

The analytical techniques used in this study 
have already been described in references [13] for 
Sr, [19] for Nd and [19,28] for Pb and are recalled 
in the footnotes of Tables 1 and 2. Lead was 
separated following a modification of the Manhes 
et al. [20] technique while Nd separation is done 
following the Cerrai and Testa [21] technique 
adapted by Richard et al. [6]. Blanks were always 
in the nanogram range (Nd: 1 ng, Pb: 1.2-1.5 ng 
and Sr: 15-20 ng) and insignificant in comparison 
to the sample content (microgram range). The 
isotopic analyses were done on a Finnigan MAT 
260 mass spectrometer. Repeated analyses of the 
different standards give: 87Sr/86Sr --- 0.71022 + 3 
(2Ore) for NBS 987, 143Nd/144Nd = 0.512665 + 35 
for BCR1 and a mass fractionation factor of 1 + 
0.3% per amu on the basis of 25 analyses of NBS 
981. 

4. Results and discussion 

4.1. Sr and Nd isotopes 

Sr isotopic compositions have been measured in 
11 Mbuji Mayi "pr imary" kimberlitic nodules and 
in 7 Kundelungu kimberlites. These data were 
previously published [13] and are reported again 
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Fig. 1. Nd and Sr initial ratios (71 m.y.) for Zaire kimberlites. Mbuji Mayi: • = kimberlite, z~ = diopside, O = carbonate inclusion; 
Kundelungu: v. Reported data from the literature for comparison--  South Africa: • = kimberlite, O = diopside megacryst (90 m.y.; 
[5]); + = group I (non-micaceous) kimberlite (80-114 m.y.), × = group II (micaceous) kimberlite (114-150 m.y.; [9]); (i)= diopside 
from micaceous garnet nodules (75 m.y.; [10]); Western Australia: • = lamproite, @ = kimberlite (20 m.y.; [11]). Actual bulk earth 
values are given for reference only (143Nd/] '~Nd = 0.512638; 878r//86Sr = 0.7045) considering that the age corrections are within 
analytical error for most of the samples because of their young ages ( < 100 m.y.). 

here because it is interesting to compare them with 
the Pb and Nd results. Nd isotopic compositions 
have been measured in 5 Mbuji Mayi and 2 
Kundelungu samples (Table 1, Fig. 1). Initial 
87Sr//86Sr ratios of Mbuji Mayi kimberlites fall in 
the narrow range 0.7040-7045, except for the two 
more altered samples (Nod 2 and Nod 13). For the 
Kundelungu kimberlites, the range of initial 
87Sr/86Sr ratios is 0.7038-0.7046, except for 
Kun 2. The initial 143Nd/ln4Nd ratios are 
0.51264-0.51285 (eNd = +1.9 to +5.9) and 
0.51278-0.51280 (eNd= +4.6 and 4.9) respec- 
tively for the Mbuji Mayi and Kundelungu sam- 
pies. 

In the t43Nd/144Nd versus 87Sr/86Sr diagram, 
the kimberlites of Zaire plot within the mantle 
array defined by oceanic basalts [6-8]. The sample 
Nod 13 which has a significantly higher 87Sr//86Sr 
value has also a very low carbonate content (less 
than 0.5% CO 2 as compared with the 5-15% in the 
other samples [13]) and a very low Sr content (29 
ppm), suggesting a loss of carbonate and conse- 

quently of Sr. A contamination by some common 
Sr introduced via groundwater may then explain 
the high 87Sr//86Sr ratio. Nod 2 and Kun 2 have 
also higher 87Sr//86Sr ratios, comparable to the 
blueground (i.e. brecciated and deeply altered 
kimberlitic pipes) values (0.71096-0.70858), which 
may be indicative of secondary fluid interactions 
[13]. A 1-cm-diameter carbonate inclusion from 
Nod 1 of Mbuji Mayi has 87Sr//86Sr and 
ta3Nd//144Nd ratios undistinguishable from those 
of the host kimberlite. Moreover, this carbonate 
has a LREE-enriched chrondrite-normalized pat- 
tern similar to those of the kimberlites [13]. These 
geochemical data suggest that the carbonate is 
genetically related to the kimberlite. 

Two diopside megacrysts from Mbuji Mayi have 
distinctly lower 875r/86Sr ratios (0.703) and slightly 
higher initial 143Nd/144Nd ratios (ENd ~--- -f-6.3 and 
+ 6.9) than the associated kimberlites but also fall 
in the mantle array. 

Our data for the two groups of Zaire kimber- 
lites and the Mbuji Mayi diopside megacrysts are 



very similar to those reported by Kramers et al. [5] 
for South African samples which requests the pres- 
ence of a slightly depleted subcontinental reservoir 
in the mantle under large areas of the African 
continent. In contrast, the negative end and posi- 
tive Csr values obtained by Menzies and Murthy 
[10] on diopsides from micaceous garnet lherzolite 
nodules in South African kimberlite pipes, imply 
also the existence of an enriched reservoir in the 
mantle. These source regions for volcanic rocks 
with enriched geochemical properties could also 
result from either patent or cryptic metasomatism 
of upper mantle peridotites [25]. The spatial rela- 
tions between the enriched and slightly depleted 
reservoirs within the subcontinental mantle are 
actually unknown: the enriched reservoir could 
occur either as a continuous layer or as pockets in 
the depleted mantle. 

In Zaire kimberlites, both basaltic type kimber- 
lites from the Kundelungu pipes and micaceous 
type from the Mbuji Mayi pipes have Nd and Sr 
isotopic compositions in the range of Smith's group 
I kimberlites, i.e. basaltic type kimberlites of South 
Africa. There is no evidence at present for the 
existence of enriched upper mantle source for Zaire 
kimberlites. This may imply that these rocks be- 
long only to the group I of Smith [9]. 
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4.2. Pb isotopes 

Ten samples (6 from Mbuji Mayi and 4 from 
Kundelungu) have been analysed for whole-rock 
Pb isotopic compositions (Table 2, Fig. 2). 

In contrast to their Sr and Nd isotopic com- 
positions, which were relatively uniform in the two 
areas, the Pb isotopic compositions of the two 
kimberlitic provinces are clearly distinct. The 
Mbuji Mayi samples show a narrow range of 
18.13-18.60 in 2°6pb/Z°4pb ratios, 15.51-15.59 in 
2°7pb/2°4pb ratios and 38.53-39.08 in 2°spb/ 
2 ° 4 p b  ratios. The spread is much larger for the 
Kundelungu kimberlites, namely 18.32-19.79, 
15.61-15.69 and 38.26-39.82 for the same ratios 
respectively. In the 2 ° 7 p b / / 2 ° 4 p b  v e r s u s  2°6pb/ 
204 Pb diagram, the data for the Kundelungu define 
an approximately linear array whose slope could 
correspond to an "age" of 350 m.y. 

The correction for in-situ U decay in 71 m.y. is 
very small for the Mbuji Mayi samples because of 
their low U content (< 1.5 ppm) and low U/Pb  
ratios; it is larger for the Kundelungu samples 
because of higher 23Su/2°4pb ratios (20-82). Nev- 
ertheless, upon age correction the data groups 
remain quite distinct. Kundelungu kimberlites have 
slightly higher 207 Pb/2o4 Pb ratios than Mbuji Mayi 

TABLE 2 

Pb isotopic compositions a and Pb and U concentrations for the Zairean kimberlites 

Samples 2 ° 8 p b / 2 ~ p b  b 2°7pb/2°4pb b 2°6pb/2a4pb b Pb c U c 23Su/2°4pb 207pb//204 pb d 206 pb//204 pb d 

Mbuj i  rnayi , 

Nod l core 38.527+ 5 15.592+ 1 18.386-t- 1 9.1 0.6 4.18 15.590 18.340 
Nod  2 38.791+ 6 15.558+ 2 18.598+ 2 3.9 0.5 8.16 15.554 18.508 
Nod  11 core 38.619+39 15.584+13 18.426+22 6.2 1.4 13.93 15.577 18.272 
N o d l 2  38.667+ 9 15.589+ 4 18.476+ 3 
Nod l3 38.694+ 7 15.573+ 2 18.385+ 2 
Nod 14 39.083+ 8 15.507+ 2 18.128+ 2 

Kundelungu 

K u n  1 38.256+ 9 15.605+ 4 18.315+ 4 9.6 3.1 20.40 15.594 18.089 
15c 39.815+ 6 15.688+ 2 19 .7925 :3  3.8 2.8 49.22 15.662 19.247 
M1 39 .5585 :5  15 .6745 :2  19 .7115 :3  6.0 7.5 81.82 15.631 18.805 
M3 39 .5105 :8  15 .6685 :3  19 .4255 : 4  3.2 2.6 52.96 15.640 18.838 

a The analytical procedure used in this study for analysing the Pb isotopic compositions has been described in [28]. 
b Ratios + 2 a  m. All ratios corrected for mass  fractionation monitored by repeated analyses of the NBS 981 Pb standard [26]: 

1.0+0.3%o per ainu. 
c Determined by isotope dilution, in ppm. 
d Values corrected for in-situ U decay for 71 m.y. with X(238U) = 0.155125 × 10 -9  y -1  and ~(235U) = 0.98485 x 10 -9  .y-1 [27]. 
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Fig. 2. 2°7pb/2~pb versus 2~pb/2°4Pb diagram for African kimberlites. Zaire kimberlite: • = Kundelungu, • = Mbuji Mayi (open 
symbols: correction for in-situ decay in 71 m.y.); South Africa: I = kimberlite, • = autolith in these samples [5,29]; + = group I, 
× = group II kimberlites [9]; metasomatic and "MARID" (heavy symbols) xenoliths: O = K-richterite, (I) = clinopyroxene, e = 
apatite [30]. 

kimberlites. In  Fig. 2, our  data  for Zaire kimber-  
lites are compared tO other data  on  kimberlites, 
taken from the literature. Data  obta ined by 
Kramers  [29] and Smith [9] for Lesotho, Kim- 
berley and Bellsbank kimberlites of South Africa 
are characterized by a very large scatter of their Pb 
isotopic ratios. Micaceous type II kimberlites have 
less radiogenic Pb isotopic composit ions indicative 
of an origin in a low U / P b  source region. Sep- 

arated mineral  fractions from mantle-der ived 
xenoliths ( including the " M A R I D "  suite) from the 
Bultfontein mine  have been interpreted along the 
lines of metasomatic  changes emphasizing the role 
of K-richterite as a sink for Pb [30]. In  Fig. 3, 
other data  from the li terature are reported for 
comparison:  (a) some cont inenta l  flood basalts 
(Deccan traps and Tasman ian  dolerites [32]) as an 
example for the cont inenta l  l i thosphere showing 
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Fig. 3. Comparison in a Pb-Pb diagram between the kimberlite data and some data on mantle-derived rocks: 8 = Ahaggar alkali 
basalts [31], O = Tasmania, (S)= Deccan continental flood basalts [32]. Oceanic island and mid-ocean ridge basalt data from the 
compilation of Sun [33]. 



the influence of continental crust contamination, 
(b) some alkali basalts from a shield area (the 
Ahaggar volcanic suite [31]) whose mantle source 
has isotopic characteristics comparable to those of 
the source of oceanic island basalts, and (c) some 
oceanic island basalts and mid-ocean ridge basalts 
[33] as examples for the oceanic mantle. These 
diagrams show that broadly speaking the kimber- 
lites in general have Pb isotopic compositions 
comparable, but in the upper range of 2°7pb/204 Pb 
ratios especially for the Kundelungu samples, to 
those of the oceanic island basalts (OIB). 

5. Inferences about the nature of the subcontinen- 
tal mantle 

Isotopic data on Zaire kimberlites indicate that 
the primary magma was generated in the mantle, 
with little subsequent crustal influence, at least for 
the Sr and Nd isotopic systems. Nevertheless, the 
slightly higher 2°7pb/2°4pb ratios of these 
kimberlites, especially for the Kundelungu pipes, 
compared to the OIB values may indicate slight 
continental contamination (as also pointed out by 
Kramers [29] for South Africa) even if the Sr 
isotopic compositions of the two groups are un- 
distinguishable. Another explanation would be that 
their mantle source is different and characterized 
by a higher # value. It is nevertheless not very 
surprising that only the Pb isotopic system reflects 
continental crust influence as this system is the 
most sensitive to contamination because of the 
mobility of Pb and of the low Pb concentration in 
the mantle compared to its high content in the 
crust. Only the Pb isotopic system has been af- 
fected by contamination while the Nd-Sr systems 
reflect the primary characteristics of the mantle 
source of the Zairean kimberlites. The initial ~Nd 
(4.9 and 4.6) values of the two Kundelungu sam- 
pies analysed are slightly higher than all of the 
Mbuji Mayi kimberlites (except Nod 5) for com- 
parable Sr isotopic compositions. 

The scale of the isotopic heterogeneities, both 
local (i.e. within a single kimberlite province) and 
regional (among provinces), is comparable to that 
observed in the suboceanic mantle as reflected by 
inter- and intra-island isotopic variations [33-35]. 
If they have any time significance, the Pb-Pb 
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regression date of the Kundelungu kimberlites ( -  
350 m.y.) and the depleted mantle Nd model ages 
(220 and 430 m.y.; Table 1) calculated following 
DePaolo's [24] parameters for the Zaire kimber- 
lites could point to younger (<  500 m.y.) hetero- 
geneities in the subcontinental mantle below Zaire 
than in the oceanic mantle (1.5-2 b.y. [36-38]), 
even if they represent minimum differentiation 
ages. 

From their primary depleted characteristics, the 
kimberlites from Zaire appear to have an origin in 
mantle material similar to either continental or 
oceanic alkali basalts. This suggests that the source 
region of these rocks which is inferred from ex- 
perimental petrology to be deeper in the mantle 
than the tholeiitic basalt source region, has the 
same isotopic features under the oceans and under 
the continents. Nd-Sr-Pb isotopic data in lherzolite 
bearing alkali basalts [31] have led to the same 
conclusion. This deep mantle however appears less 
depleted than the MORB source mantle (ENd = 

+ 13). Moreover, the Nd-Sr-Pb isotopic composi- 
tions of Zaire kimberlites are similar to those of 
the large scale domain of the South Atlantic and 
Southern Indian Oceans defined by Dupr6 and 
All6gre [39] for the ocean island source. More 
precisely, these data fall in the Sr-Pb isotopic 
mantle anomaly (Dupal anomaly) recently de- 
scribed by Hart [40] in the Southern Hemisphere 
mantle. This anomaly was defined mostly on the 
basis of the data set compiled by Zindler et al. [41] 
with some more data on basalts from continental 
environments. Our kimberlite data could imply 
that the Dupal anomaly exists also in the subcon- 
tinental mantle which might indicate that it results 
from an ancient process. 

The Mbuji Mayi Cr-diopside megacrysts have 
significantly l o w e r  87Sr//86Sr (0.703) and higher 
end (+6.5) values than their host kimberlites 
(87Sr/86Sr = 0.7040-0.7045; ENd = +1.9 to +5.9). 
These data point to derivation from a more de- 
pleted mantle source for the diopsides and imply 
that these pyroxenes are not phenocrysts of the 
kimberlitic magma but rather are xenocrysts whose 
exact origin is not known (disaggregation of 
lherzolite xenoliths?). Since the same differences 
are observed beneath South Africa [5], it appears 
to be a general feature of the deep mantle under 
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that region. Alternatively, the isotopic differences 
between the Cr-diopside megacrysts and their host 
kimberlites could result f rom the mixing of  a 
"proto-kimberl i t ic  magma"  (eNd = + 6.5) which 
generated the Cr-diopside megacrysts with minor  
amounts  of  enriched (lithospheric) mantle, after 
the early Cr-diopside crystallization. Nixon et al. 
[42] argued for a similar relation between mega- 
crysts and kimberlite "paren ts"  on other grounds. 

The N d  isotopic composit ions reported here are 
distinctly positive so that the source of the 
kimberlitic material is unlikely to correspond to a 
primitive chondrit ic mantle as previously sug- 
gested by Basu and Tatsumoto  [2-4]. Our  data  
could reflect either a slightly depleted mantle 
source or, more probably,  might correspond to the 
mixing of a depleted, MORB-type,  mantle  source 
material with very small amounts  ( - 1 % )  of  an 
enriched mantle component .  This present mixing 
model  is the opposite of  the one proposed by 
McCulloch et al. [11] to account  for the variations 
in the Sr and N d  isotopic data on the West Kim- 
berley kimberlites and lamproites (eNd = --7.4 to 
-- 15.4; 87Sr/86Sr = 0.7104-0.7187), i.e. mixing be- 
tween a kimberlitic magma-derived f rom a pr imary 
enriched mantle source and a depleted, MORB-  
type, mantle. 

6. Conclusions 

(1) Zaire kimberlites have N d  and Sr isotopic 
composi t ions comparable  to those of  OIB imply- 
ing a slightly depleted mantle source. The source 
of  the kimberlitic material is unlikely to corre- 
spond to a primitive, chondritic, mantle. 

(2) Our Pb and Sr data  fall in the range of  
values reported for the large scale isotopic anomaly 
in the Southern Hemisphere mantle. This may  
imply that the deep mantle has the same character- 
istics under  the continents and under  the oceans. 

(3) Isotopic differences (especially in the Pb 
isotopic compositions) between the two kimberlite 
provinces reflect regional heterogeneities in the 
subcontinental  mantle. 

(4) The more depleted isotopic signature of  the 
Cr-diopside megacrysts could indicate either that 
these pyroxenes are xenocrysts or  that a depleted 
protokimberli t ic magma was contaminated by 

minor  amounts  ( -  1%) of  an enriched component .  
(5) Similar differences between Cr-diopside 

megacrysts and enclosing kimberlites are observed 
in South Africa, which points to the presence of a 
shghtly depleted subcontinental  reservoir in the 
mantle  under  the southern part  of  the African 
continent. 

Acknowledgements 

I.R. Fieremans is thanked for providing the 
kimberlite samples. D.W. benefitted f rom a grant 
of  the Belgian Nat ional  Founda t ion  for Scientific 
Research as a "Charge  de Recherches". This work 
has been partly supported by a F R F C  grant for 
mass spectrometry. 

Constructive criticism was offered by Prs. F. 
Albar&le, A. Erlank, S. Moorba th  FRS, and an 
anonymous  reviewer and was greatly appreciated. 

References 

1 J.B. Dawson, Kimberlites and Their Xenoliths, 252 pp., 
Springer-Verlag, Berlin, 1980. 

2 A.R. Basu and M. Tatsumoto, Sm-Nd systematics in 
kimberfites and in the minerals of garnet lherzolite inclu- 
sions, Science 205, 398-401, 1979. 

3 A.R. Basu and M. Tatsumoto, Nd-isotopic in selected man- 
tie-derived rocks and minerals and their implications for 
mantle evolution, Contrib. Mineral. Petrol. 75, 43-54, 1980. 

4 A.R. Basu, E. Rubury, H. Mehnert and M. Tatsumoto, 
Sm-Nd, K-Ar and petrologic study of some kimberlites 
from eastern United States and their implication for mantle 
evolution, Contrib. Mineral. Petrol. 86, 35-44, 1984. 

5 J.D. Kramers, C.B. Smith, N.P. Lock, R.S. Harmon and 
F.R. Boyd, Can kimberlites be generated from an ordinary 
mantle, Nature 291, 53-56, 1981. 

6 P. Richard, N. Shimizu and C.J. Allrgre, 143Nd/146Nd, a 
natural tracer: an application to oceanic basalts, Earth 
Planet. Sci. Lett. 31, 269-278, 1976. 

7 D.J. DePaolo and G.J. Wasserburg, Inferences about magma 
sources and mantle structure from variations of 
143Nd/l~Nd, Geophys. Res. Lett. 3, 743-746, 1976. 

8 R.K. O'Nions, P.J. Hamilton and N.M. Evensen, Variations 
in 143Nd/144Nd and S7Sr/86Sr ratios in oceanic basalts, 
Earth Planet. Sci. Lett. 34, 13-22, 1977. 

9 C.B. Smith, Pb, Sr and Nd isotopic evidence for sources of 
southern African Cretaceous kimberlites, Nature 304, 51-54, 
1983. 
M. Menzies and V.R. Murthy, Enriched mantle: Nd and Sr 
isotopes in diopsides from kimberlite nodules, Nature 283, 
634-636, 1980. 
M.T. McCulloch, A.L. Jaques, D.R. Nelson and J.D. Lewis, 
Nd and Sr isotopes in kimberlites and lamproites from 

10 

11 



Western Australia: an enriched mantle origin, Nature 302, 
400-403, 1983. 

12 D. Demaiffe and M. Fieremans, Strontium isotopic geo- 
chemistry of the Mbuji Mayi and Kundelungu kimberlites 
(Zaire, Central Africa), Chem. Geol. 31,311-323, 1981. 

13 M. Fieremans, J. Hertogen and D. Demaiffe, Petrography, 
geochemistry and strontium isotopic composition of the 
Mbuji Mayi and Kundelungu kimberlites, in: Kimberlites, 
I. Kimberlites and Related Rocks, J. Kornprobst, ed., pp. 
107-120, Elsevier, Amsterdam, 1984. 

14 Y. De Magnee, Pr6sence de kimberlite dans la zone di- 
amantif~re de Bakwanga, Bull. Soc. Belge G6.ol. 56, 127-132, 
1946. 

15 C. Fieremans, Mode of occurrence and tectonic control of 
the kimberlite bodies in East Kasai (Zaire), 2nd Int. 
Kimberlite Conf. Ext. Abstr., Santa Fe, N.M., 1977. 

16 J. Verhoogen, Les pipes de kimberlite du Katanga, Ann. 
Serv. Mines, Com. Spec. Katanga 9, 1-49, 1938. 

17 D.H. Eggler, M.E. McCallum and C.B. Smith, Megacryst 
assemblages in kimberlites from northern Colorado and 
southern Wyoming: petrology, geothermometry-barometry 
and areal distribution, in: the Mantle Samples: Inclusions 
in Kimberlites and Other Volcanics, F.R. Boyd and H.O.A. 
Meyer, eds., pp. 213-226, American Geophysical Union, 
Washington, D.C., 1979. 

18 G.L. Davis, The ages and uranium contents of zircons from 
kimberlites and associated rocks, 2nd Int. Kimberlite Conf. 
Ext. Abstr., Santa Fe, N.M., 1977. 

19 D. Weis and S. Deutsch, Mantle origin with slight upper 
crust interaction for alkaline anorogenic complexes: Nd and 
Pb isotope evidence from the Seychelles granites and their 
xenoliths, Isotope Geosci. 2, 13-36, 1984. 

20 G. Manhes, J.F. Minster and C.J. All6gre, Comparative 
uranium-thorium-lead and rubidium-strontium study of the 
Saint-Severin amphoterite: consequences for early solar sys- 
tem chronology, Earth Planet. Sci. Lett. 39, 14-24, 1978. 

21 S.B. Jacobsen and G.J. Wasserburg, Sm-Nd isotopic evolu- 
tion of chondrites, Earth Planet. Sci. Lett. 50, 139-155, 
1980. 

22 E. Cerrai and C. Testa, Separation or rare earth by means 
of small columns of Kel-f supporting di-(2-ethyihexyl) or- 
thophosphoric acid, J. Inorg. Nucl. Chem. 25, 1045-1050, 
1963. \ 

23 G.J. Wasserburg, S.B. Jacobsen, D.J. DePaolo, M.T. Mc- 
Culloch and T. Wen, Precise determinations of Sm/Nd 
ratios, Sm and Nd isotopic abundances in standard solu- 
tions, Geochim. Cosmochim. Acta 45, 2311-2323, 1981. 

24 D.J. DePaolo, A neodymium and strontium isotopic study 
of the Mesozoic calc-alkaline granitic batholiths of the 
Sierra-Nevada and Peninsular Ranges, J. Geophys. Res. 86, 
10470-10488, 1981. 

25 J.B. Dawson, Contrasting types of mantle metasomatism, 
Terra Cognita 2, 232, 1982. 

26 E.J. Catanzaro, T.J. Murphy, W.R. Shields and E.L. Garner, 
Absolute isotopic abundance ratios of common, equal atom, 
and radiogenic lead isotope standards, J. Res. Natl. Bur. 
Stand. 72A, 261-267, 1968. 

277 

27 A.H. Jaffey, K.F. Flynn, L.E. Glendenin, W.C. Bentley and 
A.M. Essling, Precision measurement of half-lives and 
specific activities of 235U and 23Su, Phys. Rev. CA, 
1889-1906, 1971. 

28 D. Weis, Pb isotopes in Ascension Island rocks: oceanic 
origin for the gabbroic to granitic plutonic xenoliths, Earth 
Planet. Sci. Lett. 62, 273-282, 1983. 

29 J.D. Kramers, Lead and strontium in Cretaceous ldmber- 
lites and mantle-derived xenoliths from southern Africa, 
Earth Planet. Sci. Lett. 34, 419-431, 1977. 

30 J.D. Kramers, J.C.M. Roddick and J.B. Dawson, Trace 
element and isotope studies on veined, metasomatic and 
"MARID" xenoliths from Bultfontein, South Africa, Earth 
Planet. Sci. Lett. 65, 90-106, 1983. 

31 C.J. Allrgre, B. Duprr, B. Lambret and P. Richard, The 
subcontinental versus suboceanic debate, I. Pb-Nd-Sr iso- 
topes in primary alkali basalts from a shield area: the 
Ahaggar volcanic suite, Earth Planet. Sci. Lett. 52, 85-92, 
1981. 

32 C.J. All~gre, B. Duprr, P. Richard, D. Rousseau and C. 
Brooks, Subcontinental versus suboceanic mantle, II. Nd- 
Sr-Pb isotope comparison of continental tholeiites with 
mid-ocean ridge tholeiites and the structure of the continen- 
tal lithosphere, Earth Planet. Sci. Lett. 57, 25-34, 1982. 

33 S.S. Sun, Lead isotopes study of young volcanic rocks from 
mid-ocean ridges, ocean islands and island arcs, Philos. 
Trans. R. Soc. London, Ser. A 297, 409-445, 1980. 

34 C.J. All~gre, O. Brrvart, B. Dupr6 and J.F. Minster, Iso- 
topic and chemical effects produced in a continuously dif- 
ferentiating convecting Earth mantle, Philos. Trans. R. Soc. 
London, Set. A 297, 447-477, 1980. 

35 R.K. O'Nions, N.M. Evensen and P.J. Hamilton, Differ- 
entiation and evolution of the mantle, Philos. Trans. R. Soc. 
London, Ser. A 297, 479-493, 1980. 

36 S.S. Sun and G. Hanson, Evolution of the mantle: geochem- 
ical evidence from alkali basalts, Geology 3, 297-302, 1975. 

37 C. Brooks, S.R. Hart, A.W. Hofmann and D.E. James, 
Rb-Sr mantle isochrons from oceanic regions, Earth Planet. 
Sci. Lett. 32, 51-61, 1976. 

38 M. Tatsumoto, Isotopic evidence of lead in oceanic basalts 
and its implications to mantle evolution, Earth Planet. Sci. 
Lett. 38, 63-87, 1978. 

39 B. Dupr6 and C.J. Allrgre, Pb-Sr isotope variation in Indian 
Oceanic basaits and mixing phenomena, Nature 303, 
142-146, 1983. 

40 S.R. Hart, A large-scale isotope anomaly in the Southern 
Hemisphere mantle, Nature 309, 753-757, 1984. 

41 A. Zindler, E. Jagoutz and S. Goldstein, Nd-Sr and Pb 
isotopic systematics in a three-component mantle: a new 
perspective, Nature 298, 519-523, 1982. 

42 P.H. Nixon, N.W. Rogers, I.L. Gibson and A. Grey, De- 
pleted and fertile mantle xenoliths from southern african 
kimberlites, Annu. Rev. Earth Planet. Sci. 9, 285-309, 1981. 

43 D.R. Barrett and G.W. Berg, Complementary petrographic 
and Sr-isotope ratio studies of South African kimberlites, 
Phys. Chem. Earth 9, 619-636, 1975. 


