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Kimberlites which intruded the Sisimiut (formerly Holsteinsborg) region of central west Greenland
during the Early Palaeozoic have initial 87Sr/SrSr between 0.7028 and 0.7033 and end between + 1.3 and
+ 3.9. Mid-Proterozoic potassic lamproites from the same region have initial 87Sr/86Srbetween 0.7045
and 0.7060, eNdbetween -- 13 and - 10 and unradiogenic initial Pb isotopic compositions. The isotopic
data favour an asthenospheric mantle source for the kimberlite magmas, in common with "basaltic" kimberlites from other localities, whereas the lamproite magma sources evolved in isolation from the convecting mantle for > 1000 Ma, probably within the subcontinental lithospheric mantle of the Greenland
craton, prior to emplacement of the lamproites.
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Introduction
The Precambrian basement rocks of the Sisimiut
region of west Greenland are intruded by numerous
small dykes having kimberlitic, carbonatitic and
lamproitic affinities. The kimberlites have been
petrographically and geochemically compared to the
micaceous kimberlite varieties of South Africa (Thy
et al., 1987 ) and contain abundant olivine-rich peridotite xenoliths and, less commonly, garnet xenocrysts. Petrological and geochemical studies of the
lamproitic intrusions (Scott, 1979, 1981; Thy et al.,
1987) demonstrated that they are highly potassic,
containing up to 10 wt.% K20, and geochemically
resemble the diamondiferous lamproites of the West
Kimberley region of Western Australia (Jaques et
al., 1986). As with the continental provinces of the
Kaapvaal, South Africa, and the Kimberley region
of Western Australia (where kimberlitic dykes,
lamproites and the C u m m i n s Range Carbonatite
Complex intrude the mobile zones delineating the
eastern and southern margins of the Kimberley
Block), this region of central west Greenland provides a further example of the close spatial (if not
temporal) association between kimberlitic, carbon-
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atitic and lamproitic magmatism. Scott (1979)
proposed that the central west Greenland kimberlites and lamproites were petrogenetically related,
with the lamproites derived from an originally kimberlitic parent m a g m a following extensive fractionation. However, mica Rb-Sr age-dating of some of
the intrusions (Smith, 1979; Scott, 1981 ) showed
that the lamproites were emplaced about 600 Ma
earlier than the kimberlites, indicating that derivation of the lamproites from a kimberlite parent
m a g m a is unlikely.
A number of recent isotopic studies have demonstrated that most examples of continental ultrapotassic (lamproitic) rocks possess Sr and Nd isotopic characteristics indicating derivation from socalled "enriched mantle" (i.e. radiogenic 875r/86Sr,
unradiogenic 143Nd/144Nd) sources. The limited
isotopic data available suggest that lamproitic rocks
from the North American continent, such as those
at Smoky Butte and the Leucite Hills in Montana,
U.S.A., are isotopically quite distinct from those of
the southern hemisphere, such as the Western Australian lamproites, Gaussberg leucitites (Antarctica) and micaceous kimberlites of South Africa, in
having considerably less radiogenic 875r/S6Sr for
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comparable 143Nd/144Ndcompositions.

These isotopic differences may reflect fundamental petrogenetic differences, or may be due to the different geological histories of the North American and
Gondwanaland continents.
The following study was undertaken in order to:
(a) isotopically characterise the kimberlites and
lamproites of central west Greenland and investigate the nature of their magma sources; (b) compare the results with the available isotopic data for
similar rocks from other localities to ascertain
whether a "northern hemisphere" enriched mantle
type exists; and (c) investigate possible reasons for
the common association of kimberlitic and potassic
magmatism.

Geological setting
The geology of the region in which the kimberlite
and lamproite dykes occur has been described by
Watterson ( 1974 ), Bak et al. ( 1975 ), Andrews and
Emeleus (1976) and Scott ( 1981 ). The dykes are
confined to the early Proterozoic Nagssugtoqidian
mobile zone, which forms the northern margin of
an Archaean crustal block. They occur as thin sheets
usually less than a few metres thick, bounded by
sharp contacts and commonly extending laterally for
several kilometres. There is little evidence of postemplacement deformation.
At least five separate episodes of alkaline dyke
emplacement have been recognised in central west
and southwest Greenland (Larsen et al., 1983 ). The
earliest episode is represented by the Tupertalik
carbonatite, which intruded the Archaean crustal
block south of the Nagssugtoqidian mobile zone at
~ 2 6 5 0 Ma. Lamprophyric dykes were emplaced
during two separate episodes at ~ 1800 and ~ 1200
Ma. In the Sisimiut region, kimberlitic and carbonatitic dykes (including the Sarfart6q carbonatite)
were intruded at ~ 600 Ma. During the latest episode at 225-115 Ma, numerous kimberlite, carbonatite and lamprophyre dykes were emplaced, mostly
in southwestern Greenland.
This study focusses on lamproites emplaced during the ~ 1200 Ma event and kimberlites dating
from the ~ 600 Ma emplacement event.

Samples and analytical procedure
For this investigation, petrographically fresh
hand-specimens of 5 kimberlite and 4 lamproite
dykes were analysed for Sr and Nd isotopic compositions. These samples were selected from those
examined by Scott (1979) to include both representative and geochemically anomalous compositions. An example of Scott's ( 1981 ) "anomalous
lamprophyre", which differs from the lamproites in
that clinopyroxene is the main constituent mineral,
was also analysed. Further details of the petrography and major- and trace-element chemistry of these
samples can be found in Scott ( 1979, 1981 ).
Initial Pb isotopic compositions have also been
determined for three of the lamproites. Because of
the high uranium concentrations (up to 13 ppm)
and U / P b ratios in the kimberlite samples, large
corrections to the measured Pb isotopic compositions are necessary. As these corrections would introduce large uncertainties in the calculated initial
Pb isotopic compositions, no attempt has been made
to determine initial Pb isotopic compositions for the
kimberlite samples.
Sawn rock-slabs were scrubbed thoroughly with a
clean plastic brush in de-mineralised water and repeatedly ultrasonically cleaned in a water bath to
remove loose material. The cleaned rock-slabs were
then coarsely crushed in a pre-cleaned stainless steel
mortar and small ( ~ 15 mg) rock chips with fresh
fracture surfaces were hand-selected for isotopic
analysis. For Rb-Sr and Sm-Nd analyses, about 80
mg of rock chips were totally spiked with 85Rb-84Sr
and 147Sm-lS°Nd spikes and decomposed in HF and
HC104 in Teflon pressure vessels at 200°C for at
least 48 h. The resulting solution was then evaporated and the residue redissolved in 6 N HC1 in the
Teflon pressure vessel at 200°C for a further 24 h.
For U-Pb isotopic analyses, about 700 mg of rock
chips were decomposed in Teflon pressure vessels
as outlined above. The solution was then evaporated, the residue redissolved in 1 N HC1 and split
into two unequal aliquots, the smaller of which ( ~
of total volume) was spiked with 235U-2°8pb spike
and the larger processed for Pb isotopic composition. The remaining analytical procedures follow
those given in Nelson et al. (1986). Total chemical
processing blanks were < 1 ng for Nd and < 3 ng for
Sr and Pb and no blank corrections to the isotopic
compositions were necessary.
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Results

in the emplacement ages. For example, an uncertainty of + 100 Ma in the emplacement age of kimberlite sample 5508, which has the highest 87Rb/86Sr
(0.449), corresponds to an uncertainty in the agecorrected 875r/86Srof _+0.00064. For the lamproite
having the highest 87Rb/86Sr (sample 5611 ), an uncertainty of _+ 100 Ma in the emplacement age resuits in a corresponding uncertainty in the initial
S7Sr/86Sr of + 0.00045. In the case of the Sm-Nd
data, an uncertainty of + 100 Ma in the emplacement age results in a maximum uncertainty in the
age-corrected eNo of + 1.6 e-units for lamproite
sample 5622, which has the lowest 147Sm/~44Nd.
There is generally good agreement between the Xray fluorescence ( X R F ) determined Rb and Sr
concentrations of Scott (1979) and those determined by isotope dilution during this study (Table
1 ), even though the latter were obtained on coarse
rock chips which may not necessarily be representative of the sample. Calculated initial 87Sr/86Sr values for the kimberlites display a relatively limited
range of from 0.7028 to 0.7033, whereas the lain-

Rb-Sr and Sm-Nd isotopic analysis
The results of Rb-Sr and Sm-Nd isotopic analysis
are tabulated in Table 1 and presented diagrammatically in Fig. 1. The measured isotopic compositions have been age-corrected to the time of emplacement using the dates determined by Smith
(1979) and Scott (1981). These kimberlite and
lamproite isochron dates were obtained by combining Rb-Sr mineral data from several separate intrusions. The dates are consistent with other age determinations for kimberlites and lamproites from the
region (see compilation by Larsen et al., 1983 ) although considerably younger (176 Ma) and older
( 1780-1970 Ma) emplacement dates were found
for "lamprophyre" dykes from the Qaqarssuk and
Sarfart6q regions (see Larsen et al., 1983 ). Because
of their relatively young emplacement age and generally low R b / S r ratios (with the exception of sample 5508), the age-corrected 87Sr/86Sr ratios of the
kimberlites are insensitive to possible uncertainty
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Fig. 1. Csr'eNOisotope diagram showing the fields for kimberlites and lamproites from central west Greenland, compared to fields
of mid-ocean ridge basalts (MORB), kimberlites and other examples of anorogenic potassic magmas. Data sources: Cohen and
O'Nions (1982), White and Hofmann (1982), Collerson and McCulloch (1983), McCulloch et al. (1983), Smith (1983),
Vollmer and Norry (1983), Vollmer et al. (1984), Fraser et al. (1985), Weis and Demaiffe (1985), Nelson et al, ( 1986), Ito et
al. (1987), Middlemost et al. (1988).

268
TABLE 1
Strontium and neodymium isotopic data for kimberlites and lamproites from central west Greenland
Sample Rb
No.
(ppm)

Sr
(ppm)

Sm
(ppm)

Nd
(ppm)

S7Rb/S6Sr

~Sr

SVSr/S6Sr*l
measured

h47Sm/144Nd 143Nd/144Nd.2

~Nd(0)*2~N,I

initial

Kimberlites(age 5 8 7 + _ 2 4 M a - Smith, 1979;Scott1981):
Sarfartfipnun&
5903
5907
5932

11.42
54.91
56.64

682.1
2799
723.8

16.82
24.38
16.34

804.9

10.28

135.6
195.8
117.7

0.0483
0.0566
0.226

0.70342+_0.00003 0.7030
0.70377_+0.00004 0.7033
0.70464± 0.00004 0.7028

-11.3
0.0750
--7.27 0.0753
-15.1
0.0840

0.51152± 0.00002
0.51150+_0.00002
0.51155+_0.00002

-6.2
-6.6
-5.6

+2.9
+2.4
+2.9

0.449

0.70658± 0.00008

0.7028

- 14.0

0.0799

0.51145± 0.00002

-7.5

+1.3

0.275

0.70525_+0.00004 0.7030

- 12.2

0.0841

0.51160± 0.00002

-4.6

+3.9

Umana~suk:
5508

125.1

77.74

Manitso~suaq:
5973

81.2

854.1

9.038

146.3

Lamproites(age 1227± 1 2 M a - Smith, 1979;Scott, 1981):
Sagd&~suaq:
5611
5652
5622

153.7
198.1
178.5

1437
2455
2952

12.88
15.69
11.70

100.5
132.8
103.0

0.309
0.233
0.175

0.71050± 0.00004
0.70860± 0.00008
0.70912+-0.00005

0.7051
0.7045
0.7061

+28.8
+20.7
+42.6

0.0775
0.0714
0.0687

0.51037± 0.00002
0.51016+_0.00002
0.51023+-0.00002

--28.6
-32.7
-31.5

-9.9
-13.0
-11.4

18.05

142.7

0.212

0.70846+-0.00006

0.7047

+24.0

0.0765

0.51035± 0.00002

-29.1

-10.2

0.1597

0.70551+_0.00004

0.1037

0.51148 ± 0.00003

-7.0

Kingap timerdlia:
5634

163.9

2228

Anomalous lamprophyre:
Sagdle~suaq:
5672

37.74

682.2

9.83

57.31

*tSr and Nd analytical details can be found in Nelson et al. (1986). Errors refer to within-run precision at the 2a
level. Uncertainty in 87Rb/
86Sr is ~+0.5% (2a). Sr isotope ratios normalised using 86Sr/SSSr = 0.1194. NBS-987 standard value is 0.71022 + 0.00004. Eimer & Amend standard
carbonate value is 0.70800 + 0.00003. esr calculated using (87Rb/a6Sr)uR=0.0827 and (87Sr/a6Sr)uR=0.7045.
*2Error in 1475m/ta4Nd is --!-0. 1% (2a). Nd isotopic ratios normalised using 146Nd/J42Nd = 0.636151. The value obtained for BCR- 1 standard is
0.511833 ± 0.000020. end calculated using (~47Sm/~44Nd )CnUR = 0.1967 and (t43Nd/144Nd)CHUR = 0.511836. Decay constants used are those recommended by Steiger and J~iger ( 1977 ) and ).Sin= 6.54" 10 ~2a ~.
. . . .

proites have considerably more radiogenic initial
87Sr/86Sr values of from 0.7045 to 0.7061. The kimberlites and lamproites have generally similar Nd
and Sm concentrations, and possess Nd/Sm ratios
indicating strong enrichment in the light rare-earth
elements (LREE). Initial ~Na-Values range from

+ 1.3 to + 3.9 for the kimberlites, indicating derivation from sources having a time-integrated history of LREE depletion compared to bulk-Earth
evolution. In contrast, the lamproites possess initial
~Na-Values of from --13 to --10. These results are
in good agreement with the range of initial 87Sr/86Sr

TABLE 2
Uranium and lead isotopic data for lamproites from central west Greenland
Sample

U *~
(ppm)

Pb
(ppm)

238U / 2°4pb

2oTpb/204pb

2°6pb/2°4pb*2
measured

initial.3

measured

-~OSpb/2O4pb
initial.3

measured

initial.3

5611 Sagdlerssuaq
5622 Sagdlerssuaq

1.58
1.26

20.34
25.31

5.18
3.34

15.315
15.117

14.23)
14.42)

15.044
15.122

14.96)
15.06)

35.904
36.464

(34.60)
(35.62)

5634 Kingap
timerdlia

2.30

47.44

3.23

15.313

14.64)

15.014

14.96)

35.843

(35.03)

*tU and Pb concentrations determined by isotope dilution mass spectrometry.
*2Data obtained on a Finnigan-MAT 261 mass spectrometer in static (multi-collector) mode. Ratios have been corrected for mass fractionation
using 0.11% / m.u. based on multiple analyses of the NBS-981 common Pb standard. The analytical uncertainty is < 0.2% (2or).
.3 Corrected for radiogenic decay of U and Th since emplacement, using an age of 1227 Ma. Age corrections to 2°Spb/2°4Pb are made assuming T h /
U=4.
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and eNd-Values recently reported for kimbedites and
lamproites from the Sisimiut region by Stecher et
al. (1987).
By comparison with both the kimberlites and
lamproites, the " a n o m a l o u s l a m p r o p h y r e " (sample
5672) has considerably lower N d and Sm concentrations and only moderate LREE enrichment. The
N d isotopic results suggest that it is unlikely that
the anomalous lamprophyre was emplaced during
the same episode as the lamproites (i.e. ~ 1230 Ma
ago), as this requires that the intrusion possessed
an initial end of + 7.7, an unreasonably high value
for mantle-derived magmas at this time. By this
reasoning, it is unlikely that the anomalous lamprophyre is older than ~ 1000 Ma. An emplacement age
contemporaneous with that of the Sisimiut kimber-

lites (i.e. ~ 590 M a ) c o r r e s p o n d s to a m o r e r e a s o n able initial end of --0.05. At this emplacement age,

the initial 8VSr/86Sr of the lamprophyre is 0.7042,
whereas at 1227 Ma the initial 87Sr/S6Sr is 0.7027.
Assuming a Mesozoic emplacement age, the initial
87Sr/86Sr of the anomalous lamprophyre would lie
within the range of values of from 0.7029 to 0.7058
determined by Hansen (1981) for Mesozoic lamprophyres from southern west Greenland.

U-Pb isotopic analysis
U-Pb isotopic results obtained for three lamproite samples are given in Table 2 and plotted with
the locus of the Pb mantle growth curve (i.e. with
#, the 238U/2°4pb volume, ~ 8, based on a singlestage evolution of the least radiogenic Pb isotopic
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Fig. 2. Measured ([]) and age-corrected (B) Pb-Pb isotope compositions for lamproites from central west Greenland compared
to the fields of some examples of kimberlites and potassic magmas. Also shown for comparison is the mid-ocean ridge basalt
(MORB) field and a model single-stage mantle growth curve ( with/~ = 8.0 ). Both measured and age-corrected Pb isotopic compositions of central west Greenland lamproites are considerably less radiogenic than anticipated mantle values (given by the
# = 8 curve) at the time of emplacement of the lamproites ( ~ 1227 Ma; Smith, 1979 ). Data sources: Dupr6 and All6gre ( 1980 ),
Sun (1980), Cohen and O'Nions ( 1982 ), Smith ( 1983 ), Vollmer and Norry ( 1983 ), Fraser et al. ( 1985 ), Weis and Demaiffe
( 1985 ), Nelson et al. ( 1986 ), Ito et al. ( 1987 ), Nelson and McCulloch ( 1988 ).
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compositions of mid-ocean ridge basalts) in Fig. 2.
The lamproites possess generally high Pb concentrations and low U/Pb ratios, and age corrections
to the measured 2°7pb/2°apb ratios for 235U decay
since their emplacement ~ 1227 Ma ago are relatively small (i.e. < ~ 0.09). However, corrections
to the measured 2°6pb/2°4pb ratios are substantial
(i.e. < ~ 1.1 ) and the initial Pb isotopic compositions of the lamproites must therefore be interpreted with some caution. Despite the uncertainty
the age correction introduces, both the measured
and age-corrected Pb isotopic compositions of the
lamproites are considerably less radiogenic than the
model mantle reservoir at the time of their emplacement (see Fig. 2). As their measured (uncorrected) Pb isotopic compositions are also less radiogenic than the mantle reservoir at 1230 Ma, the
lamproite would still have possessed un-radiogenic
Pb isotopic composition even if the U/Pb ratiowas
effected by post-emplacement mobility of uranium.

Discussion

Isotopic characteristics of the central west
Greenland kimberlites and lamproites
The isotopic results indicate that the kimberlites
of central western Greenland were derived from
time-integrated LREE-depleted mantle sources,
similar to those from which the South African
Group 1 (or "basaltic" ) kimberlites (Smith, 1983)
were derived. Compared with the kimberlites, the
Greenland lamproites possess considerably more
radiogenic initial 87Sr/86Sr and unradiogenic initial
143Nd/144Nd. Although these isotopic features may
have been acquired by crustal interaction, the lamproites are characterised by high concentrations of
Sr ( 1437-2952 ppm) and Nd ( 100-143 ppm), requiring the assimilation of substantial amounts of
crustal material to modify their Sr and Nd isotopic
compositions. For example, assuming contamination by bulk assimilation of typical continental
crustal material possessing 50 ppm Nd and end of
--25, a mantle-derived magma with 100 ppm Nd
and end of + 5 would need to assimilate 2 times its
original mass of crustal material to acquire an end
of -- 10. However, the lamproites possess high Mgnumbers [atomic Mg/(Mg+total Fe) values are
generally greater than 0.85] and transition metal

concentrations ( > 290 ppm Ni and > 390 ppm Cr,
except for sample 5652 which has considerably
lower Ni and Cr contents) combined with low SiO2
( < 42 wt.%, except for sample 5652 which has ~ 50
wt.%), A1203 (<8.6 wt.%) and Na20 ( < 2 wt.%)
contents (from Scott, 1979, 1981 ). These features
are not consistent with the assimilation of such substantial amounts of crustal material. The lamproites were therefore probably derived from socalled "enriched mantle" sources, as has been argued for lamproitic rocks from other localities (e.g.,
McCulloch et al., 1983 ). The isotopic results clearly
do not support a direct genetic connection between
the lamproites and kimberlites of central western
Greenland.
Assuming that Pb isotopic evolution within the
Earth's mantle can be approximated by a singlestage history with/t = 8, the unradiogenic initial Pb
isotopic compositions of the lamproites indicate that
their magma sources must have evolved in isolation
in a low-/t environment following extraction from
the mantle reservoir and prior to their emplacement. Although the calculated initial Pb isotopic
compositions of the lamproites plot near the # = 8
mantle growth curve, their initial 2°6pb/2°apb and
2°Tpb/2°4pb ratios were considerably less radiogenic than that of contemporaneous Pb (i.e. at
1230 Ma) within the Earth's mantle (Fig. 2 ). These
Pb isotopic compositions may be the result of a history of very low/t commencing at least ~ 1000 Ma
prior to emplacement of the lamproites. However,
the measured /t-values in the lamproite magmas
range from 3.2 to 5.2. These/t-values are too high
to produce the observed unradiogenic initial Pb isotopic compositions from a mantle reservoir with
/t ~ 8 by a two-stage process, unless the/t-values of
the lamproites were substantially increased during
or after extraction from their magma sources. Alternatively, the Pb isotopic compositions of the lamproites may be generated by a history of/t variation
involving a period of high/t, to elevate their 2°7pb/
2°4pb ratios above the mantle curve, followed by a
period of low # during which evolution of both
2°6pb/2°apb and 2°Tpb/2°apb ratios was retarded,
prior to emplacement of the lamproites. Nevertheless, the unradiogenic initial Pb isotopic data require that the "enriched mantle" sources from which
the central west Greenland lamproites were derived
have been isolated from the convecting mantle for
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at least ~ 1000 Ma prior to emplacement of the
lamproites.
Comparison with other kimberlite and lamproite
occurrences
Isotopic results similar to those obtained in this
study for the central west Greenland kimberlites
(i.e. comparatively unradiogenic initial 87Sr/86Sr
and positive ~Na-Values) have also been described
for kimberlites from South Africa (the Group 1
kimberlites of Smith, 1983), Zaire (Weis and Demaiffe, 1985 ) and from Terowie in South Australia
(Nelson et al., 1988; see Fig. 1). Nelson et al.
(1988) demonstrated that many carbonatites from
throughout the world also possess similar unradiogenic initial 875r/86Sr and positive ~Nd-Values,and
argued in favour of a petrogenetic link between carbonatites, "basaltic" kimberlites and some oceanisland basalts. The major-element diversity of these
rock-types was attributed to differences in the degree of partial melting, depth of melt generation,
CO2 content of the magma sources and/or extent of
differentiation, with these parameters strongly influenced by the prevailing geothermal gradient and
crustal thickness. Support for this proposal is given
by the work of Crough et al. (1980) and others relating kimberlite occurrences to hotspot traces. The
Sr and Nd isotopic data presented here for the central west Greenland kimberlites are also consistent
with this hypothesis.
On a Sr-Nd isotope diagram (Fig. 1 ), the central
west Greenland lamproites plot near to the Leucite
Hills madupite field. From examination of Fig. l, it
might be proposed that the isotopic diversity displayed by the various ultrapotassic rock suites can
be attributed entirely to mixing processes. For example, representatives from the Gondwanan continents (from Virunga, South Africa, India, Gaussberg and Western Australia) appear to plot along a
single broad mixing trend connecting a "depleted
mantle" end-member, which isotopically resembles
oceanic basalts, and an "enriched mantle" endmember isotopically resembling the most radiogenic 878r/86Sr and least radiogenic t43Nd/144Nd
representative of the Western Australian lamproites. The Smoky Butte, Leucite Hills and central
west Greenland ultrapotassic examples apparently
plot along a second set of mixing lines connecting a
similar "depleted mantle" end-member but an iso-

topically different "enriched mantle" end-member
which resembles the Smoky Butte lamproite possessing the most radiogenic 8VSr/S6Sr and least radiogenic 143Nd/la4Nd compositions. Thus, the remarkable isotopic diversity displayed by
representatives of the ultrapotassic rock suite may
be explained by mixing between a mantle component (or with several components) and two global
"enriched mantle" types.
However, a simple mixing line interpretation of
the Sr-Nd isotopic diversity of ultrapotassic rocks
as given above is not supported by the geochemical
evidence. The curvature of mixing lines on the SrNd isotope diagram is related to the ratio of the Sr
and Nd concentrations in the end-members. Because of the similar ionic radii of Sr and Nd cations
and consequent similarity in degree of compatibility in most common mantle minerals, the Sr/Nd ratio in partial melts is anticipated to be similar to
that of the melt source. If the Sr/Nd concentration
ratios of the "enriched mantle" end-members are
approximated by those of the ultrapotassic magmas
themselves and a common "depleted mantle" endmember (e.g., relatively undifferentiated mantle)
is involved in each case, then the central west
Greenland and Leucite Hills representatives would
plot along very similar mixing lines, as these two
suites have similar Sr/Nd ratios [19 + 6 for the 4
analyses given in this study and 19 _+4 for 12 analyses given in Vollmer et al. (1984), respectively the error given is 1 standard deviation). However,
lamproites from Smoky Butte have considerably
lower Sr/Nd ratios [ 8 + 2 for six analyses given in
Fraser et al. (1985)] and define a mixing line of
different curvature to that defined by the central
west Greenland and Leucite Hills examples. A similar argument suggests that the "Gondwana" trend
noted above is also unlikely to be the result of mixing between a "depleted" end-member and a common Gondwana-wide "enriched mantle" endmember.
The isotopic characteristics of enriched mantle
components may be influenced by factors such as
the isotopic compositions of the contaminating
"metasomatic" components involved, the parent/
daughter ratios within the metasomatised "enriched mantle" sources and by the time duration
elapsed between enrichment and emplacement
events. Menzies and Wass (1983) suggested that
CO2-rich, low Rb/Sr, metasomatic components play
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a major role in the generation of enriched mantle
sources having unradiogenic 875r/86Sr and 143Nd/
144Nd (i.e. the Smoky Butte-Leucite Hills-central
west Greenland lamproite type), whereas H20-rich
components, possibly related to subduction processes, may be involved in the generation of enriched mantle with more radiogenic 87Sr/86Sr. According to this proposal, the isotopic characteristics
of enriched mantle components are largely a consequence of the long-term isotopic evolution of the
metasomatised source region. However, in the case
of metasomatic components related to subduction
processes, it is likely that the metasomatised mantle
source region acquires some proportion of its
evolved isotopic characteristics directly from the
metasomatic agent. The involvement of a low-Rb/
Sr, CO2-rich metasomatic agent as suggested by
Menzies and Wass (1983) is, nevertheless, a plausible explanation for the unusual isotopic compositions of the Smoky Butte-Leucite Hills-central west
Greenland lamproite-enriched mantle type. If correct, the Pb isotopic data indicate that both CO2rich and H20-rich metasomatic agents typically
possess low U/Pb ratios.
Initial Pb isotopic compositions determined for a
number of different ultrapotassic rock occurrences,
such as the Western Australian, Smoky Butte and
Leucite Hills lamproites, Gaussberg leucitites and
potassic dykes from east Antarctica (Fraser et al.,
1985; Nelson et al., 1986; Nelson and McCulloch,
1988 ), indicate multistage histories of U/Pb variation. In general terms, most occurrences have relatively unradiogenic 2°6pb/2°apb ratios compared to
the estimated mantlq values prevailing at the time
of their emplacement. In the case of the central west
Greenland lamproites, the initial Pb isotopic compositions require evolution in a low-/~ environment
for at least ~ 1000 Ma prior to their emplacement.
Other examples (e.g., those from Western Australia
and Gaussberg) possess 2°Tpb/2°apb ratios which
are considerably more radiogenic than the estimated mantle value at the time of emplacement, requiring their Pb to have evolved within a high-/z environment prior to isolation within the low-#
environment. A similar three-stage history may have
been responsible for the generation of the Pb isotopic compositions of the central west Greenland
lamproites (and also of the Smoky Butte lamproites), although a history involving only two
stages (a period of evolution within the Earth's

mantle, w i t h / ~ 8, followed by a low-# stage prior
to the emplacement event) may also produce these
Pb isotopic compositions.

A kimberlite-lamproite association?
The available isotopic data argue strongly against
a common petrogenesis for both kimberlites and
lamproites, despite their apparent chemical affinities, common close spatial association and the presence of diamonds and a generally similar suite of
mantle xenoliths. Instead, the isotopic evidence favours a genetic affiliation between Group 1 (basaltic) kimberlites, carbonatites and the basalts of some
ocean islands and suggests an asthenospheric mantle "plume" source for these magmas (Smith et al.,
1985; Nelson et al., 1988 ). In contrast, the unusual
isotopic characteristics of lamproitic and Group 2
(micaceous) kimberlitic magmas require that their
mantle sources evolved in isolation from the convecting asthenospheric mantle for long time periods, with the most obvious site being within the
subcontinental lithospheric mantle. Although the
generation of enriched mantle components has been
attributed to subduction processes (cf. Nelson and
McCulloch, 1988), they may conceivably also be
generated by the underplating and long-term storage of hotspot plume-derived melts beneath stabilised continents [see also the discussion on p.243 of
Nelson et al. ( 1986 ) ]. In particular, Sr and Nd isotopic characteristics like those of the Smoky Butte,
Leucite Hills and central west Greenland lamproites may be produced by the underplating of lowRb/Sr carbonatitic plume melts. In support of this,
Dud~is et al. ( 1987 ) found that the Bearpaw Mountain carbonatite, Montana, has enriched mantle Sr
and Nd isotopic characteristics (with initial 87Sr/
865r of 0.7061 and eN0 of --7.3 ), in common with
those of associated alkalic and sub-alkalic rocks from
Montana and suggesting that this carbonatite may
have been derived from a source located within the
subcontinental lithosphere. However, more typical
initial 875r/86Sr and eNd-Values of 0.7037 to 0.7050
and + 2.3 to - 3.6 respectively, have recently been
reported for the Missouri Breaks kimberlitic and
carbonatitic rocks of central Montana by Scambos
and Farmer ( 1988 ). One difficulty with the suggestion that low-87Sr/86Sr enriched mantle, such as that
from which the Leucite Hills, Smoky Butte and central west Greenland lamproites were derived, is
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generated by the underplating of low-Rb/Sr carbonatitic plume melts is that these examples apparently have major- and trace-element affinities with
other (subduction-related?) lamproite occurrences
(e.g., Foley et al., 1987 ) and are not obviously geochemically related to carbonatites.
Experimental studies (e.g., Wendlandt, 1984)
have shown that depth of magma generation
strongly influences the bulk composition of partial
melts derived from peridotite in the presence of CO2
and other volatiles. Because of the enhanced solubility of CO2 in melts at pressures of ~ 27 kbar, partial melts of carbonated peridotite generated at
depths approaching ~ 100 km will be carbonate-rich
and may resemble kimberlite or carbonatite. The
depth of magma generation is influenced by factors
such as geothermal gradient and crustal thickness,
with kimberlitic and carbonatitic rocks likely to be
more c o m m o n in intracratonic tectonic settings, As
the isotopic characteristics of lamproitic magmas
indicate that they are probably derived from ancient subcontinental lithospheric sources, the common spatial association of kimberlitic-carbonatitic
and lamproitic magmatism may be due to the similar tectonic setting requirements for the generation
of these rock types and they need not be petrogenetically linked. Detailed geochemical and isotopic
studies have so far failed to reveal substantial differences between diamonds and diamond inclusions from kimberlites and lamproites, so it is likely
that diamonds are principally derived from the subcontinental lithospheric mantle and that those found
in basaltic kimberlites are xenocrystic in origin.
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