
Introduction

The Rehoboth Basement Inlier (RBI) is a major geo-
logical feature which forms the southern boundary of the 
Pan-African Damara Orogen in central Namibia. The 
entirely Precambrian RBI consists of various metavol-
cano-sedimentary sequences which have been intruded 
by several acid and basic magmas such as the Weener 
Intrusive Suite (WIS), the Piksteel Intrusive Suite (PIS), 
the Gamsberg Granite Suite (GGS), as well as acid and 
basic dykes (SACS, 1980; Stoessel & Ziegler, 1989). A 
geochemical characterisation of the granitoid intrusives 
of the RBI has been published elsewhere (Stoessel & 
Ziegler, 1989; Ziegler & Stoessel, 1990).

The isotopic dating of these intrusive suites by Burg-
er & Coertze (1973, 1973-74, 1975-76a, b), Burger & 
Walraven (1977-78,1980), Seifert (1986), Reidet al. 
(1988) and Stoessel & Ziegler (1989) provided a frame-
work for the understanding of the evolution of the RBI 
through the Precambrian and the Palaeozoic. Prior to 
this study, highly controversial Rb-Sr ages ranging be-
tween 1207 Ma and 1871 Ma (Seifert, 1986; Reid et al., 
1988) existed for the WIS while the age of the GGS was 
known to range between 926 Ma and 1229 Ma (Hugo 
& Schalk, 1972; Burger & Coertze, 1973-74; Seifert, 
1986; Reid et al., 1988). The aim of this study was to 
provide new constraints on the intrusive age of the WIS 
and the Gamsberg pluton of the GGS by means of U-
Pb dating. In addition, the Sm-Nd technique was used 
to unravel the crustal evolution history of the WIS and 
the GGS in order to clarify their position in the regional 
evolution path of the RBI.

Method

This study includes a total of seven whole-rock sam-
ples from the GGS and the WIS (see Fig. 1 for sam-
ple localities). For the analysis of the GGS, the sam-
ple G49 was collected on the farm Hohenheim, while 
the samples G53 and KAW2273 were taken from the 
farm Gamsberg. Samples from the WIS were collected 
on the farms Corona (W8, W10), Weener (KAW2291) 
and Morgenroth (W3). Petrographical and geochemi-

cal descriptions of the samples are given in Stoessel & 
Ziegler (1989; W3, W8, W10, G49, G53) and Seifert 
(1986; KAW2273 & KAW 2291).

The U-Pb data were obtained by analysing different 
fractions of zircon separates. The zircons were sepa-
rated from the samples KAW2273 and KAW2291 by 
the use of a Wilfley table, heavy liquids (bromoform 
and methylene iodide), and a Frantz magnetic separa-
tor. Different size fractions of zircons were obtained by 
the use of sieves. A selection of the purest crystals was 
then handpicked from the separates. The zircons were 
washed in nitric and hydrochloric acid before approxi-
mately 1-5 mg of the zircon concentrate was dissolved 
in PTFE-bombs which had previously been spiked 
with 205Pb/235U spike. Element separation followed the 
method of Krogh (1973). U and Pb were measured on 
a YG Sector thermal ionisation mass spectrometer. A 
common-Pb correction for the approximate age of the 
samples was carried out using the two-stage model of 
Stacey & Kramers (1975). The analytical total blank of 
Pb of modem composition was below 0.18 ng. All U-Pb 
age, concentration and error calculations were carried 
out using a computer program of G. Stoessel (Stoessel 
& Ziegler, 1989) and followed the methods described 
therein. The error limits of the Gamsberg discordia are 
the geometrical errors of the discordias in the Weth-
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erill (1956) and Tera & Wasserburg (1972) diagrams, 
respectively.

The Rb-Sr concentrations and the Sr isotopic composi-
tions were determined using the isotope dilution method 
described by Jäger (1979). The Sm-Nd concentrations 
and Nd isotopic compositions were determined using 
a two column element separation procedure (Stoessel 
& Ziegler, 1989). The Rb analyses were carried out 
on an Ion Instruments solid source mass spectrometer. 
Elemental Sr, Sm and Nd analyses were carried out 
on a YG Sector thermal ionisation mass spectrometer 
by single and triple filament modes, respectively. The 
87Sr/86Sr ratios were normalised to 86Sr/88Sr = 0.1194. 
The mean 87Sr/86Sr ratio for seven measurements of the 
NBS SRM-987 standard was 0.71022 ± 3 (1σ). The 
143Nd/144Nd ratios were normalised to a 146Nd/144Nd ra-
tio of 0.7219. The mean value for 14 analyses of the 
La Jolla isotopic standard was 0.51143 ± 15 (1σ). Total 
blanks were <1 ng for Sm, 0.01-0.1 ng for Nd and <10 
ng for Sr.

Results and discussion

The results of all the isotopic measurements are listed 
in Tables 1 and 2. The analysed zircon fraction (>200 
mesh) of sample KAW2291 from the WIS was com-
posed of clear, translucent, euhedral crystals without 
visible inherited cores. It yields an apparent 207Pb/206Pb 
minimum age of 1723 Ma and a highly radiogenic lead 
composition as indicated by a 206Pb/204Pb ratio of 1315. 
Since petrographic examination revealed no old in-
herited cores within the analysed Weener zircons, we 
believe that the obtained 207Pb/206Pb age represents a 
meaningful minimum age for the intrusion of members 
of the WIS on the farm Weener. This age is consider-
ably older than the lower of the two ages calculated 
by Seifert (1986) on different combinations of Weener 
data points (which both include KAW2291 and which 
yield Rb-Sr ages of 1560± 100 Ma and 1871 ± 143 Ma) 
but falls within the age range of Seiferts” older refer-
ence line. The Rb-Sr age of 1207 ± 170 Ma which was 
determined by Reid et al. (1988) for a different pluton 
assigned to the WIS is also considerably younger than 
our 207Pb/206Pb age. As the intrusion of Gamsberg mag-
mas caused a strong disturbance of the Rb-Sr systems 
of the intruded older crust (Stoessel & Ziegler, 1989), 
we believe that the 207Pb/206Pb age of 1723 Ma confirms 
the “final possibility” of Reid et al. (1988) and Seif-
ert (1986) considering an intrusion age of 1700 Ma to 
1900 Ma for the WIS. Only further U-Pb investigations 
could show if the Gamsberg age of Reid et al.‘s Weener 
samples and Seiferts’ 1560 ± 100 Ma age are really due 
to partial resetting of the Rb-Sr systems of older rocks 
by the intrusion of magmas of the GGS as has already 
been demonstrated for several plutons of the PIS by the 
authors (Stoessel & Ziegler, 1989).

The various size fractions of euhedral, clear zircons 
lacking visible inherited cores of the Gamsberg sample 

KAW2273 yielded apparent 207Pb/206Pb minimum ages 
between 1040 and 1105 Ma. The large age difference 
between the individual grain size fractions is caused 
by the large correction for common Pb which had to 
be applied to every fraction. The calculation of discor-
dia ages according to the method of Wetherill (1956) 
and Tera & Wasserburg (1972) gives ages of 1124 + 
28 /-22 Ma (Fig. 2a) and 1132 + 26 /-23 Ma (Fig. 2b), 
respectively. These discordia ages, which are identical 
within their error limits, are somewhat lower than the 
Rb-Sr isochron ages for the Gamsberg pluton of 1229 
± 29 Ma and 1190 ± 23 Ma proposed by Seifert (1986). 
The Rb-Sr age of 1079 Ma ± 25 Ma obtained by Reid 
et al. (1988) for a data set composed of samples from 
the Gamsberg and Nauchas plutons overlaps within its 
error limits with the Gamsberg discordia age obtained 
during this study. Although a correction for common 
Pb assuming initial common Pb compositions different 
from the model Pb compositions of Stacey & Kram-
ers (1975) could shift the obtained age considerably, we 
think that the present U-Pb age helps constrain the age 
of the Gamsberg pluton to approximately 1.1 - 1.2 Ga.

The Sm-Nd whole-rock data obtained on the Weener 
samples yield TDepleted Mantle model ages (calculated ac-
cording to the method described by De Paolo, 1988) 
between 1.77 Ga and 2.31 Ga, whereas TDM model ages 
of 1.68 and 2.00 Ga were obtained for the GGS. The 
model age of the Weener sample W3 from the farm 
Morgenroth is considerably younger than the model 
ages of W8 and W10 which were collected on the farm 
Corona. This implies that the individual plutons of the 
WIS have different crustal evolution (assimilation and 
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fractional crystallisation) histories. Nonetheless, it can 
be stated that the analysed members of the WIS rep-
resent crustal material which formed during the early 
Proterozoic.

The model ages of the Gamsberg samples are much 
older than the intrusion ages of the respective plutons. 
This implies that the calc-alkaline Gamsberg magmas 
represent a mixture of pre-existing early Proterozoic 
crustal material and younger mantle-derived material.

Earlier work by Stoessel & Ziegler (1989) has shown 
early Proterozoic TDM model ages for the PIS, the Neu-
hof Formation and the Elim Formation of the RBI. 
McDermott (1986) analysed granitic rocks of the Pan-
African Damara Orogen and found model ages rang-
ing between 1.0 and 3.0 Ga. This led to a theory of a 
continuous reworking of crustal material in the central 
part of Namibia from the early Proterozoic to the early 
Phanerozoic (Stoessel & Ziegler, 1989). The present 
TDM model ages obtained for the WIS and the GGS fit 
very well into this model and thus support the theory of 
a continuous reworking of the Rehoboth crust.

Due to their very low 87Sr/86Sr(t) ratios, the Weener 
values (calculated for a minimum formation age t of 
1720 Ma) plot below the bulk earth Sr evolution trend 
of O‘Nions et al. (1979). This indicates that the Rb-Sr 
systems of the analysed Weener samples either derive 
from a strongly Rb-depleted mantle region or that they 
have been affected by post-crystallisation alteration 
processes. The Gamsberg sample from the farm Hohen-
heim (G49) must have been affected by post-emplace-
ment alteration processes as indicated by its primordial 
87Sr/86Sr(t=1080 Ma) ratio, while the sample from the farm 
Gamsberg (G53) probably reflects an undisturbed Sr 
isotopic composition.

Conclusions

The present data are in good agreement with earlier 
results from Stoessel & Ziegler (1989) on the metavol-
cano-sedimentary units and the PIS of the RBI which 
suggested that the major part of the Rehoboth crust 
must have formed during the early Proterozoic. Due to 
the new data on the WIS and the GGS, it is now possi-
ble to reconstruct the following history of crustal evolu-
tion in the RBI.

After an early phase of crustal reworking, represented 
by the lower units of the metavolcano-sedimentary se-
quences of the RBI, the Rehoboth area was (between 
1.7 and 1.9 Ga) intruded by the calc-alkaline members 
of the WIS and the PIS. The Alberta Mafic Complex 
was then emplaced in the northern part of the RBI at 
about 1.4 Ga (Reid et al., 1988). This was followed by 
the intrusion of the calc-alkaline GGS between 1.25 and 
0.9 Ga, causing a major disturbance of the Rb-Sr sys-
tems of the intruded rock units. The TDM model ages 
of the GGS exceeding 1.6 Ga again indicate reworking 
of older continental crust. Crustal reworking continued 
into the early Phanerozoic as shown by McDermott 

(1986) who determined model ages between 1.0 and 
3.0 Ga for granitic rocks of the Pan-African Damara 
Orogen to the north of the RBI.

Acknowledgements

We wish to thank N. Seifert for two samples 
(KAW2273 and KAW2291). We also would like to 
thank colleagues of the Berne Isotope Laboratory and 
the Geological Survey of Namibia for their assist-
ance and critical comments. An earlier version of the 
manuscript benefited from a critical review by B. Eg-
lington. B. Hoal kindly corrected and improved our 
English style. The study was partly funded by the “Sch-
weizerischer Nationalfonds”.

References

Burger, A.J. and Coertze, F.J. 1973. Radiometric age 
measurements on rocks from Southern Africa to the 
end of 1971. Bull. geol. Surv. S. Afr., 58, 46 pp.

Burger, A.J. and Coertze, F.J. 1973-74. Age determina-
tions - April 1972 to March 1974. Ann. geol. Surv. 
S. Afr., 19, 135-141.

Burger A.J. and Coertze, F.J. 1975-76a. Summary of 
age determinations carried out during the period 
April 1974 to March 1975. Ann. geol. Surv. S. Afr., 
11, 317-321.

Burger, A.J. and Coertze, F.J. 1975-76b. Summary of 
age determinations carried out during the period 
April 1975 to March 1976. Ann. geol. Surv. S. Afr., 
11, 323-329.

Burger, A.J. and Walraven, F. 1977-78. Summary of age 
determinations carried out during the period April 
1976 to March 1977 and also: Summary of age 
determinations carried out during the period April 
1977 to March 1978. Ann. geol. Surv. S. Afr., 12, 
199-218.

Burger, A.J. and Walraven, F. 1980. Summary of age 
determinations carried out during the period April 
1978 to March 1979. Ann. geol. Surv. S. Afr., 14, 
109-118.

De Paolo, D.J. 1988. Neodymium Isotope Geochemis-
try. An Introduction. Springer, Berlin, 187 pp.

Hugo, P.J. and Schalk K.E.L. 1972. The isotopic ages of 
certain granites and acid lavas in the Rehoboth and 
Maltahöhe Districts, South West Africa. Ann. geol. 
Surv. S. Afr., 9, 103-105.

Jäger, E. 1979. The Rb-Sr method, 13-25. In: Jäger, E. 
and Hunziker, J.C. (Eds) Lectures in isotope geol-
ogy. Springer, Berlin, 207 pp.

Krogh, T. 1973. A low contamination method for hy-
drothermal decomposition of zircon and extraction 
of U and Pb for isotopic age determinations. Geo-
chim. cosmochim. Acta, 37, 485-494.

McDermott, F. 1986. Granite petrogenesis and crustal 
evolution studies in the Damaran pan-African oro-
genic belt, Namibia. Ph.D. thesis (unpubl.), Open 

84

Ziegler and Stoessel



University, London, 303 pp.
O’Nions, R.K., Carter, S.R., Evensen, N.M. and Hamil-

ton, P.J. 1979. Geochemical and cosmochemical ap-
plications of  Nd isotope analysis. Ann. Rev. Earth 
Planet. Sci., 7, 11-38.

Reid, D.L., Mailing, S. and Allsopp, H.L. 1988. Rb-Sr 
ages of granitoids in the Rehoboth-Nauchas area, 
South West Africa/Namibia. Communs geol. Surv. 
S.W. Africa/ Namibia, 4, 19-28.

Seifert, N.L. 1986. Geochronologie am Siidrand des 
Damara Orogens, SWA/Namibia: Hydrothermale 
Beeinflussungen von Isotopensystemen und Abki-
ihlalter in prakambrischen Basementgesteinen. Sch-
weiz. miner. petro gr. Mitt., 66, 413-451.

Stacey, J.S. and Kramers, J.D. 1975. Approximation 
of terrestrial lead isotope evolution by a two stage 

model. Earth Planet. Sc. Lett., 26, 207-221.
Stoessel, G.F.U. and Ziegler, U.R.F. 1989. Age determi-

nations in the Rehoboth Basement Inlier, SWA/Na-
mibia. Ph.D. thesis (unpubl.). Univ. Berne, Switzer-
land, 250 pp.

Tera, F. and Wasserburg, G.J. 1972. U-Th-Pb asystem-
atics in three Apollo 14 basalts and the problem of 
initial Pb in Lunar rocks. Earth Planet. Sc. Lett., 14, 
281-304.

Wetherill, G.W. 1956. Discordant Uranium Lead Ages: 
1. Trans. Am. Geophys., 37, 320 pp.

Ziegler, U.R.F. and Stoessel, G.F.U. 1990. Isotope Ge-
ology and Geochemistry of the Rehoboth Basement 
Inlier, Namibia/S.W.Africa; a Multimethod Case 
History. Bull. Swiss. Ass. Petrol. Geol. Eng., 56, 13-
33.

85

The age of the Rehoboth Basement Inlier 


