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Abstract: In a study of the geochronology of the Katangan Sequence and
its basement in the Central African Copperbelt (Rainaud et al., 1999), detrital
and xenocrystic zircons from Muva quartzites and Katangan lapilli tuffs, were
dated using the SHRIMP. A detrital population (dated between 3007 and
3031 Ma) and a group of xenocrystic zircons aged between 3169 and 3225
Ma provide the first evidence for the existence of a Mesoarchean basement
beneath the Central African Copperbelt.

1. Introduction

The Central African Copperbelt, hosted by the Katangan Sequence, is
situated in Zambia and the Katanga Province of the Democratic Republic of
Congo (D.R.C.). The Katangan Sequence, which is subdivided into the Roan,
Lower and Upper Kundelungu Supergroups, consists mainly of

metasediments with minor mafic tuffs and sills (Figure 1). Its deposition took

" This chapter appeared in Journal of the Geological Society, London, Vol. 160, 2003, pp. 11-14
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place between 880 and 620 Ma (Armstrong et al., 1999; Cahen et al., 1984).

The exposed basement to the Katangan Sequence consists of a

Paleoproterozoic magmatic arc terrain dated at between 2050 Ma and 1800
Ma (Rainaud et al., 1999).

supracrustal succession of conglomerates, orthoquartzites and shales was

On this basement the (as yet undated) Muva

deposited. This basement was then intruded by the 880 Ma Nchanga

Granite, followed shortly by the deposition of the Katangan Sequence

(Armstrong et al., 1999). To the west, the Katangan Sequence is flanked by

the c. 1300-1000 Ma Kibaran Belt, which separates it from the Neoarchean
rocks of the Kasai-Congo Craton (Cahen et al., 1984; Delhal, 1991; Tack et
al., 1999).
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Figure 1. éimplified geological map of the eastern part of the Central African Copperbelt.
After Francois, 1974.
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2. Sampling

Detrital zircons were separated from a sample of crossbedded quartzite
(MVQ1) from the Muva Supergroup, which was collected south of Mufulira
(Zambia) at 21°12’E, 12°36’S. Numerous xenocrystic zircons were found in a
lapilli tuff (S11) from the Mwashya Group in the upper part of the Roan
Supergroup. This tuff was sampled at Shituru Mine (26°50’E, 11°01’S), near
Likasi, in the central part of the Lufilian Arc (D. R. C.).

3. Analytical techniques

U-Pb analyses were performed on the SHRIMP | and Il ion microprobes
at The Australian National University, Canberra. The separation of zircons
was carried out at the Hugh Allsopp Laboratory, Johannesburg, using
conventional techniques. The SHRIMP analytical procedure used in this
study is similar to that described by Claué-Long et al., (1995). Age
calculations and plotting were done using Isoplot/Ex (Ludwig, 2000). Zircons
from sample MVQ1 were randomly selected for analysis; in sample S11,
more than 80% of all available zircons were analysed. In the following age
interpretations only isotopic ratios that are 10% or less discordant were

considered as reliable age indicators.

4, Detrital zircons

52 U-Pb analyses were carried out on 49 detrital zircons from sample
MVQ1. Of these analyses, 49 were 10% or less discordant in terms of
207pp 298Py ages. The results are plotted on a concordia diagram in Figure 2,
and the age distributions are shown on a histogram plot as an inset. The
detrital zircons form several distinct populations, which range in age from
3180 to 1941 Ma. The youngest detrital zircons (22% of the population) form
a cluster of ages peaking at 1990 Ma, but which range from 2099+15 Ma to
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1941440 Ma (which is the maximum age for the Muva quartzite) (Table 1). A
second cluster of ages (39%) has a peak at about 2190 Ma, and ranges from
2297+20 to 2114 +39 Ma. A third group of ages (6%) ranges from 2400419 to
2371+£17 Ma. A fourth group of zircons (23%) has ages which range from
2708+18 to 2463+£25 Ma. This group has a bimodal distribution, with peaks at
around 2500 Ma and 2700 Ma. There is a last group of zircons (8%) whose
ages range from 303146 to 3007+15 Ma, with a peak at around 3020 Ma.
Finally, the oldest detrital zircon is dated at 3180+12 Ma.
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Figure 2. a) “°Pb/?U vs ?’Pb/?**/U concordia plot of ages (Ma) of detrital zircons from the
Muva quartzite, sample MVQ1. b) Histogram plot showing the relative distribution of
27pp2%pp ages of the detrital zircons.

5. Xenocrystic zircons

Numerous zircons were found in a lapilli tuff (S11) from the Mwashya
Group in the Katangan Sequence. Out of the 48 zircons analysed, 43 yielded
207pp2%pp ages that were 10% or less discordant (Figure 3). With the
exception of two zircons which yielded very discordant 2°’Pb/*®Pb apparent
ages of 609 + 288 Ma and681 + 67 Ma (Table 2), all other zircons yielded
ages greater than 880 Ma, the maximum age of the Katangan Sequence

(Armstrong et al., 1999). Consequently the bulk of the zircon population from
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tuff sample is interpreted to be xenocrystic in origin. These zircons form
several distinct age populations ranging from 1018427 Ma to 3225+11 Ma.
Some of these zircon populations have ages that overlap those from the
detrital zircon population in the Muva quartzite. However, some groups from
the detrital suite are not represented in the suite and vice versa. The
xenocrystic suite include a population of Mesoproterozoic zircons which is
completely absent from the detrital zircon population in the Muva quartzites.
The youngest xenocrystic zircon population, comprising 5 zircons (12% of the
43 analyses used), is dated at between 1537489 and 1018+27 Ma. A second
group of 22 zircons (51%) has Paleoproterozoic ages between 2105+25 and
1791421 Ma, with a peak at c. 1860 Ma. One zircon grain provides an age of
2624+9 Ma, while another is dated at 3021+34 Ma. Finally, there is a large
group of 14 zircons (33%) which are dated at between 3225+11 and 3169+13
Ma.
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Figure 3. a) 2°Pb/?8U vs 2"Pb/?**/U concordia plot of ages (Ma) of inherited xenocrystic
zircons from lapilli tuff (sample S11), Mwash}/a Group, Katangan Sequence. b) Histogram
plot showing the relative distribution of 2°’Pb/*®°Pb ages of the xenocrystic zircons.
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6. Provenance of zircons

The youngest xenocrystic zircons in the Katangan tuff (1018+27 to
1537+89Ma) span the age of the Kibaran granites (1375 to 1000 Ma; Tack et
al., 1999), and indicates the presence of Kibaran magmatic rocks beneath
the central part of the Lufilian Arc. The absence of Kibaran-aged zircons from
the detrital population in the Muva quartzite (which is derived from a much
wider area than that sampled by the tuff) indicates that the Muva quartzites
were most probably deposited before 1537489 Ma. The large population of
Paleoproterozoic detrital and xenocrystic zircons, dated between 1791 and
2105 Ma, overlaps the time period (2050 to 1800 Ma) of the Ubendian
magmatic arc terrain that constitutes the Bangweulu Block and the exposed
basement in the Zambian Copperbelt (Cahen et al., 1984; Rainaud et al.,
1999). A younger group of c. 1860 Ma xenocrystic zircons from the tuff is not
represented in the detrital zircon population from the Muva quartzite. The
2297 to 2114 Ma detrital zircons (which are also absent from the xenocrystic
suite) are from an unknown source, since there are no dated rocks of this
age in the immediate vicinity. They may be derived from the Magondi Belt of
Zimbabwe, which has been dated at between 2160+100 and 2120+40 Ma
(H6hndorf and Vetter, 1999; Master, 1991; Schidlowski and Todt, 1998). The
earliest Proterozoic suite of detrital zircons, dated at between 2400 and
2371 Ma, may have been derived from the Luiza metasediments in the Kasai
region of the Congo, which have been dated at c. 2400 Ma (Cahen et al.,
1984), or from the c. 2400 Ma granulites of the Kasai-Lomami complex
(Delhal et al., 1986). The largely Neoarchean suite of detrital zircons, dated
between 2710 to 2460 Ma, appears to have been derived mainly from the
Kasai Craton in Congo, NE Angola and NW Zambia, where granites and
migmatites have been dated at 2560 to 2540 Ma (Key and Armstrong, 2000),
and where 2870 Ma leucogranites were overprinted at 2600 to 2007 Ma
(Delhal, 1991). Neoarchaean rocks do not appear to be abundant in beneath
the Lufilian Arc, since only one xenocrystic zircon of this age (2624+9 Ma)

was found in the Katangan tuff. The most enigmatic zircons from both the
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detrital and xenocrystic suites are the >3000 Ma (Mesoarchean) grains which
fall in two clusters at c. 3020 and 3200 Ma. In the whole of Central Africa,
there are no rocks that have been dated at 3200 Ma, while only a few dates
of ¢. 3000 Ma are known in widely separated regions such as Gabon (Cahen-
Vachette et al., 1988), Zimbabwe (Cahen et al., 1984) and the northern
Congo-Kasai Craton (Lavreau and Deblond, 2000).

7. Cryptic mesoarchaean terrane

There are no exposed rocks in the immediate vicinity of the Muva
quartzites (or their proximal source regions) which are between 3300 and
3000 Ma in age. In eastern Zambia, Liyungu and Vinyu (1996) have obtained
Pb model ages of 3047+130 Ma for zircons from the Chipata granite, and
2985+14 Ma for zircons from the Lutembwe granulite. The oldest dated rocks
of the Kasai sector of the Archean Congo-Kasai craton of D.R.C. and NE
Angola are c. 2900 Ma (Delhal, 1991). The greenstone belts and granites of
Gabon, which constitute the western part of the Congo-Kasai craton, have
been dated at 3100-2900 Ma (Cahen-Vachette et al., 1988). The Zimbabwe
Archean craton consists mainly of 2900 to 2600 Ma granite-greenstone
terranes, with only the southernmost Tokwe terrane containing older rocks
dated at between 3500 and 2950 Ma (Kusky, 1998). The Archean Tanzanian
craton is dated at between 2930 and 2530 Ma (Pinna et al., 1999). The
detrital zircon population in the Muva quartzite has just one older 3180 Ma
Mesoarchean zircon, and several zircons ranging from 3031 to 3007 Ma. By
contrast, the Katangan tuff contains abundant older Mesoarchean
xenocrystic zircons dated between 3225 and 3169 Ma, and only one younger
zircon dated at 3021 Ma.
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(heavy dashes) beneath the Central African Copperbelt, relative to some of the important
tectono-stratigraphic units of the region; i.e. the Lufilian Arc (light dashes extending from
Mwinilunga [Mw] through Likasi [Li] to Mufulira [Mu]), the Neoarchean Congo-Kasai Craton,
the Mesoproterozoic Kibaran and Irumide orogenic belts, the Paleoproterozoic Ubendian belt
and Bangweulu block [BB], and the Muva Supergroup (Mp). The cluster of diamondiferous
kimberlite pipes on the Kundelungu plateau is shown as KP .

The xenocrystic zircons originated from either the partially molten source
region or the wallrocks in the path of ascent of the magmas that gave rise to
the sampled Katangan tuffs. The lapilli tuffs at Shituru (which are interbedded
with agglomerates) are the thickest and most proximal of all the tuffs in the
Mwashya Group of the Katangan Sequence (Lefebvre, 1975). Therefore the
xenocrystic zircons in these tuffs represent a sample of the crust beneath the
central part of the Lufilian Arc, which is buried under the tectonically
thickened Katangan Sequence. The abundance of c. 3200 Ma xenocrystic
zircons in this tuff (32% of the total population) indicates that a part of the
crust beneath the central Lufilian Arc is a c. 3200 Ma terrane that we propose
to call the Likasi Terrane. The almost total absence of ages ranging from
2700 to 2500 Ma in the xenocrystic zircon population (which are abundant in
the detrital zircon population) implies a lack of Neoarchean crust in the Likasi
Terrane. The bulk of the remaining crust is of Palaeoproterozoic (Ubendian)

age, between 2100 and 1800 Ma. There is also evidence from these
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xenocrystic zircons of Kibaran-aged crust (1300 to 1000 Ma) in this region.
Because only a single c. 3200 Ma detrital zircon was found in the Muva
quartzite, it appears that the 3200 Ma crust might have been poorly exposed
at the surface, which was dominated by the c. 2000 Ma Ubendian crust. The
3200 Ma crust may have been more abundant at mid- or deep crustal levels
beneath the Lufilian Arc. The xenocrystic and detrital zircons from the
Katangan tuffs and Muva quartzites provide the only direct evidence for the
existence of this cryptic Mesoarchean crust beneath the Katangan
Sequence. The occurrence of diamonds in the kimberlites of the Kundelungu
Plateau to the north of the Lufilian Arc (Demaiffe et al., 1991) may be an
indirect indication of the presence of an Archean crust beneath the Katangan
of Central Africa. In addition to mantle xenoliths, the Kundelungu kimberlites
also contain undated crustal gneiss and mica-schist xenoliths, some of which
may be samples of the cryptic Likasi Terrane. In the northwestern corner of
Zambia, near Mwinilunga, close to the borders with Angola and D.R.C.,
Neoarchean foliated granites dated at 2538+10 Ma contain xenocrystic
inherited zircons which give a mixture of ages as old as 3154 Ma (Key and
Armstrong, 2000). This indicates that the c. 3200 Ma Likasi Terrane may
have extended towards the southwest from the Likasi area to the Mwinilungu
area, over a distance of about 300 km (Figure 4). If the 3154 Ma xenocrystic
zircons of Mwinilunga are derived from the Likasi Terrane, it implies that the
latter was an integral part of the Kasai-Congo craton by the latest Archean. It
is further suggested that the Likasi Terrane was accreted onto the Kasai-
Congo craton before 2538 Ma, and that this collisional event may have been
responsible for some of the granulite-facies metamorphism in the

southeastern Kasai-Congo craton.
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