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ABSTRACT

The Mesoproterozoic Kibara Belt (also Kibaran Belt or Kibarides in some references) of Central Africa
was often portrayed as a continuous, c. 1500 km long orogenic belt, trending NE to NNE from Katanga,
Democratic Republic of Congo (DRC) in the south, up into SW Uganda in the north. Recently however, the
Karagwe-Ankole Belt (KAB; formerly the NE Kibara Belt) has been redefined as the part north of a NW
oriented Palaeoproterozoic basement high of the Ubende-Rusizi Belts, while the Kibara Belt (KIB) is now
limited to the part south of this rise.

We present a lithostratigraphy for the KAB that takes into account two rheologically contrasting
structural domains (Western and Eastern Domain); each of them being characterised by independent
sedimentary sub basin(s) and depositional conditions: the ED with Archaean basement versus the WD
with Palaeoproterozoic basement. We document new volcanic and detrital U-Pb SHRIMP zircon data
which provide new constraints on the timing of deposition and on the detrital provenance of the sedi-
mentary sequences in the KAB. We discuss the evolution of the KAB in a wider regional context, comparing
it to other Mesoproterozoic units and with reference to the general geodynamic history of this part of
the African continent in Proterozoic times.

The lithostratigraphic successions of the KAB are only valid respectively in the ED (Kagera Supergroup)
or in the WD (Akanyaru Supergroup), with no correlations between them. Deposition of the Kagera
Supergroup in the ED is bracketed between 1.78 Ga and 1.37 Ga and the deposits have to be considered
an Eburnean-age “molasse”. Detrital components comprise material only of Archaean and Palaeopro-
terozoic age, consistent with derivation from nearby source regions. In the WD, deposition of the two
lowermost groups of the Akanyaru Supergroup is bracketed between 1.42 Ga and 1.37 Ga. The large con-
tribution of detrital Palaeoproterozoic components in the WD strengthens the view that this domain is
underlain by Palaeoproterozoic basement and supports the concept that part of the Akanyaru Super-
group sediments consists of reworked Eburnean-aged molasse. In the WD of the Kivu-Maniema area
(DRC), later sedimentation periods are documented at respectively 1222 Ma and 710 Ma. The KAB docu-
ments a long-lived period of intracratonic intermittent depositional activity (with periods of interruption
of deposition, erosion and magmatism) showing a recurrent subsidence trend controlled by structural
activity moving with time from E to W.

On aregional scale, we postulate that since 1.8 Ga, following the amalgamation of Archaean and Palaeo-
proterozoic landmasses into a single coherent ‘proto-Congo Craton’, various long-lived shallow-water
intracratonic basins (aulacogenes) developed. These basins underwent a comparable Mesoproterozoic
geodynamic evolution, as shown not only in the sequences of the KAB and of the relatively close Kibara
(KIB), Bangweulu Block and Northern Irumide Belts, but even in more distant sequences located in SW
Angola and E Brazil.

The long-lived aulacogene history of the KAB within the proto-Congo Craton is interrupted only twice
by short-lived compressional deformation reflecting far-field effects of global orogenic events, external
to the proto-Congo Craton. The first event at 1.0Ga is related to Rodinia amalgamation. The second
event at 550 Ma results from Gondwana amalgamation and develops a N-S Pan African overprint in
the KAB which has previously been underestimated or even overlooked. Three mineralisation provinces
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occurring in the KAB, respectively the Bushveld-type, the tin-coltan-wolfram and the gold province, can
be ascribed successively to the 1375 Ma Kibaran magmatic event, the 1.0 Ga Rodinia and the 550 Ma
Gondwana amalgamation events.

Our results give additional weight to the recent redefinition of the KAB and the KIB, forming two distinct
Belts respectively north and south of the Palaeoproterozoic basement high of the Ubende-Rusizi Belts,
the more that within this basement rise local Mesoproterozoic strike-slip basins, with their own unique
lithostratigraphic and geodynamic characteristics (e.g. Itiaso Group) are documented, which differ from

those of the KAB or the KIB.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The Mesoproterozoic Kibara Belt (also Kibaran Belt or Kibarides
in some references) of Central Africa is often portrayed as a
continuous, ¢. 1500 km long orogenic belt, trending NE to NNE
from Katanga, Democratic Republic of Congo (DRC) in the south,
up into SW Uganda in the north (e.g. Brinckmann et al., 2001).
Satellite imagery however, supports older schematic representa-
tions (e.g. Furon, 1958; Cahen and Snelling, 1966) showing that
this belt consists of two distinct northern and southern seg-
ments (Fig. 1). These two are separated in the DRC between the
Katanga and Kivu-Maniema regions by a NW-trending basement
rise, partially consisting of a Karoo-age (Late Carboniferous to Early
Jurassic) rift, itself superimposed on the Palaeoproterozoic Rusizi
Belt (Lepersonne, 1974; Lavreau, 1985), which extends beneath
Lake Tanganyika, and links up with the Palaeoproterozoic Ubende
Belt of SW Tanzania (Klerkx et al., 1987; Theunissen et al., 1996).
The apparent paradox of Palaeoproterozoic belts cross-cutting a
Mesoproterozoic Kibara Belt results from repeated, to the present
day, crustal-scale structural reactivation along the pre-existing
Ubendian-Rusizian structures (Klerkx et al., 1998).

The two segments of the Belt, north and south of the basement
rise, have been redefined by Tack et al. (2010) as (1) the Karagwe-
Ankole Belt (KAB), spanning Rwanda and Burundi, SW Uganda and
NW Tanzania as well as the Kivu-Maniema region of the DRC and
(2) the Kibara Belt (KIB) further SW in the Katanga region, including
the Kibara Mountains type area near Mitwaba town (Fig. 1).

Recent zircon U-Pb SHRIMP magmatic ages, laser ablation zir-
con Hf data and 4Ar-39Ar dating have shown that the magmatism
in the KAB results from a major intracratonic (c. 1375 Ma) bimodal
event (Tack et al., 2010). This event consists of widespread, volu-
minous S-type granitoid rocks (Fernandez-Alonso et al., 1986) with
accompanying subordinate mafic intrusive rocks and the 350 km-
long mafic-ultramafic Kabanga-Musongati alignment (KM) of
layered Bushveld-type complexes (Deblond, 1994; Tack et al., 1994;
Deblond and Tack, 1999). The KM alignment is emplaced in a
10-35 km-wide arc-shaped boundary zone between two struc-
turally contrasting domains in the KAB: a Western Domain (WD)
and an Eastern Domain (ED) (Fig. 2).

Tack et al. (2010) have shown that the coeval magmatic suites
originate in a regional-scale intracratonic setting under an exten-
sional (transtensional) regime, and proposed to restrict the use of
the term ‘Kibaran event’, only to this prominent extensional phase.
This event pre-dates compressional deformation of the KAB. Later
magmatic events occurred at c. 1205 Ma (A-type granitoids) and
c. 986 Ma (tin-granites) (Tack et al., 2010). These represent minor
additions to the crust, although the c. 986 Ma event forms the Cen-
tral African Sn-Nb-Ta-W-Au metallogenic province (Pohl, 1994;
Dewaele et al., 2007a,b, 2008a,b, 2010; De Clercq et al., 2008).

In this paper, we build on Tack et al. (2010), on the 1:250.000
scale geological map of the KAB (Fig. 3; Fernandez-Alonso, 2007)
and on new detrital and volcanic zircon U-Pb SHRIMP data. We also
discuss published and unpublished data, airborne geophysics and
metasedimentary sequences of the KAB. We propose a consistent
belt-wide lithostratigraphy, document timing of sedimentation

and evolution of the KAB sedimentary basins and propose an
intracratonic evolution for the KAB within a wider regional setting.

2. General setting of the Karagwe-Ankole Belt
2.1. Two structurally contrasting domains

The Karagwe-Ankole Belt (KAB) is characterised by two struc-
turally contrasting domains: the Western Domain (WD) and
the Eastern Domain (ED) separated by a boundary zone, the
Kabanga-Musongati (KM) alignment comprising mafic and ultra-
mafic layered complexes (Fig. 2).

The WD consists of deformed, greenschist- to amphibolite facies
metasedimentary rocks and subordinate inter-layered metavol-
canic units intruded by numerous extensive massifs of S-type c.
1375 Ma granitoids which are devoid of economic minerals and
by the c. 986 Ma tin-granites with accompanying mineralisation.
In Rwanda, these rocks overly crystalline basement of Palaeopro-
terozoic age (Fernandez-Alonso and Theunissen, 1998; Tack et al.,
2010). The WD corresponds to strongly deformed parts of the KAB.
Contacts between the S-type granitoids and the parent metasedi-
mentary rocks or crystalline basement are intrusive or tectonic.

The ED is characterised by an eastwards decrease of both
deformation and metamorphism (Tack et al., 1994). A basal
conglomerate in the ED unconformably overlies either gneissic
basement, which is part of the Archaean Tanzania Craton, or the
Palaeoproterozoic Ruwenzori Fold Belt. In contrast to the WD, the
ED is devoid of S-type granitoids and economic mineralisation.

2.2. Airborne geophysical data

Most of the area occupied by the KAB has been covered by a
number of local geophysical surveys including gravimetry, mag-
netometry and gamma-ray spectrometry, collected between 1974
and 1981. Although a continent-wide geophysical compilation was
carried out in the early 1990s as part of the African Magnetic Map-
ping Project (AMMP - ITC, The Netherlands, and Leeds University,
UK), most of this data remained proprietary and only subsets had
been released for academic work (e.g. Nyakaana et al., 1999). In
2002, one of the co-authors (Barritt) reprocessed part of this data
into a single georeferenced dataset of the KAB and surrounding
regions at 200 m-resolution. This provided additional support for
the model by Tack et al. (1994) of the two contrasting structural
domains of the KAB, previously based only on field evidence.

Geophysically, the boundary zone including the KM alignment
between the WD and ED is expressed as a magnetically textured
arc (Figs. 2 and 4). The intrusions, in the field in Burundi and Tan-
zania, including a hidden body at depth (underneath the Nkoma
Group in Burundi) are revealed by a strong anomaly apparent in
the Total Magnetic Intensity image (TMI) (Fig. 4). In Burundi there
is agreement between the field observation and aeromagnetic data
(Fig. 5a). However, in Tanzania the arc coincides with a 5-10 km-
wide band of subdued quartzite ridges with intercalated pelites,
which become dominantly pelitic in the south in the area to the
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Fig. 1. Sketch map (Cahen and Snelling, 1966), showing the Karagwe-Ankole Belt (KAB) and the Kibara Belt (KIB) as redefined by Tack et al. (2010). Inset after Brinckmann
et al., 2001 showing the Kibara Belt as one single and continuous belt. Ki Mt, Kibara Mountains type locality; M, Mitwaba town; Ka, Kalima town.

west of the Nyakahura (Tanzania)-Mugera (Burundi) inlier of the
Archaean Tanzania Craton. Here, the KM layered complexes visible
inthe aeromagnetic survey images are shifted to the east, compared
to the field observations of Tack et al. (1994) (Fig. 5b). Moreover,
both aeromagnetic data and gravimetry data show that the western
palaeogeographic limit of the Archaean Craton (western limit of ED)
is marked by an indenter tip, whose prominent role during com-
pressional events in the KAB will be outlined further in this paper.

2.3. The northern limit of the KAB

In SW Uganda, where published systematic field mapping dates
back to the early 1960s, the location of the northern limit between
the WD and the Palaeoproterozoic Ruwenzori Fold Belt (Fig. 1,
inset) remains poorly constrained. Recent geochemical and isotopic

work by Buchwaldt et al. (2008) supports however in general, the
location of the limit proposed by Fernandez-Alonso (2007). Based
on zircon geochronology and Sm-Nd isotopic investigation of four
granitoid massifs, Buchwaldt et al. (2008) recognise two distinct
terranes (separated by the dashed line A-B, Fig. 3): (1) a northern
terrane characterised by c. 1565 Ma and c. 1445 Ma granitic mag-
matism, and (2) a southern terrane characterised by S-type granite
magmatism dated c. 1367-1330 Ma.

The data of the northern terrane are consistent with two
analyses of the Muramba granite (Tack et al., 2010) with dates
of 1460Ma and 1525Ma, suggesting these represent inherited
material of Palaeoproterozoic origin. They agree also with pre-
liminary unpublished isotopic data on the Masha granitoid (Fig. 3,
M) located in the northern terrane and which yielded a Rb-Sr age
of 1637+89Ma and a bulk zircon age of 1947 + 6 Ma (Liégeois,
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B, Butare town (Rwanda).

pers. comm.). We suggest that these early Mesoproterozoic to
late Palaeoproterozoic ages reflect the nearby occurrence of the
Ruwenzori fold Belt in SW Uganda.

The ages given by Buchwaldt et al. (2008) for the southern ter-
rane, characterised by S-type granite magmatism, are in agreement
with those of Tack et al. (2010) for the KAB.

Locating more precisely the boundary between the KAB and the
Ruwenzori Fold Belt will hopefully be resolved by new aeromag-
netic data recently collected in Uganda.

3. New uniform belt-wide lithostratigraphy of the KAB
3.1. Earlier lithostratigraphic concepts

In general, the metasedimentary rocks of the KAB consist
mainly of siliciclastic shallow-water deposits (pelite and arenite

successions). Lateral and vertical facies changes are frequent
and may be extreme, varying from starved basins to proximal
turbiditic environments, shallow siliciclastic flats and/or deltaic
zones. Carbonate rocks are scarce and restricted to lenticular
deposits. There is also evidence of some felsic explosive volcanic
activity, including vitroclastic tuffs and breccias.

Attempts to constrain the lithostratigraphy of the Mesoprotero-
zoic units had been undertaken separately in Rwanda, Burundi, D.
R. Congo Kivu-Maniema, NW Tanzania and SW Uganda over a 50-
year period (see Cahen and Lepersonne, 1967; Cahen et al., 1984
for an exhaustive overview) resulting in confusing stratigraphic
terminologies for the different (sub)regions.

Little attention has previously been paid to understanding the
depositional environment of the sedimentary successions. A gen-
eral lack of distinctive marker horizons, as well as the presence of
overprinting contact metamorphism, folding and faulting, and the
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formation, K, Kavumwe formation. K-G, region covered by 795 Ma Neoproterozoic Kabuye-Gagwe amygdaloidal Continental Flood Basalts. Dashed line: outline of elliptical
gravimetric structure (Burundi) and region of N-S elongated bodies of 1205 Ma A-type granitoid rocks. Dotted line: contact between WD and ED, highlighting the western
palaeogeographic limit of the Archaean Tanzania craton, marked by an indenter tip located near the Waga massif (9); note that the gravimetric structure coincides with the

indenter tip. Solid lines: Faults. Box: location of Fig. 5a and b.

fact that the successions of the KAB span several countries, severely
limited correlation attempts across the region.

A first stratigraphic correlation attempt throughout the whole
region was given by Cahenetal.(1984)who referred to(1)aKibaran
Supergroup in Shaba (Katanga) (based on Cahen and Snelling, 1966;
Cahen and Lepersonne, 1967); (2) a Burundian Supergroup in NE
Rwanda (based on Gérards and Lepersonne, 1964); (3) a Burundian

Supergroup in E Burundi (based on Waleffe, 1966); and (4) a
Karagwe-Ankolean Supergroup in Tanzania (based on Gray, 1967).

3.1.1. Burundi

Waleffe (1966) formalised a threefold subdivision for the pelite
and arenite successions in Burundi into the Burundian Group
with Lower, Middle and Upper Burundian units. The base of the
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Left = Analytic Signal

Centre = Mapped mafic intrusions, Right = Total Magnetic Field (TMF)

Fig. 5. Analytical signal, field evidence and total magnetic intensity of KM layered complexes in Burundi and Tanzania. (a) Aeromagnetics and field data are in agreement:
H, Nyabikere massif; K, Waga massif; I, Mukanda-Buhoro massif; J, Musongati massif. (b) Aeromagnetic data show shift to the east relative to the field mapping data; 1-5:
aeromagnetic bodies; B and C: two (unnamed) bodies from field data in Tack et al. (1994) with no geophysical signal.

Lower Burundian can be observed in eastern Burundi resting
unconformably upon the Nyakahura-Mugera inlier of the Archaean
Tanzania Craton (locally the Mugera granite). The successions
generally dip towards the NW. Despite the recognition of exten-
sive folding and thrust-duplication, Waleffe (1966) overestimated
the thicknesses of the Lower, Middle and Upper Burundian to
be 11,500 m, 2500 m and more than 1350 m, respectively. The
metasediments of the Muyaga unit (in the ED) as well as of the
northern Nkoma region display various evidence of felsic explosive

volcanic activity, including vitroclastic tuffs and breccias (see Sec-
tion 4.1, sample KI 2) (Navez and Karayenga, 1990; Tack et al.,
1992).

Regional correlation attempts for the entire country have never
been published, nor has an overall formal stratigraphic column for
the entire Burundian Group. The general 1:250,000 scale geolog-
ical map of Burundi (Anonymous, 1990) gives only a generalised
stratigraphic column, which comprises a series of unnamed units,
existing at specific stratigraphic and/or structural positions.
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3.1.2. Tanzania and Uganda

In Tanzania, the Karagwe-Ankolean Supergroup consists of
pelitic and psammitic metasedimentary rocks, unconformably
overlying the Nyakahura-Mugera inlier of the Archaean Tanzania
Craton. Calcareous beds are absent, and coarse clastic sedi-
ments (conglomerates and arkoses) predominate at the base (Van
Straaten, 1984). These indicate palaeo-current directions from E to
W, from the Archaean Craton into the developing KAB basin. Most of
the successions however consist of quartzites and phyllites. On the
1:2,000,000 scale Geology and Mineral map of Tanzania (2008), the
lithostratigraphic terminology refers to Mesoproterozoic Karagwe-
Ankolean detrital sediments with a >1.37 Ga time constraint after
Tack et al. (2002a,b, 2010).

In Uganda, the Karagwe-Ankolean Supergroup is also char-
acterised by argillaceous units intercalated with thinner bands
of quartzites and quartzitic sandstones. The northern boundary
of the Karagwe-Ankolean is poorly constrained (see Section 2.3)
but the supergroup is considered to overlie the Palaeoprotero-
zoic Buganda-Toro Supergroup of the Ruwenzori fold Belt (Cahen
et al.,, 1984; Master et al., 2008). The unconformity is apparent in
the Mashonga sedimentary outlier of Uganda (Pohl and Hadoto,
1990). Contacts with the Archaean Tanzania Craton have not been
observed.

3.1.3. Rwanda

In the 1950s it was recognised (Cahen, 1952; Peeters, 1956) that
the central and eastern part of Rwanda showed a similar deforma-
tion pattern as in Burundi. In contrast, the western part of Rwanda
is structurally more complex. This contrast has hampered correla-
tion with the rest of the country and with Burundi (Gérards and
Lepersonne, 1964).

Field mapping and sedimentological analysis in the late
1980s have delineated distinct shear-bounded tectonostrati-
graphic domains (Tahon, 1990; Fernandez-Alonso and Theunissen,
1998) each with unique lithostratigraphic successions (Baudet
et al., 1988). Some correlations from domain to domain were pos-
sible, considering lateral facies variations. Baudet et al. (1988) and
Theunissen et al. (1991) established a formal Rwanda Supergroup
lithostratigraphy comprising four successive groups of predomi-
nantly siliciclastic composition with a total thickness of between
2500 m and 5000 m; respectively from bottom to top: the Gikoro,
Pindura, Cyohoha and Rugezi Groups.

The c. 1375Ma S-type granitoid intrusions are restricted to
the lowermost Gikoro and Pindura Groups and do not extend
into the overlying Cyohoha and Rugezi Groups. The base of the
supergroup could not be defined as it is always either in fault
contact with a tectono-metamorphic complex of inferred older
age, or in intrusive contact with S-type granitoids (Baudet et al.,
1988). Field and geochronological evidence indicate that part of
the tectono-metamorphic Butare complex (SW Rwanda) belongs
to the Palaeoproterozoic basement (Gérards and Ledent, 1970;
Fernandez-Alonso and Theunissen, 1998; Tack et al., 2010).

The depositional environment of the Rwanda Supergroup indi-
cates a shallow-water basin (or sub basins) with depocentres
ranging from proximal turbiditic via coastal (lagunar, intertidal
mudshelfs) to fluviatile (fanglomerates, deltaic) environments
(Baudet et al., 1988). Sedimentary structures suggest that transport
in the different depocentres was from N to S in the northern part of
Rwanda, E to W in the eastern part and SW to NE in the south west-
ern part (Baudet, personal communication). Abrupt facies changes
and erosional surfaces indicate tectonic controls. In the Pindura
Group, bimodal volcanic intercalations are present, best described
in W Burundi (Ntungicimpaye, 1981, 1983, 1984; Ntungicimpaye
and Tack, 1992; Tack and Ntungicimpaye, 1993; Ntungicimpaye
and Kampunzu, 1987; Brinckmann et al., 2001) but also docu-
mented in SW Rwanda (Pohl, 1987; Baudet et al., 1988; Jung and

Meyer, 1990). Dark shales and carbonate lenses were deposited
only after felsic volcanism had been emplaced.

3.1.4. The Nkoma-Kavumwe (Burundi) and Bukoba Sandstone
(Tanzania) units

The stratigraphic position of the Nkoma and Kavumwe units
in Burundi (Cahen et al., 1984) and Bukoba Sandstone in Tanza-
nia (Cahen et al., 1984), which have been attributed as part of the
Neoproterozoic Malagarazi Supergroup of Burundi and equivalent
Bukoban System of Tanzania (Tack, 1995) have been the subject
of long debate. Field evidence in Burundi (Tack et al., 1992), geo-
chemistry, palaeomagnetism, mineral potential (Tack, 1995) and
40Ar/39Ar geochronology of mafic intrusives (Deblond et al., 2001)
indicate that the Nkoma unit and the Kavumwe-Bukoba Sandstone
are Mesoproterozoic in age, and therefore have to be considered to
be part of the KAB.

3.1.5. The Kivu-Maniema region, D. R. Congo

A structural continuity from W Rwanda and NW Burundi into
the Kivu-Maniema region, north of the Ubende-Rusizi basement
extension and west of the Western Rift can be seen in satellite
imagery and from regional compilations (Figs. 1, 3 and 6). Hence,
lithostratigraphy for Rwanda and Burundi should extend into this
region and correlate with existing local stratigraphy. However, due
to the extremely difficult field access, scarcity of data and its struc-
tural complexity, the Kivu-Maniema geology was loosely defined
in older works while post-1960 field observations and laboratory
constraints remain limited.

In the last four decades, independent and different local Burun-
dian stratigraphies have been published for the most accessible
part (c. 1000 km?) around Bukavu town (Fig. 6, insets 1 and 2)
(Villeneuve and Guyonnet-Benaize, 2006; Rumvegeri et al., 2004;
Walemba and Master, 2005).

Villeneuve (1980) suggested a two-fold subdivision with a
major disconformity separating an upper Nya-Ngezie from a lower
Bugarama unit. Detrital zircons dated at 1222 +28 Ma are doc-
umented from the base of the Nya-Ngezie unit (Villeneuve and
Chorowicz, 2004) (Fig. 6).

3.2. Definition of a new uniform lithostratigraphy for the KAB:
the Kagera Supergroup in the ED and the Akanyaru Supergroup in
the WD

Since Cahen et al. (1984), further attempts to compile a Belt-
wide stratigraphy of the KAB remained unsuccessful until the
concept of two contrasting structural domains (WD and ED) intro-
duced by Tack et al. (1994, 2010). Using this new concept as
a working hypothesis, Fernandez-Alonso (2007) compiled, from
published maps and unpublished documents, a new GIS-based
geological map at the scale 1:250.000 (Fig. 3) and established
a regional lithostratigraphy for the metasedimentary successions
of the entire KAB, using the best available and constrained local
(litho)stratigraphical information (Fig. 7).

Lithostratigraphic correlation between the WD and the ED
domains is not possible as each is confined to independent sedi-
mentary sub-basins.

In the ED (in E Burundi, NW Tanzania and SW Uganda), the
Kagera Supergroup extends from well-documented E Burundi
along-strike into NW Tanzania and SW Uganda (Fig. 3). (The name
Kagera Supergroup comes from the administrative district in Tan-
zania covering most of this area, and is also the name of the river
-also sometimes spelled as Akagera-marking the border between
Tanzania and Rwanda.)

The Kagera Supergroup is found in two adjacent sub basins
(Fig.7), separated by a fault that may reflect some palaeogeographic
setting. Each has its own lithostratigraphic column: (1) The western
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Fig. 6. Regional setting of the Karagwe-Ankole Belt (KAB) in its Proterozoic and Archaean framework (in Fernandez-Alonso, 2007 after CGMW, 1986-1990). Lakes are named
after their initial: A, Albert; E, Edward; V, Victoria; K, Kivu; T, Tanganyika; M, Mweru and B, Bangweulu. Ru. b., Eburnean-aged Ruwenzori Fold Belt; Ka - Kalima town. Note the
NW-SE trending Ubende - Rusizi basement high highlighting lack of continuity between the Karagwe - Ankole Belt (KAB) and the Kibara Belt (KIB). Inset 1 (after Villeneuve,
1987): sketch map of the narrow and N-S elongated Itombwe “Syncline” in the Kivu region of the DRC. Inset 2: sketch map of central part of the Itombwe “Syncline” (after
Villeneuve, 1980). Kasika: location of 986 Ma Sn-granite, Nya-Kasiba: location of the basal unconformity, Nya-Ngezie and Bugarama: local type areas.

sub basin, contains the Muyaga and overlying Ruvubu Groups, i.e.
the former Lower Burundian Group (Waleffe, 1966; Anonymous,
1990) and former Neoproterozoic Nkoma unit (see Section 3.1.4)
(Waleffe, 1966; Tack et al., 1992; Tack, 1995) and (2) the eastern
sub basin contains the former Neoproterozoic Bukoba Group (see
Section 3.1.4), i.e. the Bukoba Sandstone and Kavumwe units of
Waleffe (1966) and Tack (1995).

In the WD (in Rwanda, W Burundi and SW Uganda), the Rwanda
Supergroup lithostratigraphy defined by Baudet et al. (1988) and
Theunissen et al. (1991) was used to correlate along-strike to the

north and south with less documented lithostratigraphic columns
in W Burundi and SW Uganda (Fig. 3). This redefines the Rwanda
Supergroup as the Akanyaru Supergroup (the Akanyaru river
forms part of the boundary between Rwanda and Burundi), which
includes respectively (from bottom to top), the Gikoro, Pindura,
Cyohoha and Rugezi Groups (Fig. 7). Although no unconformity has
been recognised, geological mapping in Rwanda and Burundi sug-
gests a stratigraphic (and depositional) break between the lower
Gikoro-Pindura and the upper Cyohoha-Rugezi units (Baudet et al.,
pers. comm.). The fact that the 1375 Ma S-type granitoid rocks
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Fig. 7. Synthetic litho-chronostratigraphic logs of the KAB for the WD (a) and ED (b) with position of 4 dated samples (KI 2, KI 7, KI 8 and KI 25, this work) and available
magmatic and detrital zircon age constraints (this work and literature). (1) Contact between Palaeoproterozoic basement and Gikoro Group is tectonic or intrusive; (2)

unconformable contact of Bukoba Group on Archaean basement not observed.

intrude only the Gikoro and Pindura Groups, but never the overly-
ing Cyohoha and Rugezi Groups, further strengthens the possibility
of a stratigraphic break.

Theunissen (1988, 1989) and Klerkx et al. (1987) ascribed the
well-developed pervasive S;-fabric (typically sub parallel to bed-
ding surfaces Sg) in the lower Gikoro-Pindura metasedimentary
units to have developed during extensional emplacement of the
S-type granitoid rocks. This Sq fabric weakens upwards and is not
present in the Cyohoha-Rugezi Groups. The total sedimentary pile
(or Gikoro-Pindura only?) at the time of intrusion of the S-type
granitoid rocks may have been £15 km in thickness before partial
removal and denudation, as estimated from the depth of intrusion

at 2-5 Kbar for the S-type granitoids (Fernandez-Alonso et al.,
1986).

4. New depositional ages and provenance analysis for the
KAB

New single-zircon U-Pb SHRIMP age determinations were
obtained from four locations within Burundi: two in the ED, one
volcanoclastic rock (magmatic zircons) and one quartzite (detrital
zircons), and two in the WD, from quartzites (Figs. 3 and 7). Details
of these analyses are listed in Table 1. All mean ages are quoted in
the text with 95% confidence intervals, and analytical procedures
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Ion microprobe single-zircon U-Pb SHRIMP data of analysed magmatic and detrital zircons: KI 2 (Murore Tuff) =RG 145.838; KI 7 (Nyanza-Lac Quartzite)=RG 161.714; KI 8
(Ruganza Quartzite) =RG 142.387; KI 25 (Muyinga Quartzite)=RG 84.332. RG code refers to sample identifier in the RMCA - Tervuren (Belgium) reference collections.

Spot 1206 §] Th Th/U 2381 /206pp +1o 207ph[206phy +1o 207ph 206 ph age +1o %C
% (ppm) (ppm) (Ma)

KI2-1 0.040 360.6 4355 1.25 3.13549 +0.06763 0.10998 +0.00067 1799.1 +11.2 99.2
KI2-2 0.262 216.8 149.4 0.71 2.97749 +0.06530 0.11545 4+0.00091 1886.9 +14.3 98.9
KI2-3 0.090 325.0 221.7 0.70 3.16598 +0.06833 0.10839 +0.00065 1772.5 +10.9 99.8
KI2-4 0.149 279.0 142.4 0.53 3.17565 +0.06841 0.10824 +0.00067 1770.0 +11.3 99.7
KI2-5 0.243 229.7 162.2 0.73 3.17116 +0.06856 0.10753 +0.00094 1758.0 +15.9 100.5
KI2-6 0.061 195.4 136.4 0.72 3.11648 +0.06901 0.10982 +0.00077 1796.4 +12.7 99.9
KI2-7 0.077 198.4 134.9 0.70 3.14019 +0.06843 0.10893 +0.00075 1781.6 +12.6 100.0
KI7-1 0.104 85.8 84.7 1.02 2.96946 +0.06742 0.11674 +0.00132 1906.9 +21.7 98.1
KI7-2 0.072 286.1 235.9 0.85 2.72387 +0.06036 0.12419 4+0.00059 2017.3 +9.7 99.9
KI7-3 2.340 261.2 4433 1.75 3.13015 +0.06965 0.11497 +0.00448 1879.4 +71.5 95.1
KI7-4 - 298.7 68.3 0.24 1.94152 +0.04197 0.17403 +0.00058 2596.8 +6.9 103.1
KI7-5 0.014 85.8 146.1 1.76 2.79435 +0.06374 0.12092 +0.00099 1969.9 +16.0 100.1
KI7-6 - 52.8 58.3 1.14 2.99776 +0.07162 0.11854 +0.00184 1934.4 +29.1 95.9
KI7-7 0.606 35.7 26.6 0.77 2.03130 +0.05124 0.17021 +0.00237 2559.7 +24.6 100.8
KI7-8 0.230 1948.8 1111.0 0.59 2.84272 +0.05964 0.11288 +0.00024 1846.2 +5.2 105.2
KI7-9 1.250 220.0 233.2 1.10 2.09833 +0.04526 0.17272 +0.00111 2584.2 +12.0 97.2
KI7-10 0.090 143.7 345.2 2.48 2.79606 +0.06162 0.12437 +0.00090 2019.9 +14.1 97.6
KI7-11 0.529 208.2 234.8 1.17 2.74228 +0.05932 0.12195 +0.00092 1985.0 +14.7 101.0
KI7-12 0.001 474.8 715.9 1.56 2.90789 +0.06206 0.11562 +0.00071 1889.6 +12.4 100.8
KI7-13 6.009 222.7 105.9 0.49 2.77984 +0.06085 0.12821 +0.00356 2073.6 +50.2 95.5
KI7-14 1.300 276.9 249.5 0.93 2.05128 +0.04442 0.17819 +0.00171 2636.1 +17.3 97.1
KI7-16 1.197 231.4 4442 1.98 2.09282 +0.04530 0.17086 +0.00151 2566.1 +16.1 98.1
KI7-17 0.100 320.1 209.5 0.68 2.10474 +0.04533 0.17021 +0.00061 2559.7 +7.3 97.9
KI7-18 1.022 260.8 290.4 1.15 2.15603 +0.04690 0.17363 +0.00218 2593.0 +22.2 94.7
KI7-19 0.138 126.0 82.8 0.68 2.13762 +0.04708 0.15660 +0.00096 24193 +11.8 102.3
KI7-20 0.047 116.5 73.3 0.65 2.44576 +0.05412 0.13885 +0.00110 2213.0 +15.1 99.9
KI7-21r 2.128 175.6 211.8 1.25 2.24710 +0.04886 0.16100 +0.00152 2466.2 +17.2 96.2
KI7-22 0.036 286.7 213.1 0.77 2.16916 +0.04637 0.15499 +0.00054 2401.8 +7.2 101.8
KI7-21c¢ 0.208 114.0 48.0 0.44 1.99683 +0.04402 0.17291 +0.00112 2586.0 +12.1 101.2
KI7-23 1.792 31.1 443 1.47 2.10476 +0.05266 0.18241 +0.00923 2675.0 +85.0 93.7
KI7-24 0.060 596.6 60.2 0.10 2.70543 +0.05722 0.12167 +0.00039 1980.9 +7.0 102.4
KI7-25 0.465 118.7 149.6 1.30 2.98400 +0.06616 0.11393 +0.00124 1863.0 +21.0 100.0
KI7-26 18.216 399.1 1350.2 3.50 2.28550 +0.18652 0.12255 +0.08229 1993.7 +1195.0 117.4
KI7-27¢ 3.437 263.6 391.8 1.54 2.30277 +0.04944 0.16143 +0.00164 2470.7 +184 94.1
KI7-28 0.052 132.8 46.7 0.36 1.96519 +0.04312 0.17307 +0.00101 2587.6 +11.0 102.5
KI7-29 5.655 3215 407.3 1.31 2.90372 +0.06312 0.12325 +0.00485 2003.8 +71.2 95.2
KI7-30 1.550 182.7 216.1 1.22 2.08422 +0.04519 0.16509 +0.00162 2508.5 +17.8 100.7
KI7-31 2.284 54.2 96.7 1.85 3.01406 +0.07165 0.12091 +0.00346 1969.6 +52.3 93.8
KI7-32 0.053 187.3 101.3 0.56 2.03934 +0.04409 0.16620 4+0.00072 2519.8 +8.6 102.1
KI7-33 0.113 236.8 1525 0.67 2.85409 +0.06139 0.12139 +0.00068 1976.8 +11.3 98.0
KI7-34 0.141 129.6 142.2 1.13 2.94508 +0.06490 0.11482 +0.00103 1877.0 +17.5 100.4
KI7-35 0.123 187.5 137.6 0.76 1.96733 +0.04254 0.17381 +0.00074 2594.7 +8.4 102.1
KI7-36 0.686 907.6 3423 0.39 3.66857 +0.07862 0.16071 +0.00053 2463.1 +5.6 63.1
KI7-37 0.238 225.7 123.7 0.57 2.21370 +0.04794 0.16340 +0.00066 2491.1 +6.8 96.5
KI7-38 0.182 85.1 64.7 0.79 2.10725 +0.04685 0.17675 +0.00121 2622.6 +114 95.5
KI7-39 0.638 184.7 108.9 0.61 2.11093 +0.04585 0.17312 4+0.00086 2588.0 +8.3 96.6
KI8-1 0.390 205.0 225.1 1.13 2.20312 +0.04783 0.17582 +0.0008 2613.9 +7.6 92.3
KI8-2 0.174 88.0 94.0 1.10 2.00890 +0.04470 0.17152 +0.00104 2572.5 +10.2 101.2
KI8-3 0.075 2121 84.5 0.41 2.09422 +0.04571 0.17580 +0.00065 2613.7 +6.1 96.3
KI8-4 0.041 202.8 140.3 0.71 2.04447 +0.04459 0.17029 +0.00077 2560.5 +7.5 100.2
KI8.5 0.115 130.4 124.7 0.99 1.97656 +0.04332 0.17771 +0.00079 2631.6 +7.4 100.3
KI8-6 0.018 314.7 490.9 1.61 2.11029 +0.04568 0.17061 +0.00047 2563.6 +4.6 97.5
KI8-7¢ 2.198 1463.6 4555.8 3.22 8.45302 +0.18527 0.13533 +0.00551 2168.2 +7.1 33.2
KI8-7r 0.533 908.5 591.2 0.67 3.95553 +0.08475 0.12500 +0.00059 2028.8 +8.4 71.6
KI8-8 0.054 337.8 212.4 0.65 225214 +0.04853 0.17300 +0.00050 2586.9 +4.8 91.6
KI8-9 0.020 255.6 251.5 1.02 2.00910 +0.04341 0.17970 +0.00055 2650.1 +5.1 98.3
KI8-10 0.094 172.9 227.0 1.36 2.35498 +0.05135 0.17027 4+0.00078 2560.3 +7.7 89.1
KI8-11 0.535 126.2 226.5 1.85 3.79304 +0.08456 0.12607 +0.00126 2043.8 +17.6 73.8
KI8-12 0.022 387.0 287.8 0.77 2.01318 +0.04328 0.17716 +0.00046 2626.5 +4.3 99.0
KI8-13r 0.038 379.7 55.9 0.15 1.92573 +0.04141 0.18887 +0.00045 2732.3 +3.9 98.7
KI8-14 0.019 215.0 198.4 0.95 1.99805 +0.04357 0.17724 4+0.00058 2627.2 +5.5 99.6
KI8-15 0.740 375 21.7 0.60 1.93685 +0.04537 0.17530 +0.00205 2608.9 +19.5 102.9
KI8-16 0.431 67.4 174.8 2.68 2.07034 +0.05096 0.18578 +0.00145 2705.1 +12.9 93.9
KI8-17 0.330 162.4 56.0 0.36 2.14735 +0.04682 0.16227 +0.00085 2479.4 +8.9 99.4
KI8-18 0.046 351.6 198.7 0.58 2.09062 +0.04497 0.17504 +0.00044 2606.4 +4.2 96.7
KI8-19 0.091 2443 312.8 1.32 212228 +0.04588 0.17043 +0.00056 2561.9 +5.5 97.1
KI8-20 0.041 200.8 158.3 0.81 2.08221 +0.04518 0.17047 +0.00062 2562.3 +6 98.7
KI8-21 0.117 72.2 23.8 0.34 2.07468 +0.04644 0.17518 +0.00107 2607.7 +10.1 97.2
KI8-22 0.764 99.3 119.5 1.24 2.78745 +0.06221 0.12395 +0.00160 2013.9 +22.9 98.1
KI8-23 0.252 799.7 653.1 0.84 3.64438 +0.07827 0.16597 +0.00046 2517.4 +4.7 62.1
KI8-24 0.091 2422 351.1 1.50 2.76692 +0.05988 0.12667 +0.00057 2052.2 +7.9 96.9
KI8-25 0.067 314.8 128.9 0.42 237115 +0.05109 0.15073 4+0.00049 23542 +5.5 96.4
KI8-26 0.133 179.4 174.5 1.01 223128 +0.04848 0.16897 +0.00068 2547.5 +6.7 93.7
KI8-27 0.154 153.0 40.2 0.27 252139 +0.05500 0.13295 +0.00084 2137.3 +11.1 100.8
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Spot 206 U Th Th/U 238206 ppy +lo 207pp206 Py +1o 207pp[206 P age +lo %C
z (ppm) (ppm) (Ma)

KI8-28 0.108 202.9 154.4 0.79 2.19886 +0.04773 0.17064 40.00069 2564.0 +6.7 94.2
KI8-29 0.053 336.6 225.0 0.69 2.05703 +0.04441 0.17877 40.00057 2641.5 453 96.7
KI8-30 0.156 358.0 591.1 1.71 3.23444 +0.06969 0.16836 +0.00059 2541.4 +5.9 68.3
KI8-31 0.079 189.5 128.2 0.70 2.65521 +0.05767 0.17433 40.00069 2599.7 16.6 793
KI8-32 0.089 2948 234.1 0.82 2.06493 +0.04453 0.17986 40.00057 2651.6 453 96.0
KI8-33 0.048 3215 217.8 0.70 2.13032 +0.04605 0.17073 +0.0005 2564.8 +4.9 96.7
KI8-34 0.111 327.7 228.2 0.72 2.48885 +0.05364 0.16963 +0.00054 2554.0 +5.3 85.3
KI8-35 0.287 555.8 637.9 1.19 257624 +0.05526 0.16711 40.00048 2528.9 +4.8 83.6
KI8-36 0.089 245.4 151.5 0.64 221165 +0.04778 0.17525 40.00057 2608.4 +5.4 92.2
KI8-37 0.085 213.9 167.1 0.81 232560 +0.05046 0.16988 +0.00068 2556.5 +6.7 90.2
KI8-38 0.156 70.3 34.1 0.50 2.16238 +0.04857 0.18378 4+0.00128 2687.3 +115 91.2
KI8-39 0.070 478.6 200.4 043 2.35829 +0.05057 0.16897 40.00039 2547.5 +3.9 89.5
KI8-40 0.069 2163 179.3 0.86 2.46507 +0.05342 0.13526 40.00057 2167.4 +7.3 101.3
KI8-41 0.028 344.1 386.1 1.16 2.05933 4+0.04431 0.17562 +0.00045 2611.9 +43 97.7
KI8-42 0.126 190.8 87.4 047 2.18864 +0.04751 0.17256 40.00067 2582.7 16.4 93.9
KI8-43 0.112 457.1 675.6 1.53 3.19855 +0.06897 0.12776 40.00045 2067.4 1+6.2 84.8
KI8-44 0.085 219.0 227.1 1.07 2.07219 +0.04485 0.17107 4+0.00060 2568.1 +5.9 98.8
KI8-45 0.035 470.1 4375 0.96 2.16620 +0.04660 0.16998 +0.00039 2557.4 +3.8 95.7
KI8-46 0.119 4942 4223 0.88 2.36499 +0.05073 0.16837 40.00041 2541.5 +4.1 89.4
KI8-49 0.047 246.6 122.9 0.51 2.18039 +0.04716 0.17285 40.00059 2585.5 +5.7 94.1
KI8-50 0.164 190.7 136.0 0.74 230254 +0.05001 0.17720 4+0.00072 2626.8 +6.8 88.5
KI8-47 0.133 300.0 507.2 1.75 247146 4+0.05331 0.17488 4+0.00057 2604.9 +5.4 84.1
KI8-48 0.099 290.6 123.1 0.44 2.07216 +0.04469 0.17498 40.00082 2605.9 +7.8 97.4
KI8-51 0.153 126.0 48.4 0.40 2.06374 +0.04533 0.17288 40.00094 2585.7 9.0 98.5
KI25-1 0.100 133.1 118.4 0.92 2.87114 0.04339 0.11386 0.00084 1861.9 134 103.5
KI25-2 4.739 310.9 330.0 1.10 6.71977 0.10522 0.10988 0.00599 1797.4 99.2 49.8
KI25-3 0.119 257.2 198.2 0.80 2.88351 0.04128 0.12039 0.00065 1962.0 9.7 97.8
KI25-4 0.097 125.2 107.5 0.89 2.86727 0.04387 0.11522 0.00100 1883.4 15.7 1024
KI25-5 1.634 197.2 4333 227 443212 0.06594 0.11310 0.00330 1849.8 52.8 70.9
KI25-6 0.124 75.5 67.8 0.93 3.90886 0.06508 0.08981 0.00175 1421.4 37.3 103.3
KI25-7 2378 1077.6 923.0 0.89 5.29569 0.07338 0.08787 0.00262 1379.6 57.3 80.8
KI25-8 0.324 91.7 92.3 1.04 2.57662 0.04084 0.12552 0.00133 2036.2 18.7 103.8
KI25-9 0.104 327.9 90.1 0.28 2.98982 0.04224 0.11272 0.00055 18437 8.9 100.9
KI25-10 0.034 337.9 568.4 1.74 2.89265 0.04085 0.11599 0.00053 1895.3 8.2 101.0
KI25-11 1.368 536.6 595.7 1.15 3.81363 0.05308 0.11814 0.00126 1928.2 19.1 77.9
KI25-12¢ 3.630 726.9 1336.8 1.90 493364 0.06840 0.11223 0.00141 1835.9 227 64.8
KI25-12r 0.353 396.2 176.4 0.46 3.05645 0.04285 0.11377 0.00071 1860.4 113 98.1
KI25-13 4.906 1045.6 1189.5 1.18 5.85138 0.08022 0.11087 0.00140 1813.7 23.0 56.1
KI25-14 0.324 85.4 88.4 1.07 2.86814 0.04656 0.11383 0.00146 1861.5 23.2 103.6
KI25-15 0218 126.2 107.9 0.88 2.94788 0.04480 0.11347 0.00109 1855.7 17.4 101.5
KI25-16 0.139 102.3 55.8 0.56 253734 0.03963 0.12653 0.00119 2050.3 16.7 104.5
KI25-17 0.635 2465 304.6 1.28 3.19180 0.04584 0.12393 0.00099 2013.5 14.2 87.3
KI25-18 0.603 406.2 642.1 1.63 3.36953 0.04719 0.11554 0.00075 1888.4 11.7 88.7
KI25-19 0.135 1285 128.0 1.03 2.46091 0.04096 0.13335 0.00092 21425 12.0 102.6
KI25-20 2247 1154.3 372.1 033 5.28443 0.07277 0.09600 0.00179 1547.8 35.1 722
KI25-21 0.282 84.6 51.0 0.62 1.89367 0.02998 0.17596 0.00129 2615.2 12.2 104.5
KI25-22 1.133 157.6 383.4 251 2.09191 0.03144 0.18182 0.00171 2669.6 15.6 94.3
KI25-23 1.312 298.7 13833 478 6.40092 0.09394 0.11996 0.00149 1955.7 22.1 47.8
KI25-24 0.113 145.9 75.4 0.53 1.96041 0.02923 0.17647 0.00093 2620.0 8.8 101.4
KI25-25 6.816 574.3 614.1 1.10 1.66618 0.42765 0.10079 0.02318 1638.7 426.9 1849
KI25-26 4358 509.9 1224.0 248 5.23909 0.07455 0.10917 0.00254 1785.5 424 63.1
KI25-27 0.074 267.1 103.3 0.40 1.91351 0.02723 0.18680 0.00080 2714.2 7.0 99.9
KI25-28 0.946 4789 695.9 1.50 4.48107 0.06343 0.10654 0.00115 1741.0 19.8 74.6
KI25-29 0.125 71.2 29.0 0.42 1.81205 0.02941 0.19189 0.00138 2758.4 11.8 102.7
KI25-30 0.042 775.6 440.6 0.59 225536 0.03080 0.18163 0.00039 2667.8 35 88.7
KI25-31 0.571 99.2 95.1 0.99 2.93545 0.04618 0.11261 0.00153 1841.9 24.6 102.6
KI25-32 0.344 1425 84.4 0.61 3.20847 0.04831 0.11873 0.00128 1937.2 19.3 90.3
KI25-33 0.320 95.9 68.2 0.74 2.93829 0.04661 0.11444 0.00133 1871.1 20.9 100.9
KI25-34 0.158 168.2 195.2 1.20 2.91740 0.04336 0.11178 0.00083 1828.6 135 103.9
KI25-35 0.391 120.7 124.4 1.07 211718 0.03255 0.16174 0.00119 2473.9 12.4 100.8
KI25-36 0.376 764.4 7254 0.98 3.89702 0.05335 0.10563 0.00060 1725.3 10.4 85.3
KI25-37 0.358 572.3 182.6 033 2.10643 0.02930 0.18570 0.00053 2704.5 47 92.6
KI25-38 -0.118 119.7 102.9 0.89 1.94420 0.02957 0.18019 0.00119 2654.6 10.9 100.8
KI25-39 0.202 156.9 98.9 0.65 4.14964 0.06201 0.08934 0.00097 14115 209 98.6
KI25-40 0.149 46.8 18.4 0.41 1.76076 0.03086 0.19380 0.00164 27747 139 104.5
KI25-41 1.293 30.7 418 141 2.97566 0.06011 0.10684 0.00344 174622 59.0 107.0
KI25-42 0.115 179.1 190.1 1.10 2.90521 0.04251 0.11571 0.00090 1891.0 14.0 100.8
KI25-43 0.758 2718 138.4 0.53 2.18977 0.03187 0.17200 0.00130 2577.2 12.6 94.1
KI25-44 0.525 530.9 496.2 0.97 2.74411 0.03834 0.18496 0.00092 2697.8 8.2 74.2
KI25-45 0.126 28438 293.0 1.06 2.99268 0.04265 0.11306 0.00065 1849.1 103 100.5
KI25-46 0.220 326.4 261.7 0.83 2.90975 0.04129 0.11490 0.00067 1878.4 105 101.4
KI25-47 4.166 544.6 3185 0.60 3.27675 0.04802 0.14943 0.00273 2339.4 31.2 73.4
KI25-48 0278 104.6 105.4 1.04 2.87775 0.04448 0.11426 0.00130 1868.2 205 102.9
KI25-49 0.068 250.7 208.0 0.86 2.77756 0.04037 0.12817 0.00065 2073.0 9.0 95.6
KI25-50 1.285 235.8 238.1 1.04 3.82492 0.06053 0.10936 0.00554 1788.8 92.2 83.7
KI25-51 0211 254.9 269.7 1.09 2.02759 0.02950 0.19225 0.00075 2761.5 6.4 93.6
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Table 1 (Continued )

Spot f206 U Th Th/U 238206 pp +lo 207ph /206 pp +lo 207pp/206pp age +lo %C
% (ppm) (ppm) (Ma)

KI25-52 0.126 174.1 209.0 1.24 2.96127 0.04359 0.11515 0.00083 1882.3 13.0 99.6
KI25-53 0.062 215.6 108.0 0.52 1.84281 0.02703 0.19605 0.00074 2793.6 6.2 100.0
KI25-54 2.173 549.5 618.4 1.16 4.50062 0.06238 0.16315 0.00184 2488.6 19.0 52.0
KI25-55 3.405 481.7 1309.1 2.81 4.94686 0.08228 0.11208 0.00281 1833.4 45.4 64.7
KI25-56 1.114 878.5 622.1 0.73 2.82187 0.03857 0.18114 0.00065 2663.3 6.0 734
KI25-57 0.118 214.2 111.2 0.54 2.68159 0.03889 0.12718 0.00076 2059.3 10.5 99.2
KI25-58 1.016 356.8 138.6 0.40 2.93682 0.04216 0.12108 0.00188 1972.2 27.7 95.8
KI25-59 3.109 579.1 605.8 1.08 3.90292 0.07390 0.11068 0.01436 1810.6 235.8 81.2
KI25-60 0.547 311.9 2113 0.70 3.10712 0.04389 0.11807 0.00081 1927.2 12.2 933
KI25-61 0.019 699.6 129.6 0.19 2.24939 0.03084 0.15537 0.00038 2405.8 4.1 98.6
KI25-62 2.399 478.7 585.9 1.26 3.36497 0.05959 0.11302 0.01428 1848.6 228.5 90.7
KI25-63 0.270 132.2 91.7 0.72 2.96914 0.04492 0.11455 0.00110 1872.9 174 99.9
KI25-64 0.073 319.2 106.5 0.34 1.86031 0.02617 0.18528 0.00057 2700.7 5.0 102.7

f206 =the proportion of common 2%Pb in the total 2°6Pb; Th/U=232Th/238U; %C=% concordance. All ratios and ages corrected for common Pb using measured 2°4Pb and
composition appropriate to the age of the zircon (Stacey and Kramers, 1975). KI2 analyses conducted during a single session. 16 CZ3 standard analyses yielded a 20 error
of the mean of 1.15%. KI7 analyses conducted during two separate sessions. Session 1: 16 CZ3 standard analyses yielded a 20 error of the mean of 1.15%; Session 2: 14 CZ3
standard analyses yielded a 2 s error of the mean of 1.25%. KI8 analyses conducted during a single session. 14 CZ3 standard analyses yielded a 2¢ error of the mean of 1.25%.
KI25 analyses conducted during a single session. 13 CZ3 standard analyses yielded a 20 error of the mean of 0.85%.

are detailed in Appendix A. The four samples are stored in the RMCA,
Tervuren (Belgium) reference collection, identified by collection
numbers (RG, Table 1) with accompanying field information.

4.1. Eastern Domain (ED)

Sample KI 2 (Figs. 3 and 7) was collected from a felsic tuff
interlayered within the arenites of the Murore Formation (Muyaga
Group-Kagera Supergroup) which form the base of the little
deformed siliciclastic succession, unconformably overlying the
Archaean Tanzania Craton. Seven zircons were analysed, each no
larger than 150 pum, generally euhedral. Cathode-luminescence
(CL) imaging of these showed well defined concentric zoning sug-
gesting a primary igneous origin. Proportions of common Pb (i.e.
the percentage of 296Pb that is of non-radiogenic origin, of the
total 206Pb, is indicated by foog) are very low, ranging from 0.04 to
0.26%. A concordant cluster of 6 zircons yielded a concordia age of
178049 Ma interpreted as the crystallisation age of this felsic tuff
(Fig. 8a). One older concordant zircon, with a 207Pb/296Pb age of
1887 + 14 Ma is interpreted as a xenocryst (Table 1). The crystalli-
sation age of the tuff constrains the depositional age of the base of
the Kagera Supergroup. Previous dating attempts of the same rocks
using Rb-Sr yielded an age of 1350 Ma (Klerkx et al., 1984, 1987).

Sample KI 7 (Figs. 3 and 7) was collected from a coarse-grained
to conglomeratic part of the Murore Quartzite, part of the same
Murore Formation as KI 2 but located along strike some 50 km fur-
ther south. Thirty nine zircons were analysed and range in shape
from poorly rounded to well-rounded and up to 200 wm in size. CL-
imaging showed well developed concentric zoning patterns as well
as a wide range of CL-response from very low to very high. f,gg val-
ues are generally below 1% but range as high as 2.34%; Th/U ratios
between 0.50 and 1.50 suggest these zircons are of magmatic ori-
gin. Thirty two of the total 39 zircons are over 90% concordant, and
show two main age groupings, 2.67-2.40 Ga(51%)and 2.02-1.85 Ga
(41%) (Fig. 8b and e). One concordant zircon yielded a 207 Pb/206pb
age of 2213 4+ 15 Ma outside the two main age groups. The older
zircons are moderately to well-rounded and show well-developed
concentric zoning patterns. The degree of roundness and length
to width ratios from 3:1 to 2:1 suggest these zircons are derived
from not too distant magmatic sources for this age grouping, and
the variable CL-response suggests a number of different sources.
The younger age cluster comprises subhedral to euhedral zircons
which are generally only half the size of the older zircons. A variable
CL-response similar to that observed in the older zircons suggest
these also were derived from a variety of source rocks, which are
likely magmatic as suggested by their Th/U ratios between 0.5 and

1.5. The youngest concordant zircon places the maximum depo-
sition age of the Murore Quartzite at 1846 5 Ma, in agreement
with the 1780 Ma crystallisation age of the felsic tuff in the Murore
Formation (Fig. 7).

4.2. Western Domain (WD)

Samples from two quartzite units with similar lithostratigraphic
positions were collected near the base of the Gikoro Group in the
WD (lowermost group of Akanyaru Supergroup).

Sample KI 8 (Figs. 3 and 7) was collected from the Ruganza
Quartzite-Ruganza Formation. Twenty eight concordant analyses
of detrital zircons were obtained from a total of 52 zircons with
Th/U ratios ranging from 0.27 to 3.22. The dominant age group
ranges 2.73-2.48 Ga (87%) with a smaller group at 2.07-2.01Ga
(10%). Additional analyses yielded ages of 2.35, 2.17 and 2.14Ga
(Fig. 8c and e). Zircons of the older age group range in size from
80 to 120 wm with length to width ratios of 2:1 to 1:1. These are
subrounded to angular and some are subhedral and euhedral, and
generally show well developed concentric zoning consistent with
a magmatic origin. Variable CL response suggests a range of mag-
matic source lithologies. Zircons from the younger age group range
in size from 90 to 100 wm and length to width ratio is generally 1:1.
CL response is high to variable and zircons display broad concen-
tric zoning patterns. The youngest detrital zircon, which indicates
a maximum deposition age, is 2014 + 23 Ma.

Sample KI 25 (Figs. 3 and 7) was collected from the Muyinga
Quartzite-Muyinga Formation. Sixty five zircons were analysed
and showed Th/U ratios from 0.28 to 4.78. Common lead Pb (fygg)
was generally below 1% but 6 zircons contained more than 2% and
another 5 zircons contained more than 4%. Forty zircons yielded
ages 95% concordant in 4 age groupings. These range from 2.79
to 2.62 Ga (20%), 2.47 to 2.4 Ga (10%), 2.14 to 1.93 Ga (20%), 1.90 to
1.83 Gawith one zircon at 1.75 Ga (totalling 45%). The two youngest
zircons (5%) were dated 1.42 and 1.41 Ga (Fig. 8d and e). The oldest
group of zircons (2.79-2.62 Ga) range in size from 80 to 100 wm
with length to width ratios of 2:1 to 1:1. Some of these are sub-
rounded to euhedral and show well-developed oscillatory zoning
in CL consistent with a magmatic origin. The youngest two group-
ings (2.14-1.75 Ga) range in size from 60 to 150 wm with length to
width ratios of 2:1 to 1:1 and are subrounded to angular with many
euhedral crystals. Many show well-developed concentric zoning in
CL consistent with a magmatic origin. The two youngest zircons
(1421+37Maand 1412 +£21Ma) are 100 to 120 pm in size, with a
length to width ratio of 2:1 and show poor zonation in CL but are
considered as magmatic in origin. These two concordant analyses
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Fig. 8. Single-zircon U-Pb SHRIMP Concordia ages of four analysed samples from Burundi (location: see Fig. 3; stratigraphic position see Fig. 7). (a) KI 2: Murore Tuff (ED),
magmatic zircons. (b) KI 7: Nyanza-Lac Quartzite (ED), detrital zircons. (¢) KI 8: Ruganza Quartzite (WD), detrital zircons. (d) KI 25: Muyinga Quartzite (WD), detrital zircons.
(e) Histogram of samples KI 7, KI 8 and KI 25, showing significant provenance of Archaean and to lesser extent of Palaeoproterozoic detrital material. Maximum age of

deposition is given by the small 1.4 Ga peak.

represent the maximum deposition age of the Muyinga Formation
(uppermost part of the basal Gikoro Group; Fig. 7). A third, slightly
discordant and imprecise analysis of 1380457 Ma adds further
weight to this younger zircon population, whose age overlaps with
the c. 1375 Ma emplacement age of the bimodal magmatism of the
WD. It is suggested that these three zircons were reworked from
a felsic volcanic unit in the Muramba Formation, lithostratigraphi-
cally just below the Muyinga Formation, as observed in situ by one
of the co-authors (Tack).

5. Discussion: timing of deposition, detrital provenance,
basin environment and regional setting

The new lithostratigraphy, geophysical data and provenance
analysis support the subdivision of the KAB into two contrast-
ing structural domains (the ED and the WD), introduced by Tack
et al. (1994). These confirm the rheologically contrasting bound-
ary zone between the WD (overlying Palaeoproterozoic basement)
and the ED (overlying Archaean basement). The identified lithos-
tratigraphic successions are unique in the ED (Kagera Supergroup)
and in the WD (Akanyaru Supergroup) and each distinct sedimen-
tary succession has been deposited independently in the respective
sub basins under different conditions.

5.1. A first sedimentation period recorded in the ED

Onset of deposition in the KAB is documented in the Kagera
Supergroup (ED) and constrained by the emplacement of the
Murore felsic tuffs (dated 1780 4 9 Ma) interlayered with sandstone
near the base of the Muyaga Group which is deposited uncon-
formably on the Archaean Tanzania Craton (Figs. 7 and 9). Evolution
of the ED started adjacent to the 2100-2025 Ma (Eburnean-age)
Ubende-Rusizi Belt (Theunissen et al., 1996; Ring et al., 1997;
Sklyarov et al., 1998; Muhongo et al., 2002). Deposition of the
1780 Ma Murore felsic tuffs follows closely the c. 1.88-1.85Ga
volcano-plutonic events that consolidated the NE Congo-Uganda,

Kasai-Angola and Tanzania Archaean Craton (Schandelmeier, 1983;
Kabengele et al., 1991; Lenoir et al., 1994; Kapenda et al., 1998).

The uppermost part of the Ruvubu Group in the western sub
basin of the ED is intruded by the c.1375 Ma KM mafic and ultra-
mafic magmatism, showing that deposition of the complete Kagera
Supergroup occurred prior to c. 1375 Ma. The sedimentation age of
the Bukoba Group in the eastern sub basin of the ED, is also pre-
c. 1375 Ma (Deblond et al., 2001) but there is no constraint on the
base which has not been observed (see Sections 3.1.4 and 3.2).

In the ED, detrital components comprise material only of
Archaean and Palaeoproterozoic origin. Oldest detrital zircons
range in age from 2.67 to 2.40 Ga (KI 7). These ages are consistent
with the age of granitoid lithologies in the nearby Archaean Tan-
zania Craton, which may be the source of the zircons. The younger
detrital zircon group from 2.02 to 1.85Ga (KI 7) may correspond
to ages of granitoids and gneisses of the nearby Palaeoprotero-
zoic Ubende-Rusizi and Ruwenzori Belts and even of the more
distant volcano-plutonic Bangweulu Block (De Waele et al., 2006,
2008). The deposits of the Kagera Supergroup can be considered an
Eburnean-age molasse.

5.2. A second sedimentation period recorded in the WD

Subsequent deposition in the KAB is found only in the WD with
the Gikoro and Pindura Groups of the Akanyaru Supergroup. Note,
however, that the base of the complete sedimentary succession in
the WD has not been observed (Figs. 7 and 9).

Deposition started sometime after 1420 Ma (felsic volcanic
event, sample KI 25; 1420-1380 Ma) but before 1375 Ma (emplace-
ment age of the S-type granitoid rocks) (Figs. 7 and 9). The
basin evolution indicates tectonic controls, well-traced by both
the depositional and magmatic history. The Pindura Group, pre-
dominantly of metapelitic composition, is marked by interlayered
volcanic episodes (mafic tholeiitic amygdaloidal basalts overlain
by a sequence of felsic lavas -both effusive and explosive facies)
(Figs. 7 and 9). This bimodal volcanism is considered the surface
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slices.

representative of the 1375 Ma bimodal Kibaran event (Tack et al.,
2010).

In the WD, detrital zircons range in age from 2.73 to 2.48 Ga
(KI 8) and 2.79 to 2.62 Ga (KI 25). These ages are consistent with
the age of granitoid lithologies in the nearby Archaean Tanzania
Craton, which may be the source of the zircons. Younger detrital
zircon groups from 2.07 to 2.01 Ga (KI 8), and from 2.47 to 1.75Ga

(KI 25) may correspond to ages of granitoids and gneisses of the
nearby Palaeoproterozoic Ubende-Rusizi and Ruwenzori Belts and
maybe also of the more distant volcano-plutonic Bangweulu Block
(De Waele et al., 2006, 2008). The large contribution of Palaeopro-
terozoic components in the WD strengthens the view that the WD
is underlain by Palaeoproterozoic basement, as has been confirmed
in the Butare region of SW Rwanda (Tack et al., 2010).
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5.3. A third sedimentation period documented in the WD

After the 1375 Ma bimodal Kibaran event (Tack et al., 2010), a
third sedimentation period at 1222 Ma is documented by detrital
zircons from the base of the Nya-Ngezie unit in the Kivu-Maniema
area of the DRC (Villeneuve and Chorowicz, 2004) (Figs. 7 and 9).
This unit can be correlated along trend with the Cyohoha and Rugezi
Group in the WD, i.e. the upper part of the Akanyaru Supergroup
(Figs. 7 and 9). The Nya-Ngezie unit rests disconformably on the
Bugarama unit (Villeneuve, 1980; see Section 3.1.5) that can like-
wise be correlated with the Gikoro and Pindura Groups of the WD.

While no disconformity exists at the base of the Cyohoha Group
in the WD, a stratigraphic break is also suggested in Rwanda at this
level (see Section 3.2). The c. 155 m.y. interval between the intru-
sion of the 1375 Ma bimodal Kibaran event atadepth of £15 kminto
the lower part of the Akanyaru Supergroup, and the onset of depo-
sition at 1220 Ma of the upper part of this Supergroup, provides
ample time for an depositional or erosional hiatus.

The break in the sequence also explains why the pervasive
extensional Sq-fabric (typically sub parallel to bedding surfaces
So), in the lower Gikoro and Pindura Groups (Theunissen, 1988,
1989; see Section 3.2) is absent from the higher units. Renewed
subsidence in the WD around 1220 Ma may have been triggered by
reactivation of N-S trending shear zones, evident in Burundi as the
alignment of small A-type granitoids bodies emplaced at c. 1205 Ma
(Tack et al., 2010) (Figs. 4 and 9).

5.4. A gradual depositional polarity from E to W during the
greater part of the Proterozoic

The Itombwe “Syncline” in the vicinity of Bukavu town (Fig. 6,
inset 1 and 2) is a narrow, N-S elongated structure containing
sedimentary successions, including diamictites (Itombwe Super-
group; Villeneuve, 1980, 1987; Walemba and Master, 2005) which
rests unconformably on either Palaeoproterozoic or Mesoprotero-
zoic basement (Lepersonne, 1974; Cahen et al,, 1979). Walemba
and Master (2005) discuss these successions nearby Nya-Ngezie
(Bukavu; Fig. 6), where the basal conglomerate of the Nya-Kasiba
Group (lowermost unit of the [tombwe Supergroup) (Figs. 7 and 9)
contains pebbles of the Kasika tin-granite (Cahen and Ledent, 1979;
Cahen et al., 1979; Villeneuve, 1987). The Kasika tin-granite, dated
986 Ma (Tack et al., 2010), confirms the Neoproterozoic age of the
Itombwe Supergroup. Detrital zircons from the basal conglomer-
ate gave a maximum deposition age of c. 710 Ma (Villeneuve, pers.
comm. referring to unpublished SHRIMP-data of Kampunzu and
Armstrong).

This age marks a Neoproterozoic sedimentation period within
the KAB area and illustrates that basin evolution in the WD is not
limited to only the Mesoproterozoic era. Likewise, remnants of sim-
ilar but much smaller basins exist in Rwanda and Burundi (e.g. the
Karamba, Miyove and Gisakura Formations in Rwanda, the Mikiko
Formation in Burundi), all part of the uppermost Rugezi Group
which has proven difficult to incorporate into the formal Akanyaru
Supergroup stratigraphy (Baudet et al., pers. comm.).

The KAB thus documents a long-lived period of intracratonic
intermittent depositional activity showing a recurrent subsidence
trend controlled by tectonic activity moving with time from E to
W. In the WD, this E to W sedimentary polarity can be correlated -
and therefore must be geodynamically related - to a similar polar-
ity trend in extensional magmatism, characterised successively by
the 1375 Ma bimodal Kibaran event, the local emplacement of the
1205 Ma A-type granites as well as of the 750 Ma alkaline plutonic
complexes (Fig. 9).

During this long-lived Proterozoic period, spanning about
1250 m.y. from the late Palaeoproterozoic (1.8 Ga) to the end of
the Neoproterozoic (542 Ma), the KAB is marked by prolonged

intracratonic stability with intermittent episodes of extensional
(transtensional) activity of variable intensity. These were inter-
rupted twice by short-lived phases of compression (at 1.0 Ga and
550 Ma) interpreted to be possibly related to Rodinia and Gond-
wana amalgamations.

The remarkable similar detrital fingerprints of the successions
of the ED and WD (Fig. 8e) with supply from the neighbouring
Archaean Tanzania Craton and the Palaeoproterozoic Ubende-
Rusizi and Ruwenzori Belts respectively, suggest that since Late
Palaeoproterozoic times their rheologically contrasting basement
domains were in an adjacent position. The detrital fingerprint of
some quartzites in the WD may reflect reworking of older sedi-
mentary sequences within the KAB itself.

6. Regional correlations

On a regional geological map of central Africa, Mesoproterozoic
formations appear to be limited to the eastern and southeastern
side of the Central Congo Basin. They comprise the Karagwe-Ankole
Belt (KAB), the Kibara Belt of N. Katanga (KIB), the Irumide and
Southern Irumide Belts (Zambia), and formations on the Bangweulu
Block (Zambia) as well as strike-slip basins within the Palaeopro-
terozoic Ubende Belt (e.g. Itiaso Group) in Tanzania (Fig. 10).

Similarities in their terrigenous sequences must reflect basin
histories recording similar regional responses to major geodynamic
events, while differences probably reflect more local responses - in
a particular basin or in some basins - to these geodynamic condi-
tions.

6.1. Similarities

6.1.1. 1.88-1.78 Ga period

The first sedimentation period in the KAB is dated at 1.78 Ga
(crystallisation age of the Murore Tuff at the base of the Kagera
Supergroup). During this period shallow-water quartzites and
pelites with detrital modes of 2.7-2.5Ga and 2.0-1.8Ga were
deposited (see Section 4.1).

A similar succession, the Muva Supergroup, south of the KAB
in Zambia, rests on the Bangweulu Block (Fig. 10, samples MA6
and KAS) and is present in the Mesoproterozoic (northern) [rumide
Belt of Zambia (Fig. 10, sample IL14). Tuffs at the base of the Muva
Supergroup place onset of deposition between 1.88 and 1.85 Ga (De
Waele and Fitzsimons, 2007), and show similar detrital age patterns
as the KAB successions. The significant Archaean mode of 2.7-2.5 Ga
zircons in the Kagera Supergroup successions of the ED, with its
source in the neighbouring Tanzania Craton, is nearly absent within
the Muva sedimentary succession (De Waele and Fitzsimons, 2007),
in keeping with its distant location on the far south side of the
Palaeoproterozoic Ubende Belt.

Lithologies within the Ubende-Rusizi Belt document peak meta-
morphism between 2.1 and 2.0 Ga (Theunissen et al., 1996; Ring
et al., 1997; Sklyarov et al., 1998; Muhongo et al., 2002), exhuma-
tion of the Belt in the time interval 1.95-1.85 Ga (Boven et al., 1999)
and plutono-volcanic events at ca. 1.88-1.85 Ga (Schandelmeier,
1983; Kabengele et al., 1991; Lenoir et al., 1994; Kapenda et al.,
1998; Reddy et al., 2003). These ages match detrital modes in
the Kagera and Muva successions (Fig. 10). The data demonstrate
the large geographical extent, both N and S of the Ubende-Rusizi
Belt, and considerable time-span of sedimentary successions (i.e.
100 m.y. between 1.88-1.78 Ga) deposited immediately after the
Eburnean-age orogeny in different independent basins, and largely
derived from these Palaeoproterozoic Belts.

6.1.2. 1.42-1.37 Ga period
The second sedimentation period in the KAB is recorded at
1.42-1.37 Ga in the Akanyaru Supergroup (see Section 4.2). The
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age clusters of 2.7-2.5 Ga and ca. 1.8 Ga are consistent with supply
from the neighbouring Tanzania Craton and adjacent Late Palaeo-
proterozoic Ubende-Rusizi Belt, but may also reflect reworking of
underlying older sedimentary sequences.

The Kasama Formation on the Bangweulu Block (Fig. 10)
was suggested by Andersen and Unrug (1984) to be derived
from reworking of the underlying Mporokoso Group, based on
palaeocurrent directions, pebble size variations and maturity of
the quartzites. The youngest concordant zircon of the Kasama For-
mation yielded a 297 Pb/296Pb maximum deposition age of 1.43 Ga,
similar to that of the Muyinga Quartzite in the WD.

For the Mitwaba area in the Kibara Belt (KIB) in N. Katanga,
Kokonyangi et al. (2001, 2005, 2006, 2007) have redefined the
Kibara Supergroup (after Cahen et al., 1984) with four lithostrati-
graphic units, from base to top respectively, the Kiaora, Nzilo,
Hakansson and Lubudi Groups (Fig. 10). S-type granitoid rocks
associated with mafic-intermediate intrusive rocks are coeval at c.
1.39-1.38 Ga (Kokonyangi et al., 2004, 2005), i.e. a similar Mesopro-
terozoic age pattern as for the WD in the KAB. Only the lowermost
Kiaora Group is intruded by these intrusive rocks.

6.1.3. 1.0Ga period

The uppermost limit of the third sedimentation period in the
KAB is given by the U-Pb SHRIMP 986 Ma emplacement age of
the Kasika tin-granite in the Cyohoha-Rugezi Groups (Tack et al.,
2010; Fig. 10). Similarly in the Mitwaba area in the Kibara Belt (KIB),
Kokonyangi et al. (2001, 2005, 2006, 2007) document a minimum
age constraint for the Nzilo, Hakansson and Lubudi Groups given by
the emplacement of tin-granites dated c. 1.0-0.95 Ga (Kokonyangi
et al., 2004, 2006) and by the 1080 Ma age of the local metamor-
phic overprint in the Mitwaba area quoted as “corresponding to the
climax of the Kibaran deformation” (Kokonyangi et al., 2006).

6.2. Differences

6.2.1. Eburnean-age molasse deposits and boundary zone

The WD - boundary zone - ED structure of the Karagwe - Ankole
Belt is a unique feature of this belt.

In the KIB of N. Katanga, Eburnean-aged foreland deposits (com-
parable to the ED of the KAB) are absent. The sedimentary record
appears to comprise equivalents of the WD Akanyaru Supergroup
of the KAB, while molasse deposits are found only 200-300 km fur-
ther to the E on the Bangweulu Block in Zambia (see Section 6.1;
Fig. 10).

An equivalent of the mafic-ultramafic Kabanga-Musongati
alignment (KM) of layered Bushveld- type complexes forming the
boundary zone of the KAB is absent in the KIB.

6.2.2. Different sedimentation breaks between 1.37 and 1.0 Ga

The stratigraphic record in the WD of the KAB indicates a c.
155 m.y. depositional hiatus (see Section 3.2) between the lower
part of the Akanyaru Supergroup intruded by the 1375 Ma bimodal
Kibaran event and the overlying the Nya-Ngezie unit, which has a
maximum deposition age of c. 1220 Ma (Figs. 9 and 10).

In the Mitwaba area in the Kibaran Belt (KIB), the base of
the Nzilo Group rests disconformably on the Kiaora Group and
the c. 1.39-1.38 Ga intrusive rocks. The Nzilo Group is marked
by a conglomerate, the Kataba Conglomerate (Ka), which con-
tains reworked Kiaora Group sediments and intrusives. Detrital
zircon dating of 4 samples (Kokonyangi et al., 2007; Fig. 10) give
a 1329 Ma maximum deposition age for the Nzilo Group. This
indicates a depositional hiatus between the lowermost Kiaora
and overlying Nzilo Group not exceeding c. 50m.y., shorter
than the c. 155m.y. depositional hiatus suggested in the KAB
(see Section 5.3).
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A different Mesoproterozoic basin history for the KAB and the
KIB after 1375 Ma is also expressed by the differing lithologic suc-
cessions in the Nzilo (KIB) and Cyohoha-Rugezi (KAB) Groups,
Fig. 10).

6.2.3. Other Mesoproterozoic basins in the area

Within the Ubende-Rusizi basement rise, local Mesoproterozoic
strike-slip basins have been described (Klerkx et al., 1998), each
with their own unique lithostratigraphic and geodynamic charac-
teristics (e.g. Itiaso Group), and different from those of the KAB or
the KIB (Geology and Mineral map of Tanzania, 2008).

7. The concept of a proto-Congo Craton assembly at 1.8 Ga

The Karagwe-Ankole, Kibara, Bangweulu and Irumide succes-
sions appear to have experienced comparable geodynamic basin
evolution during the Proterozoic with periods of interruption of
deposition, erosion and magmatism. The time-span, regional dis-
tribution and depositional character of the successions suggest
the existence of long-lived shallow-water intracratonic basins.
Sedimentation started between 1.88 and 1.78 Ga, and represents
the deposition of Eburnean-age molasse, followed by periods of
Mesoproterozoic sedimentation, during which the earlier molasse
may have been partially reworked. Such long-lived basin evolu-
tion is comparable to the Neoproterozoic Central Australian basins
(Powell et al., 1994).

The close match and regional distribution of c. 1.8Ga sed-
imentary sequences along the eastern side of the Congo River
Basin, suggest that the Tanzania, NE Congo-Uganda, Bangweulu
and Kasai Blocks were amalgamated along the Ubende-Rusizi Belt
and Ruwenzori Fold Belt, and formed part of a coherent landmass
in Late Palaeoproterozoic times (Fig. 11a). Broad similarities in
both age and sedimentary character have also been observed in
pre-Kibara successions further west on the Angola Block - Chela
Group (Torquato and Fogacga, 1981; Pereira et al., 2011) and even
in the Espinha¢o - Chapada Diamantina Groups on the Sdo Fran-
cisco Block in Brazil (Pedreira and De Waele, 2005; Danderfer et al.,
2009; Chemale-Junior et al.,, 2012; Pedrosa-Soares and Alkmin,
2011; Fig. 11a). This suggests that, as a result of Eburnean-age col-
lisional orogeny during the Columbia (Nuna) amalgamation (De
Waele et al., 2006, 2008; Delor et al., 2008; Noce et al., 2007;
Pinna et al., 1996), all these Archaean nuclei were welded together
around 2.1 Ga. Widespread basin deposition commenced from
about 1.8 Ga.

We suggest that the assembled landmass formed the proto-
Congo Craton (Fig. 11a; Fernandez-Alonso et al., 2011). Since the
Late Palaeoproterozoic, this proto-craton stabilised and remained
a united entity (Tack et al., 2006, 2008), which underwent repeated
intracratonic transtensional tectonomagmatic events (Tack et al.,
2010, 2011; Delvaux et al., 2011) but not breakup, drifting or the
formation of juvenile oceanic crust. Rodinia and Gondwana oro-
genic events are considered to have occurred along the margins of
the proto-Congo craton. Only since the opening of the south Atlantic
ocean in Cretaceous times, did a minor portion (the westernmost
Sao Francisco Block) become separated.

The KAB reflects a very long aulacogene history in part of the
proto-Congo craton with intermittent periods of sedimentation
and/or magmatism (Fig. 9). We suggest that fundamentally dif-
ferent geometries and rheologies of the KAB’s basement on both
sides of the boundary zone account for the specific exogenic and/or
endogenic geological processes recorded during the Proterozoic in
the WD as opposed to the ED (Tack et al.,, 2010). Since 1.78 Ga,
repeated reactivation of structures in the Ubende-Rusizi base-
ment rise (Klerkx et al., 1998) controlled volcano-sedimentary
basin development in the KAB during the Proterozoic. Basin infill,

comprising intermittent subsiding shallow-water deposits possibly
with bimodal volcanism, shifted from the E to the W. Magmatism
culminated at c. 1375 Ma with the Kibaran event (coeval bimodal
magmatism) followed by relatively minor intracratonic magmatic
events at ¢. 1205 Ma (A-type granitoids), c. 985 Ma (tin-granites)
and c. 750 Ma (alkaline complexes, some with carbonatites, see
Tack et al., 1984, 1996; Kampunzu et al., 1997; Mbede et al., 2004).

The Kibaran magmatic event indicates the final consolidation of
this part of the proto-Congo Craton, as subsequent events in Central
- Eastern Africa (see e.g. Tack et al., 2002a, 2010; Fig. 9) have not
disturbed the craton’s integrity.

8. Basin closure: two short-lived far-field compressional
events in the KAB

In the last decades, two contrasting geodynamic models for
the KAB (and the KIB) have been proposed: an intraplate exten-
sional setting with bimodal magmatism followed by a series of
compressional events (Klerkx et al., 1984, 1987) versus a conver-
gent setting along an active continental margin (Kampunzu et al.,
1986; Rumvegeri, 1991). Both models implicitly considered that the
Kibaran orogeny occurred in Central Africa in Late Mesoproterozoic
times (1.4-1.0Ga) and had a protracted character with significant
magmatic episodes from c. 1370-1310 Ma (Cahen et al., 1984) up
to 1180 Ma (Klerkx et al., 1984, 1987).

Most recent regional evidence related to the KAB (Tack et al.,
2010 and references therein) indicates that the KAB did not result
from the closure of an ocean basin and subsequent continent-
continent collision. The KAB, and also the KIB, developed separately
(see Section 6) under intraplate conditions within the already con-
solidated Archaean-Palaeoproterozoic proto-Congo Craton.

With new age constraints for the same samples of Cahen et al.
(1984) and Klerkx et al. (1984, 1987), Tack et al. (2010) introduced
a single anorogenic prominent 1375 Ma Kibaran tectonomagmatic
event with intracratonic, i.e. intraplate transtensional emplace-
ment of a bimodal magmatic province. This event is not related to
any orogenic cycle at plate edges. It implies that the recorded com-
pressional deformation phase(s) in the KAB postdate the Kibaran
event and the deposition of the younger Upper Mesoproterozoic
(i.e. post 1375 Ma) and Neoproterozoic successions described in the
WD (Fig. 9).

A first compressional event acting on the KAB reflects a far-field
effect of a global orogenic event external to the proto-Congo Craton
and marked by the collisional Irumide and Chipata-Tete (or South-
ern Irumide; Fig. 11b) Belts (Johnson et al., 2006, 2007; De Waele
et al,, 2006, 2008, 2009; Li et al., 2008) during Rodinia amalgama-
tion at 1.0 Ga. The morpho-structural response in the KAB (and the
KIB) to the distant Irumide Orogen, was accommodated by dis-
placement along the Ubende-Rusizi Belt (Tack et al., 2006, 2008;
Fernandez-Alonso et al., 2009, 2011) (Fig. 11b). In the KAB, the
metasedimentary rocks of the WD basin were folded and thrusted
as a result of reactivation of structures in the underlying Palaeo-
proterozoic basement (Theunissen, 1988, 1989) and developed a
discrete (for the most oblique) S,-fabric, postdating the S;-fabric
which isrelated to the 1375 Ma Kibaran event (see Section 5.3). The
metasedimentary rocks of the ED, overlying Archaean basement,
remained generally undisturbed. Post-compressional relaxation
(i.e. post-S;) gave rise to the emplacement of the post-Kibaran Sn-
metallogenic province (new SHRIMP-age of tin-granite emplaced
in the WD at ca. 986 Ma (Tack et al., 2010; Dewaele et al., 2011).

Subsequently during Gondwana amalgamation at 550 Ma, a
second E to W directed compressional event affected the KAB
as a far-field effect of the distant East African Orogen (Fig. 11c)
(Rossetti et al., 2007; Dewaele et al., 2011; Kabete et al., 2012). In
the southern part of the WD, the specific indenter palaeogeography
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Fig. 11. Regional setting of the Mesoproterozoic units within a proto-Congo Craton (modified from De Waele et al., 2008). (a) Intracratonic basin formation under transten-
sional regime. Starts at 1780Ma in the Karagwe - Ankole Belt (KAB) and culminates at 1375 Ma with the Kibaran bimodal magmatic event - also recorded in the Kibara
belt (KIB) - responsible for development of a pervasive S;-fabric in the metasediments of WD in the KAB (parallel to original bedding So). (b). First compressional event at
1.0 Ga. Basin closure of the KAB results from an intraplate far-field effect of Rodinia amalgamation along the Southern Irumide Belt. Note role of Ubende-Rusizi shear Belt
accommodation. This compressional event is responsible for the general fold-and-thrust-belt geometry of the KAB with development of a discrete S,-fabric. The 986 Ma
Sn-granite (Tack et al., 2010) and related Sn-mineralisation were emplaced during regional relaxation in parts of the WD (of the KAB) shortly after compression. (c) Second
compressional event at 550 Ma. Intraplate far-field effect of Gondwana amalgamation along the Eastern African Orogen, resulting in the present-day morpho-structural
trend of the KAB. A strong but discrete N-S Pan African tectonic overprint in southern part of the WD is due to the indenter palaeogeography of the Archaean Tanzania
Craton squeezing the Proterozoic rocks. This gives rise in the WD to brittle reactivation of (earlier) thrust slices (S3), (partial) isotopic resetting of rocks and mineralisations,
emplacement of Au-mineralisation in quartz veins, while steep folding (and thrusting) of the Neoproterozoic Itombwe basin gives rise to the Itombwe “Syncline”. Note that
the importance of this Pan African event has often been unrecognised or strongly underestimated. The timing of the events is illustrated in Fig. 9, right hand side.
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of the Archaean Tanzania Craton (Fig. 4) gave rise to a pronounced
squeezing of earlier structures (Fig. 3). As a result, N-S trending
thrust sheets and imbricate structures developed together with
discrete isotopic resetting and post-compressional (i.e. post-S3)
c. 530Ma emplacement of late Pan-African Au-mineralisation
(Brinckmann et al., 2001; Walemba, 2001; Walemba et al., 2004;
Dewaele et al., 2011). The N-S elongated Neoproterozoic Itombwe
basin became steeply folded forming the Itombwe “Syncline”
(see Section 3.1.5). This strong but discrete N-S Pan African
overprint has generally been underestimated or even overlooked
in literature.

9. Conclusions

Our new results related to basin evolution, timing of deposition
and provenance of the sedimentary record give additional weight
to the recent redefinition of the KAB and the KIB, forming two dis-
tinct Belts respectively north and south of the Palaeoproterozoic
basement high of the Ubende - Rusizi Belts.

Only the redefined 1375 Ma Kibaran tectonomagmatic event is
recorded in both the KAB and the KIB; likewise the sedimentary and
volcanic record of the KAB in the period 1.42-1.37 show similari-
ties with those described for the KIB. However, the WD - boundary
zone - ED build-up of the KAB is a unique feature. In the KIB, an
Eburnean-aged molasse in an ED-type domain or an equivalent
to the mafic-ultramafic KM alignment of layered Bushveld-type
complexes forming the boundary zone are lacking. A different post-
1375 Ma Mesoproterozoic and Neoproterozoic basin evolution as
well as compressional history is expressed for the KAB and the
KIB by the differing lithologic successions and deformational his-
tories. The discontinuity between the KAB and the KIB is further
marked by the occurrence within the Ubende-Rusizi Belts base-
ment high of local Mesoproterozoic strike-slip basins, with their
own unique lithostratigraphic and geodynamic characteristics (e.g.
Itiaso Group), which differ from those of the KAB or the KIB.

In the Karagwe-Ankole Belt (KAB) the new lithostratigra-
phy takes into account two rheologically contrasting struc-
tural domains, i.e. the Eastern Domain (ED; with Archaean
basement) separated from the Western Domain (WD; with
Palaeoproterozoic basement) by a boundary zone, compris-
ing the Kabanga-Musongati (KM) alignment of Bushveld-type
mafic-ultramafic intrusions. Volcanic and detrital U-Pb SHRIMP
zircon data for the ED and the WD provide new constrains on the
timing of deposition and on the detrital provenance of the sedi-
mentary sequences in both domains.

In the ED, (in E Burundi, NW Tanzania and SW Uganda), the
Kagera Supergroup includes two adjacent sub basins separated by
a fault that may reflect some palaeogeographic setting. Each has
its own lithostratigraphic column: (1) the western sub basin con-
tains the Muyaga and overlying Ruvubu Groups (siliciclastic rocks
with interlayered volcanic rocks), and (2) the eastern sub basin con-
tains the former Neoproterozoic Bukoba Group (siliciclastic rocks).
Onset of deposition of the Kagera Supergroup is constrained by
the emplacement of the Murore felsic tuff of 1.78 Ga interlayered
near the base of the Muyaga Group (unconformably overlying the
Archaean Tanzania Craton). Deposition of the complete Kagera
Supergroup occurred before 1.37 Ga (emplacement of KM intru-
sions). Detrital components comprise material only of Archaean
and Palaeoproterozoic origin, consistent with derivation from the
nearby Archaean Tanzania Craton and Palaeoproterozoic Ubende -
Rusizi and Ruwenzori Belts. The deposits of the Kagera Supergroup
have to be considered an Eburnean-age ‘molasse’.

In the WD (in Rwanda, W Burundi and SW Uganda), the
Akanyaru Supergroup includes respectively (from bottom to top),
the Gikoro, Pindura, Cyohoha and Rugezi Groups (greenschist-
to amphibolite facies metasedimentary rocks and subordinate

inter-layered metavolcanic units). Deposition started In the WD
sometime after 1.42 Ga (felsic volcanic event) but before 1.37 Ga
(emplacement age of the S-type granitoid rocks). The bimodal vol-
canism interlayered in the Pindura-Gikoro Groups is considered
the surface representative of the 1375 Ma ‘Kibaran’ event (Tack
et al., 2010). The bulk of the detrital zircons of the WD are of
Archaean and Palaeoproterozoic age, consistent with derivation
from the nearby Archaean Tanzania Craton and Palaeoproterozoic
Ubende-Rusizi and Ruwenzori Belts (and possibly of the more dis-
tant volcano-plutonic Bangweulu Block). The large contribution of
Palaeoproterozoic components in the WD strengthens the view
that this domain is underlain by Palaeoproterozoic basement, as
has been confirmed in the Butare region of SW Rwanda (Tack et al.,
2010). It also supports the concept that part of the Akanyaru Super-
group sediments consists of reworked Eburnean-aged molasse.

A later sedimentation period in the WD at 1222 Ma is docu-
mented by detrital zircons from the base of the Nya-Ngezie unit in
the Kivu-Maniema area (in DRC), which can be correlated with the
Cyohoha-Rugezi Groups, i.e. the upper part of the Akanyaru Super-
group. Finally, onset of a Neoproterozoic sedimentation in the local
Itombwe basin (in DRC) is constrained at 710 Ma.

The KAB documents a long-lived period of intracratonic inter-
mittent depositional activity (with periods of interruption of
deposition, erosion and magmatism) showing a recurrent subsi-
dence trend controlled by structural activity moving with time from
E toW.Inthe WD, this E to W sedimentary polarity can be correlated
- and therefore must be geodynamically related - to a similar polar-
ity trend in extensional magmatism (characterised successively by
the 1375 Ma bimodal ‘Kibaran’ event, the local emplacement of the
1205 Ma A-type granites and the double alignment of 750 Ma alka-
line plutonic complexes). The E-W sedimentary polarity is even
further evidenced when also the 1.8 Ga molasse-type deposits of
the ED are taken into account.

On a regional scale, the KAB sequences suggest a compara-
ble and prolonged geodynamic basin evolution, not only with the
sequences of the relatively close Kibara (KIB), Bangweulu Block
and Northern Irumide Belts but even with more distant sequences
located in SW Angola and E Brazil. Since deposition of Eburnean-
aged molasse, the 1250 my time-span, regional distribution and
sedimentological character of all these sequences point to the
existence until the end of the Proterozoic of various long-lived
shallow-water intracratonic basins within an already previously
amalgamated coherent landmass. We postulate that this landmass
formed the ‘proto-Congo Craton’, which since the Late Palaeopro-
terozoic had stabilised and remained a united entity. Only since the
opening of the south Atlantic ocean in Cretaceous times a minor
portion (the westernmost Sao Francisco block of E Brazil) became
separated.

The long-lived aulacogene history of the KAB within the
proto-Congo Craton, with intermittent episodes of extensional
(transtensional) regime of variable intensity, including the promi-
nent 1375 Ma “Kibaran” event (giving the S1-fabric, Bushveld-type
mineralisation in the KM alignment), is interrupted only twice by
short-lived compressional deformation reflecting far-field effects
of global orogenic events, external to the proto-Congo Craton. The
first event at 1.0 Ga (giving the S2-fabric, tin-granite mineralisation
as a result of post-compressional relaxation) affects both KAB and
KIB and is ascribed to Rodinia amalgamation, here expressed as far-
field effect from the Southern Irumide collisional Belt of Zambia.
The second event at 550 Ma results from Gondwana amalgama-
tion and, in the KAB, is the far-field and combined effect of both
the East African Orogen (EAO) and the indenter paleogeography of
the Archaean Tanzania Craton. As a result, it develops a strong but
discrete N-S Pan African overprint (giving the S3-fabric, gold min-
eralisation as a result of post-compressional relaxation), which has
generally been underestimated or even overlooked in the literature.
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10. Final considerations

The term “Complexe des Kibara” and “Systéme des Kibara” was
introduced by Robert (1931) and referred to a (meta)sedimentary
sequence (a Supergroup in present-day terminology), studied in
the Kibara Mountains type locality in N Katanga region (DRC).
As the deformed and intruded rocks displayed a physiographic
NE-SW trend, the term “Kibaran belt” (“chaine Kibarienne”)
was used to refer to the result of mountain-building processes
following a geosyncline episode (the “Kibaran”), responsible for
the Kibara Mountains.

Later, the concepts of unconformity, orogenic cycle and
orogeny became linked to the “Kibaran”. With progress in radio-
metric dating (1960-ies), “syn-orogenic” (Kibaran) granites were
distinguished from “post-orogenic” tin granites. Culmination of
the “Kibaran orogeny” was dated at 1370-1310 Ma (Cahen et al.,
1984). With introduction of plate tectonics (late ‘60-ies), the
concepts of a Kibaran orogenic cycle and orogeny were expanded
to include the Wilson cycle terminology, implicitly linking orogeny
to subduction-collision processes at plate edges. Some geolo-
gists considered a protracted “Kibaran orogeny”, with several
phases between 1370 up to the 970Ma tin granites (spanning
400 Ma!). More recently the concepts of supercontinent cycles
were developed with for this part of the world, the “collisional
orogeny” related to Rodinia amalgamation at 1Ga, closing the
Mesoproterozoic Era.

Our work now dramatically changes the views of the geo-
dynamic evolution of the “Kibaran”. No longer the result of a
Wilson-style orogenetic event, the former “Kibaran Belt” is now
considered to consist of two distinct belts: the Karagwe-Ankole
Belt and the Kibara Belt, located respectively N and S of the NW-SE
trending Palaeoproterozoic basement extension. Both belts are the
result of a long-lived intracratonic shallow basin history within
a proto-Congo Craton with intermittent periods of depositional
activity (interruption of deposition, erosion) and magmatism (e.g.
1375 Ma emplacement under extensional regime of coeval bimodal
magmatism). Deformation occurred only twice by short-lived com-
pressional deformation reflecting far-field effects of global orogenic
events external to the proto-Congo Craton during Rodinia and
Gondwana amalgamation.

Over the years, the term “Kibaran” became often mistakenly
used in literature as synonym for “Mesoproterozoic” (1.6-1.0 Ga)
and/or to denote Mesoproterozoic orogenic events in Africa. Other
geologists restricted its use to the 1.0 Ga “global” collisional oro-
genic event at the edge of the Congo Craton, leading to Rodinia
amalgamation, even if the (way of) participation of the African cra-
tonic blocks in this process is still a matter of debate. Anyhow,
“Kibaran” became synonymous to “Grenville” (= “Grenville-aged”)
confusing African versus American geologists.

We propose that in future the use of the ambiguous term
“Kibaran” - systematically in association with the term “event”
- should be restricted to refer only to the c. 1375 Ma prominent
tectono-magmatic event, which is unrelated to an orogenic event
but includes intracratonic (i.e. intraplate) emplacement of abun-
dant coeval bimodal magmatism under extensional regime (Tack
et al, 2010).

Similarly, we redefined in this paper the Karagwe-Ankole Belt
and the Kibara Belt - written as proper name and not as adjec-
tive - and propose to use these names in a purely descriptive and
geographic sense without any geochronological or orogenetic con-
notation.

In any case, the term “Kibaran” should be rejected for the
ca. 1.0Ga collisional processes at plate edges (including the
related collisional granitic magmatism), at the origin of Rodinia
amalgamation. Whether the term “Grenville-aged” is appropri-
ate for (central) Africa by opposition to already previously used

African terms like (Southern) Irumide, Natal, Namaqua, is open for
debate.
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Appendix A. SHRIMP analytical procedures

Single-zircon U-Pb SHRIMP measurements were carried out by
Cutten and De Waele. The complete analytical procedures are sum-
marised in Tack et al. (2010). Individual zircons were separated
from the samples, mounted and polished mid-section, together
with the CZ3 zircon standard. Each mount was gold-coated and
imaged to reveal size, colour, morphology, and internal zoning
of the zircon grains, using a binocular microscope and a scan-
ning electron microscope with a cathode-luminescence detector.
The zircons were analysed on the sensitive high mass resolu-
tion ion microprobe (SHRIMP II) of the Perth Consortium. U-Pb
SHRIMP methodologies followed Nelson (2001) and data reduc-
tion followed Claoué-Long et al. (1995), using software by Ludwig
(2001a,b) and Sircombe (2004). Corrections for common Pb were
based on measured 204Pb with the composition of common Pb
chosen after Stacey and Kramers (1975) appropriate to the uncor-
rected 207 Pb/296Pb age of each zircon. For detrital zircon, only data
within 10% of concordia were used. Because all analysed zircons
were older than 1.4 Ga, and because only concordant data are used,
204ph corrected 207Pb/296Pb ages are reported throughout. In case
of the tuff, only clear, euhedral, uncracked and well-zoned non-
complex zircons were analysed and yielded a concordant group
from which a concordia age was calculated (Ludwig, 1998). Zircons
from the quartzites were analysed indiscriminately to avoid biasing
the result. All ages are reported at 95% confidence level.
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