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ABSTRACT

In previous literature, the “Kibara belt” has often been portrayed as a Mesoproterozoic belt
trending NE over 1300 km across the Central African Congo craton, from the Angola-
Zambia-D.R.Congo border triple-junction in the SW, through Katanga and Kivu-Maniema
(DRC), Rwanda and Burundi, up to SW Uganda and NW Tanzania in the NE. However,
north of Katanga in the DRC, there is a clear break in continuity of the thus-defined “Kibara
belt”, cross-cut by Palaeoproterozoic (Rusizian) terranes, in structural continuity with the

NW-SE trending Ubende shear belt further south in Tanzania.
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In this paper, we redefine the use of the term “Kibara belt” (“KIB”), restricting it
henceforward to the belt occurring SW of the Ubende-Rusizian terranes, i.e. in the Kibara
Mountains type area of Katanga (DRC). The other belt situated NE of the Ubende-Rusizian
terranes and east of the Western Rift, previously referred to as the “Northeastern Kibaran
Belt” (NKB), is henceforward and for clarity reasons re-named ‘“Karagwe-Ankole belt”
(“KAB”). In our re-definitions, we do not take into account the Kivu-Maniema (DRC),
because of its geological complexity apparent from satellite imagery and the lack of recent

field data, although “some continuity” of the KAB in Kivu-Maniema is obvious.

For the KAB, we document 10 new SHRIMP U-Pb zircon ages, in addition to new “Ar/*°Ar
and laser-ablation zircon Hf data, all of them obtained from previously already isotopically
“dated” rock specimens. Contrary to previous belief, magmatism in the KAB (and the KIB) is
punctuated by the profuse emplacement of bimodal intrusions between 1380 and 1370 Ma.
Moreover, the occurrence of Palaeoproterozoic basement within the KAB is confirmed. The
prominent c. 1375 Ma bimodal magmatism in the KAB consists of 1) the 350 km long
Kabanga-Musongati (KM) alignment of mafic and ultramafic, Bushveld-type, layered
complexes, originating from an enriched lithospheric mantle source and 2) voluminous S-
type granitoid rocks with accompanying subordinate mafic intrusive rocks. Both coeval
magmatic suites are interpreted to have been emplaced under extensional regime in a
regional-scale intra-cratonic setting. During ascent the mantle-derived magmas have taken
advantage of the regionally occurring crustal-scale zone of weakness in the KAB, i.e. the
rheological boundary between the Archaean craton of Tanzania, to the east, and the adjacent
Palaeoproterozoic basement (2.1 Ga mobile belt), to the west, both overlain by
Mesoproterozoic  (meta)sedimentary rocks. The mantle-derived magmas initiated
concomittantly and under extension, large-scale crustal melting preferentially of the

Palaeoproterozoic basement, and characterized by the absence of a thick lithospheric profile
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in contrast to the nearby Archaean craton. Such petrogenetic processes have intra-plate
characteristics and are thus not associated with normal plate boundary processes nor with
their typical magmatism. On the contrary, they may include rift-related packages,
characteristically associated with successful or attempted, though unsuccessful, continental

break-up as was the case here.

In the KAB, later magmatic events occurred respectively at c. 1205 (A-type granitoids) and c.

986 Ma (“tin-granites”). They represent minor additions to the crust.

For decades the term “Kibaran” has been used to name the orogenic cycle and/or orogeny
occurring in (Central) Africa in “late” Mesoproterozoic times (1.4-1.0 Ga), which was
considered to have a protracted character. Here, we propose to restrict henceforward the term
“Kibaran” only to the prominent tectono-magmatic “event”, giving rise to the coeval c. 1375
Ma bimodal magmatism emplaced under extensional regime. This “Kibaran event” pre-dates
compressional deformation, reflecting far-field effects of global orogenic events, external to

the craton and possibly related to Rodinia amalgamation.

KEYWORDS: Karagwe-Ankole belt (KAB), Kibara belt (KIB), Mesoproterozoic, coeval

bimodal magmatism, 1375 Ma Kibaran event, Central Africa

INTRODUCTION AND NEW (RE)DEFINITIONS

The “Kibara belt” (or “Kibaran belt”) of Central Africa is defined in existing literature as a
belt of Mesoproterozoic supracrustal units, mostly metasedimentary rocks and minor
metavolcanic rocks, intruded by voluminous S-type granitoid massifs and subordinate mafic

bodies, also of Mesoproterozoic age (Cahen et al., 1984 and references therein). It has often
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86  been portrayed as a single, continuous orogenic belt that trends NE over some 1300 km from
g7  the Katanga region in the Democratic Republic of Congo (DRC) up to the Ankole region in
88  SW Uganda (Fig. 1a, see box after Brinckmann et al., 2001; see also e.g. Kokonyangi et al.,

89  2006; Buchwaldt et al., 2008).

90  However, from satellite imagery and derived products (e.g. Landsat, SRTM DEM ), it is
91  evident that there is a break in continuity of the thus-defined “Kibara belt”. Indeed, the latter
92 is “cross-cut” by the NW-trending Palaeoproterozoic Ubende belt of SW Tanzania extending
93  along trend across Lake Tanganyika into the Kivu-Maniema region of the DRC (Fig. 1b).
94  There it has been mapped as Palacoproterozoic “Rusizian” basement (e.g. Cahen and
95  Snelling, 1966; Lepersonne, 1974; Lavreau, 1985; Fig. 1a). In the last fifty years, only
96 limited fieldwork has been conducted in this structurally complex DRC region (Walemba,
97  2001; Rumvegeri et al., 2004; Villeneuve and Guyonnet-Benaize, 2006 and references

98  therein).

99  The apparent paradox of Palaeoproterozoic “Ubende-Rusizian terranes” cross-cutting the
100  Mesoproterozoic “Kibara belt” results from repeated crustal-scale structural reactivation
101 along the Ubende-Rusizian terranes (Klerkx et al., 1998 and references therein). Indeed, the
102 Ubende belt itself consists of 2100-2025 Ma high-grade protolith (Theunissen et al., 1996),
103 exhumed under amphibolite-facies conditions in the 1950-1850 Ma time interval (Boven et

104  al., 1999).

105  Previous attempts at reconstructing the orogenic history of the “Kibara belt” relied mostly on
106  Rb-Sr and K-Ar whole-rock and mineral ages, and only a few bulk zircon ages (Cahen et al.,
107 1984; Pohl, 1994). Klerkx et al. (1984, 1987) envisaged a protracted, intra-cratonic orogeny
108  with successive extensional and compressional phases, characterised by the intrusion of
109  pulses of S-type granitoid magma between c¢. 1330 and 1180 Ma (whole-rock Rb-Sr dating).

110  The same multi-phase time frame was adopted by Kampunzu et al. (1986), Rumvegeri (1991)
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111 and Rumvegeri et al. (2004), who viewed the “Kibaran orogeny” in a subduction-collision
112 setting. Tack et al. (1994) proposed a model that involved delamination of continental
113 lithospheric mantle and late-orogenic extensional collapse, based on petrological studies of
114  A-type granitoids and of mafic and ultramafic rocks, including two bulk zircon ages.
115  Fernandez-Alonso and Theunissen (1998) advocated an intra-cratonic extensional detachment
116  model, conditioned by strike-slip reactivation (Theunissen, 1988, 1989) of NW-trending
117 shear zones in Palaeoproterozoic basement, timed according to the multi-phase framework of

118 Klerkx et al. (1984, 1987).

119  The world-scale Central African Sn-Nb-Ta-W and Au metallogenic province, which was
120  formed by the c. 970 Ma emplacement of Sn-bearing granites and associated mineralisation
121 hosted in pegmatites and/or quartz veins (Cahen et al., 1984; Ikingura et al., 1992; Pohl,
122 1994; Romer and Lehmann, 1995; Dewaele et al., 2007a, b, 2008) coincides with portions of

123  the “Kibara belt”.

124 There is proficient confusion in literature with the descriptive term “Kibara belt” and what it
125  stands for. “Synonyms” like Kibaran belt, Kibara belt sensu lato, Kibara belt sensu stricto and
126 Northeastern Kibaran Belt (NKB) have been used depending upon the fact that authors took

127 into account or not the hereabove explained cross-cutting relationships in the “Kibara belt”.

128  For the sake of clarity, we will use henceforward the name “Kibara belt” (“KIB”) only for
129  the part occurring SW of the Ubende belt - Rusizian basement extension, i.e. in the Katanga
130  region of the DRC, which includes the Kibara Mountains type area (Fig. 1a). For the part to
131 the NE of this extension, and east of the Western Rift - in line with our contention that this
132 part is distinct from the KIB as just redefined hereabove - we adopt on the basis of
133 nomenclature precedence the name “Karagwe-Ankole belt” (“KAB”) (Fig. 1a). This name
134  has been used historically to designate the Mesoproterozoic belt in respectively the Karagwe

135 (NW Tanzania) and Ankole (SW Uganda) regions (see Cahen et al., 1984, and references
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136 therein). The KAB corresponds to the NKB as defined by Tack et al. (1994). In view of the
137 lack of recent field data and the stratigraphic and structural complexity that is apparent from
138 satellite imagery, the Kivu-Maniema (DRC) region, north of the Ubende belt — Rusizian
139 basement extension and west of the Western Rift, is left undefined for now although “some

140  continuity” of the KAB in Kivu-Maniema is obvious but not a topic of the present article.

141 Following the above reformulated definitions, the terms “Kibara belt” (KIB) and “Karagwe-
142 Ankole belt” (KAB) — written as proper name and not as adjective — will be used

143 henceforward in a purely descriptive and geographic sense (Fig. 1a).

144 In this paper, we present new Sensitive High Resolution lon Microprobe (SHRIMP) U-Pb
145 zircon ages, “°Ar/*Ar and laser-ablation zircon Hf data for the KAB, which shed new light

146 on the evolution of the latter during the Meso-Neoproterozoic.

147 A companion-paper (Fernandez-Alonso et al., in prep.) is devoted to new data pertaining to
148 the evolution of the sedimentary basin of the KAB, including the GIS-based geological
149  compilation map with revised, belt-wide lithostratigraphy (see also Fernandez-Alonso, 2007)
150  and provenance analysis data obtained from SHRIMP on detrital zircons. The paper also
151 reviews the Proterozoic intra-cratonic history under extensional and/or compressional
152 regimes of both the KAB and the KIB (Fig. 2), and summarises the differences between both

153  belts.

154
155 STRUCTURAL DOMAINS OF THE KARAGWE-ANKOLE BELT (KAB)

156

157 Tack et al. (1994) defined an alignment of mafic and ultramafic layered igneous complexes
158 and smaller bodies of A-type granitoid rocks, preferentially emplaced in a 10 to 35 km-wide
159  “boundary zone” (Fig. 3), between two structurally contrasting domains in the KAB: a

160  Western Domain (WD) and an Eastern Domain (ED).
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161 The WD is composed of deformed, greenschist- to amphibolite-facies Mesoproterozoic
162  metasedimentary rocks and subordinate, inter-layered metavolcanic units, intruded by
163  numerous, extensive massifs of S-type granitoid rocks and subordinate mafic rocks (Fig. 3).
164  In W Rwanda, preliminary data suggest that the WD is underlain by a crystalline basement of
165  Palaeoproterozoic age (Cahen et al., 1984). Contacts between the S-type granitoid rocks and
166  the metasedimentary rocks or crystalline basement are intrusive or tectonic with no reported

167  unconformity.

168 The ED is characterised by the fading away towards the east of both deformation and
169  metamorphism (Tack et al., 1994). Starting with a basal conglomerate, the ED
170 unconformably overlies Archaean gneissic basement of the Tanzania craton or the
171 Palaeoproterozoic Ruwenzori fold belt, the latter including the Buganda-Toro Supergroup
172 (Cahen et al., 1984; Master et al., 2008; Fig. 2). In contrast to the WD, the ED is devoid of S-

173 type granitoid rocks and of Sn-Nb-Ta-W and Au mineralisation.

174  The arc-shaped “boundary zone” between WD and ED, outlined by the 350 km-long
175 alignment of the Kabanga-Musongati (KM) mafic and ultramafic layered complexes
176  (Deblond, 1994; Tack et al., 1994; Figs. 3 and 4), marks the contact between two
177 rheologically contrasting basement domains of the KAB: (1) lithosphere of the
178 Palaeoproterozoic Ubende - Rusizian terranes, underlying the WD, and (2) Archaean

179  lithosphere of the Tanzania craton, overlain unconformably by the ED sediments.

180

181 GEOLOGICAL FRAMEWORK OF THE KARAGWE-ANKOLE BELT (KAB)
182

183  Palaeoproterozoic basement
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184  In the WD of Rwanda, Fernandez-Alonso and Theunissen (1998) were able to discriminate
185  granitoid rocks, interpreted as younger intrusions, from granitic gneisses and migmatites
186  considered as older basement rocks. Earlier studies, based on reconnaissance
187 geochronological data or on structural and/or metamorphic characteristics observed during
188  field mapping, had already repeatedly invoked the presence of Rusizian basement in W
189  Rwanda, e. g. near the town of Butare (Figs. 3 and 4; Cahen et al., 1984, and references

190  therein; Lavreau, 1985; Baudet et al., 1988; Theunissen et al., 1991).
191
192 S-type granitoid rocks

193 A large volume of two-mica granites occurs in both the KAB and KIB (Cahen et al., 1984
194  and references therein). Past studies of these rocks — by various authors in various countries
195  using various methodologies (K-Ar, Rb-Sr, bulk-zircon U-Pb) — have led to confusing and/or

196  contradictory classifications in the corresponding literature (Table 1).

197 In the KAB, S-type granitoid rocks occur only in the WD (Tack et al., 1994). Most past
198  attempts at dating them used the Rb-Sr geochronometer (Burundi: Klerkx et al., 1984, 1987 —
199  Rwanda: Gérards and Ledent, 1970; Lavreau and Liégeois, 1982 — NW Tanzania: Ikingura et
200 al., 1990). Only Cahen et al. (1984) reported preliminary bulk-zircon U-Pb ages for

201  granitoids in Rwanda and Burundi (Table 1).

202 In Burundi, Klerkx et al. (1984, 1987) linked structural observations of the granitoid rocks to
203  their Rb-Sr ages, interpreted to reflect magma emplacement. A “Kibaran orogeny” was thus
204  envisaged to comprise successive extensional and compressional phases, each characterised
205 by the intrusion of syn-deformational S-type granitoids, spaced in time at c. 1330 Ma (granite
206  ‘Grl’; type-massif: Rumeza; extensional, early-orogenic, pre-D1; Fig. 5, point 2), c¢. 1260 Ma

207 (granite ‘Gr2’; type-massif: Mugere; extensional, syn-orogenic, syn-D;; Fig. 5, point 3), and
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208 €. 1180 Ma (granite ‘Gr3’; type-massif: Kiganda; compressional, syn-orogenic, syn-D,; Fig.
209 5, point 5). According to these authors, the protracted extensional phase D; was marked by
210  bimodal magmatism, as indicated by the presence of gabbros in association with the Grl-3

211 granitoid rocks.

212 The petrology of the Grl, Gr2 and Gr3 granitoid-types points to emplacement at shallow
213 depths of 5-10 km (Fernandez-Alonso, 1985; Fernandez-Alonso et al., 1986; Fernandez-
214  Alonso and Theunissen, 1998). Mineralogy and whole-rock geochemistry indicate limited
215 modal or geochemical compositional variations: syeno-monzogranites predominate with
216 minor granodiorite and quartz-diorite. Characteristic minerals are quartz, microcline,
217 plagioclase, muscovite and biotite in variable amounts. Accessory minerals include apatite,
218  zircon, and sporadic rutile, garnet, tourmaline and opaques. The rocks have a calc-alkalic to
219  slightly alkalic character and a large spread of Mg/(Mg+Fe) ratios. They are peraluminous
220  with generally high quartz-content, and correspond to a radiometric high-K group
221 (Fernandez-Alonso and Theunissen, 1998). Trace element geochemistry and Sr-isotopes
222 point to a high degree of crustal contamination. Overall low REE-contents indicate only a
223 limited differentiation trend. Based on the near-identical petrological characteristics, similar
224  parental magmas are suggested, reflecting partial melting of a variably proportioned mixture
225 of supracrustal metasedimentary rocks and crystalline basement rocks of presumably

226  Palaeoproterozoic age.

227 The S-type granitoid rocks are systematically associated with or enclose subordinate mafic
228 intrusive rocks. The petrological characteristics of the latter have received only limited
229  attention in the past (Ntungicimpaye, 1984; Tack et al., 1984; Ntungicimpaye and Kampunzu,
230 1987, and references therein; Nzojibwami, 1987; Nahimana, 1988). They mostly form rather
231 small bodies and pods in the granitoid rocks. The rocks are mainly coarse-grained,

232 amphibole-bearing dolerite or gabbro. Clinopyroxene has been preserved in some gabbros
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233 that show MORB affinities (Nzojibwami, 1987). Nahimana and Tack (unpublished data)
234 confirm the common occurrence of clinopyroxene-gabbros in part of the Grl Rumeza granite

235  massif.

236 The S-type granitoids of the WD form extensive sill-like bodies, elongate massifs and/or
237 domes. They are typically porphyritic and exhibit flow textures and parallel arrangements of
238 feldspar phenocrysts that are interpreted as primary magmatic fabrics. Observed contacts with

239  metasedimentary host rocks are either intrusive or mylonitized.

240  In Central and SW Burundi, the S-type granitoid bodies are sliced up by late N-S trending, E-

241  verging, steep inverse fault zones.
242
243 Mafic and ultramafic magmatism

244 Rumvegeri (1991) and Rumvegeri et al. (2004) interpreted the “KM alignment” as remnants
245  of an oceanic suture within the Wilson cycle-model, proposed by Kampunzu et al. (1986).
246 However, work carried out in the framework of the UNDP mineral exploration programmes
247 in Burundi (1970s and later), the Kabanga Nickel Project in Tanzania (Gosse, 1992; Evans et
248 al., 1999, 2000) and PhD research in Burundi (Deblond, 1993, 1994; Tack et al., 1994;
249  Deblond and Tack, 1999; Duchesne et al., 2004) has demonstrated unequivocally that the
250  mafic-ultramafic intrusions of the KM alignment (Fig. 3) are Bushveld-type layered igneous
251 complexes. They display cumulate fabrics, magmatic layering and differentiation, mantle—
252 derived magma types, Ni-V-Ti-Fe-PGE-mineralisation and contact metamorphism aureoles
253 in host rocks. Airborne geophysics confirm that the KM layered complexes are in continuity
254  to the NE with a set of structurally higher emplaced mafic sills, including those located (1)
255  north of the Kabanga massif (Evans et al., 2000) and (2) in the Bukoba Group (Fernandez-

256 Alonso, 2007; Fernandez-Alonso et al., in prep.) of the ED (Figs. 3 and 4). The KM intrusive

10
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257 bodies have been emplaced under extensional regime in flat-lying sedimentary rocks in an
258  intra-cratonic basin (Evans et al., 2000). Intrusive contacts with the metasedimentary host

259 rocks show contact metamorphic aureoles.

260  The geochemical characteristics of the KM complexes are those of tholeiitic E-type MORB
261 magmas with local crustal assimilation and tectonic setting affinities of Continental Flood
262  Basalts (CFB). Two types of parental magma influxes have been invoked to form the various
263  bodies of the KM alignment: a picritic batch and a more evolved batch, geochemically
264  broadly similar in composition to the magma of the Bushveld Main Zone, both batches being
265  derived from an enriched lithospheric mantle source (Duchesne et al., 2004). Bulk zircon U-
266  Pb data for the Mutanga amphibole-norite of the Musongati massif (Fig. 5, point 8) returned

267  an intercept age of 1275 + 11 Ma (Tack et al., 1994).

268 In Central and SW Burundi, the KM intrusions are locally dissected by an imbricate structure

269  of N-Strending, E-verging, steep inverse fault zones.
270
271 A-type granitoid rocks

272 In Burundi, granitoid rocks with alkaline affinities occur as a short N-S alignment of three
273 small elongate massifs, referred to as the Gitega-Makebuko-Bukirasazi or “GMB alignment”
274 (Tack et al., 1994; Fernandez-Alonso, 2007; Fig. 4; Fig. 5, point 10). The A-type granitoid
275 massifs include subordinate syenites and mafic rocks, which define a geochemical
276  differentiation trend with the granites. Parental magmas have depleted asthenospheric mantle
277 signature (Duchesne et al., 2004). A bulk U-Pb zircon age of 1249 + 8 Ma was obtained by
278  Tack et al. (1994) for the Bukirasazi granite (Fig. 5, point 10), significantly older than the
279 whole-rock Rb-Sr ages (see Table 1) of 1137 £ 39 Ma (Tack et al., 1990) and 1125 + 25 Ma

280  (Klerkx et al., 1987). The latter had been used by Klerkx et al. (1987) and Theunissen (1988,

11
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281 1989) to constrain a phase of “late-Kibaran transpression”, in which the A-type granitoid

282  rocks represent syn-deformational (syn-Dy-) “Gr4” granites.

283  Contacts with the metasedimentary host rocks are either tectonic or intrusive. Where
284 intrusive, locally developed contact metamorphic aureoles can be observed. Like the KM
285 intrusions, the GMB rocks are affected by an imbricate structure of N-S trending, E-verging

286  steep inverse fault zones.
287
288  Neoproterozoic magmatism and mineralisation

289  Several episodes of magmatism and/or mineralisation indicate repeated, localised reactivation
290  of earlier structures within the KAB during the Neoproterozoic (Tack et al., 2002b; 2006).
201 The origin and emplacement of the Neoproterozoic “tin granites” and related
292 mineralisation(s), referred to as “post-Kibaran by Cahen et al. (1984) and Pohl (1994), are
293 poorly constrained. Renewed research is devoted to metallogeny and timing of emplacement
294  of the mineralisation event(s) of this economically important metallogenic province (Dewaele

295  etal., 2007a, b, 2008; Kokonyangi et al., 2008).

296
297 NEW GEOCHRONOLOGICAL DATA OF THE KARAGWE-ANKOLE BELT (KAB)
298

299  We present ion microprobe SHRIMP U-Pb zircon ages for ten different rocks, all of which
300 have previously been isotopically dated by either Rb-Sr or bulk zircon U-Pb methods (Tables
301 1 and 2). All mean ages in the text are quoted with 95% confidence intervals. Analytical
302  procedures are detailed in Appendix 1. Zircon characteristics and data are listed respectively
303 in Tables 3 and 4. We also present “°Ar/**Ar data on primary hornblende for two samples of

304 KM layered intrusions (Musongati and Rutovu massifs). Analytical data for the

12
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305  samples/splits are given in Appendix 2 and individual results are listed in Table 5. Finally,
306 laser-ablation zircon Hf data of five samples (respectively, 1 Palaeoproterozoic basement, 3
307  S-type granitoid rocks and 1 “tin” granite) are given. Analytical procedures are described in
308  Appendix 3 and data are listed in Table 6. The locations of all analysed samples are shown in
309  Fig. 5. Moreover, their “RG”-numbers of storage in the RMCA (Tervuren, Belgium)
310  reference collections with accompanying field archives are given in Table 2.

311

312  Palaeoproterozoic basement

313
314  Orthogneiss of the Butare area, SW Rwanda (sample Kil6)

315  Sixteen analyses were conducted during a single session: they include 6 analyses of high-U
316  rims and 10 analyses of zoned zircon (with and without rims; details in Tables 3 and 4). Nine
317 analyses of zoned zircons are concordant to slightly discordant (< 5%) and indicate slightly
318 dispersed “°’Pb/*®®Pb ages around 1980 Ma (Fig. 6a). The highly discordant position of one
319  analysis (5¢) is consistent with substantial recent Pb loss. Four 2°’Ph/*®®Pb ratios (3, 4, 6 and
320  10) agree to within analytical precision and yield a weighted mean age of 1982 + 6 Ma
321 (MSWD = 0.82). Analyses of high-U zircon rims are near-concordant to moderately
322 discordant and indicate a wide range of ’Pb/*®Pb ages, from 1929 to 997 Ma, consistent
323 with variable amounts of Pb loss. The zoned zircons probably formed during igneous
324  crystallisation of the orthogneiss protolith at about 1982 Ma. The zircon rims could be late
325  magmatic in origin, or conceivably formed during a post-magmatic (but no younger than
326 1929 Ma) metamorphic event. The rims subsequently underwent at least one episode of
327  radiogenic Pb loss, possibly during the Mesoproterozoic, probably facilitated by radiation

328  damage due to their high U-contents.

329

13
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330  S-type granitoid magmatism

331

332  Granite ‘Grl’ of the Rumeza massif, Burundi (sample 63.865)

333

334  Seventeen analyses were conducted of 17 zircons (Table 3). The data range from concordant
335  (two analyses) to strongly discordant (Fig. 6b). A strong inverse correlation (R = 0.91)
336 between 2°°Ph/*®U age and *®U concentration indicates that the discordance is due to loss of
337 radiogenic Pb. Excluding the two high-common-Pb analyses (#7, 10), the data are a good fit
338 to a discordia and define an upper intercept age of 1383 = 17 Ma, regarded as the
339  crystallisation age of this Grl granite.

340

341  Granite ‘Gr2’ of the Mugere massif, Burundi (sample Ki6684)

342

343 Twenty-four analyses were conducted of 24 crystals (Table 3). Although most analyses lie
344  close to concordia (Fig. 6¢), several are slightly normally discordant, and nine are strongly
345  discordant. Regression of the data (excluding the most discordant analysis, #7) yields a
346 discordia (MSWD = 0.9) with intercepts at 1382 + 10 Ma and 321 + 40 Ma. Because it is
347 likely that these zircons have experienced some recent as well as ancient Pb loss, our
348  preferred estimate of age is based on 12 analyses less than 5% discordant, which yield a

349 weighted mean ’Pb/°°Pb age of 1379 + 10 Ma (MSWD = 0.73).
350
351 Migmatitic paragneiss of the Mugere complex, Burundi (sample Ki21)

352
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353  Twelve analyses of 12 zircons were conducted during a single session (Table 3). Slightly
354 discordant analyses for three zircons (#1, 7, 8) indicate *°’Pb/*®Pb ages of 1981, 2494, and
355 2439 Ma. These grains are interpreted as xenocrysts, and their °’Pb/?®®Pb ages as minimum
356  estimates of their crystallisation ages. The remaining nine data range from concordant to
357 strongly discordant (Fig. 6d). The degree of discordance varies with U and Th content,
358 implying that discordance is due to radiogenic Pb-loss, facilitated by radiation damage.
359  Analyses #6 and 12 are 47 and 65% discordant, highly enriched in U and Th, and also have
360  the highest corrections for common Pb. Discordia regressions, both including and excluding
361  analyses #6 and 12, yield lower intercepts within error of 0 Ma, indicating that Pb loss in
362  these zircons was ‘geologically recent’. Excluding the two highly discordant points (#6, 12),
363  seven analyses (inset, Fig. 6d), yield ?’Pb/*®Pb ratios that agree to within analytical
364  precision and yield a weighted mean age of 1380 + 12 Ma (MSWD = 1.43). We consider this

365  result to represent the time of zircon crystallization.

366

367 Granite ‘Gr3’ of the Kiganda massif, Burundi (sample Kil)
368

369  Nineteen analyses were conducted of 19 zircons (Table 3). Most crystals exhibit euhedral
370  concentric zoning and several contain anhedral to euhedral, homogeneous (unzoned) cores.
371 One core was sampled (described below). For all other analyses, cores were avoided.
372 Although the majority of analyses are concordant, the dispersion of several analyses around
373 the main group suggests that these zircons have experienced minor amounts of recent and/or
374  ancient loss of radiogenic Pb. Five analyses are excluded from calculation of the mean age
375 (Fig. 7a): three that are >5% normally discordant, one (#9) that has very high #*®U

376  concentration (3720 ppm) and is strongly reversely discordant, and one (#12) that yields a
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377 highly imprecise 2’Pb/*®Pb age of 1287 Ma. The weighted mean *°’Pb/**®Pb age of 1371 + 7
378  Ma (MSWD = 0.46) for the remaining 13 analyses is taken as the best estimate of the age of
379  the Gr3 zircons. A single analysis (#5) of a large homogeneous core yielded a slightly
380  normally discordant result with a “°’Pb/*°Pb age of c. 2600 Ma. The core is interpreted as a

381  Xenocryst.

382

383  Granite of the Muramba massif, Burundi (sample Kil4)
384

385  Nine analyses were conducted on 8 zircons during a single session (Table 3). Five analyses
386 form a concordant group (Fig. 7b) with a weighted mean 2°’Pb/*®Pb age of 1380 + 6 Ma
387  (MSWD = 0.87). The mean does not change when the two significantly discordant analyses
388  are included, consistent with these two zircons to have undergone geologically recent Pb loss.
389  The age of 1380 + 6 Ma is therefore taken as the best estimate for the crystallisation of zircon
390  in sample Kil4. The two remaining analyses (#1, 3) define near-concordant %’Pb/?°°Pb ages

391 of 1460 and 1525 Ma, and presumably represent xenocrysts.

392

393  Granite of the Kilimbi-Muzimu massif, Rwanda (sample Ki20)
394

395  Twelve analyses were conducted on 12 zircons, including two rims, during a single session
396  (Table 3). The data range from concordant to slightly discordant (Fig. 7c). A concordant
397  group of 5 analyses indicates a weighted mean 2*’Pb/*®Pb age of 1373 + 10 Ma (MSWD =
398  1.26). Three analyses (#2, 4, 9) are slightly younger at about 1325 Ma, and two others (#1, 6)
399  are about 7% discordant (#1 is also very imprecise). We consider the weighted mean age of

400 1373 = 10 Ma for the concordant group of five analyses to be the best estimate of the time of
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401 zircon crystallisation, and the five younger or more discordant results to represent zircons that
402 have undergone radiogenic Pb loss. Two rim analyses, #3 and 8, provided %’Pb/*®®Pb ages of
403 964 and 967 Ma, respectively. Their low Th/U of 0.03 is typical of metamorphic zircon, and
404  their mean age of 966 + 11 Ma is considered to be a reliable estimate for crystallisation of

405  zircon rims during a metamorphic event affecting the granite.

406

407  Mafic and ultramafic magmatism

408

409  Mutanga amphibole-norite of the Musongati massif, Burundi (sample DB1)
410

411 Forty-four analyses were conducted of 44 zircons during three analytical sessions (Table 3).
412 A similar pattern and degree of dispersion is apparent in the results from each session.
413 Although the majority are highly dispersed and both normally and reversely discordant, there
414  is a main group of concordant analyses at c. 1370 Ma (Fig. 7d). Apparent ages are correlated
415  inversely with U (and Th) concentration (Fig. 8a), indicating loss of radiogenic Pb. Low-U
416  analyses are mainly normally discordant, whereas high-U analyses tend to be reversely
417 discordant (Fig. 8b). The high dispersion is interpreted to result from the combined effects of
418  recent and/or ancient loss of radiogenic Pb in most zircons and enhanced sputtering of Pb
419  relative to U due to radiation-induced microstructural changes (metamictisation) in high-U
420  zircons (McLaren et al., 1994). The best estimate of the age of DB1 zircons is based on the
421 group of 14 analyses that have ?°’Pb/*®Ph ages >1350 Ma and are less than 5% discordant
422 (Fig. 7d). These data yield a weighted mean 2’Pb/*®Ph age of 1374 + 14 Ma (MSWD =

423 0.43), regarded as the crystallisation age of the amphibole-norite.
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424  Two splits of primary hornblende, separated from the same amphibole-norite sample DB1,
425 were analysed for their “’Ar/**Ar content (Table 5). The first split yielded a single release
426  total gas age of 1372 + 25.7 Ma, while the second split yielded a total gas age of 1380 + 3.2
427 Ma (Fig. 9a). The second split showed a well-defined plateau over the final 44% of the gas
428  with an apparent age of 1365 = 2.1 Ma (MSWD=0.75) and a slightly older integrated age of
429 1378 £ 5.2 Ma (MSWD=11.2). Because of the extremely high radiogenic yield of the release
430  steps, meaningful isochrons could not be generated. The Ca/K ratio in the hornblende is
431 shown in Fig. 9b. There is only minor alteration of the hornblende and the preferred age for

432 the Mutanga hornblende is taken as the plateau age of 1365 = 2.1 Ma.

433

434 Hornblende-granophyre of the Rutovu massif, Burundi (sample A114)
435

436 This hornblende-granophyre (Deblond, 1993, 1994) is a local differentiate of the Rutovu
437 massif. A total of 5 splits of primary hornblende were analyzed (Table 5). Plateau ages are
438  defined where the total amount of gas released over three or more steps with overlapping ages
439 is more than 40%. Total gas ages of the splits ranged from 1351 £ 3.7 Ma to 1398 + 3.0 Ma
440  (average 1366 Ma; Table 1; Fig. 10a-e). With the exception of split #3, the Ca/K ratios of the
441 hornblende was fairly constant (see Fig. 10f). Split 3 also showed the clearest evidence for
442  excess argon at high laser powers. Only two splits (Rutovu 1-88% and Rutovu-2-45%)
443  vyielded plateau ages of 1363 + 7.4 (MSWD = 4.68) and 1386 + 2.4 Ma (MSWD = 0.96; Fig.
444  10a-b). In cases where plateau criteria where not met, integrated ages were obtained over the
445  nearly flat portion of the release spectrum. Integrated ages for splits 1-5 are as follows:
446  Rutovu-1, 1363 = 7.4 Ma (MSWD = 4.68; Fig. 10a); Rutovu-2, 1373 + 4.7 Ma

447 (MSWD=7.26; Fig. 10b); Rutovu-3, 1360 £ 3.5 Ma (MSWD=3.28; Fig. 10c); Rutovu-4, 1372
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448  * 3.8 (MSWD=4.61; Fig. 10d) and Rutovu-5, 1350 + 5.6 Ma (MSWD=3.27; Fig. 10e). With
449  the exception of split #1, excess argon clearly was observed in all the release spectra to
450  varying degrees. Fig. 11a shows a frequency histogram for apparent ages when more than 1%
451 of the gas was released (cumulative **K). The mean age from all steps is 1357.9 + 19.5 Ma
452 (95% confidence). The most radiogenic release steps are shown in Fig. 11b and these range
453  from 1360.8 Ma (RUT-3) to 1386.2 Ma (RUT-2). The average of the most radiogenic steps is
454  1373.5 £ 9.6 Ma (1o). Because of the extremely high radiogenic yield of the release steps,
455  meaningful isochrons could not be generated. Fig. 12a-e shows plots of apparent age versus
456 >'Ca/*K ratios for each of the Rutovu splits. Split 3 shows the largest spread in ¥'Ca/*K
457  ratios suggesting some alteration of the grain (Fig. 12c). Although not shown, *3CI/*°Ar ratios
458 also indicate only small variability with the exception of split #3. The “°Ar/**Ar age of the
459  Rutovu hornblendes is estimated to lie between 1350.4 + 5.6 (integrated age from split #5)
460  and 1386 + 2.4 Ma (plateau age from split #2). We assign an age of 1368.2 + 17.8 Ma for the

461 Rutovu hornblendes.

462

463  A-type granitoid rocks

464

465  Granite ‘Gr4’ of the Bukirasazi massif, Burundi (sample LT7)
466

467  Fifteen analyses were conducted of 15 zircons (Table 3). Most data are within error of
468  concordia (Fig. 13a). Two analyses (#7, 11) are >5% normally discordant, indicating minor
469  recent Pb loss, and one (#4) is more than 5% reversely discordant. The remaining data yield

470 weighted mean %’Pb/?®®Pb and #**U/?*°Pb ages of 1205 + 19 Ma (MSWD = 0.47) and 1207 +
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471 11 Ma (MSWD = 1.02). The more precise 2**U/*®Pb result (1205 Ma) is our preferred

472 estimate for the age of crystallisation of this A-type granite.

473

474  Tin-granites

475

476 Granite ‘Gr5’ of the Kasika massif, Itombwe region, DRC (sample Ki22)
477

478 A total of eleven analyses were conducted on 11 zircons during a single session (Table 3).
479 Concentrically zoned and homogenous, medium CL domains were analysed. Seven analyses
480  form a near-concordant group (Fig. 13b) with a weighted mean %°’Pb/?®Pb age of 986 + 10
481 (MSWD = 1.40). Three zircons, #4, 8, and 9, which yielded near-concordant 2*’Pb/?®®Pb ages
482 of 1885, 2068, and 1312 Ma, respectively, are interpreted as xenocrysts. These three zircons
483  exhibit high Th/U ratios (0.73-1.13) relative to the other zircons (0.02-0.19). We regard the
484 2’Pb/*®Pb age of 986 + 10 Ma for the coherent, near-concordant group of seven analyses as

485  the best estimate for the crystallisation age in sample Ki22.
486

487  Laser-ablation zircon Hf data

488

489  For five of the SHRIMP-dated granitoid rocks we present laser-ablation zircon Hf data.
490  Analytical procedures are detailed in Appendix 3 and data listed in Table 6. The analysed
491 rocks include: 1) the Rusizian basement orthogneiss of the Butare area (sample Kil6); 2) two
492 ¢. 1375 Ma S-type granitoid rocks, the Muramba (Kil4) and the Kilimbi-Muzimu massifs

493 (Ki20); 3) the c. 1375 Ma migmatitic paragneiss of the Mugere complex (Ki21) and 4) the
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494  post-Kibaran, c. 986 Ma tin-granite of Kasika (Ki22). The data show clearly that the Rusizian
495  orthogneiss (Kil6) has a juvenile signature with en(T) ~ O, 1.e. similar in composition to the
496  Chondritic Uniform Reservoir (CHUR) (Fig. 14a). The Tpm model ages, however, indicate
497  average crustal residence times (calculated from depleted mantle values) of up to 2.4 Ga
498  (Table 6), indicating some participation of early-Palaeoproterozoic crust in the generation of
499  the Butare orthogneiss. The two c. 1375 Ma S-type granitoids (Kil4 and Ki20) and the
500 migmatitic paragneiss (Ki21) show a more ancient signature with eq¢(T) between -5 and -9.
500  These negative values suggest significant participation of older crustal material in the
502  generation of these granitoids, as would be expected from S-type granitoids which are,
503  essentially, derived from crustal melts. Tpm model ages are in the range 2.4-1.6 Ga,
504 indicating a significant average crustal residence time for these rocks. The data are consistent
505  with the derivation of the 1375 Ma suite of granitoid rocks largely through the re-melting of

506  the c. 2.0 Ga Rusizian basement in the region.

507  The c. 986 Ma tin-granite (Ki22) has a very variable, but always negative ey, indicating
508  derivation from the reworking of older crustal material, with highly variable participation of
509 juvenile melt. Tpm model ages are in the range 2.5-1.7 Ga, suggesting similar crustal
510  contaminants as in the 1375 Ma granitoid suite. Overall, the Hf-isotopic data support the
511 recurrent reworking (i.e. at c. 1375 Ma and c. 986 Ma) of the KAB’s Palacoproterozoic

512  basement, with only limited addition of juvenile, mantle-derived components.
513

514 DISCUSSION OF THE NEW RESULTS

515

516  Palaeoproterozoic basement

517
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518  The presence of Palaeoproterozoic basement in the WD of SW Rwanda is confirmed by the c.
519 1982 Ma magmatic crystallisation age of the Butare orthogneiss (sample Kil6). A c. 1929 Ma
520  late magmatic and/or metamorphic event in the same gneiss, evidenced by two high-U zircon
521 rim overgrowths, is in line with the timing of exhumation under amphibolite conditions of the
522 high grade metamorphic Ubende belt (Boven et al., 1999). Note that Gérards and Ledent
523 (1970) mention a bulk-zircon U-Pb age of 1940 + 30 Ma, obtained on two zircon fractions of

524  another orthogneiss sample from the Butare area (Nyamirama, sample RG 71.221).

525 Two zircon cores with slightly discordant “’Pb/°°Pb ages of 2494 and 2439 Ma were
526  identified in the migmatitic paragneiss of the Mugere complex (sample Ki21). They suggest
527 derivation from either detrital successions with early-Palaeoproterozoic components or

528  underlying early-Palaeoproterozoic basement.

529  One zircon core from ‘Gr3’ sample Kil gave an age of ¢. 2600 Ma. It is derived either from
530  underlying Archaean basement or from Palaeoproterozoic basement that includes reworked

531 detrital material derived from an Archaean source.
532

533  S-type granitoid magmatism

534

535  Our SHRIMP U-Pb data firmly constrain all of the analysed S-type granitoids (samples
536  63.865, Ki6684, Ki2l, Kil, Kil4, Ki20) in the WD of the KAB to a short time interval
537 around a weighted mean of c. 1376 £ 5 Ma, calculated from the six new ages. This
538 invalidates the concept of distinct melting batches and successive intrusions over a protracted
539  period of time, on which all the existing “Kibara belt” models were founded (see our

540  Introduction and the references therein).

541

22
Page 22 of 64



542 Mafic and ultramafic magmatism
543

544  The 1374 + 14 Ma SHRIMP age of the Mutanga amphibole-norite sample (DB1) raises
545  questions with respect to the earlier obtained 1275 Ma bulk-zircon U-Pb age (Tack et al.,
546 1994). However, the 1374 Ma validity as emplacement age is confirmed by the “°Ar/*°Ar
547 cooling ages (see paragraph herebelow) and by the 1403 + 14 Ma SHRIMP U-Pb age for the
548  Kabanga North mafic-ultramafic massif (Maier et al., 2007), which can be considered similar

549  within error limits.

550  Indeed, hornblende “°Ar/**Ar data from the same Mutanga sample and from the Rutovu
551 sample (A114) suggest these intrusions cooled below the blocking temperature for
552 hornblende at respectively c. 1365 Ma and 1368 Ma. Deblond et al. (2001) reported similar
553 “°Ar/°Ar ages for dolerite sills and dykes, emplaced into sedimentary rocks of the Bukoba
554  Group of the ED (Fernandez-Alonso, 2007; Fernandez-Alonso et al., in prep.; see Figs. 3, 4
555 and 5, and Table 2). A dolerite sill in the Kavumwe Formation (Burundi; Fig. 5, Table 2)
556  produced cooling ages of 1360 + 20 Ma (plagioclase) and 1340 £ 9 Ma (hornblende). A sill in
557 the Bukoba Sandstone Formation (Tanzania; Fig. 5, Table 2) returned hornblende plateau
558  ages of 1379 + 10 Ma and 1355 + 10 Ma. Incidentally, these data confirm earlier claims of a
559  Mesoproterozoic minimum age for the Bukoba Group sedimentary succession of the ED
560 (Tack et al., 1992; Tack, 1995). Moreover, they are in agreement with the proposed genetic
561 link (Fig. 4) between the KM mafic and ultramafic layered intrusions and the sills of gabbro
562  to gabbronorite composition to the E (NW Tanzania and E Burundi), which were emplaced at

563  a higher structural level (Evans et al., 2000; Tahon et al., 2004).
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564  Finally, palaeomagnetic data from samples of five massifs of the KM alignment (including
565  the dated Musongati and Rutovu massifs), as well as the dated sills of the Kavumwe

566  Formation (Figs. 4 and 5), indicate similar poles (Meert et al., 19944, b).

567 An unpublished average “°Ar/*°Ar plateau age of 1358 + 13 Ma was obtained on biotite from
568  the Kapalagulu (or Mibango) layered igneous complex (Theunissen et al., pers. comm., Fig.
569  2), which is located along the northern margin of the Ubende belt, less than 150 km south of
570  the KAB. This complex intrudes the Itiaso Group (Wadsworth et al., 1982), which is exposed
570 in a local basin (Klerkx et al., 1998). Maier et al. (2007) report a SHRIMP U-Pb zircon
572 crystallisation age for the Kapalagulu complex of 1392 + 26 Ma. Like the KM alignment in
573  the boundary zone between the WD and ED of the KAB, the Kapalagulu complex was
574  emplaced in a major crustal feature, marking the rheological boundary between two types of
575  lithosphere: the Palaeoproterozoic Ubende shear belt and the Archaean of the Tanzania
576  craton. Although not dated, similar petrology and mineralization documented for the
577  Kabulyanwele complex some 100 km SE of Kapalagulu along the Ubende trend, suggest a

578 similar structural setting (Fig. 2; Hester et al., 1991).

579 The new and existing SHRIMP U-Pb and “°Ar/**Ar data constrain the KM mafic and
580  ultramafic intrusive magmatism to the same c. 1375 Ma time frame as the S-type granitoid
581  magmatism and associated subordinate mafic bodies, emplaced in the WD of the KAB.
582  Together, both magmatic suites represent a prominent, coeval, bimodal magmatic event —
583  with clear compositional gap - taking place at c. 1375 Ma. Emplacement of the KM mantle-
584  derived magmatism (Fig. 4, see elliptical aeromagnetic-gravimetric thermal anomaly),
585  originated from an enriched source, possibly old subcontinental lithospheric mantle (Tack et
586  al., 1994; Duchesne et al., 2004). This requires opening of crustal-scale structural features,
587 i.e. an extensional regime. Hence it did not occur during a compressional event, for which
588  moreover there is no geological evidence at the time of emplacement. The extension
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589  mechanism itself is debatable but falls out of the scope of this paper: intra-lithosphere mantle
590 bulging and underplating versus externally imposed ascent of asthenospheric plume.
501  Anyway, we propose that underplating mantle melts, which supplied the KM magma
592  chambers, provided the heat, necessary to trigger lower crustal melting in the WD basement
593 and thus generate the coeval voluminous S-type granitoid melts (Henk et al., 1997). The
594  shallow emplacement depths of the latter at or near the basement/cover interface suggest the
595  absence of a thick lithospheric profile in the underlying Palaeoproterozoic basement, a

596  feature to be expected for this basement under extension.
597
598  A-type granitoid rocks

599  The 1205 £ 19 Ma SHRIMP U-Pb zircon age of the Bukirasazi sample (LT7) is interpreted to
600  represent the granitoid’s emplacement age. Like with the Mutanga amphibole-norite sample
601  (DB1), it raises questions about the earlier obtained 1249 Ma bulk-zircon age (Tack et al.,
602  1994). Note that a granite massif in NW Burundi (Cibitoke-Kaburantwa; “CK”) returned
603  contemporaneous bulk-zircon U-Pb ages of 1210 £ 3 Ma and 1212 + 2 Ma for respectively
604  coarse- and fine-grained facies (Brinckmann et al., 1994, 2001), demonstrating that c. 1205
605  Ma magmatism in the KAB was not restricted to the GMB alignment. The petrography and
606  mineralogy of the CK granite are very similar to those of the Bukirasazi rocks, for which a

607  deep-seated, depleted asthenospheric mantle-derived origin was proposed (Tack et al., 1994).

608  Meert et al. (1994a) reported *°Ar/**Ar age determinations for the Mukanda-Buhoro massif in
609 the KM-alignment (Fig. 4). Biotite plateau ages from 1220 + 2 Ma to 1226 + 4 Ma, or
610  integrated ages of 1212 + 4 Ma and 1214 + 3 Ma, were obtained on drill core samples of
611 mafic veinlets, cross-cutting the magmatic layering of the massif. Two phlogopite-calcite

612  pairs from the same samples had previously yielded a Rb-Sr date of 1236 + 70 Ma (Tack et
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613 al., 1990). Deblond (1995) contended that these veins are not late pegmatitic members of the
614  Mukanda-Buhoro massif, but are related to a set of lamprophyre dykes that display co-
615 magmatic affinities with the GMB A-type granitoids. He therefore proposed a genetic
616  relationship with the latter, a hypothesis which the close agreement of “’Ar/**Ar dates for the

617 mafic veinlets and the SHRIMP age for one of the GMB massifs appears to confirm.

618  While error limits on the earlier bulk-zircon U-Pb ages for the Mutanga and Bukirasazi
619  samples allowed the possibility of some type of genetic link between the KM and GMB
620 emplacement events (Tack et al., 1994), the SHRIMP data demonstrate unequivocally that

621 emplacement of the GMB magmas in fact post-dates that of the KM complexes by c. 170 Ma.
622

623  Tin-granites

624

625  In contrast to earlier ages, which dated tin mineralisation rather than the emplacement of a tin
626  granite body (Cahen et al., 1984; Pohl, 1994; Romer and Lehmann, 1995), we report a
627  crystallisation age of 986 + 10 Ma for the Kasika granite (Itombwe region, DRC). The
628 emplacement appears to have been followed closely by a regional metamorphic event, as
629  evidenced by the 966 + 11 Ma low Th/U rim overgrowths on zircon from the Kilimbi-
630  Muzimu S-type granite in Rwanda (sample Ki20). Unfortunately, no rims could be dated in
631  the Kasika granite itself. However, the occurrence of two xenocrysts of Palaeoproterozoic age
632  in the Kasika sample supports its derivation through partial melting of much older crustal
633  material, in line with the Hf data that suggest a variable, but significant crustal component in

634  the Kasika granite.
635

636 RECENT DATA FOR THE KIBARA BELT (KIB)
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637

638  The most recent field mapping and laboratory work in the Kibara belt (KIB) has been carried
639  out in the Mitwaba square degree sheet (SDS), which includes the Kibara Mountains type
640  area (Fig. la; Kokonyangi, 2001; Kokonyangi et al., 2001a, b, 2002, 20044, b, 2005, 2006).
641  The general setup is similar to the KAB with S-type granitoid rocks and minor associated
642  mafic rocks (metagabbro and amphibolite) intruding supracrustal metasedimentary rocks.
643 SHRIMP U-Pb zircon age determination on five samples of the Mitwaba granitoid rocks
644  show that they were emplaced over a short period of time around the mean of 1381 + 8 Ma
645  (Kokonyangi et al., 2004a). Geochemical data suggest that the granitoid rocks have almost
646  similar compositions, but were derived from different sources through similar petrogenetic
647  processes. TIMS U-Pb single zircon igneous crystallisation ages on two samples of mafic-
648  intermediate complexes associated with the granitoid rocks show that the former are coeval

649  (c. 1.39-1.38 Ga; errors not given) with the granitoid rocks (Kokonyangi et al., 2005).

650  One of the inherited zircon cores of the studied granitoid rocks returned a U-Pb age of 1929 +
651 21 Ma, alluding to the presence of Palaeoproterozoic basement, although inheritance from a

652  younger detrital source cannot be ruled out.

653  Three SHRIMP measurements on metamorphic zircon overgrowths gave an age of 1079 * 14
654  Ma, which has been interpreted as dating the main tectono-metamorphic event that shaped the
655  morpho-structural trend of the KIB (Kokonyangi et al., 2004a). If confirmed elsewhere in the
656  KIB, this would mean that compressional deformation (or at least one such event) post-dates
657  the coeval bimodal magmatic event by about 300 Ma, shifting this compressional event to the

658  time frame of the Southern Irumide collision (Johnson et al., 2006).

659  Tin and columbite-tantalite (coltan) mineralisation, such as reported in the KAB, also occurs

660 in the Mitwaba SDS.

27
Page 27 of 64



661
662 TECTONIC SETTING OF THE 1375 MA MAGMATIC EVENT
663

664  In the KAB voluminous emplacement of the coeval 1375 Ma bimodal magmatism has been
665  ascribed to extension. During ascent the mantle-derived magmas have taken advantage of the
666  regionally occurring zone of weakness in the lithosphere, i.e. the rheological boundary
667  between the Archaean craton of Tanzania, to the east, and the adjacent Palaeoproterozoic
668  basement (2.1 Ga mobile belt), to the west. Moreover, the mantle-derived magmas initiated
669  concomittantly large-scale, crustal melting preferentially of the Palaeoproterozoic basement
670  under extension and characterized by the absence of a thick lithospheric profile in contrast to
671  the nearby Archaean craton. Such petrogenetic processes have intra-plate characteristics and
672 are thus not associated with normal plate boundary processes nor with their typical
673  magmatism. On the contrary, they may include rift-related packages, characteristically
674  associated with successful or attempted, though unsuccessful, continental break-up as was the

675  case here.

676  Intra-plate characteristics of the KAB are further evidenced by the proven occurrence of
677  Palaeoproterozoic basement (this paper) as well as by the lack of remnant oceanic crust,

678  ophiolites or juvenile volcanic arc type magmatic rocks.

679  In the KIB, a continental margin arc setting has been suggested for the mafic-intermediate
680  igneous rocks of the Mitwaba SDS based on the geochemistry of these rocks (Kokonyangi et
681 al., 2004a, 2005; 2006), implying the subduction of oceanic lithosphere until c. 1.38 Ga.
682  However, this compressional model is hampered by the absence of ophiolite remnants and
683  deep marine deposits. On the contrary, the metasedimentary successions of the Mitwaba SDS

684  record shallow-water, terrigenous deposition, more in keeping with an intra-cratonic basin or
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685  shallow marine, proximal conditions. Geochemical characteristics of the Mitwaba S-type
686  granitoid rocks show strong similarities with highly peraluminous granitoid rocks of the
687  Hercynian and Lachlan Fold Belts, the latter being known to result from significant heating at

688  time of extension (Collins, 1996).

689  Felsic components of bimodal magmatism can display quite variable isotopic and trace
690  element characteristics, because such felsic magmas are derived from partial melting of lower
691  crust. Therefore, these magmas will inherit some of the geochemical characteristics of the
692  protolith (Bryan et al., 2002). Their parameters can therefore not be regarded as unique
693 identifiers of the setting and origin of the magmatism. Geochemical characteristics of S-type
694  granitoids, extracted from e.g. a protolith with strong juvenile patterns, will reflect first of all
695 their source(s) of derivation and the melting and crystallisation history of the protolith melts.
696  Thus, they cannot be used in a straightforward manner to assess the tectonic regime under

697  which the granitoid rocks were formed.

698  Finally, the S-type granitoids of both the KAB and the KIB show no temporal nor spatial
699  zonation. Hence no simple genetic relationship may be established between different

700  granitoid types and successive collisional geodynamic environments.

701 It must be observed that Kokonyangi’s extensive recent work in the KIB is in line with
702 Kampunzu et al. (1986), Rumvegeri (1991) and Rumvegeri et al. (2004), who viewed the
703  “Kibaran orogeny” in a subduction-collision setting, based essentially on geochemical
704  grounds. Kampunzu (2001) and Kokonyangi et al. (2007) even envisaged a continuous 3000-
705  km long “Kibaran orogenic system”, encompassing several Mesoproterozoic segments of a
706  belt, wrapped around the southern African Kaapvaal craton and throughout the Central
707 African Congo-Tanzania-Bangweulu cratonic blocks. Based on recent single-zircon

708  geochronological data, De Waele et al. (2003) indicated that a direct correlation between
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709  Mesoproterozoic terrains among both cratonic blocks appears unlikely (see also De Waele et

710  al., 2009 and references therein).

711 Finally, it is worth noting that — apart from the bimodal magmatic rocks in the KAB and the
712 KIB - another large coeval bimodal magmatic unit, i.e. the Cunene Anorthosite Complex of
713 SW Angola, was emplaced at the SW margin of the Congo craton at the same time (Mayer et
714 al., 2004; Druppel et al., 2007 and references therein). The Cunene Complex lies some 1200

715 km to the SW of the KIB and about 2100 km from the KAB.
716

717 THE NEED FOR REDEFINING THE TERM “KIBARAN”
718

719  For decades, the term “Kibaran” has been used to identify or describe the “orogenic cycle”
720 occurring in Central Africa in Mesoproterozoic times (1.4-1.0 Ga; Cahen et al., 1984 and
721 references therein). Based on radiometric ages of S-type granitoid magmatism and regional
722 geological data, this “Kibaran orogenic cycle” was considered to have a protracted character
723 with a “culmination from before 1370 Ma to 1310 Ma” (Cahen et al., 1984, page 194),
724  followed by late-Mesoproterozoic phases. The Neoproterozoic “tin granites” and related
725 mineralisation(s) of c. 970 Ma were referred to as “post-Kibaran” by Cahen et al. (1984) and

726 Pohl (1994).

727 The term “Kibaran” was subsequently exported to other parts of Africa to denote any
728  orogenic event, shown by radiometric dating to fall within the same prolonged time span.
729 Such chronostratigraphic (mis)use of the term has introduced a lot of semantic confusion and
730  debate among geoscientists working in Africa. In more recent times, the term has even
731 become linked to the global chain of c. 1.0 Ga collisional events (“Grenvillian”), leading to

732 the amalgamation of the Rodinia supercontinent (Tack et al., 1995, 2002a, 2002b, 2006,
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733 2008; Kampunzu, 2001; Kokonyangi et al., 2006; De Waele et al., 2006; McCourt et al.,

734 2006; Eglington, 2006; Becker et al., 2006; Hanson et al., 2006; Li et al., 2008).

735 The single-zircon U-Pb data, presented in this paper and in Kokonyangi et al. (2004a; 2005),
736 demonstrate that the coeval bimodal magmatism in both the KAB and the KIB took place in a

737 very short time span around 1375 Ma.

738 In view of the preceding, the hitherto-adopted concept of a “Kibaran” orogeny or orogenic
739 cycle, affecting the KAB and the KIB contemporaneously over a prolonged time span during
740  the second half of the Mesoproterozoic, can no longer be maintained. We therefore propose
741  to restrict the future use of the term “Kibaran” to the ¢. 1375 Ma “tectono-magmatic event”,
742 corresponding to the prominent emplacement of the bimodal magmatism under intra-cratonic

743 regional-scale extensional stress regime as described herein.

744  Based on the intra-cratonic (intra-plate) nature of the KAB and the KIB, it can be argued that
745  post- “Kibaran event” compressional deformation, including folding and thrusting within
746 both belts, must reflect far-field effects of global orogenic events, external to the craton.
747 Results in progress on this topic will be addressed in the forthcoming companion paper

748 (Fernandez-Alonso et al., 2009; in prep.).
749

750  CONCLUSIONS

751

752 The peculiar structural setting of the redefined (this paper) “Karagwe-Ankole belt” (KAB)
753  and of the “Kibara belt” (KIB), separated by Palaeoproterozoic terranes (Ubende belt —
754  Rusizian basement), is fundamental to the understanding of the geodynamic, magmatic and
755  mineralisation history of both redefined Mesoproterozoic belts. The new age data for the

756  KAB and the KIB completely modify the timing and duration of the “Kibaran orogeny”. In
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757 the light of new SHRIMP U-Pb zircon, “°Ar/**Ar and laser-ablation zircon Hf data, the multi-
758  phase Rb-Sr based time frame, on which previous geodynamic interpretations of both belts

759  had been based in the last decades, has to be discarded.

760  The c. 1982 Ma magmatic crystallisation age of the Butare orthogneiss protolith indicates
761  that, at least in SW Rwanda, Palaeoproterozoic basement is exposed within the WD of the
762  KAB. Moreover, the presence of xenocrystic components of Palaeoproterozoic age in later
763  felsic magmatic rocks supports the idea that most, if not all of the WD, and possibly of the

764  KIB is underlain by Palaeoproterozoic basement.

765  The c. 1375 Ma unequivocally dated coeval bimodal magmatic event in the KAB,
766  documented in the bulk of our paper, is indicative of intra-cratonic regional-scale
767 emplacement under extensional stress regime. During ascent the mantle-derived magmas
768  originating from an enriched lithospheric source have taken advantage of the regionally
769  occurring crustal-scale zone of weakness in the KAB, i.e. the rheological boundary between
770  the Archaean craton of Tanzania, to the east, and the adjacent Palaeoproterozoic basement

771 (2.1 Ga mobile belt), to the west, both overlain by Mesoproterozoic (meta)sedimentary rocks.

772 Moreover, the mantle-derived magmas initiated concomittantly large-scale, crustal melting
773 preferentially of the Palaeoproterozoic basement under extension and characterized by the

774 absence of a thick lithospheric profile in contrast to the nearby Archaean craton.

775 The short-lived but prominent c. 1375 Ma “tectono-magmatic event” has intraplate
776  characteristics, is rift-related and indicative of attempted, though unsuccessful continental
777 breakup in the case of both the KAB and the KIB. In future, the use of the term “Kibaran”
778 should be restricted only to this “tectono-magmatic event”. Following this “Kibaran event”,

779  A-type granitoid rocks have been emplaced very locally in the WD of the KAB at c. 1205
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780  Ma, followed by tin granites - one intruded at ¢. 986 Ma - which gave rise to the world-class

781 Sn-metallogenic province overprinting large areas of both the KAB and the KIB.

782 The range of magmatic suites reported for the KAB, together with recent data on granitoid
783 and mafic-intermediate rocks of the Mitwaba SQS in the KIB, make it unlikely that
784  significant magmatic suites have been overlooked. Remarkable similarities exist thus
785  between the two belts, especially for the timing of emplacement of 1) the S-type granitoid
786  rocks and associated subordinate mafic-intermediate igneous rocks (bimodal magmatism) and
787 2) the tin mineralisations. Note, however, that no mafic and ultramafic layered complexes,

788  nor A-type granitoid rocks have been identified up to now in the KIB.

789  Compressional deformation reflecting far-field effects of global orogenic events, external to
790  the craton, post-dates the c. 1375 Ma “Kibaran event” and is consistent with the proposed

791 time-frame for Rodinia amalgamation at c. 1.0 Ga.
792
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go7  FIGURE CAPTIONS

gog  Figure la: Sketch map of the two distinct “Karagwe-Ankole belt” (KAB) and the “Kibara
809  belt” (KIB), as redefined in this paper (modified after Cahen and Snelling, 1966 and
810  including various earlier names, see text). Note the general predominant NE-SW trend of
811 both belts, clearly interrupted by the NW-SE trending Ubende belt-Rusizian basement high;
g12  “Ki Mt”: Kibara Mountains type locality; “M” = Mitwaba town; Elisabethville = Lubumbashi
813  town; box cutting the KAB and KIB: region covered by Fig. 1b; box after Brinckmann et al.,
814  2001: general sketch map of the Kibaran belt, often — wrongly — represented as one single
815  and continuous belt (see also Cahen et al., 1984).

816

817  Figure 1b: Synthetic Aperture Radar (SAR) mosaic image of the box area in Fig. 1a showing
g18  the prominent structural and physiographic break in continuity between the KAB and the
819  KIB, marked by the Ubende belt-Rusizian basement.

820

821 Figure 2 (colour): Regional setting of the Karagwe-Ankole belt (KAB) in its Proterozoic and
g22  Archaean framework (in Fernandez-Alonso, 2007 after CGMW, 1986-1990; compare also
823  with Fig. 1a, box after Brinckmann et al., 2001); note the NW-SE trending Ubende belt-
824  Rusizian basement high marking the SW limit of the KAB and showing a break in continuity
825  between the KAB and the Kibara belt (KIB). The region in green, north of the Rusizian
826  basement (blue colour) and west of the Western Rift, is obtained from (successive) map
g27  compilations that lack new field data for more than fifty years. Its extent is probably (largely)
828  overestimated. In this paper (see text), it is left undefined for now, and its complex
829  relationship to the KAB is not a topic of the present article. Lakes are named after their
830 initial: A: Albert; E: Edward; V: Victoria; K: Kivu; T: Tanganyika; M: Mweru and B:
831 Bangweulu; Ka and Kab: respectively Kapalagulu and Kabulyanwele layered igneous
832  complexes; Ru. b.: Palaeoproterozoic Ruwenzori fold belt (see explanations in text).

833

834  Figure 3 (colour): Sketch map of the Karagwe-Ankole belt (KAB) and regional framework
835  (slightly modified after Tack et al., 1994; Fernandez-Alonso, 2007); note structural domains
836  within the KAB: WD (Western Domain) separated from the ED (Eastern Domain) by a
837  boundary zone, comprising the Kabanga-Musongati (KM) alignment of mafic and ultramafic
838 layered complexes; K: Kabanga massif; M: Musongati massif; B: Butare town.

839

840  Figure 4 (colour): Contrast-enhanced Total Magnetic Intensity (TMI) map of the Kabanga-
841  Musongati alignment (data from the aeromagnetic compilation by African Magnetic Mapping
842  Project). WD: Western Domain; BZ: Boundary Zone (as defined by TMI), overlapping
843  broadly with the “boundary zone” in Fig. 3 (see also Tack et al., 1994); ED: Eastern Domain;
844  But: Butare town (and exposed Palaeoproterozoic block);

845  Green: mafic/ultramafic layered complexes of the KM-alignment with names of the five
gas  complexes north of Kabanga (serial number: 1-5: after Evans et al. (2000): - 1: Burigi — 2:
847  Ruiza — 3: Kibamba — 4: Kanyautenge — 5: Luhuma — 6: Kabanga — 7: Mulemera — 8:
848  Nyabikere — 9: Waga — 10: Mukanda-Buhoro-Musongati — 11: Rutovu — 12: Nkoma “hidden”
849  body (not outcropping; further explanations of regional setting in Tack et al., 1992);
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850  Blue: region covered by gabbro-noritic sills intrusive in the Bukoba Group (Fernandez-
gs1  Alonso, 2007; Fernandez-Alonso et al., in prep); : B and K refer to the tabular siliciclastic
852  rocks of the Bukoba Group, respectively the former “Bukoba Sandstone”- and “Kavumwe”
853 lithostratigraphic units, now ranked as Formations (Fernandez-Alonso, 2007); “Ar/*°Ar
854  emplacement ages of sills are from Deblond et al. (2001); see also Table 2 and Fig. 5;

855  Reddish-Pink: region of elongated bodies of Gitega-Makebuko-Bukirasazi (GMB) A-type
856  granitoid rocks;

857 Dashed black line: Outline of elliptical aeromagnetic structure, coinciding with gravimetric
858  structure;

859  Brown reddish dots: enhancement of contact between BZ and WD, marking the indentor
860  palaeomorphology of the Archaean Tanzania craton (see also Figs. 3 and 5), with indentor
ge1  angle at northern tip of massif 9 (Waga); note that the gravimetric structure outlined by
ge2  dashed black line coincides with the indentor palaeomorphology;

863  Yellow: region covered by younger Kabuye-Gagwe (K-G) amygdaloidal basalts: c. 795 Ma
ge4  Continental Flood Basalts (CFB) of the Neoproterozoic Malagarazi-Nyamuri (formerly,
g8e5  Bukoba) Supergroup (further explanations of regional setting in Deblond et al., 2001);

ge6  Solid black lines: Faults.

867  Note that in the WD, the mafic rocks, which are omnipresent within the S-type granitoid
868  rocks (see explanation in text) although in subordinate volumes, and which also may intrude
869  as small bodies into the metasediments, are not indicated on this map.

870

871 Figure 5 (colour): GIS-based “Geological Map of the Mesoproterozoic Karagwe-Ankole belt
872  (KAB) of Fernandez-Alonso (2007), encompassing a surface of c. 7 square degrees;
873  superposed: localisation of geochronology samples discussed in text: 1: Orthogneiss of the
874  Butare area, SW Rwanda (sample Kil6; SHRIMP); 2: Granite “Grl” of the Rumeza massif,
875  Burundi (sample 63.865; SHRIMP); 3: Granite “Gr2” of the Mugere massif, Burundi (sample
876  Ki6684; SHRIMP); 4: Migmatitic paragneiss of the Mugere complex, Burundi (sample Ki21;
877  SHRIMP); 5: Granite “Gr3” of the Kiganda massif, Burundi (sample Kil; SHRIMP); 6:
g78  Granite of the Muramba massif, Burundi (sample Kil4; SHRIMP); 7: Granite of the Kilimbi-
879  Muzimu massif, Rwanda (sample Ki20; SHRIMP); 8: Mutanga amphibole norite of the
880 Musongati massif, Burundi (sample DB1; SHRIMP and “Ar/*°Ar); 9: Hornblende
881  granophyre of the Rutovu massif, Burundi (sample A114; “Ar/*°Ar); 10: Granite “Gr4” of
882  the Bukirasazi massif, Burundi (sample LT7; SHRIMP); 11: Granite “Gr5” of the Kasika
g8s3  massif (Itombwe region), DRC (sample Ki22; SHRIMP); 12: dolerite sill in the Bukoba
gg4  Group (Fernandez-Alonso, 2007; Fernandez-Alonso et al., in prep), formerly “Kavumwe”
gss lithostratigraphic unit, “°Ar/*°Ar ages in Deblond et al. (2001); 13: dolerite sill in the Bukoba
gs6  Group (Fernandez-Alonso, 2007; Fernandez-Alonso et al., in prep), formerly “Bukoba
887  Sandstone” lithostratigraphic unit, “°Ar/**Ar ages in Deblond et al. (2001); compare also with
ggg  datain Tables 1 and 2.

889

g8oo  Figure 6: U-Pb analytical data for zircons from (a) Butare orthogneiss sample Kil6, (b)
891  Rumeza granite sample 63.865, (c) Mugere granite sample Ki6684, and (d) Mugere
892  migmatitic paragneiss sample Ki21. The preferred age for each sample is shown with 95%
893  confidence limits. In each case, analyses not included in calculating the preferred age are
894  shown with filled squares; analyses of xenocrystic zircons are shown with diamond symbols.
895  In (b), the IDTIMS result of Ledent (1979) is shown.

896
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897  Figure 7: U-Pb analytical data for zircons from (a) Kiganda granite sample Kil, (b) Muramba
g8og  granite sample Kil4, (c) Kilimbi-Muzimu granite sample Ki20, and (d) Mutanga amphibole
899  norite sample DB1. The preferred age for each sample is shown with 95% confidence limits.
900 In each case, analyses not included in calculating the preferred age are shown with filled
901  squares; analyses of xenocrystic zircons are shown with diamond symbols. In (d), the
902  IDTIMS results of Tack et al. (1994) are shown.

903

904  Figure 8: (a) Variation of 2’Pb/*®Pb age with 2*®U concentration in zircons from Mutanga
905  amphibole norite sample DB1. The equation of the best-fit regression line is shown; R,
906  Pearson's correlation coefficient. Error bars are 1o; (b) Degree of discordance ([1-*°Pb/?*®U
907  age / *’Pb/?®Pb age] x 100) versus 28U concentration.

908

909  Figure 9: (a) Musongati sample: stepwise gas release plot for split #1 and single release age
010  data for splits #1 and 2 (b) ¥’Ca/*°K stepwise release plot for Musongati split #1.

911

912  Figure 10: (a) Stepwise gas release plot for Rutovu split #1; (b) Stepwise gas release plot for
913  Rutovu split #2; (c) Stepwise gas release plot for Rutovu split #3; (d) Stepwise gas release
o14  plot for Rutovu split #4; (e) Stepwise gas release plot for Rutovu split #5; (f) *Ca’*°K
915  stepwise release plot for each of the splits (colour coded).

916

917  Figure 11: (a) Frequency histogram of apparent ages for the Rutovu splits 1-5 where
018  cumulative argon release in each step was 1% or more. (b) Apparent ages of the most
919  radiogenic gas fraction from each of the Rutovu splits.

920

921 Figure 12: (a) Plot of *’Ca/*°K versus apparent age for each release of split #1. (b) Plot of
922 3'Ca/*K versus apparent age for each release of split #2. (c) Plot of 3’Ca/*K versus apparent
923 age for each release of split #3 (d) Plot of ¥ Ca/*K versus apparent age for each release of
924  split #4 and (e) Plot of 3’Ca/**K versus apparent age for each release of split #5.

925

926  Figure 13: U-Pb analytical data for zircons from (a) Bukirasazi granite sample LT7, and (b)
927  Kasika granite sample Ki22. The preferred age for each sample is shown with 95%
928  confidence limits. In each case, analyses not included in calculating the preferred age are
929  shown with filled squares; analyses of xenocrystic zircons are shown with diamond symbols.
930 A single highly discordant analysis is not shown. In (a), the IDTIMS results of Tack et al.
931 (1994) are shown.

932

933  Figure 14: (a) ey versus emplacement age plot for samples from the KAB; (b) Hf; versus
934  emplacement age plot for samples from the KAB.

935

936

937

938
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939 TABLE CAPTIONS
940

941  Table 1. Comparison of the three emplacement ages for intrusive rocks in the KAB (first
942 column) obtained by SHRIMP and “°Ar/*°Ar dating (this paper: see respectively, c. 1375 Ma,
943 €. 1205 Ma and c. 986 Ma) with earlier scattered “Kibaran ages”, obtained by various authors
944  at various times and in various countries by Rb-Sr method or bulk zircon (= italic figures;
945  asterisk refers to a Burundi sample); note that all earlier “ages” converge to the three
946  emplacement ages obtained in this paper; also note the confusing terminologies for the
947 “Kibaran” granitoids of: 1) Katanga (DRC): A, B, C, D and E-types; 2) Rwanda : G1, G2, G3
948  and G4-types; and 3) Burundi: Grl, Gr2, Gr3, Gr4 and Gr5-types; see in particular the
949  distinct “G” and “Gr” terminologies (and apparent “ages”) between adjacent Rwanda and
950  Burundi. Finally, note also the three following bulk zircon ages (Cahen et al., 1984, page
951 191) for a “Kibaran” granite (including already the “oldest” age of 1370 Ma ! ): 1) two
952  discordant zircon fractions from a granitoid near Gitarama (Rwanda) yielded Concordia
953 intercept ages of 1348 and 63 Ma (reported without uncertainties); 2) four zircon fractions
954  from a granitoid rock near Gatsibo (Rwanda) defined intercept ages of 1317 + 67 and -358 +
955 440 Ma and a mean ’Pb/*®Pb age (i.e. assuming zero-age Pb loss) of 1362 Ma; 3) two
956  zircon fractions of the Nyamurungu granite in Burundi defined intercept ages of 1370 and 14
957  Ma; the latter are “recalculated” ages (after Ledent, 1979), as a result of change in value of
958  adopted decay constants. The Nyamurungu granite forms part of the Grl type Rumeza granite
959  massif (Fig. 5, point 2), as defined by Klerkx et al. (1984, 1987).

960  Recent ages of Kokonyangi (2004a, 2006) for the KIB are omitted as they match our own c.
961 1375 Ma ages in the KAB. See also Fig. 5 for localisation of analysed samples (this paper).

962
963  Table 2 : Overview of analysed samples with new isotopic ages (this paper: serial numbers 1
964 to 11; see Fig. 5 for localisation) and of two “°Ar/**Ar ages in Deblond et al. (2001, serial
965  numbers 12-13, see Fig. 5); locality names, comparison to previous classification(s) and
966  “age” data in bibliographic references: (1): (Deblond et al., 2001); (2) (Cahen et al., 1984);
967  (3) (Briden et al., 1971); (4) (Klerkx et al., 1984);(5) (Tack et al., 1994); (6) (Tack et al.,
968  1990); (7) (Cahen and Ledent, 1979); (8) (Ikingura et al., 1990); (9) (Lavreau and Liégeois,
969  1982); (10) (Ledent, 1979);

970 New ages are SHRIMP zircon 2°’Pb/*®Pb ages, except where (*) indicates “°Ar/*Ar age (all
971 ages reported with 95 % confidence limits);

972 Last column: list of RG-numbers referring to RMCA (Tervuren, Belgium) sample collection
973  and archives.

974

975  Table 3: Characteristics of analysed zircons

976

977  Table 4: lon microprobe U-Pb (SHRIMP) data of analysed zircons

978

979  Table 5: “°Ar/*®Ar data of primary hornblende of Rutovu and Musongati massifs
980

981  Table 6: Zircon LAM-ICP-MS Lu/Hf data
982
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Table2

ni?'r:::el:r Sam|_ale number | Locality nam_e.anc_l previous | New isotopic ages (Ma) (this Previous "age" data (Ma) RG-number of RMCA !Tervuren)
(Fig. 5) (this paper) classification paper) sample collection
1 Ki 16 Butare pre-Kibaran basement [1982 + 6 1920 (2) 71177
2 63,865 Rumeza Gr 1; S-type 1383 £ 17 1370 (2) 63865
1335 1 25 (10)
3 Ki6684 Mugere Gr 2; S-type 1379 £ 10 1261 £+ 25 (4) 141979
4 Ki21 Mugere migmatitic paragneiss |1380 + 12 160906
5 Ki1 Kiganda Gr 3; S-type 137127 1185 £ 59 (4) 161566
6 Ki14 Muramba S-type 1380 £ 6 1324 + 23 (8) 144875
1279 + 65 (4)
7 Ki20 Kilimbi-Muzimu S-type 1373+ 6 1111 £ 39 (9) 145716
8 DB1 Musongati amphibole norite 1374 £ 14 1275 £ 11 (5) 161332
1365+ 2 (*)
9 A114 Rutovu hornblende granophyre (1368 + 18 (*) 155535
10 |LT7 Bukirasazi "Gr 4"; A-type 1205+ 19 1249 £ 8 (5) 155479
1137 + 39 (6)
1124 £ 32 ; 1125+ 25 (4)
11 |Ki22 Kasika tin granite 986 + 10 976 + 10 (2;7) 71157
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951 + 12 (7)

12 [Mo92 "Kavumwe" mafic sill 1360 + 20 (*) (1) ca. 1010 (2) 161280
1340+ 9 (*) (1)

13 Mo89 "Bukoba Sandstone" mafic sill 1379 £ 10 (*) (1) 812 + 30 (3) 161278
1355+ 10 (*) (1) 815+ 30 (3)
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Table 3

Table 3

Sample location and characteristics of zircons in samples from the Karagwe-Ankole belt (KAB)

Sample Size (um) Aspect Shape Clarity Colour Character in cathodoluminescence images Interpretation
ratio

Kil6 50-350 1:1-3:1 Euhedral clear to turbid yellow to dark  Concentric oscillatory zoning; some homogeneous dark-CL rims Magmatic zircon. High-U rims are probably late-
brown magmatic, but possibly metamorphic

63.865 50-300 1:1-3:1 Sub- to euhedral clear to turbid colourlessto  Concentric oscillatory zoning Magmatic zircon
dark brown

Ki6684 100-600 1:1-6:1 Euhedral clear pale brown Concentric oscillatory zoning; some rounded cores Magmatic zircon; some inherited cores

Ki21 100-300 1:1-5:1 Euhedral clear colourlessto  Concentric oscillatory zoning; some zoned irregular cores with ~ Magmatic zircon; some inherited cores
pale yellow dark zoned rims

Kil 100-500 2:1-6:1 Euhedral clear to opaque pale brownto Concentric oscillatory zoning; some zoned or unzoned cores Magmatic zircon; some inherited cores
dark brown

Kil4 100-200 1:1-5:1 Euhedral clear colourlessto  Concentric oscillatory zoning; some zoned or unzoned cores Magmatic zircon; some inherited cores
pale yellow

Ki20 100-500 1:1-3:1 An-to euhedral clear to turbid colourlessto  Concentric oscillatory zoning, truncated by younger rims Magmatic zircon with metamorphic rims
dark brown

DB1 40-100 1:1-3:1 Sub-to euhedral clear colourless Concentric oscillatory zoning Magmatic zircon

LT7 100-200 1:1-3:1 Sub-to euhedral clear to opaque colourless Concentric oscillatory zoning Magmatic zircon

Ki22 100-350 1:1-3:1 Sub- to euhedral clear to turbid colourlessto  Concentric oscillatory zoning; some dark-CL rims; mottled and  Magmatic zircon; possibly younger rims

dark brown

irregular textures common
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