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Abstract 

The Kibara belt is an intracontinental mobile belt formed between 1400 and 900 Ma within a craton of Lower 
Proterozoic age. The belt's evolution started by early rifting at about 1400 Ma, and continued by transition into a 
marine basin filled by clastic sediments > 10 km thick, with minor basic and acidic volcanic rocks. At about 1300 
Ma, the pile was deformed by thrusting and folding of the main Kibaran Orogeny and intruded by numerous large 
syn-orogenic granite bodies. Wide areas of the Kibaran experienced only very low-grade metamorphism, but halos 
of high-temperature/low-pressure metamorphism surround intrusive bodies. A post-orogenic phase of rifting fol- 
lowed at about 1275 Ma and was accompanied by the intrusion of alkaline granites and layered mafic intrusions 
with Ni, Cu, Co, Ti, V and possibly also PGM mineralization. Also at about this time, molasse sedimentation set 
in, both within the belt and in foreland troughs. 

The western molasse and the whole belt were again orogenically deformed at around 950 Ma by the Lomamian 
Orogeny; concurrently, small metallogenetically specialized granite bodies were emplaced. Fertile members ("tin 
granites" ) of the latter produced numerous pegmatitic and quartz vein deposits with Sn, W, Nb/Ta,  Li, Be and 
Au. Other auriferous and locally Pt-bearing quartz veins and breccias are not spatially related to tin granites, but 
appear near large fault zones that may be associated with deep structures separating basement blocks. Both the tin 
granites, and the fluids which formed gold ores not related to granites, are suggested to have been derived from 
metamorphic devolatilization and partial melting of older (Archean and Lower Proterozoic) basement under- 
neath the Kibaran Orogen. 

1. Introduction 

The Mesoproterozoic (Plumb, 1991 ) Kibara 
belt extends from the Zambia/Angola/Zaire 
border in the southwest, through Zaire, Burundi, 
Tanzania and Rwanda to southwestern Uganda 
in the NNE. Its overall length is nearly 1500 km, 
and it attains widths of up to 400 km (Fig. 1 ). 
Economic mineralization is known mainly from 
its northern sectors, within three geographically 
separated areas, comprising the Shaba and Kivu 

provinces west of the Central African Rift and a 
northeastern province covering Burundi, 
Rwanda, the West Lake district of Tanzania and 
southwest Uganda. The northeastern province is 
the main subject of this paper (Fig. 2 ). 

Since the discovery of cassiterite deposits after 
the First World War, the Kibara belt has become 
a source of tin, and also tungsten, gold, beryl- 
lium, columbo-tantalite and lithium ores. In ad- 
dition, minor exploitation ofbastnaesite (REE), 
uranium ores, mica and semi-precious stones has 

0169-1368/94/$07.00 © 1994 Elsevier Science B.V. All rights reserved 
SSDI0169-1368(93) E0030-D 



)6 i,l" Poh/ / Ore Geo/og3' Reviews 9 (1994) 105-130 

215 ll 3 IO° I 315° 
UGANDA 

• 0 ° 

--.?"- . . . . . .  ; 7 ; . .  , ~ 

• ;,;Ruwe nzori:Fold" Belt ~ ; :  

. , ~ <  ' x  Vlct0r i l  ~, 
,i# 

X 

:iii i~ 

c o,  G o,::!iii)i!!!i!:: 
A ~ Oiii:i:: ">' 

.::i~!i!i!Tii!~!ii .... """ 

L.KIv~ -~ 

~; -;:;;:;;;C R A TO l;;;;;~;;:-:-: 
t iii{i]i{iTii7717]ii{7{iii{7!!{i{ii}{{!ii 

KASAI;;:;:;:; 

folded J ' 

MOZAMBIQUIAN "C i t b  ~ 7 i  - l i e )  '. " 

I J -~ ° e ° s y n c l i n a i ° % ~ 7 : i - J ' i  I [ 

Cl ATONS >1800Ma ;; 7;7"~'7"j l 
2.~o .~.: : : ~ i : / " " ° i "  < 

y 
/ 

/ 
omba$~ 

":':" ' I /  ' k,  ~ i i  l ; i  
,/ ,! i , 

/' ,/ 

/ • i / 

I/ / / // 
///,,,, -y 

/ O ;  . " ,# ..-- / 

//// ~ y  

!, ~. t¢- 

,*e 

~ioo tim 

'P° _ w '  
Fig. 1. Structural setting of the Kibara belt in Central Africa (after Cahen et al., 1984, with additions ) 
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Fig. 2. Sketch map of the geology and metalliferous zones of the northeastern Kibara belt (Pohl, 1987 ). Mines, mining districts 
and localities mentioned in the text: Uganda: Bj--Buhweju plateau; Ka--Kamena Fe; Ki Kirwa W; Ke--Karenge G4-granite; 
M--Mashonga Au; No---Nyamulilo W; Rh--Ruhiza W. Rwanda: B---Bugarama W; Bu--Buranga pegmatite; Mi--Miyove Au; 
G--Gifurwe W; N--Nyamulilo (Shyorongi) W; Ny--Nyungwe Au; R--Rutongo Sn; M-T--Musha-Ntunga Sn. Burundi: Ci-- 
Cibitoke/Mabayi Au; Bo--Buhoro Ti, V; Mu--Musongati Ni; Re--Karonge REE. Tanzania: Kb--Kabanga Ni-Cu-Co. /W/  
signifies the "tungsten belt"; dotted lines enclose auriferous zones. 
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taken place. On a worldwide scale, however, the 
belt has not been a major producer of any of these 
commodities. Cumulative cassiterite production 
in the northeastern province, for example, may 
be estimated at approximately 150,000 m.t., 
which is roughly equivalent to the maximum an- 
nual output in Malaysia. Nevertheless, mineral 
production has been an important economic fac- 
tor for the countries concerned. At present, little 
mining at industrial scale takes place in the re- 
gion for various reasons, although potential re- 
serves of"traditional Kibaran commodities" are 
known and resources have not been fully evalu- 
ated. Increasingly, however, the belt is being ex- 
plored for metals associated with layered mafic 
intrusions (Ni, Cu, Co, Ti, V and PGM ), and its 
potential for various industrial minerals (anda- 
lusite, kaolin, muscovite, quartz, talc, wollaston- 
ite ) is being recognized. 

2. Geological setting and evolution of the Kibara 
belt 

The Kibara belt is the westernmost of three 
roughly synchronous and parallel orogenic belts 
in central and eastern Africa, the other two being 
the Irumides in Zambia (Daly, 1986) and the 
Lurio belt in Mozambique (Jourde and Vialette, 
1980; Sacchi et al., 1984; Costa et al., 1992). In 
the west, the Kibara belt is limited by the Congo 
(Zaire) craton (although the border area is not 
well exposed because of a younger cover), and to 
the east its boundary with the Tanzania craton is 
largely masked by a blanket of post-Kibaran 
platform sediments (the Bukoban and Malagar- 
asian Supergroups). Farther south, folded Ka- 
tangan rocks (of the Lufilian arc) occur to the 
east of the Kibara belt. Within the belt, early 
Proterozoic schists and gneisses (generally of 
Eburnean/Ubendian age) and, less frequently, 
Archean granitoids, granulites and greenstones 
emerge in cores ofantiforms and uplifted blocks. 
This relationship between the Kibaran rocks and 
their basement is exceptionally well exposed at 
its northern end in southwestern Uganda, where 
the lower Proterozoic Buganda-Toro system oc- 
curs underneath Kibaran sediments with a clear 

unconformity often marked by conglomerates 
(Fig. 3: Pohl and Hadoto, 1990 ). This is a unique 
area, since a virtually continuous cross-section of 
basement and folded Kibaran sediments is ac-. 
cessible here; geodynamic models of the Ki- 
baran, therefore, must account for this situation. 

Although parts of the Kibara belt appear to 
show sub-parallel trends to older basement 
structures, it clearly cuts across the general struc- 
tural grain of the previously stabilized craton. 
Accordingly, the belt cannot be considered as the 
remobilization of an earlier zone of structural 
weakness, but it is a wholly new, major Mesopro- 
terozoic feature largely independent of the pre- 
vious geological evolution. 

Worldwide, the older middle Proterozoic 
(about 1800-1400 Ma) is characterized by con- 
tinental rifting accompanied by the formation of 
some giant ore deposits, including Mr. lsa (Cu. 
Zn, Pb, Ag), Broken Hill (Zn, Pb, Ag) and 
Olympic Dam (Cu, U, Au) in Australia, to name 
but a few examples. Comparable base-metal de- 
posits, however, have not been found until now 
in the Kibara belt, whose evolution essentiall~ 
post-dates this major phase of rifting. Also, its 
characteristic mineralization is totally different, 
being comprised of the typical granitophilic ele- 
ments Sn, W, Li, Be and Ta, with some gold. It is 
significant, that Sn and related mineralization 
first appears in large numbers of occurrences 
(although not in quantities of metal mined ) dur- 
ing the Mesoproterozoic. Most of these occur- 
rences, however, are found in anorogenic set- 
tings; the largest deposits being those of 
northwestern Brazil (Tassinari et al, J989). 
Smaller occurrences are known from Greenland, 
Scandinavia, India, Congo and Australia. 

Towards the later middle Proterozoic (ca. 
1400-900 Ma), the predominantly tensional 
geodynamic regime characterizing the evolution 
of the continents from about 1800 to 1400 Ma 
changes into a compressional, and often colli- 
sional pattern, although still marked by exten- 
sional phases. Examples of collision belts are the 
Grenvillean belts of North America and western 
South America, the Albany-Fraser Orogen in 
southwestern Australia, the Namaqua-Natat belt 
in Southern Africa (Jacobs et al.. 1993: Thomas 
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Fig. 3. Geological cross-section of the Mashonga gold field at the southern escarpment of the Buhweju Plateau, Uganda (Pohl 
and Hadoto, 1990). G4 granite intrude Buganda Toro amphibolite facies schists with quartzite bands. Kibaran sediments (con- 
glomerate, quartzite, pelites) are clearly discordant. Auriferous quartz veinlets occur in all units shown, gold placers occur in the 
Wafunda River basin. 

et al., 1994, this issue), and its equivalent in 
Dronning Maud Land, Antarctica. A strong, al- 
though somewhat enigmatic Kibaran imprint is 
also known in western Africa. Collision of late 
Kibaran age is further recorded from the south- 
ern Mozambique belt (Daly, 1986; Pinna et al., 
1993:950-800 Ma). Towards the North, how- 
ever, Mozambiquian collision is younging (in 
Kenya at about 820 Ma: Key et al., 1989), and 
in the Arabian-Nubian shield subduction in an 
oceanic environment and accretion of the result- 
ing island arcs continued until suturing and col- 
lision occurred between about 715-640 Ma. 

Within this geodynamic frame, the Kibaran of 
Central Africa undoubtedly reflects the response 
of the continental crust of what may be called the 
"pre-Kibaran African Craton" to the formation 
and destruction of ancient oceans around its 
margins. In concurrence with the concept of "far 
field tectonics" (Ziegler, 1987 ), it is further pro- 
posed that periods of major extension and colli- 
sional events around this craton are recorded 
within the Kibara belt. If this hypothesis is cor- 
rect, the relatively well-constrained Kibaran 
evolution may serve in turn as a reference for 
tectonic activities taking place at the margins of 
the craton between about 1400 and 900 Ma. 

In this article, the first aim is to review and to 
illustrate the geological evolution of the Kibara 
belt sensu stricto, as a contribution towards a 
synthesis of  Kibaran evolution in Africa and on 
other continents. The second intention is to in- 
tegrate known metallogenic features of the belt 

into its evolutionary history, and to propose some 
ideas for future strategic exploration. 

2.1. Kibaran basin evolution 

Kibaran rocks in the northern sector of the belt 
have been described as "Burundian" in the fran- 
cophone countries, and as "Karagwe-Anko- 
lean" or "Muva-Ankole" in Uganda and Tan- 
zania. The name "Kibaran" was coined in 
Shaba/Zaire (Robert, 1931 ). Everywhere in the 
belt, a three-fold lithostratigraphic division of the 
Kibara Supergroup is recognized (for a detailed 
discussion; see Cahen et al., 1984). Lateral and 
vertical facies changes are very prominent (Bau- 
det et al., 1988), however, so that the current 
basin-wide lithostratigraphic correlation must be 
regarded as provisional. The sediments var- 
iously represent starved basins, turbiditic envi- 
ronments, deltas and shallow marine siliciclastic 
flats. Despite these uncertainties, the following 
succession is reasonably well established. 

The Lower Group is characterized by dark, 
laminated pelitic sedimentary rocks with inter- 
calations of mature quartzites, microconglomer- 
ates, sandstones and siltstones. Parts of  the suite 
are proximal and distal turbidites. Acidic tuff 
bands are locally interbedded with the sedi- 
ments, dated at ca. 1350 Ma in eastern Burnndi 
(Klerkx et al., 1987). Silicified stromatolites 
have also been tentatively identified (Van Straa- 
ten, 1984). Fluvial conglomerates, overlying 
older basement, are known locally in marginal 
areas of the Kibara belt (S-Burnndi, Uganda),  
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with well-rounded pebbles of quartz and of more 
resistant basement rocks (quartzite, pegmatite, 
gneiss, etc. ). This indicates an early rifting event, 
passing into a phase of thermal subsidence, whose 
climax may coincide with the deposition of black 
shales and turbidites (mainly in the Lower and 
Middle Groups ). 

Within the belt, however, the Kibaran sedi- 
mentary rocks are underlain by their metamor- 

phic equivalents or by an older metamorphic 
basement, or are intruded by granitoids. Therc, 
a clear basal unconformity can r~r~iv t>c 
established• 

Sedimentary structures abound in the ciast~c: 
rocks (graded bedding, flute and load casts., rip- 
ples, slumping, etc. ). Some of the quartzites per- 
sist over very wide areas and are useful regional 
marker horizons, while others are lenticutar and 
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Fig. 4a. Graphical synopsis of Kibaran basin formation from about 1400 to 1300 Ma. 
Fig. 4b. The K.ibaran orogeny at about 1300 Ma: formation of open folds, of granite-gneiss domes and of halos of thermal 
metamorphism. 
Fig. 4c. "Katangan" rifting affecting the Kibara belt at about 1275 Ma; mantle magmas induce crustal melting and rise along 
tensional faults to form layered mafic intrusions within Kibaran meta-sediments. 
Fig. 4d. The Lomamian orogeny at about 950 Ma, inducing renewed compressive deformation, elevation and glaciation of the 
Kibara mountains, and intrusion of G4-granites. Open circles denote molasse sediments. 

rather local features. Carbonates are very rare. 
The Lower Group attains its maximum thick- 
ness in Burundi (several 1000 m).  

Clastic rocks of the Middle Group are clearly 
more arenaceous and of a lighter, often reddish 
colour compared with the older sequences un- 

derneath. An important marker bed is taken as 
its base, which consists of 250 (Rwanda) to 1000 
m (Burundi) of banded fine-grained and occa- 
sionally conglomeratic white to pinkish quartz- 
ite. In the west, basaltic volcanic edifices and sills 
have been mapped near the top of the Middle 
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Group, associated with thin sheets of dacitic, 
trachytic and rhyolitic rocks (Ntungicimpaye 
and Tack, 1992). Some of these volcanoes may 
have formed islands fringed by stromatolitic reefs 
which are preserved as discontinuous banded or 
massive carbonates, usually dolomites. Several 
attempts have been made to classify the tectonic 
setting of the basaltic rocks (Ntungicimpaye, 
1984; Jung and Meyer, 1990); until now, how- 
ever, with ambiguous results. 

Within deeper levels of  the Kibaran, granites 
(designated G1 or Gr 1 and 2: Klerkx et al., 
1987 ) were intruded, apparently while sedimen- 
tation still continued (Fig. 4a). Rb/Sr  dates in- 
dicate an age between 1330 and 1250 Ma for 
these rocks; this, however, must be considered to 
represent cooling ages rather than actual time of 
intrusion, and emplacement before 1300 Ma is 
indicated by geological relations (Tack et al., 
1994). Most probably, these magmas represent 
melts produced in the lower crust underneath the 
belt, due to ponding of basic magma at the base 
of the lithosphere; magmas, whose surficial 
expression may be the tholeiites found in the Ki- 
baran sedimentary pile (Klerkx et al., 1987 ). 

The Upper Group occurs in major synclinorial 
structures only. Its lowest parts consist of  rather 
immature clastic sediments, in some areas with 
a slight erosional unconformity at its base marked 
by polymictic coarse conglomerates with pebbles 
of quartz and underlying rocks. Quartzites are 
frequently ferruginous, and reddish or grey col- 
ours predominate. Towards the top, fine-grained 
whitish siltstones and shales with chert laminae 
appear, probably indicating an environment of 
saline lakes (Baudet et at., 1988). Some of these 
basins may be Kibaran intramountainous mo- 
lasse rather than part of the geosynclinal suite. 

2.2. Deformation and structural evolution 

At around 1300 Ma occurred the main com- 
pressional deformation (D2) of the belt (Fig. 
4b). This phase is marked by granites (desig- 
nated G2 or Gr3 ) intruding syntectonically the 
upright folds (F2), which are the most charac- 
teristic structural feature of the Kibara belt. The 
geochemical character of  these granites is colli- 

sional (Rumvegeri and Katabarwa. i990 t  
Around the granites relatively restricted halos of 
more intense, ductile deformation (with a schis- 
tosity $1 parallel to bedding planes which is often 
attributed to a deformation phase DI ) and oi 
higher metamorphic grade appear, commonl5 
with andalusite and staurolite in the metapelites 
Elsewhere, the Kibaran sedimentary rocks are oi 
very low metamorphic grade. Accordingly, 
metamorphism is generally of a high-771ow-P 
type typical for magmatic arcs. Metamorphic 
rocks indicating medium- to high-T/medium-F 
conditions are rare and their significance re.. 
mains to be studied. 

D2-folding was accompanied by the forma 
tion of an axial planar cleavage ($2) at shallow 
levels; shortening across the belt was pl-obably 
less than 50%. It may be assumed that this delbr- 
mation caused locally (S Burundi) a decolle- 
ment between basement and the overlying Ki- 
baran sediments. 

Kibaran granites of all ages intruded prefer- 
entially in anticlinorial positions, and G i, (; 2 and 
G4 often form intrusive complexes associated 
with updoming of basement and Kibaran cover 
However, only in rare cases is it possible to prove 
the presence of pre-Kibaran rocks in these gran~ 
ite-gneiss domes (Theunissen, 1989). 

This stage in the evolution of the Kibara belt. 
the Kibaran Orogeny sensu stricto, lbrmed the 
belt's main structural features. Considering the 
previous prolonged magmatic activity, ttac crust 
underneath the belt may have been still hot. Its 
thickening by convergence between the Zaire and 
the Tanzania cratons explains the syn-tectonic 
crustal melting, which resulted in the production 
of large quantities of only acidic magmas~ J n con- 
trast to the earlier bimodal suites. 

Due to flexural subsidence of the foreland, an 
external molasse basin developed after the Ki- 
baran Orogeny along the western margin of the 
belt in Shaba/Zaire. The rocks (Mbuji Mayi or 
Bushimay Supergroup) comprise red sandstones 
and quartzites, conglomerates and stromatolitic 
carbonates. The total thickness reaches about 
3000 m. There is no indication of a comparable 
evolution on the eastern side of the belt. This may 
indicate a tendency of subfluence or A-subduc- 
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tion of the Zaire craton eastwards underneath the 
Tanzania craton during the Kibaran orogeny, al- 
though no clear vergence of deformation within 
the belt has been derived from structural studies. 

Thickened orogenic wedges are unstable, be- 
cause of buoyancy and for mechanical reasons. 
It may be assumed, therefore, that the Kibaran 
mountains formed at around 1300 Ma had al- 
ready been eroded to a peneplain before the next 
event that can be recognized. This is the forma- 
tion of rifts or half-grabens at about 1275 Ma, 
dated by basic intrusions and alkaline granites 
(G3 or Gr4) intruded along these structures in 
Burundi (Tack and Deblond, 1990; Tack et al., 
1994). Most prominent are the layered mafic in- 
trusions within this setting (Deblond, 1990; De- 
blond, 1993 ), forming a linear belt of nearly 400 
km length. Obviously, this is again an event pro- 
ducing bimodal magmatic rocks due to exten- 
sional tectonics at a lithospheric scale (Fig. 4c). 

This interpretation is in contradiction with 
earlier models derived from field studies in Bu- 
rundi, which considered the structures control- 
ling the intrusion sites to be due to lateral shear- 
ing (Klerkx et al., 1987; Theunissen, 1989). 
Careful re-examination (Tack, 1990)of  critical 
exposures proved only eastward directed thrust- 
ing along these structures, clearly post-dating the 
intrusion of the magmatic bodies. Overall, there- 
fore, a model of  rifting and rift-related magma- 
tism followed by later tectonic inversion during 
the Lomamian orogeny (see below) best ex- 
plains these observations. 

Possibly, some of the basins described before 
as intra-mountainous molasse troughs with eva- 
poritic playa sediments may have been initiated 
and filled at this stage. Also, the evaporitic base 
(with most of  the copperbelt mineralization) of 
the Katangan Supergroup was possibly depos- 
ited at about this time. It is tempting to associate 
these events and to ascribe them to a Katangan 
rifting, or extensional phase, affecting large parts 
of  southern Africa. 

In its type area, the Mbuji Mayi Supergroup is 
deformed by the folding and thrusting of the 
Lomamian orogeny, under an east-west directed 
compressive stress regime. The timing of this or- 
ogeny (about 950 Ma) is roughly coincident with 

the intrusion of numerous geochemically spec- 
ialized or fertile "tin granites" throughout the 
Kibara belt. It coincides further with sedimen- 
tation breaks in the Katangan Supergroup to the 
southeast, and especially with the deposition of 
the glaciogenic Grand Conglom6rat, that pro- 
vides evidence for renewed uplift, erosion and 
glaciation of the K_ibara belt. 

Within the Kibara belt, the significance of this 
orogeny was first recognized by Pohl ( 1977 ), as 
structures (D3) controlling tin and tungsten 
mineralization and comprised of folds and 
thrusts of  a different geometry and direction from 
those due to the Kibaran orogeny sensu stricto 
(D2). Both re-folding along axes sub-parallel to 
earlier folds as well as crossfolding at small an- 
gles are known. Together with the earlier com- 
pressional phase, shortening across the belt may, 
at this stage, have reached 50% (Fig. 4d). It is 
necessary to add to these observations those of 
Tack (1990) concerning the thrusting along the 
structures hosting alkaline granites and layered 
mafic intrusions in Burundi (see above). These 
structures were originally formed as lithospheric 
extensional faults, and during the Lomamian or- 
ogeny they were rotated to accomodate shorten- 
ing across the belt (inversion tectonics). In 
southern Burundi, a conspicuous retrograde 
(sericitic) decollement zone between Kibaran 
rocks and their Archean basement also may have 
formed at this stage. 

A shallow molasse basin developed along the 
eastern margin of the Kibara belt after the Lom- 
amian Orogeny, represented by the predomi- 
nantly arenaceous sediments of the Bukoban- 
Malagarasian Supergroups and associated thol- 
eiitic plateau basalts. 

2.3. Intrusive rocks 

The numerous granite intrusions, formed over 
a wide time span, are a remarkable feature of the 
Kibara belt. Four main age groups (G1-G4)  
have emerged from published Rb/Sr  data 
(Cahen et al., 1984). The first two are approxi- 
mately synorogenic, whereas the latter are usu- 
ally described as post-orogenic. Detailed geo- 
chronological work in Burundi led to a proposal 
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to differentiate the earliest granites (G1) into 
Grl and Gr2 (Klerkx et al., 1984). The student 
of Kibaran geology should be aware that this has 
resulted in two classifications of Kibaran gran- 
ites (G1-G4 versus Grl-Gr5 ), both used in cur- 
rent publications. 

Porphyritic gneissose two-mica or biotite 
granites and adamellites (G 1 ) with variable ini- 
tial Sr-ratios (Klerkx et al., 1984; Fernandez- 
Alonso et al., 1986 ) intruded the Lower Group 
subconcordantly from 1350 to about 1300 Ma. 
Large porphyritic peraluminous adameUitic or- 
thogneiss and granite bodies (G2) of S-type 
chemistry (Klerkx et al., 1984) are associated 
with the first, or formed separate domes at 
around 1300 Ma, which is considered to date the 
Kibaran orogeny (Lavreau, 1984; Tack et al. 
1994). The source rocks of these granites were 
probably Lower Proterozoic (and Archean?) 
gneisses forming the lower crust underneath the 
Kibara belt at these times. A high degree of melt- 
ing may be deduced from chemical data, result- 
ing in granodioritic magmas. These intruded the 
sediments at 5-10 km depth representing rela- 
tively shallow levels; their magmatic evolution 
was strongly influenced by differentiation and by 
contamination with Kibaran sediments (Fer- 
nandez-Alonso et al., 1986 ). 

Recently, the emplacement of the mafic-ultra- 
mafic intrusions of eastern Burundi (Fig. 2 ) was 
dated by the U/Pb method to have occurred at 
1275+10 Ma, while the associated alkaline 
granites (G3) yielded an age of 1249 + 8 / -  7 Ma 
(Tack et al., 1994). This bimodal suite forms a 
belt of intrusions about 400 km long and 50 km 
wide. The alkaline biotite granites and syeno- 
granites are clearly post-tectonic in relation to the 
main Kibaran folding. Due to Lomamian defor- 
mation, parts of the intrusions show foliation de- 
veloped under greenschist facies metamorphic 
conditions. The mafic and ultramafic intrusions 
are layered and comprise peridotites, pyroxen- 
ites, norites, anorthosites and granophyres (De- 
blond, 1990). Aureoles of thermal metamor- 
phism are clearly developed and prove the 
intrusive character of these rocks. The obvious 
derivation of the mafic-ultramafic suite from the 
mantle as well as the low initial Sr ratios of the 

granites (Sri = 0.7027 ___ 0.0011 : Tack et al., 1990 ) 
are compatible with a rift origin. 

Most important from the point of view of this 
paper are the leucocratic, sub-alkaline, and 
strongly peraluminous G4- or "tin" granites with 
ages clustering at about 976 + 13 Ma and with an 
average initial Sr ratio of 0.7721 (Cahen et al.. 
1984). They are equigranular "aplitic "' or peg- 
matitic, often cataclastic and locally sheared, and 
clearly cross-cutting. Their country rocks in- 
clude older granitoids and Kibaran sediments, in 
rare instances rocks thought to be Kibaran mo- 
lasse. Locally, in Uganda, they are found in 
schists forming the basement below Kibaran 
sediments (Fig. 3; Pohl and Hadoto, 1990). 
Typically, G4-granites consist of quartz, microc- 
line, albite, and muscovite (biotite) with acces- 
sory apatite, zircon and tourmaline. Their roof is 
often invaded by suites of pegmatites and quartz 
veins which host Sn, W, and Nb/Ta mineraliza- 
tion. Although in Rwanda these granites are 
clearly of crustal derivation, as shown by ex- 
tremely high initial Sr-isotope ratios (Fig. 5)~ 
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Fig. 5. Evolution of initial Sr-isotope ratios of Kibaran gran- 
ites in time (Guenther, 1990 ). (Data from Cahen et al., i 984; 
Klerkx et al., 1984; Lavreau and Li6gois, 1982; Tack et at.~ 
1990. ) Note that these are Rb /Sr  ages. U / P b  dating by Tack 
et al. (1994) brings G3 to 1250 Ma and implies a shift of G2 
to > 1275 Ma. 
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their equivalents west of the rift in Zaire appear 
to be mantle-derived or strongly influenced by 
mantle fluids. Current diagrams for discriminat- 
ing the tectonic setting of granitoids place the 
Kibaran G4-granites in the collisional field (Fig. 
6; Guenther et al., 1989). As most of the G4- 
granites appear to have suffered hydrothermal 
alteration, this is considered as a preliminary al- 
though plausible result. Comparison with world- 
wide classifications of tin granites (Hutchison, 
1982) remains difficult. In view of the pro- 
nounced structural control of the mineraliza- 
tion, and of many of the G4 intrusion sites them- 
selves, it appears inappropriate to call them 
anorogenic. In addition, their shape is mostly 
lobate and irregular (for example, the Karenge 
granite, Uganda; Lowenstein, 1966), which is not 
at all-typical of the well-defined cross-sections of 
subvolcanic A-type granites (Bowden and 
Karche, 1984). The G4-granites were probably 
intruded as sheets along basement/sediment and 
granite/sediment contacts at meso- to epizonal 
levels, forming cupolas in positions controlled by 
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Fig. 6. Geodynamic setting of Kibaran granites (Guenther et 
al., 1989). Based on the discrimination diagram by Harris et 
al., 1986. VA--volcanic are granites; WP--within plate gran- 
ites; syn-COL--syncollisional granites; filled circles are G4- 
granites; open squares are G 1- and G2-granites. 

D3-structures. Most plausibly, their origin may 
be modelled as being due to orogenically-in- 
duced crustal thickening and re-melting of res- 
rites of earlier granite extraction. If this alone ex- 
plains their geochemical speciation, or if 
fractional crystallization at depth must be in- 
voked (Lehmann and Lavreau, 1988 ), remains 
an unsolved puzzle as for tin granites worldwide. 
It is interesting to note that in several, though not 
all, aspects they are comparable to the Hercy- 
nian tin granites of Europe and of northwestern 
Africa. 

An important feature of the Kibaran grani- 
toids in the area is their frequent occurrence in 
well-defined composite plutons. These may 
comprise cores of pre-Kibaran basement as well 
as Kibaran high-grade rocks, and they then re- 
semble mantled gneiss domes. Anticlinorial or 
tectonically elevated situations are the rule, and 
many of these have been sites of intrusive activ- 
ity from G1 to G4 (except, of course, the rift- 
related G3-granites). As earlier granites are 
roughly concordant with the country rocks, pref- 
erential erosion of the intrusive rocks led to the 
formation of wide circular depressions rimmed 
by more resistant metasediments; these are the 
spectacular "arenas" so typical for the Kibaran 
in Tanzania and in Uganda, but absent in the 
morphologically immature Congo-Nile water- 
divide of Burundi and of Rwanda. 

With the Lomamian Orogeny (D3) marked by 
tin granites, and the associated typical "Kibaran 
mineralization", the evolution of the Kibara belt 
ends. All later events, among them the intrusion 
of alkaline complexes and of carbonatites (750- 
700 Ma, 500 Ma, etc. ), the Pan-African resetting 
of mineral ages (600-500 Ma), and the forma- 
tion of the Central African Rift (ca. 30-0 Ma), 
are not restricted to the Kibara belt, but concern 
much wider areas of central and southern Africa. 

2.4. Geodynamic models 

No field evidence is available to suggest the in- 
volvement of oceanic crust in the evolution of 
the Kibara belt. There are no ophiolites, neither 
orogenic andesites nor diorites (including other 
calc-alkalic magmatic rocks of the typical sub- 
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duction suite), and there is no indication of 
paired metamorphic belts. In contrast to these 
findings, some amphibolites in the granite-gneiss 
domes have geochemically an oceanic affinity 
(Jung and Meyer, 1990). Most probably, these 
magmas are related to early Kibaran rifting or 
crustal thinning, stopping well before the forma- 
tion of an ocean. As also described in the intro- 
duction, there is a very strong case for a wholly 
intra-continental evolution of the Kibara belt. 

Compared with younger orogenic belts, like the 
European Variscides or the Alps, the time cov- 
ered by Kibaran evolution is extremely long - -  
about 500 million years - -  and our ability to de- 
tail different stages of this evolution is rather 
poor. This may have been one of the reasons for 
Cahen et at. (1984) to limit the term "Kibaran" 
to the time span from about 1400 to 1100 Ma, 
and to attribute the further history of the area to 
the Pan-African cycle. However, this overlooks 
the individual nature of the belt continuing until 
about 900 Ma, as the typical "Kibaran" tin gran- 
ites with their important mineralization are spa- 
tially restricted to the Kibara belt, and are an in- 
tegral part of  its evolution. 

Clearly, there is an overlap in time between 
Kibaran and Pan-African evolution. The reason 
for this is the protracted history of crustal con- 
vergence at the southern and eastern margins of 
the African continent, from about 1300 to 500 
Ma. 

A further interesting aspect of  this is the re- 
peated extraction of granitic melts, supposedly 
from the same source rocks at depth (Archean 
and/or  Lower Proterozoic) without the addition 
of new supercrustal material (there is no evi- 
dence of  large-scale subduction of Kibaran sedi- 
ments).  In this respect, the Kibara belt could, in 
future, be an interesting region for research on 
restites and restite-derived melts. 

The inferred intracratonic setting of the Ki- 
bara belt raises the question as to wether it may 
be considered as an aulacogen related to Wilson 
cycle orogenic belts in southern Africa and ad- 
joining parts of Ur-Gondwana (Hartnady, 
1991 ). Kibaran mineralization is atypical of  au- 
lacogens (compare Erikson and Chuck, 1985), 
however, and present knowledge of the overall 

structural setting of the belt is too restricted to 
allow a rational discussion of this point. 

3. Mineralization 

In the past, mineral deposits of Sn, W, Nb/Ta 
and Au in the area have been discovered most 
efficiently by panning alluvial material and by a 
physical search for mineralized outcrops ( U, Be. 
Li, W). More recently, geochemical and geo- 
physical methods have increasingly been used, 
and this has resulted in the recognition of the 
mafic/ultramafic belt in Burundi with its Ni, Co, 
Cu, Pt, Cr, Ti, V and Fe mineralization (Radu~ 
lescu, 1982) and equivalent prospects in 
Tanzania. 

The currently known mineral inventory (Zis-. 
erman et al., 1983; Barnes, 1961; Tissol~ et al.., 
1982; Pohl, 1987a; Pohl, 1992) allows the tbl- 
lowing generalized synthesis of geological evolu- 
tion and mineralization. 

3.1. Mineralization syngenetw with the K~baran 
sediments 

There are no records of any production of syno 
genetic minerals from the Kibaran. Earlier sug- 
gestions that some gold placers may have been 
derived from low-grade primary sources in Ki.. 
baran meta-sediments or volcanics could not be 
confirmed; all primary sources were recognized 
as epigenetic (see for example Pohl and Hadoto, 
1990). 

Lenticular stratiform bodies of magnetite ( 
pyrite) and specular hematite (for example Ka- 
mena/Uganda within the Middle Group) which 
are currently uneconomic because of the small 
quantities involved occur in quartzites and me-. 
tapelites. Such stratiform bodies are being in~ 
creasingly recognized as magnetic surveys are 
carded out, although their origin has not yet been 
investigated. It is tempting, however, to consider 
these ores as syngenetic hydrothermal exhalites, 
distally related to volcanism. This may indicate 
a potential for economically more interesting 
base-metal mineralization. 

A further encouragement to search i~r synse- 
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dimentary hydrothermal ores is the discovery of 
manganiferous garnetites in western Rwanda 
(Pohl, 1987b), as extensive Mn halos are char- 
acteristic features of this type of deposit. 

3.2. Mineralization associated with the 12 75 Ma 
mafic layered intrusions 

Geochemical surveys prompted by earlier re- 
ports of Ni mineralization in southeastern Bu- 
rundi led to the discovery of Ni-laterites of pos- 
sible economic size and grade at Musongati 
(Radulescu, 1982). Meanwhile, many other 
mafic/ultramafic bodies have been located 
within a belt up to 50 km wide and nearly 400 
km in length extending from the eastern shore of 
Lake Tanganyika through Burundi to the Tan- 
zanian/Ugandan border. 

Anorthosites and leucogabbros of the com- 
plexes may contain lenses of vanadium-bearing 
magnetite, Ti-magnetite and ilmenite (Buhoro/ 
Burundi). Sulphide mineralization with Ni, Co, 
Cu, platinum group metals and some chromite 
has been found in ultramafic members (pyrox- 
enites, periodites, dunites) and their immediate 
country rocks in Burundi (Musongati, etc.: Ni- 
yondezo, 1984; Jedwab, 1987) and in Tanzania 
(Kabanga: Van Straaten, 1984; Gosse, 1992). 
Magmatic stratigraphy and mineralization are 
quite similar to higher parts of the Bushveld ig- 
neous complex (Deblond, 1990). 

The Ni(-Cu-Co)-sulphide deposit at Ka- 
banga is, at present, the most interesting poten- 
tial mine in the Kibara belt. From a magnetic 
anomaly known over 8 km length, only about 
1000 m have been drilled until now. Reserves 
thus established comprise 11.7 Mt of ore at 1.72% 
Ni, 0.26% Cu and 0.12% Co, at a cutoff grade of 
1% Ni. The Kabanga ultramafic body is intru- 
sive into low-grade Kibaran clastic metasedi- 
ments, on the eastern flank of an overturned an- 
ticline (Fig. 7). It has the shape of a keel and 
consists broadly of a peridoditic core sur- 
rounded by pyroxenite and an outer gabbro shell. 
Adjoining phyllites suffered hornfels-metamor- 
phism. The ultramafic rocks consist of granular 
black serpentinized olivine, light-green ovoid 
poikilitic orthopyroxene, and brown-green or- 
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Fig. 7. Section showing main features of the Kabanga Ni-  
Cu-Co deposit, Western Tanzania (after Gosse, 1992 ). 

thopyroxene lathes. Clinopyroxene is rare, pla- 
gioclase and pyrrhotite are ubiquitous as xeno- 
morphic intra-cumulus phases. 

The mineralization comprises massive sul- 
phide dykes and layers, mainly in the ultramafic 
core (Fig. 7), but also in the gabbro and in the 
metasediments. Disseminated sulphides occur 
only in the ultramafic rocks, where they form a 
three-dimensional interconnected sulphide ma- 
trix when the sulphide content exceeds 25%. The 
predominant sulphide mineral is pyrrhotite, with 
minor amounts of pentlandite, chalcopyrite, 
cobaltite and pyrite. Magnetite and chromite are 
accessory phases, while gold and PGM contents 
are below 0.35 ppm (Gosse, 1992). 

In the absence of more detailed data, the ori- 
gin of the deposit may tentatively be described 
in terms of the interplay of unmixing and segre- 
gation of silicate and sulphide liquids within the 
crystallization sequence of the intrusion. More 
rapid cooling of its margins apparently produced 
the gabbro cusp first, which then collected heav- 
ier cumulus phases, and sulphide liquids formed 
in higher parts of the intrusion that are now 
eroded away. 
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3.3. Mineralization associated with the tin 
granites 

Essentially, it is this group that is the base of 
historic and present mining within the Kibara 
belt. Accordingly, a large number of publications 
concerned with different aspects of the deposits 
is available. 

Four subgroups of G4 granite-associated min- 
eralization can be differentiated: 
--Pegmatites with Sn and Nb/Ta (Li, Be, U / T h  ) 
and the nonmetallics muscovite, quartz, feld- 
spar, kaolinite; 
- -Quartz  veins with Sn and W (pyrite, siderite, 
Bi, Au, U); 
--Talc deposits developed by hydrothermal al- 
teration of dolomites and /or  mafic magmatic 
rocks; and 
--Auriferous silicification zones, breccias and 
quartz veins with native Au, pyrite and arseno- 
pyrite, or with magnetite, specularite, and in ad- 
joining Kivu with PGM. 

The Kibm'an pegmatites have been studied by 
numerous authors from mineralogical, geologi- 
cal and metallogenic points of view. Some of the 
pegmatites have an exceptional number of rare 
minerals, especially those cutting basic country 
rocks (for example, about 100 have been de- 
scribed from Buranga/Rwanda: Bertossa, 1965; 
Von Knorring, 1969). With the exception of 
mineralogical observations, however, the peg- 
matites have not been investigated in detail since 
Varlamoff (1972, 1975, and many earlier 
publications). 

Varlamoff (1975) observed a pronounced 
zonation of different types of pegmatites and as- 
sociated quartz veins in relation to granite cu- 
polas. The large pegmatite fields, however, ordi- 
narily lie apart from big vein-type deposits, which 
is probably due to different intrusion levels 
(meso- versus epizonal) and consequently dif- 
ferent de-volatilization processes of the respec- 
tive source granites. The mineralized pegmatites 
are closely related to the LCT-type (character- 
ized by elevated lithium-cesium-tantalum) after 
Cerny (1991). Many of the pegmatites are 
strongly argillized. This may be an effect of  su- 
pergene alteration in some cases. However, un- 

altered pegmatite bodies close to completely ka- 
olinized ones, make a hydrothermal alteration the 
more probable alternative. Argillization facili- 
tates exploitation of low-grade orebodies, where 
cassiterite and columbo-tantalite occur dissemi 
hated in the rock. High-grade ore shoots are nor- 
mally close to quartz cores or to contacts 

The Sn- and W-quartz veins are the major 
source of cassiterite in the area, and of practL 
cally all of the tungsten ore. Important deposits 
are normally made up of a multitude of single 
veins and veinlets forming stockworks and vein 
fields, whose position is controlled by anticlines 
or domes which apparently acted both as pre- 
ferred intrusion sites of G4-granites and as anti- 
clinal fluid traps. As a rule, deposits are hosted 
by Kibaran metasediments; exploitable occur- 
rences within granites are extremely rare. The 
major vein fields are clearly separated from peg- 
matite districts; some pegmatites, however, have 
been observed to be cross-cut by mineralized 
quartz veinlets, and others, as at Musha/ 
Rwanda, pass upwards into a zone of chaotic 
quartz-muscovite-kaolinite veins and pockets 
with cassiterite (Varlamoff, 1969). Major tin 
fields are clearly separate from tungsten depos- 
its, but there are numerous quartz veins with both 
cassiterite and wolframite (Baudin et al., 1984 ), 
and small amounts of cassiterite have been found 
in ferberite deposits (Pohl, 1975 ). Both cassiter- 
ite and wolframite veins are known in host rocks 
ranging from quartzite to metapelites, but in the 
largest tin district of the area, Rutongo/Rwanda, 
quartzites are preferentially mineralized; in the 
same region, carbonaceous psammites and 
schists, for example at Shyorongi, are character- 
istic hosts for tungsten mineralization ( Fig. 8 ). 

The spatial separation and differing host li- 
thology of important tin and tungsten districts 
have been used as arguments for syngenetic 
models of the tungsten ores, in contrast to the 
generally accepted epigenetic derivation of cas- 
siterite from G4-granites. To allow a more de- 
tailed discussion, typical features of both will be 
summarized below. 

The tin district of Rutongo (Pohl, 1978 ) oc- 
cupies the eastern limb of a large anticlinorium, 
which plunges at a low angle to the NNW. The 
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Fig. 8. Geological setting of major tin, tungsten and gold de- 
posits in central Rwanda (Pohl, 1977 ). 

western flank is steeply dipping and locally over- 
turned, while the eastern limb dips about 30 ° to 
the east. The folded rocks are a suite of metape- 
lites, metasandstones and quartzites of the Lower 
Group. The metamorphic grade increases to the 
south, where the core and eastern limb of the an- 
ticline are intruded by the Kigali G4-granite ex- 
posed in a morphological depression to the 
southeast (Fig. 8). There, outcrops show white 
sericitized and strongly kaolinized, tourmalini- 
ferous, medium-grained granite. This is due to 
hydrothermal alteration (Pohl and Guenther, 
1991). 

The cassiterite-quartz veins at Rutongo occur 
almost exclusively in thicker bands of competent 
quartzites and metasandstones interbedded with 
metapelites. The latter did not fracture, and thus 
contain very few veins. Single veins have an av- 
erage thickness of 1 m, ranging from several cm 
to more than 10 m. They form fields of parallel 
veins comprising up to several hundred single 
veins. Productive zones are those where the 
combined thickness of the veins is larger than 
3.5-5 m measured in 50 m sections at a right an- 
gle to the strike of the veins. Five productive 
zones each consisting of several vein fields can 
be differentiated in the Rutongo district; the most 
important one lies just to the east of  the major 

N-S-trending overthrusts near the crest of  the 
anticline. More than 80% of the district's cumu- 
late cassiterite production of about 30,000 m.t. 
originated from this zone, which is up to 1500 m 
wide and over 6 km long in a N-S direction. The 
veins also strike N-S and dip steeply to the west. 

Whereas the large Rutongo anticline is essen- 
tially a product of D2-folding along NNW-SSE- 
trending axes, a later compressive event (D3- 
Lomamian) is responsible for a further tighten- 
ing of the anticline producing the overthrusts of 
N-S strike and easterly dip, and the tensional 
fractures controlling mineralization (Pohl, 
1977). The syntectonic nature of the veins and 
their strict symmetry relationship with the antic- 
line had been recognized earlier (Aderca, 1957 ) 
without, however, differentiating the two defor- 
mation phases. 

The veins contain quartz, muscovite and cas- 
siterite; in addition, minor amounts of kaolinite 
(partly after feldspars), tourmaline, rutile/il- 
meno-rutile, arsenopyrite, pyrite, chalcopyrite, 
galena and traces of gold (in cassiterite placers ) 
have been found. Although most veins consist of  
massive "buck" quartz indicating simple vein 
growth, some allow differentiation between 
brecciated early white quartz which is cemented 
by grey quartz with more sulfides. Hematite/  
goethite coatings along late joints cutting the vein 
quartz are ubiquitious. Country rock alteration 
includes sericitization, tourmalinization, kaolin- 
ization and siliflcation; disseminated cassiterite 
is rare. Most cassiterite occurs with coarsely 
crystalline muscovite at vein contacts, while the 
milky white or grey vein quartz is often nearly 
barren. 

Fluid inclusion studies (Pohl and Guenther, 
1991 ) show that early vein-forming fluids (Sn 1 
of Fig. 9 ) at Rutongo had moderate salinity and 
high gas contents (CO2, CH4 and N2); homoge- 
nization temperatures (Th) cluster between 250 ° 
and 380°C. These fluids are best understood as 
the product of  the devolatizing G4-granite at 
depth. The fluids boiled when entering the open- 
ing spaces of the deposit at an estimated depth of 
2000 m, thus inducing deposition of cassiterite. 
The following fluid generation (Sn2) had slightly 
lower Th, but higher salinities, probably due to 
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Fig. 9. Fluid inclusion types in quartz and cassiterite from 
Rutongo/Rwanda (not to scale; inclusion sizes vary from ~- 5 
to 100/tm). aq--aqueous fluid; (7.1 liquid CO2; Cv--gaseous 
CO2; v--vapour bubble; ca---carbonate daughter mineral; 
mu--muscovite; d--undetermined daughter mineral. 

hydrothermal alteration of solidified granite at 
depth. Further cooling of the granite by meteoric 
waters produced aqueous fluids of continuously 
decreasing temperatures (Sn3). 

Three important tungsten mines in Rwanda 
(Nyakabingo-Shyorongi, Gifurwe and Bugar- 
ama) and Kirwa in southwest Uganda are aligned 
along the NNW-trending Bumbogo anticlinor- 
ium (Fig. 8). Within this large structure, sec- 
ond-order anticlines controlled the location of 
mineralization. The roughly linear arrangement, 
in conjunction with a similar stratigraphic posi- 
tion within the upper part of  the Lower Group, 
has prompted the designation "tungsten belt" 
(De Magn6e and Aderca, 1960). 

The orebodies at Shyorongi (also called Nyak- 
abingo) lie within a domal structure formed by 
the rectangular intersection of D3-crossfolds with 
the main D2-D3 fold axes similar to Rutongo. 
The orebodies consist of concentrations of quartz 
veins, which demonstrate structural control by a 
compressive stress regime (Fig. 10). Host rocks 
are pyritiferous black shales and turbiditic grey 
psammites of the upper part of the Lower Group, 
immediately below the conspicuous Nduba 
quartzite marker bed. A few km to the south of 
the mine, strongly kaolinized G4-granite can be 
observed in outcrops (Fig. 8 ). 

Mineralization consists mainly of porous, 
vuggy reinite (ferberite after scheelite) in 
quartz (-muscovite ) veins. These occupy both 

bedding plane joints in the turbidites as well as 
cross-cutting fissures. As a rule, the first are cm 
by the latter, indicating early high fluid pressures 
which were then released by fracturing; the re~ 
verse relationship, however, can also be ob- 
served. Thickness of the quartz veins is mostly 
10-30 cm, in places reaching 1 m and more. The} 
contain earlier milky and later grey quartz. Some 
very thin veins in black shales consist of fibrous 
quartz. Apart from reinite, platy ferberite, quartz 
and muscovite, minor amounts of scheelite. 
tungstite, anthoinite, cassiterite, kaolinite, min- 
ute needles of tourmaline, arsenopyrite and py-. 
rite have been found. Late impregnations and 
coatings of goethite or hematite are ubiquitous. 
Country rock alteration is macroscopically not 
visible, but includes tourmalinization, ~ilifica 
tion and sericitization. Within the mineralized 
zone, pyrite is almost completely leached from 
the black shales, leaving a rock studded with 
nearly empty cavities. The vertical spread of ill- 
tense quartz veining and mineralization is re- 
stricted to about 150 m. The mine's cumulative 
production ( 1952-1985 ) amounts to about 3500 
m.t. of  concentrate, remaining reserves may be 
equal to that figure. 

An interesting feature of several Kibaran black 
shale-hosted tungsten deposits are beds studded 
with cm-sized tungsteniferous nodules, which 
were called "ferberite nodules". They occur at 
Shyorongi and at Gifurwe (Frisch, i~75) in 
Rwanda and at Nyamulilo and Ruhizha ( Parge- 
ter, 1956) in Uganda. At Gifurwe, these flat~ 
tened nodules consist of clay minerals, sericite 
quartz, graphitic matter and iron-hydroxides (at 
least in part after pyrite); they contain about 
1100 ppm W ( 11 samples). Apparently similar 
nodules at Ruhizha contain more ferberite and 
were actually exploited as low-grade ore ( Parge- 
ter, 1956). Microveinlets of quartz and tourma- 
line were occasionally observed. The nodules 
form horizons in black shales and are clearly 
stratabound. Most probably, they only contain 
tungsten in areas of intense quartz veining, but 
this remains unconfirmed, as comparable nod- 
ules outside of the mines have not been found 
until now, due to poor outcrop conditions. At 
Ruhizha and at Nyamulilo the nodules were ear- 
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lier thought to have trapped tungsten diageneti- 
cally, which then would have been partially mo- 
bilized by metamorphism and/or  granite derived 
fluids to produce the main mass of clearly epi- 
genetic ores (De Magn6e and Aderca, 1960). 
Now, they are interpreted as diagenetic concre- 
tions (originally phosphatic?) that were prefer- 
ential sites of  W precipitation from pervading 
hydrothermal solutions (Frisch, 1975 ). 

Fluid inclusion research (Pohl and Guenther, 
1991 ) reveals that the evolution of tungsten-de- 
positing fluids was nearly identical to those at 
Rutongo. Fluid type W 1 comprises mixtures of 
an aqueous phase of moderate salinity with a 
CO2(-N2-CH4)-phase that is either predomi- 
nantly liquid or gaseous at room temperature 
(Fig. 11 ). Wla  and Wlb  homogenize into va- 
pour and Wlc -e  into liquid state at about 300°C. 
The syngenetic trapping of high- and low-density 
variants of  Wl-fluids indicates unmixing ("boil- 
ing") as the fluids expanded into low-pressure 
spaces at the site of  mineralization. Physical 
trapping conditions may be estimated at 300 °-  
500°C and 2000 to 400 bars. W2-inclusions are 
aqueous and more saline, and contain calcite and 

muscovite daughter crystals. W3-fluids are 
aqueous and have low salinities. While W 1-fluids 
may have exsolved from the crystallizing G4- 
magma, it is thought that W2 and W3 represent 
fluids which have interacted with already-solid- 
ified granite at depth. In addition, (trace) lead 
isotope ratios in sulfides from Rutongo and from 
Nyakabingo are comparable with each other and 
with pyrite from Kibaran black shales far from 
mineralization (Fig. 12), thus confirming the 
close genetic relation between tin and tungsten 
ores as well as the interaction of granite-derived 
fluids with the country rocks. 

At Kibanda/Kibuye/Rwanda a talc deposit 
was recognized during the UNESCO Geotrav- 
erse in 1986 (Pohl, 1986). Scientific investiga- 
tions and drilling soon followed (Prochaska and 
Rulinda, 1989 ). The deposit lies in a suite ofme- 
tasediments and metadolerites of the Middle 
Group of greenschist-facies metamorphic grade. 
At Kibanda, a 50-m-thick lens of dolomitic car- 
bonate is sandwiched between two metadolerite 
members. The carbonate was transformed by hy- 
drothermal solutions into a talc (-carbonate) 
body separated from the metadolerite by a shell 
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Fig. 12. Trace lead isotope data from pyrite samples of  Kibaran mineralization (Cauet and Pohl, 1988 ). Evolution curves and 
isochrons are those generated by the plumboteCtonics model of  Doe and Zartman ( 1979 ). 

of chlorite schists. The alteration seems to be re- 
lated to minor quartz-muscovite veinlets; fluid 
inclusions in the quartz are highly saline and ho- 
mogenize at about 240 ° C. The formation of  talc 
comprised essentially only introduction of  silica 
into the dolomite and dispersion of  Ca. It is 
highly probable that this process is related to 

movement of  fluids associated with G4-granites 
known in the area. 

Auriferous quartz veins and breccias with sec- 
ondary iron hydroxides in the superficial altera- 
tion zone and primary pyrite and arsenopyrite 
(locally also with magnetite, specularite) at 
depth are the source of  Au placers, which have 
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contributed practically all the gold exploited in 
the area. Many of the primary sources have been 
located (Ziserman et al., 1983; Niyondezo, 1984; 
Barnes, 1961 ), but most of these were found to 
be of uneconomic low grade and small size. Only 
locally, high-grade ore shoots are exploited by 
small-scale mining, the largest mine at present 
being based on the vein at Baradega/Miyove in 
Rwanda (Fig. 8 ). 

Auriferous quartz veins occur typically in clas- 
tic Kibaran metasediments, while the iron-rich 
gold-bearing breccias are restricted to basic me- 
tavolcanic country rocks. The first are character- 
ized by a gangue of quartz, sulfides, tourmaline, 
rutile and muscovite, while the second differ 
mainly by a predominance of Fe-minerals, in- 
cluding sulfides, magnetite and specularite. 

Important gold districts are Nyungwe 
(Rwanda) and Mabayi (northwest Burundi), 
Miyove in Rwanda, and a wide area extending 
from there northwards to the outlier of Kibaran 
sediments (quartzites, sandstones and pelites) in 
the Buhweju plateau (Fig. 2). At Buhweju, the 
placers nearly always contain some cassiterite 
and monazite. In this area, small auriferous 
quartz veins are not infrequent in both the un- 
derlying Buganda-Toro schists and in the Ki- 

baran suite; pyrite, and more rarely Cu, Pb and 
Zn sulfides occur in the veins (Barnes, 1961 ). At 
the southern Buhweju escarpment, near the gold 
placers of Mashonga, leucocratic muscovite 
granite (G4) intrudes Buganda-Toro rocks; its 
alteration halo with tourmalinization and quartz 
veining affects basement gneiss and schists, but 
also the basal Kibaran conglomerate (Fig. 3). 
Farther south in the southwestern Kigezi dis- 
trict, some gold has been found in limonitic 
(originally sideritic) veins with bismutite, py- 
rite, wolframite and cassiterite (Pargeter, 1952), 
a type of mineralization which is similar to the 
NW-Burundian breccia zones (compare Brink- 
mann et al., 1994, this issue). 

The regional distribution of the gold districts 
(Fig. 2) is generally away from granite domes 
and peripheral to the Sn-W zones, although 
transitional overlap - -  mainly with ferberite - -  
clearly occurs. This was earlier interpreted as in- 
dicating the gold zones to be a more distal and 
lower-temperature "epithermal" phase of min- 
eralization in relation to the tin and tungsten ores 
(Frisch, 1975 ). Meanwhile, fluid inclusion stud- 
ies have shown that most gold quartz veins, as 
well as the breccias, formed at even higher tem- 
peratures (about 450°C) than tin and tungsten, 
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Fig. 13. Fluid inclusion types in quartz from gold deposits in Rwanda and Burundi (not to scale; inclusion sizes vary from < 5 
to 100/~m). For abbreviations see Fig. 12. 
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and at pressures of about 2 kbars from fluids with 
about 8% NaC1 equivalent and high contents of 
liquid CO2 (inclusion types Aula  and Aulb  of 
Fig. 13 ) which unmixed ("boiled") when enter- 
ing depressurized sites of deposition. The highly 
saline Au2-inclusion types (Fig. 13 ) are thought 
to represent the solute-enriched aqueous end- 
members of this unmixing process. Major sol- 
utes comprise Na-K-Ca  ( -Fe-Mn)-C1,  proba- 
bly strongly dependent from interaction with 
country rocks. Au3- and Au4-inclusions are 
aqueous and have decreasing salinity and ho- 
mogenization temperatures. The CO2-phase of 
the Au-fluids does not contain N2 and CH4 set- 
ting them apart from Sn- and W-fluids. In addi- 
tion, trace lead in sulfides from these deposits is 
highly radiogenic J-type (Fig. 12 ). A direct der- 
ivation of fluids depositing distal Kibaran gold 
from G4-granites is, therefore, rather unlikely. An 
exception are gold deposits closely associated 
with G4-granites as at Mashonga (Fig. 3 ), where 
the fluids are indistinguishable from those form- 
ing the tin and tungsten ores. 

Accordingly, Kibaran gold ores and low-grade 
sources of placers in the area encompass a vari- 
ety of types, including G4-granite-derived ores 
( +_ ferberite, cassiterite ), and others apparently 
unrelated to granites. Tectonic control of gold 
deposits (Franceschi, 1990), however, is so sim- 
ilar to tin and tungsten, that a roughly contem- 
poraneous formation is strongly indicated; an 
observation confirmed by isotope dating 
(Brinkmann et al., 1994, this issue). This im- 
poses constraints on the genetic interpretation 
which will be discussed later. 

3.4. Mineralization related to alkaline 
complexes and carbonatites 

These are post-Kibaran deposits related to 
magmas of sub-crustal derivation, typically pres- 
ent in consolidated cratons. 

At Lueshe in eastern Zaire, carbonatites and 
alkali-syenites intruded at around 500 Ma con- 
tain pyrochlore that is exploited for its Nb con- 
tent from the lateritic cover (Maravic et al., 
1989). 

The small bastnaesite deposit at Karonge and 

minor equivalents elsewhere in Burun0a arc 
probably also associated with the Pan-African 
intrusive activity (Niyondezo, 1984). A~ Ka- 
ronge, bastnaesite in veins and veinlets l~rm.s 
orebodies o fa  stockwork type. It is accompanied 
by monazite and a gangue comprising quartz, 
barite and goethite. A hydrothermat derivation 
from a hidden alkali-carbonatite plug is assumed 
(Van Wambeke, 1977 ). 

It should be stressed that the intermittent u~ 
trusion of magmas related to crustal e~tension 
during the Pan-African period in the area. from 
about 700-500 Ma, indicates a cratonic and not 
an orogenic setting. Accordingly, we beheve that 
the definition ofa  "Katangan" Western Rift mo~ 
bile belt (Cahen et al., 1984) is erroneou~ 

5. Discussion and conclusions 

An intracontinental setting tor the Kibara belt 
throughout its evolution (Klerkx et al., ~984). 
due to interaction between the Congo ~Zairei~ 
and Tanzania cratons, appears quite weli docu. 
mented. It was preceded by Eburnean orogenic 
activity and followed by repeated movements 
and mantle activity of anorogenic type during ~ilc 
Pan-African, which is now thought to ~'oa~pri~e 
the period from about 950 to 450 Ma ~Kr61aeL 
1984). Opposing views have been published, 
however, concerning the attribution oi: ~hc ~ 4  
granites (1000-950 Ma) and the roughi~, time- 
equivalent Lomamian folding to either a ]ate Ki. 
baran (Pohl, 1977 ) or an early Pan-African phase 
(Cahen et al., 1984). Generally, the folding ot; 
molasse deposits is not questioned as repw~s~n~- 
ing a final stage of orogeny. The large t~mc lag 
between the main orogeny (about 1300 Ma ~ and 
this last compressive phase in the Kibaran ~:~ ce~ ~- 
tainly unusual. We suggest that this is relaled t~ 
the easterly drift of the orogenic climax through.. 
out Kibaran and Pan-African time in eastern Af-. 
rica (Kibara belt-Irumides-Lurio belt-Mozam- 
bique belt). The Lomamian compressionai phase 
in the Kibara belt must be understood a.~ ~ "~)~r 
field effect" of Mozambiquian collison tarthe~ 
east, between an African and an Indo-Antarctic 
craton. 
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In view of their metaUogenic significance, the 
origin of the G4 "tin" granites needs clarifica- 
tion. These specialized granites plot as volcanic 
arc and syn-collisional granites in tectonic dis- 
crimination diagrams, and are similar to many 
post-orogenic granites (Guenther et al., 1989). 
They are not A-type and a crustal derivation can- 
not be doubted for those east of the rift. All this, 
and the rarity of contemporaneous basic mag- 
matic activity, appears to favour an origin by 
stacking of continental crust similar to the late- 
Hercynian "tin" granites in central and western 
Europe (Windley, 1984). It is proposed that the 
geological event responsible for renewed wide- 
spread crustal melting throughout the Kibara belt 
is compressive deformation and resulting crustal 
thickening caused by the Lomamian folding 
phase defined in the Kibaran foreland. Apart 
from deforming Kibaran internal and external 
molasse, this phase partly tightened or steepened 
earlier structures within the belt. Elsewhere, new 
folds (F3) developed at an angle to older ones 
(F2). The resulting tectonic highs at anticlinal 
intersections were preferential sites for tin gran- 
ite cupolas. At appropriately oriented earlier 
faults and basement structures, shearing was 
induced. 

Mineralization associated with the tensional 
(rift and geosynclinal) stage of the Kibara belt is 
restricted to minor iron ores and mangenese-rich 
beds. Prospecting until now has largely ignored 
this environment, but the increasing recognition 
of volcanic rocks in the sedimentary pile should 
encourage a search for stratabound ores. 

The mafic-ultramafic belt of Burundi and 
Tanzania, with its linear structural control and 
its layered mafic intrusions, including the typical 
mineralization (Ni, Cu, Co, Fe, V, Ti), repre- 
sents a major rifting event following the main or- 
ogenic deformation of the Kibaran rocks. 

The origin of the tin-rare-metal pegmatites and 
of the majority of metalliferous quartz veins is 
clearly associated with the G4- granites. A strong 
structural control of both intrusion sites of the 
granites and the mineralization related to a com- 
pressive deformation phase has generally been 
documented. In some respects, earlier metallo- 
genetic models (Varlamoff, 1975; Frisch, 197 l, 

1975; Pohl, 1987a) appear too schematic, how- 
ever, and have to be revised in view of the more 
recent data. 

The fluids involved in Kibaran Sn-W-Au 
mineralization have meanwhile been investi- 
gated (Pohl and Guenther, 1991 ). In addition, 
the mineralogical composition of the ores and of 
associated hydrothermal alteration can be used 
to characterize the metallogenic environment. 
Most importantly, fluorine minerals are quite 
rare in all types of mineralization. The greisens 
described in earlier publications on the Kibaran 
consist of muscovite-quartz aggregates. Topaz 
and fluorite are so infrequent (Bertossa, 1968) 
that the fluids would, in most cases, have con- 
tained little fluorine. Apatite and other phos- 
phates are much more frequent (Bertossa, 1968 ), 
which suggests that P was one of the more im- 
portant volatiles, together with H20, boron 
(tourmaline is ubiquitous) and, of course, C1 and 
CO2. High Na-contents of early magmatic fluids 
are indicated by frequent albitization of G4- 
granites and pegmatites; expelled ore-forming 
fluids trapped in Sn and W veins have only mod- 
erate NaCl-contents. In line with the present un- 
derstanding of fluids involved in this type of 
mineralization (Campbell et al., 1984; Man- 
ning, 1984; Roedder, 1984), a considerable var- 
iability in time has been found in single deposits. 
This may be interpreted as reflecting early seg- 
regation of magmatic fluids, followed by later 
fluids of external derivation that have interacted 
with granites and country rocks at different fluid/ 
rock ratios and at falling temperatures. 

The question as to the original source of the 
metals remains a matter of speculation in the Ki- 
bara belt as elsewhere. Because of the relatively 
high tungsten contents of Kibaran metasedi- 
ments in southwest Uganda (Pargeter, 1956; 
Jeffery, 1959), a synsedimentary deposition of 
tungsten has been proposed by some authors to 
have preceded concentration by metamorphism 
and/or granite intrusions (Pargeter, 1956; Jef- 
fery, 1959; De Magnre and Aderca, 1960; Reed- 
man, 1967). In view of the very low grade of 
metamorphism and the absence of quartz veins 
in unmineralized areas, however, a lateral secre- 
tion model is unlikely. Furthermore, there is no 
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indication of "granitization" in the immediate 
surroundings of the ferberite deposits. Accord- 
ingly, the carbonaceous shales with high tung- 
sten contents and ferberite nodules which are 
characteristic country rocks of ferberite quartz 
vein fields cannot be the source of the tungsten 
in the deposits. On the contrary, these anoma- 
lous compositions represent geochemical haloes 
of epigenetic mineralization, as shown by Frisch 
( 1975 ) at Gifurwe. 

Anomalous geochemical trace contents of tin 
in G4-granites (Lowenstein, 1966; Lehmann and 
Lavreau, 1988 ) and the geological environment 
suggest that the granites (and not country rocks 
leached by hydrothermal convection systems) 
were the immediate source for the ores. Accord- 
ingly, those crustal rocks that were affected by 
partial melting to produce the tin granites were 
most probably the original source. The previous 
geological history of this deep basement would 
then have determined the availability of the met- 
als, and at least of part of the volatites. Whether 
this involves an earlier geochemical enrichment, 
as demanded by many metallogenic models 
(Routhier, 1980), or rather more effective lib- 
eration of the metals from rocks with a normal 
crustal concentration (i.e., restite re-melting, 
etc.), or only prolonged magmatic differentia- 
tion ofgranitoids (Lehmann and Lavreau, t 988 ) 

remains one of the fundamental problems of 
metallogeny. 

Many Kibaran gold deposits have a geological 
setting clearly different from tin and tungsten 
veins; they appear in synclinoria rather than in 
anticlinal positions, their structural control is 
more typically brittle faulting and shearing than 
folding, and they attain higher lithostratigraphic 
levels than tin and tungsten which are restricted 
to lower parts of the Kibaran sedimentary pilc~ 
Most importantly, many occur at considerable 
distances from G4-granites and, consequently, 
their origin can hardly be sought in volatiles and 
fluids segregated from these magmas. Further- 
more, fluid inclusion studies reveal that these 
gold quartz veins and breccias were formed at 
higher temperatures and pressures compared 
with granite-derived tin and tungsten. 

A model reconciling the contradictory find- 
ings that gold may both be associated with tin 
granites and their rare-metal deposits, as well as 
occur far from these intrusives, has to consider 
the processes taking place in the crust under. 
neath the Kibaran orogen thickened by Loma-o 
mian deformation. There, thermal equilibration 
of the crust and radiogenic heating must have 
combined to create a prograde metamorphic 
front progressing upwards (Fig. 14). Anatexis 
was conducive to melting in the lower crust, thus 
producing the magmas whose most evolved 
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Fig. 14. Conceptual model of origin of Kibaran tin granites and gold mineralization: both G4-granites and gold depositing fluid~ 
are generated at depth as a final consequence of crustal thickening, 
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members are the tin granites. At the same time, 
devolatilization of lower crustal rocks produced 
fluids that were channelled into permeable struc- 
tures along deep faults separating basement 
blocks. Gold and quartz were deposited where 
these fluids started to boil. 

Accordingly, both the anatectic melts and the 
gold ore-forming fluids are thought to have been 
generated at depth as a final consequence of 
crustal shortening and thickening caused by the 
Lomamian Orogeny. The source of the gold may 
be sought either in deeply-buried Archean green- 
stone belts or in Lower Proterozoic mafic rocks 
underneath the Kibaran metasedimentary pile, 
both containing many gold deposits east and 
south of the belt. This deduction is supported by 
the co-occurrence of alluvial gold and platinum 
(plus cassiterite) in Kivu/Zaire (Jedwab, 1992), 
as elevated PGM-contents strongly indicate ul- 
timate source rocks of mafic or ultramafic 
composition. 

5.1. Some suggestions for exploration 

Some exploration approaches derived from the 
present metallogenic analysis of the Kibaran in 
Central Africa are: 
--A search for industrial minerals and rocks (al- 
ready known to occur are andalusite, feldspar, 
muscovite, kaolin, quartz, talc, wollastonite; 
playa sediments of internal molasse basins may 
contain other minerals). 
--Undoubtedly, more tin and tungsten deposits 
can be found. Possible ore types are proximal 
skarn ores in contact metamorphic carbonates, 
disseminated Sn-Nb-Ta within, but near the roof 
of granite cupolas, and scheelite in mafic rocks 
(distal skarn ores). 
--Sedimentary exhalative or volcanogenic hy- 
drothermal base-metal ores should be searched 
for where synsedimentary volcanism, tensional 
tectonics and rapid basin subsidence coincide. 
Basin analysis based on the refined lithostrati- 
graphic classifications should be applied for this 
purpose. 
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