An overview of the geology and major ore deposits of Central
Africa: Explanatory note for the 1:4,000,000 map “Geology
and major ore deposits of Central Africa”
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Abstract

This paperis prepared within the lrameworks o BGUP Project 470 and the saociated BRGM scen tfic project “Afca 1599 2004" o
accompany e 124,000 000 scabe map “CGoolegy and major one deposits of Central Alfdca, poosentod 2t the 200h Colloguivm of Alrican
Creology in Orkams in June 2000 T incerperates geodogical and metallogenic data from cight countnes in Central Africa (Angola, Cam-
ergeon, Chad, Cential ATncan Bepublic, Congo Brassaville, Democmte Republic of Congo (DRC), Equatodria]l Guines and fambia),
The map 2 harmonised and goo-nelemnced pooBrdneay map, based on a GLS at 12,008,000 scale, and Tocusas on the spatial and tem-

poral disteibution of slectad major deposis.
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1. Iwtroduction

Central Afnca & wellendowed with mineral resources,
and it is host to some world-class mineral and energy
deposits. Many geological maps at scales of 1: 100, to
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al.
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" Deceassd.

1:1, (60, (KM} are available for the region. Maoreover, geosci-
entific studies carnied out over a long period of time have
resulted in maore than 3000 bibliographic references, but
no recent reassessments of the data have been undertaken.
Fmally, no particular attention has been tocussed previ-
ously on the geology and mineral potential across state
houndaries,

Within the trameworks of [GUP Project 470, “The Meo-
proterozoic Pan-Atncan belt of Central Atnica™ and the
associated BROGM scientific project " Africa 1 99-2004",
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wi have undertaken a preliminary overview ol the geology
and mineral resources of the region to accompany the
1:4, (M, NN scale map, “Geology and major ore deposits
of Cemtral Africa”, published by BRGM in 2004, The over-
view covers the following countries, from the Naorth to the
South: Camercon (CMEB), Chad (TCD), Central African
Republic (CAF), Congo Brazaville (COG), Democratic
Republic of Congo (DRC), Bguatorial Cruinea (GiNO),
Angola (AGO), Gabon (GAB), and Zambia (ZMB). The
map is based on a BRGM GIS and associated databases
that incorporates map data initially compiled, massessed,
geomferenced and harmonized at a scale of 102 (0600, (K.
It also incorporates geological, structural and mineral
information and focusses particularly on the spatial and
temporal distribution of the main deposits.

The aim of the present study 15 to synthesise the avail-
able information to facilitate and improve regional knowl-
edge  of potential resources  useful for  sustainable
development. It combines the hitherto often-dispersed data
on geology, geochronology, mineral resources and tecton-
ics updated by recent publications {eg. Ledru et al.,
194%4; Bouchot and Feybesse, 19%6; Kusnir and Moutaye,
1947, Toteu et al, 2001).

For comvenience of use, the accompanying map has
been published at the scale of 124,000,000, It was presented
at the 20th Colloguium of African Geology in Orleans in
June 2004 and published here as PIVF format, (Fig. 1) with
legend (Fig. 2.

An AccessfOrack database of 7200 or deposits and
mincral occurrences (preciows and base metals, ndustrial
minerals, coal and hydrocarbons) has been established,
including mformation on the status of individual deposits
and mines, geology, metallogeny and the sconomic poten-
tial of the deposits. The more muportant deposits of base
metals, including Fe-Mn and Ti, precious metals, mre met-
als{Ta, Sn, Mhjand REE and U are shown on the map and
are subdivided into size categorics as defined in Tahle 1.
However, deposits and occurrences of aliminium, potash,
oil, gas, coal and gemstones are not localised on the map.

1. Archean craton {pre 2.5 (ia)
20 (Feodogy

The Archean muclei, well represented on the map, are
composed of gneissic and anatectic complexes, and partly
preserved greenstone belts and the associated magmatism,
These cratons are deformed on their margins by Protero-
zoic orogeneses, In Central Atrica, four main Mesoarch-
can-Meoarchean blocks have been mapped:

# The "West Central Atfrica™ craton ( MNtem i Cameroon,
Equatorial Cruinea, Ciabon Massit and Congo), i toc-
tomically overlain by Paleoproterozoic rocks (Nyong,
CMR, Toteu et al, 2001; Feybese ot al, 19;
Tehameni et al, 2000; Shang <t al., 2004). It contains:
(1) Trondhjemite-Tonalite-Ciranite (TTCG) and banded

gneiss with Rb-5r ages of 3186 = 753120 Ma (Caen-
Vachette ot al, 198H); (1) pre-3 Cra meta-sedimentary
rocks and greenstone belts, including Banded Iron For-
mation (BIF) and matic-uliramatic rocks, that were
deformed up to medium-pressure  granulite  facies
metamorphism; (i) Z930-2800 Ma  intrusive rocks,
including TTG charnockites and associated greenstones
(Caen-Vachette et al., 198E; Toteu et al, 199; and (iv)
ZR00-25000 Ma late magmatic rocks {uliramafites, K-rich
granitoxds, syenogranites),

The northern Archean DRC-CAF craton (“Haut-
Laire”, or “West-Milian”, Lepersonne, 1974; Mestraud,
1982; Thibault, 1983 and 2000, unpublished; Caen-Vach etie
et al, 198E) contains: various gmante-gneiss complexes
(paragneiss and granmitic or gabbroic orthogneisses cross
cut by late pegmatites) assumed to be pre-2.91 Ga (e.g.
amphibole-pyroxene-bearing  gneiss of Bomu  Compelex,
CAF-DRC at 3086 + 9% Ma, Lavreau and Ledent, 1976)
BIF-bearing Mesoarchean greenstone belts averlying the
granite-gneiss complex have also been differentiated on
the map, but withowt distinguishing between ™ Lower™
(Mesparchean—Meparchean) and “Upper Kibalian™ green-
stome belts, The " Lower Kibalian™ { DRC), comprises mes
ozonal  to catazonal rocks (paragneiss, amphibolites,
amphibole-garnet + muscovite = biotite = sillimanite =
cordierite bearing gneisses and scarce BIF). The “Upper
Kibalian™ | Lepersonne, 1974 ) of DDREC constitutes narmow
troughs that contain folded terranes (guartzite, BIF, grey-
wackes, volcano=scdimentary rocks, and bazal mafic volca-
nic rocks) cross cut by pee-2H00 and 2430 Ma granitoids
(Thihault, 193 ); late tonalite apparently emplaced at ca.
2750 Ma; Amhean tectonic slices of greenstone  belts
(2706 = 71 Ma and 2930+ 88 Ma, of. Rolin, 1%93a)
imvolved inthe pan African nappes (CAF) in nothwestern
Uganda (West MNile area).

The metamorphic age of the northern Archean DRA(C-
CAF craton had been estimated at ca. 2% Ma (Rb—5r
WER and U-Ph @ircon ages) from charnockitic granulites
and interpreted as the age of a first granulite-facics meta-
morphism (Watian), while a sccond amphibolite-facies
migmatitic reworking { Araan) was previously dated at ca.
2550 Ma by the same methods in adjoining migmatitic
gneisses and granites. This ama was recently reassessed
by Schenk et al, (2002a,b): monazite dating on the oldest
Watian granulites revealed ages of ca. 2400 Ma (2442 =
21 Ma, 2414 =20 Ma) for the first metamorphism, fol-
lowed by a second late-stage Pan-African granulite-facics
reworking (=800 =C at 7 kbar) occurring at ca. 570 Ma
(370 = 26 Ma).

# The "Central Shield” of western Angola is located at
9-17°8 and 144-1¥E (De Carvalho, 1980-1981; De
Carvalho et al., 2000 ). Archean rocks comprise a granite
(granite to tonalitej-gneiss—migmatite complex with a
Bb—5r age of 2520+ 66 Ma (De Carvalho et al., 20600},
intruding a  possible  pre-2800 Ma  gabbro-norite—
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Fig. L. Geabagy of Africa. ChromoJithalogical scale.

charnockite complex | gabbro, norite, ancrthosite, ender-
bite, mafic rocks, chamockite, scarce gramulite).

# The " Kasai-Lomani-Luanda * Neoarchean-Mesoarch-
can craton { DRC-A) & located at 1175 and 19—
25E, and the poorly exposad “Cuango Shield” {ACG)
iz located at @ 1078 and 18 19°E (e Carvalho ot al.,
20061y, Both areas comprise a younger granite-gneiss—
migmatite complex and an earlier gabbro-norite—char-
nockite complex, dated respectively at 2680 £+ 5 Ma on

a migmatite U-Pb sochron (Cahen et al., 1984) and
2822 £ 66Ma on a gabbro Eb-3r sochron, Delhal
etal., 1976),

2.2 Metallageny

2.2.1. Archean
The Central Af-ica Archean blocks are productive for
Fe and Au (Table 2). Some of the gold occurrences
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Tahle |

Oire deposit clssification (bower Emit by commadity); italic commaodity cted in the text, not represented on the 14,000,000 map

Commadity {expressed as) Clss A Chss B Chass C Class I Uit
(Very large deposit)  (Large deposit)  (Medium deposit)  (Small deposit)

Al Al (Bawo g ore) 1, (KL ENND, XD JE0, NN D JLNND, (NN $ONNL D 1[N kg )
Au Grald (metal) 280 20 10 1 1 1000 ke g)
BM Base metl fundifferentizted) 000, (00 S00 000 80,000 S000 1 1000 ke g)
Ca Cabalt {metal) JLeiRe ] 10,000 i} 200 1 1000 ke g)
Coal  Coal, bymure { subshnce) L, (NN, NN, (NN LN NN NN JNLINND, (NN FNNL 0N £ NiNND kg
Cu Capper (metal) 10000080, 00K 1,000,000 JLeiRe ] 10,000 1 1000 ke g)
Diam Daamond, mdustial and gemstone (substance] 100, DeCa, KD 10,0000, 00080 1,000, Qo 100 00 ot L2 g)
Fe Irom {metal} 1, CoCa, e, D) 1000 a0 o0 10000080, 00K 1,000,000 (1000 ke g)
(ras (ras (s gamee) FiNx 250 i I ket
remP  Cremsromes, pemeral( subs sner) HLNND, (NN LN KD, (NN Ha o f2g)
remS  Semiprecious sione, peseral | subsiance) il 5 [ ad 1[N kg )
kin M anganese (metal) 100, DeCa, KD 10,0000, 00080 1,000, Qo 100 00 1 1000 ke g)
Mh Miabium-calimbrum { Mho(s | 250,000 S0,000 100,00 00 1 1000 ke g)
Mi Mickel {metal] 2000, (00 00,000 20,000 00 1 1000 ke g)
Ph Lead {metal) 1,000, Qo 100 00 100,00 1000 1 1000 ke g)
PhZn  Lead+ Zinc imetal) 2000, (00 00,000 20,000 00 {1000 ke g
FPerr Perolewm ( subsince) §, (NN, i F KD NN Fi NN NN FiNNL 0 [
Fiud Platinoids, group (metal) 250 S0 10 1 b I kg)
Prsh  Porash (splvie, camalie) (K 0) SN0 INND, (NN SN 000, (N SN, 00 1[N kg )
REE FRare Barths (RE20n) 250,000 25,000 2500 250 1 1000 ke g)
3n Tin (metal) JLeiRe ] 10,000 100 100 1 1000 ke g)
Ta Tantalum { Tax) 25,000 S0 100 200 1 1000 ke g)
Ti Titamium, general (T, ] 0,000, 000 B0,00,000 200, 000 20,000 1 1000 ke g)
Tillm Toanium, dmenite ( Tid,) 0,000, 000 2000000 300, 000 0000 1 1000 ke g)
Tikt  Toanium, rutle (Til:z) 2000, (00 00,000 20,000 00 1 1000 ke g)
Ti Tal: | subsiamar) 240,iKN0, (NN 2NN 2N, (NN 200 1[N kg )
] Uranfum { metal} 80,000 S0 S0 50 1 1000 ke g)
w Waliram (W {,) 80,000 S0 S0 50 1 1000 ke g)
Zn Zinc metal] 2000, (0 200,000 20,000 00 1 1000 ke g)

This clhssification mas develaped far the study in arder o imtegrate the new major industrial (A, B and O clisses) and artizsanal (D) cass) are deposits.

(primary or sscondary) are spatially associated with volea-
nic rocks and BIF-hearing formations (greenstone belts;
e.g. Kilo-Maoto, Isiro, Gorumbwa, [turi-Ustele, DRC; Bel-
inga, CGiAB, etc). Sn-(W) magmatic-related occurrences
oocur along major faults (CMB-GAB, W AGO), Scarce
base metal occurrences (En-Fh, Cu and Mn) have also
been reported o Archean blocks, Mear Mitzic (MW
Crabon) secondary and primary diamond occumences of
unknown age (e.g. diamond-bearing dykes of kimberlitic
atfinity, metakimberlites?) are hosted within or along the
tectomc margin (COG) of the Archean block.

3. Pakoproterozoic belts (2.5-1.6 (ia)
A0 (eolegy

In Central Africa, Paleoproterozoic bhelts have bhoon
locally overprinted by the Pan-African event {and probahbly
by the Kiharan in Zambia). We discuss four difierent belts.

l. The first Paleoproterozoic belt extends west of the
Congo craton from Angola to 5W Cameroon and &
known as the West Central African Belt (WCAB)
(Feybesse et al, 1996). The belt is characterized by
post-2500 Ma sedimentation (metasadiments and meta-
volcano-sediments) and by a 2050 + 50 Ma high-grade

metamorphism and plutonism,. The crustal evolution is
dominated by an Archean imheritance recorded i
metasediments and metaplutonic rocks (Toteu et al,
1%44; Lerouge et al., this volume), The rocks are gener-
ally wellpreserved but are locally strongly deformed by
the West Congolian Meoproterozoic belt.

. The second belt, probably a northern prolongation of
the WCAR isdeveloped in central and northern Camer-
oon (Penaye et al., 2004 ). This helt iz orented NE-5W
and is lithologically similar to the WCAB, but with a
significant presence of Paleoproterozoic juvenile mate-
rial. It was strongly reworked and dismembered during
the Pan-African. It probahly extends mto castern MNige-
ria { Penaye et al., 2004).

3. The third posable belt is located at the northern periph-
ery of the Congo bhasin between Archean blocks (Ntem
complex in CME and Bomu complex in CAF) and the
Pan-African thrust mappes (Yaoundé and Cihayas) to
the naorth.

et

The Paleaproterozoic Ubendian event may be preserved
in windows in the Meoproterozoic Copper Belt, as well
as in undetormed clastic sedimentary terranes of the Bang-
weulu amea, located to the north of the Copper Belt
(geochronological and structural rescarch carried out in
the Copper Belt province by Kampureu and Cailteux,
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19494 and Cailteux, 2004; and along the Cireat Lakes rift
zone by Kampunzu, Oral Comm.). The above-mentioned
belis miay pol be woeval o oage, Dol they all developed
between 2400 MMa and 19060 Ma, with the Ubendian belt
being younger (between ca. 2100 and ca. 17080 Maj.

3.2 Metallogeny

The potential of the Central African Palsoproterozoic
belts scems undemstimated by comparison with  their
equivalents in West Africa and ME Brazil. For example,
they seem to be poorin gold occurrences compared to West
Africa, probably bocause they were not aficiently explored
during the meent past (after 1973). In some geological and
metallogenic aspects, they are comparable to West Africa
as they display stratiform mineralisation including Mn &
Fe (inchiding BIF), Au-pyrite associated with the early
stages of the orogeny, and Au-As mesotiermal mineralisa-
tion associated with the final orogenic siages ( Ledru et al.,
194%4; Bouchot and Feyhesse, 19%6). We discuss four arcas:

1. The Ogoowé-Franceville Paleoproterozoic basins are,
trom the mining point of view, wdl known for Mn
(Moanda and Bangombsé, Abouka, Massengo, Yeye
districts, Crabon) and for U (Mounana, Bangombé,
Okelobongo and Oklo, (Crauthier-Lataye et al., 1989,
194%6; Hidaka et al., 199%%; Gauthier-Lataye and Weber,
2003; Table 3). The gold district of Etéké was formed
during the Paleoproterozoic in Archean metasedimen-
tary and uliramatic rocks (Bouchot and Feybesse,
1%%6; Tabkle 3). Lithological, geochronological and
structural characteristics suggest comarison of this dis-
trict with the Jacohina and Contendas Mirante (S0
Francison eratom in ME Brazl) and with the Cmyana
and the West Africa provinces (Ledru et al., 1994,
19477, Milesi et al., 1995, 2002, 20d4; Bouchot and Fey-
hesse, 19%96). The castern extension of the belt through
COCr, CAF and then DRC has been less explored,
although it hosts grouped or wolated lithologically and
structurally controlled occurrences of Au, Mh-5n, Fe
and Ti (ilmenite = rutile). Isolated diamond occurrences
are also hosted in these formations, Their age is
unknown or assumed to be Mesozoic. but the Akawatia
diamond fizld of Ghana (Delor et al., X04) might have a
Paleoproterozoic origin for diamonds present in this
helt.

. The centralb-north Cameroon Paleoproterozoic Region
displays Au occurrences with Paleoproterozaic and/for
Meoproterozoie tectomic andfor lithological contrals,
andd 3o ovcunemes willh Far-Alican psgale el
structural controls,

. The WCAR involed in the West Congolian belt, hosts
Sn-REE-W, U, base metals and some isolated diamond
oocurrences, all of uncertain ages.

4. Thesoutheastern belt { DEC- M B) hosts mainly Fe-Mn

depaosits (Chiwebwe, Table 3) and some isolated diamond
oocurrences of unknown age. The Fakoproterozoic 4

et
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pre-Katangan basement of ZMB (1960 Ma, Rainaod
et al., 19949, contains porphyry copper deposits (Samba,
LMB), and aplite-related CuA{Au) depoats (Mkushi
Copper-Kashme, ZMB).

4. Mesoproterozeic to early Meoproerozoic 1 belis | 1.6-
L% Ga): Kibarides, Irumides

A0 (rology

Mesoproterozoic to the carly Neoproterozoic forma-
tons have been identified mainly i the castern pan of
the map area. They comprise four belts:

I. The MME-55W “Kiharan belt”, located i ecasiern
DR, is marked by an inner domain and a foreland that
iz well developed beyond the marp in Tanzania, Fowanda,
and Burundi, £ ganda { Tack et al., 2001 ). Matic-ultra-
matic rocks emplaced between the inmer and foreland
domains  delineate a westward  curvature north of
DRC. Theforland domain is composed of volcano-sed-
imentary formations that inchide detrital sedimeniary
rocks (conglomerate, sandstones and pelite), and inter-
bedded basic to dacitic volcamcs and sills. The belt
may bhe cormlated with rock suites m MW Tanzznia
{ArfAr ages of 1379 = 10 and 1355 = 10 Ma) and SW
Burnundi: 1360 £ 20 Ma and 130+ 0% Ma (Dehlond
et al, 2001). Kampureu (2003, Oral Comm. ) suggests
that this domain i composed o two superposed clas-
tic—carhonate sedimentary formations: (i) a  lower
meta-sedimenary formation (gneiss, micaschist, meta-
sedimentary clastic-carbonate ~ocks), whose gecdy-
namic setting is not well constrained, crosscut by synki-
nematic grantoids (ca. 1380-1370 Ma), and (i) an
upper  metasedimentary  formation  overlying  the
1380 Ma  gravites, but crosscu: by Sn-granmites [ca.
10450 Mal; this upper formation 15 commanly
fault-hounded and could represent intracontinental anc
deposits, The lower tormation partly ex-Ruzizian) is
affected by a arst deformation (1) associated with the
1370-1380 Ma synkinematic gramtes. The upper formna-
tion (partly ex-Bunmdian) mchides heavy mineral-bear-
ing quartzites (showing detrital mircons with ages of
1250 Ma, Kampunzu, 2003, Orzl Comm.). This lower
tormation grades westward to a turbiditic basin, mainly
atfected by the second Kibaran detormation phase (D2
at ca. 1100 Ma, Kampureu, 2003, Oral Comm.). Rare
matic bodies (lavas or sills) are probably interbedded
in all of these sedimentary deposits according to
Kampunzu (263, Oral Comm. ).

. From geochemical, geochronological and metallogenic
consideration: (Kampurew, 2003, Oral Comm.), the
Chama-Kalama hlock (ZMMAB) iz melnded i the B iharan
domain, This hlock is composed of orthogneisses, grani-
toids and gness complexes dated between 1343 =6 Ma
and 1285 % 6 Ma i U/Ph comventional method, Hanson

et
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et al., 198#). They are crosscut by granitoids at
11498 = & Ma {Hanson et al., 1988) and late Sn-grani-
toids at ca. 980 Ma { Kampunzu, 2003, Oral Comm.).

3. The Mesoproterozoic Irumide helt (ZMB), oriented
NE-SW, iz composed of gneisses, high-gmde gramlites,
charnockitic complexes and  granitoids. Some  pre-
Irumide gramitoids (ca. 1630 Ma) and relicts of Neo-
archean or Paleoproterozoic rocks have been identified
(Cox et al., 2002; e Waelk and Mapani, 2002 ). The gar-
net-cordierite—spinelquartz—orthopyroxene  gramulitic
assemblage in the inmer part of the orogen was dated
by Schenk et al. (2002a) at 1046 + 3 Ma (U/Pb on maon-
azte), consistent with the 1020 =6 Ga obtained on
some late intrusive porphyritic granites (De Waele
et al., 2003). The metamorphic gmde decrcases to
groenschist facies to the MW of the belt.

4. We have temtatively asagned a Mesoproterozoic-
MNooproterozoic | age to several sedimentary formations
{ Liki-Bembien, Ituri Group), which crop out near the
tronmtiers of CAF, COG and DRC, These detrital rocks
{conglomerate, sandstone, gquartzite, pelite and argillite)
change laterally to possible turbidites and calcareous
sediments (limestone, cakeschist). They locally display a
contact metamorphism  (Cu-Fe-skarn, Ca-horntels).
These rocks are asmimed to be pre-950 = 5 Ma (Thi-
bault, 193) or ca. 1350 Ma (Poidevin, 1996 ), and they
are overlain by Meoproterozoic sedimentary formations
(Thibaul, 1983 ).

Eolated Mesoproterozoic-Meoproterozoic 1 owterops,
suggesting a possible intracratonic magmatian, oocour in
AGO, DRC and CAF. They mclude:

# The Kunene anorthosite—gabbro complex from Angola
(e Carvalho, 1980-1982; De Carvalho et al., 1987;
De  Carvalhe  and  Alves,  1%0)  to Mamibia
(1370 + 4 Ma on mircons, Mayer et al., 20000).

The Mogui peralkaline granite in ACGE and DROC
(9 + T Ma, Tack et al., 2001), spatially associated with
Sn occurrences. It is considerad as the marker of a nif-
ting stage in the West Congolian Belt. Similar granitoids
hawve also been recorded along the Shanga fault west of
the Paleozoic (7) to Mesozoic Carnot hasin (e.g. Yobé
gramite at 1160 + 61 Ma, Vicat et al., 2000 ).

Dolerite dyke swarm, crosscutting Paleoproterozoic for-
mations at the frontiers of CME, COG and CAF. [t has
an estimated age of 1200 + 1 Ma (Poidevin, 19946).

The full extent of all these Mesoproterozoic formations
has been probahly underestimated, as indicated by the
presence of 11004930 Ma detrital zircons in the Meoprote-
rozoic formations in Cameroon (Toteu et al., 2004b).

4.2 Metallogeny

Dhifferent mineralized provinces have been mcognized
in the Mesoproterozoic to early Meoproterozoic 1 belts

(“Kikaran”, Irumides, ete.) of Central Africa. The best-
known is the Sn, Ta (W, Nh, Be, Li, Mo, As, Au, gem-
stones) province of castern DRC-Bwanda and Burundi.
It contrasts with the Inmide belt of Zambia, associated
with late Kibaran peralummous magmatism  between
10Ky and 925 Ma, which is poorer in these commodities.
Mincralization (Tahle 4) & represented by weins and flat-
veins in zoned pegmatites. One example is the “giant™
Manono pegmatite (DREC) that was been mined between
191% and 1980 essentially within the regoliths, some of
which were reactivated during the “tantalum crisis” of
20000 jartizanal minmg). Ore mineralogy comprises cassiter-
ite, columbo—tantalite, spodumene-lepidolite | Kaburir,
Lubilolewa, Miabesi-Tshonba, and Manona), beryl, tour-
maline, locllingite, arsenopyrite, pyrite, autunite, wad and
unspocified iron oxides. Crangue minerals include micro-
cline, alhite, apatite, muscovite, Huorite, mircon, rutile,
quartz, orthoclase and beryl. The mining potential of this
area is also underestimated as indicated hy:

# Alluvial and primary gold (e.g. Mobale, Twangiza,
DRC, Table 5).

# The presence of an underestimated Kibaran world-class
PG E-Mi—Co-bearing arcuate belt with an age of ca.
13501370 Ma, that outcrops along the inner and outer
parts of the Kibaran belt in northeastern DDREC (allvial
PGE of Lubero district, close to Uganda border) and
in West Tamnzania (outside the arca of the present
mapj.

# The Kunene anorthositic complex, one of the most
extensive in the world, was emplaced m the Mesoprote-
rozoic (1370 Ma) and contains scarce deposits of ilmen-
ite and hematite—ilmenite (Ti-Fe) in Mamibia and
Angola (Chiange, AGO, Table 5).
Stratiform base metal deposits (fn, Ph, Cu), analogoes
to those of sputhern Africa, have not yet been mecorded
in Mesoproterceoic terranes of Central Africa, bt
scaroe hase metal occurrences (Cu, Ph, £n) have been
reported locally fe.g. Irumides of Zambia or in DRC)
and should be reassessed.

Mesoproterozoic  diamond-bearmg  kimberlites,  ana-

logues of those recently dated in West Africa (Delor

et al, 2004) have not yet been recognised, although
some occurrences (of unknown ages) are hosted i Mes-
oproterozoie rocks (e.g. the Choma-Kalomo block in

Lambia and the northern part of outerop of Mesoprote-

rozoic rocks in the DRC) or dose to assumed Mesopro-

terozoie granitoids emplaced along the Shanga fauk
west of the Camot Mesozoic basin.

# In the Irumide belt, kyanite and copper occurrences
have been identified: the Miushi Copper district, the
kyanite occurences hosted by high-grade metamorphic
rocks {e.g. Leopards Hills and Mpande Hills). Mumer-
ous  gem-hearing pegmatites host  agquamanne-beryl
deposits (Chipata, Luangwa Bridge, Lundazi, ZMB),
emerald (Kagem), amethyst (Mumbwa and Kariba),
tourmaline, garnet, mica, etc.




Task 2

lagr el memng dizscn of Cememd Afsca

Name of dmse, s, Comen Poemreal® i mesad gkl O deporsmpeand rhaye er amd hostrok mmeakgy Long: laz  Faphmson ope

apr, hos-rocks iy of drpors e

Kol ma, DAL Sn, T, N W, S ZALINKL A& Gramucand prigaTscwim  (mamsrre consa-meralie, ] Aluvel memwag
M- Neopeoseronoic 0, fa, Mo, s and atackowsden i grineal woid Privary axdron
alleru, prantiol], prpatse Famed gramec pegTat wa

Aluvmbelusal plages

Samana-Kramia, DRC, Famed gramc pegTat wa Caamarte colienia-meralice, 293k -7&  Aluvel memag
Ms-Neapraterorale |, Oramecand pregamscwim | mohimene, beyl sl Privary axdron
rpmatse L6 fia and atackowsden i grineal lliage aswsmyE, FyE
lopidalis and 0877 Larte-rlond aredgam wrmee, wad, von avpda;

1 on e, Rt Aluvmbelunal plages Microding alis apatian,
fra MY Ly, dalwd, oot fRaonite, Froom,
dlabas, mrcachie, afue e, quards oot hodaw, beev!

Slachnags, 248, S 10,81, Famed gramc pograt Cazarte ZAGE ~ 1738 Mimag mehad
Ms-Neaproterorale |; Dracoedant unmawn Prinare
Pt praniiaid dlarsinated o P

Chimende, 208, S 10,81, Famed gramc pograt Cazarte 2% 174 Mimag meha
Ms-Neaproterorale |; Dracoedant unmawn Prinare
et praniiald dlarsinated o P

Koto-Kaka DAL ke o EN, O Famed gramc pograt ey, columins, laclingse, 2R %0
Jase-Kibaran, Dracoedant wammy, mwinin, amEvm
Mes-Neaproterorale |, dlarsinated v cament amerk Towrnodn,

prpmatse, schvia, afuiim

Aluvmbelunal plaos

. PELCOU, QI
alhd, Srcon

* Pommal = Fradiman + sxres + maouTea

SR TR R AR T L TR 0 e T

Talie s

e magor Mesapraesmar mimag deso of Cmmald Afsa

e af derrs, cmney, Coren. Powmeal irmesd @ pradel, Or depoxs s e dape Oaand Aok mmosogy Lg: la Exgosson e o
apw; hori-rocks ary o digosid
Ivangma, Lmi, An LA iz gn B AlTAN-cuYE @acen Fod e, FTIE, ammapyEn ShAN -z Al and prTay
Mao-Nope cterozek: mamal gad-qunso-crhan et e, anbir i aeno T memag; Natr-hesmt oo
Pourdde Nrapeatesoi wen, Dérordant iraope o cabis; atsiration
srmcwralconral Dbk i avd ore. Diacwdant
bk achasihale aepaliin o o it | e e 0 o
mrcaichis, gt indwitrrr or daafased. Presmi-day
sandrame | Vilmave 195 e plaars
Slomle DRC An ca 10L& Fultrdawd ;o o oo Oad, meme, prdans FAK-EDE O matiae o
Maoprodern mic-Rope ase o i o depom. Mesathesral smnamrre Sholee memag; Natr-hesm: oo
Erharan Sracoprante As-miplde-sich e and chlmpmte, Brrehnm
Powdde Nrapeatersok srusural FE-TEIE S ; maysdmie, s
onial |Cazan 2 o, 1966 Dircoedant e or oy and e, cardonats
shconcordant i
Hammgs, BRC hmygrotn F A . L e
af Kibavan bt chimare, aghakeste,
Bttt
chirie, sl
Gmam-Kaloma, 28, Ancdrar Ame 0B Fudsrdased myo- w0 Anethye, opal quasz 8% -1757 Mhmag mehod wnknewn
Maoprodo e, aniiar, lapampnt oredepam i whieh tr cleme
avhopriar Dacorda lade s ven famma & denctmenes
phuae
Cwange, AGE Mesprosworar, T Fel ca ANW0C Asrdozwhosal inewwdepmm;  Dmems sosomagwsy 1547 — 147 Mhmag mehod wicnow

e dnoe shoats Dl

Cimcordan & shooncrdan ! wevlpe
ot diarwinatd ore. Aluvak-elirnal
s

magEnT

e i whidh el
forrur a diatinct neral
phas

mmmml = Froduacsa + ewsva + reoroa

T e O TR P R T

BRI AT e rauap g




S0P, MM eral §fourmal of African Barth Scumces 44 (20N ) FTI-FA8 83

# The Choma-Kalomo block contains scarce gemstones

and copper pocurrences (e.g. Simani- Kalomo amethyst
deposit).

* Cu-pyrite skarnoids within the pre-950 Ma Liki-Bem-

5

hien formation of sorthern Congo ( Tabaulk, 1983 ).

Neoproterozoic-Cambrian (1 CGa—SWh Ma): Pan-A frican

b ts

5

i (reodogy

Fan-African belts 1 Central Atnca are charactenzed by

the juxtaposition of recyclad and juvenie domains. Four
major helts are recogrized north, west, cast, and south of
the Congo craton.

et

The belt north of tie Congo craton is onented N E-5W
to EME-WSW . It is charactenzed by the presence of
NE-5W shear zomes (e.g. Adamawa and Sanaga taults)
and by the southward thrusting of its southern limit
onto the Congo craton (Yaounde-Crbayas meso- to cata-
zomal nappes extending from Camercon to Uganda
through CAF (Poidevin, 1983; Ball et al., 1984; Pin
and Poidevin, 1987, MNzenti et al, 1% MNgako et al.,
1941; Rolin, 19932, 1%493%a,b; Toten ot al, 2001, 2i0d4a).
The helt comprizes polycyclic (Adamawa-Yade in
CMRE, CAF and TCD) and monocyelic domains je.g.
Yaounde and Poliin CME and Crbavas in CAF, Lere
m TCD). All of the rocks in these belts are meta-
sodimentary and volkano-sedimentary  (various  ky-
anite schists and gneisses, migmatices, amphibolites
and guartzites) and metaplutonic rocks  (gabbro,
garnet-pyroxenc-hearing diorite and granitoid). They
were metamorphoeed under amphibalite to gmnulite
tacies between G40 and 600 Ma (Pn and Poidevin,
1987; MNzent et al., 198E; Toteu et al., 1987, 2001;
Penaye et al., 19493). The plutonic rocks in the belt
generally were emplaced prior to, during and atter the
Pan-Atrican deformation. Maost of the intrusive rocks
mapped in the southern section, however, were invalved
m the south-verging nappe tectonics, and their emplace-
ment either predated or was coeval with that deforma-
ton. Cheochemicaly, all am high-K calc-alkaline in
composAtion.

. The MNMNW-55E West Congolian belt end its “foreland™

sodimentary deposts (Maurin, 19%3; Tack et al., 2001)
were built during a three-phased evolution: (i) a T000-
910 Ma rifting stage (also suggested by the study of
matic dykes; Mpenbha Boni and Vellotimi, 1992) fol-
lowed by (i) the deposition of passive margin platform
deposits (pre-Pan-African), and (iii) Pan-African defor-
mation that began at ca. 600 Ma { Maurin, 19%93) and
ended at 566 Ma (Tack et al., 2001). The major struc-
tures in the belt verge to the east (Maurin, 1993; Tack
et al., 20001 NMNE-S85W sinistral shear zones have also
been mapped in Cameroon.

3. The "Copper Belt™, developed in fambia and DRC

between the Congo and Kalahari cratons, is par of

the “Katangan Belt” {e.g. “[Dome region™ and *Exter-

nal Fold and Thrust Belt”; Unrug, 1988 Kampunz
et al., 20000 The Copper Belt belongs to the Lufilian

Arg, an arcuate thrust and fold bel developed in north-

ern Lambia and southeastern DRC (Kampunzu and

Cailteux, 199 during the Meoproterozoic transconti-

nental Damara-Lafilian-famberi Orogeny. This aro-

genic system separates the Mesooroterozoic terranes of

DRC-BEWA-BDI ("Kibaran™) Tom those of Zambia

and Mozambique (*Inmides” and “Choma- Kalomo

block”, SE of the map). Uverlying pre-katangan base-
ment composed of Paleoproterozoic cale-alkalic volea-

nic arc formations and schists (Rainaud et al., 199%9);

the Katangar sedimentary succession comprises throe

suocessive supergroups (Cailtews et al., 19494 Cailteux,

2004

(1) the Roan Supergroup composed of (1) the Basal con-
glomerate; (i) the *Lower Roan™ sequence inchid-
ing, the Mindola siliciclastic unit { ZMB-DRC) and
the “Rocies Argilo Talgueuses™ Ciroup (arglla-
copus dolomitic siltstones and sandstones, DRC)
at the hasz; at the top of the Lower Roan sequence
15 the CuCo-bearing Mires Croup (dolomitic
shales and dologones, DRC) and Cu—Co-bearing
Kitwe wmit (arenites, argilites and  dolostone,
AMB-DRCY (i) the Dipeta Group (DRC) and
Bancroft unit (formedy “Upper Roan”, ZMB);
and (iv) the Mwashya Group (ZMB-DRC).

(2) the Mguha Supergroup, tormerly the ' Lower Kun-
delungu  Supergroup”  composed of  glaciogenic
deposits—{Cirand Conglomérat™ and diamictiies),
dolostones, limestones, dolomitic and sandy shales
and siltstones.

(3) the Kundehimgu Supergoup, formerly the “LUpper
Kundelunzu  Supergroup”™  composed  of  syn-
orogenic dolomitic and sandy shales, hmestone,
sandstones and late-orogenic molasse deposited in
an oxidiing environment.

The Katangan Belt tectonmics { Unrug, 198E; Kampunzu

and Cailteux, 19949 Kampurzu ot al., 20000 iz marked

by a (I21) fold and thrust deformation with a north-
ward transport direction, followed by ([22) anistral
strike-slip faults and clockwise rotation of the easiern
block. The regional metamorphan increases from the
narth to the south: prehnite-pempellyite facies meta-
maorphism  hes afiected the northern external zone

("Katangan zulacogen” and ouvter part of “External

Fold and Thrust belt™); a syn-deformation [2] gresns-

chist facies metamorphian (708 7 Ma, Cosi et al,

19492) 5 documented within the “IDome region” and

the “External Fold and Thrus belt™ tectonic umits; a

Syn-D1  ampathalites facies 15 also present in the

“Dome region”, while whiteschigs and eclogites (Che-

wore Cophiolites”, 1393 £ 22 Ma, (Miver ot al., 1%9;

Johnson and Ohver, 20000 have been described scuth
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of the Dome region in arcas adjacent to the Neoprote-
razoie Famber Belt (Cos oot oal | R Massone ot al |
19; Kampunzu et al., 2000).

4. We may alko mention here the presmnce of N-5 trending
MNeoproternzoic grabens extending for about 160 km
along strke (e.g. the hombwe trough, Villencuwe,
1983). These grabens contain a lower group of black
schists, sitstones and tlites, and ar upper group of con-
glomerate:, sandstone: and schists. They oocur in the
cast of themap area (eastem DRC), parallzl to the wes-
tern Crreat Lalss Bttt

520 Metallogeny

The Meoproterozoic belts (Tahles & and T) are host to
various deposits: (i) base metal (eg. Cu-Co mineralisation
of the “Caopper Belt” in Zambia and DRC and stratiform
hase metal mineralisation in west OO0 (i) Co-matic—
ultramatic laterite-derived deposits in southeast Cameroon;
(ni) gmmtoid and fault celated rare metals (Sn W REE
occumences i Camercon and Chad); (iv) gold in the
Lom region (CME); (vi rutilke at Akonolinga (CME);
nd (vi) mdustrial minerals (e.g. tale of the Myarga Syn-
chine, Gaboni.

# The “giam”™ Copper Eelt (Table 6] is one of the major
mineral provinces in the world (Lamicka, 1999 for
Co—Cu, and it ako hosts Ph, £n, M1, Ge, Ga, U, Ay,
Ag and MGLE mmncaliszations. The belt contains
“Rupferschiefer” (or “Cu shale™) types or residually
enriched siratabound cre deposits, Locally, these depos-
its are partly fault-controlled. The morphology of the
lode ore isstratitorm (or stratabound), cut by dicordant
lodes andfor overprintzd by tabular-shaped vein bodies
of secondary origin. In DRC, the highly mineralised seg-
ment of this orogen n the Katanga region compwises
numerous fields (e.g. Kabolela, Kakanda, Kalkundi,
Kambove-Ramoya, Ranatnela, Kasonla, Kigseonda,
Kohlwezi | Dikuluwe-Mashamba, Kamoto, Musonol,
Mutoshi, +Tailings), Luishia, Luswishi-Lukun, Muso-
shi, Ruashi- Etoile, Shilum, Tenke-Fungurume. In £am-
bia, the province comprises the following major districts:
Konkola district {Konkola Deep, Konkola Morth Min-
ing Arca, Bancroft, Kirila Bomwe), Mama, Mchanga
Dvistrict {Mchanga, Chingola), Nkana District (Mkana
Diivision, slag, Rokana), Luanshya District (Louanshya
Drivizion @ikl Mine and Balulm Division aod Blines),
Chambish: District (Chambishi, Chambishi Sovth-East,
Fitula), Mufulira District (Mufulira, Mokambao),
Lumwana projoect { Chimiwung o—Malhmdwe deposits),
Chihuhirma (Bdine), Kalimhila, Baliashi and Muliashi
MNorth, Kansanshi and Sanje. Mesothermal aramium
mineraliation  (Shintolobwe  Kasompi, Musonoi,
DRC, and Tahle 6) is also present in the Copper Belt.
It oocurs m discordant lode or ven deposits preferen-
tially conTolled by laulting (shear-zones or reverse
fauls).

# HBase metal deposits (Takle 7). (i) Base metal mineralisa-
tinn & = sigmificant featre of the Meapraterozoie
“schisto<aleaire” of OO (e.g. districts of Yanga-
Koubenza-Palanda, M'Passa, Hapilo, etc.). The depos-
its comprse stratiform and discordant carbonate-hosted
stratabound and wvein Ph-Zn depoats of Mississippi
Valley type (MVT). (1) Ao notoworthy are “he dolo-
mite-hosted replacement pipe-like breccia deposits of
the Kipushi type (e.g. Kipushi, DEC). These ae consid-
emed to be syn- to hte-orogemic faul-contralled ore
deposits, which have been residually enriched. Thair
morpholegies are varisd—they ocour as columns, chim-
neys with locally brecciated primary ore, and ocally as
blankets of residual oe.

Significant amounts of Cee have been repored Form

Kipushi primary ores and slags. However, Cie in slags

fe.g. the lowest part of the Lubumbashi *Big Hill) is

nat recoverad by present operations, which are focussed
on Co—Co production,

Carbonatite, skarn, granitoid  and fault related ore

deposits. A variety of minerals are associated with

cak-alkaline or peralkaline magmatism (Tahble #). The
mineralization occurred at difierent stages of the MNeo-
proterozoic-Cambrian orogenic evolution:

— Carbonatite-hosted apatite and Wb ore depoat { Mab-
oumé, GAR)

— Sn-W-REE = Ta-£r in zoned granmtic pegmatites,
granitcid-controlled ore deposts, fault-related ore
deposiiz and rare ore deposits related to akaline to
peralkaline  intrusive  compexes  (Croutehounm,
CMR; Bishasha, Mumba, Mumbi, DEREC).

— Au ocourmences in fault-related and granitoid-con-
trolled ore deposits (Central Cameroon field) and
rare hreccia- hosted iron-oxide-rich deposits of proha-
ble iron ox—copper-gold type at Mumbwa, ZMB.

— U as wraniferous peri- or intra-gramtic veins (CGrohblé-
Kitongo, CMR).

= Fh—{&n) shane (Bukairla, Excelsion Sok, ZMME).
Mabounié (GGAB) & a world-clazs residually enriched
carbonatte-hosted apatite and Nb ore deposil of MNeo-
proterozoic 3 (KA age of 660+ 12 Ma; Laval et al.,
1598}, (Table &)
Peralkaline and camonatite-relsted deposits in WE
DRC (northern extersion of Itombwe trough, western
margin of the rift) occur in a M-% peralkaline province
charactensed by carbonatites ( 10 identified) and peral-
kalive vompleses ey, Lushe, Biogo, boanbalio),
Radiometric ages are not well constrained and mnge
between Meoproterozoic (Lueshe at 832 = 13 Ma by
RbfSr method) and Cambrian (Lueshe 316+= 26 Ma
hy KiAr method: Waoalley, 21} The carhanatites
(dolomite-carbonatite, calkite—carbonatite, ealciocar-
bomatite) and syenite of Lueshe (DRC) were emplaced
into Mesoproterozoic schists and quartzite. Weathered
pyrochlose-bearing carbonatites present a major poten-
tal for Wb, la and HEE. Peralaline intrusive com-
plexes ocour ako in Zambia (Mumbij.
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# Hcarce residueal Co-MNi oore deposits have been identi-

tied on laterite capping Meoproterozoic matic-ulira-

matc magmatic complexes (e.g. Kongo, Cameroon,

Table ).

Rutle and Industrial Minerals (Table 9). In Camcroon,

the rutile (Ti] of Akonolinga dstrict is hosted by Meo-

proferozoic micaschiss and goeisses of the Yaounde

Crroup. The sources of alluvial-cluvial industrial miner-

als are locally the mimschist mear the sole of the Meo-

prokeroecic nappes. A distric: of talc iz hosted by

Neoproterozoic 3 sadimentary sequences of the Nyanga

province (hmestone, dolomite and evaporite-bearing

deposits) in Gabon. Some deposits of feldspar or neph-
cline ocour in different cowntries (cg. Ehoundja,

Cameroon ).

# The gemstone fields that are associated with HP
granulite zones (such as the Mozambgue Belt), are
very limited, except i the Irmmide Belt of fambia,
where amphibolites ard granulites are developed. Some
ane depasils ae nol cporied an Ui psp, Dol oo tie
companion map “Ceology and gemstones deposits of
East Africa” at L0000, presented during  the
CAGH collaquinm, Deschamps et al., 2041 They
include aquamarine, amethyst, agata, chalcedony, opal,
ot

Tahle ¢

6. Palenzoic—Mesazoic basins (54245 Ma)

[ T

A sedimentary basin formed on the Congo Craton and
now hroadly termed the Congo Baan s a prominent fea-
ture of the Central Africa region (Lepersonne, 1974 De
Carvalhao, T9E0-19E2). It contains Paleczoic (Carbomiter-
ous—Permian ) marine sediments and continental coal-bear-
ing and zlaciogenic-sediments arc present in some troughs.
Mesozoic (Karoc, Jurassi—Cretacepus) sediments (lacus-
trine and fuviatile deposits) and Late Cretaceous continen-
tal sequences (Kowanga Group, DEC) are also represented.

In the northern part of Central Africa, car'y Cretaceous
ritting ( North CME, South TCD, Guiraud and Maurin,
1942 ocours in mesponse to both a submeridian extensional
regime and dextral strike<lip movement, producing wll-
apart hasins along the Certral Cameroon Shear zones,

0L 0. Sedireniary formaiisey

Sedimentary formation: were deposited from the late
Meoproterozoic to the Palsozoic in the Congo Basin and
in small troughs developed on the Precambrian hasement.
Clastic and/or carbonate-bearing sequences  (siltstone,
sandstore, greywacke, arbose, sconglomermte, =glcio-

Majar Meopraterceaic mining districts of Central Afrca (supergene deposits industrial minerals)

Mame of district, cowrry, Coamm. Potential (1 metal), Ore deposit type Ore: and hosirock Long.; Lat.  Eaploftation lype;
ape, hoskrocks Class af deposir and shape minerdkagy o
Kangn, CM &, Ca (Mi} ca. D&O0 A& e Laterie-reladed Micke silicate, 1385 125 Umearked.
Cemozote Co Jasure. ame deqsiis. ervpiomelaine e of secondary
Neoprogrozoi Oire deposis hosted magnetite, menerals from the
mafic-uliramafic rocks by mafic-utramafic namranite, goethie, ozidised zome
magmatic complex: magnesite { giaherite).
(ap. hlankes, ooy Rerpmime | aniigoens
discordanr medope rale.
af dis sempated ore
Akonolnga, CME, Rautile, Rautile: ca. Alluvial-ehvial placers Rutle, kvanie, 1225 LA Umworked,
Quaremary aluviam, (kyanite) 2600000 A rewarked from garnel +dredging.
Neoprogrozoi: sowce, Meapratereznic Yaourde Pramary oxide ore
micasdi sr, gy mapqe; sounce racks:
micaschist & gneiss
Myanga Province, Talk. ca. TROM 000, A Sedimeman-related Tale. Dofomure, AT, —~ 280 Ulmaarked.
A D, Mowrsd | and evaparite-related chlorne, kaolw g e w wluch rhe
N Dende, Dowssala, mdustrial socks and qeaariz elman rou a
Forre, ctes; mneraby. Temdualby almtirect vl
Nyanga formarion, enriched me. Deposits Phase
Neoprogrozoi 3:
Fumesvome, dolomure
Ehoundia Svenite, Mepheline ca. 200,00 000, A e deposits related 1o Mepheline, feldspar Q91T Lhrravaroed,
CME, Quasrmarp allum, alkaline 1o peralkaline +{ipen cast
Neoprogrozois, imrusive camplex. {cpen pit) mining.
mephekne-hear ingerpenite Industrial 1ocks and e i which rhe

minerals related to

elman rou a

phitonic rock. dxrinet minesal
Envelope of Phase
dissemimared ore

Patental = Production 4 resenes < resounes.
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genic sediments, limestones, dolomte, scarce matic and fel-
siv viulemes and voluaniclastic rocks) wae deposiled o
AR, AGD (Alto-Chiloango, Macondo, Terrero), and
DRC (Bwhimay, Lulua).

In the northern part of the map (TCD, CME, CAF;
Mestraud. 1982), Paleozoic glaciogenic clastic ssdimentary
tormations include tillites, diamictites, argillite, mudstone
(CAF), a: well as fesaliferous ssquences (TCD), from
Cambrianto Upper Devonian age, During the Carbomiter-
ous—Permian periods, clstic + cacbonate-bearing forma-
tions (argiilite, silistone, sandstone, arenite, marl and
limestone were deposited in Agoula (GAB) and in Luanda
and Lutoz-Cassange ( ACGH)). They developed in a passive-
margin platform envronment, while continental glacio-
genic and coal-hearmg  clastic sadimentary formations
were depasited i tedonic troughs i the eastern DRC
{Lukuga).

The central Congo Basin (Lepesonne, 1974 De Cary-
alho, 1980-1982) contains Paleozoc-Mesozoic formations
{Karoo, Jurassic—Eacly Uretaceous).  They comprise
clastic—carbonate lacwtrine and fuviatile deposits (Lutoa-
Cassange, Calonda, ard Cuango in ACG) and Late Creta-
copus cominental clasic sadimentary formation { Kwanga
in MR The Karna Supergronp (mainly sandstones and
mudstone:, e.g. ZMB| was deposiled from Cathoniferous
to Jurassie. The lowes: part of Karoo contains glaciogenic
clastic sedments; the middle part is represented by sand-
stones contaiming coal; and the upper part is represented
by Jurassic mudstores and sandstones with  interlay-
erod basats., The late Cretaccows continental ssquences
{Kwanga, DRC) contain freshwater fishes, osttacods, pal-
ynomorphs and, at the base, diamond-bearing gravels,

The coastal basin fwestern CAB-ACY, v Carvalho,
19H0-1982; Bassot, 198H), compnzes mainly marine clas-
tic-carborate tormations, that cverlie the Proterozoic
rocks and were depesited from the Cretaceous to the
Pleistocen:.

Mesozcic fluviatile and lacustrine clastic (conglomerates,
sandstones and shals) and carbonatic sediments were
deposited “rom eafly to late Cretacenus in restrided troughs
of CM R ( Laghadjeck, ¥ina North, Mhbere, Garoua, Cross,
BManmyu, Amakassou, Kontcha, and Bénouéd sandstones).
Similar deposits also ocour in TCID (early Cretaceous in
Lere, late Cretaceous in Lame) and in CAF (two distinct
arcas: 5W Camot-Berberati and NE Mouka-Ouadda;
Mestraud, 1982). Mesozoic to Nengene clastic sediments
{conglomerates, sandstones and shales) have alo been
deposited in the coastz] Douala passive-margin basin.

. 0.2, Magmaitism

Most-lan-African magmatism sarted during the Camne-
brian. Sub-alkaline to alkaline gnnitoids were emplaced
trom the late-Cambrian to the Ordovician in (M B, CAF,
T, AGHDand ZMB Moreover, m AGO, syenite, gabhro
and daolerte were alsc emplaced during the same period.
Cretaccous minemblized carbonatites and syenitic intru-
sions, scacce Mesoroc doleritic volcamics and vaolcano-

plitonic complexes (hasalt, tephrite, trachytz-phonolite)
Lave boca ciplaced o the alkalioe provioee o waeolial-
western ACH) (e.g. Catanda, Tchivira, at ca. 90130 Ma;
LAE.A. 1986 Woalley, 20001) ard in ZMB (Tahle 11).

.2 Metallogeny ( Table 10)

# The Mesoroic sedimentary bhasinsg host  stratabound
mineralization in coastal hasins of the western margin
of Africa, je.g. Cr-Ph-£n hase metals in Cocobeach,
CiAB, bante in Dourckikd, GAB; phosphate in GAB,
COG and A, Phosphaorites have heen recorded
Upper Cretaceous sedimentary formmations | Tchicanou,
COCE). Uranium iz also present as stratiform beds
uranium-hearing paosphorites (Cabinda, AGO; Kundu
MNzobé and Kanza, DRC) in the same basin from Cre-
taceous to Palacocene. Uranium deposits oocur also
Lambia (eg. Kanba; U-Phos-Fe Jumssic deposits
including  autunite, meta-autunite, phosphuranylite,
uranophane). Impartant potash oand MgUl resources
(Pointe Moire, Makola, Haolle, Kouilou, OO ), as well
as bitumen-bearing deposits, ae hosted by Cretaceous
sediments of the ccastal basin je.g. Libonges and Undi
depnsrs, ACHY) Coypsimm and anhydrite deposits am
hosted by Early Cretaccous  sedimens  (Sumbe,
ACHY) Diamond-bearing Cretaceous paleoplacers am
also known at Quimangoa and Toca (AL (Tablke
1.

Mimn‘ic and Paleozoic carbomatites hostng different
valuahle commodites have been identibed at several
places (Woaolley, 2001). They include Nb at Kalowe,
LMB; Fe at Baihndo; barite, phosphorite, REE, and
Th m ACLY (Tehrara deposit formed at ca. 126
131 Ma); Auorite, and Mb at Bonga, ACGO. Details am
given in Table 11, Jurassic granitoid-controlled uranium
ore denosit occurs in ZMB (e.g Hook Granite Massif),
The Katubu emerald field in gem-bearing pegmatites
and metasomatic deposits developed in Paleoprotero-
zoic recks and possible Late Kibaran rocks during the
Upper Ordoviciar (Crech Geological Sarvey data;
Korhek, 20005, Oral Comm. ).

Coals accur in the sastern DEC in the Lulkuga Permian
basin, a southern extension of the [tombwe Neoprotero-
zoic trough. Five coal beds have been identified in the
clastic sedimentary rocks, inchiding some glaciogenic
materials (Tahle 12).

Mesoznic diamond deposits (Table 13) comprise dia-
maond kimberlites [e.g. Mbuyi-Mayi in DRC; Camat-
chia, Camafuca, Catoca, Camagico, Tongo m AGO)
and paleoplacers, including diamonds reworked
baszal beds of Usper Cretaccous age 2t Kwanga,
DRC, and diamond-related Mesozoic  sedimentary
rocks of CAF (Censier, 19890, Available geochrono-
logical data on kimberlites are however rare or unpub-
lished. They suggest (i) a main early Cretaceous period
of pipe emplacement and (ii) a Late Cretacsous extrac-
tion (e.g. Mbuyi-Mayi at ca 71 Ma). All of these
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Tahle 10

Klajor sechimernt.hasted W eenans mining didricts af Central & Tiea

Mame of district, cossarry,  Comm. Patential Oire depasitiype Ore and Bosfrock  Longs Lat Exploitatian type;

ape, Bost-rocks i1 metal (@ grade), and shape mineralagy aore

Class of deposit

Cocabeach, GAEL Ph ca, 15 00, O Red Bed hosted Galema Q8L 100 Primary s lohidr ore

M esozon, Trigsss lead deposhs.
Seranfrm bed

Loureldld, GAB, Basite ca. 400,000, B Zandstone, +dalomite  Berite, hematie 1054 =204 Umaarked. Sarre
Early Cretasecus, hosted siathound
Upper Cocobeadh, are deposits, residually
Upper Aprian enriched. Srariform

bed, cap and blanker

Cachoeiras de Binga, Cu . JI0000, O Red Bed (sandstome) Chalcopyrite, 140 =11 e e wluch rhe
AGD, Early Cremaaeous, hiosted hase metal hornite, digenite, elemanr fomu a
Upper Cuva, calaranife, deposits. Srarshound  oovellite, idaite, disaner mizeral phase
conplomerate, anduons, bad malachite, azurie
sulrErome
anhpdrife-hearng beds

Tchicanou, O0G, Phos ca. JO0000000, O Phasphariies Phaspharies 12; =45 Mining methad
Upper Crefacseous for sedimenany unknoare Phosphare

phospha tes); ({5
Seranfrm bed

Cabinda, AGO, LI, Phas LE ca 15000, B Lirariferous Urraarked

Lare Cresaceons phospharites.
" Afaarirchaan ] Heran o o bad
fo Poalaeo cene,

Plosphori i

Eundu Manhé, Kanzi, U, Phos  Kundh Mzahé L: Liraniferous Feldspar, apatite, Kundu Maohd; Umwarked
DRC Mesozor, ca. I, O Kanzi UI: phosphorites. quartz, wavellie 1263, 830
Creracos, Fluspler bic . TZi0, O et caid foar vea el Kana, 1287

Paimte Maire, Mikole, Poash, Potash: 135,000,000, Zalts and gypsum Carna llite, Pamnte Maire:  Salution mining
Halle Kouilou OO0, P B Mgl T000000, B deposits. Srargorm Tpchaffite, 11.9%; 485 methad. Premary
Lovwer Crefaceus, bed: sample or tachyhydrite, Halle: 12.1% soluble salx
dolomire, anhypdrifte and melri-lapered Fual e, 457
salrbearm g roks, isymdeporinomal wirh  arhydrie
sanderome, £ufgone Bost rack)

Rumbe, AGD Mesozow, Gopsum,  Gpoca 150000000, B Sals and gypsum Givpsum, 1357, <1117 Miming method
Early Cretasecus, anlydrite depasits. arhydrite unknowm. e
(Fyprum & Seranfrm bed which rhe rlemenr
amhpdrife-bearng Jforms a dummer
selmegs mumeral plase

Patential = Production 4 reserves < resounces.

deposits are assumed to be the sources rocks of Ceno-
zoie alluvial-cluvial deposits (e.g. Kasal and Tehikapa,
in westem and castern CAF districes Tahle 13}

T. Cenoxoic cever

71 (renlogy

In Centml Africa Cenczoic formations compris::

» Continentzl sedimentary cover: the central basins of

LCongo and Angola are mostly filled with BEocene to
Upper Meogene sandstones of Lower and Upper Kala-

hari age and with the “Formation des Cirgues"™ (or
Upper Quelo). In Ched this cover developed rom the
Upper Pasogene to the Quaternary and overlies Paleo-
wene ikl Maasiichileg deposils,

Coastal znd ofishore basins: in Cameroon, marine
sodimentary formatiors of Cenozoic age form hart of a
passive-margin basin. Marine sediments ovedie Mesozoic
depaosits v other coastz] basins (e.g. Gabon and Angolal.
Voleanism developed along the western rift in the Mid-
dlz Mioncane to Holocene in the Virunga Masst, DDRC,
and along the 15300 kmn NMNE-S55W trending Cameroon
Volcanic Line { Paleocene-Eocene granitoid and syenite
ring-complexes; recen: and actve alkaline volkanism
such as Mount Camernon and Lake Myos).
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Major carboratierelaied Masoeaic mining districts of Cereral Africa

1

Mame of district, courry, Coamm. Patential Ore: deposit fype Ore and kosrerack Long; Esphitation type;
age host-racks (1 metal (@ grade), and dhape minerakogy Lat. aore
Class of deposit
Kaliwe, ZM3, reraceons,  MWh, (Phas) Mh: ca. Pyrochloe, apatite, Wk Mining methad
Albier, Conboraz aic 0 Jee0 a8, A magnatiie, fram avyden . 1808  unkmowm.
Calare, phlapopi s Primary oxide ore;
Phosphares
Bathunda, AGOQ Mesozow, Fe, (Barue, Fe: ca. Carbomatie-hosted Magnetie, apatite, 1556 Umearked
Crefaceosus, Carbomaise, Phos, REE, Th) 6206000060, O are Epasits. mariite, inenie, 1214
Fe, Barue, Phos, REE, Th Allvvial-elwvial placers.  pyrochkane, monazhe,
Discard ant emwlope harite, srcon, rufle,
af dusemumared ore carundurn, fAuarie
Places
Tehivira, AGD, Mesozouw, Fluarie Fl: ca. Carbomatie-hosted Fhuarie, haride, 1387,  Umearked. Fluorire
Crefacaous, carkona Ble, 200K, B are ceposis. Msordas  pyrachlare, apatre, 4.0
ijolire, enmelpe of desaumared  magnetite. Nephelige,
mephelne-haring-spenire, ore; placers caloe, ddonure,
sy, pathro ankerire, quar e
Banga, AGO, Mesozou HMh Mh: ca. Carbomatie-hosted Pyrochloe, 1357, Umaarked.
Crerfaceous, carboma are, D40, O are eposits. Discordanr  apatite harite, 1436 (re m which she
mephelne-haring-spenire, enmebype of desaumared  magnetite elemant fornu a
graniord, gahbro ore; placers disaner mineral
phasy
Patential = Praoduction 4 reszrves < resources.
Tahle 12
Paleazoic 1o Mesoznic major eoal hasins of Central Adrica
Mame of district, courry, Comm.  Potential Ore: depost type Oreand bostrock  Long; Lat. Explaitation type; ore
age host-racks it metal (@ grade]  and shape mireralagy
Chas of deposit
Lukuga, D EC Palarozos:,  Coal Coal deposits types Caal M5 <58 Mining method unknoam.
Permuan, Uprer Lukupa, Sranfrm s of Coal ore
Conal { harasupons coal, ISR K
andrasite, graphife), rillire, sbvmna ssive ore

e are, sands iome, solusr

Patential = Praoduction 4 reszrves < resources.

# Lateritic profiles (Paleogene to Quaternary ) are devel-
opad ir the tropis (eg. CAF, central CME and
AR, but incomplete, truncated profiles ocour in
Equatonal areas (GAR, south CME).

» Cuaternary alluvial-cluvial depasits (alluvium, sands,
and  gravels) have formed along river valleys  or
depressions.

All of Tiese Cenozole formartiors have been simplified
on the map.

7.2 Metalbgeny

The Cenozoic sedimentary covers host varioms minemal
and energy resources, Numerows denosits are controlled by
Cenozoic mechanical and chemical processes, such as later-
itic, alluvial-eluvial or coastal phenomena. These processes
are, in many respocts, responsible for the enrichment and
economic concentration of pre-Cenozoic mineralisation.

Amaong the major deposits, mertion should be made of
the following:

# Readual depoats: Bawate—Mimm  Martap with a
paotential of 3, 000,000,000 tons, N gaoundal, and Fongo
Tongo in CME (Mep Gweth, 2000), Kony in COCG.
Co—Mi laterite-related at Konge, CME.

Socondary enrichment: Fe in Archean BIF in Isiro dis
tict ard ITrk-Uele, DREC; £anaga, OO0 and Belinga,
CrAR, etc., Mnin the Moanda deposit, Phos-MNb-REEE
in carbonatites at Mabounié, GAB, MNb-phosphate i
CrAB, :nd at Lueshe and Bingo in DRC, Sn-Ta in peg-
matites in the Eastern DRC B baran province (in situ
alteration of pegmatites also plays a major role for Sn
and Tz benehiciation), Cu—Co in Copperbelt deposits
{deep socondary entichments by cementation processes
were mmportant i the past for the development of these
depaosits), PFh-Zn in MVT and pipe-melated deposits such
as Kipushi, DRC and M Passa, COCG,
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Tahle 13
Cenoznic and Mesozoic selected damond fields of Cemtral Africa
Mame of district, couarry, Comm. Pawential {carats), ire depasit type Ore and hostr ack Long; Lat. Exploftation
age, host-rocks Class of deposit and shape minerakagy types one
Kasai Provinee; inchiding Dram. Mhanvi-Mawi: ca Damondiferaus Dramond, deemie, Mbuyi-Mayi Open cast
W buyi- Mayi Mine, DREC, S, 00,000, A kimherkites, rifamemagmerite 4% 608 {open pit) mining.
Bushmaye casern Kasay paleaplacers and Prrope, duopside Ore in which the
Mesozow, Upper Crefaceous placers. Envelope marive elemenr is
(e T8 Ma ], Kimberhre af dirrsmumated free or i frsures
Hardened conplomerate are in pipe; plasers (recorerable by
| " Poudmpue" |, Sands one promdme |
Aluvial minng
Camatchia, Camafuca, Tham. Camatchiz: ca. Dhamand feraus Dhamemd, e ‘amatchia, Open cast and
Catoca, AG, 13, 500 000, B, kimberktes. Euvelope  firamsmagmernire Hi4E; -8 94 underground
Early Cretasous, Camafuca: ca. of dissemimaed ore  pyrope dopside ‘amafuce:  miming.
Kimber ite, ruff, argillie TN, B, in pipe I8, ~E 45 MNatweelwumr
Catoca: ca. (oo e
40,000 000, B S -8.18
Tshikapa DRC Cemozow Tham Traamn . =70, 000 0060, TrHamaond TrHamond, HER; & 54 Allinvial mining.
| Memozons | Chrysoberyl B 65 804 gemstones,  pakeoplacers. Chrysobery] fEmenire, Narive-elememr
Kasal + srabugar ws 09ctfm? placers, ADupsal elupal rifamemagmerite, e
| Lashembe, Lonparshime, 015 germ, Macrs Pwrape, dopside,
Tehkapa, Luvea, Lubi, 10 stemesict stamrolie, Souwrmalme
Luehal, 10K knt'. Chrysaberyl, O ploberiie, quariz,
Allupium and palroplacers kpamire, epidore,
from supposed coramndm
Mesozow sources,
Western and eastern Dram. = S0000,000, B Alluvial-ehivial DHameond, gold I6; 5.5 Allivial mining

districts CAF Camozoxr
ffrom supposed
Mesozow- | Palrozow)
SouraEs

placers from unknown
sources (supposed
Paleaznic ar Mesozoc
sediment)

Paental = Production + reserves -+ resources.

#» Au, diamond, rutile, Sn alluvial-chivial or coastal plac-
ers: numerous placer-type deposits (inland placers,
heavy minerals-bearing heach sand coastal deposits)
are linked to sscondary alluvial concentration of heavy
andfar resistant minerals. Impartance of placer deposits
was and iz still very high for artizanal and/or mdustrial
mining of:

(1) Gold: Lubero area, Lugushwa, Moto district,
Mamoya and Twangiza areas, ete. in DR
Bétaré-Oya and Kambéld zones, Central Cameroon
Field in CMR; Roandji district n CAF; Fréké,
Mitzic and N'Dangui districts, ete. in GAB.

(1) iamond: Mbuyi-Mayi, Tshikapa district, Kasai
basin, Bakwanga in DRC; Luanga-Malanje and
Cassamba, in ACH), Kotto river, Sanga, Lobaye
and Mamhéré basins in CAF.

(i) Tin {cassiterite): Mayo Darlé in CME; Busanga,
Kalounga, Punia, Kailo district, Walikale and
Mumba in DRC; Mutumbi in OOy Sominks W
placer in DRC.

(iv) Titanium  minerals  (ilmenite, rutile):  numerows
deposits i CME, inchuding Edea-Kribi beach-sand
deposits;  Dubrewl and Nanga-Eboko  placers,
rutile-bearing placers that are the most mteresting
tor Ti beneficiation in the Akonolinga waorld-class

deposit, at Yo and Dija; and the rutile- kyanite-bear-
ing Cnéld placer. Titanium minerals also accurin the
Pocolo, Chitato and Chiange deposits in ACGO.

# Cenozoic to Quaternary coastal and continental sadi-
ments host various industrial rocks and mineral depos-
its. Among the most mportant we can mention: clays
(Yaounde and Douala region, CME; Solwezi, ZMB);
lacustrine diatomite (Lake Chad-Faya ama, an A-class
depoat in CME), and trona deposits | Lake Chad, a
B-class deposit i TCD), peat (OO0 coastal hasin
depodts of Cayo and N Tombo in COCE). Rift Lake sed-
iments alko host salt ( Lake Kabwe, Kasenay, and [DRC)
and gas msources (Kiva Lake, DR,

K. Summary aml conelusion

This paper, which was prepared to accompany the
124, (W0, (M) scale map "Geology and major ore deposits
af Central Africa, moorpomtes geological and metallogenic
data from eight countries in Central Africa (Angola, Cam-
eroon, Chad, Central African Republic, Congo Brazzaville,
Demacratic Republic of Congo (DEC), Equatarial Cruinea
and Lambia), The map & a harmonised and geo-referenced
preliminary map, hasad onoa GIS at 1:2, 000,000 zcale, and




AP M eral [ Joumal of Africaa Earth Scamces 44 (2006) 571593 51

tocusses on the spatial and temporal distribution of
selocted major devosits,

The examination of this simplified map and the analysis
of its knowledge *“gaps™ will allow the identification of new
scientific targets such as (i) the extension of Mesoprotero-
zoic formations and related magmatic rocks, (i) the struc-
tural, metamormphic and geochronological mlationships of
“Haut-Laire” Archean to the Mesoproteroeoic metalliter-
ous provinoe, andin particular the PGE belt of DRC | Lub-
ero district -1 ganda-Burundi-Tanzania, and (i11) the age
of mineralised carbonatites, pegmatites and granitoids,
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