Sediment-hosted Zn-Pb-Cu deposits in the Central African Copperbelt
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ABSTRACT

Stratabound epigenetic sulphide Zn-P b-{u ore deposits of the Ceniral African Copperbedt in the Democratic
Republic of Congo and Zambia are mostly hosted @n deformed shallow marine plitform carbonates and
assodated sadimentary rocks of the Meoproereosc Katinga Supergrou p. Economic orsbadies, that also
comtain varidle amounts of manar Cd, Co, Ce, Az, Be, As, Mo, Ca, and V, ooour mainly as irnegu br i pe-lke
badies associaied with col kpse brecciasand faults as well 2= lentiou bir bodses subparalle] to hedding Kipushi
and Kareve m the Demooatic Republic of the fongo and Zambia, repectively, ane the major samples of
carbonate-hosted In-Fo-Cu mined deposits with importan t by-products of Ce, Od, Ag and Vin the Lu filim
Arc, 3 major metallogenic prowinee Samous for s workl-clss sediment-ho sted stratdform Cu-{o deposits.
The cashomte-hosted deposits range i age from Neoproerozoc to earhy Palasoeoic (630 to 250 Ma)L The
formation of the rebiively older Moo proterosoic dep osits s probab Iy reladed to eardy collsion ewents during
th e Lufilian Orogemny, whereas the younger Palaeomn ic deposits may be related to post-collisional] processes of
ore formation. Fhoid imchsion and stable motope data indicae that hydrothermal metal-bearing fluids
evaled from formation brines during Basin ewvalution and s tectonogenests. Ore fluid migration ocoummed
mainl yakong magjor thnest zones and other structural discontinuties such as karsts, brecoas and Faults wathin
th = Katangan coser rocks, resulting i ore deposthion withm Gvourable structures and readive carbonades of
th = Kztangan Supergroup

Mg
Tn-Fo- 0 dipedsing
Sadimen faaned depaals

Cenmal African Gopperbeis

1. It rosdusct jom

The arcuate shaped Lufilian Asc s part of the Neaproterazols system
of Pan-African orogendc belts with two N-5-trending arogens an the
eastern (e Mozambique Belt) and western marging (West Congo,
Kok, Garlep and Saldania Bels) of southern Africa, linked sy a third
tramscontinental orogen comprising e Damara Belt, the Lufilian Arc
and the Zam bezi Belt (Fig 1) The trarscurrent Mvwembeshi Dislocation
Zane [Fig 1] separates the Luflian Asc from te Zambezi Belt {Unmng,
1983). Geophysical data (Eberle et al_ 1995 1996 Comer, 2000)
imdicates that the Lufillan Asc is probabdy linked to the NE-frending
Damara Belt, bt its link with other Pan-Alrican crogens in the wet i
ohscured by Phanemzole oover. The evolution of these Neoproterozolc
orogens and the mastly undelormed supracustal suressions in the
azsnclated Neopraternazoke © Lower Palasozoic basins | Fig-1 ) spans over
a period of 300 million years, stardngwith within-plate magmatism and
rifing from ca 1000 to 700 Ma and culminating with oollional
orogenesls at e 575 to 505 Ma | Hanson, 2003).

* Comesponding ashor
E mail adderess fyCe gmod
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A numbser of epigenetic Zn-Fb-0u massive sulphide deposits
including the major dejposits of Kipushi and Kabwe, are hosted in
defarmed platform carbonates of the Lufilian Arc Most of these
depasits are relatively amall, typlaally with only 2 few thousand tons
af ore, indwding Kengere and Lombee in the Democratic Republic of
Cango { R ; he reafter Dongo ) 25 wel | 23 Bob Zine, Lukusxshi, Millberg,
Mufubushi Sebembere and Star Zinc in Zamba (Fig. 2). As a con-
sequence, these minor deposits and prospects have only been ex-
ploited at 2 small scale, if at all. However, the Kipushi and Kabwe
depmits are exceptionally large, with millians of tons of predomi-
nantly massive sulphide are contai ned within swatigraphically ex-
tensive pipe-like bodies surmunded by silicified dolomite.

These carbonate-hosted depasits are of special interest since they
are polymetallic {Zn-Pb-Cu-V-Cd-Agl and also contain minor
amiments o itraces of Ge and Galn additlon, they are closely asod ated
with the world-dass stratiform Cu-Co mineralization of the Central
African Copperbeit However, although detalled desoriptions of the
individusl deposits hawe been made in the past and 2 significant
ammunt of data doowme nting the vanous attribates of these depasits
has been collected in the last decade, the reglonal ocowrmence amnd
milneral lzatl an proceses related to the genesls of these deposiis have
it et e desoribed hool tstieally and. further maone, their relati anship
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to the sratiform Cu-Co depasits is sl poorly undestood It is
therefore the aim of this paper to ynthesize anc critically assess
ithe available geological dataand evidence relsted jo the ocournence
and genagis of arbonste-hmted Zn-Mh—Cu dapogits in the Lufilizn
Arc of Central Africa in order to better constrain the processes of
mineral ization.

2. Gedlogical background

The Lufilian Arc (Fig 1) of the Central African Copperbelt is a
northwand -convex Fan-Africn orogenic belt ansistng of Neoprater-
oazols metaedimentary rocks af the Katanga Suporgroup [Mendel
sahi, 19612, Binda and Mulgrew, 1974, Unrug, 1983 Galltews et al_
1994, 1995) Basement rodks underlying the Katmga Supergroup
indude Neoarchaean granites and granulites af the Congo Cratan in

ithe western part of the Lufilian Arc (Key et al. 2000) and Palaeo-
praterozaic schists, granites and gnetises of the Domes Region (Key
et al, 2000 ; john et 2l 2004), the external fobl and thrust belt of the
lufubu Metamornphic Complo: [LMC) on the Copparbalt [Mandal-
soha, 1961k Ngow e al, 1991 Rainauwd e 2l 20052) and the
quartzite-metapelite spccession of the Musa Kibaran Swpergrop
Garlick, 1961; De Waee et al. 2006, Kokonyangi et al, 2006).
According to Key e al (2001), the Nesrchaean Congo Craton
2523-2538 Ma) was sffeced by a 2560 Ma tectonothermal even:
when migmatites and asocisted granites were generated. Rainsu
et al [ 20052) have inteipre ted the Palasoproternzoic [ 2073-1874 Ma;
LM 25 a reglonally extensive magmatic are terrane which collidec
with the Tanzanian craton during the ca 2050-1850 Ma Ubendian
arogeny. The Muva/ Kibaran Supergrmp was deposited between ca
1B50 and 16550 Ma (De Wae le et al, 2006; Kokonyangi et al. 2006 ) and
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was invalved in a full Wikon cycle of rifting ocean opening and
clasuwre, fallowed by subduction and allision { Kampunzu et al, 1985,
Fumwvegerl 1991 Kokonyangi et al, 2006) which culminated in the
azsembly of the Rocinda supercontinent | Dalziel et al, 2000) during
the Mesoproteraod: Inemide /Kibaran orogeny at ca 1050-1020 Ma
{Schenk and Appel 2002; De Wasle et al, 20061

Intrusion of the Kohanga Granite at 883 + 10 Ma {U-Pb an zircon;
Arnmatrong et al, 205 ) represents the youmngest pre- Katangan i gneous.
aativity thatafected basement rocks inthe Central Afrlcan Copperbelt
[ Garlick and Brummer, 19511

21, The Katanga Sugergrougp

The Katanga Supergroup i commonly subdivided into three lith-
narratigraphis groaps [Table 1) the hoasal Baan, e middla Rgiha
{formerly Lower Kundelungu) and the Kundelungu (formerly Upper
Kumdelungu) at the top (Frangoks, 1973h, 1987, 1995, Caileuws, 2003,
Batwmike et al, 2007)

The Roan Groug in Zambia conslsts of 2 basal siliciclastic wnit
[ Mindola Subgroup;. 2 middle carbanate and =ilicld astic unit | Kiowe
Subgroup) and an uppermost carbanate unit {Kirilabombwe Sub-
group). Aaording o detailed correlations of the Roan Group sedi-
mentary rods between Congo and Zambia performed by Calleux

et al (1954, 1995) these units correspond te the RAT [*Roches
Argilo-Talquewses™), Mines and Dipeta subgroups, respectively in
Canga The Mwashya Subgroup s regarded a5 the top of the Roan
Group {Mendelsohn, 19610, Felscher et al, 1996; Frangols 1973h,
1987 ; Binda, 1994, Cailteus, 1994; Cailteux ef 2l 20052 2007 ). Other
warkers, however, conslder the Mwashya a3 elther 2 separate Group
abwve the Roan {eg. Porada and Berhorst, 2000) or 25 a subgroup at
the base of the Nguba Group (g, Wendori 2003).

The Nguba Group i subdivided into two major wiits: the mixed
carbonate-siliciclastic Muombe and the predominantly silidclstic
with minor carbonate Bunkeya subgroups, reipectively (Batumike
et al, 20071 Its base b marked by reglonally extensive matrix-
supported glaclogenic conglomerates of the Mwale Formation, widely
kw25 the “Grand Conglomérat™ {Van Doorndnd:, 1928, Gray, 1930,
Masmnnd_ 1971 Rinda and Wan Fdan, 19772 Frangnia, 1973k Cahen_
1978; Batumike et al, 20071 Cap-carbonates [Kaponda Kakontwe
andl Kipushi Formations ) overlying the Mwale Fonmation commanly
contaln Zn-Pb-{u) ore deposis in Congo (Frangols 19734, 1974,
Intiamale and Oosterbosch, 1974, Buffard, 1978, 1988 ; Intiomale, 1982,
Baitwmi ke et al, 2007 ; Cail teus, 1989 ) Deposition af the Nguba Group
s marked by a general nonth to sowth increxse in thickness coupled
with Increxsing carbonate deposition and deoexsing grain size in
alidclastic rocks sowhward Sudh trends suggest 2 proximal fackes in
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the morth amd a hasin open © the south {Frangols 1987, Batwmke
etal, 20071

The uppermost Kundelungu Group is subdivided into three
subgroups (Gombela, Ngule and Biano) in Congo {Batumike et al_
2007). The Gombela Subgroup consists mainly of silstone-shale-
carbonate units, and & marked by the basal glaciogenic Pett
Conglamérat (Kyandamm Formation) overlsin by a cap carbanate
{Lesele Formation). The Ngule Subgroup is a sequence af pelites,
sikstones and sandstones, wherexs the Biao Subgroup B an
arenaceous wndt of conglomerate, arkose and sandsmne

2.2 Woronde evolution af the Katanga Supergroug

Initial continental rilting and sedimentation began soon after
RAN M3 32 indicated by 1-Ph wirean ages from the Nehanga Cranita
[Armatrong et al, 2005 ) which is nonconformably overlain by basal
conglomerate and arkose of the Mindola Subrouwp. U-Pb SHRIMP
daing of detrital zircons Irom the arkose | Armatrang et 2l 2005 ) has
revealed that both the Palasoprote razodc LMC (2081 +£28 to 1835 +
26Ma) and the Nchanga Granite (8804 10 Ma) provided detritus to
the lower units of the Rean Group (Armstrong et al, 2005; Maxter
etal, 2005). Continentl rifing on the southem edge of the Congo
Cratan resulted in the famatian of 3 pasaiy gin {Bufiard, 1983;
Paorada, 1989; Porada and Berhorst, 2000; Key et a_ 2000 ) whene basal
Roan Group continental fluviatile red beds and siltstones were
deposited. The continental siliciclastic sediments graded laterally
imio shales, carbonates, evaporites and iron fomations in 2 transi-
thomal pe ritid.al and |aowstrine environment | legonbasin) amd then o
the carbonate-dominated platform of the Kirilabombwe/THpeta
suigroups which accumulated in a shell envionment [Cosi et al,
1mM2; Calliewy 1994; Parada and Berharst, 2000; Key ot ol 2001).
Vacaniclxtics and banded iron formations developed in a deep rik
baiin environment characterized by extenslon-elated mafic pluton-
iam and volcantsm (Kampunzu et al, 1991 1993 2000).

The intracontinental fit developed in response to Bdonic sreses
azsnciated with de breakup of the Rodinla Supercantinent (Rogers etal,
1995, Unrug, 1996, Weil ef al, 1998 ) due towpwe ling of asthenospheric
mantle that resulted in the generation of thoelite maflc magmas
{Tembo et al, 1939} The intramatinental rift sizge evolved into the
proim-oceandc rift stage from ca 765 1o 735 Ma [ Key et al, 2001; Barran
et al, 2003) when oceanic cnest was formed from extension-rel ed
inrsion of thaleditic maic dykes and sills and extrision of mafic o
Tebibe lavas amd pwfls | Kampunzuetal, 1990, 1993 2000, Meernt and Vo
der Voo, 1997; John et A, 2003) which ocour mainly in the Kirila-
bominwe, Dipeta, Kansubd {formerly Lower Mwashya) and Muwombe
sequences (Tabde 1) {Lelebvre, 1973, 1975, Calltews, 1994, Tembo et al,
1939, Key el al, 2001; Banmun el al, 2005, Kdengek: e al, 2003,
Kampunzu et al, 2003; Cilteux et al, 2007). During 2 major phase of
exrendonal tectanics and normal fzulting marking the transiton of the
coninentl rift to the proo-oceande rift basin (Kampunzu et al, 1991,
19493) the ow@an basin wilened to > 1000 km (jchn et 2l 2003) with
silid clastic units of the Mwashya Subgroup (Cailteux et al | 2007 ) and of
the overlying Nguha and Kundelngu Groeps deposidon

Both the Grand Gonglomératand the Petlt Cangl amérat, which ooor
arthe hise of the Mguba and Kundelungu Lioups | 1ade 1), are
glaciogenic diamictites which may be correlated to the global Sturtian
{ca 730 Ma) and the Mainoan ca 635 Ma) glolations, respedively
{eg. Hoffman et al_ 1993, Fanning and Link, 2004, Haflmann et al_
200 ). The Sturtian age of the first glaclatan event b poasidated by the
U= zircon age of 735 Ma+5 Ma (Keyetal, 2001) of inerstratified
mufle valcandes at the base of te Grand Conglomérat. No age data ks
avallable for the younger gladation event represenid by the Petit
Conglomérat.

Extensian was followed by conver gence of the Congo and Kala hari
Cratons, leading © subduction of oceandic lithesphere and edogite
foamation at around G35 £61 to 595 + 10 Ma (3m-Nd gamet-whole

rodk ages; Johnetal 2003). Lerouge et al {2004) have determined U-
Th-Fhages of 709 +48, 603 +31 and 534+ 8 Ma on manazite gaing
fram the Lulwishi Cu-Co-U deposit in Gingo which are within the
emor range of edogite formation at 638 and 600 Ma The 709 Ma
monazite xge b5 also consistent with the 744 + 8 Ma Rb-5r musavite
age aof Cosd et al. (1932) for peak metamaorphism in the Domes Reglon.
Plate converpene and subduction therefore probably ocourred fram
ca 750 to 600 Ma during what is commonly referred to as the
Kolwezian phase of the Lufillan Onogeny (Frangois 19730, 1974; Cahen
et al, 1984; Cosi et al, 1992, Kampunzu and Cailteus, 1993) which
resulted in the formation of thrst surlaes, nappes, and eclogie at
depth {Cahen, 1970; Cosl et al_1992; John et al_ 2003} According to
Cail teus: and Kampenzu | 1985), tectandc megalvecdas at the bae of
the thrusted nappes ako formed during this phase, Galitated by
dewatering and fuddization of avaparitic marerial in the BA T and
Dipeta subgroups.

Continent-matient olliion between the Gongo and Kalshari
Cratons ocowrmed & ca 530 Ma when tac-kyanite schists | whites-
chists) formed uncer high pressure amphibalite eies condidons
{John et al, 2004) The 529+2 Ma P *PU manazite age of ohn
et al. (2004) for the peak stxge of metamorphism is also consistent
with the 53041 Ma U-Ph zge of recystallized wraninite from
Lubowichi {Lork ot 3l, 1997). Continentdl allision 3t o 530 Ma
comrespands to the Monwezian phase of the Lufilian Onogeny
(Demesmaeker et s 1963, Kampunzu and Cailteus, 1999) which
resulted inmorthwest-and northeast-direced thnesdng inthe westenm
and eastern arms of the Lufilian Asc, respectively (Key et al, 2000) x5
well a3 the formatien of whiteschists, duplication of base ment- cover
sequences through recumbent fiolding and remobdl izatian of weanium
mimeralization along reactivaied swike-slp Gults (Cosi et al, 19492,
Larks et al, 1997; Kampunsu and Calltewy, 1999, John ot al, 2004,

Tectondc uplift and rapid erosion fdlowed final collision and
resulted in the deposition of rippled siltgones of the Blano Group)
Subgrouwp | Master et al, 2005) which i interpreted a5 a @ntinental
molasse (Kampunzy and Cailteus, 1999, Wendorfl 2003 ) Siltstanes
af the Blano Subgmup are not metamorphosed and represent the
youngest undt of the Katanga Supergroup with 2 maximum age of
573+ 5 Ma based an Y% % dating o detrital muscovite gaing
{Master et al, 2005} Coaling ages in the range S12-470 Ma deter-
mined by K-Ar anc Rb-5r dating of muscovite and Maotie irom the
Dames region {Cod et al, 1992; john et al, 2004), represent the inal
past-metamorphic xges in the Lufilian Ar. No predse dating of the
ithird phase of the Lufllan Orogeny, the Paleozole Chil stembo phae of
Kampunzu and Caileus {1999 is availsble, but it may be bracketed
between the ca. 530 Ma mllsion event and the 512 Ma cooling age of
micas in the Dome: Region The Chilstembo phase s represented by
upr i mesusae kls and structeres asverse e wends in de
Lufilian Asc (Cosl etal , 1992; Kampunzw and Cailteus, 1999).

I a recent re-inoenpre it thon of the Katangan lithosirathg raphy and
Lufilian arogenic event Wendaorll (2003) has proposed an additonal
younger lithotedonde wnit, the Fungumme Grouwp, whidh is a sed-
imentary synorogenic @mplex of continental red beds (Mubshi
Formatian), margieal marine carbonate: [Hpeta Formation) and
alistmromes (Karbove Formation) formed by mass graviny flows
and erdgion of the Mvandng Mrust sheers during e Lutlian
Oiogeny, and deposited x5 allsostromes in the Katangan foreland
basin (Wendarfl, 2000ah). to Wendarfl (20031 the
Fungurume Growp b part]y coeval with the Blano Subgrowp. Although
the debate on the Kitangan tectonic {mega)breccias is outside the
scoppe of this pape it is warth noting tha both previows and recent
daita pentaining to strwctwral, lithol ogical, petrographic, geochenial,
genchronalogical studies (e Demesmaeber etal, 1963, Cail teus and
Kampunzu, 1955, Kampunzu and Cailteus, 1999, Jackson et al, 2003,
Caflteux et 2l 2005..h; Kampunzu et al, 2005, Batumike etal, 20071
and to unpublished C-0 Botopic data (AMIRA, praject 872, final
sponsors meeting of October 2008), provide evidence for 2 good
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comrelation of the Roan sucesion in both Congo and Zamba that
strongly contradict this interpretation

Stratigraphic gaps between the Roan subgroups have been attri-
buted to former evapories |{Caillteuws, 1983, 1994; De Magnde and
Frangods, 1988, Cailteus and Kampunzw 1995) and the rale of salt
diapirs in the genesis of some Copperbelt deposits, including the
Kipushi deposit in Cangn, has been suggested by some workers [eg.
Frangods, 1973b; Cailteux, 1983, De Magnde and Frangol, 1988).
Jackson ef Al (2003) have gone further to propose that allochtonous
salt tectanics may explain the ocownend of the entgmatic mega- and
gigatweccias on the Copparbelt which underdie 25,000 km* and can-
tain ghgackets wp to 10 km wide. According to Jacdkson et 2l (2003 ),
salt tectonics that began during depositonof the Roan Growp, indtlally
caused emplacement of evaporite-me gabreccl s and evaporitic dia-
jpdis into overlying strata and later resulted in nonthward extrision of
evaporite and carbonate-dominated sediments and ores over sub-
chiomous strata during Lufilian deformation, and eventually culmi-
nated into emplacement of large thrust sheets.

2.3 Srariform capper mdneralizarion in the Karanga Supergroup

Ecomamic deposits of the Keoproterozole stratiform Cu-Co ones in
thee Lufilian Arc are found in diferent hoastrocks of the Mindola/RA T,
Kitwe Mines amd Kin Labombswe Tipeta subgroups | Table 1) with the
muast important one bodies incarbanate dominated allochtommes wnits
of the Mines Subgroup in Congo and within more siliciclastic wnits

[sandsmne, siltatone, marl 2nd shale ) of the lateral ly e quivalent Kitwe
Subgroup in Zambla (Mendelsohn, 1961 ¢ Binda, 1954, Frangols, 1974,
Lefetwre, 1974; Flelscher et al, 1976, Caillteus et 2l 2005h, 2007) The
genedls of these deposits has been debaed by several workers for
many decades (see review in Sweeney ef al, 1991) and although
genetic hypotheses ranging from syngenetic to epdgenetic (MoGowan
et al 2008 ) sill exdst, a mineralized Palse oproterozolc basement with
capper-bearing gnelsses (Voet and Freeman, 1972 ) and porphyry-type
capper deposits {Wakefleld, 1978) is the most plausible source of
detrital material for the ore-bearing units Ore formation invalved
il tismge syngenetic and early © late dizgenetic processes af metal
concentration from basinal byines, with some remabilization during
arogenic metamorphism (eg., Garlick, 1961, Bartholome, 1974,
Caileus, 1985, Sweeney et al, 1986 1991, Annels, 1989, Binda
1994; Cailteux et al, 2005h; Selley et al, 2005). The syngemnetic-
dizgenetic to remobilized onlgin of the mineralization i suppaorted by
micrathermometric studies of pre-econdc, synteconkc and post-
tectande fluid inclusions in gangue minerals which show that the ore
fulds varied from low-tempe ratwre (70 to 150 *C) basinal beimnes to
Ihigh-tempe ratwre metamaonghic fluids {2200 to 400 °C) with varialde
aalindties (8 to =23 wik Nall equivalent) (Firmoling 1970 Ngongo,
18975, Audecud, 1982; Sweeney, 1987, Richards et al, 19882, Annels,
1989; Greyling et al. 2005, El Desouky et al, 2007, 2008

The stratiform Cu-Co ores in the Lufilian Arc are different from the
carbanate -hosted Zn-Ph-{ Cu)-{ V) deposits which are the mainfons
af this paper by being satiform, laterally extensive [hundreds of

—wmes ComgosFambia border
Knlahari and Younger

Lufilian Arc bosndary

[ mwmsihiva, Mgubs and Ka
=] ramn
m Prie-Katangan isemen!

Fig. 3. Locatonof S mainore deposiss and gedogical sites i the Cenmral African Copperbels |modified fnm te Geological Map of the Zamibian Copperkels, 961; Frnpols, B0

Calrexeral, 994} 15 @ 19 are Snoamed GOOSERCE (see Fg 2}
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metres lang ) syndizgenetic in orgin and containing lirle or no Zn
and Ph. In contrast, carbonse-hosted Zn-Ph—{Cu)-{V) ceposits and
[P pe ots ooour maindy a3 irregular pipe- to vein-like bodies invarious
teatonic zomes of the Lufilin Arc, the Zambezi and Mozambque Belts
a5 well xs the Kundelungu Aulscogen or pal seograben (Fig. 2). They
inchude the major epigenetic Kipushi anc Kabwe sulphide deposits
wihidchare hosted incarbonate widts of the Mguba Group h Congo and
the Kiri lsbombwe Subsroupin Zambia, respectively. Metal concentra-
tons vary from dominantly Zn-Pb © either P~ or Zn-rdh oomr-
renced, including the nonsulphide willemite Zn prospects in the
Lusaka area (prospects 7, 8 and 9 in Fig. 2}

3. Description of the Zn-Pb-Cu ore depesits in the Central
Alrican Goppereht

11, Depags i Congo

Maost of the Zn-Ph-Cu de posits in Congo are hasted in @rbonate
wnitsal the Kaponda, Kakontwe, Kipushi aed Katete Formations ol the
Nguha Groug (Table 1).

The Kaponda Formaticn, x5 defined informally by Intiomale
[ 1982), comesponds broadly to the “Formacion des Angillites Rubandes
et du Faux Calcaire de Kakontwe™ of Bufiard {1978, 1988 L 1t includes
Mnely (mm-cale) bedded, greyian {reh ook ) ar yellow 1o reddish
{altered rocks) dolomitic shales or shaly dolomicrites [eg. in the
Likasi area) evolving lateraly into finely bminated and fine-grained
dolomitic sandsones and sandy shales (eg, in the Mwashya-Bunkeya
arexs) Fig 3). At Kipushi, this formation i wp to ca 150-m thick and
CONSIATE predominantly of dalamite rocksy witile dolominc arngillsc-
emes b0 sandy shales form lentiodlar beds A marker horizon of
stromatolitic dolostone, teimed “Dolomie Tigrde™ (Tiger Dolomite),
ocours at the base of the Kaponda Formation (Frangols 1973a;

Intiomale and Oaterbosch, 1974, Bufimd 1978, 1988, Intomale,
1382, Datumike et al, 20071 The “Daamie Tigrde" s 2 finely

Nl nated bwe-grey to darkgrey, sometimes chenty and crbonaceous
dolostone, calcarems in places. Dark, torteous, lentdculy cherty and
dolomicritic layers alermating with lighter dalomicritic layers form

thee thger tesmwre and comuranly highlight shemping strotwes in this
dall s tane

The Kakontwe Formation. up to 340-m thidk (e at Kipushi)_ i a
regional maiker harizon representlng an eva porite-rich colomitic and
shaly suression fypical of an intertidal environment | Euffaed, 1978,
1988 ), subdvided into three sub-units at Kipashi (Intbmale, 1980,
1983 ). The bwer unit includes grite-rich, light grey massive dolo-

stone with relic and pseudomanphs alter gvpsum, carbonacems
mater, and toriuous |enterolithic folds) dark layers relermed to x
“fluidal texture™ by the mining geologiat. The middle unit includes
mazssive to dnely bedded, light grey to purplish, peudn-oolitlc cal-
careous dolstones. Petrographically, these rocks inchde micritc
mudstone, ivtra-sparite, pelsparite, onmsparite, and onoomicrite de-
baits floating in dolomicrite desiccation biecclas | Buffard, 1978, 1988 )
well presened ancolites provide a marker haortzon at the top of the
middle Kaksntwe unlt Some organic reis relsted to Tentaculie™
[sploular) type species were noted [Hiquaer, 1933) Minor dis-
seim nated strath fom pyrite and chaloompite oooer nthi: middle wnit,
which ako contains anhydrite and gypsum relics. The upper
Kakontwe unt is a dark grey, stratified, calcarous and carbonacemnes
dalostone with inerncalations of fine carlbonaceos layers and blad
cherts.

The Kakontwe Formation i overlain by the Kipushi Formation, a
finely Dedded Back caranaceous dolomite Wik, up 1o 1W0-m thic
(e, at Kipshi), characterized by black chert lenses and whitksh
ancolies, slump strectwnes and lentl oular grey-brown dalomitic shale
[ Buffard, 1978, Intiomale, 1982; Batumike et 2l 2007 ).

The overlying Katete Formation in the sowthern aness (alo named
“nérie KeCurente by T mining gealagiscs in Kipushi ) contr s with
the Kipushi Formation by the occurrence of laminaed, purple to
whitish, albvte-bearing cakarous and talmse dolostone with in@r-
calathons of grey-green to dark grey shale bands,_ indica ting 2l ternating
axidizing and reducing environments during deposition. At Kipushi
sulphides {mostly pyrite, chalopyrite and boondte) oooer alang the
carbonatebeds. A slaty or frectwre cle avage is displayed by the trend of
tale-albvite—guartz lenses in this shaly wnit, with the su/phide grains
elongaed parallel to the ceavage The Kipushi and Série Réourrente
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Fig. 4 Geslogical map in tu Kipushiana |modified from Gécamines gedogical map, B71).
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Formations have a total thickeess of ca 330m in the sowthern pan of
thee Coppee rbedt { &g 2t Kipushi ) bt pinch out to less than 1 m towands
Ul mourile {eeg,, ol Kakoarlwe)

1.11. Kigusld

Kipushi (Fgs. 2 and 3) is the most significant Ze-{Cu)}-Ph
carbonate-hosed deposit in the Copperbelt of Central Africa with
total metal production of GUEZ11G tons Zv and 4,082 255 tons Cu
froim 1922 to 1993 when operations were sespended. The in-situ one
grades averzged 11,03 Wik Zn and 680 wil Cu Ore has been proven
o a depth ca 1800 m but mine development stopped st 1250 m
depth. The remaining ore resowrces down to the 1500 m level ae
eatlmated st »5 MEZn, » S00.000 tons Cw, and = W00 tans M fram
ores aversging 214 wik Zn, 21 wik u and 088 wi¥ Pb with
sdditional trae metals of Cd (763 ppm). Co( 100 ppm), Ge (58 ppm),
Ag (28 ppm) anvd Re 3 ppm ) [ Callbeus, 1588, 1992). Other e metals
Indude As. Ga Mo, B, Hg Wi, 5b, Se, Sn. Te and V' (De Vos et 2l 1974,
Intivmale and Mvmrerhnach 1974

The Kipushi deposit is hoted on the nothern flank of a regional
NW-SE trending anticline characterized by a fulted adal core filled
with a megabreecia (the “Axis] Breccia™, Fig. 4). The dip i 60-70° 5w
on the southen flank and 75°-85" NE on the northem flank The Axial
Brearia is barren and consists of 2 heteropensous |aver-par dlel breccia
wilith hi ghlly stradned amd bre i ated ar rownded lragments of Roan and
Nguba Growp rocks (eg. arkosic sandstones, metsbasic rocks
manclated with white talms: dolomite of the Dipeta Subgroup, and

rodks of the Kdontwe Formation) (Briart, 1348, Intliomale, 1582 ). The
dalomite of the Dipeta Subgowp and xsodated metabasc rocks are
il ol U Cambdan- typee Kiilatuambe wiil {Cailieus el al, 1554,
1945 ). The Axal Breacia ks ofthe breccia type that gene rally wnderljes
thee Katangan thrusts and interpreted a2 result of the Kalwezian {D,)
liold- and-thmst phase of the Lufillan omgeny (Demesmoelker et al,
1963; Intiomule and Oosterbasch, 1974; Cailteux and Kampunzu,
1995, Kampuszu and Cailes, 19990

The orebaly b located slong a northeast-trending Gule, the
Kipushi Rault which s asodated with 2 second beeccia type known
i the “Cyclopean Breccia™ on the hangingwall (Figs. 5 and &)
(Intiomale ard Ooserbosch, 1974, Intlomale, 1982) Geometrical
relationshipe indicate that the “Oycdopean Brecds” orms-cuts the
Axlal Breccla and post-dae: the Axisl Fault (Intiomale and Ooser-
beesch, 1974, letlomale, 1982 | The Cyclopean Breacia is characteri zed
Iy branching pavenm in plase view and mastly conta ins lagments of
the enclasing dolamites of the Kaponda and Kakontwe Formations.

Snme heerie are aimilar e anlition collipee heoria and contain
lrzgments of reddish-browe ironstones, with 2 yellow indurated
marix made of mudstone in places. The pipe-like main orebody &
irregular toeliptical incross-section with ae axial trend of 28° KE, 200
o G00-m long and 20 to §0-m thick with s averzge dipol 70° Nw
(Fig 61 The arebody generdly ocours alang the Kipushi Fault and
lorms discordant ofEhoots witdn the cap carbonates of the Kakontwe
and Kipushi Formations, whereas it is largely sub-mncordant in the
alternating ddomitc shales and dolomites of the Katete Formation

- Extruded axial
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{Figs. 5-9] The wallrock dolomites are sub-ecanomic to barren cose marer in the fotwall dolomite wp to ca 40 m from the contaa with
to the arebodies, containdng only very finely disseminated dizgenstic  the “Cyclopean Breccla™; (4) chloritization alang ores antacts and
sulphides. The hangingwall of the orebody b5 formed by the *Grand  dractwees; {5) kaolinization of feldspars in sandstone of the “Grand
Lamibreau” {Fig. 5), 2 kim-scale blodk of stratified carbonate-rich shales,  Lambeaw™; and recrystallization of carbonate and quarntz in the ore-
siltstanes and fine-grained sandstones of the Kiubo Formation badies (Intiomale, 1982).
[ Kundelungu Growp) enclaed in the “Cyclopean Breccla™ {Intiomale, The petrology of the ores in the Kipushi depmit has been
1382) documented for a period of more than 50 years (eg, Thoreau, 1928,
Defarmation featwres in the primary ores are highlighted by mi- Masuy, 1938; Legraye, 1931, Vizens and Morexy, 1968; De Vios et al,
crofalds in the banded ones {Intiomale, 1982 |, pressure shadows slong 1974; manche, 1974; Intiomale and Oosterbosch, 1974, Intiomale,
the NW-5E rending cleavage of the sulphide crystals (Chabu, 1990). 1982, Briart. 1948, Francotte, 1963). The primary ore sulphide
and locally, cataclastic ®xtures in the sulphides {Intliomale, 1382,  minerals include, in order of decreasing sbundance: sphalerite, chal-
Chabae, 1990 capyrite, barnite, chalcocite, pyrite, asenopyrite, tenmantite, and ga-
Featwres indic ting hydrothermal slteration in the Kipushi deposic lena, with acesory, briatite, germanite, renirite, betechtindte,
imchude: { 1) dalomitization of the Kakontwe limestone over adistance  carrallite, @baltie, linnaeite, molybdenie, gallite, cosalive, bismmathi -
of 200 m from the pipe (Thoresw 1928); (2) dlicifiation of the  nite, tungstenite, and stromeyerite [ Intiomale and Oosterbosch, 19741
wallrock dolomite; and {3) occunence of Mad amarphous arganic  Secondary supergense minerals that oo in the superfidal oxidized
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Fig. 7. Kipisid dieposis: underground are and stiecnoral Seanesan level (Z) 600 | modfed from beinmale, B32).

zome of the deposit and are not relevant for genetic interpre dans,
indude censite, malachite, amithsonite, calamine, cuprie, chaloocite
and, accessary, Hincite- hydrozincite, surichalde, aarite, bochantie,
chalcanthite, beaverite, anglesite, veszelyie, pseudomalachie, pyro-
moarphite, vanadinite, auprodesclol zite, stacamite, dioptase, duysomila,
will lemite, native copper and silver (It amale and Oosterbosch, 1974 )

The diverse and amplex mineralogy of the primary sul phides may
broadly be growped into five categaries of ones, x5 defined by the local
mining geologisrs:

{1} Zincore with 2simple mineralogy coms isting of Cd-rich sphalerite =
it + asennpyrite +gallite —tennantte +chabmpyrite - galena.
This are type conting 2 710 WLt Zn, <003 wik Fhand < 20 wiECu;

{2) Zn-Fr ore with 2 simple mineralogy induding brown to dark
orwen sphalerite {3567 wi Fe ) + pyrite + galena +gallie +

tennantite + chaloopyrite. This ore type contins =7 wik Zn
and =03 wik Ph, with Cu <20 wt'k The kighest Az @nens
{up to 400 ppm) ocour in the Zn-Fb veins and discordant
chimney-type anebadies;

{3) Cu ore (=10 Wik Cu <35 wik Zn) contains chalcapyrite,
barnite, sphalerite, t " jrite. pyrite, - arsenapyrite,
+ galena and + tungatenite. Varistions in the relative propor-
tans of chalmpyrite and barnite result in the definition of
chal copyrite- type and borndte-type ares However, barnite-rich
ore disappears below the 1300 m level;

{4) Zn-Cu~{Ph) ores (the “mixed ore” of the mining geologists)
contain 35 Wik < Zn< 70wt amd 3 L0 wiE u, or = 70w Zn
and = 20w Cu Themineralogy is very complex and refie s the
combdnation of Cu-rich and Zn-Ph-rich ores xs deseribed above;

[5) Massive mrite.

38 14 ' 4

level : 1300
P -t
e \ Hiubo Fm

["Grand Lamisau’)

Cu
= [ip

[EI Zn+Cu {+Pb) S0 m
— Fault —_

@ zn & Zn+Fb

Fig- & Bipushd deposin wmdergrowssd ore and senecvural feanares at bevel (T) 1295, called 1300 | enodified Srom Cailt e, 535 ).
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The different ores types show a @herent zonal distribution with
raspaa to hetlithologles (Intiomale, 1982 Cailteus:, 1988 1992). From
the surfae down to the o 1500 m level (Figs. 7-9) the pipe-like
orebody i characterized by (1) predominantly Cu-rich ares in shales
and carbonaces of te Katete Formation in the northers part of the
deposit; (2) Zn-C0u-rich ores in carbonates of the Kipushl Formation;
{31 Zn-rich ares at the base of the Kipushi Formation and Zn-Ph-rich
ores af the topof the Kakontwe Formation; (4) lentlol arZn-Cu or Cu
ore mages parallel to the Kipushi Faut in the cenial to lower
carbonates of the Kakontwe Formation and locally in the “Cyclopean
bearia”™; (5) Zn-Ph ores rinmed by masdve gorite and aseno e
{zenerally converted into iranstanes with goe thite and hematitein the
superficial mide zome) The latter ores cocur as “chinneys™ cross-
cutting the Kakontwe Formution along noith-southorlented iractures
jparallel to the morthe n partof the Ki pushd Fault (Fig 10)_The Kaponda
Formation centing massive pyrite, but doo sub-emnomic dissemi-
nated sphaledteand chaleomrite close to the Kipushi Faul Locally, the
“Grand Lambeau™ contains Qu mineralization withinsandy beds of the
Kiuba Formation clase to the “Cyclopean breccla™ Below the 950 m

leveel | Figs Sand 10 the main pipe- like arebody diver gesinto acentral
Fi of Tin— T~ P vich b ok snd 30 e tennsl Zo-vlch branch. Bal ow the
1350 m level, the concentration of Zn e the Zn-Cu ares decreases
while the amount of Fe progresively increases In general the dis-
ritrethon of the ores indicaes that Zn and P are preferestizlly hosted
in impure carbonate litholgies containing some 5i0y (5 to 10 Wik )L
while the Cu mostly ooows in fractured rocks. Ge- and Ga-rich are
masses ooour in bath the Qi-rich and Zn-Cu-{Ph) mixec one types.

The distribution of cobalt amounts down to the 1000 mlevel is in
the range o 200-300 ppm in ores from the northers part of the
depmit (msoclaed with the Katete and Kipushi lormations), while
ares from the southern pan | xsocisted with the Kakonwe Formation )
average 50 ppm cobalt {Intiomale and Oosterboasch, 1973 Moreover,
between 1150 and 1300 m levels {Cailteust 1988) ochalt appears
mastly xsoclated with copoer ores, with sverage amounts of 165, 178,
and 115 ppm in the Cu, Zn-Cw, and Zn ores, especively, in the
narthern pat of the deposi: | global average of 165 ppm), compared to
valwes of 47, 83, and 54 ppm in the soutbern part | glohal average of
59 ppm L
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Parzgenetic sudies of the ores show the follwing general se-
quend of are deposition, from the eariest to the laest sulphides (De
Vi et d 1974): (1) pyrite-arenopyrite; (2) sphaleie; {3) chaoopyr-
| ~TEnnanTive-genn anie -l rmive; |4) bornie-chacocite; (3 ) rendér-
i, Basad on the dhemical compasition of the suphides and their
parzgensses, Intiomale and Oosterbaich | 1974) suggested the ooor-
renE O W A sucesive primany mineralizing phases: 1) a Fe-
As-Zn phase aocited with minor Cw O, BL Ge and Ga; and (2] a Cu
phase charaaterized by anearly Co-be aring chalcogyrite and a later Ag-
bearing bormie paragenesic The Fe-As-Zn phase resulted in the
crystallzation of Fe-As and Zn sulphides and terminated with
precipitation of galena, whereas the second Cn phase imoolved
replaenent of ealier sulphides and precipitation of tennantte, Bi-,

Ga- and Ge-bearivg chaleopyrite, (Cu-bearing) sphalerite, galena,
briartite and rendiite. The interpley of these two wineralizing phases

ultimately resulted in the formation of mixed Zn-Cu-{Pb) ares
charactertatic of the typdcally omplex prmary sulpkide minerzlogy at
Kipushi

312 Kengere

Kengere i locabed ~50 km south of Kalwezl and ks the western-
mist Ze-P depeeit of the Copperbelt in Congo Figs. 2 and 3) It
has been previowsly mined 2t 2 small scale lor Py {10,000 ions Ph
at 60 wiE Ph) up to 1949, and unmined resownes amowns to .
63,200 tans Zn at 269 Wit Zn and 7000 tons Fb at 5.6 wik Ph
{Cailtews, 1989 and relerences therein).

The local lithostratigraphy of the mneralized @one includes the
Kaponda, Kxkontwe, and Kipushi Formations (Takte 1, Fig. 11} Bath
Kaponda and Kakantwe rocks are charaoterized by the ocownene of
hlack amarphas arganie matter, and the harren Kipiahl Farmution ia
locally affected by fractwring smd minor quanz-caronate recystalli-

zathon The deposit is xssociatec with 2 north-trending fault {Fig 11)
cutting acoss Nguba Group rodk units | Mwale, Kapanda, Kakontwe
and Kipushi Formations) and is located afew hundred metres south
il & 1) ar k=W Drending Tauk 2ome with a | mega)beccia (ML ).
The major ult 2one s subparallel to the mial planes of folds i the
area.

The Kengere ore deposit is hosted in fradured carbonate: and
brecclas ceveloped n the contact zone between the Kaponda and
Kakontwe Formations and it plodves out ot @ 110 w depth {Fig. 11
and 12).The 3 to 10-m thick Zn-rich orebaly intersected in drilholes
conalats of primary ore with dark brown sphalerite, pyite. and galena,
jpartly surounded by 1 © 2-m thick Ph-rich axide o grading up to
G0 wiE Ph The aes show the following primary paragenstic
sequence, from the earliest to te latest sulphides | Intiamale, 1982):
rite, Fa-Cd-bearing sphalarite, and Ag-besring galena. Hazed on
the chemical composition of the sulphides and their parageneses,
Intiomale (1982) suggested the ocounrendce of two major succesive
primary mineralizing phases: |1) a Fe-rich phase characterized by
orystallization of pyrite; and {2) 2 Zn-TePb phase with asodated
minar Gl and Ag during which sphalerite and galens were famed.
The sulphides have been altersd into secondary Zn-Ph-{0u) odde
minerals [cersite, smithsonte, calamine, and locally traces of
chrysocolla) in the superficial oxide zone.

A 13 Lomue

This Ze-Fb depeit is located in the entral-southern part of the
Cango Copperbelt (Fga 2 and 3) alang 2 fault in the contact 2one
between the Kaee and Kipushi Formations (Fig 131 A major NE-5W
oremd ing Lt 2one xsoclaed with dve Mwale Formation s located ca
17 km amith of the lnmhe depasir [Fig 13) This major Galr 2ane
cantains metshasic rocks of the Dipeta Subgroup. Ore resownces down D




AE Nonpanss & ¥, 7 Ore Goslygy Reviess 35 (1005 3B3-257 s

Srangraphical conacis

F

e [ 140

—]

Grand Conglomerst
WWALE Fin

144 Da0
I

Il MWALE Fm

2539 003

h_"“%%ﬁ_
™.

HAPONDA Fm

142 000
L

Fig TL Cealoghcal s oo mrap of The Kengere amea | madfed Som Ingemale, 1967, fmmpols, 0965, Caloewy 1969 ).

a depthol 55 m bebow the suface amoust i @ 9300 tons at37 Wik Zn
and 1600 Dns at 14 wik Ph(Callteus, 1B83). Lentoul ar sub-econamic
[ =1 Wi Ou) zones of syngenstic d s eminae d cha bopyrite amd bornite
oo i the upper beds of the Katete Formation (Ietiomale. 1582).

The main orebody at Lombe i hosted in tectondzed carbonates of
the Kipushi Formation, tha @ntain impregnations of Madk amaor-

plums argandcmatter. The arebody is up bo 10-m thid, lentioulr, and
cancordant with the dip of the host rock it pinches out at a depth of
65 m {intomale, 1982; Cajbew, 13821 A second orebody was
intersected at ca 85 m depth below areverse fault Fig 141

The ores show the lollowing primary parzge nesds from the earllest
o the laest sul phides | Intiamale, 1982 ): pyrite, sphal eri e, tenna ntite,

X +60 e

100 H14"E
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FEE] anc-ead Ore
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Fiig. 2. M wiewod the Keogere ore deposit 2magmphy and smacmard Sanares f ¢ mss-secios 1 + 60 | madifed Srom Insomale, 1982 Frangods, B9e%; Ciloeay, 1935).
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an unidentified Ph-As sulphide, galena, dhaloopyrite and arsenopyrite.
Based an the chemical compasition of the sulphides and thelr para-
geneses, Intiomale [ 1982) susgested the ocourrence of two major
sucsive primary mineralizng phases: (1) an Fe phase forming
pyrite; and (2) a Zn-Fe-Pb phase msoched with minar As Od, Cw
and Ag with orystallization of te other sulphides Covellite ooours xsa
seconday supargene phase maociated with chalcomrrite Other sac-
ondary In-Fe-Cu aide minerals [calamine, smithsonite, @nssie,
malachite, azurle ) formed thmugh alterstion af primany sulphides in
the superficial mide zone near the surise.

At Lanbee, syngenetic disseminated chaloopyrite snd barni e aoour
a5 lentialar sub-economic (=1 Wi Cu) bodies hosted in the upper
beds of the Katete [Série Réurrente) Formation {Intomale, 1982).

314 Oeber stmdlar acourrences in Gongo

Dikukishi, located ~20 km o the west of the lae Mwerw in the
northextern part o de Lufilan foreland 5 a low-temperawre hy-
drothermal Cuw, Zn, P, and Agore depasit with = 165000 tons @ and
517 tons Ag | Lenman et al, 2003 ) The ores de posied in a mmplex set
of three groups of ults that created favoursbe conditions lor
mineraliing fluids circulation (Haest et 2l 2007h). This intense
fracturing i related to the D-1 and for D-2 deformadon events of the
Lufilian orogeny {arording te Kampunzu and Caibeus, 1999, Two
generations of sulpbides were identified [Dewasle e al, 2006, Haest
ot al, 2007a): (1) assenapyrie, followes by pyrite | sphalerit, and
chacopyile, x5 wellxs parage redcally Late minar &rahe drite-te nnan-
tite, galena bornite and chaleocite; (2) massive Ag-bearing chalcocite
[ digenite), associated with hematie and barie. The first generation
sulpluiles are lesel in a brecda of tectoke origin and in breoiae:d
Muaongwe Farmatian rocks of the Kundehmgu Growp (Talde 1) probably
related toa 0 -fold-and -thrust strucure. The dhal mddte-daminant and
emnpomially most important second generation of vein-type one
develapped within 2 complex af Taults in andsones interbeddel with
argillites and intrabrmationa brecclxs of the Mongwe and Kiubo
Formatons | Lenmman et al, 2003; Kanda Nkuls et d, 2003; Dewasle

et sl 2006: Haest etal 2007b). n the supeficial zone the sulphides ae
altered o secmnday oxde minerals [malachite, chrysocoll, and

azwrite) This depasit i inenpreted of similr origin a2 the Zn-F-Cu

depasits inthe coppeibrelt | Kands Nkula et 2, 2003; this paper).
Severalauthors (Van Aubel, 1928, Lefebyre, 1976, lntiomale. 1952,

Caileus, 1583) have repored Zn-Pb ocowne nde s in the Roan Group at

SIFW O =

X0

Zinc-leac Ore
{oalamine, smithsoniis,
canusite, sulphidas)

e {filled with calamine]

—— Faill '

Rz M. Map view ofthe Lonte o depasl, sragraphya nd soacmanl feanares af ongs-
sactinm X1 O jeadifiad from Ingamols, BET; Matensd, WS Fonge, 1665; Caltws,
B35,
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EAuhingwed<hi_Kampina_ Kahalsla and Bahi [Fig 3)_generally hnsrad
in quanz-dolomite veinlets composed of sphalerite-galena with
azsocisted pyrite and traces of chal copyrite, or a5 pyrite-richveinlets

containingonly a lew percentof Zn and Du However, unlike the Zn-Ph
minerslization inthe Mguba and Kund clungu Sroeps, no e cosomicar
sub-economic depoait s known in the Roan Group in Canga

Important mases of oucno pping high grade ironoxdde ore: [ mastly
hematite) are hoeted in carbonates of dee Kakontwe Formaton {eg.
K banga, Katinda, Lufunfu depdsits; Hangois, 1904 Kisanga, locaed
close o Kambove, consists of two veln-type orebocies, 5 o 25 m thick
and ~500-m long each at the base of the Kakonwe Farmation, and
s?nmad Iy 2 300-m wikde barre n 2one The ore indwde s trace s mounts
of Cu, Go, Zn, and A, with relics of pyrite in depih. These inn oxide
deposis probably represent gossans formed by the altemtion of
masshe primany prite durig recent superficial weathering and the
origin of this pwrie could be related to dentical penetic processes that
deposbed pyrite 2sociated v the Zn-Cu-Ph depeits

1.2 Deposdts in Zombda

.21, Falwe depesit

Kabwe {previnsly named “Broken HIlP) & the most gz floan
Zn-Phdeposit inZambda 1tis located abowt 110 bn nonth of Lusaka,
willliin & regiun Vel inchules 2 cluster of Pe, M Au gl Pi-Zn-Cu-
(V) ooourrences (Fig 15) According to the local geologists (Taylor,
1954; Whyte, 1965, Kortman, 1972 Kamona, 1963 ) and to 2 redent
review | Kamaona and Friedrich, 2007 ), de Neoproe nozic litostrat-
graphy ol the Katangan in the Kabwe area includes, lram the base to
ithe top:

{11 a hasal conglomerate resting uscanfarmably on a Falseo- to
Mezoprotenzol hxsement complex Largely made up of older
granite-gnels and younger Muva schist and quartzite a2z well
a5 mafic lwvas of uncertain xge (Fig.15);

{7 2 mived it bnesen a2 the K angrmha From tion [ BMonme 195.4;
Cairmey and Kerr, 1958) conslsting of arkose, quartzite, and

28°E
14§

T

rrnglamaerate at the hoe with nverlying measilranne sohia
phyllite and dolomite ar the op;

[3) a predominantly phyllite-dolomile wnit wity ssocisted cal-
clre-marble named the Nyama Fommation

As dbomsed by Kamona and Friedrich (2007) te lower units of
the Kangombe Formation hae previmsly been orrelsted to the

Leweer Raam af the Gopperbelt and the wpper undts i@ the Lipper Roan.
1 K ANgOmina Harmam an i pan of the Kiila bombwe Subgroupand is

equivalent to the Kibalongo and Bancro't Formations in Table 1 At
Kabwe the wpper pant {Banoaft Formation) of the Kangomba For-
mation has been subdivided into the following wnits [ Komman, 1972 ):
(1) a grey arenaceows dolamite; (2) a bght grey massive dolomite
hosting the main orebodies; (3) a grey slightly carbonscems
dalomite; {4) a dak carbonacesus dolomite; and (3] a grey o pink
argillaceous dalam e with talmse partings The Nyvama Formation has
been mirelsted to the Nguba Group (Moore, 1964; Intiomale, 1982
batt it s Also possble that it B equivalent to the Upper Roan, xs
indicated by the srudural and geochmonological data of Ban et al
[ 1978 ) for the Lusaks Dalamite, which b presumably squivalent to the
Nyama Formation

Nguba equivalent lithostratigraphic units atr Kilmwe have been
ahsenver by Taylar [ 1954), Kortman {13721 and Intlomale (19821
Uplicnmale {1582) Wentied e fullwing Ngula equivalent lidos-
iraitigraphic wnits e drill e Sp 128 from Kabwe, om base o top:
[2) a matrix-supponted @nglomerate correspondieg to the “Grand
Conglomérat™ (Mwale Formation) (Table 1); (b) 2 finely bedded
dalastane slternativg with carbonate-rich and cartonaceois shales,
the “Schistose Dalomite,” shiwing typcal festures similar to the
“Dolomie Tigrde™ marker horzon in Congo; () 2 grey to dak grey
bedded dolamite iecluding lenticular carbonaceow shales {“Carbo-
naceous Dolomie”); (d) light grey mazive dolombe with frequent
zanes of regrystallived dolomie and locally fractured at the base In
this surcession, the “schistose” and “carbonaceous™ dalomites are
intarpredad as ot of fhe Kapunda Farmation The mossiue Cahawee
dalomite may this correspand to dolostones o the Kakpntwe
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Formation. However, the Nguba units intersected by drilling ooour
along the Mne Club faub zone (Taylor, 1954) and have been
intarpretad xin-Doilted Kgeha wnira [ Kortman, 1977

The Kabwe mine prodwoed Zn, Pb, Veda, AZ Cd and Cu over a
period of 88 years (from 1906 to 1994) fom 2 pre-production one
tonnage af 12.28 Mt averaging 25 Wik Zn and 10,7 Wi Py | Kamana,
1993, Kamona and Friedrich, 20071 At mine closwre in 1994, the

remalning respures largely in the No. 2 Zn-silicate orevody. were
agesed x5 ~19 MUatcal 34 wik Zn and 15 wit Ph. The el atively

rare trace elements of Ge, Ga and In have never been produced from
the are since the Ge-bearing sul phides of rendérite and brizrtite were
only discovered in 1991 [Kamona et 2. 15914k Kamona 1993 ), by
which time most of the Ge-bearing massve Zn-Pb ore: had been
Almost mined out. Further investigations ar required to extablish the
possibility of eamvering trace metals such & Ge. Ga and n from the
slag heaps.

In-Ph mieralization in the Kabwe area includes massive,
dizseminated and laeritic pes (Kamona, 1993) The main massive
Zn=-Ph arebode s omur mostly in the massive dolomite of te Bancrof
Formation, but disseminatec mineralization also ocours i the over-
Iying carbonzceois dolomite at Airfleld (Kamona and Friedrich,
2007). Prospects with diseminated type of minerdization in
dolomite inclele Canmanar, Lukali-Zn, Milberg and Chiwanda {Fig.
15). The disseminated mineralization & wually associatad with an
overlying lateritic horizon enviched in Zn, Pb and V = found at
Alrfleld, Carmurnar and Chiwanda

The Kabwe deposit conslsts of massive Zn-Ph orebodies [Fig 16)
containing sphalerite, galena pyrite, miner chalmpyrite, accessory
Driamie and reniénite that collectively CONSTITWE The primary ore
mineral msemblage (Kamoea 1993, Kamena and Frieddch, 2007).
Cores of massive sulphide arebodies are surounded by adde zones of
silicate are (willemite) and mineralized jxsperoid that conziars largely
of quarnz, will:mite, cerussite, smithsonite, goethite and hematite, x5
well a5 numeous other secondary mineals, incheding vansdates,
phosphates and carbonates of Zn, Ph W and Cw The ores are mainly
hosted in the masive dolomie close to the faulted conact with a
schistose talc-be aring dolamite {Fig. 16) Detailed decriptions of the

individusl orbodies at Kabwe, including te morphdogy of the
individual arebodies and their strwcwnal setting, mineralegy, sulphur
e gendemiary and peeliminary eaulra of foid ieclocian
studies have ecently been provided by Kamona and Friedich {20071

The pipe-like orebodies mainly ooowr 2lang NE-5W trending Tals
i shown by the swike of the No. 576 orebody (067) which &
sulvparallel to that of the No_ 374 (Fig 16). The arebodies are clearly

dismrdant to the host dalamite which has slocal strike anc dip of 230/
GH5'NE. The ores are msochied with a cemented breccla and are
orwmcated by e Mine Club fault zone tothe east {Fig. 17) The No.5//6
arebody (Figs 16 and 18) wa the largest sigle orebody of massive Ph-
Zin ore at K alwe with atotal pre- production tonnage of &1 million tans
(M) and average grades of 23 8 wi'E Zn and 161 witEPh | Eamona and
Friedrich, 2007). The pipelike orebody & typical of ather major
arebodies at Eabwe, bat it becomes chimney-like | subvertical) below
the 1WED ftlevel (Fig 18] The shallow plunging natwre of theore bodies
s also observed in the Mo 1and the No. 3/4 orebodies (Fig. 17). The
podkets of clseminated mineralizaton shown in Fig. 17 were
delineated by diamand drilling. The wallnock dolomite & barren 2
lew metres from the orebodies but it may contain very finely
disseminated diage netic sulphides of sphakrite, galena and pyrite.
The Kabwe depasit is slso xssocisted with brecds bodies
documented by Whyte [1965) Kortman (1972) and Samama et al
[1331). According to Samama et al_ {1991, the main leatures o these
beecclas are characterstic of a karstic ongie. The collapse brecclas are
marked by a lithified brown yellow to reddsh-boown mud matrl s and
can be seen i pass through crackle breccks and flssures outting the
hist rocks The banded stractures in the internal sedirents of the
collapse Drecrizs conSiET of solutional residues and sulphide pre-
cipitates flling interfragmental voids of the brecda The rock frag-
ments are liied with carbenates and ore minerals. The orebodies
show a oross-oubting rela taeship to the surnounding rocls and strat-

ifbcation planes. However, the stratified incwrated matrix of the bec-
cha is broadly parallel o the NWW-=5E bedding in the hast iocks These

e aitwres were @nsidered to indicae a pre-ddnematic empacement of
the de posit [ Samama et al, 1991 ) but, 25 st Kipushi theycan also be
interpreted to mark 2 syn-kinematic de pozition
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Hydrothermal events in the deposit are outlined by

(1) development of “jasperoid silicate ores” which mark the
siliciflcation of the host dolomites;

(i) emplacementof massive pyrite ares, frequently converted into
ironstone costaining hematite and goethite |pseudomor-
phosed after pyrite) and deposition of the Zn-Fb massive
aul phides;

(i) emplacementof a very coarse to glant-grained [orystals up o
1 m} white pink dolomite around the Mo 8 orebody [Fig 15)
believed to be of hydrathermal origin { Kamona, 1993, Kamana
et al, 1999, Freeman, 1988h);

(i) deposition of Mad organic matter in the mineralized breacla.

Pods of massive sphalerie upto 05 mwide ooour within the majar
orebadies, and the Fo. 8 orebody is composed entively of sphalerite
(Kamona amd Friedrich, 2007) Sphalerie generally contains bow
amaunts of Fe [03-19 Wil Mo (001 @ 011 wtE] and some Cd
(08 to 041 wiE). Galena i subordinat to sphalerite in the massive
Zn-Phores [ Na 1, No. 374, No_56, and ¢ onebadies) which have a Zn/
[ 2in+ i) metal ratio of 0U63. The amount of galena & even less in the
oxddized silicate ores | No.2, 508, °E,” 2H,'W" and Foundry) which havean
average Zn/(Zn +Ph) ratio of 088 Galena containg B (~0005 wi'E) and
Ag(~003 wik), whereas trace amounts of Co (0004-011 wi'E) and ki
{002 wiE) ocour in pyrite. Chalcopyrie s characterized by significant
G (0190063 Wi ) amd ve ry bow concentrations of Zin [~ 0005 wi'E)_ The
Ge in chalmyyrite 5 due © the presene of esadution inergowths of
reniérite and briartite which 2lio ocour 28 inclusions in pyrite, galena
and sphalerite (Kamana and Friedrich. 20071

Minerzl banding scours locally in the sulphide ores and & typically
caused by mm-wiee interbands of galena-sphalerite or pyrite-
aphalerite. Massive pyrite mineralizaton ooows marginal to some
orebodies (eg, 2 and 5/6 orebodies; Intlomale, 1982; Kamona, 1993 )
bt also xs midized lrzgments of ironstone | pseudomanphosed after
pyrite] in 2l the orebodies_ 1t seems thatmassve pyrite was deposited
at an earlier stage of sulphide emplacement {Taylor, 1954; Kamana,
1993}

Defarmation of the primary sulphides {pyrite, sphalerite, galena,
chalcopyrite) is indicated by catadastic textwes, grain fractring
lamellar winning bent cleavage planes and re orystall ization | Kamana,
1943 ; Kamaona and Friedrich, 2007 . The deformation indicates that the
ares experienced a phase of low grade metamonphism {Kamona and
Friedrich, 2007 ), possiby during the waning stages of te Lufilian
angeny at . 550 Ma | Porada and Berharst, 20000
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Humerous secosdary and e supergens minerzls [ Kamaona ot al.,
19912, Kamona, 1993 and references therein), that made Kabwe
mineralagically famms indude rare phosphates |tarbuttite, para-
hopeite, pyromanphite, hopeiie, spencerite, scholzite, and zinclan
litretlvenite ), vanslates | vanslinite, descolbcite, metiramie | carb-
nates {smithsonite, cerussite, szurite, hyorozincite, surichalite, msa-
site, and pumbian and zincin maladhite], silicates | hemimaonphite,

socdlla and willemite), axides (m hematite, ,
e, palomel ne. wilbnte and o). sulhates leske,
gypsum, linarite, and goslaritz), sulphides (covellie, chaloocie, and
galena) arsenastes |bewdantite, mimetite), and native copper.

3.22 Shedlor occurences in Fombia

Anumber af smaller Zn-Pi-{Cu) prospects or deposits are mown
to ooour |n metacabonates of the Katanga Supergriup. They ivclude
Millbarg (315000 tons 5t 37 Wit Zn and 170 wik Pbl Mulduchi
[ G000 Ens at 123 Wik Cu and 1400 tons 2t 000 wik Zn )L Camanar
(37000 tons &t 117 wiE Zn, 140 wik PL), Chiwanca (87000 rons at
187 Wit Zn) and Lubali (28000 tons at 484 Wik Zn) in the Kabwe
regiun, & well o Lekuseshi (32,000 wis Zo-Cul, axl Kaungsil un
the Copperbelt, Star Zinc {42,000 tans Ze), Bab Zine{ 32 000 tons Zn)
and Excelior in central Zambisand SemahvwaZine in southern Zambia
{Fig.15; Sweeney et al | 1991; Kamana, 1993 ; Freenun, 19882).

The Wthostratigaphic pasidan af the host rocks lor most of these
depositsis gene rally poorly @asirained dwe to poor s pawe aed Lok
of lmssil or geochranologlcal data. The ocaerrence of massive dolomite,
bedded dolomite +chert, shae and, localy conglomeratic dalomitic
sandstone st some localities |eg, ot Kamgashi and Lukali) may in-
dicae the presence of lithalogical units comparable to the Kakontwe
anl Grand Conglomé rat.

The Carmarnor Dikali-Fe, Millherg and Chiwands  prnrapseets
[Fig. 15, are hosted in masdve dolomite containing disseminated
mineralization, pods and vehs of sphalerite and galena |Kamana,
1943). The diseminated Zn-"b minerzlization is wually xsociated
with anoverying kieritic hodzon enriched in Zn, Mh and V (eg., at
Alrfbebd, Canmarnor amd Chiwanda). About 2000 tom of V-ore grading
18- 19% V50s have been mined at Carmarnar from such residoal lat-
eriticsols contalnieg desclolzte above patchy to diseminated galena
anl splualerite in dulumite {Siimey and en, 15381

At Mufukushi Ge-Zn minewlization ooours in 2 remalite-dalomie
adutst overlying foorwall quarzie [Cxmey and Ker, BE8) maibly
equivalest @ hasal units of the Lower Fean. A Zn-ich 2one typically
ovedies s Cu-rich zane with ar without barren schist between the two
2o, The minerdogy consists of auprie. halodte, enorite, sphalerite,
chalcopyrite, bornite, malachite and chrysomlla A simiar metzl 2oning i
alio observed at lubusxshi where Zn-rich are (158000 tans containing
A WLE T, (158 wirl Ph, (15 wikl Qi and 194 g/tan Ag) s assodated with
a Zn-Cu-slchare (731000 tans grading 155 wi'k Zn, 147 wik Qu (18 wik
Phand 34 gion Ag (Freeman 1988

The Semahwes Fine prnsaps i lneatee in the amithenn prowvines of
Zamba 20 km north-northwest of Chama (Freeman, 19882). The
prospec & underldn by metapaammite rocks containing sericie,

Idotite, garmet and kyanite wich tale and tremaolie Layers in places. A
mineralized drillhde intersection of 2.2 m contaiesd disseminated

pyrite, pyrrhotie, daloopyrit: and galena in a kyanite-ganmer bear-
ing blotte quartzite with grades of 018 Wi Cu, 036 wi't Fb and

04 Wit Zn (Freeman, 19882) Zinc i this unesual prospect is
ACeOMmmodated in gahnite, 2 zncian-spinel 1he coexsence of kyanite
and take i diagnosic of whiteschists {Scheeyer, 1973), indicating 2
Thigh pressure ty peol metamaonphiam. In awch rocks, gamet & common
and results from the breakdown of chlorites wherexs white mica is
phengite. Biotite b generally non-existent or scare in rocks equi-
librated in high presswre fype orogenic me tamonphism | Chopin and
Schwreyer 1983 Koons and Thompson, 1935), except inextremey Mg-
rich meks whane it neoirs a2 philngnpite [Racher and Frey 1992) This
probably applies a1 Semahwa since the biotites analysed by micro-

probe in the Zn-Mh deposits in the Copperbelt are phlogopites
(K ampunz, wnpublthed data).
Kansanshi 5 a low-tempersture Cu-du depasit (~36 Mt Cu;

Freeman, BE8a; Minng Magazive, 2005) beated in the Domes srea,
anl lwstel in metsnurpsed (greemsdest grade) aml lygdmder-
mally altered carbonates of the Kakontwe Formation. The Grand
Cangloméiat, Kaponda (Dolomie Tigrde ) and Kakontwe rock enits
form parnt of the sucesion in the area (Barron 1993, Gomet/Z00M
aml Cyprus Amas dooementation; obse rvatons of Binda, Cail e us and
Kz pnu o repre senta tve drill mres duslng the 1GOP 302 and 418/
A19 fleld rips in 1993 and 1999, respectively). Sulphide minerdiza-
tion @nskts of bath vein-hosted and finely disseminated stratioom
sul phides that includ: pyrite, pyrrhotie, cheleapyrite, bornite (super-
gene digenite, chalcodte) with race amownts of braenerite, malyb-
denite, siher and gokd

4. Dre geochemistry
A1 Mineral chermdatry

Detailed acomnts of the mineralogy of the Zn-Phdeposits in the
Central Alican Copperbelt can be fownd jnpreviouws publiction (eg.
Hubbard, 113; Mennell, 1920 Thores 1928, Legraye, 1931; Masuy,
1938, Cuilemin, 1958, Francotteet al_, 1965, Whyte, 1965, Viaens and
Moreau, 1968, Intiomale and Oesterbosch, 1974; De Vos et al, 1974,
Dimanche, 1974; Noebaart and KorowsH, 1980, Intiomale, 1982,
Braithwaite, 1988, Kamana and Friedrich, '983, 1994 2007, Kamona
et al, 1991l Kamaona, 1993 Franmite, 1962) . The metrelevant data
lram thess papers are discussed here and complemented by resuts of
arecent study on drill core material from Eipushi | BGR, unpubiihed
dlaita)

Although minor beal varistons may exist, the fallowing set of
mimerals is typlcal ol massive Zr-Ph sulphide ores in the low gade
metamanphic zone of the Copperbelt of Central Africa: sphalerie +
pyrite | galena | chalcopyrite, with subsidiary | arsenopyrite,
+gallite, +tennantie, +briartite, +renrite. Valations in the
relative proportions of the three impontan: sul phides { pyrite, galena
and sphakerite) result in the identification of masdve mwrite ore,
galea-rich anad splueriie-ricl oms, respeoively.

The Znrich and In-Fb rich ores at Kipushi, which s the most
camplex depasit in the Copperbelt, alio havwe a relatively dmple min-
erzlogical mmposition The masive prite sres at Kipishi and Kaywe,
wihich mark the earlest stage o sulphide precipitatin, contaln the
aaime ore minerals xs the Zn-Ph ores, but xe characted zed by high Fe
[ca 40 wo) and low Pb+2Zn (<3 Wik con@ntrations. Pyrie &
locally converted info iron axide: resulting in the ironsiones which are
cammon & fragment and 2o bom the matrix in collipse breccis of
ithe Kipushi deposit The axidation of massve pyrite to form goethite

il hematite in the ironstones was accompanied by the prec pltation
of pyrnmnsphd e wansdindte and desclnizite 22 well 72 Mn sodchmant

in lerric aaides at Kabwe [Kamana, 1993 )
Minor snd trace dlement contents of various one fypes are pre-

sented in Table 2. The polymetallic compesition of the Kipushi ores
is most natable, anc s comparabde only to deposics in the Otavi
Montain Land of Namibia swh x Tsumeb, Kombat and Khusib
Springs (Table 2; Lowbaard et 21, 1986, Melcher, 2003; Melcher et al,
2006] Beddes highly variable oncentrations of Cu, Zn, P and Fe,
Chvesie epains My CANTY SO oS A AS L, L0, La Le, MO, Ke, b,
Snoand W, bt are vsually low in ML BL and I Whereas Kipushi
Kombat and Tsumeb slso canry appredable Cu, the Kalwe, Kengere
amil Lombe deposits 2re esentia by Zn-Fh-rich with minor Gd, Cu, As,
andl low Ag Ga, Ge

The cokrur of the sphalerite s variable, generally from boown to
dark brown at Kipuhi up to honey yellnw at Kabwe The darker
sphalarite la Fa-rich [=3 wr K uptaea 7w ) and enntaing gallive -

tenmantite+ chalmpyrite exsalutions wiereas the light variety has
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=2 wiE Fe (range 0.3-1.9 wik) and, apart from rare indusions of
Il urth @ 2l e ndérite (g, at Kipushi and Kabwe),|s wsually devoid of
exsolutions (Intiomale and Oosterbosdh, 1974, Eamona 1993). At
Kipushi, the Cd content in same sphalerite varies from 0.02 to 2.2 wi
[Mebher, unpublished data); sphalerite may dlocontain slgnificant
amounts of Cu (up to 063 wi'E) andfor Co (lrom 20 to 820 ppm)
{Intiomale and Oosterbosdhy 1974)_ A light green variety of sphalerite
containing 058 Wik Cu, 018 wik Fe, and 0UNE Wik Ni has been
ohserved anly In msociation with Ge (in rendériie)-ores {Inthomale
and Dosterbasch, 1974). According to Holmann and Henn [ 1984), this
grees oolowr s due to the presence of mbalt

Fyrite compasition 8 homogeneous in the cifferent are types
[mamive mrite ares induded) with 2 maximum A3 content of
<05 wWLE at Kabwe and =25 wi% 2t Kipashi At Kipushi, asenapyrite
mneware with pyrife Arrnrding tn Kamona [ 1993 e Cn [ oge
007 wik) amd Ni [ 2verage: 02 wik) contents i well a3 the Co,/Ni
ratios [average: 3196, range: 151-942) of pyries from the Kabwe
depoilt are distinctly higher than the valwes documented in sed-
imentary pyrites {Cof Ni< 1) They are similar to te values recorded
by several workers |Lofus-Hills and Soloman, 1967, Cambel and
Jarkovsky, 1968, Bralia et sl 1979 Campbell and Ethier, 1984) in
pyrites from hydrothermal deposits. Micnoprobe analyses of pyrite
from Kipushi indicate alavated Co [up to 12 wi®) and low M
(<002 WLE) mntents.

Galena i 2 major ore sulphide that nevertheless appears to have
formed late in the parageretic sequence. Gompasition of galena is
uniform and, at Kabwe, its sverage content of Ag |5 003 +£0001 Wik
Chaloopyrite containg @19 to 033 Wik Ge and the grains show ex-
solution intergrowths of belartite and rendrite [Kamaona, 1993,
Kamona and Friedrich, 2007) Both belartite aml rendérite in the
Kabwe massive sulphide ors contaln inclusions ol the other mineral,
bt homogeneous grains frée of incluslons are alio present. These rae
bl and rendérite graing ocowr 25 rownded tooval grains in prite,
chal@pyrite, sphalerite and galena in the massve ores

In the Kipashi deposit, briamite and rendrite acowr in the mixed
aml Cu-rich ores {Intlomale, 1982 ), aften associated with gallie, Ga-
rich chalmpyrite and tungstenite. Sometimes briatite graim ontain
intergrowths of rendérite. Zn- and Fe-rich tennantite |5 an important
carmierof Ag (up to 1.2 wit® at Kipashi | and may slso contain Ga {up
to 13 wik) and Ge (wp to 011 wik). Borndte i sccasionally highly
enridhed in Ag (up to9wWEEin Kipushi), wherexs tengsenite contains
O, T {up to 2wWE), I {upito 1 W) and Mo (=05 wi k) Carrollite,
staneoidite, germanocolusite, I5lingite and scheslite have recently
been identified x minor components of varios sulphide ores at
Kipushi {Melcher, unpublished data).

The composidon of reniérite, germanite, brianite, gallite, Ga-rich
whalagryrite aml gennanuosiusite (o il ceposits are shown
in Table 3. Rendérite from Kabwe and Kipushi dsplay identical Ge
contents (ca 8.3 wik on average) but Ga kb commaonly detected (up to
L0 wiE) at Kipushi whereas it i below detection limits at Kabwe.
Bl aurth pess from K ipushd are slso richer in As {up to 0095 wit) and Cu
[AiD-d4 wir k) than those from Kabwe [As: < mdl Cu: 35-39 W),
Compared to Tsumeb, where germanite is the most sbundant Ge
phase, germanite & rare & Kipushi and & commonly replaced by
renirite (e vos er al, 1494, Infamale and Uesterbosch, 14904). Ler-
manmmlusite was recently (dentified in drill core maerial from level
11504t Kipushd, where it s intimaely inte rgrownwi th reniérite and
bornite; the mineral has previously been recognized a5 “Mineral ¥ by
Framcotte {1962) Germanocolusite and Ge-besring colusite are
comEon aaesory phases b Khusib Spings and Tasmeb, respectively
[Spiridonov et al, 19492; Melcher, 2003; Melcher e al, 2006).

Te miner 2l chemisory of mixed and Cu-ridh ores from the Kipushi
depasit is still poorly documented. Textural relatonships show the
complex evolution marked by resorptions, intergmwths, exsolutions
of v and Zn-Fb minerals 15 well 2 Cu and Ge-Ga mineraks in the
mixed and Cu-rich ores (De Vs et al 1974 ). Thes complex textwral

(Coenpasit o of G- amd (- i b fro B pesshdl (soarce 12 D Vi et all, 1904 sowece 1 BGE, wnpebdishad mbcmprabe analyes], and Kabvee |sowre 3 Kamosa, 1998 Kamona and e deich, 3007 |; data Sroon B el Springs, Namilbda, for

coenparis {somre 4 Mecher eral, 2005}
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features result fram the commingling of distinct mineralizieg fluids
[see nest section) Several of these testures indiae reladvely rapid
predpitation of selphides butalso diseowili b jwm leading tosoensive
dizsaletionof previously deposited sulphides {Intivmale, 13821 In the
Cui-rikeh nre by, hornite coeiare with pyrite and chalenparite ahnue
1300 m depith, and only chal mpyrl te-pyrite persit at greater depths.
I thee Kipushi deposit, the primary barnite i silverrich, in conr st

wiith the secomdary borndtes lrom the sypergens zome (<250 mdepth)
{Intiomale and Oastertrosch, 1974 ) Ancersan { 1935) showed that the
stabiliny flelds for chaloopynite [Cpl barmite {Bn and pyrite [Py in
the presence of In-Fh minerzls are highly controlled by omddation
state (log (0 ) and acidity (pH). Accarcing to experimentally derived
SOIUMHATY Aa0a 3 mineral 2onation maked Iy Up =1y a0 depoh and
Cp+ Bn+Py at shallow levels can be explainel by an zcending
mimeralizing fluk undergoing 2 decrease in (0y and for pH However,
ascencing hot feids would result in the decrease of tempe ratwe
and increase of 0y during the crystalization of sulphide ores. The
comversion of pyite into irn addes ocowrring in dhe collapse breccia
im the Zn-Ph deposits in te Gopperbet i evidence of this increase
ol By

Asending flulds resulted in 2 @mpex deposition of mixed ore at
Kipushi, 2 shown by the diversified minerdlogy defining several
categories of ores. Undergrownd mining has eilitted the decermina-

thon af the composition of the ores between 300 m and 1500 mdepth
[ Intiomale, 1982 ). The vertical varl ation oerves lor 2n, Cu, Fe, Sin the
Cu-rich ore zone (Fig 19) showa general ncre g wend for O, from

battom o top, whereas Fe inclcates the reverse trend. These curves
akn shivw thees spences nafahly 1 [hehwasen B30 and 75T m) 7

[between 1200 and G50 m). and 3 [between 1200 and 1700 m)
charactertized by avertical zonation of the metals with masimum

values of Zn at the top and 2 Cu-Zn miking zone at the hase_ It
is notewarthy thet mesimuem valwes of Cu ooour within the Zn-
masimun zome | nssquences 1 and 2. Theshape of the curves suggests
amare comjplete mixing of Cuand Zn at ihe base (O in Fig. 19) than
ait the top of the saquences (ML

1he ¥ and LN CONCENITATDNS in baren rEwha Wrowp dolamites
(P30 ppm; Zn=500 ppm) x5 well 23 in carbonates of the Roan
G { Py~ 50 pp; Zin~ 100 ppm) ane general by low. Higher contents
af wp to 13000 ppn Pb and up to 48,000 ppm Zn were recorded in
mineralived dolomites in epigenetic dipersion haloes amusd the
Kalwwe deposit {Kamona, 1383). Hydothermally-silicified rocks
[“silicate are™ included), masive prite, Zn-Ph ores and Cu-rich
ared inthe Fn-Mh velnde padiro ar K alwee rantain ke than S0 ppm O
In Conga, all the Zn-Fb ores xe ako poor in Co, bt up to 1000 ppm
has been recorded in the Zn-rich, and 200-300 ppm in the Du-rich
[ lw Zn-Ph) e s hosted at the top of the Kakantwe Formation and in
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the Katete Formation at Kipushi {Intiomae and Oosterbasch, 1974,
BGRE, unpublidved data) In contrast, the stratifarm copperdeposits of
the Roan Group contain high grades of cobalt, e, 033 and 0,04 wik
T, o Aver age, respactive by inthe Congo-type and Zam bias-type oles,
witha maximum af 259 and 018 Wik Co, respective by | Callteus: et al_
2009k). Gukl sluws signilicae values i de Qoagu-ty pe suatifuonn
Roan Group deposis wherxs silver i imponant in Zambda -type
deposite At Kpushl up to 123 ppb Au wer recently anabsed in drill
core material [BGR, wnpublished data)

4.2 Thosr rock geochendsiry

The carbonate rodks hosting the Zn-Pb cepasits both in Congo and
Zambla have 1 dalomitic compasition, with 42 wiE<MgD=27.4 wik
and 13 wiEoCal=451 wik (Table 4) while thide limestone beds
[ L0 w8l <43 Wik and 428 will < Cad~ 543 wih) alternating
with dalomies ooour in other sies (e, Wfunfu, souwth of Kohwezi;
Tantara in theShinkolobwe area ; Kakontwe [ the Likasi area; Table 5).
High conents of MgD [42-102 wiE) are dko common in the Nguba
Group dolomile shales associated with the carbonses in the Zn-Ph
depasits [ Intiomal e, 1282) S imil arky, the Roa Group s charsade rized by
MgD-rich rocks, a leature that Moine et al (1988) attribued © pre-
metamonphic magnesian cly minerals in evaporitic sequences The
valwes of MgDand Tid: (generally = 1 Wik wpto ca 2 wi %) ihthe Nguba
Group shales are generally bigher than the averzges (33 wiE Mg0,
7R wel E T dnplatfnem <k les [ Carmichael 1983 Hosevar <imilar
dolomitic shales xsocisted with dolomites are known in several
pladform depsits hostng Misisa ppl Valley-type Zn-Fh deposits.

The host modks and the gangue miverals in the low grade
metamar e zone commanly inchede carbonates, quantz, muscovite,
chiorite. phlogapite. albite. E-feldspar and barite. Talc ocars only in
the barren rocks (Chabw 1990) and, x5 common for tis mineral
[ Bucher and Fey, 1994, very little iran is aubariouted for magnesium
[ Fe=u07 2ol atKipashi). Plogopite s F- and Mg-ridh with .4 wi k=
F<&4 wi¥ iy the sulphide-bearing xsemblsges and F-Mg poar
{=1 Wik Fi In the barren rodks Evaporilc @untry rocks contain
phiogopites with the same Mg contents x5 tuose from the ores, but ae
also distinctly lower (<2 wik) in fluorine

Chiories are Mg-rich [Mg/[Mg +Fe) up to 0.8) in the country
rodks wheress they are Fe-rich (Mg (Mg + Fe) down to 03) in Zn-F
ares. This suggests that the ore fluids were marked by higher X
walues than fluwids inthe baren rocks Talcls not inequilibium in such

chemical endronments and this in twm explains the alsence of this
et nveeral dnene e ralized dodumd tes. B g-clilo e, plologupteansd Lalcare
generally recorded in shales and shaly dolomites at several lithos-
tratigraphic levels within the Copperbelt in Congo and Zambda,
i bt ngg exoremely Mg -rich compos tons of the sediments invalved
i the metamorphic proges.

Phengitic muscovite is ubdguitous. At Kpushi, Chaba{1390) and
Chatr and Baulégue | 1932 ) have reponted Ba-rich muscovites (up to
TTE Bal) coeisting with (Ba-K) feldspars with 155« ceblancontent
=85 [adularia-hyalophane-celsian) and barites in the gangue
asemblage. No microprobe analyses are availsble on white micas
acourring in 2se mblages containing tale | lyanite in the femahwaZn
ocowrne nee. At Kabwe, the compos tion of dolomite i quite shmdlar in
the fine grains of the country rocks, and inthe marse porphyroblastc
and vein relaed grains, except that signdficant contents of Zn {up to
04 wWiE) and Ph {up to 0.2 wi't) ocor anly in dalomites close to the
archoadies (Kamona, 1993 ).

5. Mineral geoth ermome try

The mineizl xsembages in the host redks af Kipushi and Kabwe
reflect greenachint lacies metsmonphic condtlons 2 indicated sy tale -

Takde 5
Mlajor chements composition of Kaoorwe carboames Soon wnenineralized sites
| Frampaiz, 19032,

o e Tammm Lafandls
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chlarite + albite, and the shsene of memolie in dobmites and
dolomitic shaes Talcindolonites of arogenic belts s wualy xsod sed
weith el et hermual actieing and iraatabdling inorhe b precare egimes
ofica 24 1 Khar postulated for the Lufili animetamorphism (Cluzel, 1985)
impdie s temper atures below 450 °C [Budver and Frey, 1954) K-feldspar
[Kis) coexiat in equilibriem with phiogopite (Ph1), nuscovite [Ms),
chiorite (Chil @i (The) and quartz {Qz) v these Al-pooar mocks. The
daolamitic shaes crvsmllized sround the univarlant curve ofthe reaction
BEls+ 300 =3Ms + 5Phl + 50z +4H,0 which is restriced to ca 410-
A30 “Cata pressuwre of 35 khar | Bucher and Frey, 1994). The aasemblage
talc+ kyanite at the Semahwa Zn ocourmene marks a high pressure
regime and Emperatunes bracketed between 550 °C at 15 kbar and
T00°C at ca Ykhar

Sphalerite geothermometry used on the Zn-rich ore pipes at Ki-
pushi suggess temperatures of formation between 305 and 380 *C
[ Ottenburgs, 1964). The ocrumene of exsolution intergrowths be-
tweeen chalooprite, byilarti te and reniérite st both Kabwe and Ki pushd
indicate mgene tic fonmation of these minerals froma high-tem pera-
iture parent Ci-Ge-Fe-35 sold solution (Kamona and Friecrich, 2007).
Aaording to Takeno | 19751 the f-low-emperatune pdymaorph of
chalcopyrite may @ntain up to 4 Wik balartite in solid solution at
ARD T

Sulphuer isotopic fractionation between pyrite, sphaleriteand galena,
coexiating in apparent equilitrium at Ksbwe, vielled an Botopic
tempe ratwre of 290 +35 °C (Kamona and Friedrich, 20000 Generally,
the Botapic enrichment in sulphides follaws the equilbriwm frac-
tonation tend prite= sphaerite>galena, but the Botaplc Empera-
twres given by the sulphide pairs are varisbde The sphaerite-pyrite
gearhermanmeter yiekled vakes in the range 140° -3 /0 "L With 2 mean
isompic lractivnaton defining an othenm of 262 +29°C( Kamaona and
Friedrich, 20007 | In contrast, roex istng pyrie-galena [ 250-550°C) and
sphderite-galena | 290-540 °C) sulphide pairs bath exhidt apparent
disequilibriwm conditions due to the generally | 2@ paragenstic position
of galena { Kanona, 1993; Kamona and Friedrich, 2007).

6. Fluid inclusions studies

Fluid inchsions investigated in the Zn-Fh deposits of Kabwe and
Kipushi displey strong simibritics At Kabwe [Kamaona ard Friedeich,
2007), fluid nclusions in sphalerite, quanz and dolomite xsociated
with massive sulphide ores, vein minerlization and the wallrock
dolomite characterized by liquid + vapour +solid [L+5+V) and
liquid + vapor [L+V) phases were idendfied a3 high-tempe rature
fludds [HTF) and low temperatwre fludds (LTF L respective b The range
of homogenization tempe ratwres (Ti) recorded in HTF nclusions is
250-390 °C (averzge 320 CL wherexs lower values of 90-180 *C
characerize e LTF inclusions The salinity is higher in HIF inclsions
[up to 31 wik Nall equivalent) than in LTF inclusions (s 115 wit
M2l equivalent) At Kipushi {MHeljlen & al, 20072 3008) fluid
inclusians in dolomites and quantz asodaed with the main stage of
sulphide mineralization, showing L+ 5 + W phases_ indicae 2 range of
temperatures between 221 and 339 °C | average 275 °C), and salinities
between 30 and 43 Wi NaOl equivalent (mean 35 wi® NaCl
equivalent). Later stape flull inclisions (L+5+V and L=V phases)
inintergranuar trails in dolimite and quarz crystals, and in late stage
sphalerite, indicate temperatures in the range <80-70 °C and
salinities between 23 and 31 wiE N0l equivalent.

At Dikulehl, two fluids were identifled by fluid inclusion analysis
insphalerite. dolamite. quartz_ barite and caldie (Dewaeleet al. 2006,
Haest et sl 2007a): (1) a high-salinity fluld (20.7-24.4 wtE Call
equivalent) in inclusions with L+ W phases | Hy0-CaCl-Ra0l compo-
sithon) indicacing te mpera tures between 125 and 185 “Cand related to
the first generation sulphides; (2) 2 secand type fluid with lower
salinities [284-1253 wi® NaDl equivalent; inclsions with L+V or
only L phases) and tempewtures around 70 °C. related to the late
dominantly chaloocite miner 2l zation

O B vt i Kb, Wa sl Vipishd, Babwee, Tasmraedy Bl 5 prings, aned Be oy A el - O- P oy pee e poies for enai selpiicbes minesrals, ore cheemirry, slpier mage B0mpe minsof slphides, cason and ofyge s fage Homps

i o dodomine, salindes and temparanee s of Righ and low fempes nae St inciesione | Decha 3 nd Jenee s, 1965, Dewase o al, 2006 Mscher o al, 200E; Haesr o al, 2007a; Hsjlen oL, 3007, 1006 Kamona and Friedecs 2007 ).
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The stratiorm Cu-Co deposits of the Roan Group in Congo and
Zambla are marked by hydmothermal veins emplaced late in the
evalwion of the Lufillan Ac. At Musoshi, Richads et al |1988a)
remided Mmodal populatans in fluld inclusions om quanz | + hema-
tite) vedng similar to dee Zn-Fh de posite The HTF populationis marked
by walwes between 342 and 375 °C whereas the LIF papulation has
e pe ratuwres ranging between 195 and 229 °C The sdinity ks alio higher
i theHTF papulation | mindmem: 39 wiCENa0 + 15 w5 KO and lower
in the ITF population (28 wik Nall+ 17 wik ECI). At Lubswishi
{in Congn) amnd Chambshi { i Zambia), the distribaion of T, valwes of
fudd inclusions in late stageveins and inthe tectnic e acla cement ane
between 197 and 439 °C. whie salinities are between 22 and 4565 wit'l
KaOl pquivalent {Annels, 1999, Greyling et al, 2005; Dewasle et al,
2006, El Desouky et sl 2000, 2008). These values e typically higher
than T and walinites meaamed in sathigende quarr? and dnlamire
assnciated with the early d bgeneti o Cu-Comd ner alizath on a0 Chambishd,
Kamato-Frincipal and Musonoi (Kolwezi area Congo) recording
primary aalinities in the sediments (Firmolin, 1990, Ngongo, 1975,
Audesd, 1982; Annels, 1988, Greyling et al, 2005, El Desouky et al,
2007, 2008 1.

Feld inclusion data for the Zn-Cu-Pb deposie and for velns or
teaoel breccla in the stratform Cu-Co depasits are summarized in
Table: & and 7, and Th v aalinity & plotted in Fig. 200 Thay e
compared to data rom Namibdan Zn-Pb de posits (Berg Aukas, Tau-
mely, K hasil Springs) thatshow Thand <alindties valees in the rangs of
137-370°C and 20-23 Wi NaDl equivalent, res peotive by | Chetty and
Frimmel, 2000,

7. lsmope Audies
7.1, lead kotapes

Inthe past, a2 number of Pb Botopic analyses have been performed
onsuiphides gangue carbonstes and hostrocks in the Zn-Ph K atangan
depod s (Walraven and Chalbu, 1994; Kamonaet sl "999)_ Thedata ae
summanisad in Table 8 and plotted on {7 Py P va oph/ M)
amd [ PAPh P ve_ 2 PP disgrams (Figo 212 b). Al sul phides
from the Zn-Fb arebodies in Congo and in Zambda show small
variations in their Pb Botope compositions within the following
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cantinental crust | Kawona et al_, 1995).
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e S the Cenral Alica and Namibian deposns

19881 Suwh restriicted valations for Ze-Pb ore depesits at the
southern margin of the Gingo craton suggest that these deposits

may have thesame metal soures, namely the upper continental crust.
Ry eauntrast alphides inm the anoanifoom aehadieanl the Boroan

Group {eg., it Kolwezl Kinsenda, and Musoshi; Table 8 Fig 21¢c.d)
are marked by significant variation in lead isotoplc compos tons,
Troim low valees similar to those documenced inZn-Ph deposits up to
maore radiogenic composiion: %P2 Mph =1764-9064; TPy
Hph=1534-20044 and **Po/* M Ph =36.58-140.55 (Richards
et al, 19880, Walraven and Chabuw, 1994) Recent lith asratigraphic
stuwdies | Cailieus et 2l 1994, 1985 have shown that the main copper
deposits are hosted by corelative lithosira tigraphic units in Cango
[Mines Subgroup) and in Zamida, {Kitwe Formation) and it seems
imprabable that the xge difference would be sufficlent toexplain the
large varistion of Py lotopic com poasition within the strtiform Cu-
Co sulphide: and between the stratifoam Cu orebodies and the

stratabownd Zn-Ph de posit. Thus, ane must seek the major case for
hetenogeneides in the lead sownces.

The range of lead isotopes in the Palsoproterazole cale-alkaline
meks in the Capperhe i [ BMafulica geanndivrite ) and in the Rangweeili
ook {Pepa-Lubuwmba ) is relative by limitad with *™ PP = 1715~
2073 TP M =1552-1596 and b2 MR =3721-4180.
Since lead isotope compod tion of these granites has evolved owing
to U and Th radioactive decay, a correcton must be applied befare
comparison with sulphidesfrom the Neopro®rozalc ore deposite The
caloulatons show that, at srownd 700 My, the lead bompe ratios of
these calc-allaling rocks were similar to that of the lext radiogenic
sul phi des inthe stratiiorm copper depasits and that of the Zn-Phores,
Le, Ty *ph~ 180, *F R M P~ 156 and b P -378

Comparizon of the Pb botopic sulphide values from the Central
Adrica and Kamibian Zn-Ph depos ts with Boopic ratioslom several
Zn-Ph deposdts of the Neopraterozoic Bambul Growp and core lative
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sequences af the S3o Franciscs Craon inBrazil shows that the Marmo
Agudo, Vazante, and Nova Redengdo deposits [ 2%Fh/2Mph =17.61-
1867, "™ Ph= 1556-1634 and P = 36894013,
Misi et sl 2005) have dmily Botopic wthos. In @ntrast, the other
Zn—Pb depogits {Irech, Sarra Do Ramalho) have very different ranges
of Eompic ratios {Fg 21e, 1),

7.2 Swble oo

Sulpbur Botope variations, in terms of conventional permil de-
viation (5™5 %) mlative to the Canyos Diablo Toilite (CDT), are
shown in Talde 5. The 55 values lor the Kipushi de posit shew the
greatest spread rom — 25 © + 1975 [Dechow and Jensen, 1965)
widch i3 in marked contrast to the more homogenssus isotopdoratios
of maive sulphides at Kabwe (— 102 to — 187%) (Kamora and
Friedrick, 2007). At Kipushi the discorlant masave sulphide ore-
bodies in dolostanes of the Kakontwe Formation, the main host rock,
have reltively heswy &5 walues from + 128 to +19.2% with an
svarsge value of £151 & 18 [n — 10, Dechow and |ensen, 1955). In
contrast sulphides in the sub-concornd ant one bodies in dolamitic shale
andl dolomite of the Katete Farmatian have the lagest spread from
— 25 to +180% [n=9), whereas the barren ddomitc shales of
Hguba mdkes overlying the mineralized horizon have mare wiifonm
and lighter 5% values betwesn —5.7 and +2.0% n=§ aveage=
— 25+ 18, Dechow and Jensen, 19651

Eatople ratios o sulphides from other Zn-P deposits for which
data is available (Millberg-61 o —140% and lLawa=113 w©
— 154k, Dechow nd Jensen, 1965 ) have 55 values @mparsble to
those found at Kabywe. Swch negathe 55 val wes wiith nanrow preads
are charyaeristic of sedimentary sulphides produced throwgh bacter-
il redudion of seawater sulphate | Kamaona and Friedrich, 2007). The
negative 575 valuss in the Kipushi deposit are posibly fron dis-
genetic pyrites, whereas the mud heavier isotape ratios of + 15215 in
the Kalkantue limesane and iptn = TR in the Katere Faomation,
are close to the average |sotaplc ratio of + 1738, far Neoproterozalc
sexwater sulphate on the Copperbelt |Dechow and Jensen, 1965,
Claypod et al, 1980).

In comparton, the 55 wlues of ignems metshasie rods in
truding the Dipet Kirilabombwe subgroups in the Copperbelt
range from + 10 o + 15.7% (Dechow and Jenser, 1965) Sulphur
isotope ratios in fresh basic nocks generally ciffer livte from
et e {arvund 0%a). The high rectiomation {u. 15%) sl e
high values of 55 recorded (n same of the metabasic rocks @nmat
be attributed to isochemical metamorphic processes that are
generally thought to presene sulphur sotoplc @mpaitions {Rye
amd Thmoto, 1974, Shmoto, 1985, 0Nl 1986, Crowe, 1934). It is
therefore likely that the hesy 55 vaues were zsimilated from
the country rocks during the intrusion of the gabbrolc rocks at
around 760 Ma The country rodks ae characterized by heavy
sulphur Botopes o + 17.5%., whose ultimate sowoe was sessater
sulphate

The ™5 for Cu-sulphides from the gratform Cu-Co deposis in
the Boan Crowp s brosdly similar in both the Gongelese (acles| — 08
o +187%) and i the Zambdan fackes [ —8.7 to +13.0%.) of the
Copperbelt {Cailtew et 2l 2005b and referendes therein) This wide
spread of sulphur sotope ratios probably indicies involvement of
both dizgenedc sulphides anc seawater sulphate in the ore-foming
processes of these sratiform deposits.

Carbon and axygen isotope composiions are wailabde aely for
the Kabwe deposit where the dolomite host rocks have & Cms
{2 M ) WL ™ by (2 7 ) VLSS i O MTNSE CATDOMATES
(Kamona and Friedrich, 20000 The &0 and &YC values in the
Katwwe mineralized dolomite define an Botopic depletion trend re-
lated to increasing silica content in the hast dolomite due to vallrock
silicificadan.

B. Ape constraints oa the deposits

Late Oudovidan zges of 45011+ 6 Ma and 4505 +3,4 Ma were
ahtained br Kipushi by direct Fb-5r and Re-0s dating of sulphides
fram twe drill cores, s pectivaly | Schneider ot 3l 2007). The 4544
14 Ma (u=5988) lead model age of (Walraven and Chalme, 1994),
based an the Stacey snd Kramers {1975) cnstal evolution cunve, i

cansistentwith the post-edonk 451 Ma 2ge of the FKipushi de pasic
The 451 Ma ol Ue Kipushi depesit may be related w de magmatic

empacement of pos-Ectanic ypabsaal spenite intresions daed at
A58 b0 2 TMa [U-Pheiraon xges) inthe Domes area | Dosi et al, 1992).

The Kansanshi Cu-Au depasi in the Domes area i: the only other
past-tectonic depasii to have been dated using the precke Re-0s
method on molybdeni te, indicatng that weln mineral kation ooormed
at =512 and ~502 +1.2 Ma {Torreakday et al, 2000). In the cxe of
Kabwe Ph Botoplc compsitions of ore falena have been used to
suggest amodel age of 580+ 13 Ma (u=1031) based an the Smeey
and Kramers (1975 model with referene to the lead Boopic
framework of orustal rocks in the Lufilian Are (Kamona et al, 1999).
Cxhan {1974) suggested 3 Pb modal age of 60 B for the Kaenga s Zn—
Py de pesitas well x5 fior the leal ooowrenses at Mulungwishi

Strathgraphic age constralnts provided by recent mbst U-Pb age
data on zimns from the Lufilize Belt {Key et sl 2001; Barron e sl
2003; Armstrang et al, 2005, Master et al, 2005, Rainaud et al,
2005h) indicae thatthe Roan Group was deposited fram ca 820 to
735 Ma. This age mnge i weful in Badetng the age of the
syndiagenstic stratibem Cu-Co ores in the Copperhelt which are
cancentraied in the bwer pants af the Ran Group. The 735 M2 age
provides amasd umage limit jor any e plgene tic depsits in the Boan
G, incuding the Katwe deposic

The age af the Nyuba Group may be racketed benween 735 and
635 Ma, which represent te respectve ages o maflc woloani e at doe hise
af the glackgenic Grand Conglomerat { Keyet al, 2001 ) ard the presumed
xge of the Petit Conglomérat, respectively. The age of the Perit
Cronglemdnt g ven in his paper s haasd aonlithnanetigeaphis comel b on
af de Petit Conglomérat with the glaciogenic Ghaub Formation in
Mamitd awidch has 2 U-Pb zinon age of 6355412 Ma (Hofmannet a1,
2004]. Thetds Ma xge may be considered x the masinnem zge lmit of
any epigenctic depos tin the Kguba Sroug, including the K pushi deposic

Ohserved deformation featres such x5 flattening of the ones
deve lopment of presswe shadows, bent ol exvages and are brecd ation
[Chaba, 1990; Kamaona and Friedrich, 2007), indicate that the Ze-Fh
ure depamsis may have been afleced by teotoic defunms ton durning
any ane of the three phases of the Lufilian Orogemy between ca 750
i 512 Ma The occurrence of most Zn-Fh depoasits | Kipushi Kaywe,
Kengere and Lombe ) slong NE-5W trending D2 fzults cutting sonoss
earlier NW-SE trendng-fokds and thrusts | Kampunze and Cailew,
19493 indicates that mineral zation may be post-tectoric with respect
o ithe Dy Kolwezian phase of the Lufillan Onogeny.

s disassed sbove (see gedogical background). the Kolwezian
arogenic phase is maclated with plate comvergence snd subduetion
from ca. 750 to 00 Ma The D; Momsesian phase of the Luflian

Oogeny probably ocowrred between 603 and 512 Ma 25 indicated by
recant U-Mb dating of metamorphic monazita in the Copperbalt
(Lerouge e al, 2004; Rainaud e al, 2005h. In the cae of the Kibvwe
deposit, the NE-5W fault system probably represents resctiated
basement Gults {De Swardt et 2, 1965). Bvth the NE-5W i2ults and
the Kabwe arebodies terminate st the younger Mine Club Fault
(Kamona mmd Friedridy, 2007; Figa 16 and 17) which is xsodated
with teconde uplift 22 528 Ma in central Zambia (Bariet sl 1978).

According ta Chabu 1990) and Chabu and Boulbgue | 1992), the
Kipushi deposit is charactenzsd by mineral smsemibages of the

greenschiz des, icluding bardan musosvite and (Ba, K)-leldspar
af me manphic arigin. The Kabwe de posit dso experienced a phase of
low grade greenschistmetamonphiam | Kamena, 1993, Caimmey and Kerr,
19458 ; Kamona and Frisdrch 2007 L. Metamoophism coull have ooouned
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during the Dy, Momvezian Eonnkc events betwes nGil3 and 512 Ma. The
mirinmem xge lmit for pre-edonic Zn-Fh depasits may therefore be
regarded a3 512 Ma, which eprese ns the mad mumooali ng xge of micas
i tve Domes Region (Cosl et 2l 1992, John et sl 3004).

O, Comparison with similar deposits! occurrences in Namibia and
wedem Congo

8.1, Deposds in Namdbia

Maore than 600 Cu-Ph-Zn-V deposits and ocourrences have been
listad in the Otani Growp in Namibla, ying on the southen mangin of
the Congo craton. Many of these are similar to the Zn-{Cu}-Pb
deposits in the Gentral Alrican Copperbelt On the basis af reglonal
coie lations (Batumike et sl 2007; Calleus et al. 2007 Kamona and
Gilezel, 2007 ), these depits and occurrences are hasted in crbanate
umits of the Otavi Growp that are stratigraphically equivalent to the
Muombe Subgroup (eg, the Zn-Ph-V Berg Ackas depasit in the
Abenab Subgroup) or to te Gombels Subgroup rocks {eg, the Cu-
Ph-Zn Khusib S prings, Ph-Cu-Zn Tsumeband Cu-PhKombatdeposits
i the Tsumeb Subgroup) in Congo (Talle 3).

The age af the Abenab Subgromep, which contains wypical Zn-Ph-V
Mz Va d.eEmkssu:h:s Aukas and Abe-
M:ﬁ? Hﬁm mammmmmm
respedively (Kamona and Ginzel, 2007 and re‘erences therein) is
comtrained between 74542 and 63554 12 Ma which are the
respedive ages of the Chuos and Ghaub glaclatdo events in Namibda
(Hoffman et al, 19588, Hoflmann et al, 2004 The xge of the Tsumeh
Subgroup may be bradeeted between 635 and 550 Ma, with the | atter
age being related to collision of the Kalahari and Congo cratons
(Stnistreet et al. 1991; Alkmim et al. 20011

Mineralogically simple Zn-Ph-dominaed ores comprising sphaler-
e gale na, pyrite, minor chalcopyri &, bornite, col uste, rendérie | suchas
the Berg Aukas depasit) are distinguizhed from polymemilic ores
comtining Cw Ph Zn, As, and that are considerably enriched in rae
elements such a5 Ag Cd Ga Ge, Mo, and b (e.g. Bwmeb deposit) The
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sulphide xsemblages in the latter ares sre composed of varidde
amounts of galena tennantte, chalcopyiie, sphalerite, chalmeite,
enargite, bornite, pyrite, minor germanite, reniérite, briartite, Ge-
Irearing colusite, and Mo-W sul phides | Lo baard et al, 1986, Hughes,
1987 ; Melche c 2003, Melcher et al, 2006)_ A shownin Tale2_ ore fiom
the K b Springs depos it has hig her Cu-As- Ag-5h contents than thase
fram Kipushi and Kawve The major sulphdes in the Khusib Springs
dEpasit e Ln-Tennantite, followed Dy enargie, galena, spialenie, md
it [ Melcher et 2l 2006) Thee arly s@ge main sul phide mineralae
sphalerite, pyrite, chalcopyrie-bornie, and malybdenite-tung sterite,
liollowed by Zn-tennantite, enargite, galend, pearceite- palyhasite snd
Ge-bearing colusite. Paragenetically, the last formed minerals are Ou-
Ag-bearing sphalerite, chalcocite group minerals, Ag-bearingtennancite,
tetrahedrite, and Ag-bearing covellle. Compositions of germanie snd
Ge-bearing miusie Fom Khusil Springs are shown in Table 3.

Deposition ol the ores at Khusib Springs occurred by replacement
af carbonates (maidy dolamites) at temperatures reaching 370 °C
{Chetty and Frimmel, 2000), preeding or during regional 0y delor-
mation (Melcher et al. 2005). The sulphur Botope raties (§'5=
+20.8 to + 27H%., mean + 23 5%.) suggest that formation of the are
invohoed highly saline brines cormying sulphur derived fram eva poritic
S8 qUenes.

The plpe-like Tsume borebaody was the lagest Ph-Cu-Zn deposit in
the Ortarvi Mountain Land until its closure ie 1996 The mineral ization
s confined to an ellipsoidal structure an the northern limb of a large
syncline, auting thmugh the uppermost carbonate members of the
Tsumeb Subgroup, 2nd reaching a depth of 1400 m below surfsce.
Sulphide ore re place; a fel dspathic sandstose representing the infill of
a larst-induced breocla pipe, and the host dolostone x5 manto oes
Due to @mplex hydmological conditions, sulphide ores have been
midized toa great depth, producing specacular secondary mineral
spedmens of Cu-Zn-Pb carbonates, sulphates, arsenates, vanaddes,
aides and silicates The Ph Botope data for Tsumeb show an upper
cnestal arigin for the ore lead, which is similar to Boople crustal
algnatures of the Lifilian Arc (Kamona et al 1999) and wvolcanic
asoclated deposits such x Rosh Pinzh and Skorplon Zine in the

Libsrmagmpiy of the Damam Supegros (Kamona and ¢onoe, 2007 | comparad o S Katangan Sepergmep |Calteen o al, 2007, and sasigraphic posigon of the majer
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Gariep Belt of Namia (Frimmel et 2l 20041 The Tsumeb ceposit
ocours in folded and highly fractured carbonate sones and its @
530 M2 age of mineralization (Kamena and Ginzel, 2007) is

syntectanic in relation to the second phase of the Damaran Drogeny
that ocowrmd batwean ca 570 and 520 Ma | Keiner, 1982 Haaxd and

Martin, 1583 ; Haack et al, 1983).
The Eombat mire in the soavthern part of the Otsel MowntainLand
is hosted within the wpper carbonate wnits of the Tsumeb Subgrowp,

anl cvnlsis ol several verUcalurebudies Ui tenminate at U orplad
with overlying slates. Masive to semi-masive sulphide ore k& best
developed in zones of breaistion within dolostone and associated
felds pathic sandstone lenses. The ore consists of chacopyrie, bornite,
galena chalcocite, minor sphaerite, &nnantite, betechthinite, arseno-
pyrite, enargite, rendérite and colsite (Innes and Chaplin,d 1985,
Kamonaand Gilnzel 2007). The presence of stratifom Fe-Mn mide/
silicate beds within zones of tectonic transposition b a feature unique
to the depasits in the Otavi Mowntain Land.

8.2 (u-"b-Fn mdneralimdon in the West-Congo fold belr

The Keoprateraeolc Weest Cangolian Growp in Ba-Congo 152 sed-
imentary succession comparable to the Katangan Supegroup
[Table ¥ hosting several Pa-Zn deposits or ocurrences |(Cahen,
1954). The swccession compnses . 4000-m thick pre -Pan- Afirlcn
passive-margin pladorm silicl astic and carbonate sequenes of the
Sanalbwa, Haut Shiloango, and Schisto-Calcaire subgroups, and @
2000-m thick late- to post-Fan-Afrian molase sequenes of the
Mpioka and Inkisi subgroups (Tack et al, 2001 The lowermaost
Sanalbwa Subgroup unamnfornsbly overlies a graniic basemest. The
base of the Haut Shiloango and of the Schisto-Calcaire subgroups
are marked by twe reglonally extensive diamictites named “Lower
Mixtite™ (ca 400-m thick) aud “Upper Mixtite™ (ca 150-m thick),
respectively. The Lower Mixtite represents the glclogenic Surtlan
event, while the Upper Mixtie 5 of Mainoan xge [Poidevin, 2007).
The molsse sequences deposied inforelind baging Tadketal 20011

The Eamba- Kilepda Qu-Ph-Zn deposit, 70 km soeth of Kinshaa, i
ithe Mot docwmentad in the area; itexencs over =35 km slong 2 major
E-W faelt in contsct with the Schisto-Calcaire, Mpioka and Insikd
subgrous, and shews strong similarides with the Kipushi deposit
[ Cahven, 1954 Kanda Nhula eta | 2003 Mineral resaurces Smaowrt 1o ca
15000 bone e ] | T+ Py + Zin ). The primany sul phide mineralization
constats of impreguatons and oocsiona masive lenses hosted in
siliviclaxic bels ol dee Mok, sl veins in lesione eds of e
Schism—Calcxine; it ocors also slong the oot limestone-xilidclastic
ok The Cu | 25 chabcocite) ooaws predominantly in the we stenn part of
the depait, while Ph-Zn ares | sphalerie-pyrite-galens) xssadaed
with ¥, Ge. Ag and byw Cu [ chalcopyn - barnite) are duracteitstic of
the exstern part Ge k5 @n@ned in sphalerite anc Ag in gakna A

parapeneti study af te primanones indicates that pyrite and sphaker e
deposied inthe early stages, whde galena i the latest alphide.

. Discussion and gemetic interpretation

Various hypotheses have bees proposedio explainihe origin o the
mimeralizieg fluids that form the Zn-Ph-/Cu) depodis of the Cop-
perbelt in Central Afica including:

a) A magmatic hydmthermal origin related to deepseated ignaoms
intrusians for Kabwe [Taylow 1954) and Kipushi (Thoresu 1928,
Intiomule and O terbosch. 1974: Walrzven and Chabu 1954

) Basin dewate ring models invalving (1) svolved connate flwids that
leache: metals fram the sedmentary pile, includieg the eary rift
sediments |Kortman, 1972; Hughes etal, 19840 or (i) teconic
brines mupelled during omgenests [Duane and Saggersan, 1295,
Kamona et 2l 1999, Kamans and Friecrich, 20078 or (iil) fuids
prodweed by metamonphic dewatering (Unrug, 1968, 1983);

) The dissolution of 2 salt diapir for the Kpushi deposit [De Magnée
anel Pranguis, 1555);

d) Contemporaneou: karst lormation and mineralization pre-dating
orngensas for Kipushi {Chabu, 1990 and Kabwe |Samama e al,
1988, Sweeney and Binda, 1583);

&) Remoklization ol synsedimentary or proto-volcanogenic ores lor
Kalwwe { Sweeney ot al, 1990).

The plethora of genetic hypotheses may be attributed to dif-
lerences in attitudes over the timing of the mineralizzton in relation
o rifting, :edimentation, tectome wplift, orogenests and metamorph-
lem. Compications ae also oreated by the varisble source rocks pro-
pased for dee metal: and sulphug and by different mechaniams of
sulphide ceposition. Here, the data are critically xsesed in order
o propos a genetic interpretation which satisfies all available
NSt

101 Geologhml charaderarics af the deposii

Mt In-Ph-Cu depmsits n Congo sre hoasted in the same
lithastratigraphic carbonate seouwne at the bottore of the Mzuba
G, charscteri zed by shallow wa & r marie carbonaes, dominantly
dolomitic, xsocisted with organic-rich facles: siromatolite or

ancolitic sirweures, dark grey to black micritic and oolitic @rbonates,
Ty trexlden] onganice-ricl baye s wills disseminated soatifom pyrite

andl chalmpyrite. The presene of relics and psewcomaorphs afier
evaporitic mineral, mnd dissoldion beeccas indicate an evaporitc

envinonment of depmition. The lithostratigraphic positon of the
depasits in Zambia & poorly constrained (except for Kabwe | 2ed

subjectto debate between Upper Roan and Nguba wnits. However the
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aequence shows strong similarities x the host ocks in Congo, with
the difference of a stronger metamarphic ovenprint in Zambda com-
pared to Congo (Frangos and Caileews, 1981). Dikuhshi B an
exception to this rule, being hosted in sandstones and intraforma-
thonal breaclas fram the upper part of the Kundeungu sequence.

Al depits, in both Congo and Zamida, display strong structural
control The mineralization was deposied a5 messive bodies, mostly
inthe carbonates by dizoltion of the host rofs, and i linked to
fauits developed during the second (Dy) deformation event of the
Luilian arogemnesis

The primary Zn-Fb mineralization conststs of sulfides and is
locally assodated with signifiant concentratons of Cu (eg, at
Kipushi in Congo, at Mufukushi and Lubusashi in Zambda). Zine
represents the most imponant commaodity. Sphalerite, Chalcocite,
bomite, chalcopyrite (where copper ocours), galena and pyrite form
thee i n mime ral associ ston. Minor Cd, Co, Ge, &g, Re, A5, Mo, and Ga
ocour at Kipushi while minor W, Az Cd Cu ooour st Kabwe, and only
minor V at Adrfleld Carmanor and Chiwanda inZamida By contrast,
the Dikulushi deposit in Congo conting mainly Du besides minor Zn,
P, Ag, and As and Kansnshi in Zamda only O and A

Nao @ntemporanems gneous rocks are direcly associated with
the deposits. The mast important igneous events on the Copperbelt
ane indicated by the widespread emplacement of mafic bodies at .
THEI-T35 Ma [Armstrong et al, 1999, Key et al. 2001; Bamon et
2003) in the Dipeta/Kin sbombswe and Kansull sedimentary rodks,
while hydrothermal events affected the statiform Cu-Co ores
beween ~G03 and ~512 Ma (Richards et al 1988ahb; Kampunzu
anl Cailtews, 199%; Lercuge et al, 2004; Rahaud et al, 2005h).
Aaording to jJohn et al {2004), geochemical data obtzined from
edogites, metagabbios and gabbros in central Zambda provide
evidence that they farmed at an oceandc spreading centre and that
ithey are relics of a subdwoted Neoproterozolc oceandc orust The age of
the mafic grabbraic bodies in the Lufilian Arc indcates that spre ading
ocourned at ca 765-735 Ma, whereas subductian i constraimed by the
timing af eclogite formatian at ca §38-500 M2 in the Zambezi Belt
{Johm et sl 2003 ). The spreading event and the subduction event ae
significantly older than the recently obtained -450 Ma zge of the
Kipushi Zn~{Cu}-Pb ares

As sugpesied by Kamona et al (19991 a canddai far the younger
lignemis event that could be related to mineralizaion at Kipushi is the
post-metamorphic hypabysasl syenite intrusions in the Domes area
sowth of Kipushi, far wiich U-Ph zircon xges of 458 427 Ma have been
obzined (Cosi e al, 1992) Other Katangan granitic/syenitic ignems
rodks | such s the Hook massif) are clustered to theSmuth of the Dames.
Area, several hundreds km south of the Copperbelt [Fig 21 These
ignemus rocks are late- to post-kinematic intrusives with U-Pb zincon
ages of ~50-530Ma (Hason et 2l 1993 )_and ae thus ader than the
Kipushi depasit and sbwmet 100 Ma younger than he Kabwe deposit

102t Ages of Zn-Fh mdneraliraton

The Z30 My age difersne between Kabwe (580 Ma) and Kipushi
{450 Ma ) sugge sts thattwo major minerzlizing events are respons ible
foa the main Ph-Zn mineralization in the Lufilan Arc. The 580 My
swnt may he carmelated with ame-leming pnee e sanciaed with
fluld expulion during the collision phase of the Lufilian Orogeny,
wheneas the 450 Ma event i clearly past-tectonic. Therelore the two
major Ph-Zn deposits of Kaltwe and Kipushi probably represent
syetectonic and poast-tectonic types af mine ralization, respectively.

Anather ore-forming event (s indicated by the 514+ 12 Ma and
5024 12 Ma Re-0s agesof Cu-Au veln minerdization at K ansanshi
(Torreabday et al, 2000) and by a 514+ 2 Ma hydrothermal event
recognized at Musathi {Edwards ot al, 1988ab) The 514 Ma event
probably represents syn- o past-metamaorphic ae-forming processes.
a3 indicated by the 512 Ma cooling xges in mixs {Cosi et al, 1992,
Jabm et 2l 2004) and by the ocourrence of two phase (liquid +

vapour) CO0y-rich fuld inclusions in quartz veins at Kansanshi
[ Kamona, unpublished data)

These age constraints suggest that epigenetic hydothe imal sin-
eralizatian in the Lefillan Arc ocourred eptodically over a prolosged
period during basinevolution in the Central Alrican Copperbelt and i
represened by syneaonic | Kabwe Ph-Zini, me tamonphic | Kansanshi
Cu-Au) and post-tectondc { Kipushi Zn-Cu-Ph) ore types.

103, Ore fludd composinion and remperature of depositlon

Fluid inclusions studies indicate at leaxst two stages of minerdiza-
thon at the Kipushi Zn-{Cu)-Pb, Kabwe Zn-Pb, and Dikulshi Cu-{2n-
Ph-Ag ) depasits. The first stage is characterized by ore fulds with high
tempe ratwre and sainity, which have comparable valwes with thase
ahasrved in weing and ractande heaceia frrm steatiform Ci-On depesing
in Congo (eg.. Musashi and Luiswishi, Fig 20). The high salinity of
these flulds may be due to extensive evaporation of seawater dis-
solution of Roan Group evaporites or mbdng between these end-
member water fypes | Hanor, 1996).

The second stage, marked by lower temperature and salinities, is
characterized by vaues comparable to those of the Berg Aubas and
Taumeb deposits, and falls in the range of Irsh-type Zn-F depaits
(Mizl et 3l, 2005). The deorame in aalinity with decresing tem-
jperatwre shown by these secandary fluld inclusion populations could
result fram mixing of hot flulds with low- temperatune dewatening
solutions assoclaec with the thrust tectonies af the Lufillian onogeny
[ Cailbeus amd Kampunzu, 19895), and for mixing with meteoric water
lor Kabwe (Kamans and Friedrich, 2007 or from 2 simple cocling
with depoasition of KaCl {Richards et 2l 1988a).

T4, source of meras

The homogeneous lead isotope ratks of galena fram Kabwe
(Kamona et al, 1999) suppaort the presence of wpper crustal sownce
rodks with relatively high #0240 | 1031) and #Th/*™ M [ 4308)
ratios compared tothe Kipushi depasit which has lower %02y
(984) and *PThy®Ph (35.33) ratios more typical of conformalle
mazsive sulphide deposits (Staey and Kramers, 1975). Walizven and
LA P ) A KAMONS e Al 199y inerpretad the lower Sompc
rathos for the Kipusy deposit a5 indicating 2 significant mantle cam-
panent in the isotaplc @mposition of the Kipushi one lead. However,
the recent lead Batope data of Schne ider e al (2007), combined with
indtial ¥75r ™ 5r and 06805 ratios for Kipushi sulphides indicate
upper crustal me tal sownces.

105, Sowrce af sulplur

The ore deposlis are asoclated with rocks showing evajporitic
canditians, suggestng a marine orkgin fo the sulphur. The negative
and homogeneous sulphur isotope rados of ore sulphides | —18
—12% M5) lram Kabwe (Kamona and Friedrich, 2007) are typical of
sedimentary sulphiles produced throwgh baderal reduction of sea-
water sulphate anc suggest a sedimentary source for the sulghur
Mither Zn-Pharrurenses with dimilse aulphor lannapes eating [ Mechnwe
and Jensen, 1965) to Kabwe include ltzwa (Fig. 2) and Milberg
{Fig. 15). The sulphur otope ratios for Kipeshi sulphides show awide
range fram heawy (+192% &%) o lght [—26% &M5) vaues
(Dedvow amnd Jensen, 19650 with sulpkides from the Kakontwe
Limesmne being heavier and mone homogeneous |+ 128 to + 1225,
M%) mmpared totwse from the shale of the Katete /Série Récurrente
Farmation {— 25 ta + 180%: 5)_ The heavy isotope ratios lraw the
Kzkantwa Limaitons ame close to the svaersge value of £+ 1731 5% for
Neoproterazole sexwater sulphate on the Copperbelt {(Dechow and
Jensen, 1965; Claypool ef al. 15800 A sexwater sulphate souree i
therefore suggested for the Kipushi deposic.
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0.8 Genete model

The PhZn depasits in the Lufillan Arc are smilar & Misslssippd

Valley-type (MWT) depasits, which are typically stratabound, epige-
nede orebodies that acour in clusers in carbonaie formations of

mineral districts spread over large areas [Ohle, 1959, 1967, Snyder,
1957, Heyl, 1968). Like carbonate-hosted sedimentany-exhalative
{SEDEX) deposits, MVT depasits are characterized by the absence of
olviously zsodated kgnecus rocks but the stratabound and often
stratiform maorphology of the kemer depmits contrasts with the
majority of MVT depmsits whose marphology commaonly cross-outs
stafgraphy (Hiteman and Large, 1986, Sangster, 1990) SEDEX
deposits are abio characterized by an adive tectonic setting during
mineralization and kaw to moderate temperatwres (100 © 250 °C) of
are formation with salinities from 8 to 28 wi had equivalent
[ Roedder, 1984; Andrew, 1985, Hitzman and Large, 1985, 5amson and
1L 1987). In addition. SEDEX deposits acvmprise multple ar single
lenses of laminated to massive sphalerite, galena Ag-hearing
sulphosalts and pyrite {McoGoldricket 2119991

I amavtrast, the mode of ocownrence of MVT depod s s characterized
by epigenedc open-ipace filling with xsoclaed mineralization in
breccixs, along bedding planes and fracures. The ore fuids of MVT
depaits typcally have low formation temperatures (75 to 200 *C),
witifiarm salindty (= 10 wi 't Kl equivalent), density and oom pasitian
{Roedder, 1967 1984 Laach and 5angster, 1993) . Higher hamogenization
tempe ratwres {150 to 280 °C) have, hiwever, been re ported from MVT
brimes in the Reelfoot Rift Complex of sowth-central USA (Leach et al,
1997 ). Therelore there are consldersble similarities and overlaps be-
tween ore fluids of both SEDEC and MVT depasits interms of fanmatian
temperatures, alinities and @mpsitons due to the ot that bot
SEDEL and MVT deposits form from formation waers derived fiom
sadime ntary or metxed imentany basing under high haat flows.

The hypothess that low-temperatwne pre- knematic mineralizing
fuids of basinal origin trapped in paleokarsts (Chabuw, 1990) may have
beenresponsible for formation of Fh-Zn de posits in the Lufilian Arcis
unlikely because of the high fluld inclusion temperatures and sa-
lindthes reaordad from these ores. Intamale | 1982 ) indicated that the
paleskarsts and solution breaias at Kipushi developed during the
emplacement of ascending ydrathermal fluids Hydrothe rmal karst
phenomena are a2 widespread leature in MVT Zn-Pb are depasits a5
indicated by several studies of stratabound Zn-Ph depasits |Sass-
Gustkiewlcz et al, 1982; Drulynski and Sas-Gustkiewicz, 1985).

The moderate to high temperatures and salinites recorded in the
fluid inclusions in Ph-Zn depsits in the Lufilian Arc indicate that the
ore-bearing fluids originated 2 hydrothermal flulds within the
sedimentary basin. The Pi- and S-isotopic compasitions alse suggest
that the souwrce of the minealizing brines was within the Roan
sediments. Metalrich brines are known to form 25 2 result of
dizgenate destructian or dlteration af metalbearing salid phases in
the presemne of aquesus flulds of high salinity and low H,5 | Hanor,
1996). Chloride mmplexing results in the preferential partitaning of
metals in the aqueous salution. Sulphide deposition ocowned within
favourable structures swh i Gults and breccls from dilaride
complexad metals in dee presence of reduced sul phur (H,5)

Ahigh heat flow within the sedimentary basin could be produced
by ormal geathermal gradients durng basin evolution (Garven et al
1993). In addition, the magmatc activity associsted with the for-
mathon af the gatvbros and maficlaves between 755 and 735Ma omld
have contributed to the high heat flow in the sedimentary basin.

Gealogical evidence of synchronmes dewatering and decollement
developments in fareland basing during orogenesk has been docu-
mented elsewhere (eg, Janama and Speed, 19931 Therefome, it is
suggested that early arefarming brines responsibde for syntectanic
deposits such as Kabwe probably originated from dewatering
triggered by sediment loading in the basin or indured by tectonic
compression and relaed metamonphism during the Lufillan Orogeny

(eg. Cailteux and Kampunzy 1995; Kamona et al, 19939) The oc-
currence of high pressure rocks (whiteschists) @ntaining zincian-
spineks in the Copperbelt and in central Zambda (John et al, 2003,
2004 ) provide evidence for devaerning of Katangan sediments during
subdudtion from ca 750 to 600 Ma © produce the Zn-Pb flulds
respanaibile for syntectonic deposite Post-tectondc depdsits such a5
Kipushi could be related to a later extension event assoclated with the
emplacement of syenite intrusions between 458 and 428 Ma.

Tectonde expubiion of ore flulds & in agreement with aurrent

geotectande maodels (Kampunzu et a1, 19971, 1993; Sshagenzi 1993,
Kampumu and Cailbeux, 1999) based on metamonphic petrology,
strusctwral and gravity data showing that young aceanic crust on the
southern margin of the Gongo craton was subduced beneath the
[Kall shari craton during the early stages of the Lufilian Onogemy: Several
studies have shown that mineralizing fuids in MYT deposits were
tectanically expelled during arogendc events [Cathless and Smith,
1983 ; Leach et 2l 1984, Hearn and Sutter, 1985, Dliver 1986, Duane
and de WL 1988, Duane and Kruger, 1991 ). Such internally sourced
subrduction-zone fluids are expelled from sediments and for o anic
crust by porosity-reduction processes, blogenic or thermogenic
decompasition of organkc matter dizgenetic/me dehydira-
thon and for breakdown of hydrous minerals (Kastner et al 1990,
1991 ; Peacock 1990 Beking and Drelas, 1992). Fuld tansport cowld
have ocourred via a complex gystem of faults which is generally
commanin anogenic settings (g Kastner etal, 1990, Le P et al,
1390,
The loationof the Katangan Zn-Ph—{Cu) deposits on the nartem
foreland supports migration of fluids from the subduction zanes in the
south to the foreland in the north. Reeent fleld observations indicate
that thrust sheets carrying Katangan sediments ooour in the inner
zane af the Coppe rbelt, at least in the western pant of Zam b a sowth of
the Domes Area According to Kampunzu et al {2005) these
sediments derived from Palseopro®mozoic rocks and deposited in
the acretion prism on the northemn margin of the Kalshar craton
[wihdch was the ove rlying plae during the Katangan subduction), amd
finally were thrusted and transported Dwards the morthern foreland.
The K atangan rocks inwesternZamba may represent the roats for the
Katangan nappes in Congo. The Kansanshi Cu deposit that ocowrs. in
this area b marked by Au-rich compsitions, typeal of the copper
depasits hosted inthe Mines Subgroup in Congo This suggests, for this
depasit, that the Congolese facies of the Katangan succesion re-
jpresents the leached sedimens.

The sbundance of Cu and minor metals depends on one-fluid
characteristies Aacording to Huston et al (2006) transport of Ou and
Au (eg. inthe Kipushi and Kansanshi deposits) requires that the ore
fludds must have: (1) temperature <250 °C, H,S poar, and mot in
eqquili b iwm wi th pyrite; or {2) temperatwre »250 °C, H,5-rich, and in
eqyueili b iwm with pyrite. Fluid transport and ore depositan could have
ocouwned throegh any of duese thres models that have been developead
for MVT ayatems: 1) transpartation of metals and reduced sulphur
together in a basinal beine (Sverjensky, 1384); (2) transportation of
metals amd sulphates together in 2 basinal brine (Anderson, 1975,
Beales, 1975); (3) mixing of metak in 2 baginal brine and swlphor
derived from sowrces at the depasition site or from a second fluid
(Beales and Jackson, 1966). Ove depasition could have taken place x5 a
result of pH ch dditionaf M5, dilution (luld mbing) or cooling
(Barmes, 1983 )

The sulphur isotopes at Kipushi are typically hasy (= + 12% and
= 4 V) 2l 2wl lar to the valwes recorded in the Katangan sulphates
(Cailteus et al., 2005h). Kipushi is characterized by the presence of
gypsum, anhydrite and organde matter which ocawr in 2l the Zn-Fb
depasits inthe Copperbeit These minerals suggest that probably the
Hy5 in the Kipushi deposit was derived locally through abiological

reactions invalving Katangan sedimentary sulphate, organdc matter
and Hy5 Asimilar model was proposed for Fine Point in Arctic Canada
(Macqueen and Powell, 1983 ; Powell and Macqueen 1984).
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Generally MVT brines are rich in B2 and E The fluids at Kipushi
contaived both dements x indicated by neolormed F-rich phiogo-
jpites in the ores, barium-poxssium fedspars Ba-ich nusomtes and

barite. In addition. Ba-Fe veins (barite-hematite) of @ntinetre o
matre thidoness ara known in the Copparbelt {2 g, in the Kimbsswas and
Kambeve-Kabalela areas, Fg. 31 asoclated with faults developed
during the second [0y ) deformation event of the Lufilian oregenesis,
and outting acress the Kundelsngu, anl Roan (Mwashya,
Dipeie) swcessions (Minpl, 1584, plomale awl iy, 15957).
Althoygh these wins reman poorly cocumentsd, the curent data
suggest that they are also part of the MVT mineralizing event that
produced Zn-Ph-Cu deposits in the Central African Copperbelt

1L Coaclusions

The Lufilian Arc of the Central African Copperbelt 5 2 mmplex
metalbgenic province containing stratiiorm sediment-hoged Cu-
[ Co)={U) depasits Largely of syndiagenstic to dizgene tic arigin 25 well
2% atratabound ZnPh—{Cu) carbonatehosmd depasits of apigenatic
orlgin and post-tactandc, hydrothe rmal vel n-type Cu-{ Au)-{Ag L The
geoedonic evolution of the Lufillan A & relaed to bredup and
sulsequent amaljamation of the Rodinia and Gomndwana seperoan-
tinents, respectively during 2 Wilson opcle that jevolved conti nental
rifting, spreading subdwetion and eventuwsl mntinent | collison from
ca 380 0o 512 Ma.

The Zn-Ph—{Cu) deposin of the Luilian Arc farmed from basinal
brines during two main mineralizing events that chaacterize
syntectonic depaeits (eg, Calwe) and post-tedonde depasits {eg.
Kipushi L These deposits exhibit many of the typical characteristic of
Misslzipd Valley-type ore-forming systems, including their classical
stratabound, epigenstic nauwe and coourrence in clusters within
platiim marine carbonates overlying continestal cnst A sialic
crsta angin of the metak rom basnal sediments and basement
rocks & supported by lead snd strontiom Botope data whereas the
sulphur Botope rompositions are compatibde with a sedimentary
orlgin of sulphw from seawaier via evapories and for dizgenstic
sulphides. The main are-forming fluids were saline with moderate o
high tmperaters and could have been produced by normal geo
thermual gradients during hasin evoludon. Ore deposition soounmed
in carbonate rocks with fawurable permeable structures incleding
Taudrs, veins, breocizs and hydrothermal karsts x5 2 result of cooling,
Masial aniahneg, o claange ur aladition ol H,5

Mare data i required to better corstrain the tdming of the min-
eralization, bt current data suggests that the cabonate-hosted Zn-
Ph—{ 0 depasits of the Lufilian Arc foimed over » time perlod span-
g 230 Ma and include bath syntectondc and post- & ctande types in
relation to the Lufillan Orogemy. The polymeallic natwe, fluid
inclusion characeristics, made of oourrence, structural control and
stratigaphic positions of the deposit are comparable to deposits
found in the deformed Neoprateroeolc Weest-Congolian {eg, Bamba-
Kilemda ) and Damaran belts | eg. Tswmeb, Kombat and Berg fubas)
well & some Pb-Zn deposis in Brazil (e.g, Moo Agudo, Vazane,
Mo Bedangin)
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