Sulphur isotope constraints on formation conditions
f the Luiswishi ore deposit, Democratic Republic of Congo (DRC)
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Alsstract

Luiswddi i & Congo-type Mooproteronms sediment-hosted stratifom Cu-Co one d epost of the Centa] Aldca Copperlsel, located
ne rthwest of L bwmbas b § DRC), The e Fonm twemain Cu-Co o bodlies hosted by The Mings Sul=growp, onein the kwer pat of the
Kamoto Formation and the other 2t the basse of the Dolomitic Shales Formation. Sulplides oo eaentially as eaily pamlbel layers of
chaloopyrite and camolite, and secondanly as late stockwork sul phides cross-cutting the bodding and the early sulphide gensration. Both
typees of stratiform and stockwork chaleopynie and carrolite were systematically anal yvoed Tor sulplhur solops, slong the Bikostrati-
graphic swoosdon of the Mine Seres. The quite dmilar 578 val wes of stratiform sulphides and late stockwork sulphides sugeest an
in st recrystalli zatien o a sl ght rapebiliatien of stockwork swlphides without altanmnt of Betopic squilibnwn iwesn dilforent
sulphide phass | chaloopyrite and carrelite). The distibution of 588 valwes (—14.4%, 10 H17.5% ) combined with thee lithel ogy indicates
a s trong s tratigra plie coatiel of the swlphur iseto pe dgnature, sup porting bectenal sulplate reduction during sarly disgenesis of the host
sechiments, in a shallow marine to howstnne envitonment. Petrobogical featunes comlsined wath sulphur dsotopic data of sulplides st
Lwiwidi and previous msulis on nodules of anhyd it in the Mine Sernes indicate a dominant seawa ey laoustrine ongn Tor sulphabes,
precluding a poasible by drothenmal paticipation, The kigh postive 5% valus of sulphides i the ke onlrody &l Luiswishi, hosted in
masive chlontic - delomitic siltite (known as Grey BLACT.), fne-grained stratiffied dolostons (D28t ) and sil i fed-stromatolitic dolom-
itess alternating wath chiloritic-dolomitic dlty beds (RLSF.), suppest that they wene probably deposbed dunng a period of regregion in a
basin cut off from seawater. The variations of 5% wales (e the decresse of 5% valwes from the Kamote Formation to the over lying
Dioloamitic Shales and then the slight incresme from 50024 1o 80052 and 8 D3 members) ae in pedoct sgreement with the inderped
lithokegical and transgrsaw—egresive ovolution of the ome-hosting sodimentary rocks [Caidltews, 1, 19%4. Lithostmtigraphy of the
Meoproterees Shaba-type { xne) Boan Supergroup and metallopenesiss of asockated stmtilomm minemliation. I Kan pene
ALH., Lubala, BT, (Eds)), Meoproterosedc Belis of fambia, faive and Mamibia, Jowmal of Afvican Earth Scences 19, 279-3017

Kepwords Central Afnica Copperbel; Luiseishi, DR C; Mineralagy; Sulphur sotopes

1. Imtroduction of Congo (DRC) and Zambia (Fig. 1). It lies within the
Pan-African Lufilian fold arc, formed by tectonic compres-

The giant Cu-Co metallogenmic provinee of Central sion of the Meoproterozoic Katangan sedimentary hasin,
Atrica extends for =700 km in the Demaocratic Republic related to the convergence between the Congo and the
Kalahari Crmatons (Demesmacker et al, 19%6G3; Cahen,

mmdﬁls authar. Faxe 431 3 TRE4IEET 1974; Kampurnzu .and f..‘.11'11x:1:11, 194490, The strat!fhrm
E-matl address: ¢ Jerouge@hrgm. & (C. Leronuge). copper ore deposits are contfined to the Roan Group

™ Deceased on 19 Mavember J004. bath in Congo and Zambia. In Congo, maost of the Cu—Co
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Fig. |. Lufilian arcin Demacratc Republic of Congo and Zambia imodified from Cailtenx etal, 1994). Location of the main deposits (cncles) and of the

Lagswishi deposit.

deposits amre hosted by the Mines Subgroup (Oosterbosch,
1962; Frangois, 1974). The ore includes chalcopyrite, born-
ite, chaleocite, carrolite with (Co, MNi) pyrite { Bartholomé,
19632; Oosterbosch, 1962; Bartholomé et al., 1971; Cailteux,
1986, 19%4). The genesis of the copper-cobalt ores stll
remains under debate, with theones ranging from hydro-
thermal-diagenctic to syngenctic-diagenctic { Mendelsohn,
1961; Garlick, 1967, 1989 Bartholome et al, 197X
Bartholome, 1974; Ohmoto, 1986; Unrog, 1988 Annels,
198%; Sweeney ot al, 1991; Cailteux et al., this issue).

Sewveral stable isotope datasets from the Copperbelt
deposits have been reported in the lterature (Dechow
and  Jensen, 19635 Okitavudji-Lokohao, 198%  Ohmoto,
19 86; Sweeney et al., 1986, 1991) but only a few papers give
izotopic profiles along the lithological sucoession and with
a good correlation with the stratigraphic columm. In partic-
ular, sulphur izotopes of the sulphides documented regres-
sive-transgressive saquences in the Zambia-type orchodies
(Swoeney ot al, 1986, 1991, that were shown to be lateral
carrelatives of the Congo-type Cu—Co orebodies (Cailtews
et al., 1954,

The ohjective of this paper, based on petrological obser-
vations and sulphur isotope analyses of sulphides from
barchole samples of the Luiswizhi Cu-Co deposit ( DRC),
15 to constrain the ore genesis related to sedimentological
andfor structural processes, and to compare the presented

data with previous works on other stratiform copper ore
deposits of the Copperbelt and of the waorld.

1. Geological setting of the Lukwishi ore deposit

Discovered in 1913 and located 26 km northwest of
Lubumbashi (IDRC), Luiswishi iz one of the Congo-type
Meoproteroeoic sadiment-hosted  stratiform Cu—Co ore
deposits of the Cemtral Africa Copperbelt (Cailtews,
198; Cailtews et al., 2003, this issue). The ores amre hosted
in Meoproterozoic Katangan sedimentary sequences that
were affected by north verging folding and thrusting during
the Pan- African Lufilian orogeny (Kampunzu and Cailtews,
1944}, The Luiswishi deposit is part of a NWW-5E-clonga ted
and ME-directed thrust sheet lying in sedimentary rocks of
the Kundelungu Group (Cailteux et al., 2003 ).

The Mines Subgroup  lithostratigraphic  succession
intersected i the Luiswishi deposit is shown in Tahble 1
(Cailbeux et al., 2003). It is a dolomitic saquence marked
by transgressive (Kamoto and Dolomitc Shales Forma-
tons) and regressive (Kambove Formation) episodes.
(uartz + carbonate pseudomorphs after anhydrite/gyp-
sum and abundant magnesite indicate evapountic condi-
tons. The sedimentological features point to an intertidal
sabkha-type depositional environment (Cailteux, 1978,
1904; Lefebwvre, 1979,
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Lithalogy of the Katangan Supergroup and Mimes Subgroup 21 Luimaishi, end position of the aretodies (according to Cadtenx e al, 2601}
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As for most of the Cu-Co deposits in Congo (Cailtew
et al., this issue, and references therein), tie Luiswishi ores
fom two main Cu-Co orebodies hosted by the Mines
Surgroup, one in the lower part of the Kzmoto Formation
and the ather at the hawe of the Dinlamitic Sha s Farmation
{code 5.10.). The two orchodies are seperated by a com-
menly  sub-economic  silicified  stromatolitic dolomite
(RE.C, "Roche Silicuses Cellulaires™ Member) known
tor more than 300 km, along strike. Minor discontinuous
low gmde sulphide ore occurrences are mown in similar
litkologies of the Kambove Formation (“third orcbody™;
Taxle 1), giving rise to oxide oms in the weathered zone,
representing ~4%% of the total proved reseves in the depos-
it. The presence of organic matter (e.g., carbonaceous beds
lomlly in Kamoto Formation; 5.03.2a, 2d, 3b beds in
Dilomitic Shales Formation) and stromatolites (e.g., in
RS, Member) indicate a reducing environment. The pri-
mary mineralisation intersacted in the deepest part of the
deposit mehudes main'y stratiform disseminated chaleopy
rite and carrolite with minor pyrite and bornite (Cailtews
et al., 2003). These su'phides oocur in vanable amounts in
the Kamoto Formation and in the lower part of the Daolo-
mitdc Shales Formation, (Co-MNi) pyrite, siegenite, carrolite
or polydymite also oceur in the lower and upper orchodies
trom the castern part of the deposit { Loris, 19946). Second-
ary sulphide mincralisation oocurs in the orchodics as vein-
letz and stockworks eross-cutting the primary stratiform
mineralisation. Mineralogically, this second generation of
sulphide ores is quite dimilar to primary are, and its origin

iz attributed to sulphur  remoblizations  during  the
Pan-African Lutilian tectonometamarphic events (K amou-
nzu and Cailbeux, 1999, Cailtewx et al., this issie).

3. Sampling and et rography

WVery fresh samples were collected, mainly from drill-bole
LEWI122T which ethibits a representative set of the different
lithostratigraphic units, and from related sulphides at the
scale of the deposit (Fig. 2). Twoe other samples were
caollected from dhll-haole LSW1215, and two others from
the surface, to complete the samplng. In the uppermost
Kambove Formation, sulphides are very finc-gmmed
disseminated pynte with minor sphalerite, hosted in dalo-
mite. In the upper part of the Daolomitic Shales Formation,
some chalopyrices and carrolites are largely hosted in
the 5.010.3a, 5.1021d, 5.10.2a carbonaceows beds (Table 1),
Towards the base of the Mines sequence, there are chaloo-
pyrite, earrolite and minor bormite hosted in evapouritic
(peeudomorph after anhydrite) dolomite and dolomitic
shale beds of the upper arebody (BAOM.Z., “Black Ore
Mineralised Lome”, and 5.I0B., “Sales Dolomitigues de
Base''/Basal Dobmitic Shale Members), and alternating
millimetre- to centimetre-thick layers of silicified dolomite
and shales (R5.F., “"Roches Siliceuses Feunilletées™ Mem-
ber), arcnitic delomite ([2.S5trat., "Dolomic Stratfice”
Member), and chlorite-dolomiterich  aremite  (Cirey
R.AT., "Roches Argilo-Talguenses Cirises” Member) of
the lower orchody (see Table 1) Sulphides occur as:
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[ Lswi2i7-722m

1o LSW1227-79.0 m

LEW1227-84.5 m

LSW1E27-1

Fig. 2. Micragraphs of the drillhale samples and of the carrespanding palished thin sections of the major Fthologies and mineralzation. (2} Sample
LEAWIZITT32 m— Kamhove Formation—siliciclastic dolomite contaiming black layers of or ganic matter, rich in clasis of quart. (b} Sample L3WIZIT-
79 m—Dalamitic Shaks Formaton, 3. 0.3 b Member—arenitic dolomite free of or gamc matter and oross-cut by an undefar med dalomite vein let-sulphides
aredisseminated and show discrete pressure shadows infilled by dolomie. () Sample L3WIZIT-%4 5 m— Kamata Dalomite Formation, RS F. Member
grey managenic siltite consisting mainly of polverystalline quarntzclasts, minar sulphides and carhbanates in an abundant fine- grained matrix of quartz and
muscovite. (d) LEWIZZT1 038 m— Kamaoto Farmation, Grey B A T. Member—the rock consists of disseminated sulphides associated with patches of
coarse-grained dolomite, fak and clnochlore in a fine-grained matix of the same compasitan.
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(1) early disseminations and layers of chalcopyrite and carr-
olite, parallel to the bedding; (2) late stockwark sulphides,
cross-cutting the bedding and the early sulphide generation.
Sixteen samples were selected for detailed investigation.
Samples LSWI227-590m and LSWI227-T32m
{ Kambowve Formation) contain minor pyrite and traces of
sphalerite disseminated in a siliciclastic dolomite contain-
ing fine layers of organik matter. An abundance of
micron-sized cligs varies with the bedding. LSW1227-
20 m s poorin clasts and in organic matter, LSW1227-
T32m i richer in clasts, especially in the organic-matter
rich layers {Fg. 2a). The clast fraction includes mainly
angular guartz and minor rounded grains of greenish to
brown tourmaline and rutile, Detrital tourmaline is always
surrounded by a secondary crystallization of colourless
tourmaline, and is a Fe-rich tourmaline (close to schirl
end-member), whereas the secondary one is a Mg-rich
tourmaline {close to the dravite end-member; Fig. 3). The
matrix comsists dominantly of dolomite with minor apatite

ic fourmaline

and muscovite. Both samples are afiected by a schistosity,
oblique to the bedding and underlined by recrystallization
of some micritic dolomite, and by organic matter and
Tuscovite.

In sample LEWI1227-T6.4 m (5.1.3h), chalcopyrite and
carrolite form  millimetre-thick  bedding-parallel  layers
hosted in organic matter-rich siliciclastic shale. Clasts of
muscovite, carbonate and greemish to brown tourmaline
are also almdant.

LEWI227-T90m (5.I2.3a) shows disseminated, fre-
quently associated, grains of chalcopyrite and carrolite,
aligned along the bedding in an organic matter-free arenitic
daolomite, that immediately underlie the carbonaceous hed
of the *5.1030" unit {Fig. 2b). The rock is defomed and
cross-cut by a guite undetformed network of dolomite vein-
lets, The deformation & characterized locally by elongated
dolomite grains and by pressure shadows associated with
sulphides, indicating that sulphides were formed before
deformation related to the Lufilian arc.

delrital geain | authigenic
of toummaline | tourmaling
K20 0,07 004
Si02 35,7 38,101
Fel 14, 108 0,12
Nazl 1,65 2.81
Cat 0,17 10,36
AL203 34,58 33,13
Mg 0,154 0,001
MO 0,55 10,24
T2 0,18 0,05
Cr203 0,134 005
Bal 10, 00 0,201
N0 0,05 0,001
=) 0,01 0.0
F 0,67 0,00
H2O 1,52} 1.501
E3,12 BE.ET|
Structural formulas on the base of 29 O
K 0,018 0,090
Si 6,063 7,200
Fe 231 0,018
F 0416 0,000
Ma 0,648 1,028
Ca 0,037 0,073
Al B, 055 7,378
M 0,025 0,000
g 0,174 2,865
Ti 0,026 0,007
Cr 0,021 0,007
il 0,002 0,000
Ba 0, 000 0,015
Ll 0,004 0,000

Fig. 1. Zample LAWI 227732 m—Kambove Farmation—hack-scattered electron imageof a Ferich tourmaline detrital grain rounded by authigenic Mg-
rich wurmaline growth. Chemical analyses of bath types of tourmalkine are given.
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In sample LW 1237-84.0m (5.12.2d), the sedimentary
host rock consists of black organic matter-rich shale with
rare and thin chakopyrite layers aligned along the bedding
and crosmcut by carrolite—carbonates veinlets. Sample
LEWI2I7-87.5 m s a dolarenite bed poor in organic mat ter
which ts part of the carbonaceous “*5.12.2a" Member, and
showing diseminated chalcopyrite. Sample LEW1227-
G200 m iz a finely bedded rock with alternation of silicified
dolomite and dolomitic shale interbedded in the R.S.(C.
Member. Dolomitic shale lithology is rich in orgamc mat-
ter and contains many bedding-paralle] carrolite—carbonate
layers. LSWI1227-93.5 m (R.5.F.) is a fincly bedded organic
matter-rich siliciclastic shale including millimetre- to centi-
metre-thick quartz layers with chakopyrite and carrolite
disseminated grams. Muscovite Hakes and clasts of green-
izh to hrownish tourmaline ocour in the black shale layers.

LEWI227T9.5m (R.5F.) 15 a grey monogenic siltite
including rare guartz-dolomite layers. It consists mainly
of polyorystalline quartz clasts with minor sulphides—
chakopyrite and carrolite—and carbonates (Fig. Zc).
Magnesite is the main carbonate associated with sulphides.
Some textums point to mineral replacement. A clast con-
taiming Ti-rich hiotte (2.3 wits Tid,) indicates a detrital
component from medium-grade metamorphic rocks. The
matrix s abundant and mainly made of fine-grained
muscovite and microcrystalline gquartz, with disseminated
dolomite. The bedding is cross-cut by medium-grained
quartz + magnesite =  dolomite-chalcopyrite—carrolite
veinlets, Sample LEWIZZ7-100m ("D Strat.”) includes
chakopyrite—carralite—dolomite + magnesite-guartz—apat-
ite stockwork hosted in an organic matter-free stratified
dolarenite.

Sample LEWI1Z27-100 m (Grey BRAT.) & a altte
tormed by abundant angular quartz clasts, rare clasts of
greenish tourmaline, embedded o a fine-grained clinoch-
lare matric. Dolomite + guartz pseudomaorphs atter gyp-
sum and anhydrite are abundant. Chalcopyrite occurs as
small patches and vemlets, always associated with clino-
chlom and quartz.

Sample LEWI1227-103.5 m (Grey BLAT.) consists of an
entirely recrystallised rock, marked by: (1) patches of chal-
copyrite associated with coarse-grained dolomite, tale and
clinochlore, (2) a fine-grained matrix of the same composi-
tion (Fig. 2d).

4. Isotope analyses
A0 Analytical tecfmigues

Chalcopyrite and carrolite were separated by handpick-
ing under a hinocular microscope atter a slight crushing of
the sample. Analyses of sulphur isctopes on sulphides were
performed at the BRGM Laboratory. Abowt 10 mg of sul-
phide were reduced to a very tine powder and analyzed for
sulphur izotope composition by combustion under an oxy-
gen pressure, according to the method of Thode et al
(1961) The 50); gas obtained was purified usng sucoes-
sively adry ice trap and a variable-tem perature trap sucoes-
sively regulated at —145°C, —130°C and -9 =C, to
climinate possible traces of water and carbonic gas, respec-
tively. Their sulphur isotopic compostion was determined
uszing a Delta 8 Finnigan-M at gas source mass spoctrome-
ter. Results are reported in & notation relative to Canyon
Diablo Trodlite (CIXT) international standard for sulphur

Tahle Z

Sulphur Batapic campositions of sulphides from the Lugwishi Cu-Co ore depasit

TDrepth Farmation,/memher Oimeftype/ O FHR, (CDT), %, B (O, %,
Drillaole 1227

£29.0m Kambove Formation Py

TiIm Kambove Formation Py

Tadm 5.0 % Member Cpy + Carftype 1/0OM 458 24
T.0m 3.0 % Member Cpy 4 Carftype | 123 10z
#4.0m 3.0.2d Member Covitypes 1-50M 16 131
E7.5m 3.12a Member Cvitype | 69

S92 0m Inferc. B3.C. Member Carftype 1/0M 12
93 5m E.AF. Memher Cpw o 10
M Sm FAF. Memher Cpy 4 Car + Barftape | 415 +Ed
1 .0m D Smat Member Cpy 4 Carfiypes 1-2 109 +136
101 Om Grey R AT. Member Cpy 4 Car + Boarftypes 1-2

103 5m Grey R AT. Member Ty + Barftype 2 +175

Drilaole 1215

G10m 3.0.2d Member Covitype 1/0OM 142

TE5m BOMZ Member Cftype | L |

Surface-deael 1700- 1305

1A Grey R AT. Member Cpy 4 Car + Barftype 2 106
A Grey R AT. Member Cpy 4 Car + Barftype 2 +113 +11%9

Preciions concerning the Formaton ar the Member o which the sample belongs, the nature of separated sulphides, the type of ore and the presence of
arganic matter are aka given. Type | carresponds fo early disemina San and hedding- paralle] lavers of chaleopyrite (Cpy) and carralite (Car ), and type 2
ta late stockeaark sulphides cross-cuttng the bedding and the early sulphide generation. Barnite (Bar} & accessory. OM indicates the significam presence

af arganic matter.
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Fig. 4. Sulphur sotopic composition of chaleopyrite (black squares) and carraolie (whie squares) related 1o the Mines Subgroup lithostatigraphy,

accarding to Caileux ( 1994) and Cailteux et al. (2003

izotopes. During the investigation period, three standards
were analyzed for sulphur isotopes in the laboratory. The
5™ of the international standard NBS127 was £20.2 +
0.4%, (reference value: +20.3 £ 04%, TAEA, 1995) and
the &5 of the international references TAEA-52 and
TAEA-53 were, respectively, +21.5%, and — 3207, (respec-
tively, reterence values: ~+22% and ~+32% , Coplen and
Krouse, 1949H).

4.2 Resulis

Sulphides (chalcopyrite and carmlite, disseminated in
bedding-paralle] layers and in veins) were analyzed for sul-
phur sotopes from the stotoen samples deseribed above,

The results show a large range of 5 vahes, between
—14.2%, and +1735%, tor chalcopyrite and —10.2%, to
+13.6%, tor carrolite (Table 2). The most negative 575 val-
ues pocur in samples from the Dolomitic Shales Formation,
and the most positive ones from the Kamoto Formation.
Digribution of these wvalues is strongly contmolled by
lithostratigraphy, decreasing from “[LStrat.” to “5. D24
“S5I0.3a" Members and  increasing  from US4
“RID.3a” to U503 Members (Fig. 4).

&5 values of stratiform  sulphides  (disserminated
and bedding-parallel layers) range between —14.27%, and
+17.5%, ftor chakopyrite and between —13.1%, and
=3, tor carrolite, whereas those from veins and stock-
waorks range between +2.5%, and +11.37%, for chalcopyrite
and between —13.17%, and +13.6%, for camolite. In sample
LEWI22T-84.0 m, disseminated chakopyrite in bedding
parallel lavers shows the same 58 variation trend as carr-
olite in veinlets, The fractionation between coexisting chal-
copyrite and carrolite of the same type is heterogeneous,
ranging from —3%%, to +14.2%, whatever the type of
sulphide (early stratiform or late stockwork). In organc
matter ((OM)-rich samples, &5 af chalcopyrite is systemat-
ically higher than &% of carrolite.

5. Discussion

Since the discovery of the Copperbelt in the 19Kk, sev-
eml genetic models have been proposed to constrain the
sources of metals and sulphide, and the ore deposition pro-
cosses (see Cailtews et al., this ssue, and references therein).
The first two major hypotheses, epigenctic and syngenetic,
were hoth unsatistactory. A diagenetic model (e.g., Bartho-
lome et al., 1972; Bartholome, 1974) based on the existence
of two generations of sulphides in the orehodies, appeared
to be attmctive, defiming: (1) an earliest copper—{cohalt -
sulphide generation which grew during the deposition
and the carly-diagenetic stage of the host-sediments; (2) a
socond copper—{cobalt)—sulphide generation formed during
a large scale chemical reaction between the host-sediment
interstitial water and a metal-bearing brine. However, this
maodel does not address the origin of solutions, primary
source of metals, and exact tming of mineralisation
(Tearly, Tlate diagenesis), These unknowns led to the
syn-diagenetic and diagenetic-hydrothermal — alternative
hypotheses, linking the mineralismg fuids respectively to:
(1 )influx of most of the metals to the Katangan sedimen-
tary basin by erosion of the pre-Meoproterozoic basement
terrains, and mixing of oxidized mineralising, enriched
brines from a hypersaline lagoon setting with mterstitial
reducing water rich in organic compounds (Rentro, 1974;
Cailteux, 1986; Sweeney and Binda, 198%; Sweency et al.,
1941 ; Cailteux et al., this issue); (2) late diagenectic hydro-
thermal Auids originating from mafic igneows rocks or rift
related processes (Anncls, 1974, 1979, 1989 Anncls and
Simmonds, 1984; Lefebvre, 1989 Unrog, 198F).

By comparison, the Copperbelt ore deposits are distinet
tfrom other sediment-hosted stratiform copper deposits in
many aspocts, such as their host lithologies, metal ratios
and the timing of metal influx relative to sedimentation
and diagenesis. However they show common features of
genetic importance. They amre considered to be syndiagenctic
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deposits such as the Kuplerschieter-type ( Kirkham, 19%96)
and red-bed-type (Davidson, 19635; Brown and Chartrand,
1986; Brown, 1992 Haynes, 1986; Ohmoto, 1986; Rose,
198%; Walker, 19891, whose main source of metals was from
the leaching or dewatering of formations lying stratigraph-
ically beneath the ore deposits, Ore occurs in chemically
anoxic, sulphur-ricy grey beds lying immediately on oxic
continental red beds, just above a fossil redoxcline. The
anoxic environment results from the presence of carbona-
copus matter, and ebundant sulphides result from the hio-
genie reduction of primary and early diagenetic sulphates
at low temperature (<30 °C) Origin of sulphate & stll
debated. The majos source of sulphate remains marine or
saline-lacusrine (Ohmaoto, 1986, Ohmoto et al., 1990);
however a significant portion of sulphur could hawve heen
introduced into the oxidized ore solution at Kamato (Hoy
and Ohmoto, 1989,

Sulphur isotope: are important data in determining the
soume of sulphur and conditions of ore deposition, and
therefore contribue to the debate. The large sulphide
&% variations at Luiswizshi (between —15%, and +17%)
are consistent with sotopic data obtained in other strat-
torm copper ore deposits of the Copperbelt (Dechow and
Jensen, 1965; Schwarcz and Burnie, 1973; Ohmoto, 1986
Okitandji-Lokoho, 1989, Sweeney et al, 1986, 1991) but
also of the world (eg., Kupferschizter in Germany, Bechite]
et al., 2000; White Pine in Canada, Burnie et al., 1972).

The large range in &% vahes of chaleopyrite and carr-
alite at Luiswishi are similar and reflect variations as a
tunction of the lithological siccession, as was previously
shown at Konkaola (Sweency et al, 1986, 1991). Progressive
negative and positive &% values of alphides may be cor-
related with lithological transgresave-regressive evolution
of the om-hosting sedimentary rocks (Cailteux, 1994)
(Fig. 4). Maoreover, the sulphur isotopic fracdonation be-
tween chalcopyrite and carrolite systematically changes
with the presence of organic matter. That indicates a strong
stratigraphical conTol of the sulphide &% and provides
evidence of early processes of sulphide formation by bacte-
rial reduction of salphates, partly favoursd by carbona-
coous matter in an anoxic environment.

Megative and positive &% values can bhe mterpretoed,
respectively, in open (transgression ) and relatively closed
(regression) systems for S(}i' (Ohmoto and Boye, 19749).
High positive sulphlur sotopic signatures of sulphides, near
&% of marine sulpaates, oocurs at the bases of the orchod-
ies at Luiswishi, indicating ore deposition in a closed
basin cut off trom seawater, as was also demonstrated at
Konkola in Lambia (Sweeney et al, 1986). At Kamoto,
chakocite and chakocite + bornite in the Grey RAT.
Member show negative 55 (Dechow and Jenszen, 1965);
however atendencyto an increase of the 5 inthis member
relative tothe Dy Strat. member isobserved. The compara hle
izotope profilkes along the lithologic succession at Luiswishi
in Congo and at Kenkola in £ambia show, however, some
difierences, with a contimious transgressive regime in the
orchody-hangmgwell sequence at Luiswishi in Congo,

whereas a regressive episode occurs at the top of the Ore
Shale at Konkaola (Sweeney et al., 1986). Elsewhere the lack
of data and of comparative mtormation concerning the
sampling do not allow inferences about depositional condi-
tions of the orehodies at the scale of the Copperbelt.

The sulphide isotopic data of Lwswithi, similarly to
maost of the sratform copper ore deposit: of the Copper-
belt (Dechow and Jensen, 19465 ), show a bimad distnbution
centered about zero and ranging up to &8 of scawater.
These can be compared with the data of the White Pine
ore deposit (Burmie et al., 1972) and sggest dominant
shallow marine or saline-lacustrine sources for the original
sulphate. A small portion of sulphur may have been intro-
duced in the ore solution as proposad by Hoy and Ohmaoto
at Kamoto (1989); ™S of anhydrite from nodules in the
Mine succession (+16%, to +23% , Dechow and Jensen,
1963; Oltaudji-Lokoho, 198% Sweeney et al., 1986) are
quite close to sulphate &% of Meoproterozoic scawater
(Claypool et al, 1980 Krouse, 1980; Hurtgen et al.,
20002); this stromgly suggests that this external sulphate con-
tribution was slight relative to the inferred marine sulphate
sOUNCE,

The rare &S data obtained on both carly stratiform
and late stockwaork sulphides o the szme samples of
Luiswishi are comparahle. That strongly snggests a similar
arigin af the sulphur for both generations of sulphides, and
a local-scale reworking of the early stratiform anlphides
during the tectono-metamorphic Lufilian orogeny. This
reworking was not strong enough to re-eguilibrate the
oM ratics under metamaorphic conditions.  Conse-
quently, sulphur isotopic data do not provide evidence
tor mtroduction of a new sulphur source in compacted sed-
iments of the Copperbelt during the Lufilian orogeny.

B, Concusions

Sulphur isotope compositions  were  analyzed  on
sulphides (chalcopyrite and carrolite, where possible) of
different lithostratigraphic units of the Mine Series, hosting
the Cu-{o orbodies in the Luiswishi ore deposit. The 545
values range from —14 4%, i the 5.d.2d member up to
+17%, at the bottom of the Kamoto Formation, The large
distribution of sulphide &M values centered on zemo Eg-
gests a strong stratigraphic control of the sulphur isotope
signature, supporting bacterial reduction of marine sul-
phates during sedimentation and diagenesis in a shallow
manne or lacustring environment. The systematic reverse
of the chalcopyrite-carrolite sulphur sotopic fractionation
in the presence of organic matter indicares that organic
matter strongly controlled both bacterial sulphate reduc-
ton and ore deposition. Sulphides of the lower ombody
at Luiswishi were probably deposited duning a period of
regmession in a hasin closed to scawater, The variations of
% values along the lithologic sucesssion are in perfect
agreement with the lithological transgressive-—regressive
evolution of the ore-hosting sedimentary rocks (Cailtews,
1944 ). Those conditions are guite similar to those descrnibed
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at Konkaola (£ambian-type Cu-Co ore deposit) by Sweency
et al. (1986 ). Theintroduction of an external sulphur source
during diagenesis, as proposad by Hoy and Ohmoto { 198E9),
remains subjoct to debate. Relics of sulphates in the Mines
suocession hosting orchodies are quite close to seawater sul-
phates and na petralegical featire af the samples provides
evidence of any signifcant hydrothermal contribution.

The quite similar &5 values of stratiform sulphides and
late stockwork sulphdes related to the Lufilian omgemy
suzgest an in sty recrystallization or a slight remaobiliza-
tien of stockwork sulphides without attamment of isotopc
equilibrium between the different sulphice phases (chalco-
pyrite and carrolite). It ako provides no evidence for exter-
nal mput of sulphur in compacted sediments during the
Lufilian tectono-metamorphic event.
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