The Neoproterozoic Mwashya—Kansuki sedimentary rock succession in the
central African Copperbelt, its Cu—Co mineralisation,
and regional correlations
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Alvstract

Raocka of the Meoprotenmolc Mwadhya Subgroup (former Upper Mwashya) firm the uppermost sedimentsry unit of the Roan Group. Based on
new fiekl and drill hole observations, the Mwashya & subdivided indo three formations: (1) Kamoya, chanscerteed by dolomitic sity shales
sdlsinesSanditones and containing 2 regional merker (the “Conglomensie de Mwathya™ bed or complex); 2) Kafubo, frrmed by finely hedded
hlsck carhansoeous shales; and (3) Kanzsdd, marked by feldipathic sandatones. Rocks of the Mwashya Subgroup are overlain by the Stutian age
Giramd Comgloménat diamictite (equivalent o the Varano/Braw] and ClooaMamibia dismictites), snd confiormably overlie rocks of the Kansuld
Formation: (former Lower Mwashya), a carbonate unil containing volcaniclestic badi. Mew geochemical deta confirm the continental ffl comdest
of this magmatian, which & contemporaneons with dft-relsted volenmim of the Askevold Formation (Modb Group, Namilda) A gradstiomal
lithological trangdtien hetween rocks of the Kansukd and the underlying Kanwangmgn Formations, sl smi b petrologeal composition of fhese
twa formstions, suppart the hypotheds that the Kansuki is the appermoit imit of the carbmate-dominated Thpeta’Kamangmen sequence, and
doesnot form pant of the Mwashya Sohgroup. Base metsl deposis, mostly hosted in rocks of the Kansuki Formation, include weskly disseminsted
early-stage low-grade Co—Co mineralisstion, which was rewarked and enriched, or initizlly deposited, by metamorphic fuids asocisted with. the

Lufilisn ogopenic event

Keywordy Coppabeely Mwabya; Lidommsgnagty; Ca-Co; Magmadam

L. Introduction

The Meopmierozoic Katangan sedimentary rock succession
hosts the rich copper—cobalt deposits of the contral African
Caopperbelt in hoth Democratic Republic of Congo {Congo
hercafter) and Zambia, which represent the most coonomically
important Pan-A frican belt of the continent. The central A frican
Caopperbelt forms a northward comvex structure, straddling the
Congo—Zambia horder and called *Lufilian Arc™. Tt was formed
during the Lufillian orogeny {ca. 620570 Ma), stretching overa

* Commspondng asSor EGME, Av. Passews, 9, B 1300 Wavre, Belgram.
Emadl address: jye egmfigformstzde com (LLH. Cailssax)
* Dieceased.

To-km-long and  S0-km-wide region from the Mwinilunga
district in northwestern Zambia (Brock, 1961; Steven, 20001,
cast-northeastwands through Eolwezi and Likasi (Congo), and
southeastwands to Bwana Miubwa (Zambia) and Lonshi (Fig. 1).
The Katmgan sedimentary rock succession totals 5—10 km in
thickness and is divided into three major lithostrat graphical units
(Frangoiz, 1974, 1995). From bottom to top, these units are the
Roan {code R, Nguba {oode Mg, formerly Lower Kundelungu )
and Kundelungu {(code Kw, formerty Upper Kunsde lungu) Groups:
{Table 1).

The uppermost sodimentary sequence of the Roan Group is
called the *Mwashya Subgrowp” or “R 4" in Congo (formerly
“Systéme Schisto-Dolomitique™ of Van den Brande, 1935; “Séric
de Mwashya™ of Oosterbosch, 1962 ; “Faisceau de Mwashya™ of
Frangoiz, 1974). It has heen documented in zeveral areas that
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inchide Mwashy a, Mulungwishi, Shitur, and EKambove (Fig. 1;
Van den Brande, 1932, 1935; Francotte, 1959; Lefebvre, 1973,
1974, 1976, 1979 Cailtew, 1983, 1994). It & commonty divided
into a predominantty dolomitic Lower Mwashya (R 4.1) and a
predominantly pelitc Upper Mwashya (R 4.2) Formations, but
there is no well-documented regional lithosiratigraphic descrip-
tion of the tansiton and boundary between these two formations
{Frangoiz, 1 974). In Zambia, only a dominanthy argillacoows unit,
called “Mwashia”, is identificd as Mwashya Subgroup {Mendel-
sohmn, 196 1; Cailteux et al, 19%4) and iz noted in stratigraphic
paosition above the “Upper Roan™ dolomite {or Bancmo i Dolo-
mite, Carbonate Unit of Binda, 1994, Kanwangungu Formation
of Tehiauka et al, 1995; Table 1).

Frevious authors Inked the Upper Mwashya Formation and
the Grand Conglomérat o form the “Systéme du Grand Cong-
lomérat et du Mwashya™ {e.g., Cahen and Mortelmans, 1948;
Cahen, 1954; Lepersonne and Trottereaw, 1974; Table 2). This
interpretation was based on the hy pothesis that bod lithological
unit represent glacial to periglacial deposits, and a cong lom-
erate near the base of the Upper Mwashya Formation (called
“Conglomérat de Mwashya™ Van den Brande, 1932) was
inferred to be a glacial deposit. In this alternative madel, the
Lower Mwashya Formation has been incomporated i pre-
Mwashya units to create the “Faisceau de Mofya” of Leper-
sonne and Trottereau (1974), also called the "Kansuki Group™
by Cahen (1974; Table 2).

The aim of this study i&: (1) to improwve the lithostratigraphy
of the Mwashya Subgroup, i.e., to document the transition from
Lower to Upper Mwashya Formations and their relatonships
with underying {Dipeta Subgrowp) and overlying (Grand Con-
glomérat tillite/diamictiie) units by exam iningre-examining
new and old lithostratigraphic data; and (2) to better constrain
the evolution of the Katangan bazin during the deposition of
rocks of the Mwashya Subgroup. There & a congiderable in-
terest in the Mwashya succession because of the ocoumence of
mafic volcanism and Cu—Co mineralizations.

2. Geological setting

Deposition of rocks of the Roan Group commesponds to the
opening of a continental rift bazin (fluvial clastics and Bewstrine-
type sodiments; Buffard, 1988), which evolved into a proto-
aceanic rift stage {Kampunezu et al., 1991, 1993). Sedimentary
chamctenistics of the youngest Roan Group and of the Mguba
and Kundehingu Groups rocks, indicate a widening of the basin
due to extensional tectonics. Invemion from extensional to
compressional Ecionics, related to a convergenoe hetween the
Congo and Kalahari cratons, penerated the detachment of the
Katangan sedimentary rock succession from the basement, and
caused a north-directed folding and thrusting that led to the
formation of the Lufilisn Arc {Kampunzu and Cailiew:, 1999).
Other detachments ooccurred in the Congo-type Roan Group
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Former lifosreigraphic sobdivisions of the Kitangan i Congo, according to e mtepratation of Caben (195, 1974), Caben and Mostelmare {1945), Fangos

(1974, 1995), Lepersonme and Trosteraua {1974)

Frangois, 1974, 1987, 1995
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lithofacies, particularly a top of the R.AT. ("Rodws Argilo-
Talguewses™ | and within the Dipeta Subgroups whem evaporite-
bearing beds have been observed (Cailtew:, 1983, 1994 and
references therein). Detachmen s were alzo doocumented attop of
the Zambian-type Upper Roan/Kanwmgungu {Dipeta equiva-
lent) lithofacies (e.g., at Musoshi and KEinsenda; Tshiauka et al.,
19495). In Congo and at Mufulima, ihe displcenent of the

Katangan tectonic sheets generated evaporite- fadlitated mega-
hroccias with blocs derved from the Roan, Nguba, and Kunde-
lungu Growps (Caitteuz et al., 1994, Cailiew: and Kampunzu,
19495; Jackson et al., 2003). In the central parnt of the Lufilian A,
the nappes and threst sheets rest on rocks of the Kundelunge
Group (Czilteux and Kmnpunzu, 19495; Kampunezy and Cailiew,
1949 and references therein). In this area, mocks of e Mwashya
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tectomic Fnmmend I S Kambove arm, and i e com of S Eambove andicline m Sie Shiton area.
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Subgroup generally outerop along the southemn side of NW-5E
oriented tectonic lineaments {e.g., in the Kambove and Luis-
wishi areas; Figs. 2 and 3 ), or form the core of anticlines (eg., in
the Shituru, Lupote, and Kipushi areas; Figs. 2 and 3). Rocks of
the Mwashya Subgroup always overlic the megahreccia, and ane
themselves overlain by the Grand Conglomérat tillite/diamictite
which forms the base of the Mguba Group. Deposition of this
tillite'd iamictite is constrained by zircon U-Ph SHRIMP
maximum'minimum ages of 757355 Ma (Key et al,
20001}, and therefore corresponds to the global Sturtan glacial
event The unit i the eguivalent of tillites in the Chuos For-
mation, west of the Otavi Mountain Land in Mamibia, which
have minimum ages of 746+ 2 Ma (Hoffman et al., 1996) and
T4 16 Main the Gariep belt { Frimme] et al., 1996). Itis also the
equivalent of the T40+22 Ma tillite of the Jequitai Formation at
the hasze of the Bambui Group in Brazil (Dardenne, 197§; Ba-
binsky and Kaufman, 2003).

The Roan Group succession is characterized by altemating
chstic and dolomitic sequences, In Zambia, it ncludes: (1)
mastly arenaceous fommations in the lower part (Mindola, Kitwe,
and Anielope clastic units, previously forming the “Lower
Roan™); {2) dolomites and dolomitic shales in the upper pant
{Carbonate Unit or Kanwangungu Formation); and (3) the
Mwashya ("Mwashis™) shales at the top. A similar succession
typifies the Congo-type lihostmtigraphy, but with a more do-
lomitic character: (1) dolomitic—argillaceous silstones, sand-

stones, pelites (RAT. Subgroup) and arenaccous or siliceous
dolomites, dolomitic shales and siltstones (Mines Subgrowp ) in
the lower part; (2) dolomites mterbeddad with argillaceouws and
dolomitic silstones (Dipeta Subgroup and Lower Mwashya
Formation); and {3) the dolomitic shales, shales, and sandstones
of the Upper Mwashya Formation at the top. Detailed obser-
vations on both sides of fe Congo—Zambia border led to
confident correlations between the two successions {Cailteux
et al., 1994, 1995),

Rocks of the Lower and Upper Mwashya Formations show a
lithaor facies assemblage similar to those in formations of the Mines
Subgroup in Congo (Ooserbosch, 1962; Cailteux, 1978, 19404,
Letebwvre, 1979). Conditions of deposition alemnated between
intertidal and reefal fe.g., Bminitic and massive stromatolitic or
arenitic dolomites, ocourrence of oolites, intraformatonal con-
glomerates, and paeudomorphs afier evaporites), to more manine
{dolomitic shales, silstones, and feldspathic sandsiones). The
Lowaver Mwashya Formation contains mafic voleaniclastic rocks
thet weere identified in the Shitum, Muhingwishi {Lefebvre, 1973,
1976), Kambove (Cailtewx, 1 983), and Luiswishi {Cailtew: et al,
2003) areas (Fig. 4). These volcanic mcks are considered the
extrusive equivalents to the gabbroic bodies emplced within
rocks of the Dipeta Subgroup (Congo) and “Upper Roan™
(ZFamhiz) Formations (Mendelkohn, 196 1; Lefebvre, 1975, 1 985).

Re-interpretation of the Katangan lithostratigraphy and oro-
genic event (Wendord®, 2000, 2003, 2004, 25) sugpests that
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the megabreccias were not generated by detachments and
related thrusting of the Katangan rocks, but are olistostrome’
debris-flow syntectonic conglomerates, Wendorfl concludes

that rocks of the RAT., Mines, and Dipeta Subgroups {ne-
named * Fungunme CGroup™ ) wene deposited in a foreland basin
at the end of the Lufilian orogeny and are partly coeval with
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ks nf the Sampae Formatom and Risna Gonrmerly Platesn )
Subgmup (Table 1). Although the genesis of the Katangan
megabreccias is not an objective of this papey, it is worth noting
that nmech of the data colloctad inprevious strectural, itho ogie,
petrographic, geochemical, svd geochronological studies (eg.,
Diemesmacke: et al., 1963; Caittewx et al., 1994; Cailiew and
Kampunew, [995; Tshimka et al, 1995 EKampunzu md
Cailtewey, 1999; Cailteux et al., 2005; Kampunzu « al., 2005;
Bawmike ol al, 2007-lhis volue) sigue sboogly  apgaimsl
Wendorfl™s interpretaion.

3. Definitdon of the Mwashya Subgroup

The Lowe Mwasyya Fomation i marked by vertical and
lateral variations of lihological facies that evolved in carbonate
envirgnment. It is 320- to 3%-m-thick in the Mwashya—
Gombelaareain the northeast(Van don Brande, 1932 1935 ) and
only #)- to 120-m-thick n the Kambove—Mindigi-Menda area
in the couthwest (Francotte, 1058; Caibews, 1983, 1904; Fig. 5).

The Upper Mwashya Formation is domomnantly formed by
finely bedded shales that display mere or less constant thick-
nesses. Thicknesses are as much a5 233 m In the northern
Bunk ey a—Mwashya—{iombe’a area (Francote, 1954), ~230m
at Kambove {Cailtewsx, 1983), ~ 220 m at Shoturu, and ~ 200 m
in the southan Menda—Shiskolobwe area [Franootte, 1959).
Thi formation was previowsly subdivided into two umits: (1)
alolomitic silly sleles al e lese{ R 42,1 0 2l { 2) calsuscoos
hlack shales, with some sandy shale or sandstone beds, at the
top (R 4.2.2) (Francotte, 1959, Frangois, 1973, Lefebvre, 1976,
19749, Cailtew, 1983, 1994),

The transtion beween the Lower and Upper Mwashya
Formetions is marked by nbenuﬁng silicified dolomites, cherts
and naedular dolomitic silty shales overlying the carbenate rocks
of the Lower Mwashya Formation. Two oaolitic delomitic to
silicified beds were £ls0 noted in this transitional unit: one is
pisalitic and the other is chancterized by ~0.1 mm in diameter
onlites (Frameotte, 1959 Frangoiz, 1974) Oeagia Nucleats £
nov. mmealites were identified in the Mwashya transition, indi-
cating shallow-water conditions (Mathy, 1978). In the northern
areas (o.g., N Hunkeya, Mwashys, UGiombels; kg 1), the
transifion between Lower and Upper Mwashya Formations
inchudes the Conglomérat de Mwashya. The LowerTpper
Mwashya boundary was placed by seme workers at the base of
that conglomerate and thus @ contact with underly ng nodular
dolomitic shales {Yarn den Dmande, 1935 Cahen, 1954; Iran-
cotie, 1959). However, in the southems areas (&g, Kanbove and
Shinkolobwe; Fig. 1), Francotte (195%) and Frangois{ 1973) did
not observe the Conglomént de Mwashya, They therefore
proposed an arbitrary lithostratigraphic subdivision, putting the
contact where silicified dolomite beds and cherts become spamse
and give way to what are uneguivocally shales and sltstones of
the Upper Mwashya Formation.

Owr results suggest dividing rocks of the former “Mwashya
Subgmup™ in Congo into four formations. From botiom to top
theae inclide the Ksnanki Formetion replacing the previmes
Lower Mwashiya unil, and the Kameoya, Katubuw, and Kaneadi
Formetions replacing he previows Upper Mwahya unt{ Table 1).

T 1 Kowewki Foematiog

The Kansuki Formation contains cambonate rocks and related
volcaniclastcs of the termer ~Lower Mwashya™ { labe 1; Fig.
3}, and corresponds to the Kansuki Groep of Cahen (1974; Table
21, Kaneuki is the name of a 30-km-long alignment of hills, cast
of Kolwezi, where these rocks outcrop and mark the southern
side of the Kakngwe—Fungurume tectonic lincament (Fig. 1).

Tle waunsitinnn [ ovks of Uee Dipota Sulgoup ot Qe
of the overlying Kansuki Formation is genenlly hidien by a
tectonic hreak D Conge. The Dipeta Subgrowp is characterized
by predaminandy shallow-water and evaporite-bearing white to
red-brown dolomite, especially towards the top{ Frangois, 1957,
Cailteux et al., 1994, In Kambove, Luiswishi, md several other
areas, dolomitic rocks of the Kansuki Formation overlie the so-
called “ectonic breccia” (i.e., astructuml contact between rocks
of the Dipeta Subgroup and Kansuki Formation ). At Shitun, 8
normal sedimentary contact was reported with Dipeta-type,
grey i red, sandy, oxidized rocks, wheh contain bede ofp'ink
dolomit: with ferruginous ooltes, tha are called “Groupe de
Shituru™ { Lefebvre, 1974). In the Tenke—Fungunume area, Le-
rufte {In Frangols, 1987) documented dolomits of the “Lower
Mwashva” conformably overlving havane shales or siltstones
md dolamites of the “Maofya ITB™ (also called "Dipea IV B™ar
"R 3.4.7"). However, the deseription of thes: mocks suggests
volcaniclastic beds and related dolomeies of the Kamsuki For-
b, Tl wly.

At Kambowe, the Kansuki Formation { #80-m-thick) & defined
a5 an alternating succession of massive dolomites containing
stromatalites, fively badded intertidal-tvpe dolomites, and irreg-
ularly tedded, mlc-bearing dolomites that contain traces of
microfossils (Cailtew, 1983 ). Conditions o f deposition of these
rocks were simi'ar o these of the Kambove Formation (Cailews,
1978, Lefebvre. 1979, Cailtews, 1983, 1994). In its upper par,
the succession is characterized by numerous erosional surfaces
md intraformational conglomerates, indicatng increasingly
shallnwer water conditions tmwards e top of the Kananli
Formation. At Shitur, this unit iz as much as 80-m-hick and
consists of dolomites and dolarenites (“Formation 4 Minerzi
Moir” and ” Formation a Mineral Ucre™) which are hydmotherms|
altered (Lefebvie, 1974). At Luiswishi it is present as & ~ 37-m-
thick umit contsining mainly massive algal to bedded arenitc
silicified dolomites, and some interbedded dolomitic argills-
ceous sitstones and tak-bearing dolonsites. One bed (~ 1.5-m-
thick ), with 0. 1-0.5 mm in diamcter oclitcs, cocurs at the bpcf'
the dolemites at Luiswishi and Tilwezembe. At Kiobelobe,
~ 22 km southeast of Luiswishi, along the same toctonic line
ament (Fig. 1), the Kansuki Formation consiss of a = 17.5-m-
thick cabonate succession (Fig. 5). It contmins a = 13.4-m-thick
nrgi'lhcmun. fale I:-em'hg 'imesu]m"l:r- bedded dolomite that i
marked locally by intaformaional conglomerates, slumping
md dedmetre-thick massive dolomite beds a: the bae, and 2
4. 1-m-thick white arenitic dolomite at the top.

An abundance of velcaniclastic rodks are nterbedded with
the: dinlamite of the: Ksnanki Formation amed define: 2 megioms]
"woleanoe bel™ [Fig. 4 ) observed from the Shinkolobwe, Kam-
bowe, Shitwru, Mulungwishi, and Luishia amas in the west
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{Lefebvre, 1973, 1974; Machairas, 1974; Lefebnre, 1976;
Cailiewx, 1983; Lefebvre, 1985; Cailiew:, 19904), to Luiswishi,
and to the Musoshi and Kinsenda areas along the Congo-
Zambia border in the southeast (Tshiauka et al., 1995; this
paper). The occurrence of comparable rocks in the Mwinilunga
arca, northwestern Zambia (Key et al., 2001), sugpests an
extension of this belt to this region. At Kambowve, two units of
stratified o massive upward fining, mafic, grey-green to green-
brmown debris flow tuffs were deposited within the carbonates;
they are marked both by a phlogopite and a green to colourless
chlorite matrix containing plagioclase {oligoclase), quantz,
dolomite, tourmaline, and lewcoxene—mutile {Cailtew, 1943,
194). The plagioclase forms crystak pantly or completely
rephlced by guartz{Fig. 5A), and shows many inclusions of Fe—
Ti oxides. Rounded to sub-rounded grains of chlorte and
phlogopite {~ 100 pm in diameter) commonly contain Fe-Ti
oxide minerals, and also epidote (Fig. 6B). They may represent
ghosts of Fe-Mg minembk and/or basaltc lava fragments.
Laocally, pyrite and chaleopyrite (containing exsolutions of
haomite ) have grown around Fe-Ti oxide gmins. Both lower and
upper tuffs, respectively 12- and 1 1-m-thick, are separated by a
white, partly recrystallized dolomite (<23- to 4-m-thick). A

Fig. & Voleamiclastic rocks in éie Kaskd Formagion of S Kambove area; A:
partly silicfied plagioclse i a chloritic matrix, drill hole KW-244, sample 160;
B: romnded fo sub-monded graims of philog opite (i dask ), probably ghost o fTe
Mg mmerak (plivine 7) andor basalic fow Fagmens, drill haole W21,
sampls X315

massive hematite bed (~ 0.8 to 2.4-m-thick in the Kamoya
area) or mvierbedded hematite with sideritic or hematitic carbo-
nate mcks sometimes replce the wpper pan of the dolomite
{Cailteuzt, 1983, 1994). This hematite bed (= 5-m-thick) has
been noted at many places along the exposed rocks of the
Kansuki Formation in the folded Lufilian Arc (Frangoiz, 1974).
The position of the bed suggests that the iron has been remao-
hilized from the volcanichstic material. The hase of the over-
lying upper tuff contains millimetre-size clasts of hematite
probably originating from the underly ing hematite bed, wheneas
the top is marked by a progressively increasing dolomitic con-
tent. At Shituny, two major voleaniclastic events also are de-
fmed by rocks at the same statigraphic position, represenied by
a 3- toG-m-thick, coarse- to fine-grained chloritic tuff and lapilli
tuf " Roches de Kipoi™ RK 1 and RE 2) containing plagioclase,
quartz, phlogopite and owmaline { Lefebwre, 1973, 1974). Yol-
canic breccias containing 0. 5-cm to decimetre-size clasts poour
in the RK 2, indicating emuption of lava flows into or under
water. Both tufls are separated by dolomitic rocks (12- to 22-m-
thick]), which are marked locally by massive hematite at the top.
Two volkaniclastic beds (respectively 2.8 and 2.9-m-thick)
wire identified in the same lithostratigmphic positon at Luis-
wizghi (Cailteux et al., 2003). They are separated by a 4.4-m-
thick dokomite containing clasts of vokeaniclastic rock anda (. 1-
m-thick hematite bed overying the dolomite.

Twehee zamples of these volcaniclstic rocks were collected
from drill hole cores from the Kambove (E fresh zamples),
Shituru {2 fresh samples with some weathenng in fractures) and
Luiswishi (2 weathered samples) areas for chemical analyses.
Major, trace, and rare earth element (REE) analyses of the
zamples were conducted wsing XRF spectrometry, atomic ab-
sorption spectrometry {AAS) and inductively coupled plasma
mass speciometry (ICP-MS), respectively. Results (Table 3)
show that the volcaniclastic rocks from these three areas have
common majorelement chamactenistics. They ane undersaturated
in 5i0; (36.1-47.9 wt. %), Cal)- and Naj0-poor, and MgO-rich,
showing a Mg/Mg +Fe™™ mtio of 0.5-0 8 (calculated with Fe®™/
Fe*™=01.2). They alzo havea high LOI, mnging between 4.6 and
15.1 wt%. Fresh zamples from the Kambove area and one
weathered sample from the Luiswishi area are rich in K20 (3.6—
9.2 wit %), whereas those from the Shitwm area and one from the
Luiswishi area are poor in K,0 (<05 wt%). These whole-rock
composiions contrastwith those of primary hasalts (Sun and Me
Donough, 1989); they lagely confirm petrographic observa-
tipns and sugpest mohility of the elements either during
carbonate diagenesis or during bter hydrothermal alteration’
metamorphsm. Assuming that the high LOT is largely dueto the
presence of carbonate and that loss of KO mainly results from
wieathering, the fresh samples from the Kambove area (with
lowest LOI and highest K,0) can be considered as the most
representative. Based on a LOree cormection, the whole-rock
data may be compared with those data of gabbros emplaced into
rocks of the Upper Roan Growp { Zambia) and Dipeta Subgroup
{Congo), and from igneous bodies interbedded in the Grand
Conglomérat {Mendelohn, 1961; Lefebvre, 1975; Kampunzu
et al., 1993, 2000). Some comparable modified-alkali {e.g.,
alkali-rich) and Si0y-undersaturated compositions of those
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Chemical composition of fresh samples from &2 volcamichstic bads i fe KamsakiFormasion fmm Kambove (drill Role KW-234) ind Shitana (drill bale 3-1), and

weathered smples Fon Laiseishi{drill hale 1551}

Location Kambove-(mest Shitea Limswishi
Lorwer bed (DUH. KW-214) Upper bed (DUH. KW-234) Volcamiclstic Lower Upps
Eraczia Eed Fed
Sample LB LBz LB UB4 URE UB&% UR7 UBSA 341 312 L3511 18512
L
m 1050 0% 1145 1227 1X4 1274 1209 1350 143 158 151 2.1
JILES 1145 193 1264 1174 1309 1250 1373 1064 1X5 95 @3
Major elemanus (we ki)
310 40,16 4158 4104 4152 B9 4291 4210 2500 44 45 1632 47 56 4E 59
Tk, 138 145 157 Tas e ] 233 et Ih 3.7 x5 101 iz
ALy 1269 1L58 1371 11589 1207 1231 | ] 1.7 1242 1243 27 a7
Fely 11.90 1LAR 1558 1230 14 08 1254 14,11 1438 L) 9% 939 1333
Fely
im0 (M k] [N L] [k s L] o7 007 [N 13 () [N [N E Juiein)
Mg 1.0z 1479 1145 1243 1139 1241 124 JLE] 1842 s 1916 550
CaD e 13 042 1.2 ] M T4 13 0.8 049 157 ez
Na s 014 L] LR 055 125 0sn 06 a1 atl 008 ]
K0 R &t a9 24X & L) L) EX..) 0 [LNE (123 .00
P 014 0is s 0zx7 0246 a3 i) oy a.l& a7 02 04
Celly 0.z 0z oo =001 =0.01 =001 =001 =0 a1 anl =001 ool
30 001 =001 =001 =001 =001 =001 =00 =0 =001 anl a0l 0l
Bal 0. 0o L] ans 0.z ans 0. 06 00 Qi aol n0s
L 1295 55 674 455 £ 468 4.7 1510 226 a4 955 R
Trace elemeny fppes)
Cu 401 m 27 m 1104 3 125 |14 1698 1545
Ca 91 156 1] 5 152 L] 135 14 159 o]
i 167 163 45 155 140 158 87 e 141 15
In m 469 213 153 174 14 134 15 a] i
Rare Eardh o emenas (o)
Ce 165 R4 175 20 410 482 446 174 T 223 23 s
T TA 11 1% 5% 4% L i 47 g4 1% 4 i7
Er 14 L2 12 il 4 ] 7 4 1l | 18 rE
Ea 0z 1.3 13 0 1.7 0 12 15 19 19 10 1.7
G X6 7 a7 1] 51 &0 56 50 [-E] 25 44 LE
Ha s & [ [ ] LR 10 L] [ik=) it ar s iR=)
La 25 164 152 %1 195 o 2 174 =0 133 s B
La 0z 0z oz 04 03 03 03 03 04 ot 03 ]
nd 100 16.5 160 2 g 4 ) 20 153 104 0 x4
Fa 3 ER] aT Loy 5z ol S i A T a5 0.5
3m 4 16 s G4 50 i85 4 46 7.l 2 4z 53
Ta 04 & a8 10 0z L] 0 o7 18 s 07 0E
Th 40 10 40 50 a0 50 50 &0 LY ] ] 20 0
Tm 0z oz 13 o L] o L] L) L) ok a4 o3
u x5 is 19 L7 0 15 4 0 FE] 14 19 13
Y 125 160 174 ne ) X3 X5 2 T 184 4 B
Vo 13 1.4 16 FL 0 13 21 0 X |K] 13 1A

Majorelement XRF and Rare Eard demant ICF-33 analyses by ALS Chemex, Caada; imce cement AdSamahses byse 3TL Lasoratory, Lo baski (Congal.

mafic mrks are antribaded o intemactions with by dnothermal
metamaorphic fluids (Kampunzu et al., 1993). Semples from the
Kambove, Shitwny, and Luswishi cores ako have consistent
REE composition: (Fig. 71 The chondrite-normalized REE
patterns display a light REE enrichment and are gquite similar to
those of mafic ignews rock scourring nthe Luflian Amc, which
are interpreted to have been emplaced in a continental rift setting
(Kampurzu et al, 1993; Tembo et al., 199%9; Kampunzu et al.,
2000). Trace element concentrations are slighily higher than the
normal Clarke values for some base metals in mafic mocks (e.g.,

Cu=73-16 ppm, Co=107-391 ppm, Wi=140-3687 ppm,
In=T2-313 ppm). Except for samples that indude supergene
oxtides inveins { DH 8- 1), most of the base metal concentrations
are typical of the unmineralieed, high background sedimen tary
mocks of the Roan group.

1.2 Kamapa Formation

The Kamoya Formation inchudes thelower par of the previous
“Upper Mwashys” and tnnsition rocks disputed beoween
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Fig. 7. Chondrite-rormalized RIE abemdances i e vokbamiclastic roches o fike Kansald Formagion at Skitwra (dall hole 51, saples | and 2, Kambove(dril kale
W21, samples Zand &) and Laiswishi (il Baole L3321, samples | and ) {=e Table 1)

“Lowea™ and “Upper Mwashya™ (Table 1), It = characterized by
irregularly bed ded dolomitic shalesor siltstones that alternate with
chert md conglememtic beds in the basal part of the formation.
These rocks commonly contain an important guarte, feldspar,
muscovite, and biotile grain fraction in the 0.00- to 0. 10-nm-=zize
range. Geochemical data from the Muhmgwishi area (Lefebvre,
14976) show relatively high concentrations of Mgl and Cal), and
a decreasing carbonate content (from 22% 1o 3% dolomite) with
increasing Sil)y (from 48% to 59%%) towards the top of the
formaton.

The good exposure of the entire Kamoya Formation, parti-
cularly of the bazal member overlying the Kznsuki dolomite in
the Kamoya-Soeth open plt (Kambove ares; Fig. 2), kd 1o the
name of this formaton. Previous phservations on drll cores
{Cailtewx, 193] and new detailed ficld observations along the
acccss amp o this opon pit show a succession totalling
~ 100 m in thickness., The hazal wnit {~27-m-thick; Table 4;
Fig. 5) is marked by aliemating silstones which include
severl disnomtimsons, dark prey 0 hilack, massive chert heds
{Fig. &A) and matrix-supported, unsorted conglomerate beds
with mm to dm in diameter, sub-angular to rounded chent
clasts (Fig. §B, C, D). The matrix of the conglomentes & a
ferruginous andor silicified silstone containing guartz,
tourmaline, chlorite, muscovite, and biotie graine Clasts
include intraformational chert fragments (Fg. BA) and well-
rounded cherty mcks. The cherty casts show an aliemation of
opaline layers marked by black impurites (carbon?) and
micmrystalline layers containing pyrite ad guanz grains,
with ksscr tourmaline, ttanite, ziccon, and cuhodral apatite.
The clasts are marked by fractures filled by quartz, apatite, and
pyrite. The main conglomeratic unt includes two oolitic beds
that were congiderad a part of the Kancuki Formation in the
previees lithostratigraphy  (Frangoizs, 1974). One is a chent
containing silicified oolies, pisolites, chert clasts (Fig. #E),
and rare clastic guarte, chlorite, and timnite grains. Oolites or
pisolites show zonation of crypto<rystalline chent containing
blck impunitiz (carbon?) and, sometime: in their centre
quartz grains sumounded by finer chert The second oolitic hed
shows zimilar features, but only with mm-size oolites. Clasts
of chert contaiving oolites also ocour in the conglameratic
unit Some interhedded dolomitic shales comain millimetre- to

centimetre-size pseudomorphs afier anhydrite nodules and
pecudomorphs after gypsum crysta’s, ndicatng shallow water
conditions. Mear the bottom of the unit the shales are
characerzed by a chlortic matriz, suggesting a cormelation
with the Shiture RK 4 vocano-sedmentary shales. The top of
the unt is charcierized by an increasing clastic fraction.

Table 4

Detailled Efalogy of S 26 6 to 26 9.m- & ik nes s conglomenatic complex anit
atghebme of Se Kamo va Formation i the Kambove area idril| ol KW-I34,
<24 <20 im Calten, 19573, and mewr obsenations along the access nmp oféhe
open pit}

Ligalogy

Chest (01 m) Whitsh bedded dhert

Sikzione with clss Siksione condaming bads wigh well-roondad cm grey-
{ldm) Black tomd dist dsts

Chest (01 m) Grey-blidk 0 red femagmons diant

Jiktmone with clss Siltwone contaiminglocally well rounded to elong med
. 3m) cm o dm chiss of chest. oriknted fo & bedding

{Fig. 1)

Chest (01-0.2m) Grey-blidk 0 red femagmons diant

Fiktmone with clss Silisone contaming some mo chss of chat and
@15 m) imraclarts of mikmoes; carhonaces ta ik o

Chest (02-0.3 m) Grey-blidk ches

Jiktmone with clss Siltwone containing well-romnded mm dastsofchernt o
ETm) il battom

Comglamena: fikmon: condaining mm chat of bl apulise s

altemuting with two and cm o dm des of dark grey dhetbilicfied
colitic beds (52m) dokemit Fig. 2B, O presence of two coltic derty
Brads: ome with silicified oolites ind pisolfes(Fig. £E),
Al wovnan] will il v Gl weliics

ShaleSsimone contiinmg wellrommded e class of
chert and 1-2-cme-dick discomdmooms bad of chert;
prendomaorpis after anhwdrite modules wnd afte

Shalesikwone
with dasts (1.2 m)

VR TRl
Chent Grey-blidk ches
L 10-0.15 m)
Filtmone with Fiktmone conaming wellromnded om chiss of black
chasis{1.2 m) to red chet; ccmmemce of I-Scmedhick pastly
bmken beds of chet, and derived dasts & &e
silsione (Fig. Sa) chss of henatie
Chent Grey-blidk 0 red femagmons diant
05010 m)
Shalefsiksione Crrey tobmven dolomitic skale or silkstone
Edm)
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Fig. & Kamoya Fomaton, conglornemtic complex wmit. (1] akong e acess ramp to the Kamoya open pit (&) silty sheles mchodicg a discomtmveons dark grey to
blick massive chest bed and conaning centimetre sime romnded clss of chert; (B matrixsuppored (silty shale) beddd conglomemte contaming milmem- to
decimetres e roanded tlasts of chert; (C) matro-sapporied (5ily shale) bedded cong lomerate comtaiming mill imedre- fo decmetre-sire rounded el of chent and
s anga e millimetresize dask grey o bladk opalime dassof chest; (0] matrixsuppored (silty dale) bedded conglomente contaming well-mmded contmetre- to
decimetre sz chsts of dhent oriented paralle] to the bedding; (E) bad comtaiming derty pisolites. (2 Luswishi drill kol L33-1: (F masix-sopposted (siltyshale)
beddad comgl omersis condaim ng milmedne- to dad medresie roondad clasks of deen (sampl e ad § 9 mlk G Alamatng andsons md miorocong] omenss lavers at
e base of e Kamova Formasion [sample at 201 m). (3} Kmsanda drill Bale KRNI 155 (H) masrix-sepperted (coarse sandsione) conglomenase containing well-

ronmded ceatimetresize chsts of white dhert.

In the northemn facies (e.g., in the Mwashya and Bunkeya
arcas; Van den Brande, 1932, 1935), the succession i defines by
190 to 20-m-thick, greenish-grey shales and siltstones. These
chstic wnits include a conglomemtie bed (Conglomént de
Mwashyz) and feruginous cherty and oolitic beds near their
hase. The Conglomérat de Mwashya isan approximately 1.5-m-

thick mat-supporied cong bmerate, conzistng of 10-20 vaol.
% unsonted and well rounded clsts (0. 1-50 cm in diameter)
with a geenish-mey argillaceous matrix (Van den Brande,
1932). The clast consist mainly of dolomite, pardy or com-
pletely slicified oplitic carbonate, ad mmre pinkish chert,
reddish-brown guantzite, and granite. The matriv also contains



JLK Catbruy aal. / Gondwaona Research 1 (20T} 414431 425

many ~ {001 mm in diameter and sub-angular grins of quarte,
feldspar, micas, and chert.

An approxinately 3-m-thick cong omerate, called "Poudin-
gue polygénigue™, compamable to the Conglomérat 42 Mwa-
shiya lms Deen docuomenexd] al Vieleng wishi {Lefboe, 1976,
Fig. 7). It ewerlies the Kansuki Formation that indwdes from top
to bottom: a 0. 1-m-thck massive dolomite, a volamchstic bed,
and arenitic dolomites. The Poudingue polygénigue is 8 matix-
supported conglymerste containng well-roumded 0.5 o 50 mm
in diameter, unsorted clhsts. Mpst of the clhsts are grey and
massive dolomete or arenctic dolomie. Clasts of black chert
{oomraining carhomate amd iom oxcides), argillsoemes =ilfites,
walcanoclastite, microcline, quanz, and fekispar have also been
dorumented. Thiz conglomermate iz overlain by a H000m-thek,
greenish-grey, dolomitic and silty shale unit thatcontins com-
meon chert beds

Descriptions made at Shitwm | Lefchwre, 1973, 1974; Fig 5)
suggest that the Kamoya Formalon hcludes a 1- 1o 3-m-thick
ziltstone bod contining silicified casts with black oolites,
overain by a 2- o 4-m-thick voleanic hrece a, at the base. These
bhazal unis are owvealain by chlontichuffaceos sandstones
{~ 11-m-thick), chloriic sandy pelites (RE 3 “nff and lapilli
tuff” 54 m)., greenkh-grey dolomite silites or zily shales
containing chert beds, and (RE 4) chloritic shales ar pelites
containing conglomeratic hads ( 36-m-thick). In thiz ~ 105-m-
thick succession, the 2K 3-, and RE 4 rocks may originate finm
rowarking and doposition n the scdimentay basin of voloznic
material originally extruded durng the RE 1 and REK 2.

In the Lukwishl area, dolombe of the Kansuk] Formation 1=
over’ain by a > 12.6m-thick swcession of altermating sand-
stones and silEtone;, which 1ncludes two mETI-s0pRorted
conglomeratic bods that ae similbr to these in the Kamoya
Formeation (Figs. 5 and #F). These conglomerates include an
argilaceoes matrix of quanz and chlorite grains [~ 0L01 mm in
diameter), with ~10 vol% unzonted and welkrounded clasts
(=01 to 30 em im diameter) of zilicifisd aresitic dolomite
Some bedi contain intracless of shale or siltsione. In this aea,
the base of the Kamoya Formation consists of sandstones
including reddizsh meero-cong lomeraie beds that show a zili-
cifled mamx contaleing chert and slicifed dolomie clasis
{= 1 mm in diameter. Fig. 803).

Thee Kamoya Foamation at Kilobelobe iz a 1E2-m-thick
suwoession of massive to badded silstones or fine-grained sand-
stones that contasin mainly guatz and feldspar grains (0.01-
0.1 mm in diameter) and <5 vol% caronate (Fig. 51 The
siltstones are marked by millinetre- to decimetre-thock, dark
grey, amgillaceoes lapere’beds that increase in Teguency and
thickness upwands. The sucoesson also ineludes decimetre- to
meetre thick evaporitic siltstones (psesdomorphs after gypoum,
=5 mm in diameter), < #dm-hick volemiclastic bods, and
vonlinele-iick cleml layos, A 36-u-hick leeal wil ek
millimetre to centimare-size clasts of arenitc carbonate from the
underlymg Kans ki Fermaton, qeartzite, and chert withna wiite
silty to sandy or a weathered dark brown matrix. This bed &
interpretodto be te guivalentto the Conglomérat de Mwashya. It
iz overlain by & 5.8-m-thick grey feldspathic sandsione (0.1 to
=1 mm gmin size).

33 Kafbu Formaion

The Eafub: Formation |~ 80-m-thick at Shitune, ~ 110-m-
thick at Kambove, - B0-m-thick st Mulmgwishi; Fig 5),
e allar e Kalsboe River sl vvsses e ks o e
Lubumbashi area (Dumont et al., 1997), iz moestly finely bed-
ded, grey to dark gey of hlack, pynte-barmg shale sequence
{Frmncote, 1959; Franeois, 1973; Lefebwre, 1976, 1979
Ca'lews, 1983). The rocks contain fine-grained detrital quarntz,
feldspar, musmvite, and biotite, and are characterized by ahigh
carbon centend and bw carbonate sbundance. Values of 5.57 wt.
%5 17, =] 7% wal % carhanate, and 4965 wt ¥ Sifly charac-
terize these rodks atShitur (Mgoie et al., 2003) This formation
represente a bypical smd homopescous regional lithostrati-
graphic marker, extending from Menda in the south-west part of
the Lufilian Arc {(lrangeis, 1%71), north to Mufulim, Cham-
hishi-MNkana, and Luanzhya n the souheastern part of the
Zamblan Copperbelt (Mendelsohn, 1961).

Abundant pyrite nocurs locally, particwarly st Shiwm where
it forms zignificant stratiform eoncentrations (4.5 o 600 wol. %
MNgpie etal., 203). Pyrile oocurs as fine, disseminsted, fram-
haoidal or evhedral grains, as psewdomorphs after small nodules
of mhydrite, and az centimetre-thidk. lenticuler, layer-paallel
impregnations. Some pyrite in fractures and faults sugzests
rensobilization during compreszsiona’ tectonics.

The Kafubu Formationat Kilobelobe {Fig. 5)is a 140-m-thick,
barded, dark-grey to black, carbonaccouws, pyritc shak, markod
locally by alternating millimetre-thick shwale and sandy -silty
carbonak layes, ensona surfices, md gravity inura frmsatdonsl
conglomerates. Massive to imegularty bedded, si'ty, grey to black
pelte ocours 35 centimetre- o decmetre-thick beds along the
transition with rocks of the overlying Kazsdi Formation.

Jd Karzadl Formation

Mocnmended at Kaneadi (Noiha area by Tefehore (1979, the
Kmzadi Formation is charactenzed by millimete/icentimete- to
meetre- thick beds of pink te green feldspathic sandstone, arose or
conglomeratic arkose, aternatng with swle or siltie. These
sandsiones‘arkises, indlcating tdal fat or fluvial (e.z., dekak-
type ) regressive depesition { Lefebovre, 1979, were recorded in the
Mwashya—Gombel, Tantara (Shinkolobwe), ad Lebumbashi
areas (Van den Bmnde, 1935 Rorive, 1952 Cahen, 1954;
Lefebvre, 1974 Buffard ;d Mehagaze, 1981; Buftard, 1984). In
the Lubumbashi area (e, at Kilohelobe; Figz. 1 and 5], the
formation { = 25-37m in tital thickness and several kilometres in
length at Elilobelobe) corsiste of discontinuous and alternating
comrse-gmined (=1 mm), quartzitic-feldspathie, meesive, and
fie graised, quaretic, bedded sandstones The bedded sand
stones display spectacu’ar cwoss-hedding and ripple marks
{Bullaad sl Muleguas, 1981). Al Kilobelobe, e Eonelion
inchudes sittstone beds, and locally ismarked bya <1.5-m-thick
maAssve of Iregulary beoded argillaceous siltstone atthe base.

In the central area, the smdy chamacier of this formation is
strongly diminished and only varve-type thythmic atemations
of millinketre- to centimare-thick pale grey smdy—silty hyemrs
ocour with black shale (eg., al Mulengwishi; Lefebvre, 1976).
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Oceurrence of thick sandstorse beds

ﬂIﬂm] Rythmic alternance of black shales and sandstone layers

P:c-l(.at:ng;.n esEment

Fig. 9. Ocowmoces of the Kaneadi sandsiomes and rinthmic altematng lavers of black shales Sandsiones in $he Lafilian Arc imodified from Baffard, 1985

The carbonate content is very low {~{0.40 vol.% at Shitun
Ngoie etal, 2003). Geographical distribution of the samdstones
indicates that they are mostly developed along the northem and
southern borders of the Lufilian Arc, whereas the rhythmic
deposition of black shale and sandsione mainly occurred in the
central part {Fig. 9).

The transition between rocks of the Mwashya Subgroup and
Grand Conglomémat shows alternating siltites or shales and
tillitic beds in the Shiturw, Mwepu-Buseba, and Kambove arcas
(Robert, 1928; Van den Brande, 1935; Lefebvre, 1973, 1979,
Cailtewee, 1983, 19%94). Shales and ziltites of the Mwashya
Subgroup at this contact are marked by load deformations,
slumping, erosional channels, gravity intraformational breccias,
and fracturing. In the north-wesiem part of the Tenke—Kobwezi
area (e.g., at Kalumbwe, Chabara, Mamfwe, and Kabulungu),
the Grand Cong lomérat shows a discordant contact at different
lithostratigraphic positions with the Mwashya succession
(Frangoiz, 1973 ; Cailtews, 1991). Locally, rocks of the Mwashya
Subgroup are abzent, and the tillite/diamictite directly overlies
dolomites of the Kansuki Formation, At Kilobelobe (Fig. 5), thiz
transition consists locally of = 20-m-thick, massive to imegu-
larly bedded, silty pelite or argillaceous siltstonemarked by load
deformations. This pelite or siltstone unit decreases in thickness
and dizsappears a few hundredsmetres further o e northwest. In
these conditions, the Grand Conglomémt thus directly overlies
the sandstones of the Kanzadi Formation and containe many
millimetre- 0 centimetre-size clasts of these sandstones. The
Girand Cong lomdérat in the Kilobelobe area also contains clast of
black shale of the Kafubu Formation.

35 Mwaskya Subgroup in Zambia-type lithology
In the southeasten pant of the Copperbelt, what is called

“Mwashia” {130- to 6 30-m-thick) in fie Zambia-type lithology,
is the equivalent to the former “Upper Mwashya” formations in

Congo {Cailteux et al., 1994 ). It is represented by dominantly
fine-grained and finety bedded argillaceous carbonaceous shales
(Mendelschn, 1961). In the Chambishi-MNkana area {Mendel-
sohn, 1961), rocks of the Mwashya Subgroup consist of lower
grey argillites {1 50- to 300-m-thick), which inchude thin caro-
nate beds, and upper carbonates (-~ 240-m-thick) with inter-
bedded thin shales. Conglomeratic beds oocur in a mone
arenaceous facies, in the lower part of the argillites. The base
of the argillies is marked by a conglomerate that consists a
greenish-grey, dolomitic to argillaceows, and arenaceous matrix
containing sub-angular to sub-rounded clasts {1 to 10 cm in
diameter) of dolomitic zandstone. Thesebeds look like zimilar to
the conglomerate bads in the Kamoya Formation in Congo. In
the Mufulira region, the Mwashya Subgroup is formed by shale,
black carbomaceous shale, grey glassy quartzites, and minor
dolomite and grit beds (Mendelsohn, 1961). In the Butondo
stream area, rocks of the subgroup include from botiom to top:
{1} ~30-m-thick gquarzite; (2} -45%m-thick carbonaceous
shale; and (3) ~35-m-thick dolomite. Load deformation and
slump of mocks of te Mwashya Subgroup have been repaorted at
thee tramss ition with the Grand Conglomérat (Binda and Van Eden,
1972). The base of the Mwashya succession in Konkoh is
marked by a (carbonated-altered-T and argillaceous) completely
disaggregated matrix-supporied conglomeratic bed with well
rounded =zilicified clasts containing =ilicified black oolites; this
bed might be correlative with o the Conglomérat de Mwashya
(Cailiew:, 1994).

At Musoshi, along the Congo—Zambia border{Fig. 1), rocks of
the Mwashya Subgroup observed in drill holes Mu- 2044 and Mu-
2043 overlie those of the Kanwangunge and Kikalongo Forma-
tions; the transition is a breccia zone with deformed/fractured
fragments from all three units (Fig. 5; Table 1). The equivalent of
the Kansuki Formation (29-m-thick ) iz a massive to bedded, grey
to white, arenitic dolomite, which includes some dolomitic shaly
bads or layers containing psewdomorph after anhydrite nodules at
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the tep of the seguence. A T-m-thick volean clastic bed occur at
the hase of the soquence, at the contact with the hreocia. The
cquivalent of the Kamoya Tormation {131 m in todal thickness) is
presot as an aliemating succession of millimetre- to centimetre-
thick white o gy coase dolomitic sandsione (0.0 to | mm g=in
zize) and grey-green shaly o =ity phlogopitic layers. No chert,
onlites, or conglomerstic beds have boen observed The overlying
Kafubu Formation is represented by a 7-m-hick, finely bedded,
grey o hlack, carbomaceous, silty, phlogopie-beanng, dolomitic
shale. At the top of the sucesion, the Kaneadi Formation shews
24-me-thick, masive © bedded, white o grey, feldspathoe, cato-
nate-poor smdstones (L1 & 05 mm grain size). The smdotones
aremarked by micro-cmon glomeratic bads (0.1 to = 1 mm grain sze)
at their basc and by millimetre- © docimetre-thick bods of gry-
groen micacoous shalks in heir centre The Grand Conglomérat
concordanyly overlles the smdstones of the Kaneadl Fomadon.

At Kingenda{Fig. 1; dri’l hole Knd- 158; Fig. ), the Kamoya
Formation (= 58-m-thick) consists of fine- to coamse-graived
sandstones, including silty shale beds. It & marked at its base by
a coarse sandy matrx-supported conglomerate unit [~ 14-m-
thickl containing we l-rounded (1 to 5 cm in diameter] clasts of
quarz and cher (Fig H). The underlying Kansuki Formation
includez from top to botom a | &m-thick, ey © brosm,
hedded o0 massive, arenitc dolomite, a ~2-m~hick gabbioic
beod, and a -- 12 5-m-hick Kanwan gungu-typc massive to bod-
ded, grey o white or pink ish brown, aenitic carbonate showing
typical stylolitk surfices. The contact between the base of the
Kanwangungu Sprmation and top of the Kibalongo Formation
{labe 1) & a wectonic detachmeent marked by a 15-m-thick
hreceia containing mostly Kanwan gung u-type fagments.

In northwestzrn Zambia, in the Kabompe area {spwhwesem
part of the Lufilian Arc), the Mwashya Subgroup was dentified
onby as a arbonaceous pyritic black shale (Steven, 2000). There
iz alan A speenne of altered mefie valcamic meks, the Towswn
voleanics, overlying “Uppa Rom™ atkosic quantztes { Eey etal.,
2001) wheh could be reated to voloaniclastic rocks of the
Kanaki Formation.

T Mwashya Subgroup ix rorkern areay of e Lufilan dre

Sadimentary rocks units, zimilar to those described abowve for
formations of the Mwashya Subgroup, have boen observed in
areas north of twe Lufilian Arc e, in the Lukeka valley and
Lufubowe anticline; Chen, 1954). The litholk gies, fom botbom to
top. inchide black carbonste and =ilicified carbonates (chers ),
thick caronaceous shales (suspecied to be Kafibu Fm eguiv-
alent), and coarse akoses to guartzitic and quanzo -feldspahic
sandstones (suspected to be Kanzadi Fm equivalent). Further to
e amartls {w et ol Balesie), oo s alic ksl sk
wiere documented (Cahen, (954 that resembile the rock s near the
baseof the Mwashya Subgroup.

4. Base metal sccurrences
They ae a numba copper—owobalt occurences or zmall de-

powite hoed inrock z of the Kansulki and Kamowa Formatinms
{e.g.. Shiturw, Thwezem be, Mutanda ya Mutonkota, and Eipoi).

Shitung, ~ | ke spath of Likasi (Fig. 1), i= the most importamnt
of the deposits. It & Cu-rich, but poor in Co, ongnally
containing --<445, {0 tonnes Cu {mincd ocs baween 191% and
1954 and remaining indicated respurces). There are two main
orehodies hosied m dolomteotthe Kansuk Formation, which 1s
located along the sowthemn flank of asorth- erging syncline with
axial plane dipping ~ 55 S8W (Lefebvre, 1974) The mined
materials wene oxidzed socondary ares (105 wt% Cu average
graie; Fangos, 1974), wheras decper indeveloped primarny
sulphide ores grade ~03 to 2.1 wt% Cuand (LO5 © (L1 wt.%
Cao{Lefebvre, 1974]. The Fe—Cu—Ca sulphides include an early
stage of fine-grained, disseminated, stratiform, ‘ocally frambaod-
dal pyrite, chalcopyrite md bornie, with a second stage of
bomite, 2nd carmollite or linnacite { Lefebyvre, 1974). Thcores arc
mainly hosted i massive to bedded, party silicified or recrys-
tallized dolomite and In inverbedded dolom e shale. Host rock
lithologies and sulphide distribution’paragencses are similar to
those of the kwer and upper orebodies in the Mines Subgroup
{Lefebwre, 1974; Cailteux et al, 2005b). Mimor Cu—Co
sulphide: ako occur in volcaniclastic beds closely owver'ying
these dolomites {Lefebvre, 1974). Commen supergene replace-
ment of chalopyrite and bornite by digenite and chakeocite
ooours in the ransiton =one to the spcondarny oxide ares.

Titwezembe and Mutinda ya Mukoniot, respectively 30
and 4 5 km C5E of Kobwerd along thesame iectonic lincamant as
Shituru (Fig. 1), are two recentdy explored and mined Cu—Cao
deposis hosted In mcks of the Karsuk] Formation The ores
form imegular supoargene bodies hosted in weathered mocks of
the Kansuki Formaton, of the underlying brecoias marking the
tewonic lineament, and in fractures in rocks of te overlying
K amo ya Formation, Grades of the oxide mes ame as high as 9 wt.
% Cuand 4 wt % Co at Ti'wezembe (Francoiz, 1973). Hypopene
subhide {mainly camollite) mineraliation (as much as 0.7 wt.%
O amad {16 wt %% O st Tilwezrmbe oemirs az 1 ta 2> 5 mm in
diameterdisseminated greins in recrystallized carbonate rodes of
the Eansuki Formation.

5. Disvussitcn
S0 Litkostradgraphy

Recent observations made at seqeral sites in Congo have
resilted m a better uinderstandne of the Mwashya succession.
Ths has resulted in a proposed new lithostratigrzphic sub-
divizion for these mcks.

The Eansuti Formation in Congo & mainly a carbonate unit
chemctenzed by reefal o intertida deposition. It is meroed
lacally by agitited conditons {zome oolites in dolomete; e.2., in
Tilaweenle axl Luiswizii aeas) ;s by slallow waler omaldi-
tipes near the top of the formation {e.g, emsiona surfaces,
intmtorational conglomerates, md peeudomorphs atter anhy-
driz). Imverpretation that nclwdes the Kansuki Formation within
the Mwashya subgroup (Oosterbosch, 19%2; Frangoiz, 1974) is
subject to debate by the fact that ths formation could be con-
sidered as part of the predominant shallow-waer dolomite oc-
curring At the top of the Thipeta Soboroasp Bamasm gm o
Formation—Upper Roan Growp suceession. This hypothess is
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strongly sipported by a gradationa’ lithobgical transition he-
tween the Kanwmgungu and Kansuki Formations at Kinsenda,
and by similar petrologica’ featwres that inelude arenitc
dolomites.

I conirast, the overlying Kamoya, Eafubu and Eanzadi
Formations, whith make up the remainder of the Mwashya
Subzroup, show an argliaceous—demrital sucoesslon represen-
ing a major change in conditions of deposition. Slumps in
=iltsiona/silty shale, chert, and silicified dolomite bods, oolites in
chert, matri-supporied conglomeraie (e.g. the Conglomérat de
Muwashya) formed by claste originating from the same litha-
logies {e.g., siltstone, chert, and colitic chert), and psewdo-
marphs afier evaporite (eg.. at Kiobelobel, suppest shallow
water and lpcally agitated conditions at the base of the Eamaoya
Formation Some of the clsts [e.g., granite in the porthemn aneas;
Vanden Brande, 1932) may have bem sourced from rocks of the
Kibaran or pre-Eibaran basement (Table 1), The conglomeratic
hedds, in fact, are part of a detntal sedimentary rodk complex, as
already suppesied by Van den Brande (1935). 16 regional oc-
currence signities a major depositonal event, which may be
relaed to widenng of te sedimenary besin andfor a climat
clempe (., Ooo akl o wel), Roces of Uk oven] yiog Ba sl
and Kaneadi Formations suggest a cold climate, sea level
lowering, and contmetions of the sedimentary basin, marked by
episndic climatic changes, before the onset of the Stwrtian g lacial
event leading to the depositon of the Gmnd Conglom érat
(Caben, 1947, 1954; Buffard 1988). Distribution of prooimal
maszive sandstone hads north and som th o f the s adimentany hazin
{Fig. ¥ support this model.

The Grand Conglomérat & thicker {as much as 1000 m) in
the porth tan i the souty (500 m to200 m). Load defiomation,
slunping, and intaformational breccias observed at top of the
Kanzadi Formation suggest :n meomplete lithification during
depesition of the Grand Conglomémt. The partial or complet
lack of meks of the Mwashya Subgzroup in the north-western
(Kowezi)and north-eastern (Lubumwbashi) areas, as well as the
presence of many chss ypleal of mcks of the Kansud (e.g.,
dolomite, volesniclastics), Kamoya (eg., oolites, chert,
Kafisbu, and Kaneadi Formations in the Grand Conglom érat
(Frangoiz, 1973, 1987; Cailiew, 1991; this study ), indcate an
extmeive erosion of the sedmentay rocks of the Mwashya
Subzroup and a discordant depoziton of the Grnnd Conglom-
émat Although the Grand Conglomérat seems to have been
deposited concosdanty on meks ofthe Mwashya Subgroup in
the southemn areas (e.g, at Kambowe, Shinm, and Kinsenda),
mast ohservations suggest a fransgressive deposition of the
gladal diamictite from the continemal topography to the north,

The major tectonic and evaporie-facilimted detachment,
which & pbserved between the Kansuki Formation and the
umder lying Lhpeta Subgroup amwngunge Bormation trom the
Kaolaezi area up to the Musoshi area { Cailieux and Kampuney,
1993, Taldsuka el al., 19975, Kanguuoras and Crillews, 1999,
ako took place between the Kanwangunpu and Kibalongn
Formations at Knscnda. The breocia marking this detachment
includes fragments from rock units both below and above the
deterchment, and strong 'y supports a tectonic origin mther thana
sedimentyy genesis as proposed by Wendorft (2000, 2004).

P2 Ce—Co mineralisation

The origin of the Cu—Co mizeralisation hosted in mocks of
the Kansuki Formetion has been attributed to hyedrothermal
events relhted to deposition of volcanichste mcks (eg., at
Shitury; Lefewre, 1974). However, (1] the Ce—Co mineraliza-
tlon 15 mostly hosted In Mines-iype cabonae Hihelogles and
wat in the wolcaniclastic rocks (Lefebwvre, 1974); (2) there are
few deposits hosted in rodes of the Kansuki Formation dospite
the voluminous exposure of vokaniclzstic rocks (Fig. 4); and
3) the volgnichstic mocks of the Eansul: Formation kek
strong Cu—Co anomalies (Table 3). It is noteworthy that rocks
of the Xansuki Formation overlie breceias oocurming along the
tectomic lincaments. These breccias are the sme & those that
inchude the minem'ised Mines Subgroup blncs. These blocs
bawve been shown to host reworked prinary syngenetic to dia-
genetic Cu—Co minerals (by metamorphic Thids during the
Lufilian omgeny; e.z., Caittewx and Kampunzy, 1995; Caikew,
90T Lerowge et al, 2004; Cailiewx et al,, 2005b). We,
iheretore, propose that the Koansukl Cu—Lo ores ongimate from:
1) local, low grade, syngenetic o carly -diagenetic, dissemi-
ma b priascralsativng, wills meelals denived Dnue couslisenlal 2isl?
ar igneous sources; (2) ber reworking and enrichment of this
low gmde minemlization {e.g., at Shoturu), or new yomger
metal deposition {eg., at Tilwezembe), by syn-tecionic mets-
morphic fluids probobly derived from rocks of the Roan Group
te.g., friom the Mines Subgroup)

i3 Regional corvelation and tming wek the Damara
supergroup i nortkern hamibh i

Deposition of rodks of fre Mwashya Subgroup is constrzined
by zrcon U-Ph SHRIMP geochmonology of the Kasuki
volcanc event. Results yield consistent meccimum ages of: (1)
76 £ 5Ma in the Zambian Copperbelt (Armstrong o al., 19997);
2) Te5+5 Ma on mafic flows in the Mwinilmga area,
porthwestern Zamba (Kev et al, 2001]; and (3) 745+ 7.8 and
526286 Ma on meta-gabbro hodies oocwrning within the
*Uppa Roan™ of both the Domes Region md north of the
Kansarshi mine in Zambia, respectively (Bamron et al., 2003). A
minimem age of TIS+5 Ma may be provided by *{probably
Kunde ungu ) pods of porphyritic and breccizted mocks™ in the
Mwiniunga area (Key et al., 20011

Rittrelated igneous rocs (epido te-altered flow, agelomerate,
i tufl) of the Asievold Formation, at the top of the Mosib
Group in the northern Damara belt, Mamitia (Kamona and
Gilnzel, 2007-thizs wolume, and references herein), ane in a
zimnilar time-stratigraphic position as the voleniclastic rocs of
the Kmsuki Formadon. They are constrained between 756 +2
md b= Ma (Hottmam et al, 1%Wh) and overain by the
Sturtian  Vananto/Chuos {Grand Congbméra: equivalent) dia-
mivtite Sumll base el deposis or oecunmemess (S5 millkon
tons ore each), inchding those & Neuwerk and Askevold (Cu,
with very minor I'b or Zn ), and at Hosib {Cu—Tb—%). arc mainly
bosted within the volaniclastic rocks of the Askevold
Formation, and to some extent within the Varianto/Chuos
diamicrtite (Mosib deposit) or within the siliceoes limestone unit
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overlying this diamictiie {Meuwerk deposit). Metmls and ore-
fluids are suggested to be related to the Askevold vocanizsm
{ Kamooa and Gilnzel, 2007 this vo hume, and references therein).
The metal associaton in the depositsofthe Asievold Formation
{Cw, Pb, Zn, V) iz similar to that of the other occurrmoees or
depanzitz hosted i moeks of the: overlying Otavilimoom (e 2 |, Berp
Aunkas, Abenab, Tsumeh, md Kombat), of the Nguba Group of
the Congo—Zambia Copperbelt (e.g., Kipushi and Kabwe) and
of the West Congolian Group (e.g, Bamba-Kilenda; Fanda
MWhula et al., 2007), suggesting a similar ore genesis. By contrast,
the mireralization hosted in rocks of the Kanwuki Formation is
defined by a Cu-Co association, which suggests an alternative
correlatnon with eres of the Mines/Kitwe Subgroups.

6. Conclusions

A mew lithostratigraphic subdivieion of the Mwashva Sub-
group is proposed, including three formations of regional extent
that represent the previous Upper Mvashya Formation (Table 1;
Fig. 5). from bottom o ton they are;

{1} Eamoya Formation, chamcerzed by dolomite silty
shales/zsiltstones’zandstones including conglomeratic
beds and cherts in variahle positions in its lower part

{2) Eafubu, Formation which is a series of finely hedded and
slightly dolomitic shales, with a high carbon content
indicating a lowering of zea level,

{3) KEaneadi Formation with smdstones aliemating with
black slel= oo silliles, neuking busin cunuactia 2l
perindic climatic changes before the onset of the Grand
Conglomémt Sturtian glacial event.

The previous Lower Mwashya Formation, re-named the
Kansuki Formation (Table 1; Fig. 51, is a dolomitic fomation,
which ncluded detrital and volcaniclastic beds that are suppested
here to no longer form part of the Mwashya Subgmup. A
lithostratigraphic continuity between the Kamaangunge |Ban-
croftUpper Roan) and Kansuki Formations has been clearly
ohserved at Kinsenda, wity similar predominant shallos-water
and evaporite-bearing cheracter ooewrring in both scquences
{Frangoiz, 1987; Cailbeux et al., 199%4; Tshiska et al, 1995).
I'heretore, the rocks of the Kansukl Formaton repreent the
uppermostunitof e Dip et SubgroupyKamwangun gu Formation
sequence. In Musoshi and Congo-ype litobgies, the Dipeta
Subgroup’Eamwmegungy Konsuki Formations tmnsition is hid
den by a tectone break (Cailiouw and Kampunzw, 19%95) In
Congo, the Kanaki Formation & thicker than in Zambia and
displays more variable frcies. Detailed cornelations hetween
Dipeta- Maofya—FKansuki rocks remain to be documenied

The clastic deminant Eamoya, Kafubw, and Kanesdi For-
mations form a new detrtal succession showing lithelogical
features distinet from those of the underlying mostly cabonate
rocks of the Kmsuki Formation and Dipet Subgroup/Ean-
wangungu Formation. The conglomerate or conglomeratic
complex at the base of the new Mwashya successen 15
regions] marker it that does not display indications of glacial
to periglacial origin {e.g., varves, podiments, attrition faces, or

glacial striations). In ageement with Demesmacker et al.
(1963 ), Franqois (1973, 1974), and Lefebvre (1976), but in
contms: to thehypothesis of Cahen and Mortelnans {194), this
unit, and particularly the Cong lomérat de Mwashya, cannot be
included in the Grand Conglom érat tillite/diamictite formation.

The i ezt hanvsted inonoebs of the Kansuki Formstion
inchudea syngenetic to eary diagendic period of low-gmde ore
depositon. The age of the are is predated by the emplacement of
theignoous rocksatca. TH5-T45 Ma{Armstrong ot al., 199 Key
etal., 2001; Barron et al., 2003). Later reworking and ennchment
of this fra stage of mineralizsation and depositon o f ew, vounger
ores by metmmorphic fhids is constrained by the Lufilian
orogent event (EX5—530 Ma).
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