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Alstraet

The Meoproteroaoic Eatangan B.AT. (*“Roches Argilo-Talgueuses™) Subgrowp isa sedimentary sequenoe composed of ned mas-
aive 0 irrepu larly bedded temigenous-doloanitic rocks socwming at the base of the Eatangan suwcossion in Congo, Red RLAT. s
rarely exposed in a continuous secion bacause it was affacted by a major ayer-pamlkl déoolloment durng the Lufilian thrusting.
However, ina swmber of thrst sheets, Rod BACT. is in conformalble sedimen tary covtact with Grey BLAT which forma the base of
the Mines Subgroup, Apart from twe colowr difference reflocting distinet depostional redox conditions, lihological petrograshical
and geochemical features of Red and Grey FLAT. are similar. A continuows sedinentary tansition between these two litholgical
units is ahown by the ocumenos of vanegated to yellowish BLAT. The T. Strat. “Dolomies Btratifides” formation of the Mines
Subgroup conformalbly overlies the Grey RAT. In acdition, a transitional gradation between Grey BLAT. and D Strat. ocowrs
in moat Cu-Co mines in Katanga snd & marked by interbed ding of Grey LA T-type and D Strat. -tvpe livers or by a progressive
petrographic ad litholege tansition from AT, to T Strat. Thus, thee is an wequestionzble sedimentary transtion between
Giey BALT. and D Strat. and beoween Groy BLAT. and Red BAT.

Thre B AT, Subgroup stratigraphically underlies tlhe Mines Subgroup and therefomr BLA T, cannot be comprizsed of syn-onogenic
sediments depoaited upon the Kundelungu (ormely “Upper Kundelungu ) Group a8 suggestsd by Wendord! (20000 A 4 conse-
quemoe, the Grey BLAT. Cu-Co mineralization definitely is part of the Mizes Subgroup Lower Orebody and does not neprosent a
distisct penermtion of stmtiform C1-Co sulthide mineralisation vounger tean the Roan oebodies.
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1. Introduction

The Neoproterozoic Katangan R.AT. (“Roches Ar-
gilo-Talgueuses™) Subgroup is a sedimentary sequence
of red massive to irregularly bedded silty dolomitic
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rocks at the base of the Katangan succession in the
Democratic Republic of Congo, simply called Congo
in this paper (Table 1). Thrusting and nappe tectonics
linked to the Lufilian orogeny (Kampunzu and Cailteux,
1999) led to the décollement of the RA.T. Subgroup
from its pre-Katangan basement (Frangois, 1973;
Cailteux, 1994). Despite this tectonic complexity, the
relations between R.AT. Subgroup and the other
Katangan lithostratigraphic units, especially those host-
ing the ore deposits, were thoroughly documented



Tablk 1

Litheatratigraphy of the Katangan sucosson in Congo and Zambia (modified from Cailtews et al., 1994; Frangois, 19, 1995, Cailtews, 1994, 20403)

Group Sub-group Lithologies
+500 Ma Founde b iprev. Upper Kundel ] Plateaus Ku 3 Arkeses, conglomerates, sandstones, shaks
Kiubo Ku 2 Sandstones, carbonated silistones or shales, mestones
Kalule Ku 1 Ku L3 Carbonated siltstones and shales; grey to pink oolitic
limestone at base (' Caleaire Rose Oaolitique”)
Ku L2 Carbonated siltstones and shales; pink to grey dolomite at base
{"“Cakaire Rose”)
+620 Ma Ku 1.1 “Petit Conglomérat™: glacial diamictite
Mguba (prev. Lower Kundelungu) Ng Monwezi Mg 2 Dolomitic sandstones, sltstones or shales
Likas Mg 1 Mg L3 Carbonated siltstones and shales
Mg 1.2 Dolomites, limestones, dolomitic dvales and silstones
+750 Ma Mg L1 “Grand Conglomérmat™ glacial diamictite
Congn Fambia
Group Sub-group Formation Litbologies Lithalogies Formation Sub-group Group
Roan Mwashya B4 Upper B 42 Shaks, carbonaceos shaks or sandaones Black shales Mwashia Mwashia
Lower R 4.1 Dolomites, jasper beds, pyroclastics and hematite; local
stratiform Cu-Co mineralisation
Diipeta R 3 R34 Dolomites interbedded with argillaceous Dolomites interbedded with Kanwangungu  Bancroft Upper
R33 to dolomitic siltstones dolomitic shales; gabbroic bodies RU LR 2 Roan
R32 and feldspathic sandstones; intnugve basic bodies
RGE. R Al Dolomitic siltstones Shales with grit Kilalongo Kitwe RL 3-RL 6  Lower
Mines B 2 Kambove B 23 Laminitic, stromatalitic, taleose dolomites and dolomitic Dolomites or argillaceous Chingala Roan
silistones; local i Cu—Co mineralizati dolomites; local
stratiform Cu mineralisation
Diolomitic Dolomitic shales, carbonaceos shales, dolomites Arenites, argillites and Pelito-arkosic
Shale R 22 and occasional sandstones or arkoses dolomitic argllites;
Dolomitic shales, sandy dolomite at top; stratiform oocasional dolomites at
Cu-Co (Upper Orebody) the base; main stratiform
Kamoto R 21 R-2.1.3 "Roches Silicusses Celluaires: Cu-Co mineralisation in the One Shale
atromatolitic dolomite with lower part {One Shale)
interbedded siltstones; Cu-Co at top and base
B-2.1.2 bedded dolomites with siltstones;
silty dolomite in the lower pan;
atratiform Cu-Co {Lower Orebody)
R-21.1 "RLAT grises™ dolomitic siltstone; Cu—Co at top
RATRI R13 Pink-lilac, hematitic, chloritic-dolomitic massive siltstones Conglomerates, coarse Mutonda Mindola (Footwall)
R12 Pink to purple-grey, hematitic, arkoses and argillaeows RL7
chloritic silistones; sandstones in silistones; oocasional
thee lower part; stromatolitic dolomite at top Cu-Co mineralization
RL1 Purple-red, hematitic, slightly dolomitic bedded siltstones
Base of the RLAT. sequence Quartzites Kafufya
un known
<900 Ma Basal conglomerate Pebbke and coble conglomerate Chimfumna
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because of the stratigraphic control of the orebodies.
The formal Katangan lithostratigraphic column is
shown in Table 1 (Francois, 1973, Cailteux, 1994),
Wendorff (2000) claimed that Red and Grey RA.T.

(Table 1) are syn-orogenic sedimentary rocks younger
than the Roan Group and deposited in the Katangan
foreland basin after the deposition of the Nguba
Group. The major arguments put forward to justify
this interpretation are: (1) speculative existence of a tec-
tonic break between RA.T. and dolomites of the Mines
Subgroup: (2) occurrence of R.A T, breccias at the base
of thrust stacks; (3) geochemical data supposedly indi-
cating a very high maturity of R.A.T. rocks achieved
during a syn-orogenic recycling of Katangan sedimen-
tary rocks to generate R.AT. rocks. In this interpreta-
tion, several facts were distorted and the author
ignored critical field observations against this interpre-
tation. The objective of this paper is to present field
evidence showing that the R.AT. Subgroup canmot
be vounger than the Mines Subgroup, being strati-
graphically located wnder the Mines Subgroup. Im a
companion paper, Kampunzu et al. (2005) show that
geochemical data also do not support the interpretati on
of Wendorff (2000).

1. Geological background

The Neoproterozoic Katangan sedimentary basin
stretches on both sides of the Congo Zambia border
and defines a north-directed thin-skinned thrust-and-
fold orogenic system resulting from the convergence
between the Congo and Kalahari cratons (Fig. 1). The
Katangan supracrustal succession is subdivided into
three lithostratigraphic units (Frangois, 1974, 1995
Cailteux, 1994, 203, Cailteux et al., 1994): Roan (code
R}, Nguba (code Ng: formerly Lower Kundelungu) and
Kundelungu (code Ku, formerly Upper Kundelungu)
Groups ( Table 1). The unconformity between the Roan
Group and the Mesoproterozoic pre-Katangan base-
ment is exposed in the Nzilo area, near Kolwezi (Fig. 1).

The Roan Group sedimentary rocks were deposited
in a rift hasin, that evolved from a continental rift basin
filled by a siliciclastic and carbonate sequence (starting
with a basal conglomerate), to a proto-oczanic rift basin
filled dominantly with dolomitic shales {Buffard, 1988;
Kampunzu et al., 1991, 1993; Cailteux et al., 1994).
The widening of the basin during late Roan and Nguba
de position corresponds to a major phase of extensional
tectonics and normal faulting marking the transition to
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Fig. 1. Location of the main om deposits in the Central Africa Cop perbelt {modified from Franpgois, 1974; Cailtews, 1994).
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a Red Sea type proto-oceanic stage (Kampunzu et al.,
1993, 2000).

This basin closed during the Lufilian Orogeny leading
to the development of predominantly north-verging
folds, thrusts and nappes. In Congo, except for the Nzi-
lo basal conglomerate, all exposed Roan sedimentary
rocks (R.AT., Mines, Dipeta) are part of allochthonous
tectonic sheets, but detailed investigations of exposed
sections (mainly in quarries and underground mines)
and borehole cores allow the reconstruction of the
Katangan lithostratigraphic puzzle within these thrust
sheets. However, the base of the RA.T. Subgroup has
never been observed in Congo and the contact between
the Dipeta and Mwashva Formations is incompletely
documented.

3. Description and lithostratigraphy of Red RACT.

The RA.T. Subgroup, also called “lilac R AT.” or
“Red R.AT.”, is made of hematitiferous reddish sedi-
mentary rocks, which are sometimes confused with
Red Beds (Katekesha, 1973; Brown and Chartrand,
1986). R.AT. is an unfortunate name for these rocks be-
cause fresh R.AT. rocks with primary mineralogy pre-
served are devoid of tale and consist mainly of
diagenetic chlorite-dolomite and variable amounts of
silica minerals (detrital and diagenetic quartz, chert).
These three components represent >85% in R.A.T.
{Oosterbosch, 1962; Katekesha, 1975, Cailteux, 1983).
Talc is a secondary mineral reported only in the oxidised
Zone.

The reference lithostratigraphic section of the Red
R.A.T. Subgroup was selected on the basis of the inves-
tigation of underground sections and a large number of
exploration boreholes drilled in the footwall of the
Musonoi copper deposit (Kolwezi mining district), and
described by R, Oosterbosch in internal Gecamines

mining reports before being synthesized and formalized
by Frangois (1973, 1974). The Katangan experts used
this as the reference lithostratigraphic section because
the succession does not contain any breccia intercalation
and displays a 235 m thick continuous Red R.A.T. sed-
imentary succession { Frangois, 1973, 1974). From top to
bottom it includes:

(1) R L3 (150 m): pink-lilac, massive, silty (25 vol.%
quartz), chlorite- (30-30 vol %4) and dolomite-rich
(20-40% dolomite) rocks containing up to 3%
hematite. More sandy and irregularly bedded
lithologies mark the lower part of the succession
where a marker unit called “‘grés ocellés™ occurs.
This marker unit includes interbedded sand-
stones/siltstones with shaly layers in the lower part
(Fig. 2a).

(2) R 1.2 {45 m): pink to purple-grey, irregularly bed-

ded chlorite-rich (43-35%) silistones (30404

quartz) with minor dolomite (10%4) and hematite

(5%); a pink silicified dolomite with local stromat-

olites occurs at the top (Fig. 2b).

R 1.1 (40 m): chlorite-rich (up to 30%%) or sandy

(up to 40¥% quanz) purple-red to pale orange irreg-

ularly bedded siltstones (Fig. 2c) containing in

addition hematite { 10%) and minor dolomite {3%:).

(3

A critical observation from this continuous succes-
sion of Red R.A.T. is that the amount of dolomite in-
creases upwards (from 3% in R 1.1 up to ~40% in R
1.3) whereas hematite modal content decreases (from
10 in B 1.1 down to 3% in R 1.3).

Although, Red R.AT. is rarely exposed in a contin-
uous section similar to the one exposed at Musonoi,
the reconstruction of Red R.A.T. lithostratigraphy from
all Katangan thrust sheets and nappes led to a consistent
distribution of the three RAT. formations identified
above. Several variations of facies have been observed

Fig. 2. {a) "Grés ocells" at the base of B 1.3.1 Formation (Red B.AT. 3) showing interbedded sandstones and silistones with shaly layers {dark),
sample from Kamoto mine { Frangeis, 1973); (b) siliceous pink dolomite with stromataolites, top of B 1.2 Formation {(Red R.AT. ), sample from
borehole Kadi-6 at 303 m, Kolwezi area (Frangois, 1973) (c) B 1.1 Formation (Red RAT. 1) showing irregularly badded silistones with minor

dalomite, ;ample from Kamoto mine (Frangois, 1973).
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(Oosterbosch, 1962; Frangois, 1973), e.g. pebbly sand-
stones occur in B 1 at Tombolo (north of Kolwezi)
whereas dolomite beds were documented in R 1.3 at
Kalongwe (south of Kolwezi). Regionally, a siliciclastic
R.A.T. lithofacies occurs to the north whereas a chlo=
rite-dolomite rich R.A.T. lithofacies mark s the southern
regions of the Lufilian Arc in Congo.

Rocks forming the R 1.3 Formation at Kamoto { Kol-
wezi mining district) and Kambove contain 2540 vol %%
detrital minerals consisting mainly of quartz. Accessory
detrital minerals (<1 vol%) include green chlorite, red
greenish chlorite (pseudomorph after biotite), micas,
tourmaline, ilmenite, zircon amd illite {OQosterbosch,
1962, Katekesha, 1973; Cailteux, 1983). No sorting of
detrital minerals was observed in these rocks. Albite
{56 vol.%s) was reported in RLAT. from Fungurume
(Oosterbosch, 1950, 1962) but it is not vet known if it
is diagenetic/metamorphic or detrital. However, detrital
microcline represents an important rock component
(=3 wol %) at Fumgurume (Oosterbosch, 1950, 1962)
and is the only feldspar (<1 vol.%4) at Kamoto (Kateke-
sha, 1975). These observations contradict the assertion
of Wendorff (2000) that “feldspars are absent in
RA.T. rocks™.

Diagenetic minerals inclede dolomite, Mg-chlorite 11
pseudomaorph after detrital minerals {Mg-chlorite I and
biatite), chalcedony and gquartz overgrowing detrital
quartz, tourmaline overgrowing detrital tourmaline,
monazite, apatite, dahlite, hematite and detrital ilmenite
converted into leucoxene-natile (Cailteux and Diman-
che, 1973; Katekesha, 1975; Lefebvre, 1976; Cailteux,
1978, 1983). Katekesha (1975) suggested that diagenetic
chlorite in R.AT. originated from diagenetic transfor-
mation of detrital illite. Metamorphic minerals include
mainly phengitic muscovite.

4. Grev AT -Red RACT. linkage

Grey RAT. ("RAT. grises™) is a 1-8 m thick dolo-
mitic or chloritic siltstone or silty dolomite (553 vol %%
dolomite, 5-35% quartz, 30-55% diagenetic chlorite)
occurring at the base of the Mines Subgroup. Red
R.A.T. contains guartz (detrital and diagenetic over-
growths), chert, diagenetic Mg-chlorite and dolemite
as the main rock-forming minerals ( =90 vol%%). Acoes-
sory detrital and diagenetic minerals i nclude tourmaline,
green chlorite, micas, monazite, apatite, dahlite, lewcox-
ene-rutile and sulphides. Metamorphic minerals include
mainly phengitic muscovite and phlogopite in the south-
ern part of the Congolese Copperbelt. Therefore, the
maimn rock-forming and accessory minerals (detrital, dia-
genetic and metamorphic) are identical in Red and Grey
R.AT. The individual mineral compositions are also
similar (e.g. Audeoud, 1982; Okitaudji, 1989). The only

difference between these rocks is their colour and the

relative proportion of detrital and diagenetic minerals.
Red RAT. always contains a substantial amount of
detrital minerals whereas the amount of these minerals
is highly variable in Grey RAT., with somme samples
devoid of detrital fraction (e.p. Grey RAT. exposed
at Etoile: Lefebvre and Cailteux, 1975).

Except for its grey colowr and the occurrence of sulp-
hides, both indicating the deposition of the Grey R AT,
sedimentary rocks in a reduced environment, other lith-
ological characteristics such as the grain size, the min-
eral and whole rock compositions of Grey RAT. and
Red R AT -1.3 are similar at Shinkolobwe, Kamoto,
Fungurame, Kakanda, Kabolela and Kambove [Oos-
terbosch, 1950, 1962, Katekesha, 1975; Lefebwre, 1976,
Cailtenx, 1978, 1983 Moine et al, 1986). This led
Katangan peologists to comsider Grey RAT. as the
topmost part of the RAT. succession deposited in
an anoxic emvironment (Oosterbosch, 1950, 1962,
Bartholomé et al., 1972, Cailteux, 1978, 1983, 1904),

In several places, Grey and Red R.AT. are separated
by breccias assumed to be of tectonic-sedimentary origin
by Wendorff (2004) and linked to tectonic processes by
Cailteux and Kampunzu {1993). Important to stress is
that the breccias separating R.AT. and Mines Sub-
proups are not the so-called "I AT, breccias™ of local
mining geologists. Cailteux (1978, 1983, 19494) docu-
mented a lithostratigraphic and petrographic continu-
ity between Red and Grey RAT. in the Kambove
area. The transition zone in this area is made up of
25 70m thick variegated pink-white to vellow-green
R.AT. located between red (0.8-3.0m thick) and prey
(380 m thick) RAT. (eg borehole Kwya-10,
Fig_ 3). The progressive change of colour marking this
transitional zone reflects a gradual decrease of hematite
bound to diagenetic minerals (in dolomite, in gquanz,
and tourmaline overgrowths). Along the transition zone
between Red and Grey R.AUT., hematite in overgrowths
of tourmaline and quartz progressively decrease in
abundance. Oniy traces of hematite are found in the
cores of dolomite grains in the variegated vellow-—green
R.AT. near the Grey RAT. There is no hematite in
the Grey R.AT., which instead contains pyrite. Whole
rock chemical analyses and the distribution of guanz/
chert, chlorite and dolomite indicate that there s no
change at the transition zone between Red and Grey
R.AT. (Fig. 4). This progressive transition between
Red and Grey R.AT. is not unique to the Kambove
area, since it was also described in borehole cores from
Temke, Kalukundi {ca. 20 km W of Tenke) and Shadi-
ranzoro alon g the northern flank of the Dipeta Syncline,
between Tenke and Fungurume (Gecamines unpub-
lished reports).

Crey and variegated R.A.T. were deposited in a
supratidal-evaporitic environment as indicated by: (1)
carbonate-quartz psewdomorphs after gypsum or anhy-
drite in lenticular or nodular concretions (Fig. 5): (2)
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variegated

R.ACT.

Red RAVT.

Fig. 3. Lithostmtigimphic contact: {a) between Red and Varegated
F.AT. {sample 1177/1) and; (b ) between Variegated and Grey RAT.
{mample 11632). Both sampls are from the borelsole DUH. Eya-10,
Kambove (Cailiew:, 1978 1983).

high Mg content (up to 13 wit) and Li (up to 874 ppm)
in the chloritic matrix; {3) high salinities in fiuid inch-
sions inferred to be primary and related to the deposi-
tional environment because they are recorded in
minerals coexisting with primary evaporitic minerals
[Katekesha, 1973, Cailtews, 1978, 1983, 1994, Moine
et al., 1986). The presence of evaporites at the transition
between Red and Grey R AT, (Cailteux, 1994) explains
the development of a major layer-parallel décollement
along this transition during the Lufilian orogeny {Kam-
punzu and Cailteux, 1999). In several areas the breccia
that formed along this décollement surface occulted

the original lithological transition (evaporitic variegated
R.A T.) between Red and Grey R.A.T. However, in all
thrust sheets Red and Grey RA.T. ooccur in the same
geometric  position  beneath the Mines  Subgroup
and the succession always proceeds from Red RALT.
(R-1.3 Formation) to Grey RAT. and to D. Strat.
(Oosterbosch, 1930; Frangois, 1973; Katekesha, 1973).
A section recently exposed in the Luiswishi open pit
illustrates this succession, starting with ca. 40 m thick
Red RAT. (R 1.3) overlain by Grey R.AT. (Fig. 6).
The transition zone in this swccession is a ca 1.5 m thick
breccia including centimetre to decimetre sized clasts of
both Red amd Grey RLAT.

There is no doubt that Red and Grey RAT. are in
stratigraphic continuity and should be grouped toget her
as sugpested by all Katangan expents for several dec-
ades. Wendorff (2({0}) does not question this conclusion,
and even groups Red and Grey RAT. within a single
lithostratigraphic umit as previously discussed by Cail-
teux {1994), In comtrast, according to the Katangan
geologists, the Grey R.AT. is part of the Mines Sub-
group rather than the R.A.T. Subgroup for three rea-
sons. (1) Grey RAT. is conformable with the
overlying D. Strat. Formation whereas in most cases it
is separated from Red RAT. by a tectonic contact;
(2) it is & grey unit deposited under anoxic conditions
as are the overlying Mines Subgroup units: (3) it is a
mappable unit at 1/ 3000 scale with specific lithological
featwres and thus deserves an individual lithostrati-
graphic ranking. From a lithostratigeaphic point of
view, it could be taken for the uppermost formation of
the R.AT. Subgroup as suggested by Cailreux (1994)
and Wendorff (2(NN}), or as the lowermost unit of the
Mines Subgroup (see above).

Some auvthors suggested that the breccia between [Red
and Grey R.AT. could be a sedimentary conglomerate
deposited from the erosion of the Red R.AT sediments,
before the deposition of Grey R.A.T. This interpretation
was based on an inferred erosional surface at the top of
Red R.AT. and on a presumed monogenetic composi-
tion (Red R.AT.) of breccia clasts in the Kamoto mine
(Bartholomé et al., 1972; Katekesha, 1973). However,
laterally the same breccia becomes polygenetic (Fig. 7),
with clasts of Red and Grey R.A.T., D. Strat. and
R.5.F. “‘Roches Siliceuses Feuilletées™ (Cail teux, 1978;
Cailteux and Kampunzu, 1995). This invalidates a pre-
Grey RAT. sedimentary origin for this conglomerate.

The major issue still to be resolved here is the linkage
between Red and Grey R.AT, and the rest of the
Katangan lithostratigraphic units. As there is an agree-
ment that Red and Grey R.A.T. are in stratigraphic con-
tinuity, the discussion will focus on the relationships
between Grey RA.T. and the rest of the Katangan
lithostratigraphic units: and the conclusion drawn from
this discussion them applies equally to the RAT.
Subgroup.
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Fig 4. DRstribution of 1he three main rock-forming minerak in Red, Vanegted and Grey B AT, Format iong, sample from borehole DH. Kya.l,

Kambove {Cailteux, 1983).

Fig 5. Petrographic clamcteritics of Grey RLAT. with: (a) dolomite<quartz peeudomorph after gypawn, sample from borelole K- 216 (Cailteus,
1978, 198.3); (b) thin seetion showing patches of dolamite with 2 quartz rim, peevdomorph after gypsim or anlydrite; omelbole Kda-307, Kakanda

(Cailtewx, 1978, 1983).

5. Relationships between Grev ROACT. amd Mines
Subgroup

Experts of Katangan lithostratipraphy {e.g. Oos-
terbosch, 1962; Frangois, 1973, 1974; Cailteux, 1994;
Cailteux etal ., 1994) located the R.AT. Subgroup strati-
graphically beneath the Mines Subgroup on the hasis of
o critical observations, ignored by Wendorfi (2000).
These critical constraints are briefly reviewed below.

5.4, Conformeable sedimentary contact between Grey
R AT and D. Strar. Formartions

The Grey R.AT. is always conformably overlain by
silty dolomites of the D. Strat. “Dolomies Stratifides”
Formation (Mines Subgroup). Wendorff (2000), distort-
ing published data of Cailteux (1978), claims that the
contact RA.T-D. Strat. is brecciated and/or tectoni-
cally affected. However, what this author did not realise

is that the tectomic contact commonly ocours between
Grey and Red RAT., sometimes within the Red
R.A.T. in areas where a continuous succession Red-Var-
iepated -Grey R.A T. was documented, or between other
Mines Subgroup lithological units (e.g. . Strat.) and
Red RAT. where the tectonic break cuts across the
Mines Subgroup succession (ramps), but there is usually
no tectonic break berwesn Grey RALT. and D. Strar.
The contact between these two lithostratigraphic units
15 always a “clean” conformable sedimentary contact
[{Oosterbosch, 1930, 1962; Demesmaeker et al, 1963;
Frangois, 1973, 1987, Katekesha, 1975; Lefebvre and
Cailteux, 1975, Lefebvre, 1976, Cailtewx, 1978, 1983),

520 Evidence for a lithological transition bevween R AT
and [ Strat. rocks

Wendorff (2044)), misquoting previously published
data, claims that “feldspars are absent in the R AT.
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Fig. & {a) Panoramic view of the relationships betwesn Red RAT.Mines Subgroup Formmations (Grey RAT- 10 Stat) sormal
lithestratigmplic suceesaion, Luiswizshi om depost; (b) breosia at the contact betwoon Red and Grey BA T, including both Rod and Grey RLAT.

fragments.

S¢cm

Fig. 7. Broccia between Red RLALT. and Mines Subgroup formations
containing Red RLAT., Grey AT and Kamoto Formation (e.g
R.8F) clasts; borehok Kda 32, Kakanda (Cailtewx, 1978, 1983).

rocks and appear suddenly in the Stratified Dolomite™,
and raises the guestion “whether the composition of
the R.A.T. rocks justifies the existing correlation”. The
above claim is not correct because: (1) in both RA.T.
and D. Strat. Formations, quartz represents the most
important detrital component; (2) detrital feldspars or
their relics occur in RLA.T. and Mines Subgroups {Dolo-
mitic Shale and Kambove Formations) in the northern
(e.g. Fungurume: Oosterbosch, 1962; Kolwezi: Kateke-
sha, 1975) and southeastern (e.g. Etoile: Lefebvre and
Cailteux, 1975; Kipapila: Cailteux and Lefebvre, 1975)
parts of the Lufilian Arc; (3) in contrast, detrital feld-
spars are absent in both R.A.T. and Mines Subgroup
rocks from central areas of the Lufilian Arc (e.p.
Shinkolobwe, Kambove, Kakanda: Oosterbosch, 1962
Cailteux, 1978, 1983); (4) detrital feldspars are unknown
in [ Strat. (Oosterbosch, 1962; Lefebvre and Cailteux,
1975; Katekesha, 1973; Cailtenx, 1978, 1983). Authi-
genic feldspar was documented only at Etoile (Lefebvre
and Cailteux, 1975); (5) Grey RA.T. and Mines Sub-
group rocks from each individual mine are characterized
by the same distribution and nature of detrital minerals.

Red R.AT., because of its distinct red colour, con-
trasts with Grey RAT. and D. Strat. Grey RAT.
shows a transitional gradation to D. Strat. and the
Kamoto Formation {Table 1). D. Strat. consists of
dolomite and impure dolomite containing detrital
quartz, chlorite, micas, illite, tourmaline, rutile and rare
zircon ( Katekesha, 1975; Lefebvre and Cailteux, 1975;
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Cailtenx, 1978, 1983). In the Kambove area, the base of
D. Steat. is marked by a substantial amount of detrital
quartz {20 vol.%) and, sometimes, by millimetre- to cen-
timetre-sized soft clasts of Grey RA.T. (Cailteux, 1978,
1983; Fig. ¥). These clasts indicate that uneonsolidatad
Grey R.A.T. was eroded and re-deposited in the youn-
ger D. Strat. dolomites. This requires a tectonically ac-
tive sedimentary depocentre and this interpretation is
supported by the occurrence of erosional surfaces in
the D, Strat. dolomites (Fig. 8a). The most important
conclusion from this observation is that RAT. was
deposited before D. Strat. dolomites.

A continuous sedimentary transition between Grey
R.A.T. and D, Strat. is exposed in the Luiswishi-Etoile
area. In most Cu—Co deposits in Katanga, millimetre to
decimetre thick Grey R.A T.-type layers are interbedded
in the Kamoto Formation, from D, Strat. up to R.S.C
“Roches Siliceuses Cellulaires” (Oosterbosch, 1962;
Lefebvre, 1976; Cailteux, 1978, 1983). These layers are
reminiscent of varves and could mark seasonal varia-
tions in the sedimentary basin (Fig. 9).

This suggests a strong linkage between these litho-
stratigraphic units and this is supported by geochemical
investigations (Kampunzu et al., 2005). The conclusions
by Wendorff (200 that there is an abrupt petrographic/
lithological change from R.AJT. to D. Strat. and that
the contact between these two formations is tectonic, re-
flect an inc omplete understanding of the Katangan geol-
ogy. There is an unquestionable continuity and
sedimentary transition between Grey RA.T. and the
overlying ID. Strat. At the same time, all workers agree
upon the continuity between Grey and Red R.AT. As
a consequence, applying the principle of stratigraphic
superposition, the RA.T. Subgroup has to underlie
the Mines Subgroup.

6. Relationships between ROAUT, and Kundelungu Groap

In several places within the Katangan belt (e.g. Kam-
oto and Kambove-Ouest deposits), Grey or Red RAT.

Fig 9 Millimetre thick Grey RAT.-type slistone (3) interbedded
within a dolomite, . Stat. Formation; sample from 346 m depth,
borebok Kw-200, Kambove (Cailtews, 1978, 1933).

is in contact with the Kundelungu Ku 2.1 Formation
(e.z. Kolwer, Kambove Cailteux and Kampunzu,
1995, Table 1), Wendorff (2000} assumes that Red
R.A.T. is made of syn-orogenic sediments deposited
upon Ku 2.1 Kundelungu rocks through an angular
unconformity. But, whenever the contact R.AT.-
Kundelungu was observed, it is a tectonic contact.
Shales and siltstones of the Ku 2.1 Formation, and
R.A.T. formations display a tectonic fabric near that
contact which does not occur within the same lithologi-
cal unit a few hundred metres away (Fig. 10). Layer-par-
allel faults and imbricate faults affect the Kundelungu
formations along that contact.

Kundelungu Group sedimentary rocks have petro-
graphic features that are distinct from R.AT. and
Mines Subgroup rocks, ie. they are richer in detrital
feldspars and micas {Belliere, 1966; Francois and
Cailteux, 1981). The Kundelungu succession is well
known and mainly siliciclastic. It includes sandy and
dolomitic shales lithologically and petrographically dis-
tinct from R.AUT. (Fig. 11). To the north of the Lufilian
Arc, the Kundelungu rocks include coarse arenites and
three pinkish carbonates forming the marker members
Ko 1.2.0, Ku 1.3.] and a | m thick member in the Ku
2.1; these units pinch out southwards (Frangois, 1973,
1974). The arenites contain 60-75 vol.% detrital miner-
als (2040 vol% quartz, 3-13% feldspar, 15-35%

elastic quirtz

Crey RALT, fragment

Fig &. {a) Millimetre- to cantimetre-sized Grey RAT. soft clasts in an impure dedomite overlying an erosional surface, base of D). Strat.; {b) detail of
a clast and of the impue dolomite matrix, sample 1595 from the borhole Kwi™1103, Kambove {Cailteus, 1978, 1983).
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Fig. 10. Breccia (“bricke de fond') between Red RAT. and
Kundehingy, including fragments of both formations; sample 1180
from the bowbale Kya-10, Kambove (Cailtew, 1978, 1933)

muscovite), 15-25% dolomite, 3% diagenetic chlorite
and 5-15% of other minerals, e.g. titanite and towrma-
line (Frangois, 1947, Batumike, unpublished data).
Detrital titanite i3 common in Kundelungu rocks
whereas it is absent in R AT,

7. Geochronological constrainis

There are not yet direct geochronological data con-
straiming the age of RA.T. Subgroup rocks. However,
available peochronological data on other Katangan lith-
ological units allow placing preliminary constraints to
this debate. The classical lithostratigraphic column
places R.AT. rocks in the lower part of the Katangan
sedimentary succession, deposited after ~880 Ma, which
is the age of detrital zircons in the lower part of the
Katangan sedimentary succession (Armstrong et al.,
19993, and before 760 Ma which is the ape of Mwashya
voleanic rocks (Armstrong et al., 1999; Key et al., 2001)
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Fig. 11, Dastribution of detrital and diagenetic components in BLAT.
and Kundelungu Formations; data from Cailtews (1%83) and Batumike
(unpublished data).

located stratigraphically above the RAT. Subgroup
(Table 1). The Grand Conglomeérat, representing a
tillite correlated with the 750 Ma worldwide Sturtian
glacial event (Kampunzu and Cailteux, 1999) directly
overlies the Mwashya Subgroup rocks. According to
Wendorffs model, R.AT. is stratigraphically part of
the Kundelungu Group and rests above the Ko 2.1
Formation that is underlain by the Petit Conglomérat
Tillite. The age of this second tillite is not vet con-
strained, but a correlation with the worldwide 620
600 Ma Marinoan glacial deposits is inferred. Therefore,
according to this interpretation, the RAT, Subgroup is
younger than 620 Ma and should be a correlative of the
red siliciclastic sedimentary rocks formimg the Kunde-
lungu plateau and containing detrital micas vielding
Ar-Ar ages younger than 3635 Ma (8. Master, person.
communic. 2001). However, in several Katangan
Cu-Co deposits (e.g. Shinkolobwe, Luiswishi), Red
RAT, Grev RAT. and overlying Mines Subgroup
formations are cut by uraninite veins yielding ages
690 Ma at Shinkolobwe and around 625 Ma at Luiswi-
shi (Loris et al., 1997: Kampunzu and Cailteux, 1999).
R.AT. is older than Kundelungu rocks and, therefore,
cannot have been deposited upon the Kundelungu
Group as sugpested by Wen dorff (2004).

8. Implications for Co-Co mineralisation
Two major Cu—Co stratiform orebodies hosted in the

Mines Subgroup characterize the world-class ore depos-
its in the Congolese Copperbelt (Cailteux et al., 20035,
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amnd references therein). The Lower Orebody is hosted
by rocks of the following sedimentary units: top of Grey
R.AT., D. Strat., R.S.F and base of R.5.C. The Upper
Orebody occurs in the following sedimentary units: top
of R.5.C, SDB (“Shale Dolomitic de Base™) and BOMZ
(“Black Ore Mineralized Zone™). Wendorff {2000) con-
cluded that the olistostrome horizon includes RAT.
sedimentary rocks and marks a prominent geochemical
change from oxidising to reducing conditions responsi-
ble for the origin of syngenetic/diagenetic Cu—Co miner-
alisation in the Grey R.A.T. rocks. In this perspective,
the Grey R.A.T. sulphide mineralisation represents a
separate mineralisation event emplaced after the deposi-
tion of the Kundelungu and related to the development
of the foreland basin. The data in this paper indicate
that R.AT. is not vounger than Kundelungu and is
not related to the development of the foreland basing
its stratigraphic position beneath D). Strat. is recon-
firmed. This implies that the minor stratiform ore hosted
in RAT. (top of the Grey R.AT.) connects with the
more important mineralisation hosted in D, Strat.
R.5 F-base of R.S.C to form the Mines Subgroup
Lower Orebody, as indicated by all previous workers
[Oosterbosch, 1962; Bartholomé et al., 1972; Frangois,
1973; Katekesha, 1973; Lefebvre and Cailteux, 1973,
Okitaudji, 1989 Loris, 1996). As a consequence, the
prominent geochemical change from oxidising to reduc-
ing conditions in the RA.T. rocks (from Red to Grey
R.AT.) explains not only the deposition of syngenetic/
diagenetic Cu-Co mineralisation in the Grey R.AT.,
but also in the whole Mines Subgroup Lower Orebody.

4. Conclusions

The main conclusions of this study can be summa-
rized as follows:

(1) Red R.AT. lithotype exposed in the Kolwezi area
does not contain any breccia, and includes three
lithostratigraphic  formations  displaying  an
increase of dolomite upwards, correlated to a
decrease of hematite modal content from R 1.1
to B L3 A marker lithostratigraphic unit called
“prés ocellés™ made of interbedded sandstones/
siltstones with shaly layers occurs in the R 1.3
Detrital feldspars occur in R.A.T. and Mines Sub-
group rocks exposed in the northern part of the
Lufilian Arc. They are absent in correlative rocks
from the southern part of the Arc in Congo. Grey
and Red RA.T. have exactly the same mineral
composition {for both main rock-forming and
accessory minerals). The colour difference between
these rocks results from their depositional environ-
ment, that was oxic during the deposition of hema-
tite-bearing Red RA.T. and anoxic for sulphide-

bearing Grey RAT. and the overlving Mines
Group lithologies. A gradual transition marking
a progressive change of redox conditions in the
Katangan basin during the deposition of R.AT.
is the existence of variegated R.A T, preserved in
a few areas where the décollement did not affect
this transition zone.

(2) A very well preserved conformable sedimentary
transition marks the contact between Grey
R.AT. and the overlying D. Strat. There is an
unguestionable sedimentary continuity between
Red RAT., Grey RA.T. and D. Strat.; therefore,
R.AT. cannot be taken for a sedimentary unit
deposited upon the Kundelunpu Group, as sug-
pested by Wendorff (2000).

(3) Field relationships and available geochronological
data suggest that R.A.T. rocks were deposited
between 880 and 760 Ma, whereas Kundelungu
rocks (above the Petit Conglomérat) are younger
than 630 Ma. All Katangan sedimentary rocks
older than 750 Ma were deposited in a rift basin
far away from any plate convergence (Kampunzu
etal, 1991, 1993, 201} and therefore, R.A.T. can-
not represent a syn-orogenic sedimentary unit
originating from erosion of the emergent thrusts
fronts and deposited in a foreland basin, as specu-
lated by Wendorff {2004).

(4) The lithostratigraphic position of the Grey R AT,
at the bottom of the Lower orebody of the Mines
Subgroup invalidates the conclusion of Wendorff
(20040) that the Grey R.A.T. Cu—Co ores represent
a stratiform mineralisation related to the anoxic
stage of the foreland basin, with the Roan (Mines)
orebodies acting as source of metals in the advanc-
ing nappes.
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