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2005; Dewaele et al., 2006a), only a limited number of 
studies exist on the Cu-Ag deposits in the Lufi lian fore-
land (e.g. Dewaele et al, 2006b). Th e geodynamic context 
and genesis of the foreland deposits is still enigmatic. Th e 
aim of this research is to study the processes controlling 
the stratiform copper mineralization at Lufukwe anticline 
and to propose a metallogenic model. 

Geology and Mineralization 

Th e Neoproterozoic Katanga Supergroup, which hosts 
the Cu-Ag mineralization in the foreland, is ~5 to 10 
km thick and is commonly subdivided into three groups: 
Roan, Nguba and Kundelungu, based on the regional oc-
currence of two diamictites. Th e lower is called “Grand 
Conglomérat” at the base of the Nguba Group and the 
upper is called “Petit Conglomérat” at the base of the 
Kundelungu Goup (Cailteux et al., 2005). Th ese Neo-
proterozoic rocks have been deformed during the Lufi l-
ian Orogeny, with its maximum peak at ~560-550 Ma 
(Porada & Berhorst, 2000). Th e Lufukwe anticline is a 
NNW elongated double plunged anticline situated ~200 
km NE of Lubumbashi. Th e fold is composed mainly of 
Roan sediments in the core, overlain by the sediments of 
the Nguba Group and the lower two Subgroups of the 
Kundelungu Group (i.e. Kalule and Kiubo Subgroups). 
Th e sub-horizontal sediments of the Plateaux Subgroup 
(uppermost Kundelungu) unconformably and transgres-
sively overly the folded sediments and dominate the 
northeastern, western and southwestern parts of the 
anticline. It is believed that these sub-horizontal sedi-
ments were deposited during the Early Paleozoic (mostly 
Cambrian) period rather than during the Neoproterozoic 
i.e. younger than 540 Ma (Kampunzu & Cailteux, 1999). 
Th e northern part of the anticline is characterized by 
disseminated copper-silver mineralization hosted in the 
Monwezi sandstone of the Nguba Goup and mainly 
concentrated in its lower 10 to 15 m. All surface bearings 
are oxidized. Th e main copper bearing minerals at surface 
are malachite and chrysocolla.

Introduction

Th e Lufi lian foreland is a triangular-shaped area located in 
the SE of the Democratic Republic of Congo (DRC) and 
to the north of the Lufi lian arc (Fig. 1). Th e Lufi lian arc 
contains the “Copperbelt”, which extends from the DRC 
into Zambia and is one of the largest metallogenic districts 
of the world. Th e arc is characterized by Cu-Co minerali-
zation and the Lufi lian foreland is characterized by Cu-Ag 
mineralization. Th e host rocks of these mineralizations are 
the sediments of the Neoproterozoic Katanga Supergroup. 
While the Cu-Co deposits of the Lufi lian arc have been 
the subject of diff erent recent studies (e.g. Cailteux et al., 

Figure 1: Simplifi ed geological map for the Lufi lian foreland 
and the northern part of the Lufi lian arc, showing the location, 
trend and general geology of the Lufukwe anticline (Lu), (modi-
fi ed after Lepersonne, 1974).
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Remote Sensing

Visual image interpretation of ASTER (Abrams, 2000) 
false color composites indicates the presence of: (1) ten 
NE to ENE orientated strike slip faults that cut and 
displace the folded Katanga rocks and the sub-horizontal 
sediments of the Plateaux Subgroup (uppermost Kunde-
lungu). Th erefore, the NE to ENE faults are postdating 
deposition of the entire Katanga Supergroup, (2) two 
WNW orientated strike slip faults that cut the folded 
rocks but do not cut the sediments of the Plateaux Sub-
group i.e. predate the NE to ENE faults, (3) fractures 
oriented in several directions that are likely related to the 
folding or the later faulting, (4) tight folding in the north-
ern part of the anticline, which caused intense fracturing 
in this part. Copper mineralization is observed only along 
the NE to ENE strike-slip faults and the copper grades 
observed in boreholes decrease away from these faults.

Petrography and paragenesis

A total of 45 fresh core samples from the Monwezi 
sandstone were examined by transmitted and refl ected 
light microscopy. Th e sandstone is mainly composed of 
quartz and feldspar (Fig. 2A). Some clays and calcites are 
common in the upper and middle parts of the sandstone 
and some lithic fragments are common in the lower parts. 
Few amount of pyrobitumen is present as tiny particles 
and isolated nodules. Th e sandstone underwent intense 
compaction followed by silica cementation (authigenic 
quartz overgrowths; Fig. 2A). After compaction and 
cementation, the feldspars underwent severe alteration 
(Fig. 2A) followed by an intense dissolution (Fig. 3), which 
resulted in a well-developed secondary porosity. 

Copper mineralization, with no associated gangue min-
eral phase, is mainly concentrated in cavities, in micro-
cracks that postdate the authigenic quartz and partially 
replace the detrital grains. Copper minerals often occur 
in typical rectangular feldspar forms (Fig. 2B & C) and 

their size is always dependant on the overall size of the 
host rock. Th erefore, the copper mineralization postdates 
compaction, cementation and feldspar dissolution (Fig. 3). 
Th e copper minerals are primary chalcopyrite, which was 
the fi rst to develop, followed and replaced by bornite and 
chalcocite (Fig. 2B), and supergene digenite, covellite and 
native copper replacing the primary minerals (Fig. 2B & 
C). Other late secondary minerals are cuprite, malachite, 
chrysocolla, azurite and hematite (Fig. 3). Non-copper 
sulfi des predating the mineralization are pyrite and ar-
senopyrite (Fig. 3).  

Point counting and grain size measurements performed 
on 20 samples indicate that the horizons with the high-
est copper content are those with a grain size larger than 
170 μm, with more than 35% altered feldspars and with 
little or no fi ne-grained matrix. Th e Monwezi sandstone 
shows an upward fi ning and an increase in matrix content 
(clay and calcite). 

Fluid inclusion microthermometry

Microthermometric analysis in the detrital and authigenic 
quartz of the Monwezi sandstone was carried out on a 
calibrated Linkam THMSG 600 stage. Reproducibility 

Figure 2: Microphotographs of the Monwezi sandstone. (A) concavo-convex contacts (see arrows), thick authigenic quartz over-
growths (Auth Q) and highly altered feldspars (Feld), (cross-polarized light). (B) bornite (Bor) in typical rectangular feldspar forms 
replacing chalcopyrite (Cp) and is replaced by digenite (Dig), (refl ected light). (C) chalcopyrite replacing tiny pyrite (Py) and both 
minerals are replaced by digenite (Dig) and covellite (Cov), (refl ected light).

Figure 3: Paragenetic sequence of the mineralization at 
Lufukwe.
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was within 0.2 ̊ C for the fi rst (Tfm) and fi nal ice melting 
(Tmice) temperatures and ~3 ̊ C for the homogenization 
temperature (Th ). Small (~5 μm) primary two-phase 
(L+V) aqueous inclusions are present in the authigenic 
quartz (Fig. 4A). Th ey have a Tfm

 
lower than -40 ˚C, 

which likely indicates an H2O-NaCl-CaCl2 composi-
tion, a Th  between 80 and 130 ˚C (n =14) and Tmice 
between -24.8 and -16.4 ˚C (n =10). Th e Tmice values 
correspond to a salinity between 18.8 and 23.4 eq. wt.% 
CaCl2.

Secondary fl uid inclusion trails were observed cutting 
the detrital and authigenic quartz and mainly developed 
near to and radiating from copper sulfi de minerals (Fig. 
4B). Th erefore, they likely developed from micro-crack 
healing during mineralization (i.e. represent the min-
eralizing fl uid; cf. Essarraj et al., 2005). Th e two-phase 
(L+V) aqueous fl uid inclusions of these trails have Tfm 
values of ~ -20 ˚C, which is indicative for a H2O-NaCl 
composition, a Th  between 120 to 180 ˚C (n =74) and 
Tmice between -4.9 and -1.1 ˚C (n =38). Th ese Tmice 
values correspond to a salinity between 1.9 and 7.7 eq. 
wt.% NaCl. Th e Th  versus salinity plot for these secondary 
fl uid inclusion trails indicates the presence of a general 
trend of increasing Th  with increasing salinity (Fig. 5). 
Th is trend indicates the mixing of the mineralizing fl uid 

with a colder lower salinity fl uid (e.g. Valenza et al., 
2000). As a result of this mixing the highest measured 
Th  (180 ˚C; Fig. 5) and salinity (7.7 eq. wt.% NaCl; Fig. 
5) of these secondary fl uid inclusion trails are taken as 
the minimum temperature and salinity of the initial 
mineralizing fl uid.  

Discussion and conclusion

Th e stratiform copper mineralization in the Lufukwe 
anticline is controlled by three main factors. Th e fi rst is 
a structural factor represented by folding, faulting and 
fracturing. Th e presence of copper mineralization along 
the NE to ENE strike slip faults and the high copper 
grades in the boreholes close to them indicates that the 
mineralization is related to these faults and they likely 
have acted as fl uid pathways. Th e second is a diagenetic 
factor represented by intense feldspar dissolution, which 
greatly enhanced the porosity of the host rock. Th e third 
is a lithological factor represented by the variability in 
composition and grain size of the Monwezi sandstone. 
Th e good porosity and permeability of the lower 10 to 
15 meters of the host rock caused the preferential lateral 
migration of the mineralizing fl uids, which likely circu-
lated upwards along the faults. Th e pyrobitumen and its 
former hydrocarbons could have acted as catalyst for the 
feldspar dissolution (Blake & Walter, 1999), as a source 
of sulfur or as a reductant for the copper or non copper 
sulfi des (Hitzman et al., 2005). 

Since the mineralization is related to faults that post-
date the entire Katanga sequence (i.e. the NE to ENE 
strike-slip faults), the age of 573 ± 5 Ma for the end of 
deposition of the Kundelungu sediments (Master et al., 
2005) can be considered as the maximum age for the 
mineralization. A post-orogenic fl uid-mixing model 
can be proposed, in which the mineralization is related 
to the mixing of a mineralizing fl uid with a temperature 
≥ 180 °C and a salinity ≥ 7.7 eq. wt.% NaCl, migrated 

Figure 4: Fluid inclusions microphotographs. (A) small primary fl uid inclusions in authigenic quartz. (B) secondary fl uid inclusions 
trails radiating from chalcopyrite.

Figure 5: Th
 
versus salinity plot of the secondary fl uid inclu-

sions occurring in trails.
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upward along the NE to ENE orientated faults, with 
a colder lower salinity fl uid, present in the Monwezi 
sandstone. Primary copper precipitation was possibly 
induced by reduction from preexisting hydrocarbons 
and sulfi des and/or by the drop in the fl uid salinity and 
temperature.  

Based on the results of this research, areas with NE to 
ENE structural lineaments are expected to be good sites 
for future copper exploration in the Lufi lian foreland, 
especially when these structural lineaments cut previously 
folded or thrust-faulted Katanga rocks.

Acknowledgments

Th e research of H. El Desouky was fi nanced by KU 
Leuven. Th in, polished and doubly polished sections were 
carefully prepared by H. Nijs. Anvil Mining Congo is 
thanked for the support and access to samples. 

References

ABRAMS, M.J., 2000. Th e advanced spaceborne ther-
mal emission and refl ection radiometer (ASTER): data 
products for the high spatial resolution imager on NASA’s 
Terra platform. International Journal of Remote Sensing, 
21: 847-859.
BLAKE, R.E. & WALTER, L.M., 1999. Kinetics of 
feldspar and quartz dissolution at 70–80 ˚C and near-
neutral pH: eff ects of organic acids and NaCl. Geochimica 
et Cosmochimica Acta, 63 (13): 2043-2059.
CAILTEUX, J.L.H., KAMPUNZU, A.B., LEROUGE, 
C., KAPUTO, A.K. & MILESI, J.P. 2005. Genesis of 
sediment-hosted stratiform copper–cobalt deposits, cen-
tral African Copperbelt. Journal of African Earth Sciences, 
42: 134-158.
DEWAELE, S., MUCHEZ, Ph., HEIJLEN, W., 
BOUTWOOD, A., LEMMON, T. & TYLER, R., 
2006b. Reconstruction of the hydrothermal history 
of the Cu-Ag vein-type mineralisation at Dikulushi, 

D.R.Congo. Journal of Geochemical Exploration, 89: 376-
379.
DEWAELE, S., MUCHEZ, PH., VETS, J., FERN-
ANDEZ-ALONZO, M., TACK, L. 2006a. Multiphase 
origin of the Cu-Co ore deposits in the western part of 
the Lufi lian fold-and-thrust belt, Katanga (Democratic 
Republic of Congo). Journal of African Earth Sciences, 
46: 455-469.
ESSARRAJ, S., BOIRON, M.C., CATHELINEAU, M., 
BANKS, D. & BENHARREF. M. 2005. Penetration of 
surface-evaporated brines into the Proterozoic basement 
and deposition of Co and Ag at Bou Azzer (Morocco): 
Evidence from fl uid inclusions. Journal of African Earth 
Sciences, 41: 25-39.
HITZMAN, M.W., KIRKHAM, R., BROUGHTON, 
D., THORSON, J. & SELLEY, D. 2005. Th e sediment-
hosted stratiform copper ore system, in Hedenquist, J. W., 
Th ompson, J.F.H., Goldfarb, R. J., and Richards, J.P, eds.. 
Economic Geology 100th Anniversary Volume: 609-642.
KAMPUNZU, A.B., & CAILTEUX, J., 1999. Tectonic 
evolution of the Lufi lian Arc during Neoproterozoic pan 
African orogenesis. Gondwana Research, 2: 401-421.
LEPERSONNE, J., 1974. Carte Géologique du Zaïre. 
Département des Mines, République du Zaïre. Musée 
royal de l’Afrique central
MASTER, S., RAINAUD, C., ARMSTRONG, R.A., 
PHILLIPS, D. & ROBB, L.J. 2005. Provenance ages of 
the Neoproterozoic Katanga Supergroup (Central Afri-
can Copperbelt), with implications for basin evolution. 
Journal of African Earth Sciences, 42: 41-60.
PORADA, H. & BERHORST, V. 2000. Towards a new 
understanding of the Neoproterozoic-Early Palaeozoic 
Lufi lian and northern Zambezi belts in Zambia and the 
Democratic Republic of Congo. Journal of African Earth 
Sciences, 30: 727-771.
VALENZA, K., MORITZ, R., MOUTTAQI, A., 
FONTIGNIE, D. & SHARP, Z. 2000. Vein and Karst 
Barite Deposits in the Western Jebilet of Morocco: Fluid 
Inclusion and Isotope (S, O, Sr) Evidence for Regional 
Fluid Mixing Related to Central Atlantic Rifting. Eco-
nomic Geology, 95: 587-606.


