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Abstract  28 

The Konkola deposit is a high grade stratiform Cu-Co ore deposit in the Central African Copperbelt in 29 
Zambia. Economic mineralisation is confined to the Ore Shale Formation, part of the Neoproterozoic 30 
metasedimentary rocks of the Katanga Supergroup. Petrographic study reveals that the copper-cobalt 31 
ore minerals are disseminated within the host rock, sometimes concentrated along bedding planes, 32 
often associated with dolomitic bands or clustered in cemented lenses and in layer-parallel and 33 
irregular veins. The hypogene sulphide mineralogy consists predominantly of chalcopyrite, bornite and 34 
chalcocite. Based upon relationships with metamorphic biotite, vein sulphides and most of the 35 
sulphides in cemented lenses were precipitated during or after biotite zone greenschist facies 36 
metamorphism. New δ

34
S values of sulphides from the Konkola deposit are presented. The sulphur 37 

isotope values range from -8.7‰ to +1.4‰ V-CDT for chalcopyrite from all mineralising phases and 38 
from -4.4‰ to +2.0‰ V-CDT for secondary chalcocite. Similarities in δ

34
S for sulphides from different 39 

vein generations, earlier sulphides and secondary chalcocite can be explained by (re)mobilisation of S 40 
from earlier formed sulphide phases, an interpretation strongly supported by the petrographic 41 
evidence. Deep supergene enrichment and leaching occurs up to a km in depth, predominantly in the 42 
form of secondary chalcocite, goethite and malachite and is often associated with zones of high 43 
permeability. Detailed distribution maps of total copper and total cobalt contents of the Ore Shale 44 
formation show a close relationship between structural features and higher copper and lower cobalt 45 
contents, relative to other areas of the mine. Structural features include the Kirilabombwe anticline and 46 
fault zones along the axial plane and two fault zones in the southern limb of the anticline. Cobalt and 47 
copper behave differently in relation to these structural features. These structures are interpreted to 48 
have played a significant role in (re)mobilisation and concentration of the metals, in agreement with 49 
observations made elsewhere in the Zambian Copperbelt.  50 

1. Introduction  51 

The Central African Copperbelt is one of the largest and richest metallogenetic provinces in the world 52 
(Cailteux et al., 2005; Hitzman et al., 2005; Selley et al., 2005). Geographically it straddles the border 53 
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between Zambia and the Democratic Republic of Congo (Fig. 1). Throughout the years, different 54 
metallogenetic models have been proposed for the ore deposits in the Central African Copperbelt (for 55 
reviews see Cailteux et al., 2005; El Desouky et al., 2010; Selley et al., 2005). Several recent studies 56 
agree that most of the high grade Cu-Co deposits formed via a multiphase system with several early to 57 
late diagenetic and synorogenic mineralisation and mobilisation stages (Cailteux et al., 2005; Haest 58 
and Muchez, 2011; Muchez et al., 2010; Selley et al., 2005). However, to date this model is not yet 59 
generally accepted (Sillitoe et al., 2010). 60 

The Konkola deposit has been the subject of intensive research in the past. Several authors have 61 
investigated the local geology, petrology and the type and occurrence of mineralisation as well as 62 
indications for the sedimentological and palaeo-environment at Konkola (e.g. Fleischer et al., 1976; 63 
Katongo, 2005; Mulenga et al., 1992; Ralston, 1963; Raybould, 1978; Schwellnus, 1961). A study of 64 
boreholes from the Konkola deposit was carried out to evaluate the role of diagenetic processes in ore 65 
formation by analysis of mineralogical, geochemical and stable isotope data (Sweeney and Binda, 66 
1989; Sweeney et al., 1986). The Konkola deposit has also been the subject of more holistic studies of 67 
the Copperbelt (e.g. Cailteux et al., 2005; Selley et al., 2005). 68 

Ore deposit research often attempts to quantify ore distribution and its relationship to lithology, 69 
structural features, alteration, metamorphism and deformation. These relationships are of great 70 
importance and essential for the mining and exploration industry. Earlier research at Konkola has 71 
indicated a predominantly early diagenetic origin for the Cu-Co ore (Sweeney and Binda, 1989; 72 
Sweeney et al., 1986) although several authors have indicated that other processes played a role in 73 
upgrading the ore at Konkola to present values (Fleischer et al., 1976; Ralston, 1963; Raybould, 74 
1978). It is, however, unclear to what extent these processes are important because no systematic 75 
study of the relationship between ore grade distribution and the different geological characteristics has 76 
been carried out. 77 

The aim of this study is to investigate the factors controlling ore distribution and mineralisation at 78 
Konkola mine. Insights are gained in the formation conditions and subsequent (re)crystallisation and 79 
(re)mobilisation processes that affected the deposit, based on petrographical, structural and 80 
geochemical/isotopic observations. Fieldwork at Konkola involved logging of drill cores, description 81 
and sampling of underground crosscuts and study of detailed 1:250 scale mine maps and borehole 82 
logs. 83 

2. Geological context and geodynamic history  84 

The stratiform Cu-Co deposits of the Central African Copperbelt are hosted in the Neoproterozoic 85 
metasedimentary rocks of the Katanga Supergroup (Selley et al., 2005), which is subdivided into the 86 
Roan, Nguba and Kundulungu Groups, based upon the presence of glacial diamictites (Bull et al., 87 
2011; Cailteux et al., 1994). The youngest igneous activity before deposition of the Katanga 88 
Supergroup is the intrusion of the Nchanga granite into the pre-existing basement at 883 ± 10Ma 89 
(Armstrong et al., 2005; Master et al., 2005), which provides an important maximum age for the start of 90 
deposition of the Katanga Supergroup. Sedimentation of the Mindola Clastics Subgroup commenced 91 
after this intrusion, with arkosic sandstones and immature conglomerates. These were deposited in 92 
fault-related sub-basins (Selley et al., 2005) in response to continental rifting associated with the 93 
breakup of Rodinia (Meert and Torsvik, 2003; Tembo et al., 1999). 94 

The Mindola Clastics Subgroup is conformably overlain by the Kitwe Subgroup, which is locally 95 
subdivided into the Ore Shale, Pelitico-Arkosic and Chingola formations (Table 1). These formations 96 
mainly consist of carbonates and siliciclastic rocks (Cailteux et al., 1994; Porada and Berhorst, 2000) 97 
and contain the Cu-Co mineralisation (Selley et al., 2005). The Ore Shale formation, which hosts the 98 
main Cu-Co mineralisation at the Konkola deposit, occurs at the transition from basal continental 99 
clastics to shallow marine rocks and marks a fundamental change in basin configuration (Bull et al., 100 
2011; Selley et al., 2005). The overlying formations of the Roan Group consist of a variety of 101 
lithologies, with sandstones, dolomites and shales in a ―layer-cake morphology‖ (Selley et al., 2005). A 102 
period of relative tectonic quiescence coincided with formation of the carbonate platforms of the 103 
Kirilabombwe Subgroup (Bull et al., 2011; Porada and Berhorst, 2000). The Mwashya rocks are either 104 
placed as a Subgroup at the top of the Roan Group (Batumike et al., 2006; Bull et al., 2011; Cailteux 105 
et al., 1994; 2007; Kampunzu and Cailteux, 1999), as a separate Group (Porada and Berhorst, 2000; 106 
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Selley et al., 2005; Sutton and Maynard, 2005) or as the lowermost Subgroup of the Nguba Group 107 
(Master et al., 2005; Master and Wendorff, 2011; Wendorff, 2005; Wendorff and Key, 2009). However, 108 
a discussion on the stratigraphy is beyond the scope of this paper. Continued basin development 109 
during deposition of carbonates and siliciclastics of the Nguba Group (Batumike et al., 2007) 110 
subsequently resulted in a progressive evolution to a mature proto-oceanic rift (Kampunzu et al., 2000; 111 
Key et al., 2001; Porada and Berhorst, 2000). Fault arrays that were present during the continental rift 112 
stage integrated into larger master faults (Cailteux et al., 2005; Selley et al., 2005). 

40
Ar/

39
Ar dating of 113 

detrital muscovite grains from the Biano Subgroup at the top of the Kundulungu Group (Cailteux et al., 114 
2007) at 573 ± 5Ma provides a minimum age for the Katanga Supergroup (Master et al., 2005). 115 

Formation of Gondwana and collision of the Congo-Tanzania and Angola-Kalahari cratons caused 116 
inversion of the Katangan basin (De Waele et al., 2008; John et al., 2004). The timing of the resulting 117 
Lufilian orogeny is estimated at ca. 595Ma to 490Ma (Selley et al., 2005) with maximum 118 
metamorphism taking place at ~530Ma (John et al., 2004; Rainaud et al., 2005). Associated northwest 119 
to northeast directed thrusting caused tectonic displacement perpendicular to the arcuate shape of the 120 
Lufilian orogenic belt (Cosi et al., 1992; Kampunzu and Cailteux, 1999; Porada and Berhorst, 2000; 121 
Selley et al., 2005).  122 

3. The Konkola ore deposit  123 

The Konkola copper-cobalt deposit is a high-grade stratiform deposit in the eastern part of the 124 
Zambian Copperbelt (Fig. 1). The deposit contains 228Mt of reserves and resources at an average 125 
grade of 3.6wt% Cu (Vedanta, 2010). There is some confusion in the literature concerning the 126 
nomenclature of deposits in the greater Konkola region. The Musoshi ore deposit is situated on the 127 
north side of the Konkola Dome (Fig. 2; cf. Richards et al., 1988) and the Konkola North deposit on the 128 
southeastern side of this dome (cf. Sutton and Maynard, 2005). In this paper we discuss the Konkola 129 
deposit, lying adjacent to the Chililabombwe Dome (cf. Selley et al., 2005; Sweeney and Binda, 1989; 130 
Sweeney et al., 1986). In the older literature the deposit is called the Bancroft deposit (e.g. Dechow 131 
and Jensen, 1965; Ralston, 1963; Schwellnus, 1961) and is described as consisting of two orebodies 132 
separated by a barren gap (e.g. Fleischer et al., 1976). This barren gap is, however, continuous below 133 
a depth of 720m from the surface (Katongo, 2005), rendering a strike length of >10km of resources at 134 
a cut off grade of 1wt% Cu. 135 

In the Copperbelt, different stratigraphical unit names have been applied to the same rock masses in 136 
literature. Some authors assign ‗formation‘ as term for a given rock unit (Bull et al., 2011; Selley et al., 137 
2005) whereas others use ‗subgroup‘ as unit term for the same rock unit (Cailteux et al., 2005b, 2007; 138 
Porada and Berhorst, 2000). A detailed description of the lithologies at Konkola and a correlation 139 
between locally defined units and formal units is given in Table 1. Economic copper mineralisation at 140 
Konkola is generally restricted to the Ore Shale formation and to adjacent parts of formations above 141 
and below the Ore Shale. The Ore Shale formation rests conformably on the Mindola Clastics 142 
Subgroup and has a variable thickness of 4 to 20m. Formations of the Mindola Clastics Subgroup 143 
show important thickness and lateral facies changes, typical for sediments deposited in fault-bounded 144 
rift basins of the Mindola Clastics Subgroup (Bull et al., 2011; Selley et al., 2005). The Ore Shale 145 
formation is a finely laminated, dark grey siltstone to fine sandstone with important dolomitic bands 146 
and some lateral facies variations (Konkola Copper Mines, 2010). At Konkola, the Ore Shale formation 147 
is subdivided into five units, A to E. Mineralisation occurs disseminated in the matrix of the host rock 148 
mainly as chalcopyrite, bornite and chalcocite (Sweeney et al., 1986). Important concentrations of 149 
sulphides also occur in dolomitic bands, cemented lenses and layers and in layer-parallel and 150 
irregular, sometimes massive veins (Konkola Copper Mines, 2010; Ralston, 1963; Schwellnus, 1961). 151 
The ore deposit was subjected to different alteration and supergene processes (Fleischer et al., 1976; 152 
Ralston, 1963).  153 

4. Structural setting  154 

The Konkola ore deposit is draped around the Kirilabombwe anticline (Fig 3; Fig 7). In the core of the 155 
anticline are the Proterozoic basement rocks of the Kirilabombwe Dome, contiguous to the basement 156 
complex of the Kafue Anticline (Fig. 2; Ralston, 1963; Raybould, 1978; Sweeney et al., 1986). The 157 
Katanga Supergroup strata are deformed together with the basement rocks (Selley et al., 2005). The 158 
Kawumbwe syncline and Kirilabombwe anticline form a structural saddle between the Kirilabombwe 159 
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and Konkola basement domes (Fig. 2). Analysis of boreholes along the axis of the anticline and in situ 160 
measurements show that the Kirilabombwe anticline plunges at 10° to 15° to the northwest with a 161 
N75W strike of the fold axis (Fig. 3B). It is a tight and upright anticline with a subvertical axial plane 162 
and an interlimb angle of 35° to 45°.  163 

Important fault zones, up to 60m wide, occur on the southern limb of the anticline at 2200mN and 164 
2700mN (Fig. 3). These NE-SW trending fault zones are bounded by two major fault planes dipping on 165 
average ~75° to 85° to the north, with parallel secondary faults in between. The faults extend from the 166 
surface to well into the footwall formations at 1 km depth (Katongo, 2005). A fault zone, termed the 167 
Kirilabombwe fault, runs parallel to the axial plane of the anticline (Ralston, 1963). A zone of 168 
secondary folding in the south of the deposit – 500mN to 500mS at present day mining levels (~ 600m 169 
to 1000m depth) – consists of multiple upright low amplitude gently north to northwest plunging folds 170 
(10° to 30°). These folds were also described at higher mining levels which are no longer accessible 171 
(from near surface down to ~600m depth; Fleischer et al., 1976; Ralston, 1963; Schwellnus, 1961). 172 
Two important fault zones also occur to the north and south ends of the deposit (Fig. 3). The 173 
Lubengele fault zone consists of faults dipping 79° to the south and the Luansobe fault zone of faults 174 
dipping 82° to the north (Mulenga et al., 1992). 175 

5. Petrography 176 
5.1 Methodology 177 

Boreholes KLB146A (7423.54mE, 33062.73mN starting from 1283.11m above sea level with a total 178 
length of 734.26m) and KLB147 (7552.46mE, 33611.15mN starting from 1286.76m above sea level 179 
with a total length of 1031.00m) were studied and sampled for an overview of the complete 180 
stratigraphy. Three assay boreholes BPN854 (4700mN on 2340L, in feet), BV1464 (196mN on 960mL, 181 
in meter) and BV1465 (198mN on 985mL, in meter) were described in detail macroscopically to 182 
investigate the Ore Shale and surrounding meters of the hangingwall and footwall formations. In 183 
addition, several crosscuts, covering representative parts of the mine, were logged, mapped and 184 
sampled in detail. All samples of the mineralised areas that were studied at KU Leuven were taken 185 
underground on fresh surfaces of recently developed mining crosscuts going through the entire Ore 186 
Shale formation and parts of the footwall and hanging wall formations. The location of these crosscuts 187 
in local mine coordinates are 4100mN, 4300mN, 4700mN at 2340L (feet), 4300mN at 2410L (feet), 188 
2656mN at 2650L (feet), 190mS at 1000mL (meter), 850mS at 2950L (feet) and 1200mS at 3150L 189 
(feet).  190 

A petrographic study was carried out on 53 thin sections and 18 polished sections using an Olympus 191 
BX60 microscope. Photomicrographs were taken with a Deltapix DP200 image capturing system. Cold 192 
cathode luminescence of samples was studied using a Technosyn Cold Cathode Luminescence 193 
Model 8200 Mk II combined with a Nikon microscope and a ProgRes C10 image capturing system. 194 
Working conditions were between 7 to 11kV and 400 to 700µA with a beam width of 5mm at a vacuum 195 
of 5.5Pa. To identify the type of carbonates, samples were stained and rocks that were too fine for 196 
petrographic analysis were studied via X-ray powder diffraction. 197 

5.2 Results 198 
5.2.1 Host rock, cemented layers and metamorphic minerals 199 

A general paragenesis for the Konkola deposit has been constructed based on our study of boreholes, 200 
underground crosscuts and detailed petrography on thin and polished sections (Fig. 4). Constituents 201 
of the host rock (matrix) are not shown in the paragenesis but described in the text. The matrix of the 202 
host rock consists of a detrital framework of subrounded to rounded dull purple luminescent quartz, 203 
bright blue luminescent feldspar, phyllosilicates and accessory zircon, tourmaline, apatite and Ti-204 
oxides. The feldspar grains were identified as anorthoclase and microcline. Detrital elongated 205 
muscovite grains are strongly aligned along bedding planes and sometimes bent around the edges of 206 
other crystals. 207 

Important amounts of authigenic non-luminescent quartz, microcline and albite occur as overgrowths 208 
on detrital grains or as a cement in the host rock. Detrital quartz and feldspar grains are corroded by 209 
the authigenic overgrowths. This cementation appears to be particularly concentrated in certain parts 210 
of the host rock, forming lenses and layers that range in size from millimetre sized spots to structures 211 
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with irregular boundaries that extend laterally over several tens of centimetres. These are further 212 
termed cemented lenses (Fig. 5D). The authigenic overgrowths show important but complicated timing 213 
relationships with authigenic microcline often overgrowing and engulfing authigenic quartz and 214 
dolomite. Dolomitisation is identified to occur both prior to and after authigenic quartz and feldspar 215 
overgrowths. 216 

Dolomitic bands regularly occur in the Ore Shale units C and D. The transition between these bands 217 
and the surrounding host rock can be both gradual and abrupt. Dolomitic bands contain abundant 218 
dolomite that occurs as a pervasive matrix cement as well as quartz with undulose extinction and 219 
plagioclase and microcline. Different phases of dolomitisation have affected the Ore Shale. Most of the 220 
dolomite is identified to be Fe-rich and is either (1) dull brown or (2) bright orange luminescent. A later 221 
phase of strongly zoned yellow to bright orange luminescent carbonate fills pores and cracks and can 222 
in places completely replace the matrix. This type of carbonate appears to be restricted to permeable 223 
zones, including fault zones. 224 

Biotite and muscovite are important constituents of the Ore Shale. These phyllosillicates are 225 
disseminated in the host rock or occur in clusters or lined up along bedding planes (Fig. 5B). Long 226 
(100 to 400µm) muscovite laths are often overgrown and replaced by biotite (Fig. 5B). The muscovite 227 
laths are almost invariably larger than their biotite overgrowths (Fig. 5B). These phyllosilicate 228 
overgrowths are interpreted to have formed during metamorphism and show important crosscutting 229 
relationships with sulphides and other minerals. 230 

5.2.2 Ore mineralogy and its relationship to other minerals 231 

The copper-cobalt ore minerals occur (1) disseminated in the host rock (Fig. 5A), (2) as clusters in 232 
cemented lenses (Fig. 5C; Fig 5D) and (3) in layer-parallel or irregular veins (Fig. 5E; Fig. 5F). The 233 
sulphides in the host rock are randomly disseminated or concentrated along bedding planes or in 234 
dolomitic bands (Fig. 5A). The mineralogy of these sulphides is dominated by chalcopyrite, bornite and 235 
chalcocite with relative abundance varying greatly. Where the term chalcocite is used, it refers to the 236 
chalcocite-group minerals (Ramdohr, 1980; Sillitoe, 2005). The ore minerals are irregular in shape and 237 
are often intergrown with each other. Some minor carrollite and accessory sub- to euhedral pyrite are 238 
present. The grain size of the disseminated sulphides appears to be related to the grain size of the 239 
host rock. 240 

Important amounts of sulphides are found in the cemented lenses and layers where they are interstitial 241 
to and corrode authigenic quartz, microcline and dolomite (Fig. 5C). These cross-cutting relationships 242 
are most obvious in the most coarse-grained cemented layers where the size of the sulphides can be 243 
>500µm, sometimes filling large parts of the structures (Fig. 5C). In some of the smaller or irregular 244 
lenses, authigenic quartz and feldspar are seen to completely engulf some of the finer grained 245 
chalcopyrite (Fig. 5D). Therefore sulphides occur both before and after precipitation of authigenic 246 
quartz, feldspar and dolomite. Chalcopyrite, chalcocite and bornite are the main ore minerals in the 247 
cemented lenses and are often intergrown. Bornite can be altered to chalcopyrite at mineral edges 248 
and while the opposite is also apparent, it is much rarer. Later digenite, covellite, chalcocite and 249 
goethite replace chalcopyrite and bornite along crystal edges (Fig. 6B) or along cracks in the minerals 250 
(Fig 6A). Rare euhedral pyrite cubes are almost invariably surrounded by bornite rims in a chalcopyrite 251 
matrix. 252 

Some phyllosilicates overgrow small sulphides as well as authigenic silicates that in their turn engulf 253 
and post-date these small sulphides (Fig. 5D). This implies that these sulphides formed prior to 254 
metamorphism. However, in the majority of cemented lenses and also in veins, sulphides overgrow 255 
muscovite and biotite (Fig. 5C). The phyllosilicates occur engulfed by the sulphides (Fig 5C), 256 
intergrown with them, and intruded and corroded by the sulphide phases. Furthermore the 257 
phyllosilicates are often abruptly cross-cut by the sulphide phases. As these lenses and veins often 258 
contain important amounts of sulphides, this implies that the majority of sulphides formed during or 259 
after metamorphism. Fan-shaped chlorite is sometimes found, replacing biotite or growing in pores.  260 

5.2.3 Veins in the Ore Shale formation 261 
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The Ore Shale formation at Konkola contains layer-parallel veins. These veins continue for several 262 
meters along bedding planes with thicknesses mostly <2 cm (Fig. 5F). The veins often, but not 263 
exclusively, form at the contact between coarse-grained and fine-grained layers. The main gangue 264 
minerals are dolomite, quartz and microcline with dolomite as the predominant mineral (Fig. 5E). 265 
Crystal growth is from the edges inwards with sub- to euhedral dull luminescent quartz and smaller 266 
(generally <100µm) blocky crystals of microcline and plagioclase (Fig. 5E). Minor biotite (150µm to 267 
250µm) and accessory muscovite and chlorite are present. Unoriented masses of biotite and 268 
muscovite often occur on the edges of the veins (Fig. 5E). Very coarse subhedral dull brown 269 
luminescent dolomite (≥200µm up to over a millimetre) corrodes, engulfs and thus postdates all 270 
phases on vein walls (Fig. 5E). This dolomite is Fe-rich and generally strongly twinned and fractured, 271 
with individual twin widths up to several microns (Fig. 5E). Small (50µm to 200µm) subhedral quartz 272 
crystals occur as inclusions in or between individual dolomite crystals.  273 

The sulphide minerals in the veins are chalcopyrite, bornite and chalcocite with minor subhedral pyrite. 274 
The sulphides can be interstitial to dolomite or can intrude and cross-cut dolomite along crystal 275 
cleavage planes. The sulphides occur late in the paragenesis of the veins and typically, but not 276 
always, postdate the coarse dolomite and previous phases. Sulphides can also be massive, almost 277 
filling up entire veins. It is often unclear what the exact temporal relationship between chalcopyrite, 278 
bornite and chalcocite is. In some cases, bornite replaces chalcopyrite but in others, the opposite is 279 
apparent. Generally, however, the bulk of chalcopyrite is identified as forming first with bornite later 280 
replacing this phase. Occasionally, euhedral pyrite cubes with bornite overgrowths occur within 281 
chalcopyrite. Ore textures are complex and include exsolution lamellae of chalcopyrite in bornite (Fig. 282 
6C), bornite in chalcopyrite, digenite in bornite (Fig 6C) and chalcocite in digenite. Replacive textures 283 
include minor digenite, covellite, goethite and chalcocite that alter bornite from the edges (Fig 6B). 284 
Cracks within chalcopyrite grains are frequently filled by successive goethite, bornite and digenite (Fig. 285 
6A).  286 

Some layer-parallel veins contain dolomite crystals that are elongated perpendicular to bedding with 287 
an aspect ratio <0.2 (Fig 5F). In these veins, successive generations of vein growth can be seen, with 288 
ore phases precipitated in between successive phases. Fragments of the host rock are occasionally 289 
enclosed parallel to the vein walls. In rare cases, the veins are completely filled with coarse-grained 290 
blocky crystals of microcline and dolomite. 291 

The layer-parallel veins are crosscut by several generations of irregular veins, showing no systematic 292 
orientation. Their thickness varies greatly from hairline sub-millimetre sized veins up to 10 cm thick 293 
veins. Gangue minerals are similar to those in the layer-parallel veins with euhedral quartz, dolomite 294 
and microcline crystals up to several centimetres in size. Microcline crystallised before quartz and 295 
dolomite. Ore mineralogy in the irregular veins is similar to the cemented lenses and layer-parallel 296 
veins. When irregular veins crosscut mineralised bedding, ore minerals are present in large quantities 297 
in the veins. In other cases, they contain only minor mineralisation or lack any visible mineralisation. In 298 
both the layer-parallel and irregular veins, dolomite can be strongly twinned and often shows fractures. 299 
Biotite and muscovite are sometimes observed, lined up along the rims of the veins. 300 

5.2.4 Evidence for supergene processes 301 

Important secondary porosity is recognised in the Ore Shale and is most pronounced in dolomitic 302 
bands near permeable zones. Goethite, secondary chalcocite and malachite often fill this secondary 303 
porosity in an irregular and patchy manner (Fig. 6E). Supergene mineralisation extends up to a km in 304 
depth from the surface and occurs in the form of malachite, digenite, covellite, azurite, chrysocolla, 305 
sphaerocobaltite (CoCO3), goethite and secondary chalcocite. Malachite and chalcocite are the most 306 
common supergene copper minerals at Konkola with the former occurring as: (1) thin stringers 307 
following but also cross-cutting bedding planes, (2) intruding biotite or muscovite along cleavage (Fig. 308 
6D), (3) pervasive in the matrix and (4) aggregated, often associated with goethite and chalcocite in 309 
pores and cavities (Fig 6E). Goethite directly replaces primary sulphides or is precipitated as patches 310 
filling secondary porosity and cracks (Fig. 6E).  311 

Secondary chalcocite (Fig. 6F) can be tentatively distinguished from primary chalcocite on a textural 312 
basis, its association with goethite or hematite, the filling of secondary porosity, an often aggregate 313 
crystal habit or the absence of intergrowths with hypogene bornite or chalcopyrite (cf. Clark et al., 314 
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2001; Sillitoe, 2005). Based on these criteria, a distinction was made between hypogene and 315 
supergene chalcocite. Hexagonal chalcocite and the presence of inversion lamellae in chalcocite are 316 
evidence of formation at temperatures higher than 103°C. Orthorhombic chalcocite can form as a 317 
supergene mineral but also as hypogene crystals at temperatures lower than 103°C (Fleet, 2006; 318 
Ramdohr, 1980). Orthorombic chalcocite lacks the growth lamellae of hexagonal chalcocite. No growth 319 
lamellae were observed in any of the studied chalcocites. Secondary chalcocite occurs disseminated 320 
in the Ore Shale as patches filling up secondary porosity or as massive aggregate infills (Fig. 6F). 321 
Secondary chalcocite is also often associated with permeable layers and areas, such as fault zones 322 
and is particularly abundant in dolomitic bands near those areas. 323 

6. Ore distribution 324 

6.1 Methodology 325 

To assess ore distribution at Konkola, grade maps were produced for total copper, total cobalt and 326 
acid soluble copper content, all expressed in weight percent (wt%) averaged over the complete 327 
thickness of the Ore Shale formation. These maps contain 1458 data points, producing a 2D planar 328 
view of the ore grade distribution, projected from the different mine levels (Fig. 7). The method used to 329 
obtain total copper, cobalt and acid soluble copper was atomic absorption spectrometry (AAS). All 330 
chemical analyses were carried out at the chemical laboratory of Konkola Copper Mines. These 331 
measurements were assay results used in mine and production planning. 332 

6.2 Results 333 

The grade maps show considerable variation in copper grades along strike of the deposit (0 – 5 wt%) 334 
and show distinct areas of higher and lower grades (Fig. 7A). A trend of rising copper content is visible 335 
over several hundreds of meters along strike of the Kirilabombwe anticline, culminating in grades 336 
exceeding 5 wt% in the hinge zone of this anticline and in the fault zone parallel to its axial plane. 337 
Compared to these high values, average values in the mine are much lower. In the hinge zone, bornite 338 
and chalcocite are often abundantly present in the Ore Shale, forming aggregated stringers of 339 
sulphides. The petrographic study of samples from these areas show that both hypogene and 340 
supergene chalcocite occur. Most chalcocite is supergene and is often associated with goethite or 341 
hematite rims, in dolomitic bands and is frequently related to secondary porosity. The dolomitic bands 342 
are often very porous and ground conditions in this area are very poor leading to modification of the 343 
overcut and bench mining methods (Lipalile et al., 2005). Samples that were collected farther south of 344 
the hinge zone (4100mN to 4300mN at 1000m depth level) do not show this same abundance of 345 
secondary chalcocite and are instead dominated by chalcopyrite and bornite as well as being less 346 
porous. This coincides with diminishing copper contents at increasing distance away from the fold 347 
hinge (Fig. 7A).  348 

Total copper contents are also high (>5 wt%) in the proximity of the fault zones on the southern limb of 349 
the anticline (Fig. 7A). Grades are over 5 wt% at the 2200mN fault zone and decrease over several 350 
hundred meters to the north and south of this zone. The influence of the 2700mN fault zone on the 351 
copper content is not as strong as the larger axial plane fault zone and the 2200mN fault zone. Macro- 352 
and microscopically the rocks in proximity to individual faults show intense weathering and abundant 353 
supergene mineralisation (e.g. for ~15m for a fault at 2718mN). This mineralisation is present as 354 
secondary chalcocite and malachite in stringers along bedding planes, pervasive in the matrix or as 355 
pore infill. Where dolomitic bands occur, they are often very porous and associated with chalcocite and 356 
goethite that fills up the pores. Acid soluble copper contents are high (>1 wt%) near the 2200mN fault 357 
zone, contributing to the high total copper contents. Acid soluble copper can be associated with 358 
minerals such as malachite, azurite and chrysocolla. Other fault zones, however, do not contain 359 
notably higher acid soluble copper contents (<0.5 wt%).  360 

A smaller zone of secondary parasitic folds on the southern limb of the Kirilabombwe anticline (180mN 361 
- 600mS at 1km depth) shows slightly elevated but variable copper grades between 2 and 5 wt% (Fig. 362 
7A). The zone contains low amplitude north to northwest plunging folds. Economic mineralisation (>1 363 
wt%) extends over 1m into the footwall formations in these areas. Other authors noted similar ore 364 
distribution patterns in the same zone of secondary folding, at much higher excavation levels (150m to 365 
350m below surface; Fleischer et al., 1976; Ralston, 1963; Schwellnus, 1961). The same pattern of 366 
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mineralisation extending into footwall formations also occurs around the fold hinge of the Kirilabombwe 367 
anticline (~1 to 2m). Farther away from the fold hinge, footwall formations are less or not economically 368 
mineralised. 369 

Average values of cobalt are higher than 0.05 wt% (Fig. 7B). The different fault zones show a marked 370 
influence on total cobalt concentrations as cobalt is severely leached in the proximity (~50m) to all 371 
fault zones. Lower cobalt concentrations are also present between the two fault zones on the southern 372 
limb of the Kirilabombwe anticline (Fig. 7B). It therefore appears that cobalt was leached preferentially 373 
from areas with high permeability. The area between the two fault zones (2200mN and 2700mN) is 374 
affected by Co leaching while the area to the north of the 2200mN fault zone does not show any 375 
effects (Fig. 7B). Carrollite has been observed in this study and trace amounts of cobaltian pyrite are 376 
present at the mine (Konkola Copper Mines, 2010). Sweeney et al. (1986) have measured up to 4.9 377 
wt% of cobalt in dolomite. Based upon this study alone, however, it is not possible to attribute the 378 
leaching or enrichment of cobalt to certain mineral phases. 379 

7. Sulphur isotopic composition 380 
7.1 Methodology 381 

Using a diamond pin, areas between 300-600 µm of homogeneous sulphide were highlighted under a 382 
reflected light microscope. Selected areas of samples were combusted in-situ at 2000°C with a 383 
Nd:YAG laser (Spectron Lasers 902Q CW) in an evacuated chamber containing a volume of excess 384 
oxygen used to generate SO2(g) following the technique of Wagner et al. (2002). The released SO2(g) 385 
was measured using an online VG SIRA II mass spectrometer. Analytical precision was around 386 
±0.2‰, with calibration of the mass spectrometer by repeated measurements of an internal laboratory 387 
standard CP-1 (chalcopyrite), and two international standards NBS-123 (sphalerite) and IAEA-S-3 388 
(Ag2S). All values are reported in per mil deviation (‰) from the Vienna − Canyon Diablo Troilite (V-389 
CDT) standard. 390 

7.2 Results & interpretation 391 

Sulphur isotope compositions were determined on chalcopyrite (n=17) and secondary chalcocite (n=6) 392 
from the Ore Shale formation at several locations in the mine (Table 2). All δ

34
S values lie between 393 

−8.7‰ and +2.0‰ V-CDT (Fig. 8). The δ
34

S values for chalcopyrite range between −8.7‰ and +1.4‰ 394 
V-CDT and values for chalcocite between −4.4‰ and +2.0‰ V-CDT. Measured chalcopyrite occurred 395 
(1) disseminated in the host rock, (2) in cemented lenses and (3) in layer-parallel and irregular veins. 396 
The analysed chalcocite minerals were all secondary. 397 

The sulphur isotope compositions for all of the analysed sulphides lie within the range reported by 398 
Sweeney et al. (1986) and are slightly lower than those reported by Dechow and Jensen (1965) for 399 
sulphides at Konkola. The isotopic signatures are not affected by large scale isotope homogenisation 400 
because this occurs at higher metamorphic grades - upper amphibolites facies metamorphism - than 401 
the conditions the Konkola area has experienced (Crowe et al., 1990). Sulphide is interpreted to 402 
originate either from direct reduction of seawater sulphate (SO4

2-
) or the dissolution of evaporate 403 

sulphates (cf. El Desouky et al., 2010). The latter is indicated by the presence of evaporitic nodules 404 
and layers in the Lower Roan Group sediments (Cailteux et al., 1994; Jackson et al., 2003), the arid 405 
sedimentary environment and the absence of evidence for a widespread magmatic source for sulphur 406 
in the Zambian Copperbelt (Selley et al., 2005). It is improbable that all of the S was derived from in 407 
situ dissolution of evaporitic nodules, given the very small amount of pseudomorphosed nodules that 408 
were observed throughout the mine, contrary to the interpretation of Sweeney et al. (1986). It is also 409 
unlikely that reduced S and reaction products of sulphate reduction were capable of being transported 410 
for long distances (Haest et al., 2009; Muchez et al., 2008). Hence, if extra S was added to the 411 
system, it was likely reduced in situ.  412 

Fluctuations of δ
34

S for marine sulphates between 840Ma and the Sturtian glaciations range between 413 
+17.5‰ and +19.0‰ V-CDT (Gorjan et al., 2000; Hurtgen et al., 2005; Hurtgen et al., 2002; Veizer et 414 
al., 1980). Assuming a marine or evaporitic source with a δ

34
Ssulphate of +17.5‰ V-CDT, the 415 

fractionation during reduction to sulphide falls between 15.5‰ and 26.2‰ for all sulphides at Konkola. 416 
Fractionation of sulphides in the host rock and cemented lenses lies between 18.6‰ and 25.6‰ V-417 
CDT.  418 
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8. Discussion 419 
8.1 Evidence for remobilisation 420 

The petrographic study shows that some of the smaller sulphides in cemented lenses are overgrown 421 
by authigenic quartz and feldspar. Metamorphic phyllosilicates crosscut these overgrowths and small 422 
sulphides (Fig. 5D). Based upon these relationships, some of the sulphides were clearly precipitated 423 
pre-metamorphism and during diagenesis, but their age cannot be further constrained based upon this 424 
study. The bulk of the sulphides, however, postdate biotite (Fig. 5C), implying that the majority of 425 
sulphides in the cemented lenses, were precipitated during or after metamorphism. At Konkola North 426 
(Fig. 2), unoriented coarse biotite postdates fine-grained biotite and rock foliation and is coeval with 427 
sulphide mineralisation (Sutton and Maynard, 2005). These authors suggest that the unoriented biotite 428 
postdates low grade metamorphism and possibly deformation and also point to a relatively late 429 
mineralisation event. At Musoshi, secondary biotite and muscovite are intergrown with sulphides and 430 
also interpreted to be coeval with sulphide precipitation (Richards et al., 1988) which is in agreement 431 
with observations at Konkola. No definitive crosscutting relationships could be determined for the 432 
disseminated sulphides in the Ore Shale formation and, in general, the timing of disseminated 433 
mineralisation in the Copperbelt is not established (Sillitoe et al., 2010). 434 

Sulphur isotope fractionation during reduction of sulphides in the host rock and cemented lenses lies 435 
between 18.6‰ and 25.6‰ V-CDT. These fractionation values are in agreement with bacterial 436 
sulphate reduction (BSR) in a relatively closed environment (Machel, 2001; Machel et al., 1995). 437 
Although thermochemical sulphate reduction cannot be ruled out for fractionations up to 20‰ (Machel 438 
et al., 1995), it can be definitely ruled out for fractionations beyond this, and so is unlikely to be the 439 
principal mechanism for producing sulphides at Konkola. Nonetheless, it is impossible for the veins, 440 
which clearly formed under greenschist metamorphic conditions, to contain primary bacteriogenic 441 
sulphide. Taking into account the similar δ

34
S between the different vein generations and earlier 442 

sulphides, we propose that remobilisation of sulphur from early diagenetic sulphides has led to these 443 
similarities - the most parsimonious explanation. This interpretation is in agreement with observations 444 
from the petrography, showing similar mineralogy in multiple sulphide generations (Fig. 4). The 445 
remobilisation of earlier sulphides has been recognised in several other deposits of the Copperbelt 446 
(Annels, 1989; Cailteux et al., 2005; Lerouge et al., 2005). In addition, the δ

34
S values show little 447 

variation within the same sample between vein sulphides and disseminated sulphides in host rock 448 
(e.g. for sample KM10KT52 in Table 2), which was also observed by Sweeney et al. (1986) for lenticle 449 
sulphides and disseminated sulphides. Considering the relationship between δ

34
S and the different 450 

units in the Ore Shale formation, units D and E show generally lower δ
34

S values as opposed to 451 
relatively higher values in unit C (Fig. 8). This is exactly opposite to the trends observed by other 452 
authors for Konkola and casts some doubt on the interpretation of changing δ

34
S fractionation with 453 

transgressive/regressive cycles at Konkola by Sweeney et al. (1986). 454 

8.2 Formation of veins 455 

It is difficult to place exact time constraints on the formation of the layer-parallel and irregular veins but 456 
the occurrence of biotite in these veins implies emplacement during metamorphism. The opening of 457 
cracks in the host rock perpendicular to bedding require the least effective stress in a system (σ3‘) to 458 
be vertical as extensional forces need to be applied perpendicular to bedding. This is indicated by the 459 
occurrence of elongated dolomite crystals in some layer-parallel veins that are interpreted to be 460 
aligned with σ3‗ (Fig. 5F). Layer-parallel veins at Konkola are often formed at the contacts between 461 
coarse-grained and fine-grained zones. Pre-folding layer-parallel veins preferentially developing on 462 
sites of contrasting competence have been observed in other orogenic belts such as the High-463 
Ardenne slate belt (Van Noten et al., 2011) and the Rhenish Massif in Germany (de Roo and Weber, 464 
1992) or in other settings (Fitches et al., 1986; Hilgers et al., 2006; Jessell et al., 1994). Layer-parallel 465 
veins are often found in basins with alternating beds and can form by the building up of fluid pressure 466 
until overpressures are reached (Cosgrove, 2001; Sibson, 2003; Van Noten et al., 2011). These veins 467 
can form before folding, during burial (Fitches et al., 1986), at the onset of folding (Cosgrove, 2001; 468 
Hilgers et al., 2006) or even during folding (Tanner, 1989). Therefore, the layer-parallel veins were 469 
most likely formed just before or during compressive folding during the Lufilian orogeny. Similar layer-470 
parallel veins with a quartz-dolomite-sulphide mineralogy are also recognised at Nchanga (McGowan 471 
et al. 2006) and Nkana (Brems et al., 2009; Muchez et al., 2010) and are often found in several other 472 
fine-grained Zambian deposits (Selley et al., 2005). Based upon the crosscutting relationships, the 473 
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irregular veins at Konkola most likely formed during or after the main phases of compressional 474 
deformation at high fluid pressures (cf. Sibson, 2004).  475 

8.3 Metamorphism and deformation 476 

Detrital muscovite in the Ore Shale formation is generally aligned bedding parallel. This foliation is 477 
interpreted to be related to compaction and burial, as it was estimated that ~6000m of Katanga 478 
Supergroup sedimentary rocks were deposited at maximum burial in the basin (Cailteux et al., 2005). 479 
The presence of abundant biotite and the assemblage of quartz, dolomite, biotite, muscovite and 480 
chlorite indicate biotite zone greenschist facies metamorphism (Best, 2003). These observations are in 481 
agreement with the literature which suggests prograde greenschist facies metamorphism for the 482 
Konkola region (Cosi et al., 1992; Kampunzu et al., 2000; Key et al., 2001; Ridgway and Ramsay, 483 
1986). Fan-shaped chlorite replacing biotite is interpreted to represent retrograde metamorphism 484 
passing through greenschist facies metamorphic conditions, as has been proposed for other parts of 485 
the Zambian Copperbelt (Unrug, 1988).  486 

Variable but frequent tabular twinning of dolomite occurs at the Konkola deposit, with individual twin 487 
width in dolomite up to 10µm in size. Dolomite twinning does not develop at conditions <300°C, 488 
rendering a lower temperature limit during deformation (Barber and Wenk, 2001; Passchier and 489 
Trouw, 2005). Quartz shows variable undulose extinction and occasionally the development of 490 
subgrain boundaries, in agreement with relatively low deformation at Konkola (cf. Faleiros et al., 2010; 491 
Stipp et al., 2002). Several types of exsolution lamellae are found in ore minerals at Konkola. 492 
Metamorphism can have a significant effect on ore textures and ore grain size and the behaviour of 493 
different sulphide minerals during metamorphism can vary to a great extent (Craig and Vokes, 1993; 494 
Larocque and Hodgson, 1995; Marshall and Gilligan, 1987). This could explain the variety of alteration 495 
and replacement textures observed in hypogene mineralisation at Konkola.   496 

8.4 Supergene processes 497 

In addition to hypogene mineralisation, supergene processes are important at the Konkola deposit. 498 
Many of the replacement textures on the edges of the ore minerals are typical for oxidation of 499 
sulphides (Craig and Vaughan, 1994; Ramdohr, 1980; Sillitoe, 2005). Often iron depleted rims of 500 
chalcocite, digenite and covellite are found on the edges of chalcopyrite and bornite (Fig. 6B). The iron 501 
is removed in solution and reprecipitates in oxidised forms such as goethite along cracks or in voids 502 
(Fig. 6A; Craig and Vaughan, 1994). At Konkola, secondary chalcocite is abundant in areas with high 503 
permeability such as fault zones. Chalcocite commonly occurs in both hypogene and supergene 504 
environments (Sillitoe, 2005; Vaughan and Craig, 1997) and the timing of chalcocite in the 505 
paragenesis of ore deposits is often uncertain (Selley et al., 2005; Sillitoe, 2005). Sulphur isotope 506 
values for supergene chalcocite (-4.4‰ to +2.0‰ V-CDT) are comparable to or slightly higher than 507 
hypogene sulphides (Fig. 8). They show fractionation between 15.5‰ and 21.9‰ V-CDT and are also 508 
most readily explained by local remobilisation of earlier sulphide phases. Data from several ore 509 
deposits and theoretical modelling point to direct inheritance of S and its isotopic signature during 510 
supergene weathering, without the need for major external S sources (Ague and Brimhall, 1989; Cook 511 
and Spry, 1999; Field and Gustafson, 1976; Sillitoe, 2005). 512 

Another important supergene mineral at Konkola is malachite. The textures and habits of malachite at 513 
the deposit are very similar to other occurrences in the Copperbelt (De Putter et al., 2010). When 514 
structural permeability is high, oxidation of hypogene sulphides can occur very deep (Ague and 515 
Brimhall, 1989; Sillitoe, 2005). Supergene enrichment and leaching by supergene fluid circulation 516 
occurs at depths of up to 1 km from the present-day surface at Konkola. Partial sulphide oxidation up 517 
to depths of ~750m is common in the Zambian Copperbelt (Fleischer et al., 1976).  518 

8.5 Structural control 519 

The close relationship between macro- and meso-scale structural features with higher copper and 520 
lower cobalt grades implies a strong structural control on the ore grade and suggests that these 521 
structures played a significant role in the (re)mobilisation and subsequent concentration of the metals. 522 
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These observations have also been made for several other deposits of the Central African Copperbelt. 523 
At Nkana South, stratiform orebodies (cutoff at 1 wt% copper) are situated in the hinge zones of fold 524 
structures (Brems et al., 2009). These intensely deformed, very tight to isoclinal folds have the same 525 
structural trend (NW-SE) as those in Konkola, gently plunging to the NW. At the Nchanga deposit, 526 
McGowan et al. (2006) reported a strong correlation between ore mineralisation and NE verging fault 527 
propagation folds, thrusts and basal detachments. These folds also have WNW-ESE striking fold axes 528 
that plunge gently to the WNW. The geometry of the folds at Konkola is in agreement with the regional 529 
tectonic and structural style. The Domes region consists mainly of upright to slightly inclined NW-SE 530 
trending folds that dominate the structural style (Cosi et al., 1992; Selley et al., 2005). Tectonic 531 
transport was interpreted to be towards the northeast (Kampunzu and Cailteux, 1999; Porada and 532 
Berhorst, 2000), which is in agreement with the folding geometry recognised at Konkola. Deposits in 533 
the western part of the Lufilian belt are often located at the intersection of Roan Group sediments and 534 
structural lineaments (Dewaele et al., 2006). These lineaments are interpreted to play an important 535 
role in the migration of supergene fluids. The importance of steep through going faults for supergene 536 
oxidation, leaching and enrichment is also highlighted at Konkola, as these provide the necessary 537 
permeability for internal mobilisation of the base metals (cf. Marshall and Gilligan, 1987; Sillitoe, 2005).  538 

From the grade maps it appears that especially cobalt was leached preferentially from areas with high 539 
permeability. The area between the two fault zones at 2200mN and 2700mN is affected by Co 540 
leaching while the area to the north of the 2200mN fault zone does not show any effect (Fig. 7B). Not 541 
all faults are permeable and some can indeed act as impermeable barriers that lead to deeper 542 
supergene enrichment and leaching on one side of the fault (Sillitoe, 2005). It is apparent that Cu and 543 
Co do not behave in the same way relative to structural features in the area (Fig. 7). This is likely the 544 
result of different geochemical behaviour of these two elements during supergene conditions (Chivot 545 
et al., 2008; Decrée et al., 2010; Katsikopoulos et al., 2008; Rose, 1989). Decoupling of Cu and Co is 546 
recognised in other deposits of the Central African Copperbelt. In the Tenke-Fungurume Cu-Co 547 
district, the ore distribution in shallow Roan Group rocks resulted from supergene oxidation and Cu-Co 548 
decoupling during transport, superimposed on hypogene sulphide ore (Fay and Barton, 2012). These 549 
authors interpreted this to be due to solubility differences of Cu and Co under supergene conditions in 550 
zones of enhanced permeability. A further example is the frequent occurrence of cobalt caps in the 551 
D.R.Congo where separation of Co rich caps and deeper Cu enrichment are shown to result from 552 
different precipitation and dissolution mechanisms for malachite and heterogenite (De Putter et al., 553 
2010; Decrée et al., 2010).  554 

9. Conclusions 555 

Using a mine-scale approach and studying several boreholes and underground crosscuts, this study 556 
indicates that the Cu-Co ore at the Konkola deposit is not only diagenetic in origin but that significant 557 
ore precipitation, recrystallisation and remobilisation occurred before, during and after the main stages 558 
of the Lufilian orogeny. Copper and cobalt grade maps indicate that there is significant structural 559 
control on the ore grade distribution. Macro- and mesoscale structural features played an important 560 
role in the concentration of the metals and upgrading of the ore deposit, certainly during supergene 561 
processes. A detailed petrographic study revealed that the hypogene Cu-Co mineralisation at Konkola 562 
occurs disseminated in the host rock, in cemented lenses and in layer-parallel and irregular veins. 563 
Some sulphides in cemented lenses predate biotite zone greenschist facies metamorphism as 564 
constrained by the growth of metamorphic biotite. However, most sulphides in cemented lenses were 565 
precipitated during or after metamorphism. Layer-parallel veins formed after burial diagenesis, just 566 
before or during compressive folding. Irregular veins crosscutting the layer-parallel veins formed at 567 
high fluid pressures during or after compressional deformation. Deep supergene enrichment and 568 
leaching occurs up to a km in depth, mainly in the form of secondary chalcocite, goethite and 569 
malachite and is often associated with zones of high permeability. Similarities in sulphur isotope 570 
signatures between different phases of hypogene and supergene sulphides in the Ore Shale formation 571 
indicate remobilisation of earlier sulphides to form later sulphides, strongly supported by petrographic 572 
evidence. 573 
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Table Captions 

Table 1: Lithostratigraphy of the Roan Group at Konkola, with reference to the general stratigraphy of 

the Zambian Copperbelt (after Bull et al., 2011; Cailteux et al., 1994, 2007; Konkola Copper Mines, 

2010; Selley et al., 2005; Sweeney et al., 1986). Names of the Pelito-Arkosic and Ore Formation do 

not conform to the IUGS code of lithostratigraphic nomenclature. However they are frequently used in 

the literature and are hence bracketed. 

Table 2: S isotope data of different sulphide types. cc = chalcocite; cpy = chalcopyrite; D = 

disseminated in host rock; C = cemented lenses or layers; L = layer-parallel vein; I = irregular vein. All 

sulphide isotopic measurements were carried out on polished sections of hand specimens of different 

units of the Ore Shale formation. Column ‘Unit’ indicates the different units of the Ore Shale formation. 

The samples were taken from fresh surfaces in recently developed underground mining crosscuts. 

Figure Captions 

Figure 1: Geological map of the eastern part of the Zambian Copperbelt. Modified from Ralston 

(1963), Cailteux et al. (2005) and Selley et al. (2005). Inset shows the geographical position in 

southern Africa. Gr. = Group. 

Figure 2: Geological map of the greater Konkola area. The Konkola ore deposit is adjacent to the 

Kirilabombwe Dome. The Musoshi and Konkola North ore deposits are situated next to the Konkola 

Dome. Modified from Konkola Copper Mines (2010). Gr. = Group. 

Figure 3: Map of structural elements associated with the Konkola ore deposit (A) and selected 

boreholes along the axis of the Kirilabombwe anticline (B). Position of the boreholes is indicated in (A). 

Modified from Konkola Copper Mines (2010). Legend is similar to Figure 2. Gr. = Group; Fm. = 

Formation. 

Figure 4: General paragenesis for the Ore Shale Formation, based on the study of boreholes, 

underground crosscuts and detailed petrography on thin and polished sections presented in this study. 

Constituents of the host rock (matrix) are not shown but described in the text. 

Figure 5: Microphotographs of thin sections, with exception of (F). PPL = plane polarised light; XPL = 

crossed polarised light; IL = incident light. (A) Disseminated chalcopyrite in host rock, slightly 

concentrated along bedding planes, IL. (B) Muscovite with biotite overgrowths crosscutting previous 

phases in the Ore Shale Formation, such as authigenic quartz and feldspar, PPL. (C) Cemented lense 

in the Ore Shale Formation. Muscovite with biotite overgrowths is enclosed in chalcopyrite, PPL. (D) 

Contact between cemented lense and host rock. Muscovite overgrows chalcopyrite and authigenic 

quartz, XPL. (E) Contact between siltstone host rock and layer-parallel vein. Biotite is concentrated on 

the rim of the vein. Quartz and feldspar are subhedral phases on the vein wall and twinned dolomite is 

the younger phase towards the middle of the vein, PPL. (F) Hand specimen of layer-parallel vein with 

elongated dolomite crystals and bornite that is interstitial to the dolomite.  

Figure 6: Microphotographs of polished sections and a thin section (D). XPL = crossed polarised light; 

IL = incident light; IPL = double polarised incident light; PPL = plane polarised light. (A) Goethite in 



crack after digenite in chalcopyrite matrix. Bornite is later alteration, IL. (B) Irregular vein with coarse 

chalcopyrite with bornite, covellite, chalcocite and goethite alteration on the edges, IL. (C) Bornite and 

digenite in layer-parallel vein with chalcocite exsolution lamellae in digenite, IL. (D) Biotite that is 

replaced by malachite along cleavage, XPL. (E) Banded goethite with malachite in pores, IPL. (I) 

Secondary chalcocite filling pores and associated with goethite rims, IL. 

Figure 7: Grade maps of the Konkola ore deposit of the total copper (A) and total cobalt (B) contents in 

weight percent (wt%), averaged over the thickness of the Ore Shale Formation. Several exploitation 

levels are projected on the maps. All assay analyses were done by Konkola Copper Mines (2010). 

Figure 8: δ
34

S values (‰) relative to V-CDT for measurements of chalcopyrite from different 

mineralising phases (top), of different units of the Ore Shale Formation (middle) and of secondary 

chalcocite (bottom). Values from Sweeney et al. (1986) are shown for comparison (top). 
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