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ABSTRACT 

 

The Neoproterozoic Roan Group of central Africa is host to the world’s largest and 

highest-grade sedimentary rock-hosted Cu (-Co) deposits in the Copperbelts of Zambia and the 

Democratic Republic of Congo (DRC).  Previous studies concerning the stratigraphy, 

sedimentology and mineral composition of the Roan Group have been largely confined to ore 

and the immediate ore-bearing interval.  Rarely have these studies attempted to integrate the full 

extent of the succession.  Similarly, while numerous petrographic studies have been carried out 

on individual ore deposits, only rarely have these attempted to define a consistent sequence of 

events from sedimentation, through burial diagenesis, to mineralization and metamorphism. 

One of the main objectives of this study was to define a sequence stratigraphic model that 

could provide the basis for reliable stratigraphic correlation and prediction at both the local and 

regional scale.  A significant outcome was the recognition that the Roan Group can be divided 

into four sedimentary sequences (RG1 to RG4) which allows for continuity to be established 

between the Zambian and Congolese Copperbelts; traditionally an area of significant uncertainty 

and debate.  In contrast to previous correlations, the sequence stratigraphic model suggests that 

the ore-bearing interval of the Congolese Copperbelt, namely the Mines Subgroup, is broadly 

equivalent to the (barren) Bancroft Dolomite Formation of the Zambian Copperbelt, herein 

defined as a succession of platformal carbonate rocks confined to the base of the Upper Roan 

Subgroup.  The model also predicts that the underlying Copperbelt Orebody Member of Zambia 

has only limited basinward extent and is not significantly developed in the DRC.  Other 

significant implications concern the regional distribution of salt in the Roan Group, and its effect 

on ore deposit distribution and subsequent stratal fragmentation.   

Significant in terms of the fundamental controls on sedimentary copper ore systems is the 

remarkable similarity between the Roan Group sequences and those of the younger, less 

deformed and non-metamorphosed, but equally productive, Zechstein Group of central Europe.  

This reaffirms the contention that stratigraphic architecture and composition is the main 

constraint on the development of these ore systems, rather than a pre-existing Cu source or 

superimposed tectonic event.  Key criteria are defined as (1) a basal, rift-related, oxidized redbed 

sequence, (2) a transgressive, shallow-marine reduced sequence, and (3) a basinwide evaporite-
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carbonate sequence.  Each is regarded as an essential component for optimal leaching, transport, 

focusing and deposition of metals. 

The evaporitic setting of the Roan basin is also confirmed as the fundamental control on 

the development of widespread alteration in the Roan Group.  The petrographic observations 

described in this study suggest a consistent sequence of events that challenges the traditional 

view that metamorphism, recrystallization and sulfide remobilization destroyed primary mineral 

textures.  Although complex and protracted, these events generally progressed from early 

diagenetic K-feldspar and quartz, along with early dolomite and sulfate and local albite-silica, to 

later magnesian alteration in the form of phengitic muscovite, Mg-chlorite and phlogopite.  This 

characteristic suite of minerals is taken to reflect the evaporitic nature of the Roan basin and its 

initial enrichment in Ca, Mg, Na, K and SO4 from Neoproterozoic seawater. 

The ore sulfides consistently occupy a late stage in the paragenetic sequence and are 

locally intergrown with phlogopite, chlorite and talc in interstitial sites between authigenic 

cements or remobilized into cleavage planes and veins.  The timing of initial sulfide growth prior 

to metamorphism remains enigmatic but is linked to secondary porosity created by the 

dissolution of anhydrite and dolomite, probably due to acid generation from the maturation of 

organic material.  An antithetic relationship between the ore sulfides and anhydrite suggests that 

accumulations of thermochemically-derived H2S gas provided a key constraint on ore deposit 

formation.   
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CHAPTER 1 

 

INTRODUCTION 
 
 
 
1.1 Introduction 

 

The Zambian Copperbelt is located at the southeastern end of the Lufilian fold belt, an 

arcuate zone of variably deformed and metamorphosed Neoproterozoic meta-sedimentary rocks 

of the Katangan Supergroup that encompasses north-western Zambia, southern Democratic 

Republic of Congo (DRC) and south-eastern Angola.  In addition to the world’s highest-grade 

accumulation of sedimentary rock-hosted copper and cobalt, this region is host to rich 

polymetallic mineralization that includes significant deposits of zinc, lead, gold, silver, nickel, 

and uranium. 

Most previous studies on the Zambian Copperbelt have been confined to the scale of 

individual orebodies which are rarely representative of the belt as a whole.  Stratigraphic and 

structural investigations of a more regional-scale have been limited by the paucity of outcrop and 

a deep lateritic weathering, while efforts towards a regional synthesis have been hampered by 

geopolitical boundaries and proprietary datasets.  With privatization of state-owned mining 

companies and a renewed exploration focus in the late-1990s, a wealth of new and archive data 

became available. 

The principal aim of this study was to investigate the stratigraphic architecture and basin 

evolution of the Roan Group in the Zambian Copperbelt through the compilation and detailed 

correlation of stratigraphic profiles.  Data employed for this purpose comprised exploration drill 

holes in addition to geological sections derived from mine archives and published sources.  The 

generation of a new stratigraphic model using the concepts of sequence stratigraphy was 

considered critical for correlating between these widely distributed data points and thereby allow 

for stratigraphic prediction into unexposed areas.  The limitations of employing a sequence 

stratigraphic approach in a Neoproterozoic setting is addressed in Chapter 2. 

The study also made use of QEMSCAN mineralogical techniques that provided both 

quantitative and descriptive data on the stratigraphic succession.  Such data provided the basis 
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for understanding the processes that accompanied diagenesis, alteration, mineralization and 

metamorphism in the Roan Group.  

 
 
 
1.2 Project background 

 

The ore deposits of the Central African Copperbelt have been the focus of large-scale 

mining, exploration and geological research since the beginning of the last century.  This period 

provided the foundation for an understanding of the regional geology and setting of the host 

strata.  However, with nationalization of the mining sector and economic decline came a marked 

slowdown in these activities subsequent to the mid-1970s.  As a result, contemporary concepts of 

basin architecture, stratigraphy and mineralization were generally not applied to the region.  A 

reversal of this situation occurred only in the late-1990s following political events that resulted in 

re-privatization, renewed exploration investment and the recapitalization of existing mines.  

The Colorado School of Mines (CSM) became involved in 1997 through graduate studies 

of the Kansanshi mine and Solwezi area (Torrealday, 2000, Barron, 2003).  This work was 

followed by an industry sponsored program undertaken as a collaborative effort between CSM 

and the University of Tasmania (AMIRA-ARC project P544).  This program was focused solely 

on the ore deposits of the Zambian Copperbelt and was carried out between 1999 and 2003.   

Additional research activities undertaken in Zambia during this period included doctoral 

studies at the University of Southampton on the Nchanga Mine (McGowan, 2003) and the 

Lumwana copper deposit (Bernau, 2007); and work at the University of the Witwatersrand 

focused on geochronology and paleofluids (Rainauld,et al., 2003, 2005). 

Selly et al. (2005) and Hitzman et al. (2005) outlined the results of the above studies and 

provided a comprehensive overview of previous work.  Despite concluding that the first-order 

controls on individual deposits were relatively well appreciated, it was recognized that the 

regional, or basin-scale, aspects of ore deposit genesis and distribution remained poorly 

understood.   

A follow-up program focused on the Congolese Copperbelt commenced in 2004 and 

concluded in 2011 (AMIRA - P872).  This work remains largely unpublished but a broad 

overview was provided by Hitzman et al. (2013 in press). 
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Figure 1.1.  Tectonic setting of Zambia and the Lufilian Arc (after Porada, 1989; Binda & 
Porada, 1995).  The Zambian Copperbelt is hosted by the Katangan Supergroup and situated on 
the eastern end of a series of antiformal basement inliers (shown in black).  



 

4 
 

 
 
Figure 1.2. Simplified geology of the Zambian and Congolese Copperbelts showing the 
distribution of the Roan Group and location of major mines. 
 
 
 
1.3 Geological overview and unresolved issues 

 

Despite significant advances in our understanding of the Central African Copperbelt in 

recent years, particularly with regard to the nature, timing and local controls on ore deposition at 

the deposit scale, many problems remain unresolved or largely unstudied.  Significant amongst 

these are issues related to the tectonic setting and stratigraphic evolution of the Roan basin, its 

chronostratigraphic (verses litho-stratigraphic) development, and the relationships between 

mineralization, regional basin architecture and orogenesis.  In an important paper on the 

mineralization controls and source of metals in the region, Unrug (1988) noted that “the origin of 

mineralization on a regional scale should take into account the entire geographic and 

stratigraphic range of economic and uneconomic mineralization, the geodynamic evolution of 



 

5 
 

the entire sedimentary basin, and the tectonic processes that transformed the basin into a fold 

belt”. 

 
 
 
1.3.1 Regional geological setting 

 

The copper and cobalt deposits of the Central African Copperbelt are hosted by an 

arcuate fold belt known informally as the Lufilian Arc; a name derived from its northward 

convex geometry (Figure 1.1). 

The major stratiform ore deposits of this region are largely confined to a northwest- to 

southeast-trending zone that straddles the borders of Zambia and the DRC, covering a distance of 

approximately 450 km (Fig. 1.2).  The orebodies within this zone are mostly restricted to the 

basal metasedimentary succession of the Neoproterozoic Katanga Supergroup (~880 to ~550 

Ma), although vein- and replacement-styles of mineralization are locally important higher in the 

succession and also present in older basement rocks. 

The belt was deformed during the Lufilian Orogeny (~590 – 465 Ma, Rainaud et al., 

2002, Selly et al., 2005 and references therein), part of the widespread Neoproterozoic to early 

Paleozoic, Pan African-Braziliano event that produced tight folding and thrusting of both the 

basement and cover sequence (Kennedy, 1964).  The craton-scale mechanics and driver of this 

protracted orogeny are poorly known but were related to the collision between the component 

cratons of West Gondwana (Africa and South America) and East Gondwana (Australian, 

Antarctica, India and Madagascar) in the latest Neoproterozoic (McWilliams, 1981; Porada, 

1989).   

At the regional scale, widely differing mechanisms have been proposed for the 

deformation history and arcuate shape of the belt (Unrug, 1983, Cahan et al., 1984, Coward and 

Daly, 1984; Unrug, 1987, 1988, Porada, 1989, Wilson et al., 1993, Kapunzu and Cailteux, 1999; 

Porada and Berhorst, 2000; Key et al., 2001).  Local kinematics indicate broadly northward 

directed thrusting in the Lufilian belt and the degree of metamorphism tends to decrease in the 

same direction, from upper amphibolite- and greenschist-facies in Zambia to very low 

metamorphic grades in the DRC.  Relatively abrupt changes in structural style and 

metamorphism mark the boundaries between these zones (Ramsey and Ridgeway, 1977; 
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François and Cailteux, 1981).  Peak metamorphism is recorded by the local development of talc-

kyanite whiteshists dated at ~530 Ma (John et al., 2004) in the so-called Domes area of 

northwestern Zambia.  Outside of this area, the rocks have largely retained their sedimentary 

textures and structure, and hence a “meta” prefix is rarely used. 

In the Zambian Copperbelt, and adjacent parts of the DRC, Paleoproterozoic basement 

inliers form the cores of large open folds that are thought to represent thrust ramps at deeper 

crustal levels (Unrug, 1983; Daly et al., 1984, Coward and Daly, 1984, Cosi et al., 1992).  The 

ore deposits of this region commonly coincide with tight Katangan synclines that are localized 

within embayments in the basement and oriented at an oblique angle to the trend of the larger 

fold structure (Fig. 1.3).  Most of the orebodies are arranged on linear trends along the margins 

of a regional-scale basement inlier known as the Kafue Anticline.  Local folding within the 

embayments can be intense and distinctly disharmonic in the upper parts of the stratigraphy 

(Garlick, 1961, Diederix, 1977) yet only minor dislocations of mining importance are recorded.  

In contrast to Zambia, the sedimentary succession in the Congolese Copperbelt is 

strongly dislocated and folded into a series of broken anticlines and synclines that are generally 

overturned towards the north.  Mineralized fragments or ecaille (French for fish-scale) occur as 

randomly orientated megabreccia blocks hosted within the axes of anticlines, or as nappes and 

klippe thrust over younger units.  The mineralized fragments are surrounded and underlain by 

breccias or crudely stratified dolomitic siltstones, and nowhere near these structures is the pre-

Katangan basement observed or known from drilling.  Despite this disruption, many of the ore 

deposits form distinctively linear trends, both parallel and oblique to the fold belt.    

The apparent transition from a thick-skinned (i.e. basement-involved) geometry in 

Zambia to a thin-skinned structural style in the DRC is attributed to decoupling along evaporitic 

strata at depth and salt diapirism or extrusion (Francois, 1973, de Magnée and Francois, 1988; 

Jackson et al., 2003; Selley et al., 2010; Hitzman et al. 2013 in press).  However, no salt has yet 

been observed and evidence of its former presence remains indirect, namely in the form of 

dissolution breccias with relict evaporite matrices, and the widespread development of 

progressive unconformities with uncommon tectonic-stratigraphic relationships (Selley et al., 

2010).  The presence of mineralized strata enveloped entirely by breccias (interpreted as former 

evaporites) suggests a supra-salt position prior to fragmentation. 
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Figure 1.3. Geology and distribution of Cu-(Co) deposits in the Zambian Copperbelt. 1 = 
Luanshya, 2 = Roan Extension, 3= Baluba, 4 = Lufubu South, 5 = Chibuluma South, 6 = 
Chibuluma West, 7 = Chibuluma, 8 = Nkana-Mindola, 9 = Chambishi South East, 10 = 
Chambishi, 11 = Pitanda, 12 = Mwambashi A, 13 = Mwambashi B, 14 = Samba, 15 = Fitula, 16 
=Mimbula, 17 = Chingola A-F, 18 = Nchanga, 19 = Fitwaola, 20 = Konkola, 21 = Konkola 
North, 22 = Musoshi, 23 = Lubembe, 24 = Luansobe, 25 = Kasaria, 26 = Mufulira, 27 = Frontier 
(Lufua), 28 = Mwekera, 29 = Ndola West, 30 = Itawa, 31 = Bwana Mkubwa, 32 = Lonshi, 33 = 
Mokambo. (Selley et al., 2005). 
 
 

The initial presence and distribution of salt within the Katangan succession has major 

implications with respect to basin history, tectonics, stratigraphic correlation, fluid regimes, and 

mineralization.  The transition between relatively autochthanous strata in the Zambian 

Copperbelt to the partly allochthonous strata of the DRC lacks outcrop continuity and is thus 

poorly known.  A major aim of this study was to investigate this transition and develop a 

regional stratigraphic model for the Roan Group, thereby providing a link between the ore 

deposits of the Zambian and Congolese Copperbelts.  
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1.3.2 Stratigraphy and basin architecture 

 

The Neoproterozoic Katangan Supergroup comprises, from base to top, three major 

lithostratigraphic successions, namely the Roan, Nguba (formerly Lower Kundelungu) and 

Kundelungu (formerly Upper Kundelungu) Groups, with an estimated total thickness of 5-10 km 

(Cornet, 1897; Grey, 1932; Cahen, 1954, 1974, Mendelsohn, 1961; Binda and Mulgrew, 1974; 

Fleischer et al., 1974; François, 1973, 1974, 1995, 1987, 1995; Lefebvre, 1989; Lefebvre and 

Tshiuka, 1986; Unrug, 1988; Tshiauka, 1995; Binda, 1995; Cailteux, 1976, 1994, 1995; Cailteux 

et al., 2005a, 2005b, 2007; Wendorff, 2005; Selley et al., 2005; Batumike et al., 2007; Cailteux 

et al., 2007; Wendorff et al., 2009; Bull et al., 2010, 2011).  

 

                       
 
Figure 1.4.  Simplified stratigraphy of the Katangan Supergroup (not to scale). 
 
 

The detailed stratigraphic nomenclature of the Katangan succession remains poorly 

defined due to the cultural and political divide that separates the Zambian and Congolese 

Copperbelts and a multitude of independent mine/deposit-specific stratigraphic schemes.  

Additionally, since the majority of the ore deposits are restricted to the lowest subdivision of the 

basal Roan Group, relatively little attention has been directed at the stratigraphic interval beyond 
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these confines.  A number of differing accounts of the Katangan lithostratigraphic succession 

have been devised, most recently by Bull et al., (2011), but the most widely published is that of 

Cailteux et al. (2007).  The latter scheme correlates the orebodies of the DRC with those of 

Zambia (Table 1.1). 

The Roan Group in Zambia comprises a lower clastic-dominated succession (the Lower 

Roan Subgroup), a middle carbonate-, evaporite- and breccia-dominated succession (the Upper 

Roan Subgroup), and an upper siltstone-shale succession (the Mwashia Subgroup (hereafter 

spelled Mwashya in accordance with the type area in the DRC).  A maximum age of 883 ± 10 

Ma (Armstrong et al., 2005) for deposition of the Roan Group is indicated by an unconformable 

relationship with the Nchanga Granite at the northern end of the Zambian Copperbelt.  However, 

textural evidence suggests that significant uplift and erosion of this body occurred prior to the 

start of deposition.  

Correlations with the Roan Group of the DRC are obscured by facies changes and an 

increase in tectonic complexity, notably the development of decoupling surfaces within the 

middle carbonate-evaporite succession.  As a result, detailed correlations beneath the Mwashya 

siltstone-shale succession remain the subject of ongoing debate. 

The overlying Nguba and Kundelungu Groups are defined on the basis of two regional 

chronostratigraphic, basal markers of interpreted glaciogenic origin, namely the Grand 

Conglomérat and Petit Conglomérat respectively.  Due to a lack of surface exposure, however, 

neither is well defined in the Zambian Copperbelt.  The former is dated in western Zambia at a 

maximum age of 765-735 Ma on the basis of intercalated and underlying mafic rocks and 

thereby correlated with the global Sturtian glacial event (Key et al., 2001).  This horizon 

provides a minimum age for Roan sedimentation which, in the absence of fossil evidence, 

remains the only consistent chronostratigraphic marker in the succession. 

Despite fundamental uncertainties regarding its regional geodynamic setting, the Roan 

Group is widely interpreted to have formed in an intracontinental rift environment associated 

with the breakup of the Mesoproterozoic Rodinia Supercontinent (e.g. Raybould, 1978; Annels, 

1984; Unrug, 1988; Binda, 1994; Kampunzu et al., 2000; Porado and Berhorst, 2000; Selley et 

al., 2005).  The absence of volcanic rocks at the base of the succession suggest relatively 

subdued extension rates but the geochemistry of mafic rocks in the upper part of the Roan Group 

is consistent with emplacement in a continental rift environment (Kampunzu et al., 2000).     
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Table 1.1 Detailed lithostratigraphy of the Katangan Supergroup in Zambia and Congo (Cailteux et al., 2007) 
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Additionally, Selley et al. (2005) demonstrated that the earliest stratigraphic geometries of the 

basal siliciclastic strata are typical of rift basins and specifically, that pronounced thickness and 

facies changes are consistent with half-graben geometries.  This study concluded that the 

stratigraphic architecture of the Roan Group, comprising syn-rift, rift-climax and post-rift stages, 

is directly comparable to contemporary models for Phanerozoic rift basins (e.g. Prosser, 1993; 

Gupta et al., 1999; Gawthorpe and Leeder, 2000). 

The depositional environment in the lower part of the Roan Group was initially fluvial 

and aeolian in character, becoming shallow-marine to evaporitic, giving rise to intercalations of 

siliciclastic, carbonate and (relict) evaporite-bearing rocks.  This succession hosts the majority of 

ore in the Zambian Copperbelt, specifically at the rift-climax transition from subaerial to 

shallow-marine strata.  The post-rift interval of the succession is dominated by platformal 

carbonate rocks, subordinate siliciclastic rocks and stratiform to discordant breccias after 

evaporites.  The latter includes gabbro bodies of variable size and orientation that are generally 

interpreted as tectonically fragmented sills (Mendelsohn, 1961; Kampunzu and Cailteux, 1999).  

In contrast to Zambia, the majority of the ore deposits of the Congolese Copperbelt are 

hosted by carbonates and carbonate-bearing siliciclastic strata.  However, since these occur only 

as blocks within megabreccia their stratigraphic position has remained uncertain.  Traditionally, 

a direct correlation has been made with the dominantly siliciclastic, ore-bearing strata of Zambia 

(e.g. Cailteux et al., 2005a, 2007), thereby assuming a significant facies change (see Table 1.1).  

An alternative hypothesis, albeit not widely accepted, suggests that the Congolese orebodies 

occur as olistrosomes within a syn-orogenic conglomerate (Wendorff, 2005).  More recently, 

Bull et al. (2011) proposed that a correlative of the ore-bearing Zambian strata lies below the 

current level of exposure in the Congolese Copperbelt.  Such issues clearly have important 

implications for ongoing exploration. 

The overlying Mwashya, Nguba and Kundelungu successions are dominated by shallow-

marine siliciclastic rocks and subordinate carbonates.  Limited mafic to intermediate magmatism 

occurred at around ~765 to ~735 Ma (Key et al., 2001, Barron, 2003) at the base of this 

succession, mostly within Zambia.  The contact between the Mwashya and overlying Nguba 

Group is marked by the Grand Conglomérat, a regionally persistent succession of turbidites, 

debris flows and diamictites that has traditionally been interpreted as a Sturtian-age (c. 715 Ma) 

glacially-derived sequence (Binda and van Eden, 1972; Key et al., 2001, Bodiselitsch et al., 
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2005; Wendorff and Key, 2009; Master and Wendorf, 2011).  The Grand Conglomerate is 

characterized by dramatic thickness variations suggesting active tectonism and/or halokinesis 

during its deposition.  A thin and poorly developed upper diamictite, the Petit Conglomérat 

occurs at the base of the Kundelungu Group.  The uppermost strata comprises relatively 

undeformed, continental deposits that are interpreted to be syn-orogenic in origin (Cailteux et al., 

2005a; Batumike et al., 2006).   

 
 
 
1.3.3 Ore deposits 

 

The Central African Copperbelt (Fig. 1.5) contains 25 ore deposits in excess of 2 Mt Cu, 

eight of which exceed 10 Mt Cu, namely Kamoa, Kamoto-KOV (Kolwezi) and Tenke-

Fungurume in the DRC, and Konkola-Musoshi, Nchanga-Chingola, Nkana-Mindola, Luanshya-

Baluba and Mufulira in Zambia (Fig. 1.5).  A further 10 deposits contain 1-2 Mt Cu and an 

additional 80 smaller deposits are known.  The DRC hosts the larger number of individual 

deposits but fewer of the giant deposits (i.e. >10 Mt Cu).   

On a regional basis, copper endowment slightly favors Zambia, while cobalt is 

overwhelmingly concentrated in the DRC (~80%).  Based on past production and resources, the 

total endowment amounts to about 7 Bt at an average grade of 2.5 % Cu, or 180 Mt of Cu metal 

(Woodhead, 2007).  Not included in this figure is the recently discovered Kamoa deposit in the 

DRC, which exceeds 20Mt Cu (Hitzman et al., 2013 in press), or newer resource estimates for 

the Sentinel (previously Kalumbila) and Lumwana deposits in Zambia. 

Most of the ore deposits in Zambia and the DRC are concentrated immediately below or within 

the lowermost transition from an oxidized, hematite-bearing succession to finer-grained, 

chemically reduced strata.  The footwall rocks are dominantly coarse-grained siliciclastic rocks 

(conglomerate and sandstone) in Zambia or dolomitic-siltstones and breccia in the DRC.  In both 

cases, this stratiform-style of mineralization appears fundamentally controlled by a change in the 

oxidation state of the mineralizing fluids i.e. by the reduction of a metal-bearing fluid upon 

encountering a reducing environment (Hitzman et al., 2005 et al., 2005, Selly et al., 2005).  The 

evidence for this includes carbonaceous material (possibly pyrobitumen residues) that 
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Figure 1.5.  Ore deposits of the Zambian and Congolese Copperbelts showing total contained copper. 
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transgresses bedding in an arenite host, and the presence of light carbon isotopic values in 

orebody carbonates that are interpreted to reflect the oxidation of organic matter (Annels, 1979).

 The stratiform orebodies of the Zambian Copperbelt vary from less than 5 m to 35 m in 

thickness and can occur in up to three superimposed lenses.  In detail, the ore sulfides are hosted 

by arenites (~35%) below capping argillites, or within the basal section of a variably 

carbonaceous, argillite-dolomite unit known colloquially as the “Ore Shale” (~65%).  This forms 

the basal unit of the Copperbelt Orebody Member of the Kitwe Formation in Zambia.  Argillite-

hosted deposits have strike lengths of up to 17 km while arenite-hosted deposits have maximum 

strike lengths of 5 km (Selley et al., 2005). 

Argillite-hosted ore deposits, which are only locally carbonaceous at the scale of ore, 

nevertheless commonly occur adjacent to carbonaceous rocks, suggesting the former presence of 

an in-situ organic reductant that was removed or destroyed during, or prior to, the mineralizing 

event.  An antithetic relationship between ore sulfides and anhydrite (or diagenetic pyrite) is 

commonly observed, thereby providing an in situ source of sulfur.   

In contrast to Zambia, the disrupted fragments that comprise the ore deposits of the 

Congolese Copperbelt cannot be directly related to an underlying basin architecture.  

Nonetheless, abrupt variations in facies and grade across local-scale transverse faults and 

regional alignments of deposits indicate that similar controls may have been present. 

The Congolese-type orebodies tend to occur within two principal formations of the 

carbonate-dominated, Mines Subgroup.  The lower formation is a bedded dolomitic siltstone 

while the upper formation is generally a sandy to dolomitic shale.  Ore horizons average 10 m in 

thickness and are separated by 20 m to 30 m of siliceous, variably mineralized, to barren 

dolomite.  Ore is also found in similar lithologies in the immediate hangingwall and footwall 

successions, but generally constitutes a relatively small component of the total resource.  The 

composition and distribution of sulfide minerals and extensive supergene alteration distinguishes 

the Congolese deposits from those of the Zambian Copperbelt. 

While the majority of the region’s ore deposits are located in the above-mentioned 

settings, deposits are also known from the basement through to the basal Nguba Group.  

Orebodies hosted by the uppermost Mwashya Subgroup (e.g. Kansanshi, Frontier, Lonshi) and 

Grand Conglomérat (Kamoa) commonly occur in carbonaceous strata where the Roan Group is 

condensed, or parts of it are depositionally absent (Hitzman et al, 2013 in press).  These deposits 
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occur in a stratiform-style (Kamoa) similar to the argillite-hosted ores of Zambia, or as manto, 

stockwork, vein- or shear-hosted styles (e.g. Kansanshi, Frontier, Lumwana). 

 
 
 
1.3.4 Mineralization and alteration 

 

Sulfide assemblages in the Zambian Copperbelt are dominated by chalcopyrite, bornite 

and chalcocite, variously accompanied by pyrite and pyrrhotite, carollite, covellite and digenite.  

The total sulfide content is commonly around 7% with average ore grades of 2-4% copper and 

less than 0.1-0.2% cobalt (if present).  Lateral and vertical sulfide zonation has been widely 

reported (Mendelsohn, 1961; Fleisher et al., 1976) but is rarely as simple as the literature 

suggests.  Nonetheless, several orebodies display a progressive transition from chalcocite to 

bornite to chalcopyrite to pyrite, vertically upward and laterally down-dip.   

The Congolese ore deposits comprise a mixed sulfide and supergene component. The 

principal sulfide minerals for Cu and Co are chalcocite, digenite and carollite with bornite and 

chalcopyrite being less common.  Supergene minerals include carbonates, silicates and 

phosphates, namely malachite with lessor cuprite, libethenite, pseudo-malachite and chrysocolla. 

Cobalt occurs as heterogenite and kolweziite.  Ore grades vary from 3-6% copper and 0.2-0.4% 

cobalt (in places up to 2%), with the ratio of copper to cobalt in the order of 8:1 (Cailteux, 1994).   

Sulfide textures are dominated by a disseminated style in which individual sulfides 

occupy interstitial sites between detrital and authigenic minerals, but also occur as pre-folding, 

layer-parallel veins and tectonic veins (Fleischer et al, 1976, Annels, 1989).  Thus, ore sulfide 

textures are controlled by both sedimentary and deformational fabrics. 

The host rocks are characterized by widespread metasomatism but a direct link to 

mineralizing events remains tenuous.  In the Zambian Copperbelt, early magnesian alteration 

(dolomite, magnesite, Mg-chlorite and tourmaline) preceded more intense potassic alteration (K-

feldspar and sericite), and late-stage, structurally-controlled sodic alteration (albite) (Selley et al., 

2005).  Both potassic and sodic alteration assemblages are locally associated with ore.  In 

contrast, the sequence of alteration in the DRC proceeded from potassic (K-feldspar), through 

magnesian (magnesite and Mg-chlorite) to silica replacement of the carbonates (Hitzman et al., 

2013 in press, and references therein).  Ore sulfides precipitated late in the paragenetic sequence 
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and tend to occur as disseminations along bedding fabric as well as open-space fillings and 

veinlets. 

Oxidation and leaching in the Zambian deposits is common to about 30 to 70 m from 

surface, although to varying degrees may be observed to depths of several hundred meters.  

Supergene enrichment below the zone of leaching is highly variable, being largely dependent on 

the host lithology.  The main supergene minerals are malachite, chalcocite, cuprite, chysocolla 

and cupriferous vermiculite.  Supergene processes in most Congolese deposits extends to depths 

of 50 to 150 m but varies considerably within and between deposits.  The weathering process, 

which is enhanced by dolomitic host rocks, commonly leads to high-grade supergene deposits 

near surface but locally results in leaching and/or re-concentration in otherwise barren strata.  At 

depth, a mixed oxide-sulfide zone grades into sulfide ore, commonly at a depth of 150 to 250 m.  

 
 
 
1.4 Methods and thesis outline 

 

This thesis principally involved the study of drill cores and drill hole logs produced over 

several decades of exploration and ore deposit delineation in the Zambian Copperbelt.  Much of 

this work was undertaken at a core repository and data archive administered by the Zambia 

Chamber of Mines in Kalulushi, Zambia.  

Field data and samples for analytical work were obtained during 2006 and 2007, and 

supplemented by information acquired during the writer’s 10 years of employment in the region.  

All of the major ore deposits were visited and examined during this period.  Samples were 

obtained from both drill cores and mine workings, and where necessary, supplemented by a 

collection assembled at the Colorado School of Mines (CSM) by Dr. Hitzman and others. 

Detailed petrographic work and mineralogical analyses were undertaken at the Advanced 

Mineralogy Research Center at CSM using a QEMSCAN E430 instrument. This system uses a 

Carl Zeiss EVO50 SEM platform, four Bruker energy dispersive (EDS) detectors, and 

proprietary software for acquiring and quantifying the analytical data.  A 20-µm pixel resolution 

was employed for all samples.  These data were interpreted using iDiscover™, a PC-based 

software suite that provides a comprehensive platform for visualization and data query. 
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This study can be viewed in terms of three sections.  The first section establishes a 

sequence stratigraphic model for the Roan Group in the Chambishi South East Area on the basis 

of several closely-spaced drill holes (Chapter 2).  The resulting model is used to correlate across 

the length and breadth of the Zambian Copperbelt (Chapter 3) and subsequently between Zambia 

and the DRC (Chapter 4).  The principal aim of this work was to constrain the three-dimensional 

stratigraphic architecture of the Roan Group within the confines of the Zambian Copperbelt and 

thereby allow for better stratigraphic prediction into the unexposed and less well-defined regions 

of the belt.  The results provide a unifying stratigraphic scheme for the region and a new 

understanding of the depositional history and evolution of the Roan basin.  

The second section documents the sedimentology and mineralogy of the Roan Group on 

the basis of a continuous stratigraphic interval (~1800 m) recorded in drill hole RCB2 from the 

Chambishi South East area.  This section provides a comprehensive account of vertical trends in 

mineralogy/alteration and represents the first systematic study of its kind encompassing the full 

extent of the Roan Group.  The aim of this study was to link the detailed petrography of the Roan 

Group to its depositional setting and investigate the nature of subsequent alteration.  Descriptions 

of the Lower Roan (Chapter 5) and Upper Roan subgroups (Chapter 6) are provided separately. 

The third section focuses on the ore-bearing rocks of the Zambian Copperbelt and 

provides an account of the paragenetic relationships and sequence of events from deposition 

through to mineralization and metamorphism.  This work was based on a representative set of 

samples from a variety of ore deposit styles.  Rather than characterizing the individual ore 

deposits, this study was aimed at identifying a common set of mineralogical features in order to 

constrain the timing of mineralization relative to diagenetic and alteration events. 

The last chapter provides a comprehensive summary and discussion of the outcomes of 

both the stratigraphic and mineralogical studies and presents a proposed sequence of events from 

deposition through to mineralization. 
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CHAPTER 2 

 

SEQUENCE STRATIGRAPHY OF THE ROAN GROUP IN THE CHAMBISHI 

SOUTH EAST AREA OF THE ZAMBIAN COPPERBELT  

 
 
 
2.1  Introduction 

 

This chapter examines the detailed stratigraphic architecture of the Roan Group in the 

Chambishi South East area of the Zambian Copperbelt.  Sequence stratigraphic concepts are 

employed to improve correlations between adjacent drill holes and thereby better constrain the 

evolution of the Roan basin.  Subdivision of the Roan Group into component unconformity or 

disconformity-bounded sequences highlights inconsistencies in the traditional lithostratigraphic 

nomenclature and provides new interpretations of lateral facies transitions.  The resulting model 

establishes a new framework for stratigraphic correlations on a more regional basis. 

 
 
 
 2.2  Understanding the use of sequence stratigraphy  

 

Sequence stratigraphy provides a framework in which to divide a sedimentary succession 

into sequences and systems tracts.  A sequence is defined as a stratigraphic unit composed of a 

relatively conformable succession of genetically linked strata bounded at its top and base by 

unconformities or their correlative conformities (Mitchum et al., 1977).  The major control on 

sequence development is a relative change in sea-level brought about by a combination of 

eustacy and tectonic subsidence.  A systems tract is defined as a linkage of contemporaneous 

depositional systems or a three-dimensional assemblage of lithofacies genetically linked by 

processes and environments (Brown and Fischer, 1977).  Such units are developed according to 

changes in sea-level and commonly comprise a lowstand (LST), transgressive (TST) and 

highstand (HST) systems tract.  Similarly, parasequences are the building blocks of sequences 

and systems tracts and are defined as relatively conformable successions of genetically-related 
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strata bounded by marine flooding surfaces and their correlative surfaces (van Wagoner, 1990).  

Such concepts reinforce the premise that stratal patterns are principally governed by a complex 

interaction between tectonics, eustacy and climate which ultimately provide the basis for a 

subdivision of sedimentary basins into genetic packages.  Sequence stratigraphy thereby provides 

a chrono-stratigraphic framework for correlation and mapping of sedimentary facies, and allows 

for stratigraphic reconstruction and prediction (Emery and Myers, 1996).  

The application of sequence stratigraphic methodologies to Phanerozoic basins is well 

established but has not been widely applied in Precambrian basins.  This is due in part to the 

absence of biostratigraphic data and, in light of the limited petroleum potential of such settings, 

the lack of seismic data.  These issues are partly overcome in the Zambian Copperbelt by a 

wealth of deep, stratigraphic drill cores, and in the case of the Congolese Copperbelt, by 

relatively good exposures and surface mapping (hereafter the ZCB and CCB respectively).  

Nonetheless, the absence of biostratigraphic and seismic data places significant constraints on 

the extent to which ‘classic’ sequence stratigraphy can be applied.  In this study, the recognition 

of key bounding surfaces is based on vertical facies changes recognized in drill core rather than 

lateral changes in seismic clinoforms.  Hence the identification of unconformities and flooding 

surfaces, and the estimation of water depths is thereby limited.  Additionally, the absence of 

relative age data limits the ability to interpret the duration of depositional sequences and thus 

their causative eustatic or tectonic influences.  Lastly, the intracratonic setting of the Roan basin 

and the length of time allowable for deposition (up to 100 million years) is markedly different 

from the typical passive margin environment in which sequence stratigraphy is commonly 

employed.  Despite such issues, the core concepts remain valid and are considered to provide 

significant advantages over the traditional lithostratigraphic approach.         

Bull et al. (2011) provided the first sequence stratigraphic description of the Roan Group 

in the ZCB by dividing the succession into seven cycles on the basis of flooding surfaces (i.e. 

genetic stratigraphic sequences of Galloway, 1989), as defined in two widely-spaced drill holes.  

Carbon and oxygen isotopic trends (Fig. 5.27) were used to support this model and, by 

comparison with published δ13C data, to establish a global chrono-stratigraphic correlation.  Such 

an approach (i.e. using genetic sequences) is suited to the siliciclastic components of marine 

basin margins but less effective in carbonate successions where maximum flooding surfaces may 

be obscured by the tendency for carbonate sedimentation to keep pace with relative sea-level 
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rise.  The present study aims to address this on the basis of unconformity-bounded sequences 

established through detailed correlations between relatively close-spaced drill holes.  This 

approach was aimed at first establishing the local-scale variability prior to attempting a more 

regional synthesis. 

In the context of the carbonate-evaporite interval of the Roan Group, a sequence 

stratigraphic interpretation and construction of a relative sea-level curve is complicated by the 

fact that thick evaporite successions require, as a rule, hydrographic isolation from the open 

ocean.  As a result, sea-level curves that apply to the marginal marine and platform successions 

may be difficult to construct in evaporitic intervals.  Additionally, since carbonate-dominated 

systems are able to produce sediment in situ they respond in a different way to tectonics, eustacy 

and climate than their siliciclastic counterparts.  For this reason, basinwide evaporites are 

commonly linked to tectonics and climate rather than eustacy and are poorly suited to sequence 

stratigraphic analysis (Warren, 2006).   

The approach adopted in this study was to correlate evaporites with sea-level lowstands 

(i.e. lowstand system tracts) and the carbonates with sea-level highstands (i.e. transgressive and 

highstand system tracts).  This approach is based on the understanding that following a fall in sea 

level, a sequence may begin with evaporites precipitated as lowstand wedges or basin-center fills 

and thereafter pass into carbonate sediments on peripheral, shallow-water platforms during a 

relative rise in sea-level.  An important feature of the resulting sequence is that evaporite and 

carbonate intervals are deposited in different settings and that the natural breaks in the 

stratigraphy tend to occur at the base of the evaporitic phase rather than the carbonate phase.  

Such correlations are a fundamental premise of this work and draw upon similar studies of the 

Permian Zechstein basin of central Europe (Tucker, 1991; Warren, 2006).  The latter is 

considered a close analogue to the African Copperbelt, both in terms of its stratigraphic 

architecture and its copper endowment. 

 
 
  
2.3  Chambishi South East  

 

The Chambishi South East area provides the setting for an initial examination of local-

scale facies variability in the Roan Group.  This area lies within the so-called Ore Shale belt of 
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the ZCB and is located in the Chambishi structural basin on the southwestern flank of the Kafue 

anticline (Fig. 2.1, 2.2).   

 

 
 
Figure 2.1.  Simplified geology of the Zambian Copperbelt showing the distribution of ore 
deposits and localities referred to in this study. 

 
 
Unlike the majority of known deposits and prospects of the region, the Chambishi South 

East Cu deposit is entirely buried, being located at depths of between 500 m and 1000 m below 

surface (Fig. 2.3).  This feature necessitated extensive drill hole intercepts of the hangingwall 

strata during exploration and orebody delineation.   

The dimensions of the study area span 10 km by 4 km (i.e. 40 km2) in the strike and 

down-dip directions, respectively.  Within this, the Chambishi South East copper deposit 

encompasses a smaller area of approximately 15 km2.  The orebody contains an inferred resource 

of 55 million tonnes grading 2.7% Cu and 0.13% Co and an unclassified resource of 108 million 

tonnes grading 1.83% Cu and 0.03% Co (JICA, 1996).   
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Figure 2.2. Simplified geology of the northeastern sector of the Chambishi basin showing drill hole collars, copper distribution 
(projected to surface) and isopachs of the footwall interval (i.e. orebody to basement). 
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Figure 2.3. Dip and strike sections in the Chambishi South East area showing the relationship between basin architecture, stratigraphy 
and copper distribution (in Ore Shale).  Note that the mineralized horizon is confined to the peripheries of an intrabasinal basement 
high adjacent to pinch-outs of the footwall strata.  The stratigraphic nomenclature is based on traditional terminology employed in the 
Chambishi-Nkana mining district.
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Figure 2.4. Simplified log of drill hole RCB2 showing stratigraphic units, sequence stratigraphic 
interpretations and corresponding sedimentary environments.  Sequence boundaries (SB) are 
represented by solid black lines, flooding surfaces (FS) by light-grey/dashed lines.  Other 
abbreviations include: lowstand systems tract (LST), highstand systems tract (HST), 
transgressive systems tract (TST), and condensed section (CS).  The dashed segment of the sea-
level curve represents a period of intermittent isolation from the eustatic influences. (See 
chapters 5 and 6 for legend to drill hole log). 

  

 



 

25 
 

Exploration work undertaken from the late-1960s to early-1980s included 95 drill holes 

spaced, on average, at intervals of approximately 500 m apart (Fleischer, 1984).  An additional 

12 holes (MJZC series) were completed in the mid-1990s which produced a fence of cores 

largely unparalleled within the ZCB in terms of stratigraphic continuity and depth.  All 12 holes 

were collared in the uppermost part of the Roan Group (i.e. Mwashya Subgroup) or higher, and 

one of these (MJZC-9: Figs. 2.2, 2.8) was collared at the level of the Grand Conglomérat; 

thereby recording a continuous stratigraphic section from the base of the Nguba Group through 

to the basal siliciclastic succession of the Roan Group.  The presence of the Grand Conglomérat 

at this locality provides a key chronostratigraphic marker on which regional correlations can be 

based. 

Drill hole RCB2 is the deepest in the Chambishi South East area and at more than 1800 

m is amongst the most continuous stratigraphic records of the Roan Group.  Similar to the study 

of Bull et al. (2011), drill hole RCB2 is used to illustrate the stratigraphy and depositional setting 

of the Roan Group (Fig. 2.4).  Detailed descriptive and petrographic work essential to this 

outcome are presented in a chapters 5 and 6.  The present study divides the Roan Group in RCB2 

into four unconformity-bounded sequences, designated RG1 to RG4, which are thereafter 

extrapolated by detailed correlation across the adjacent drill fence.  For illustrative purposes the 

results are presented in two parts (Fig. 2.5 and Fig. 2.8).  In keeping with sedimentological 

terminology, the variable effects of widespread alteration, recrystallization and metamorphism 

have been largely discounted in favor of the sedimentary protolith. 

 
 
 
2.3.1 Sequence RG1 (Mindola Clastics Formation) 

 

The lowermost sequence of the Roan Group in the Chambishi South East area consists, as 

it does throughout the ZCB, of a siliciclastic succession of sandstones and conglomerates 

deposited directly on a Paleoproterozoic to Neoproterozoic erosion surface.  In lithostratigraphic 

terms, the RG1 sequence falls within the Mindola Clastics Formation, namely from the Roan 

unconformity through to the base of the Kafue Arenites Member (Fig. 2.4).  In sequence 

stratigraphic terms, this cycle represents a terrestrial, syn-rift succession that would traditionally 

be excluded from such an analysis on the basis that it lacks a correlative marine component (and 
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thus no eustatic influence).  However, its inclusion is required to complete an account of the 

Roan Group.  

The lithofacies of the RG1 sequence are dominated by fluvial deposits with a crude 

upward-fining character indicative of alluvial fan and braided stream environments.  

Specifically, in each of the Chambishi drill holes, the lowermost strata comprise a heterogeneous 

assortment of arkosic to sub-arkosic, micaceous and argillaceous arenites, and pebbly 

conglomerates with intermittent beds of fine-grained sandstone and thin siltstone horizons.  A 

general trend is evident from thickly bedded, texturally immature, generally monomictic, granule 

to boulder conglomerate at the base, towards more mature arenites and lesser, matrix-rich 

conglomerate at the top.  Trace amounts of hematite (generally specular) are ubiquitously 

developed; a feature consistent with deposition in a terrestrial, oxidizing setting (i.e. a redbed 

environment).   

In contrast to the basal strata, the uppermost part of the RG1 sequence is characterized by 

cleaner sandstones with conspicuous cross-beds and thin, intercalated silty, argillaceous 

horizons.  This succession is locally termed the Transitional Sandstone or Footwall Transition 

and includes anhydrite-cemented, and strongly altered albitic arenites with large-scale, dune-type 

bedforms (Mendelsohn, 1961; Garlick, 1972; Fleischer et al., 1974).  These features are taken to 

indicate a trend towards increasingly arid conditions; possibly including eolian and playa-wadi 

environments.  The presence of interstitial anhydrite with anomalous amounts of authigenic 

albite is interpreted to reflect a proximal or evolving, evaporitic environment.  

Abrupt thickness variations in the RG1 sequence support a syn-rift setting in which a 

western and eastern basin is clearly demarcated by a central basement high (Fig. 2.5).  The 

existence of extensional growth faults along the line of section is supported by the presence of 

poorly-sorted, angular scree or debris-flow conglomerates developed towards the base of each 

drill hole.  Similarly, a pronounced asymmetric thickening of the sequence is commonly 

associated with an increase in conglomerate content while non-deposition is evident on the 

basement high. 

Isopachs of the Mindola Clastics Formation compiled from drill hole data  define the 

presence of depositional troughs in the order of 100 to 150 m thick with crude east-west and 

subordinate north-south orientations (Fig. 2.2).  The general upward-fining character of the RG1 

sequence is consistent with progressive reduction in depositional relief as these depocenters were  
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Figure 2.5.  Stratigraphic profiles of the Lower Roan Subgroup and lower part of the Upper Roan Subgroup in the Chambishi South 
East area showing sequence subdivisions relative to RCB2.  Drill hole sections are hung on major flooding surfaces represented by the 
Chambishi and Bancroft Dolomite units.  Stratigraphic and lithological terms are based on traditional nomenclature in the Chambishi-
Nkana mining district.  See Figure 2.2 for collar locations.  
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filled, a feature similarly recognized by Selley et al. (2005).  Their limited thickness and lack of 

consistent structural orientation suggest incipient rifting in a marginal position with respect to the 

Roan basin. 

 
 
 
2.3.2 Sequence RG2 (Kafue Arenites to Chambishi Dolomite) 

 

The base of the RG2 or second Roan Group sequence is marked by a regionally persistent 

conglomerate horizon that heralds the start of a retrogradational parasequence set.  

Stratigraphically, this mixed siliciclastic and carbonate cycle encompasses an interval between 

the Lower Conglomerate (the base of the Kafue Arenites Member) and the top of the Chambishi 

Dolomite Member (i.e. lower Kitwe Formation).  The recognition of a basal erosional surface 

followed immediately by a transgressive event at this level is an important departure from 

previous interpretations of ZCB stratigraphy; these tending to favor a transgression starting at the 

level of the overlying Ore Shale or Copperbelt Orebody Member (e.g. Mendelsohn, 1961; Binda 

and Malgrew, 1974; Binda, 1975; Clemmey, 1976, Selley et al., 2005).  The base of the Kafue 

Arenites Member thus records widespread peneplanation of the landscape immediately following 

initial development of the RG1 depocenters.  This event was subsequently followed by a 

progressive rise in relative sea-level.   

The RG2 sequence records an abrupt transition from a terrestrial, oxidized environment 

characterized by isolated sub-basins to a marginal marine setting characterized by subaqueous, 

reduced (pyritic) rocks deposited within a larger interconnected depocenter.  As recognized by 

Selley et al. (2005), this period of sedimentation marks the transition from a syn-rift to rift-

climax stage in accommodation development.  A fundamental change in basin architecture, in 

conjunction with a change in redox state, clearly provided important constraints on subsequent 

copper sulfide mineralization. 

The stratigraphic thickness of the RG2 sequence reaches a maximum of 200 m in the 

study area while a pinch-out occurs in a northeasterly direction (Fig. 2.2, 2.3).  Similarly, local 

increases in stratal thickness within the RG2 sequence tend to mirror underlying RG1 

depocenters, and attenuation of all but the upper carbonate unit of the sequence (the Chambishi 

Dolomite) occurs on the central basement high of the study area.  Such relationships suggest that 
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growth faults continued to exert a subdued influence on sediment accumulation patterns despite a 

crude layer-cake morphology.   

Three cycles or parasequences are recognized in the RG2 sequence, each defined by 

important transgressive surfaces or flooding events.  From base to top these comprise: (1) the 

Kafue Arenites parasequence, (2) the Copperbelt Orebody parasequence, and (3) the Chambishi 

Dolomite parasequence.  The Ore Shale or Copperbelt Orebody Member is located at the base of 

the middle parasequence and represents a maximum flooding surface or condensed section within 

this parasequence set. 

 
 
 
2.3.2.1 Kafue Arenites parasequence 

  

The persistent conglomerate horizon present at the base of the RG2 sequence in the 

Chambishi South East area is variably known as the Lower, Intermediate or Cobble 

Conglomerate.  A thickness of 40 m is locally developed in proximal positions (e.g. drill hole 

MJZC-3) but distally, little more than a few meters of pebbly sandstone with silty interbeds is 

present (e.g. RCB2).  

Regional peneplanation of the landscape and a significant reduction in depositional relief 

is indicated by simultaneous submergence of the underlying RG1 sub-basins and residual 

basement highs at this level (Fig. 2.5).  A noticeably polymictic clast assemblage is taken to 

indicate significant expansion of the erosional source area, while an abundance of interstitial 

anhydrite and a conspicuous dark-coloration suggests a proximal or superimposed evaporitic 

environment.  As interpreted by Selley et al., (2005), such an event may have been tectonically 

induced by the evolution of a master fault array from smaller fault segments during the rift-

climax stage of basin development.  

The Lower Conglomerate is immediately followed by a transgressive surface that records 

a relatively abrupt transition from terrestrial to shoreface sedimentation.  The base is commonly 

represented in the study area by a schistose interval of anhydrite-bearing, biotitic mudstone 

and/or a dolomitic siltstone which is here interpreted as a primary evaporite horizon.  This in 

turn, is overlain by 20 to 40 m of silty or argillaceous, arkosic sandstone similar to the upper 

parts of the RG1 sequence.  Together with the underlying conglomerate, these units form the 
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Kafue Arenites Member which, in view of its similarity to the underlying succession, is 

traditionally assigned to the former (i.e. Mindola Clastics Formation).  However, the Kafue 

Arenites Member is distinguished by increasingly variable lithofacies associations that suggest 

intermittent periods of subaqueous sedimentation and an interplay between alluvial, delta plain 

and littoral environments.   

The presence of fine-grained, thinly-bedded, argillaceous sandstones, with local 

concentrations of interstitial anhydrite and dolomite are considered evidence for a marginal 

marine (or lacustrine) setting while the common development of soft sediment deformation is 

consistent with water-laden strata in a deltaic environment.  Particularly compelling is an upward 

increase in ‘heavy’ accessory minerals, as determined by QEMSCAN analyses (Chapter 5).  This 

feature is interpreted to reflect mechanical concentration of reworked beach, barrier or shallow-

marine sands during a period of shoreface retreat. 

In sequence stratigraphic terms the Kafue Arenite Member marks the start of a 

transgressive systems tract or retrogradational parasequence.  Its base is interpreted as a 

ravinement surface that rests disconformably on the underlying strata, albeit at a shallow angle.  

Rapid flooding potentially minimized the effects of shoreface erosion and attenuation such that a 

complete transgressive unit is locally preserved (Fischer, 1961; Emery and Myers, 1996).  

Nevertheless, lateral correlations indicate that attenuation and an eventual pinch-out occurs in the 

basin margin direction.  In this position, the Kafue Arenites parasequence eventually merges 

with a dolomitic or anhydrite-bearing facies of the overlying parasequence (Fig. 2.6).   

 
 
 
2.3.2.2 Copperbelt Orebody parasequence 

  

The Kafue Arenites parasequence is conformably overlain by the Ore Shale.  This unit 

marks a condensed section resulting from a continued rise in relative sea-level following 

transgression of the shoreface.  In agreement with traditional interpretations (e.g. Mendelsohn, 

1961; Fleischer et al., 1974), the common presence of a cm- to m-scale pebble conglomerate or 

pebbly arenite at the base of the Ore Shale is here interpreted as a lag deposit representing the 

transgressive surface of erosion.  However, as suggested by Bull et al. (2003), such a unit may 

alternatively record a discrete tectonic pulse that preceded regional flooding.   
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Figure 2.6. Simplified stratigraphic profiles showing lateral thickness and facies variability in the 
RG2 sequence in the Chambishi South East area.  The section is hung on the condensed interval 
represented by the upper part of the Ore Shale or Copperbelt Orebody Member, and illustrates 
the variability from a distal (SW) to a more proximal (NE) setting.  Note the apparent step-down 
in position of copper-bearing intervals.  
 
 

As indicated by its name, the Ore Shale is the main (but not exclusive) host to economic 

sulfide ore in the ZCB.  The basal contact is marked by a carbonate-rich, and locally anhydrite-

bearing siltstone that reflects an abrupt transition from shoreface to shallow marine, intertidal to 

sub-tidal (and sub-wave base) sedimentation in a partly restricted environment.  Although 

usually sharp, this contact may be transitional at a cm- to dm-scale.  Commonly, the transition is 

marked by a crudely schistose, recrystallized calcitic and micaceous rock interpreted as the 

metamorphic and dissolution product of a dolomite- and anhydrite-bearing precursor (see 

Chapters 5 and 6) and partly as the product of a strong rheological contrast with the more 

coherent, siliciclastic footwall.  Laterally, this horizon correlates with a massive dolomitic facies 

developed over the basement high within the study area (drill hole MJZC-8).  The latter is 
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interpreted as an uplifted footwall block upon which an algal bioherm was developed; as 

evidenced by crypalgal laminations and stomatolitic features (Mendelsohn, 1961).  

In most drill holes within the Chambishi South East area, the Ore Shale is composed of a 

laminated dolomitic siltstone with an average thickness of 20 m (0 to 30 m).  Lateral variations 

are evident from a distal carbonaceous facies to a more proximal, mixed dolomite-siltstone and 

fine-grained sandstone facies.  Similarly, vertical facies transitions suggest minor fluctuations in 

water depth during deposition.  The maximum flooding surface is reflected as a finely laminated, 

conspicuously pyritic and slightly carbonaceous, dolomitic siltstone best developed towards the 

top of the unit.   

Also characteristic of the upper part of the Ore Shale are mm- to cm-scale, displacive 

anhydrite nodules which are taken to indicate deposition in hypersaline conditions (Annels, 

1974, Warren, 2006).  Such characteristics are considered indicative of progressive sediment 

starvation and anoxia in a restricted, possibly lagoonal setting which was separated from the 

main water body by a seaward barrier. 

Thickness isopachs of the Ore Shale and the underlying Mindola Clastics Formation, 

combined with structural depth contours determined from drill hole data (Fig. 2.7) demonstrate a 

relationship to the underlying basement fault system.  A sympathetic relationship between the 

measured thickness of the Ore Shale and that of the Mindola Clastics, suggests a common 

control on sediment accumulation patterns.  Structural contours of the Ore Shale similarly show 

that sedimentary configurations broadly parallel the orientation of subsequent fold axes, thereby 

indicating that syn-rift geometries were both preserved and reactivated during later deformation.  

Finally, these data additionally demonstrate the well-documented observation that copper 

mineralization in the Ore Shale is confined to embayments between prominent basement highs 

(e.g Mendelsohn, 1961).  Such relationships substantiate the view that early basin architecture 

exerted a fundamental control on subsequent ore-forming processes in the ZCB (Selley et al., 

2005).  The Ore Shale unit is conformably overlain by the Hangingwall Quartzite or Rokana 

Evaporites Member.  Where fully developed in the study area, this upward-coarsening unit varies 

in thickness from 30 to 50 m and is characterized by a marked lateral and basinward change in 

lithofacies.  A proximal to distal transition is reflected by medium-grained siliciclastics grading 

basinward (i.e. RCB2) to a carbonate- and ultimately, an anhydrite-dominated succession (Fig. 

2.6).  Environments of deposition are interpreted as coastal sabkha, salina and restricted lagoonal   
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Figure 2.7.  Tectono-stratigraphic architecture of the Chambishi South East area and its 
relationship to copper mineralization.  (A) Local geological setting and surface projection of 
copper grades in relation to a pinch-out of the Ore Shale.  Figure B to D show the relationships 
between isopachs of the footwall strata (Mindola Clastics Formation) and elevation of the Ore 
Shale (B), thickness isopachs of the Ore Shale (C), and copper grades in meter-percent (D).  
These relationships highlight the persistent influence of early basin architecture on sedimentation 
accumulation patterns, the distribution of copper mineralization, and subsequent fold 
architecture. 
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settings with more proximal input derived from alluvial fans, sand flats and dune-fields in a 

fluvio-deltaic system.  In sequence stratigraphic terms, this unit is interpreted to represent a 

prograding highstand systems tract that immediately followed the Ore Shale flooding event. 

The topmost unit of the Copperbelt Orebody parasequence is a regionally persistent, 10 to 

20 m thick, arkosic sandstone known variously as the Upper Quartzite or Nchanga Quartzite 

Member.  This unit is interpreted as the terminal phase of the aforementioned, prograding 

highstand systems tract and as such, commonly displays a gradational, albeit relatively abrupt 

contact with the underlying Rokana Evaporites Member.  Sedimentary and mineralogical 

characteristics include well-sorted dolomitic arenites, truncated tabular cross-beds, mudcracks 

and current ripples, suggesting deposition in a shoreface to shallow-marine environment fed by 

distal alluvial fan-deltas and braid plains.  The Upper/Nchanga Quartzite is an important 

stratigraphic marker throughout the Ore Shale belt and locally is an important host to ore (e.g. 

the Upper Orebody, Nchanga, also known as “The Feldspathic Quartzite” or TFQ; Chapter 7).  

 
 
 

2.3.2.3 Chambishi Dolomite parasequence 

 

The uppermost parasequence of the RG2 sequence begins with a further (i.e. second) 

transgression initiated by a renewed rise in relative sea-level.  This event is recorded by the 

deposition of a shallow-marine, evaporitic, carbonate-siltstone unit similar in lithofacies to the 

underlying Ore Shale and is locally termed the Hangingwall Aquifer or Upper Ore Shale (albeit 

largely barren of ore sulfides).  A thickness of 30 to 50 m is developed in the study area.  A 

progressive loss of sand and corresponding increase in dolomite and anhydrite occurs distally 

(Fig. 2.6).   

The Hangingwall Aquifer is progressively overlain by an aggradational unit of carbonate-

bearing siliciclastic strata and ultimately, a persistent subtidal to intertidal dolomite  averaging 

about 20 m in thickness.  The latter is termed the Chambishi or Cherty Dolomite and represents 

the first persistent carbonate horizon in the Roan Group.  Its continuity over basement highs and 

presence of two, laterally persistent siltstone interbeds near the top attest to a period of tectonic 

quiescence.  The Chambishi Dolomite is interpreted to represent the landward-migration of a 
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carbonate shoal during a prolonged sea-level highstand.  Hydrological restriction and hypersaline 

conditions are indicated by the local development of silicified nodules and lenses after anhydrite. 

In summary, the upper cycle of the RG2 sequence records a transition from the rift-

climax to post-rift stage in the evolution of the early Roan basin.  Lithofacies associations 

suggest the development of a low-relief, slowly subsiding, shallow platform within the marginal 

belt of a shallow-marine, epeiric (i.e. epicontinental) seaway.  The resulting lithofacies 

assemblage represents saltern (i.e. shoalwater platform) and evaporitic mudflat (i.e. sabkha or 

salina) deposits, intercalated with continental siliciclastics (i.e. sandplain-sandflat, distal alluvial 

plain and delta plain) and finally a transgressive shallow-marine carbonate shelf or ramp. 

 
 
 
2.3.3 Sequence RG3 (Antelope Clastics Member to Bancroft Dolomite Formation) 

 

A sequence boundary at the base of the third Roan sequence (RG3) is marked in the study 

area by a sharp basinward transition from dolomite to arenite and muddy siliciclastics of the 

overlying Antelope Clastics Member or so-called Shale-with-Grit (SWG) unit.  The latter is 

gradationally succeeded by the Bancroft Dolomite Formation, which by convention, marks the 

base of the Upper Roan Subgroup; a position defined arbitrarily as the first significant (>1-2 m) 

dolomite bed.  The full thickness of the RG3 sequence varies from 180 to 280 m in the study area 

and architecturally mimics the underlying sequences (Fig. 2.5), thereby suggesting differential 

sediment compaction and/or continued, albeit subdued, activity on the pre-existing fault network. 

The SWG unit is characterized by a sharp base and a cyclical, fining- and shoaling-

upward trend.  The lowermost beds are marked by thin intervals of subarkosic arenite while the 

upper beds are dominated by mudstone with massive anhydrite-magnesite-dolomite units.  This 

lithofacies assemblage is interpreted as an evolving evaporitic mudflat or sabkha to salina/playa 

succession within a lowstand systems tract.  Characteristic mm-sized ‘grits’ scattered within a 

muddy, argillaceous matrix comprise both detrital grains of probable eolian origin in addition to 

small diagenetic nodules after evaporite minerals (see Chapter 5).  The widespread reappearance 

of hematite and the general absence of pyrite in the basal part of this interval confirms the brief 

re-establishment of an emergent, oxidizing environment. 



 

36 
 

A subsequent rise in relative sea-level is indicated by an upward lithofacies transition 

from supratidal/intertidal deposition to a subtidal, salina or playa setting, with eventual 

subaqueous deposition of massive anhydrite (formerly gypsum) and carbonate.  The middle to 

upper parts of the SWG are characterized by a series of 2 to 10 m thick shoaling-upward, 

dolomite-magnesite or anhydrite-capped units that become increasingly repetitive and thinly 

bedded.  Such units are taken to indicate periodic isolation by autocyclical processes and an 

overall ‘brining-upward’ succession within a transgressive systems tract. 

The overlying Bancroft Dolomite Formation (80 - 140 m) reflects continued gradual 

flooding of the platform by seawater of more normal salinity and ultimately the establishment of 

a stable carbonate ramp or shelf.  Its base is taken as a distinctive marker bed of massive, nodular 

dolomite.  Periodic restriction and continued hypersaline conditions are indicated by the presence 

of nodular anhydrite and a corresponding reappearance of pyrite.  The middle part of the cycle 

records an increase in fine-grained siliciclastics but, in the most part, is dominated by 

argillaceous, siliceous and talcose dolomite.  The Bancroft Dolomite thereby marks a period of 

tectonic quiescence during which slow accommodation space was generated during a sea-level 

highstand.  The result is a layer-cake stratigraphy of laterally persistent, shoaling-upward cycles 

developed within a highstand systems tract. 

 
 
 
2.3.4 Sequence RG4 (Upper Roan and Mwashya Subgroups) 

 

The remainder of the Upper Roan and Mwashya subgroups consists of a heterogeneous 

assemblage of laterally variable lithofacies that in the past has received relatively little attention 

within the ZCB.  Nonetheless, drill hole correlations in the study area reveal that at least four 

distinct cycles can be recognized, hereafter termed: (1) the Intermediate Carbonate Unit, (2) the 

Breccia (-Gabbro) Complex, (3) the Upper Carbonate Unit, and (4) the Mwashya parasequence 

(Fig. 2.8).  

With the notable exception the uppermost cycle (i.e. the Mwashya parasequence), 

extreme lateral and vertical heterogeneity largely precludes detailed correlation within this 

succession and is an important defining characteristic of the RG4 sequence as a whole.  Although 

traditionally interpreted in terms of compressional deformation (e.g. Cailteux, 1994) the lack of  
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Figure 2.8.  Stratigraphic profiles of the Upper Roan and Mwashya Subgroups in the Chambishi South East area showing sequence 
subdivisions.  The lower and upper intervals are hung on flooding surfaces while the intermediate section is hung on the first 
appearance of metagabbro or associated breccia.  See Fig. 2.2 for collar locations.  
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evidence for structural and stratigraphic repetition is considered more consistent with 

syndepositional extension and/or the influence of evaporite dissolution on sediment 

accumulation patterns.  Furthermore, the widespread development of stratabound breccias is here 

interpreted to reflect the former presence of evaporitic strata.  In accordance with Selley et al. 

(2005), such breccias are interpreted as the relicts of salt dissolution and in some cases, clastic 

deposits formed, or reworked, during periods of evaporitic drawdown.  

Although several sequence boundaries can potentially be inferred within the RG4 

sequence on the basis that persistent horizons of breccia represent successive periods of 

evaporitic drawdown, the requirement for periodic isolation from the open ocean during such 

times constrains the use of sequence stratigraphic terminology.  Nonetheless, in an overall sense 

the base of the RG4 sequence is taken to represent a sequence boundary initiated by a relative 

fall in sea-level, albeit probably tectonically induced (see below). 

 
 
 

2.3.4.1 Intermediate Carbonate Unit 

 

The lowermost cycle of the RG4 sequence in the Chambishi South East area consists of a 

highly variable interval of fine-grained, muddy siliciclastic and carbonate rocks with subordinate 

amounts of intraformational breccia and fine- to medium-grained, quartz-albite sandstone. 

In individual drill cores, the Intermediate Carbonate Unit appears conformable with the 

underlying Bancroft Dolomite Formation yet ranges in thickness from approximately 50 m to 

almost 400 m within the study area.  Such thickness changes suggest the presence of growth 

faults located basinward of the drill section (Fig. 2.8).  In RCB2 the base of the succession is 

marked by a conglomeratic quartz-albite-dolomite breccia (Chapter 6) of interpreted evaporitic 

origin.  Bull et al. (2011) demonstrated a marked negative shift in oxygen isotope values within 

and below this horizon (see Fig. 5.27) which they attributed to post-depositional fluid flow and 

alteration.  Such isotopic trends are equally consistent with an influx of meteoric waters during a 

period of emergence and weathering and thus support the presence of a sequence boundary at 

this position. 

In more proximal positions, the basal part of the Intermediate Carbonate Unit is 

characterized by incipient brecciation and fracturing of fine-grained siliciclastic strata 
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intercalated with argillaceous, siliceous and anhydrite-bearing dolomite (i.e. rather than a 

breccia).  Despite an increase in siliciclastic strata, similarities with the underlying sequence give 

rise to a somewhat transitional contact in individual drill cores.  Nonetheless, a sedimentary 

boundary is evidenced by an abrupt increase in lateral heterogeneity; a feature in sharp contrast 

to the layer-cake nature of the underlying sequence. 

Quartz-albite rocks and conglomeratic breccia are increasingly common in both the 

uppermost part of the Intermediate Carbonate Unit and overlying cycle.  Such rocks comprise 

highly-altered, irregular to rounded clasts in an intensely silicified and/or albitized matrix that 

locally includes significant amounts of (residual?) dolomite and/or magnesite.  The extreme 

lateral variability of these horizons is considered unlike that of normal clastic sediment whereas 

the general lack of strain is seemingly incompatible with a teconic origin.  Textural and 

compositional characteristics suggest a polygenetic or multi-phase evaporite origin that involved 

both sedimentary processes in addition to modification and alteration by halokinesis, orogenesis 

and metamorphism.  A petrographic description of these rocks is presented in Chapter 6. 

The former presence of evaporitic strata is further supported by the local appearance of 

limestone intervals in an otherwise strongly dolomitized succession.  In several cases, a close 

spatial relationship can be demonstrated with intervals of breccia (e.g. drill hole RCB2).  Such 

intervals are consistent with dedolomitization induced by calcium-rich fluids derived from the 

dissolution of anhydrite or gypsum (Lucia, 1961; Warrak, 1974; Warren, 2006). 

Despite the variable nature of the Intermediate Carbonate Unit, a progressive trend is 

generally observed from supratidal sedimentation to subtidal carbonates intercalated with fine-

grained siliciclastics.  This upward deepening trend is further evidenced by an increase in thinly-

bedded to laminated dolomitic siltstones along with distinctive, gray to black dolomite units.  

The uppermost beds are further characterized by ferroan (red-brown) and/or siliceous and talcose 

dolomites.  The widespread presence of incipient brecciation, albitization and silicification of 

these rocks is taken to indicate the dissolution and alteration of evaporite-bearing strata.  

Overpressuring and fluid ponding beneath a hydrological seal, combined with later deformation 

and metamorphism, may have additionally contributed to their enigmatic composition and 

texture. 
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2.3.4.2 Breccia (-Gabbro) Complex 

 

Overlying the Intermediate Carbonate Unit in the Chambishi study area is a 

heterogeneous succession of polylithic breccias with intercalations of carbonate, siliciclastic and 

highly-altered, metagabbroic rocks, here termed the Breccia (-Gabbro) Complex.  The thickness 

of this unit, taken from the first appearance of metagabbro or a hybrid, ‘mafic breccia’, ranges 

from as little as 50 m to more than 300 m (Fig. 2.8).  Thickness variations are erratic but tend to 

reach a maximum in the more basinward intervals (e.g. drill hole RCB2).  

Drill hole correlations indicate that the gabbroic intervals are broadly stratabound in form 

but display marked lateral variability, both in lithotype and thickness.  Adjacent intercepts (~500 

m to 2 km apart) range from semi-intact intervals in excess of 150 m to just a few meters.  In 

places, the metagabbro and mafic breccias dominate the entire Breccia Complex while in others, 

both are entirely absent.  Neither chilled margins nor contact metamorphic minerals are clearly 

developed.  The common lack of foliation in either the meta-igneous rocks or their enclosing 

strata is seemingly incompatible with the fragmentation of intrusive sills during thrust 

emplacement as commonly interpreted (Cailteux, 1994, Cailteux and Kampunzu, 1995; Porada 

and Berthorst, 2000).  Instead, such heterogeneity, combined with the chaotic nature of the 

associated breccias, suggests floundered blocks of rafted strata (i.e. megaclasts), here interpreted 

as the product of evaporite dissolution and salt tectonics. 

Intercalated with the above are distinctive polylithic breccias comprising pebble-sized, 

rounded to highly angular clasts of dolomite, chert and siltstone in a grey to green, chloritic or 

dolomitic matrix.  The general absence of sorting or internal structure in these rocks is similarly 

consistent with dissolution and settling of fragmented beds together with insoluble residues.  

Matrix minerals reflect the presence of residual evaporitic components or their alteration and 

metamorphic products, namely Mg-rich chlorite, talc, carbonate, anhydrite, quartz and albite (see 

Chapter 6).  Hematite and pyrite coexist, in contrast to the predominantly reduced or oxidized 

strata elsewhere in the Roan Group.  Here, the widespread presence of specular hematite may be 

attributed to the passage of hot, oxidized, ferroan-chloride brines or contemporaneous igneous 

activity in an evolving salt basin.  Similar mafic rock – hematite associations are reported in 

other salt-bearing basins and are a potential key characteristic of such settings (e.g. Mount, 1975; 

Kent, 1987; Warren, 2006). 
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The heterogeneous nature of the coexisting carbonate and siliciclastic intervals of the 

Breccia Complex and their lack of lateral continuity suggest a similar origin to that of the 

gabbroic bodies, namely by fragmentation and floundering of intercalated and overlying strata.  

Such beds often show indications of deposition in an evaporitic environment as evidenced by the 

presence of nodular, displacive anhydrite and evaporite pseudomorphs.  Additionally, the 

common presence of recrystallized limestone intervals suggests dedolomitization similar to that 

of the underlying cycle.  

In summary, the Breccia (-Gabbro) Complex is interpreted as an assemblage developed 

by solution collapse and salt flow, which was subsequently modified by metamorphism and 

compressive deformation.  Deposition of such a sequence would have followed a major 

drawdown event resulting from tectonically-induced basin isolation and the intrusion of gabbroic 

rocks is consistent with regional extension at this time.   

A probable sequence boundary and subsequent lowstand systems tract is thus inferred 

despite the absence of an obvious erosional surface or marked basinward shift in facies.  

Furthermore, the gabbroic bodies provide a potential chronostratigraphic marker if taken to 

represent a syn-sedimentary igneous event, as suggested by the presence of coeval volcanic and 

volcanoclastic rocks at an equivalent stratigraphic level elsewhere in the basin (Lefebvre, 1985).  

 
 
 

2.3.4.3 Upper Carbonate Unit 

 

The Upper Carbonate Unit is marked by an abrupt transition from breccia to shallow-

water, sub-tidal to intertidal carbonates and banded to well-laminated dolomitic siltstones of a 

transgressive systems tract.  This represents the initial stage of a major flooding event which is 

taken to indicate reconnection with the open ocean following a prolonged period of intermittent 

isolation.  The basal units of this parasequence are characterized by mm- to cm-sized siliceous or 

anhydrite-bearing nodules, occasional chert lenses, stylolites and soft-sediment deformation 

features.  Also common are pseudomorphs after scapolite and evaporitic minerals.  Such features 

indicate that hypersaline conditions continued to persist from initial deposition through to 

subsequent alteration and metamorphism. 
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The distribution of the Upper Carbonate Unit in the study area corresponds to a laterally 

confined depocenter in which accommodation space was apparently developed at the expense of 

the underlying Breccia Complex.  A maximum thickness of 250 m is developed over the most 

attenuated parts of the Breccia Complex, while non-deposition occurs laterally (see Fig. 2.8).  

This geometry reflects extensional attenuation of the underlying strata combined with 

syndepositional salt withdrawal.  An increase in shear strain in the lowermost strata potentially 

reflects the locus of this extensional decoupling. 

 
 
 

2.3.4.4 Mwashya parasequence 

 

The Mwashya parasequence consists of a mudstone or shale-dominated succession that 

represents the highstand systems tract and maximum flooding event of the RG4 sequence.  

Despite occupying the topmost interval of the deepest drill holes in the study area, a minimum 

thickness of 100 m is indicated.  Increased sediment-starvation and anoxia in a sub-wavebase 

environment is indicated by the development of finely laminated, dark-grey to black, 

carbonaceous and pyritic (or pyrrhotite-bearing) mudstones, siltstones and shales.  Lesser 

dolomitic siltstones, carbonate horizons and fine-grained sandstones are locally present.  The 

latter are interpreted as turbiditic input in an environment otherwise dominated by suspension 

sediments and laminites. 

The uppermost cycle of the RG4 sequence thus records an abrupt, upward-fining and 

deepening trend consistent with drowning of the basin during a post-rift phase of accommodation 

development.  The simultaneous decrease in evaporite and carbonate strata reflects complete 

reconnection with the open ocean and possibly a cooling trend that preceded glaciation and 

deposition of the Grand Conglomérat diamictite unit. 

 
 
 
2.3.5 Upper Mwashya Sandstone and Grand Conglomérat 

 

The topmost section of three drill holes in the Chambishi South East area include 

intervals of medium- to coarse-grained, arkosic to subarkosic sandstone that range in thickness 
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from 25 to 50 m (drill holes MJZC-2, 3 and 4).  These intervals signify a fall in relative sea-level 

and thereby, the start of a fifth sequence that demarcates the base of the Nguba Group.  The 

significance of such intervals is highlighted by the lateral presence of Grand Conglomérat 

diamictite at a similar stratigraphic level (drill hole MJZC-9); a position established by 

Bodiselitch et al. (2005) on the basis of a distinctive iridium anomaly interpreted to reflect the 

Sturtian glacial event (c. 715 Ma).  The Grand Conglomérat at this locality consists of a dark-

grey, sandy, dolomitic siltstone or mudstone with scattered polymictic pebbles.  The existence of 

adjacent sandstone intervals potentially indicates an early response to the glacially-induced fall 

in relative sea-level. 

By convention, the Grand Conglomérat marks the base of the Nguba Group which is 

characterized in the ZCB by subaqueous, pebbly mud-flows, finely-laminated cycles of pyritic 

(or pyrrhotitic) mudstone, and occasional beds of sandstone, conglomerate or massive diamictite.  

This lithofacies assemblage generally indicates a relatively deep-water, basinal setting with local 

turbiditic input, hence a transitional contact with the underlying Mwashya is commonly 

observed. 
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CHAPTER 3 

 

SEQUENCE STRATIGRAPHIC CORRELATIONS THROUGH THE ORE SHALE  

AND ARENITE BELTS OF THE ZAMBIAN COPPERBELT 

 
 
 
3.1  Introduction 

 

The stratigraphy of Roan Group in the Zambian Copperbelt (ZCB) comprises a variety of 

mine-specific schemes developed independently of one another.  Efforts to correlate these, 

particularly beyond the ore-bearing strata (see Selley et al., 2005: Table A1) have been hampered 

by the lack of surface exposure and the paucity of drill holes in key transition areas.  The 

sequence stratigraphic framework established in the Chambishi South East area (Chapter 2) 

provides a basis for revision of traditional lithostratigraphic correlations in a more regional 

context.  This chapter extends the sequence stratigraphic framework to the full extent of the 

ZCB, namely between the so-called, Ore Shale (i.e. western) and Arenite (i.e. eastern) belts. 

 
 
 
3.2  Ore Shale belt (Western Copperbelt) 

 

The Ore Shale belt corresponds to a northwest-trending, linear alignment of major ore 

deposits that extends for a distance of approximately 120 km from the Luanshya mine in the 

southeast to the Konkola and adjoining Musoshi mine in the northwest (Fig. 3.1).  For the most 

part, this alignment coincides with the western flank of the Kafue anticline.  Revised correlations 

along this belt are based on stratigraphic profiles obtained from exploration drill cores, published 

descriptions and detailed cross-sections for each of these mining locations. 
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Figure 3.1.  Simplified geology of the Zambian Copperbelt showing the location of the Ore 
Shale- and Arenite-belts and section lines illustrated in this chapter.  The limits of these belts is 
based on the dominant host-lithology of the ore deposits and pinch-outs determined by drilling.  
No extrapolation is made over the Kafue anticline.  
 
 
 
3.2.1 Sequence RG1 

 

As in the Chambishi study area, a discontinuous geometry comprised of isolated sub-

basins with intervening basement highs is evident in the basal siliciclastic sequence of the Ore 

Shale belt (Fig. 3.2).  Although the demonstration of half-graben geometries is currently 

restricted to the Chambishi basin (e.g. Selley et al., 2005; this study), numerous mine sections 

and structural contour maps of the Mindola Clastics Formation clearly indicate their 

development throughout the ZCB.  Consistent compartmentalization of the RG1 sequence into 

depocenters less than 200 m thick is indicative of small-scale, extensional faults in a marginal 

position with respect to the Roan basin.  Thickness maxima increase toward the northwest in the 

direction of the CCB.   
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Figure 3.2.  Generalized stratigraphic profiles of the main ore-bearing localities in the Western Copperbelt or Ore Shale belt showing 
sequence subdivisions together with traditional lithostratigraphic names.  The stratigraphic profiles are hung on a flooding surface 
represented by the Bancroft Dolomite Formation (i.e. Upper Roan Subgroup).  
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Up to 1400 m is developed in the RG1 sequence of the Konkola-Musoshi area (Fig. 3.2).  

In this locality, thick conglomerate units combined with an increase in arenaceous material in the 

overlying sequences suggests the presence of a major fault scarp acting as a local source of 

coarse-grained detritus. 

Lithofacies assemblages in the RG1 sequence are relatively uniform along the length of 

the Ore Shale belt.  In most cases, boulder-sized, angular, scree deposits overlie the basal 

unconformity but in others, the conglomeratic facies is largely absent.  In the latter case (e.g. 

Nchanga, Fig. 3.3), an up-dip setting on the footwall block of a half-graben is suspected.  In 

general, a crude fining-upward cycle from conglomerate or pebbly, arkosic arenite to an 

argillaceous, sub-arkosic arenite can be recognized at most localities.  These units are variously 

known as the Basal (or Boulder) Conglomerate and Basal Sandstone Members, respectively 

(Mendelsohn, 1961), together comprising the Mindola Clastics Formation (Clemmey, 1976).  

Paleocurrent directions are generally sub-perpendicular to the axis of the Kafue anticline (i.e. 

westerly to south-westerly) and locally bimodal towards the top of the succession (e.g.  

Mendelsohn, 1961; Van Eden and Binda, 1972; Garlick and Fleischer, 1972; Clemmey, 1974; 

Binda, 1987; Lefebvre, 1989).  In rift settings, such directions are likely to reflect both axial and 

transverse drainages. 

Lefebvre and Tshiauka (1986) and Lefebvre (1989) introduced alternative nomenclature 

for the Mososhi area in the DRC which was subsequently adopted by Cailteux (1994) for 

regional correlations.  From base to top these comprise the Chimfunshi and Kafufya Formations 

of the Kasumbalesa Group and the overlying Mutonda (or Kamenza) Formation of the 

Siliciclastic Unit (see Fig. 3.2: Note that Lefebvre (1989) placed the Mutondo Formation in the 

overlying Musoshi Group).  This nomenclature is considered to have little practical application 

in the better known Zambian sector of the belt and hence has not been widely adopted.  

Noteworthy nonetheless, is the distinct similarity between the Kafufya Formation and a similar 

lithofacies in the Chibuluma area of the Chambishi basin.  Both localities comprise light-colored, 

feldspathic arenites with large-scale, hematitic cross-beds that are interpreted as eolian in origin 

(Mendelsohn, 1961; Lefebvre, 1989).  A peculiar feature of this lithofacies is the apparent 

intensity of recrystallization and an anomalous development of albite and/or phlogopite (see 

Chapter 5).  If indeed correlatives, as indicated by a similar depositional setting and alteration 

overprint, the overlying Mutonda Formation at Musoshi potentially represents a second fining-
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upward cycle not recognized, or not developed, in the rest of the Ore Shale belt.  An additional 

unconformity could thus be present in the unexposed, more distal equivalent. 

More commonly, the uppermost unit of the RG1 sequence is characterized by an increase 

in planar-stratified, silty intervals.  These potentially reflect the progressive transition from a 

fluvial (and partly eolian) environment to a lacustrine or marginal marine setting.  This cycle is 

variously termed the Footwall Transition or Argillaceous Sandstone and, as similarly evident in 

the Chambishi study area, carbonate and anhydrite cements are a characteristic feature.  

Although generally interpreted as diagenetic in origin, the additional presence of anhydrite-rich, 

silty dolomites with lozenge-shaped pseudomorphs after gypsum confirm that intermittent 

evaporitic conditions prevailed (e.g. Nkana; Clemmey and Coles, 1972; Fleischer et al., 1976; 

Musoshi: Lefebvre, 1989).   

Locally, the uppermost beds are dark-colored, micaceous and porous; the latter resulting 

from the leaching of these cements.  Additionally, chaotic textures described as pre-consolidation 

slump structures are commonly reported (e.g. Luanshya: Mendelsohn, 1961), along with reverse 

grading (e.g. Nkana: Clemmey and Coles, 1972).  Such features are consistent with water-laden 

strata deposited in an intertidal, fluvio-deltaic setting, thereby supporting the interpretation of 

progressive flooding of the Roan basin towards the end of the RG1 sequence.  

Economic sulfide mineralization is locally present in the uppermost cycle of the RG1 

sequence despite its more common presence in the overlying sequence.  Notable examples are 

the Footwall Orebody at Nkana (Jordaan, 1961; Fleischer et al., 1976) and the nearby Chibuluma 

orebodies (i.e. Chibuluma and Chibuluma West: Winfield, 1961; Fleischer et al., 1976).  Both 

orebodies are hosted by the Footwall Sandstone or Transitional Sandstone immediately beneath 

the base of the RG2 sequence.   

At Chibuluma, the ore-bearing succession is characterized by scours and potholes filled 

by persistent beds of “sulfidite”, a term used to denote a sulfide content greater than 33% 

(Fleischer et al., 1974).  Individual beds are reported to exceed 1 m in thickness comprising 80% 

cobaltiferous pyrite and carrollite.  The more disseminated ores are hosted by strongly 

recrystallized and altered, quartz-albite rocks (see Chapter 6). 

 
 
 
 



 

49 
 

3.2.2 Sequence RG2 

 

As host to the majority of economic sulfide mineralization in the ZCB, stratigraphic 

correlations are generally well-established in the RG2 sequence.  Both Binda and Mulgrew 

(1974) and Clemmey (1974, 1976) demonstrated a near-perfect correlation of individual horizons 

along the length of the Ore Shale belt.  This feature is interpreted to reflect a marked reduction in 

depositional relief along with a progressive change to subaqueous and minor evaporite 

deposition.  Nonetheless, facies and thickness variations are locally pronounced from mine to 

mine and, to some degree, tend to mirror those of the basal sequence. 

Stratigraphic profiles along the Ore Shale belt (Fig. 3.2) indicate that the total thickness 

of the RG2 sequence ranges from 150 m (at Nkana) to a maximum of 250 m (at Konkola) and, as 

recognized in the Chambishi study area, three parasequences can generally be defined (i.e. Kafue 

Arenites, Copperbelt Orebody and Chambishi Dolomite parasequences).  Sulfide ores are largely 

confined to the middle parasequence but to a lesser extent are also present in the lower 

parasequence.  The uppermost parasequence is only an occasional host to copper sulfides and 

rarely attains economic grades. 

Like the Chambishi South East area, the base of the RG2 sequence is generally indicated 

by a thin conglomeratic unit less than 5 m thick, but locally up to 40 m thick.  This is variously 

known as the Cobble, Porous, Second, Intermediate or Lower Conglomerate and represents the 

first persistent horizon in the Roan Group despite its lenticular character and local absence over 

pronounced paleohighs.  Its lateral continuity confirms the start of a new depositional cycle 

which is locally characterized by a slight erosional unconformity (e.g. Nkana: Jordaan, 1961).  A 

polymictic clast assemblage and anhydrite-rich matrix are distinguishing characteristics, the 

latter often leading to a leached and porous appearance. 

The overlying sandstone-dominated cycle of the Kafue Arenites Member is variously 

known from mine to mine as the Argillaceous, Transition, or Footwall Sandstone.  This cycle is 

also attenuated over basement highs but reaches a thickness of up to 50 m in depocenters axes.  

An upward-coarsening character is consistent with a shoreface to emerging fluvio-deltaic setting 

which reflects the initial stages of a transgression with respect to the RG1 sequence.  The 

common presence of dolomitic partings and a dolomitic matrix accompanied by traces of 

anhydrite (and pyrite) suggest a progressive shift from subaerial to subaqueous deposition.   
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The lowermost beds of the Kafue Arenites Member tend to be more argillaceous and, in 

places, include a dark-grey, medium- to fine-grained lithotype locally termed a greywacke, here 

interpreted as a reworked, shoreface to shallow-marine deposit.  The upper arenite beds tend to 

be coarser-grained and more arkosic in character but commonly include intermittent sandstone-

siltstone couplets with small-scale, truncated cross-beds suggesting shallow-water, oscillating 

conditions.  Like the underlying unit, the variable leaching of carbonate and anhydrite cements 

increases the porosity of the arenite beds, resulting in secondary oxidation and local 

fragmentation. 

The Copperbelt Orebody parasequence is heralded at most localities by the Footwall 

Conglomerate or Second Conglomerate.  Although locally up to several meters in thickness (e.g. 

Chambishi), this unit is generally thin and discontinuous (0-2 m), or developed as a series of 

lenticular beds oriented perpendicular to paleocurrent directions (e.g. Nkana: Mendelsohn, 1961; 

Luanshya: Fleischer et al., 1976).  As traditionally interpreted, these features are consistent with 

a transgressive surface of erosion comprising beach-parallel, gravel bars or barrier deposits.  The 

Footwall Conglomerate commonly displays a gradational, albeit relatively abrupt base and sharp 

upper contact, both locally leached of their more soluble matrix components.  Thicknesses of up 

to 40 m are recorded (e.g. Nkana: Fleischer et al., 1976; Musoshi: Lefebvre, 1989) but are 

interpreted as amalgamated cycles adjacent to basement highs.  An example of this occurs at 

Musoshi, where the correlative C.M. Member is developed as a 35 to 40 m thick, fining-upward 

conglomeratic unit with a scoured base, locally capped by a 1.5 to 4 m conglomerate (Lefebvre, 

1989).  Here, the lower unit is interpreted as the Lower Conglomerate combined with the Kafue 

Arenites succession, while the upper unit represents the Footwall Conglomerate of the 

succeeding cycle. 

The overlying Ore Shale unit shows a remarkable degree of uniformity from mine to 

mine despite thickness variations from 5 to 50 m (Binda and Mulgrew, 1974) which tend to 

mimic trends in the underlying strata.  Only rarely, on prominent basement highs, is the Ore 

Shale entirely attenuated.  In such cases, a sandy or “biohermal” dolomitic facies is developed 

which commonly account for “barren gaps” within individual orebodies.  More 

characteristically, the lithotypes of the Ore Shale range from a laminated, dark-gray, dolomitic 

siltstone and mudstone to an argillaceous sandstone or impure dolomite.  Black, carbonaceous 

mudstone or shale tends to occur in more distal settings but, with the exception of the Nkana 
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South Orebody and locally at Nchanga, this is a relatively scarce lithotype within the orebodies 

themselves. 

The economic importance of the Ore Shale has led to its detailed subdivision at each 

mining locality, both in a vertical and lateral sense.  Economic sulfide mineralization tends to 

concentrate towards the lower parts while the unit as a whole displays an upward thinning and 

fining character such that the maximum flooding surface occurs towards the middle or upper 

parts.  The base of the Ore Shale is usually marked by a laminated or thinly banded, carbonate-

rich and locally anhydrite-bearing facies, while the upper parts are darker, more massive, and 

generally pyritic.  The latter, locally termed the Hangingwall Argillite, is generally barren from a 

mining standpoint.  As at Chambishi South East, the notable characteristic of the Hangingwall 

Argillite is the presence of mm- to cm-sized ellipsoidal nodules, locally accompanied by lenses 

and veinlets.  These tend to increase in abundance both vertically and down-dip and are variably 

dominated by coarse-grained calcite, quartz, anhydrite, feldspar and sulfide (Annels, 1974).  The 

nodular features are interpreted as the alteration products of early diagenetic, displacive 

anhydrite, thereby reflecting a contemporaneous evaporitic setting.  

The carbonate- and/or anhydrite-rich base of the Ore Shale is often conspicuously altered, 

contorted or crudely foliated; locally forming an important ore horizon termed the Schistose Ore 

(e.g. Nkana, Chambishi).  Common lithotypes include dolomitic schist, talc-carbonate schist and 

calcite-biotite schist, locally with tremolite, actinolite and scapolite in domains of higher 

metamorphic grade (e.g. Luanshya).  The schistose character of this horizon suggests decoupling 

and layer-parallel shear developed during orogenesis and metamorphism.  In places, alteration 

and near-surface leaching of the more soluble components of this horizon results in a vuggy, 

silicified breccia (e.g. the Transition Quartzite, Nchanga).  

The uppermost part of the Ore Shale generally displays a relatively abrupt increase in 

sandy lenses and ultimately coarsens and shallows-upward to a lithologically diverse succession 

known variously as the Hangingwall Arkose, Hangingwall Quartzite, Banded Sandstone or 

Rokana Evaporites Member (Clemmey, 1974).  In several places, this transition is associated 

with a dolomitic or silicified horizon (e.g. Nchanga, Chambishi and Luanshya), the latter 

representing the probable alteration product of a dolomite-anhydrite bed.  Lithotypes vary from 

medium-grained arkose with minor grits and conglomerate, to arkose with interbedded siltstone, 

and silty dolomite with abundant anhydrite.  Where recognizable, the uppermost unit of this 
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cycle comprises a distinctive, medium- to coarse-grained, white, arkosic sandstone ranging from 

10 to 30 m in thickness, representing the equivalent of the Nchanga or Upper Quartzite of the 

Chambishi study area.  A thin, silicified carbonate (±anhydrite) bed is locally developed at the 

base of the sandstone (e.g. Mindola) while the matrix includes a dolomitic component.  As 

recognized previously, such features are consistent with a prograding, fluvio-deltaic 

parasequence in a partly restricted environment. 

At the northern end of the Ore Shale belt, a marked increase in sandstone is evident 

above the level of the Ore Shale (Fig. 3.3).  This persists throughout the overlying succession 

and locally hinders recognition of the Nchanga or Upper Quartzite.  Here the entire Copperbelt 

Orebody parasequence is locally referred to as the Banded Shale and Sandstone Formation 

(Konkola) or the Pelito-Arkosic Formation (Musoshi).  An upper arkosic unit can generally be 

distinguished but laterally, a siltstone-dominated interval with scapolite-bearing carbonate beds 

tends to dominate (Lefebvre, 1989). 

The overlying Chambishi Dolomite parasequence represents the uppermost cycle of the 

RG2 sequence and is similarly developed across the full length of the Ore Shale belt.  Despite its 

lateral persistence, significant facies variability precludes a consistent naming convention such 

that descriptive terminology is generally used (e.g. Hangingwall Aquifer, Feldspathic Sandstones 

- Grits and Shales, Upper Banded Shales, Interbedded Schist with Quartzite or, Near-Water 

Sediments and Dolomitic Schists).  The basal unit of this cycle, known locally as the Upper Ore 

Shale (despite the general absence of copper sulfides), reflects a second flooding event in the 

RG2 sequence after the Ore Shale itself.  As its name implies, the Upper Ore Shale is commonly 

marked by a dark-gray, laminated, pyritic siltstone or a schistose phyllite/shale with silicified 

carbonate interbeds.  The overlying cycle comprises schistose, dolomitic siltstones, argillaceous 

sandstones and mica schists, in turn overlain by a dolomite unit variously termed the Chingola, 

Cherty or Chambishi Dolomite.  As similarly recognized in the Chambishi study area, the latter 

is characterized by a white to pale pink, talcose (and schistose) dolomite with accessory 

anhydrite and chert lenses or nodules.  The evaporitic nature of this unit is particularly evident at 

Mososhi where the correlative PCD Member comprises a succession of siltstone-based 

evaporites and carbonates characterized by scapolite and occasional halite pseudomorphs 

(Lefebvre, 1989).  The uppermost part of the PDC Member notably includes two persistent 

dolomitic shale horizons of less than 2 m thick.  These shale horizons are comparable to those of 
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Figure 3.3.  Simplified stratigraphic profiles in the Nchanga - Konkola area on the northwestern 
margin of the Ore Shale belt.  Note the interpreted growth faults. 
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the Chambishi study area (~50 km to the southeast) and hence confirm that a tectonically 

quiescent, low-relief setting was well-established by the end of the RG2 sequence. 

 
 
 
3.2.3 Sequence RG3 

 

Like the underlying sequences, the RG3 sequence shows a remarkable degree of 

uniformity across the length of the Ore Shale belt, and for the most part, varies little from the 

Chambishi study area.  This 200 to 300 m thick succession includes the Antelope Clastics 

Member and Bancroft Dolomite Formation which, although transitional in nature, traditionally 

spans the divide between the Lower and Upper Roan Subgroups in the ZCB.  In contrast, the 

correlative cycle in the CCB is collectively termed the Kirilabombwe Group (see Fig. 3.2); the 

latter comprising the Kibalongo and Kanwangungu Formations (e.g. Mososhi: Cailteux et al., 

1994). 

The base of the RG3 sequence is marked by a sharp basinward shift in facies, represented 

by a succession of gritty siltstones, mudstones and sandstones.  Consistent with a sequence 

boundary, the northern end of the Ore Shale belt locally records an erosional base (i.e. Musoshi: 

Tshiauka et al., 1995) overlain by a pebble conglomerate of 1 to 25 m in thickness, which is best 

developed in the Konkola North area (i.e. Konkola Conglomerate).  At the southern end of the 

belt, a proximal facies is developed comprising medium- to coarse-grained, pebbly arkosic 

sandstones with minor (scapolitic) siltstones and conglomerate interbeds (i.e. Luanshya RL3 

unit: Mendelsohn, 1961).  More commonly, the basal cycle consist of massive to interbedded 

mudstones, gritty siltstones and fine-grained sandstones characterized by sandstone-dykes and 

other liquefaction textures, including disrupted laminae and pinch-and-swell beds.  Small-scale 

cross-beds and ripples are locally developed and an emergent, subaerial environment is indicated 

by the reappearance of hematite as a trace component.  The lowermost cycle ranges in thickness 

from 80 to 120 m and is generally recognized as the Shale-with-Grit (SWG) unit.  Less common 

terms reflect alteration and metamorphic overprints (e.g. Sandy Talc Schist) or mining-

hydrological characteristics (e.g. Far Water Sediments and Grits). 
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The SWG unit is consistently overlain by a succession of shoaling-upward cycles ranging 

from dolomitic mudstone/siltstone and sandstone to anhydrite- and magnesite-bearing dolomite 

with traces of pyrite.  As in the Chambishi area, a conspicuous white crystalline dolomite caps 

the interval.  This correlates with the Bancroft Dolomite Formation which is characteristically 

talcose, siliceous (i.e. cherty) or schistose in nature.  An evaporitic component is generally 

evident, including anhydrite-bearing or siliceous nodules, enterolithic structures and thin solution 

breccias.  Thin sandstone intervals are common developed in the northern part of the belt (i.e. 

Konkola) while an argillaceous character locally dominates at the southern end (i.e. Luanshya).  

The regional characteristics of the RG3 sequence confirms previous interpretations from 

the Chambishi study area that it represents a transgressive and highstand cycle developed 

immediately after an initial fall in relative sea-level.  Lithofacies assemblages are consistent with 

a progression from a supratidal to intertidal evaporitic mudflat (~SWG), to a subtidal, salina or 

playa setting and eventually, a stable carbonate shelf or platform  developed during a period of 

sea-level highstand (~Bancroft Dolomite).  The resulting lithofacies of the RG3 sequence are 

transitional in both a vertical and lateral sense and hence the traditional subdivision of the Roan 

Group into a lower and upper subgroup at this level is somewhat arbitrary and erroneous. 

 
 
 

3.2.4 Sequence RG4 

 

Since few drill holes are collared in the uppermost Roan Group in the ZCB, the full 

extent and nature of the RG4 sequence is poorly constrained outside of the Chambishi study area.  

Nonetheless, correlations from mine to mine consistently indicate the presence of breccia, 

metagabbro and minor siliciclastic intervals at a stratigraphic level approximately 100 to 150 m 

above the first significant dolomite bed of the Bancroft Dolomite Formation.  As demonstrated in 

the Chambishi area, this level is taken to represents a time of renewed basin growth and the start 

of a significant period of evaporitic drawdown.  Outcrop patterns indicate a thickness of 400 to 

800 m while measured intervals range from less than 50 m (Nchanga: NE112) to 650 m 

(Konkola North: KN18).  

The base of the RG4 sequence is commonly marked by breccia which, if present, is 

traditionally taken as the base of the Mwashya Subgroup.  As evident in the Breccia Complex of 
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the Chambishi area, this lithotype is generally characterized by matrix-supported, unsorted, 

rounded to sub-angular, polylithic clasts of an intrabasinal nature set in a heterogeneous matrix 

comprising varying amounts of anhydrite, dolomite, ferroan magnesite, quartz, albite, chlorite 

and talc (± K-feldspar, sericite, biotite/phlogopite) (Chapter 6).  Commonly, hematite-bearing 

feldspathic sandstones, recrystallized quartz-albite rocks, or veined and brecciated metagabbro 

intervals are found in close association, the latter being additionally characterized by intense 

albite, silica, carbonate or chlorite alteration.  In accordance with their enigmatic origins, these 

rocks are traditionally termed breccio-conglomerate, pseudo-conglomerate or hybrid rock (e.g. 

Mendelsohn, 1961, Fleischer et al., 1974). 

Breccia intervals are generally massive and lack consistent shear indicators, thus largely 

discounting a purely tectonic origin.  Both the clasts and matrix components tend to be strongly 

overprinted and compositions are highly variable from place to place.  Intense albitization tends 

to dominate the lowermost horizons, be they predominantly siliciclastic or dolomitic in nature, 

while higher in the succession, thicker polylithic breccias are dominated by anhydrite, magnesite, 

chlorite and talc (Chapter 6).  Polylithic breccia is typically accompanied by crackle and mosaic 

breccia of apparent tectonic origin but the composition of vein stockworks and pervasive 

alteration assemblages is similar in both breccia types.  Crackle breccias appear to be transitional 

into polylithic breccias with an overprinting relationship.  Hence, this study favors an origin by 

salt dissolution, stratal fragmentation and subsequent alteration.  The observed alteration 

assemblages are consistent with an evaporitic precursor, these being dominated by sodic and 

magnesian phases along with the widespread presence of anhydrite and dolomite as a matrix 

component (Chapter 6).  Extreme variations in thicknesses (100 to 1300 m) are taken to represent 

salt dissolution and/or extensional attenuation, as similarly interpreted in the Chambishi study 

area. 

At most localities, the basal breccia of the RG4 sequence tends to be directly overlain by, 

or is intercalated with, a heterogeneous, dolomitic succession that varies from a few tens, to 

several hundred meters in thickness.  The Chambishi study area is unusual in its development of 

a basal carbonate-siliciclastic unit (i.e. the Intermediate Carbonate Unit).  This unit potentially 

represents a distal cycle not developed in the main ore-bearing localities of the ZCB. 

Similarly, at a few localities in the Ore Shale belt, no obvious counterpart of the Breccia 

(-Gabbro) Complex is evident.  In such cases dolomitic siltstones of the RG4 sequence overlie 
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similar lithotypes of the RG3 sequence, thereby obscuring the sequence boundary (e.g. Nchanga: 

NE112).  Alternatively, the upper carbonate cycle of the RG3 sequence (i.e. the Bancroft 

Dolomite) may be entirely absent, such that the base of the RG4 sequence sits directly upon the 

SWG unit (e.g. Konkola: drill hole KLB94).  In the Chambishi basin and surrounds, a 

progressive loss of older strata occurs in a south-westward direction such that the basal breccia is 

locally developed at the level of the Ore Shale (e.g. Mwambashi B: drill hole BN42) or rests 

directly on the RG1 sequence (e.g. Chibuluma South). 

Previous authors have attributed the above relationships to facies changes within 

stratigraphic units here assigned to the RG2 and RG3 sequences, or considered the breccias to be 

(in part) major zones of thrust dislocation (e.g. Mendelsohn, 1961; Binda and Mulgrew, 1974; 

Binda, 1995; Binda and Porada, 1995; Porada and Berhorst, 2000).  Important to these 

interpretations is the erroneous perception that the breccias step progressively down-section 

through a relatively uniform stratigraphic succession (e.g. Bull et al., 2011).  In contrast, despite 

individual breccia units being locally transgressive and thus making for poor correlation 

horizons, nowhere is continuity of the enveloping stratigraphy demonstrated.  Instead, abrupt 

cut-outs occur towards the southwest with a general absence of transitional facies (e.g. 

Luanshya: Mendelsohn, 1961; Musoshi: Cailteux, 1974; Mwambashi B: Annels, 1984) and 

thereby suggests progressive onlap (or attenuation) of the underlying RG3 and RG2 sequences.  

As recognized by Annels (1984), such geometries imply that the Ore Shale and upper part of the 

Lower Roan Subgroup is restricted to a narrow depositional trough less than 25 km in width 

(Fig. 3.1). 

To the southwest of the Ore Shale belt (Fig. 3.1), the RG4 sequence is interpreted to be in 

stratigraphic contact with the RG1 sequence but significant facies changes and an increase in 

metamorphic grade prevent a definitive analysis.  This area is characterized by a poorly exposed 

and structurally complex assemblage dominated by albitized, dolomitic breccias, quartz-sericite 

schists and schistose quartzite (Garrard, 1994).  The nature and exact location of the transition is 

poorly constrained but possibly coincides with the structural margin of a graben that defined the 

western edge of the Ore Shale belt.  

The uppermost unit of the RG4 sequence is a more consistent stratigraphic unit; this 

being the product of a regional flooding event that marked the terminal stage of the Roan Group.  

At most localities, a lower dolomite to dolomitic siltstone cycle and an upper carbonaceous, 
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siltstone-shale cycle (the Mwashya parasequence) are developed.  Nevertheless, significant 

lateral thickness and facies variability is locally evident.  Assemblages are dominated at one 

locality by laminated, dolomitic mudstone and shale, accompanied by thin interbeds of cross-

bedded, feldspathic sandstone (e.g. Konkola), and at an adjacent locality by a thick succession of 

impure carbonates (e.g. KLB94, Konkola south).  Either cycle may be condensed or entirely 

absent.   

Due to the paucity of drill holes collared at this level, the transition from the Mwashya 

parasequence to the Grand Conglomérat of the Nguba Group has seldom been observed in the 

Ore Shale belt.  Where observed (e.g. NE112, Nchanga; KLB94, Konkola; KN18, Konkola 

North; Musoshi: Cailteux et al., 2007) a wide variety of lithofacies are represented.  Feldspathic 

sandstones horizons that characterize the uppermost cycle in the Chambishi area are similarly 

developed at Musoshi and, as detailed previously, such units are taken to represent the base of 

the succeeding sequence (i.e. Nguba Group). 

 
 
 

3.3 Arenite belt (Eastern Copperbelt)  

 

Significant lithofacies variability occurs between the western and the eastern flanks of the 

ZCB such that a direct correlation has not previously been established with confidence.  Notable 

differences on the eastern flank include: (1) the absence of a distinctive Ore Shale horizon, (2) an 

overall increase in arenite within the uppermost part of the Lower Roan Subgroup (i.e. Kitwe 

Formation) and, (3) a general scarcity of gabbro in the Upper Roan Subgroup.  Although such 

differences prevent direct lithostratigraphic correlations, a succession broadly consistent with the 

Ore Shale belt can generally be recognized.   

The Lower Roan Subgroup in the eastern Copperbelt attains a maximum thickness of 400 

m while the Upper Roan Subgroup reaches a maximum of 1200 m.  In contrast, the entire 

succession is locally condensed to less than 200 m in the vicinity of basement paleohighs on the 

footwall blocks of interpretedy normal faults. 

As in the Ore Shale belt, detailed subdivision of the Roan succession is based here on the 

study of drill cores together with published accounts of the major mines and prospects (e.g. 

Groen, 1961; Mendelsohn 1961; Fleischer et al., 1974; Lefebvre, 1989; Tshiauka et al., 1995; 
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Ngoyi and Dejonge, 1995; Wendorff, 2005).  From north to south, these comprise the Kinsenda 

mine and Lubembe prospect in the DRC, and the Luansobe prospect and Mufulira mine in 

Zambia (Fig. 3.4).  Drilling in the Kawiri area along the northern margin of the ZCB provided a 

tentative link between the western and eastern flanks while similar data from the Ngala, 

Mwekera and Ndola areas provided relevant details of the southeastern flank (Figs. 3.5, 3.6). 

 
 
  
3.3.1    Sequence RG1 

 

The basal, coarse-grained siliciclastic strata of the eastern Copperbelt differ little from 

that of the Ore Shale belt.  Similarly, a fining-upward cycle from conglomerates to arkosic 

sandstones is generally evident in the lowermost cycle and pronounced thickness variations 

occur laterally. 

At Mufulira, the so-called Footwall Formation is traditionally divided into a basal, lower, 

middle and upper unit (Brandt et al., 1961) or more simply, a lower and upper unit separated by a 

disconformity (van Eden, 1969; Hodgson, 1969).  In the latter scheme, the lower unit is 

characterized by light gray, anhydrite-cemented sandstones and gritty sandstones with large-

scale cross-beds reminiscent of the interpreted eolian strata of the Ore Shale belt (or Kafufya 

Formation at Musoshi).  The upper unit is characterized by an increase in calcareous sandstone at 

the expense of argillaceous units which probably corresponds to the Transitional Sandstone of 

the Ore Shale belt.  Lenses of dark gray, quartzose sandstone or greywacke are characteristic of 

this cycle and locally form an important host to copper sulfides. 

The Footwall Formation is the exclusive host to ore at the Kinsenda and Lubembe 

orebodies in the DRC (Fig. 3.4).  The apparent restriction of this formation to narrow, fault-

controlled basins up to 70 m deep (Lefebvre, 1989) is reminiscent of the Chibuluma deposits of 

the Ore Shale belt and probably occupies the equivalent stratigraphic position.  Locally termed 

the Lubembe Member, these rocks comprise conglomerates, hematitic or argillaceous sandstones 

and greywacke.  The latter consists of a dark-colored, quartzose or argillaceous arenite, often 

conspicuously carbonate-spotted and carbonaceous.  No paleoenvironmental interpretation is 

generally implied by the term “greywacke” but such rocks are nonetheless interpreted in this 

study to record a shoreface to shallow marine depositional environment. 
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Figure 3.4.  Stratigraphic profiles from the main ore-deposits on the north-eastern flank of the Kafue anticline. 
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Figure 3.5.  Composite stratigraphic profiles along the central-eastern flank of the Kafue anticline (Lubembe to Ngala).



 

62 
 

3.3.2 Sequence RG2 

 

An arenite-dominated cycle at the base of the RG2 sequence in the eastern Copperbelt 

and the absence of a well-defined marker conglomerate obscures the sequence boundary 

interpreted at this level in the Ore Shale belt.  Nonetheless, at Mufulira an abrupt change to 

clean, quartzose sandstones is commonly recognized.  This is locally accompanied by 

conspicuous scour surfaces and lenticular gritty conglomerate beds with rip-up fragments of 

mudstone (Garlick, 1958).  Such features are consistent with a sequence boundary in a terrestrial 

to marginal marine setting and hence are interpreted to represent the proximal equivalent of the 

Lower Conglomerate of the Ore Shale belt. 

The dominant lithofacies of the basal cycle of the RG2 sequence is a well-bedded, fine- 

to medium-grained, feldspathic sandstone with dark-gray, greywacke beds.  Like the Ore Shale 

belt, this cycle forms an important host to ore sulfides which at Mufulira is termed the C Horizon 

of the Ore Formation.  Pre-consolidation slumping, load casting and fluidization features are 

present (Garlick, 1958; Brandt, 1961) and, as previously noted, are interpreted to reflect water-

laden sediments in a fluvio-deltaic setting.  Like the correlative Kafue Arenites parasequence of 

the Ore Shale belt, the C Horizon is locally attenuated, but not entirely pinched-out over 

basement highs.   

At Mufulira, the C Horizon is overlain by a 2 to 10 m thick unit of interbedded dolomitic 

siltstone/mudstone and anhydrite-bearing dolomite termed the Mudseam or Inter B/C Beds.  This 

unit is traditionally interpreted as the Ore Shale equivalent and the first horizon of correlation 

between the eastern and western flanks of the ZCB.  The Mudseam marks a significant flooding 

event equivalent to that of the Ore Shale, but is seldom carbonaceous nor an important host to 

ore. 

The correlative cycle at Lubembe and Kinsenda in the DRC is the Simbi Member and the 

overlying FQ horizon (Lefebvre, 1989) respectively.  The Simbi Member at Lubembe is 

dominated by light-colored, massive, feldspathic sandstones with dish and flame structures 

which are indicative of subaqueous deposition or water-laden sediments.  The overlying FQ 

horizon is a thin, generally less than 2 m thick, unit of laminated siltstone that marks a transition 

to a larger amalgamated basin and thus also an important flooding event.  Lefebvre (1989) 
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recognized the obvious similarities between the FQ horizon and the Mudseam (and hence the 

Ore Shale) but erroneously placed the entire succession within the Footwall Formation. 

A correlation between the Mudseam, FQ horizon and the Ore Shale is justified by the fact 

that each represents the first transgressive, shallow marine deposit above a basal fluvial and 

eolian succession (e.g. Binda and Mulgrew, 1974).  Like in the Ore Shale belt, the Mudseam 

marks a regional flooding event within a retrogradational parasequence set that becomes 

progressively finer grained up-section with increasing amounts of carbonate and evaporite 

components.  Unlike the Ore Shale belt, however, the recognition of two distinct parasequences 

above the level of the Mudseam in the Eastern Copperbelt is commonly obscured within a more 

proximal, sandstone-dominated succession.   

At Mufulira and Luansobe, the retrogradational trend of the RG2 sequence above the 

Mudseam is characterized by three laterally persistent sandstone or gritty sandstone units 

interspersed in finer-grained, siliciclastics units.  From base to top, these comprise the ore-

bearing, B and A Horizons and the Marker Grit (Fig. 3.4).  The B and A Horizons are similar in 

composition to the underlying C Horizon, each comprising a relatively clean sandstone that 

become more quartzose upward with lenses of carbonaceous, sericitic greywacke.  This 

succession is the assumed equivalent of the Hangingwall Quartzite of the Ore Shale belt despite 

including an additional transgressive unit of fine-grained, argillaceous and dolomitic lithotypes 

known at Mufulira as the Inter A/B beds. 

An alternative correlation is possible whereby the Inter A/B beds, rather than the 

Mudseam, represents the Ore Shale transgression.  The presence within these beds of a dark-

gray, locally carbonaceous mudstone above a persistent horizon of anhydrite-bearing dolomite 

with cryptalgal laminations and stromatolitic structures support such a correlation.  Furthermore, 

the overlying A Horizon tends to be significantly coarser-grained than the lower cycles 

(Fleischer et al., 1974) and thereby more closely resembles the Hangingwall Quartzite of the Ore 

Shale belt.  Garlick (1989) additionally recognized a biohermal dolomite at this level similar to 

the type documented in the Ore Shale interval of the Chambishi area. 

Irrespective of the exact position of the Ore Shale equivalent, two distinct cycles of fine-

grained clastics and carbonates are generally evident above the Ore Formation.  These cycles, 

known at Mufulira as the Lower and Upper Argillaceous Quartzites, are the assumed correlatives 

of the Rokana Evaporites and Chambishi Dolomite parasequences respectively.  Both comprise 
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arenaceous units, each about 30 to 50 m thick, of poorly bedded, argillaceous sandstones and 

siltstones with lesser dolomite and anhydrite.  The intervening Marker Grit is a light-gray, 

dolomitic, arkosic to subarkosic sandstone less than 10 m thick resembling the Upper or 

Nchanga Quartzite.  As in the Ore Shale belt, the transitional base of the latter includes a 

persistent argillaceous dolomite (the 90-Foot Dolomite) while the upper contact is sharp.  The 

Marker Grit is similarly an occasional host to copper sulfides, albeit generally sub-economic. 

At Kinsenda and Lubembe in the DRC, the Lower and Upper Argillaceous Quartzites are 

tentatively correlated with Lefebvre’s (1989) Kamemba (or Kabemba) and Kitotwe Members.  

The common occurrence of hematite indicates a more proximal, or emergent setting than the 

equivalent at either Mufulira or the Ore Shale belt.  The basal Kamemba Member consists of an 

upward fining cycle dominated by arkosic sandstone and well-graded greywacke which Lefebvre 

(1989) interpreted as a turbiditic facies.  The overlying Kitotwe Member represents a further 

fining-upward cycle comprising arkosic to subarkosic sandstone, greywacke, dolomitic siltstone 

and massive dolomitic limestone.  As in the Ore Shale belt, nodular textures and evaporite 

pseudomorphs indicate progressively restricted conditions in a marginal marine environment.  

The Kamemba and Kitotwe Members strongly resemble the correlative succession at Konkola 

(see Fig. 3.6), namely the Hangingwall Quartzite and Hangingwall Aquifer respectively.   

 
 
 
3.3.3 Sequence RG3 

 

Overlying the RG2 sequence at Mufulira, and throughout much of the eastern Copperbelt, 

is a 10 to 20 m thick marker horizon of fine-grained, poorly-bedded, feldspathic sandstone 

termed the Glassy Quartzite.  This unit represents a regionally extensive, basinward shift in 

facies and is therefore interpreted as the base of RG3 sequence.  A similar horizon is recognized 

at both Lubembe and Kinsenda near the base of Lefebvre’s (1989) Musoshi Formation.  The 

Glassy Quartzite is traditionally taken as the base of the Upper Roan in the eastern Copperbelt 

(e.g. Mendelsohn, 1961) and is commonly hosts weak and sub-economic sulfide mineralization. 

Stratigraphic profiles along the northern margin of the Kafue anticline (Fig 3.6; Kawiri 

area) suggest that the Glassy Quartzite is a direct correlative of the Konkola Conglomerate.  

These profiles also indicate that the typical RG3 sequence of the Ore Shale belt thins and pinches 
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out in an easterly direction.  A corresponding decrease in thickness within the RG1 and 

lowermost RG2 sequence suggests the presence of a syn-depositional high corresponding to the 

present position of the Kafue anticline. 

Notwithstanding the general absence of a typical RG3 sequence in much of the eastern 

Copperbelt, certain localities display a lithofacies assemblage that closely resembles this 

sequence elsewhere.  At Mufulira, the Glassy Quartzite is locally overlain by a cyclical unit, 

measuring approximately 150 m thick, comprising dolomite, talc schist, siltstone and minor 

sandstone.  The repetitious, layer-cake character of this succession is similar to the Bancroft 

Dolomite Formation.  However, this unit appears entirely restricted to the mine area and 

becomes indistinct laterally, eventually being replaced by a more heterogeneous assemblage 

dominated by breccia and white dolomite (Brandt et al., 1961).  The latter more closely 

resembles the overlying RG4 sequence.  

 
 
 
3.3.4 Sequence RG4 

 

As in the Ore Shale belt, the RG4 sequence displays a mixed assemblage of lithotypes 

that largely precludes detailed correlation between drill holes, a feature which combined with the 

ubiquitous presence of breccia is taken as a defining characteristic of this sequence.  At Mufulira, 

the RG4 sequence attains a thickness of 800 m comprising intercalated dolomite, magnesite, 

shale, siltstone, arenite and breccia, of which dolomite/ magnesite is a relatively minor 

component (Fleischer et al., 1974).  Notable differences with respect to the Ore Shale belt 

include the relative abundance of siliciclastic rocks over carbonates and the general scarcity of 

gabbro.  Intercalated arenites up to 30 m thick (e.g. the Barrier Quartzite), resemble the quartz-

albite rocks of the Chambishi study area and are similarly lensoid in morphology.  Such units, 

comprising argillaceous, feldspathic and cross-bedded sandstones, suggest the presence of 

laterally restricted depocenters developed during intermittent periods of basin emergence.  As 

noted elsewhere in this study, the characteristic silica-albite assemblage of these rocks is 

interpreted as alteration associated with saline fluids derived from evaporitic strata. 

The breccias of the eastern Copperbelt are comparable to those of the Ore Shale belt, both 

being characterized by an irregular vertical and lateral distribution.  Cailteux et al. (1994) 
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Figure 3.6.  Stratigraphic profiles along the northern margin of the Kafue anticline showing 
proposed correlations between the western and eastern flanks of the ZCB. 
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interpreted breccias at Mufulira as entirely tectonic in origin (i.e. friction breccias) and proposed 

that the intervening strata represented transported megablocks; parts of which were interpreted as 

fragments of Congolese-type Mines Subgroup strata.  In contrast, Wendorff (2005) viewed the 

same breccia as entirely sedimentary in origin, comprising conglomeratic horizons overlain by a 

massive, syn-rift, olistrosomal succession.  The latter interpretation was based on stratigraphic 

continuity between three adjacent drill holes and the apparent recognition of sedimentary 

features within the breccia (i.e. vertical grading and lateral clast size variations).  As detailed 

above, this study favors an origin involving stratal fragmentation and floundering due to salt 

dissolution and withdrawal.  Assuming that such processes were essentially stratabound, it 

follows that the Mines Subgroup strata (of the CCB) reported by Cailteux et al. (1994), if 

correctly identified, are broadly retained in their original stratigraphic position and thus a 

component of the RG4 sequence (see Chapter 4).  Similar rocks are also reported to occur at the 

equivalent stratigraphic level in the Lubembe and Kinsenda localities (Lefebvre and Tshiauka, 

1987; Tshiauka et al., 1995). 

The overlying Mwashya Subgroup of the eastern ZCB, like elsewhere, is dominated by a 

dolomite-siltstone-mudstone and black shale succession.  Notwithstanding abrupt facies changes, 

a basal dolomite to dolomitic siltstone cycle is generally overlain by a dark-gray to black 

mudstone/shale cycle.  These correspond to an upper carbonate unit and Mwashya parasequence 

of the Ore Shale belt and similarly, either or both are locally condensed or entirely absent.  

Variability is particularly pronounced on the southeastern flank of the Kafue anticline where 

thicknesses can range from 100 to 700 m over relatively short distances (Fig. 3.7; Mwekera and 

Ndola area).  A sub-horizontal shear zone locally marks the base of the Mwashya shales (e.g. 

Mufulira: Wendorf, 2005) but nowhere does this convincingly result in stratigraphic or structural 

duplication. 

The upper Mwashya Subgroup along the northeastern flank of the Kafue anticline (i.e. 

Kinsenda, Mufulira and Ngala areas) is punctuated by lenticular sandstone intervals similar to 

those of the Chambishi area.  Detailed studies have not been undertaken on these rocks but a 

characteristic glassy appearance suggests the presence of intense silica-albite (±pyrite) alteration 

similar to sandstone units found elsewhere in the RG4 sequence.  These horizons form prominent 

outcrops to the southeast of Mufulira (Ngala area) and are interpreted to mark the transition from 

the Mwashya Subgroup to the overlying Nguba Group.  In the absence of significant sandstone 
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units, the presence of thin arkosic sandstones and subtle erosional contacts at the base of pebbly 

mudflow units are taken to represent the sequence boundary between the Mwashya and 

overlying Grand Conglomérat unit.  The general lack of a significant basinward shift in facies or 

marked erosion surface suggests a relatively distal, subaqueous setting. 

The Grand Conglomérat is reported to reach a thickness of 250 m in the Mufulira-

Mutundu area (Brandt et al. 1961; Choladja, 1961) but is generally less than 50 m thick in the 

eastern ZCB.  Interestingly, this anomalous thickness coincides with an equally anomalous RG4 

succession and thereby suggests a common control on sediment accumulation patterns.  In 

contrast, the Grand Conglomerate locally rests on a condensed section comprising only the RG1 

sequence (e.g. Fig. 3.5; Ngala), as evident near the Mokambo and Luina domes to the north and 

east of the Kafue anticline.  As in the Ore Shale belt, the lack of a marked unconformity and the 

dominance of low-energy, subaqueous deposits suggest non-deposition of the underlying strata at 

a basin margin position rather than an erosive event. 

The Grand Conglomérat is best known from drill core in the Ndola area (Fig. 3.7).  In this 

locality it consists of massive, unsorted pebbly mudstones interbedded with, and passing up into, 

finely laminated (possibly varved) dolomitic mudstones and siltstones with thin pebbly 

sandstone or conglomeratic intervals (Binda and Van Eden, 1972).  The mudstone intervals are 

pyritic or pyrrhotitic and locally carbonaceous, while clasts are generally angular to well-

rounded, polymictic in nature and range from mm- to cobble-size.  The depositional mechanisms 

are interpreted as mudflows, slumps and turbidites in a glacio-marine environment. 

At least two orebodies occur within the RG4 sequence and its transition with the Grand 

Conglomérat in the eastern ZCB, namely at the Frontier and Lonshi mines in the DRC (Fig. 3.1).  

At both localities copper mineralization is hosted by carbonaceous shales and dolomites of the 

Mwashya parasequence, or by pebbly mudstones and diamictites of the overlying Grand 

Conglomérat.  Outcrop patterns at Frontier suggest that a significant portion of the Roan 

stratigraphy between the basal RG1 and uppermost RG4 sequence is locally attenuated; a 

geometry that may have favored the focusing of copper-bearing fluids into overlying, more 

reducing strata.  Sulfide mineralization occurs predominantly as vein stockworks accompanied 

by albitization of the host strata.  Although volumetrically minor with respect to the total metal 

endowment of the ZCB, these orebodies reaffirm the potential for mineralization to occur 

throughout the Roan Group and locally in the overlying succession. 
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Figure 3.7.  Composite stratigraphic profiles along the south-eastern margin of the Kafue 
anticline.  Note large thickness changes in the RG4 sequence.  
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CHAPTER 4 

 

SEQUENCE STRATIGRAPHIC CORRELATIONS BETWEEN  

THE ZAMBIAN AND CONGOLESE COPPERBELTS  

 
 
 
4.1  Introduction 

 

Stratigraphic correlation between the Zambian and Congolese Copperbelt has been the 

subject of debate since the earliest descriptions were made of the African Copperbelt.  

Difficulties arise from the lack of contiguous outcrop and the presence of major facies changes in 

the transition area while the complex structural style of the CCB is a further important factor.  

The latter is characterized by intense dismemberment of the stratal package such that nowhere 

within the most productive portion of the belt is there a complete stratigraphic section in 

structural continuity with basement.  As a result, regional schemes have traditionally relied on 

lithostratigraphic concepts.  This chapter presents new correlations based on the sequence 

stratigraphic model developed in the Chambishi South East area and subsequently extrapolated 

to the rest of the ZCB.  

 
 
 

4.2  Overview of the Roan Group in the Congolese Copperbelt 

 

The Katangan succession in the DRC is deformed into a series of open to overturned and 

overthrust folds characterized by tight anticlines cored by breccia.  The latter is lithologically 

comparable to the Breccia Complex of the RG4 sequence in Zambia but hosts fragmented 

megaclasts of carbonate-dominated Roan Group rocks up to several kilometers in length (known 

as “écailles” from the French word for fish scales).  A composite of numerous stratigraphic 

profiles from these megaclasts has enabled the definition of at least 1000 m of stratigraphy 

(François, 1974; 2006) comprising a basal R.A.T. (Roches Argilo-Talqueuses) or R-1 Subgroup, 

a middle ore-bearing, Mines or R-2 Subgroup, and an upper Dipeta or R-3 Subgroup.  No 
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correspondence is intended between these units and the sequence stratigraphic nomenclature 

developed in the previous chapters (i.e. RG1 to RG4 sequences). 

Breccias separate each of the above successions in the CCB such that their thicknesses 

and relationships are commonly obscured.  Intact strata are recognized only from the level of the 

Mwashya/R-4 Subgroup and overlying Grand Conglomérat (also termed the Mwale Formation; 

Batumike et al., 2007).  The latter occurs in stratigraphic continuity with younger Nguba Group 

rocks and commonly forms the limbs of enveloping fold structures or the base of thrust sheets 

(Fig. 4.1).  In the western extremity of the belt, Roan Group fragments and breccias are 

structurally emplaced at a higher stratigraphic level; locally on a specific horizon (Ku-2.2) in the 

Kundelungu Group, thereby constraining the relative timing of emplacement during syn-

orogenic sedimentation.   

 

 
 
Fig. 4.1. Cross section through the Kambove Cu-Co deposit from the central CCB showing 
fragments of the ore-bearing Mines Subgroup (écailles) in a breccia matrix.  The breccia 
complex and overlying strata are structurally emplaced upon younger rocks of the Kundelungu 
Group. 

 
 

The gross structure of the CCB has traditionally been interpreted in terms of 

allochthanous thrust tectonics facilitated by evaporite-lubricated friction breccias (Cailteux, 

1994; Kampunzu and Cailteux, 1999; Porada and Berhorst, 2000).  However, the role of salt 

tectonics or halokinesis has become increasingly apparent with ongoing studies (De Magnee and 

François, 1988; François, 1995, 2006; Jackson et al., 2003; Selley et al., 2010; Hitzman et al., 

2013 in press).  Rather than being reliant on horizontal shortening to account for the complex 

structural geometries of the belt, the salt tectonic model favors a more passive process involving, 
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at least initially, dismemberment of the stratal package by salt dissolution and flow during early 

basin growth.  Fragmentation of the strata in this manner requires the initial presence of salt at 

several stratigraphic levels in the Roan Group, notably above and below the ore-bearing Mines 

Subgroup.  This distinction has important implications for reconstructing the stratigraphy of the 

Roan Group without the need to invoke major horizontal displacements. 

 
 
 
4.3  Traditional correlations 

 

The stratiform Cu-Co orebodies of the DRC are generally hosted by a succession of 

laminated dolomitic siltstones, mudstones and siliceous dolomites near the base of the Mines 

Subgroup (R-2), namely in the basal Kamoto (R-2.1) Formation and middle Dolomitic Shales or 

S.D. (R-2.2) Formation.  These are overlain by the dolomitic Kambove Formation (R-2.3), also 

known as the C.M.N. or Calc Minerai Noir.  The total thickness of this succession is between 

100 and 250 m (François, 1974, 2006). 

The dolomitic nature of the Mines Subgroup initially led to correlations with the 

dolomitic Upper Roan Subgroup of Zambia, thus implying the existence of two distinct ore-

bearing intervals (Mendelsohn, 1961; Fleischer et al., 1976).  Subsequently, a one-to-one 

correlation was adopted (François, 1974; Cailteux and Lefebvre, 1975; Cailteux, 1976; Cailteux 

et al., 1995).  The latter model interprets the Mines Subgroup as a distal dolomitic facies of the 

siliciclastic Copperbelt Orebody Member of Zambia.  In support of this model, Cailteux et al. 

(1995) provided a detailed correlation scheme on the basis of similarities in lithofacies and 

depositional setting.  Similarly, the basal R.A.T. Subgroup, a poorly defined succession of 

crudely bedded to massive, dolomitic siltstones (Red R.A.T. or R.A.T. Rouges) was interpreted 

as a distal equivalent of the coarse-grained siliciclastic rocks of Zambia, while the overlying 

Dipeta Subgroup was correlated with the Upper Roan. 

More recently, Bull et al. (2010) correlated the ore-bearing Kamoto Formation of the 

Mines Subgroup with the Chambishi Dolomite Formation of the Kitwe Formation in Zambia and 

thereby concluded that the Ore Shale equivalent must lie below the current level of exposure in 

the DRC.  These authors also concluded that the basinal correlative of the Ore Shale or its 

immediate hangingwall strata comprised a lower salt sheet that subsequently led to 
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dismemberment of the overlying Mines Subgroup.  This interpretation implied that the ore-

bearing strata of Zambia are distinct from those of Congo yet both are hosted by the Kitwe 

Formation of the Lower Roan Subgroup. 

 
 
 

4.4  Mbaya prospect 

 

Traditional stratigraphic correlations have largely discounted surface mapping in the 

transition area, notably at the Mbaya prospect on the southeastern extremity of the CCB.  

Evidence from this locality strongly suggests a distinct stratigraphic separation between the 

Zambian and Congolese ore-bearing successions.   

Located on the western flank of the Luina basement inlier (Fig. 4.2), the Mbaya prospect 

is underlain by a Zambian-type succession of coarse-grained siliciclastic strata in direct contact 

with basement (Fig. 4.3).  This is overlain by a Congolese-type succession of silty carbonate 

strata (Oosterbosh, 1958, François et al., 1961; Pienaar, 1961; François, 1974, 1995).  A 

stratiform breccia separates the two packages and forms a regional detachment surface, above 

which the carbonate-dominated rocks are disharmonically folded and fragmented.  A more 

conformable succession beneath the breccia includes a siltstone unit that hosts a weakly sulfide-

bearing horizon reminiscent of the Zambian Ore Shale.  The fragmented strata above the breccia 

resemble the Mines Subgroup and the enveloping R.A.T. and Dipeta Subgroup rocks.  While the 

fragmented dolomitic rocks are not mineralized at Mbaya, sub-economic horizons are present in 

a similar stratigraphic setting at the adjacent Kapapa prospect. 

In detail, the fragmented dolomitic rocks at Mbaya comprise three lithofacies 

assemblages that are typical of the Mines Subgroup elsewhere in the belt.  These include a lower, 

silicified, locally carbonaceous dolomite (20 to 30 m), a middle carbonaceous shale with thin, 

arkosic sandstone interbeds (30 to 50 m) and an upper silicified, locally carbonaceous and oolitic 

(or nodular?) dolomite with shaley interbeds (20 to 100 m).  This three-fold subdivision is 

analogous to the R-2.1, R-2.2 and R-2.3 formations and the enveloping rocks at both localities 

are recognized as being typical of the Dipeta Subgroup.  The latter comprise very-fine grained, 

partly brecciated, silty arenites and dolomitic siltstones with horizons of talcose or cherty 

dolomite (±800 m).  
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Angular, polylithic clasts in an iron-stained, talcose and kaolinitic matrix comprise the 

basal breccia (±100 m).  This appears to be a correlative of the R.A.T. breccia that commonly 

underlies and cuts the mineralized strata of the CCB. 

 

 
 

Figure 4.2.  Simplified geology of the Luina basement inlier at the southeast extremity of the 
CCB showing the location of the Mbaya prospect.  Note that a detachment surface is interpreted 
within the Roan Group.  Disharmonic folding and stratal fragmentation (including the Mines 
Subgroup) is limited to the upper sheet (from Selley et al., 2010).  

 

Stratigraphic relationships 

The remainder of the underlying succession consists of a siliciclastic-package of 

conformable strata.  This includes an uppermost unit (±75 m) of shale, siltstone-mudstone and 
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arkosic sandstone with horizons of talcose or siliceous dolomite comparable to the SWG unit of 

the ZCB (~RG3 Sequence).  A middle unit (±150 m) is distinguished by conspicuously bedded 

sandstones with a sulfide-bearing, dolomitic to carbonaceous horizon developed towards the 

base.  The latter is interpreted as the Ore Shale equivalent and the enveloping strata as a 

correlative of the Kitwe Formation (~RG2 sequence).  This in turn is underlain by a thick 

succession of arkosic sandstones and conglomerates (±250 m) correlated with the Mindola 

Clastics Formation (~RG1 sequence). 

 

Interpretation 

Despite the apparent evidence for stratigraphic separation between the typical ore-bearing 

successions of Zambia and Congo, François (1974) chose to interpret the basal siliciclastic 

package at Mbaya as a proximal facies of the Mines and R.A.T. Subgroups.  This implied direct 

correlation with the Copperbelt Orebody Member of Zambia and thereby laid the foundation for 

subsequent correlations (e.g. Cailteux, 1976, 1994).  The proposed juxtaposition of an 

arenaceous facies with a more typical dolomitic facies of the Mines Subgroup invoked 

significant horizontal displacement on the stratiform breccia despite the lack of evidence for 

superposition along this horizon.  In contrast, both earlier and subsequent studies interpreted this 

surface as an extensional detachment (François, 1968; Selley et al., 2010). 

An alternative interpretation suggests that the Mbaya succession is essentially intact.  In 

this case, the dolomitic Mines Subgroup occurs in a supra-detachment position and forms the 

lower part of a carbonate-dominated succession equivalent to the Upper Roan or RG3 and RG4 

sequences of the ZCB.  The underlying breccia potentially represents a former salt horizon; the 

dissolution of which accounts for fragmentation of the overlying Mines Subgroup.  In 

accordance with this interpretation, the sub-detachment succession is correlated with the Lower 

Roan Subgroup which closely resembles the RG2 and RG1 sequences in the adjacent Konkola-

Musoshi area (Pienaar, 1961; Lefebvre, 1989). 

In summary, the Mbaya prospect provides compelling evidence for a continuous 

stratigraphic section in which the Mines Subgroup is located stratigraphically above the 

Copperbelt Orebody Member.  Furthermore, composite stratigraphic profiles reconstructed from 

this locality allow for a direct link to be made between the Congolese and Zambian successions 

(Fig. 4.4). 
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Figure 4.3.  Geological map of the Mbaya prospect (after François et al., 1961) showing the 
position of probable Mines Subgroup strata with respect to the Ore Shale. 
   



77 
 

  
 
Figure 4.4.  Composite stratigraphic profiles along the north-western margin of the Ore Shale 
belt showing proposed correlations between the ZCB and CCB. 
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4.5  Proposed correlations between Zambia and the DRC 

 

The insight gained from the Mbaya prospect, in combination with the sequence 

stratigraphic model established in the previous chapters, provide the basis for a consistent 

stratigraphic profile to be developed for the region.  The proposed correlation between 

component stratigraphic units is outlined below (Table 4.1).   

 
Table 4.1.  Summary of proposed sequence stratigraphic subdivisions of the Roan Group in 
Zambia and the DRC, and corresponding lithostratigraphic schemes (modified from Clemmey, 
1976; Selley et al., 2005 and Cailteux et al., 2007). 

 
 ZAMBIA D. R. CONGO 

SEQ. SUBGROUP FORMATION MEMBER SUBGROUP FORMATION 
 

 
Nguba 

 
Grand Conglomérate 

Muombe 
(Grande Congl.) 

Mwale 
Kanzadi 

RG4 

Mwashia 
 

Mwashya paraseq. Mwashya / R-4 Kafubu 
Kamoya 

Upper Roan 

 Upper Carb. Unit 
Breccia Complex 

Intermediate  
Carb. Unit 

Dipeta / R-3 

Kansuki  / R-3.4 
Mofya / R-3.3 

R-3.2 
R.G.S. / R-3.1 

RG3 

Bancroft 
Dolomite  Mines  / R-2 

Kambove 
Dolomitic Shales 

Kamoto 

Lower Roan 

Kitwe 

Antelope Clastics 
Shale-with-Grit 

R.A.T. / R-1 
RAT breccia  

RG2 

Chambishi Dolomite 
Nchanga Quartzite 
Rokana Evaporites 

Copperbelt Orebody 

 
                     
 
                      unknown 

Mindola 
Clastics 

Kafue Arenites 
Footwall Transition 

Basal Sandstone 
Basal Conglomerate 

RG1 

 
 
 
4.5.1 R.A.T. Subgroup and Shale-with-Grit (SWG) 

 

The R.A.T. and SWG unit share textural and mineralogical features that suggests a 

common depositional setting and protracted diagenetic/alteration history.  Both represent 

hematite-bearing (oxidized) evaporitic mudflat to salina/playa successions that correspond to the 
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first appearance of a persistent evaporitic environment within the Roan basin.  In both cases, a 

coarser-grained facies grades vertically into a crudely stratified to massive evaporitic siltstone 

and mudstone facies.  Evaporitic strata are developed as anhydrite-rich rocks in the upper SWG 

whereas the R.A.T. Subgroup is disrupted by evaporite dissolution breccias, thereby suggesting a 

more distal facies.  These strata are here interpreted as the marginal facies of an evaporitic cycle 

that probably included significant salt in the basin interior.  The dissolution of salt, and to a 

lesser extent gypsum, accounts for the characteristic development of disrupted bedding and 

fluidization textures.  Thicker salt units in the more distal setting are consistent with a regional 

detachment surface accompanied by breccia in the CCB. 

The R.A.T Subgroup displays a continuous stratigraphic section of at least 235 m in the 

western extremity of the Roan basin (Kolwezi area: Oosterbosh, 1963) but elsewhere is present 

only as an irregularly stratified or disrupted section that remains poorly defined.  Nonetheless, a 

gradual increase in dolomite and corresponding decrease in hematite is commonly observed (e.g. 

Cailteux et al., 1995, 2005).  The uppermost unit consists of a reduced, pyrite-bearing evaporitic 

facies, the Grey R.A.T., which occurs in stratigraphic continuity with the Mines Subgroup but is 

separated from the underlying hematite-bearing facies by a persistent breccia.  The SWG 

similarly displays a transitional contact with the overlying Bancroft Dolomite Formation.  The 

latter is generally recorded by the presence of intercalated anhydrite-magnesite-dolomite units 

and a corresponding transition from an oxidized to a reduced facies.  In both cases, the transition 

represents a change from sub-aerial to intertidal and subtidal deposition during a relative rise in 

sea level. 

In addition to sharing the above characteristics, the R.A.T. and SWG successions also 

share a distinctive magnesian assemblage, albeit more pronounced in the former.  Rocks of the 

R.A.T. Subgroup consist largely of a chlorite-quartz-dolomite (± magnesite) assemblage that 

lacks detrital feldspar, is very low in alkalis and exceptionally rich in magnesium (Kampunzu et 

al., 2005).  An interpreted transitional facies adjacent to the ZCB is dominated by illite/phengite 

and K-feldspar (± albite) rather than chlorite, and includes phlogopite as a metamorphic phase 

(e.g. Lupoto: Hitzman, 2010).   

Despite its name (Roches Argillo-Talcueses), talc is uncommon in the R.A.T. and only 

present as a secondary mineral related to surface processes; the name originating from its 

mistaken identification by early workers with strata of the Dipeta Subgroup (François, 1995).   
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The SWG unit grades from a feldspathic (K-feldspar-rich) dolosiltstone to a massive 

mudstone dominated by illite/phengite and phlogopite, with albite locally the dominant feldspar 

(Chapter 6); an assemblage that is texturally and mineralogically comparable to the transitional 

facies of the R.A.T.  Anhydrite-dolomite beds in the uppermost SWG are locally replaced by an 

assemblage of magnesite (±talc) and chlorite and in both cases, magnesian assemblages occur at 

the expense of detrital K-feldspar, dolomite and muscovite. 

Other mineralogical similarities include the presence of silicified evaporite 

pseudomorphs with internal relicts of anhydrite, and rare but conspicuous occurrences of halite 

(Cailteux et al., 2005; Chapter 6).  Anomalous concentrations of secondary apatite, tourmaline 

and barite (albeit rare) are also common to both.  Assuming a common origin, the main 

compositional differences can potentially be attributed to a metamorphic gradient between the 

ZCB and CCB, and the relative proximity to evaporite-derived, Mg-rich brines.  Most workers 

have favored evaporite-related diagenetic processes for such alteration (e.g. Moine et al, 1986; 

Kampunzu et al., 2005) but others have noted the immobility of barium in a sulfate-rich fluid and 

thus discount the probability of early alteration and alkali stripping (Selley, pers. comm., 2012). 

 
 
 
4.5.2 Mines Subgroup and Bancroft Dolomite Formation 

 

Both the Mines Subgroup and Bancroft Dolomite Formation represent a transition from 

siliciclastic sedimentation to a stable carbonate platform which ultimately reflects the highstand 

systems tract developed through progressive flooding of the Roan basin.  A trend from layer-

cake, siltstone-carbonate laminites to more massive, siliceous carbonates (magnesite- and 

anhydrite-bearing) occurs in the basal units of both, and each consists of sulfide-bearing 

successions deposited in a reducing environment. 

The basal R-2.1 Formation of the Mines Subgroup includes massive, stomatolitic 

dolostones and evaporite-bearing, dolomitic breccias that reflect the development of a seaward 

barrier.  The middle R-2.2 or Dolomitic Shales Formation records a maximum flooding surface, 

while the uppermost strata suggest a regression back to intertidal and supratidal sedimentation 

(Bull et al., 2010).  The latter is characterized by massive to laminated, talcose (and locally 
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carbonaceous), silty dolomites with local intercalations of siltstone, dolomitic sandstone and 

concordant collapse breccias.   

In comparison, the Bancroft Dolomite Formation is significantly less well-defined, 

probably due to its more proximal setting and hence condensed character.  Nonetheless, a 

flooding event followed by a mild regression is similarly recognized in the Chambishi South East 

area (Chapter2).  Hypersaline conditions are indicated by the local presence of evaporitic 

textures and anhydrite.  Like the Mines Subgroup, the carbonate succession of the Bancroft 

Dolomite Formation is characterized by layer-cake continuity consistent with deposition in a 

stable, low-relief setting.  Such a setting is inconsistent with the rift and rift-climax phase in the 

Lower Roan Subgroup to which the ore-bearing Mines Subgroup has traditionally been 

correlated. 

The presence of sulfide ores in the Mines Subgroup, in contrast to the barren nature of the 

Bancroft Dolomite, infers that the former occupied a setting which allowed for direct access to 

copper-bearing fluids while the latter was isolated from such fluids.  Differing redox 

architectures (e.g. the local presence of an Ore Shale) and the variability of impermeable salt 

horizons potentially account for such differences (see Chapter 8).  

 
 
 
4.5.3 Dipeta and Upper Roan Subgroups 

 

The Dipeta Subgroup of the CCB is a diverse package of folded and disrupted rocks that 

include both detrital and carbonate components intercalated with breccia.  Total thicknesses are 

estimated at 250 to 1000 m (François; 1973, 2006), although a consistent stratigraphic section 

has never been fully established.  The basal cycle consists of slightly-feldspathic, hematite-

bearing, sandy siltstones and coarser-grained detrital rocks known as the R-3.1 Formation or 

R.G.S. (Roche Gréseuse Supérieures or Schisteuses).  This cycle potentially corresponds to the 

Intermediate Carbonate Unit recorded at the base of the RG4 Sequence in the Chambishi study 

area.  Both overlie a sequence boundary that represents a significant basinward shift in facies 

evident as a transition from carbonates to a heterogeneous, siliciclastic-dominated assemblage.  

Locally, as in the Chambishi area (e.g. drill hole RCB2) and throughout the CCB, the base of this 

cycle corresponds to a breccia which is interpreted to represent an evaporitic drawdown event. 
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The middle units of the Dipeta Subgroup are recognized as the R-3.2 and R-3.3 (or 

Mofya) formations.  These are dominated by massive and laminated carbonate rocks that include 

dolomitic siltstones, talcose or magnesite-bearing dolomites and relatively pure limestones.  This 

assemblage is considered analogous to the lower and middle parts of the RG4 sequence in the 

ZCB (see Chapters 2 and 3). 

The uppermost R-3.4 (or Kansuki) Formation of the Dipeta Subgroup (formerly known 

as the Lower Mwashya or R-4.1 Formation; Cailteux et al., 2007) is interpreted as an equivalent 

of the Breccia Complex of the ZCB.  Both are characterized by mafic rocks with associated 

ferruginous horizons within a succession of brecciated, siliceous and talcose carbonates that 

display a range of shallow water and evaporitic indicators (e.g. oolites, siliceous nodules and 

gypsum/anhydrite pseudomorphs).   

The mafic rocks of the ZCB occur exclusively as fragmented sills, while the equivalent 

rocks of the CCB are generally extrusive in nature and occur locally as thin volcanoclastic 

intervals (Lefebvre, 1973; Cailteux et al, 2007 and references therein).  The sill-like bodies of 

Zambia were thus potentially emplaced into unlithified sediments shortly after deposition.  

Emplacement within an evolving evaporitic basin accounts for unusual alteration textures and the 

characteristically intense, sodic and magnesian alteration assemblages of these intrusive and 

extrusive rocks. 

 
 
 
4.5.4 Mwashya Subgroup 

 

The carbonate-dominated succession of the CCB is capped by a transgressive cycle of 

banded to massive dolomitic siltstones and carbonaceous shales traditionally assigned to the R-

4.2 or Upper Mwashya Subgroup.  Cailteux et al. (2007) recognized a three-fold subdivision 

comprising the Kamoya, Kafubu and Kanzadi Formation. 

Conglomeratic, ferruginous, cherty and volcanoclastic beds at the base of the lowermost 

Kamoya Formation, locally termed the Conglomérat de Mwashya, are here interpreted as part of 

the Breccia (-Gabbro) Complex or potentially, the product of reworked carbonate debris 

produced on a drowning unconformity (Schlager, 1989).  The remainder of the Kamoya, Kansuki 

and overlying Kafubu formations represent the transgressive systems tract that culminated in a 
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maximum flooding surface and a succession of pyritic, carbonaceous mudstones.  These units 

appear to be direct correlatives of the Upper Carbonate Unit and Mwashya parasequence of the 

ZCB and clearly demonstrate the regional nature of this event.  

The uppermost Kanzadi Formation represents a regression to feldspathic sandstones 

which ultimately culminated in deposition of the Grand Conglomérat (or Mwala Formation).  As 

similarly interpreted in the ZCB, this formation is more appropriately assigned to a new 

sequence at the base of the Nguba Group.  As in Zambia, the Grand Conglomérat is both 

transitional and discordant with respect to the Mwashya Subgroup and in places directly overlies 

the Dipeta Subgroup.  Such relationships are interpreted to be the result of syndepositional 

extension and salt withdrawal rather than erosion of the Mwashya strata.  In support of this, 

Selley et al. (2010) demonstrated large, systematic variations in thicknesses within the Grand 

Conglomérat and lower Nguba Group strata in the CCB.  This was interpreted in terms of 

diapiric salt, a process which began during Dipeta/Upper Roan deposition.  The widespread 

presence of allochthanous Roan Group rocks emplaced within the Kundelungu Group suggests 

that salt tectonics continued until late in the depositional history of the Katangan basin. 

 
 
 
4.6  Summary 

 

The sequence stratigraphic model developed in the ZCB provides the basis for a revision 

of traditional correlations between Zambia and the DRC (Table 4.1).  This has important 

implications with regard to stratigraphic architecture in the Roan Group and the distribution of 

ore.  Notably, the model allows for stratigraphic prediction with regard to the distribution of salt 

and the potential development of redox boundaries, both considered to be key constraints on 

mineralization.  An integrated basin model and discussion of these implications is presented in 

chapter 8 (Discussion and Conclusions).    
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CHAPTER 5 

 

SEDIMENTOLOGY AND MINERALOGY OF THE LOWER ROAN SUBGROUP 

IN DRILL HOLE RCB2, CHAMBISHI BASIN  

 
 
 
5.1 Introduction 

 

While numerous petrographic studies have focused on the immediate ore-bearing 

sedimentary succession of the Zambian Copperbelt (see Selley et al., 2005 and references 

therein), few studies have attempted to examine and integrate the broader mineralogical and 

sedimentological framework of the Roan Group.  Contributing factors include a lack of good 

surface exposure and the fact that few drill holes have penetrated the full succession.   

Drill hole RCB2 in the Chambishi basin provides a near continuous stratigraphic profile 

of approximately 1800 m in an area where lateral correlations are well-established by a high 

density of exploration drilling and detailed mapping.  As the deepest drill hole in the Chambishi 

basin, RCB2 also provides information about lateral thickness and facies changes that are 

manifested down-dip from the more marginal settings that characterize the well-known copper 

and cobalt orebodies.   

Previous researchers have taken advantage of drill hole RCB2 for the purposes of 

lithogeochemical and isotope studies (e.g. Selley et al., 2005; Bull et al., 2010, 2011), but no 

systematic petrographic studies have been published.  This chapter provides a detailed 

characterization of the Lower Roan Subgroup, while the next chapter is devoted to the Upper 

Roan Subgroup. 

QEMSCAN analyses of representative samples from RCB2 provide new data on vertical 

trends in mineralogy that allow links to be made to depositional environments and subsequent 

alteration events.  The QEMSCAN approach allows for better textural analysis than traditional 

petrogragraphic techniques and provides quantitative data that is critical to a detailed 

characterization of the Roan Group. 
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Figure 5.1. Plan map and cross-section of the northeastern sector of the Chambishi basin 
showing the location of drill hole RCB2 and surrounding drill holes.  Also illustrated is the 
distribution of copper projected to surface (grade multiplied by thickness) and various structural 
and stratigraphic features of the area. 
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Figure 5.2. Simplified lithostratigraphy of drill hole RCB2 showing the distribution of copper 
grades and major lithotypes.  Note that the main Cu-bearing horizon in this drill hole is hosted by 
the upper part of the Mindola Clastics Formation while the overlying Copperbelt Orebody 
Member (i.e. Ore Shale) is poorly mineralized. 
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5.2 Overview of drill hole RCB2 

 

The Chambishi South East prospect is situated in the Chambishi basin of the Zambian 

Copperbelt, mid-way between the outcropping Nkana-Mindola and Chambishi Cu-Co deposits 

(Fig. 5.1).  Fleischer (1984) detailed the discovery and geology of this area.  

Economic copper grades were first discovered at Chambishi South East in the 1970s at 

depths exceeding 500 m.  Drill hole RCB2 was subsequently sited to test the down-dip continuity 

of a mineralized zone hosted by the so-called Ore Shale interval or Copperbelt Orebody Member 

of the Roan Group.  This hole was collared in a broad anticline near the top of the Roan Group 

and was stopped at a depth of 1835 m in an anomalously thick interval of footwall conglomerate 

and sandstone.  Shallow stratigraphic dips were encountered through much of the hole with the 

result that intersected widths broadly approximate their true thicknesses (i.e. within 5-10%).  A 

mineralized zone of 13.5 m grading 2.7 wt% copper was intersected at a depth of nearly 1300 m.  

In contrast to adjacent drill holes, however, this Cu-bearing horizon is hosted by the basal 

conglomerate and sandstone succession rather than the Copperbelt Orebody Member (Fig. 5.2).  

Hence, the mineralized zone is considered to be “arenite-hosted” rather than “Ore Shale-hosted”.  

This apparent step-down in stratigraphic position corresponds to significant changes in thickness 

and lithofacies in a basinward direction. 

The stratigraphic subdivisions used in this study are based on a lithostratigraphic scheme 

proposed by Clemmey (1974, 1976) and subsequently adopted by Selley et al. (2005).  In drill 

hole RCB2, the lowermost coarse- to medium-grained Mindola Clastics Formation (>450 m) is 

overlain by the finer-grained, mixed siliciclastic-carbonate Kitwe Formation (~325 m); together 

comprising the Lower Roan Subgroup (Fig. 5.2).  The Mindola Clastics Formation is divided 

into the Basal Conglomerate and Sandstone Member (~400 m) and the younger Kafue Arenites 

Member (~55 m).  The latter is characterized at its base by the Lower or Cobble Conglomerate 

and, at the top, by the Footwall Conglomerate.  The overlying Kitwe Formation comprises five 

units, namely the Copperbelt Orebody, Rokana Evaporites, Nchanga/Upper Quartzite, 

Chambishi Dolomite and Antelope Clastics members (Fig. 5.3). 

Traditionally, the base of the Upper Roan Subgroup is somewhat arbitrarily defined as 

the first significant horizon of dolomite above the Antelope Clastics Member.  However, a 

revision was deemed necessary in light of the obviously transitional nature of this contact in 
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RCB2.  Hence, the Antelope Clastics Member is redefined in this study as the lowermost unit of 

the Upper Roan Subgroup.  The overlying Bancroft Dolomite Formation (~100 m) is similarly 

redefined to represent the basal carbonate unit of the Upper Roan only (Fig. 5.2).  Finally, new 

lithostratigraphic names are introduced for the remainder of the succession, namely the 

Intermediate Carbonate Unit (~325 m) and the Breccia (-Gabbro) Complex (~420 m).  The latter 

is not routinely intersected in drill holes and hence has remained relatively poorly-defined.  This 

interval includes a substantial thickness of polylithic breccias with intercalated gabbroic rocks. 

The topmost unit of RCB2 (~80 m) is tentatively assigned to the Mwashya Subgroup on 

the basis of surface mapping.  Correlation with adjacent drill holes suggest that it attains a 

thickness of between 100 and 200 m, and is transitionally overlain by the Grand Conglomérat of 

the Nguba Group (Chapter 2).  Thus, the Roan Group approaches a thickness of nearly 2 km in 

drill hole RCB2. 

 
 
 

5.3 Methods 

 

This study involves both detailed logging and petrographic examination of selected core 

samples.  QEMSCAN analyses on 42 representative lithotypes provide the basis for an 

assessment of broad vertical trends in modal mineralogy and composition through the Roan 

Group.  Specimens were analyzed using a QEMSCAN E430 instrument located in the Advanced 

Mineralogy Research Center at the Colorado School of Mines.  This system uses a Carl Zeiss 

EVO50 SEM platform, four Bruker energy dispersive (EDS) detectors, and proprietary software 

for acquiring and quantifying the analytical data.  Each sample was cut, polished and carbon 

coated to obtain a flat and electrically conductive surface for X-ray analysis.  A 20-µm pixel 

resolution was employed for all samples following the examination of an initial set of duplicates 

at both 20 µm and 10 µm resolution.  A 20 µm resolution was found to provide significant time 

and cost benefits without significant loss of textural or quantitative information.  The resulting 

data were interpreted using iDiscover™, a PC-based software suite that provides a 

comprehensive platform for visualization, data query and interpretation. 

The QEMSCAN method offers considerable advantages over optical microscopy, 

particularly in the user’s ability to rapidly quantify modal mineralogy and examine individual 
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mineral compositions, distributions, associations and grain sizes in a false-color, interactive 

image format.  Additionally, the ability to scan a relatively large sample area and repeatedly 

query and compare the recorded results allows for the maximum amount of information to be 

extracted from each sample.  Nonetheless, due to factors such as X-ray peak overlaps, boundary 

phase relationships related to the chosen pixel resolution, and a semi-automated ‘first match’ 

rather than ‘best fit’ allocation, the interpretive process retains a need for mineralogical oversight 

based on conventional optical methods (Hoal et al., 2009).   

Identification mismatches were found to be insignificant in this study.  Phlogopite was 

distinguished from biotite on a semi-quantitative basis only, and hence the term phlogopite is 

used here to represent a relatively Mg-rich composition, whereas biotite is restricted to a 

distinctively Mg-poor composition.  Additionally, certain minerals are identified solely in 

general terms (e.g. ‘apatite’ for all phosphate-group minerals - excluding monazite).   

Abbreviations used in this study include; Q: quartz, Kf: K-feldspar, Ab: albite, M: 

muscovite, Ser: sericite (i.e. fine-grained muscovite-illite), B: biotite or phlogopite, D: dolomite, 

Ca: calcite, An: anhydrite, Cl: chlorite, Tc: talc, Ru: rutile, Ap: apatite, Tm: tourmaline, Zr: 

zircon, Mz: monazite, Py: pyrite, Cp: chalcopyrite, Cc: chalcocite, and Co: carrollite. 

 
 
 
5.4 Lower Roan Subgroup 

 

The Lower Roan Subgroup traditionally comprises the Mindola Clastics Formation and 

the younger Kitwe Formation.  However, since the Antelope Clastics Member (traditionally the 

uppermost unit of the Kitwe Formation) is excluded from the Lower Roan of this study, the 

succession described here comprises the interval from the basal unconformity  to the top of the 

Chambishi Dolomite Member; a stratigraphic thickness on the order of 750 m (Fig. 5.3). 

 
 
 
5.4.1 Mindola Clastics Formation 

 

The Mindola Clastics Formation is subdivided into the Basal Conglomerate and 

Sandstone Member (>450 m) and the overlying Kafue Arenites Member (~55 m). 
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Figure 5.3. Lithostratigraphy of the Lower Roan Subgroup in drill hole RCB2 (Mindola Clastics 
and lower Kitwe formations).  QEMSCAN sample depths are shown to the left of the log. 
 
 
5.4.1.1 Basal Conglomerate and Sandstone Member 

 

The basal unit of the Roan Group is dominated by matrix-supported conglomerate and 

arkosic to feldspathic arenite, with lesser intervals of finer-grained, argillaceous arenite.  

Texturally immature, thickly-bedded conglomerates at the base grade upward towards more 

mature arenites at the top.  Bedforms are poorly-defined but erosional bases and distinct upward-

coarsening and upward-fining units are present.  The upper arenite intervals are locally cross-

stratified or planar bedded.   
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The basal conglomerates commonly comprise a monomictic assemblage of granule to 

cobble-sized, poorly-sorted, rounded to sub-angular clasts (Fig. 5.4a-c).  Their origin is generally 

gneissic or quartzose with a characteristic abundance of pale-blue, opalescent (metamorphic?), 

and milky quartz.  Locally a strong K-feldspar or sericite overprint masks their origin.  Matrices 

consist of medium-grained, subarkosic arenite with varying amounts of argillaceous material 

dominated by sericite and lesser biotite (~Mg-poor).  The biotite component is generally 

interpreted to be the metamorphic product of a former muddy/silty matrix but in places could be 

the result of intense potassic alteration.   

Fine-grained muscovite or sericite is common and locally overprints detrital grains (Fig 

5.5a).  Such lithologies are characterized by early K-feldspar and quartz overgrowths, along with 

minor albite, all of which predates the sericite and biotite.  Alteration assemblages are notably 

pervasive, affecting both the clast and matrix components.  In certain lithotypes, intense 

sericitization results in polygonal islands of quartz engulfed entirely by fine-grained muscovite 

(Fig. 5.5b).  Such textures suggest the growth of quartz prior to complete sericitization of a 

former K-feldspar component.  Tiny relicts of K-feldspar, anhydrite, carbonate and barite are 

interpreted as relics of a former composition.  Finally, traces of secondary chlorite occur in 

association with biotite, while significant amounts of intergranular anhydrite and carbonate 

(>10%) of an undetermined origin are locally present.  The latter consists mostly of calcite rather 

than dolomite.  Iron oxides are present in trace amounts; possibly due to their partitioning into 

alteration or metamorphic phases (e.g. biotite and chlorite).  Apatite, tourmaline and zircon are 

the most common accessory minerals. 

In summary, the Basal Conglomerate and Sandstone Member is characterized by locally 

intense silicification, feldspathization, sericitization and biotitization.  Secondary feldspars 

include both overgrowths and matrices of K-feldspar as well as minor amounts of albite.  

Variable leaching of the anhydrite and carbonate cements produce vuggy and porous textures.   

The upper part of the Mindola Clastics Formation is dominated by moderately to well-

sorted, matrix-poor arenite with arkosic to subarkosic compositions.  Conspicuous cross-

stratification and parallel-bedding is defined by heavy-mineral laminations and sericite-rich 

seams (Fig. 5.6).  In contrast to the gray and sometimes dark coloration of the basal 

conglomerates, the arenaceous intervals are pale-colored with a pinkish-tinge reflecting a marked 

increase in hematite.   
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Figure 5.4. Polished slabs of conglomerate and pebbly arenite samples from the Mindola Clastics 
Formation. (a) Granule conglomerate to pebbly, sub-arkosic arenite with interstitial sericite, 
biotite, anhydrite and calcite. (b) Strongly sericitized, pebbly arenite and conglomerate.  Note the 
opalescent quartz. (c) Pebble to cobble conglomerate with sericitized clasts and matrix.  Biotite is 
a significant matrix component. 
 

 
 
Figure 5.5. QEMSCAN images of representative samples from the lower Mindola Clastics 
Formation. (a) Pebbly, subarkosic conglomerate with abundant intergranular anhydrite and 
calcite.  Fine-grained muscovite (i.e. sericite) is extensively developed, together with biotite and 
traces of albite. (b) Pebbly, sericitic arenite with biotite, chlorite, anhydrite and apatite. Note the 
sharp, planar contacts between polygonal quartz overgrowths and surrounding sericite. Original 
detrital textures are largely obliterated.  
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Lithotypes range from massively-bedded, pebbly arenites, to planar bedded, fine-grained, 

argillaceous arenites and lesser siltstones.  The latter are increasingly prominent towards the top 

of the formation.  Petrographically, the arenaceous intevals comprise medium-grained, detrital 

K-feldspar grains enclosed in a strongly compacted and partly recrystallized, quartz-rich matrix.  

Accessory phases are limited to scattered clots of sericite, chlorite, biotite, albite, anhydrite, 

calcite and dolomite.  Within these clots the development of albite is closely associated with 

anhydrite, while chlorite tends to accompany calcite and/or traces of biotite (Fig. 5.7a). 

 

  
 
Figure 5.6. Drill core of arkosic to subarkosic arenite of the upper Mindola Clastics Formation.  
(a) Subarkosic arenite with white K-feldspar grains and isolated patches of chlorite. (b) Arkosic 
arenite with cross-stratification defined by sericite and hematite-bearing seams. (c) Anhydrite-
bearing, albitic arenite with a banded and pitted texture.  

 
 
The uppermost interval of the Basal Conglomerate and Sandstone Member includes a 

relatively clean, pale-colored lithotype characterized by a significant increase in interstitial 

anhydrite and albite at the apparent expense of detrital K-feldspar (Fig. 5.7b).  Albite is 

commonly developed at the complete exclusion of K-feldspar and is additonally intergrown with 

anhydrite.  Albite is accompanied by the development of secondary quartz and is locally 



94 
 

associated with increased amounts of hematite.  A crude sedimentary banding is retained but 

detrital textures are largely obliterated.  Recrystallization and alteration locally imparts a micro-

scale orthogonal fabric to the rock, with mineral alignments both perpendicular and parallel to 

bedding (Fig. 5.7b).  The origin of such textures is enigmatic, but the alteration of an earlier 

sodic assemblage is suspected.  Similar textures are recorded at the Chibuluma West and 

Mwambashi B orebodies (Selley et al., 2003; 2005; Chapter 7) in which an association with 

large-scale cross-bedding is commonly recognized.  The latter is generally interpreted as aeolian 

in origin (e.g. Mendelsohn, 1961; Garlick, 1989; Lefebvre, 1989). 

 

 
 
Figure 5.7. QEMSCAN images of selected arenite units from the Mindola Clastics Formation. 
(a) Subarkosic arenite showing detrital K-feldspar grains with secondary (polygonal) 
overgrowths in a clean, quartz-rich matrix. Patchy anhydrite-albite and scattered clots of chlorite-
calcite are visible. Biotite and sericite occur in trace amounts (b) Anhydrite-rich, albitic arenite. 
Secondary quartz and albite obscure the original detrital texture. Traces of K-feldspar, dolomite, 
chlorite and hematite also occur. 
 
 

Sedimentary interpretation 

The Basal Conglomerate and Sandstone Member of RCB2 was deposited in an alluvial 

fan and braided fluvial setting.  A fining-upward character suggests the progression from a 

proximal to more distal setting or progressive source-area denudation.  The poorly-sorted nature 

of the conglomerates potentially reflects debris flows deposited in zones of high relief associated 

with active fault scarps, thereby resulting in massive to variably-graded beds with unoriented 

clasts.  The high initial porosity and permeability expected in such units may account for their 

intense alteration.  In the upper part of the succession the appearance of clean, parallel- and 
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cross-stratified arenites with argillaceous and silty interbeds reflects an increase in stream-flow 

and sheet-flood processes with time, and possibly an eolian-wadi environment (Lefebvre, 1989).  

Although no true evaporitic horizons appear to be preserved, the anhydrite- and albite-rich 

character of the upper succession suggests that evaporite-derived brines were present during 

diagenesis or subsequent alteration. 

 
 
 
5.4.1.2 Kafue Arenites Member  

 

The Kafue Arenites Member records an abrupt change in depositional conditions near the 

top of Mindola Clastics Formation.  In RCB2, the base of this unit is marked by a thin, 

polymictic conglomerate (~1 m) known locally as the Lower or Cobble Conglomerate.  This 

horizon consists of granule- to pebble-sized clasts, with rare cobbles, set in a biotite- and 

anhydrite-rich, medium-grained, arkosic matrix (Fig. 5.8a).  The polymictic clasts are sub-

rounded to well-rounded and poorly-sorted. 

Petrographically, the Lower/Cobble Conglomerate is characterized by a pervasive 

alteration assemblage of K-feldspar, quartz, anhydrite, albite, phlogopite (moderately Mg-rich) 

and muscovite.  Anhydrite, together with secondary K-feldspar and quartz, occupies the pore 

spaces in the arkosic matrix and locally invades the clasts (Fig. 5.9a-b).  Albite is intergrown 

with anhydrite and commonly displays euhedral forms or sharp planar contacts.  Minor calcite, 

apatite and chlorite accompany this assemblage (Fig. 5.9c) along with patches of sericite and 

trace barite.  Phlogopite occurs as a late overprint, mostly adjacent to anhydrite, but also in 

veinlets within the clasts.  Such assemblages suggest a paragenetic sequence starting with K-

feldspar, through anhydrite and albite, and finally phlogopite. 

An anhydrite-rich, biotitic interval (~5 m thick) is developed immediately above the 

Lower/Cobble Conglomerate (Fig. 5.8b).  This consists of coarse laths or stubby, sub-prismatic 

anhydrite grains set in a fine-grained, recrystallized matrix of anhydrite, sericite, biotite, quartz, 

K-feldspar and albite.  The high proportion of anhydrite (>40%) suggests a primary evaporite 

horizon and its presence marks a redox interface between the underlying hematite-bearing 

succession and the overlying sulfide-bearing interval. 
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Figure 5.8. Kafue Arenites Member. (a) Lower/Cobble Conglomerate with granule- to pebble-
sized clasts set in a fine- to medium-grained, anhydrite-rich (>10%), arkosic matrix.  The matrix 
contains phlogopite, muscovite and calcite. (b) Anhydrite-rich (>40%) bed at the base of the 
mineralized zone. The dark matrix is dominated by phlogopite with lesser muscovite, K-feldspar 
and quartz. (c) Calcite-phlogopite schist with disseminated chalcopyrite (Cu -bearing interval). 
(d) Laminated, pyritic siltstone with quartz-carbonate-pyrite lenses (hangingwall).  The latter are 
interpreted as former anhydrite-rich lenses. (e-f) Thinly-bedded, silty to argillaceous, arkosic 
arenite near the top of the Kafue Arenites Member. Note the finely disseminated pyrite grains. 
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Figure 5.9. QEMSCAN images of the Lower/Cobble Conglomerate and adjacent unit of the 
Kafue Arenites Member. (a) Lower Conglomerate showing quartz and K-feldspar clasts in an 
anhydrite- and calcite-rich, medium-grained, arkosic matrix. (b) Enlarged view of altered K-
feldspar clast shows anhydrite-albite and biotite alteration, with lesser muscovite, sericite, 
chlorite and apatite. The distribution of biotite is influenced by late fractures consistent with a 
localized increase in strain. (c) Alternate view shows an anhydrite-albite assemblage with traces 
of secondary apatite and chlorite. Secondary K-feldspar and quartz is indicated by its inclusion-
rich nature and presence of sharp, planar contacts. Calcite is accompanied by traces of dolomite.  
Note the presence of late phlogopite. (d) Anhydrite- and phlogopite-rich argillite from a position 
immediately above the Lower/Cobble Conglomerate.  Stubby, sub-prismatic anhydrite laths are 
set in a fine-grained matrix of anhydrite, sericite, muscovite, phlogopite, quartz and K-feldspar. 
Coarser-grained K-feldspar and phlogopite clots tend to be developed adjacent to anhydrite. 

 
 

Delicate tourmaline grains and traces of pyrite commonly occur as tiny attachments (<40 

µm) to the anhydrite grains.  Phlogopite (>15%) is relatively abundant, occurring both as a 

component of the matrix and as coarser aggregates adjacent to anhydrite and secondary K-

feldspar. 
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The overlying sulfide-bearing interval of the Kafue Arenites Member consists of 

intercalations of crudely-banded to schistose, calcite-phlogopite rock, calcareous argillite and 

siltstone (10-15 m thick; Fig. 5.8c).  Chalcopyrite and traces of bornite in the Cu-bearing interval 

occur as coarse amorphous clots enclosed by calcite, or as fine disseminations in phlogopite-rich 

bands (Fig. 5.10a).  The latter are interpreted as argillite lenses that were disaggregated in a 

former carbonate and/or evaporite-rich horizon.   

The surrounding matrices consist of recrystallized, granoblastic phlogopite, sparry 

calcite, and quartz.  Anomalously large, subhedral dolomite porphyroblasts(?) and K-feldspar 

clots occur throughout the rock, as does talc and chlorite (Fig. 5.10a-b).  Accessory minerals are 

notably sparse, potentially reflecting a reduction in clastic input. 

 

 
 
Figure 5.10. QEMSCAN images of the main copper-bearing interval at the base of the Kafue 
Arenites Member. (a) Coarse amorphous clots of chalcopyrite are engulfed by sparry calcite and 
are partly intergrown with quartz. The finer-grained assemblage consists of phlogopite and 
quartz with scattered K-feldspar, dolomite and chalcopyrite. (b) An enlarged view shows 
porphyroblasts of subhedral dolomite in a secondary phlogopite-quartz-K-feldspar-Cu sulfide 
assemblage.  Minor amounts of apatite and chlorite/talc are visible but accessories are generally 
rare. Traces of exsolved (or supergene?) bornite occur marginal to chalcopyrite grains. 
 
 

The Cu-sulfide zone is abruptly overlain by a succession of pyrite-bearing, dolomitic 

siltstones and silty to argillaceous, arkosic arenites (Fig. 5.8d-f).  Petrographically, the finer-

grained units are rich in secondary K-feldspar and sericite (~illite-muscovite) with lesser 

amounts of muscovite, quartz and dolomite.  Traces of phlogopite, chlorite and talc are also 

present.  Thin, quartz-carbonate lenses and small quartz-pyrite nodules are interpreted as the 
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alteration products of a former anhydrite or gypsum component (Fig. 5.11a-b) in accordance 

with Annels (1974).  Pyrite (<5%) occurs as finely-disseminated, anhedral grains or larger 

euhedral forms engulfed by quartz.  Traces of alunite [KAl3(SO4)2(OH)6] occur in association 

with this pyrite and appear to form an anomalous feature of both the Kafue Arenites and 

overlying Copperbelt Orebody members.  Alunite concentrations are extremely low and its 

presence was not corroborated by alternative analytical methods. 

 

 
 
Figure 5.11. QEMSCAN images from the middle and upper Kafue Arenites Member.  
(a) Laminated, pyritic siltstone with a quartz-carbonate (dolomite and calcite) lens. The fine-
grained matrix is dominated by sericite (~muscovite-illite), quartz, K-feldspar and dolomite. 
Pyrite is subhedral in form and randomly distributed. (b) Alternative view shows a quartz-pyrite 
nodule interpreted as pseudomorphed after early diagenetic, dispacive anhydrite. Note that rutile 
and apatite are relatively abundant in the matrix. 

 
 
   The middle and upper portion of the Kafue Arenites Member consists of an upward-

coarsening succession of silty arenites dominated by calcareous to dolomitic, and argillaceous 

arenite of arkosic composition.  Scattered granules and small pebbles occur sporadically, and 

thin beds of granule to pebble conglomerate are concentrated toward the top.  The latter are 

interpreted as the local manifestation of the Footwall Conglomerate; the regional 

lithostratigraphic marker at the top of this member. 

The arkosic lithotypes are planar-bedded unit composed of medium- to coarse-grained, 

well-rounded and poorly-sorted grains.  Detrital K-feldspar and quartz grains are set in a fine-

grained matrix of secondary K-feldspar, quartz, muscovite, phlogopite and carbonate minerals 
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(Fig. 5.8e-f).  Sharp, planar contacts between the quartz and K-feldspar grains suggest the 

presence of secondary overgrowths or annealed textures.   

Intergranular cements comprise fine-grained matrices of K-feldspar and lesser quartz (Fig 

5.12).  Albite occurs in subordinate amounts at the apparent expense of K-feldspar, while 

phlogopite is present as relatively large, scattered clots and laths.  The latter overprints K-

feldspar and muscovite or occurs in association with dolomite and/or calcite.  Disseminated 

subhedral pyrite (~1%) is commonly engulfed by secondary quartz. 

 

 
 
Figure 5.12. QEMSCAN images of arkosic arenite of the upper Kafue Arenites Member.  
(a) Slightly dolomitic to calcareous, arkosic arenite or wacke. Note the fine-grained, K-feldspar-
rich (±sericitic) matrix and poor sorting of detrital grains. (d) Enlarged view of previous image 
shows detrital grains cemented by fine-grained, secondary K-feldspar, quartz and albite. The 
matrix is interspersed with muscovite, sericite, phlogopite, calcite, dolomite and pyrite. 
Anomalous amounts of apatite, rutile, and chlorite are also visible. 

 
 

A notable feature of the Kafue Arenites Member is a marked increase in accessory 

minerals with respect to the underlying succession.  This is most notable in the relative 

abundance of rutile but also evident for apatite, monazite, tourmaline and zircon.  Up-section 

increases in all the heavy mineral phases tend to peak within, or near, the base of the overlying 

Copperbelt Orebody Member.  Although such trends potentially reflect an alteration overprint, 

the relative immobility of titanium and zirconium, in particular, suggests sedimentary processes.  

Additionally, the variable composition of the mineral suite (both felsic and mafic components are 

present) favors a mechanical process rather than a significant change in provenance. 
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Sedimentary interpretation 

The composition of the Kafue Arenites Member suggests a fundamental change in the 

depositional environment near the top of the Mindola Clastics Formation.  The Lower 

Conglomerate marks the start of a transition from terrestrial, to shoreface and shallow-marine 

sedimentation.  A conspicuously polymictic character suggest a change in source area and the 

presence of an important break in sedimentation, possibly coincident with a resurgence in 

tectonic activity (Chapter 2).  The overlying anhydrite-rich interval indicates the development of 

a wet evaporitic mudflat or shallow subaqueous, evaporitic setting (e.g. playa), while the 

argillaceous and calcareous arenites of the middle and upper intervals are interpreted as deposits 

reworked during shoreface transgression over the distal portions of a braided alluvial system.  

The uppermost Footwall Conglomerate is interpreted as a reworked lag deposit that ultimately 

marks the maximum transgression.  Alternatively, a discrete tectonic event may have precipitated 

a final pulse of coarse-grained detritus prior to the maximum flooding event (Selley et al., 2005). 

 
 
 

5.4.2 Kitwe Formation 

 

In contrast to the dominantly fluvial character of the Mindola Clastics Formation, the 

Kitwe Formation is characterized by a cyclical package of marginal marine to terrestrial rocks 

that record a period of retrogradational and partly evaporitic sedimentation.  Four litho-

stratigraphic units are recognized in this study, namely; (1) the Copperbelt Orebody Member or 

Ore Shale, (2) the Rokana Evaporites Member, (3) the Nchanga or Upper Quartzite Member, and 

(4) the Chambishi Dolomite Member.  

 
 
 
5.4.2.1 Copperbelt Orebody Member 

 

The Copperbelt Orebody Member in RCB2 (22 m) consists of an upward-fining 

succession of horizontally-laminated to thinly-banded, pyritic siltstones.  Light-gray (bleached?), 

feldspathic siltstone at the base, transitions into darker-gray, dolomitic siltstone and mudstone 

(Fig. 5.13).  The basal contact is relatively abrupt, but transitional in the sense that the lowermost 
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interval includes mm-scale, lenses of fine-grained arkosic material and occasional sand-sized 

clasts.  The composition and textures of such beds are similar to those of the underlying interval.  

In contrast, the upper part becomes increasingly dolomitic and carbonaceous and is characterized 

by mm- to cm-scale, carbonate±pyrite lenses and small-scale slump structures. 

  The mineralogy of the Copperbelt Orebody Member is dominated by K-feldspar (~35%), 

muscovite-sericite (~30%), quartz (~15%) and phlogopite (~5%).  K-feldspar occurs as a 

pervasive fine-grained matrix or as overgrowths on detrital grains in arkosic lenses (Fig. 5.14a-

b).  Dolomite (~10%), accompanied by minor amounts of calcite, is a significant component of 

the upper interval, but largely absent from the lower parts.  Dolomitic bands are mm-scale and 

diffuse or irregular (Fig 5.14b).  Phlogopite is concentrated in both the dolomitic and arkosic 

bands and becomes increasingly Mg-rich, which corresponds with the up-section increase in 

dolomite.  Pyrite (~5%) is finely disseminated and preferentially concentrated in arkosic lenses 

in the lower part and in dolomitic lenses in the upper part.  Its habit is subhedral or framboidal, 

the latter with somewhat irregular boundaries and an abundance of tiny inclusions of albite, 

chlorite, sericite and anhydrite.  The presence of these phases as inclusions in framboidal pyrite 

places an early constraint on their timing (see Chapter 7).  Coarser aggregates and thin lensoidal 

concentrations of pyrite are also present.  The latter tend to be engulfed by calcite and locally 

include clots of secondary albite.  Accessory minerals comprise relatively high concentrations of 

rutile, apatite, monazite, tourmaline and zircon.  

 

Sedimentary interpretation 

The Copperbelt Orebody Member represents a condensed section resulting from the 

flooding event initiated at the base of the underlying Kafue Arenites Member.  The deposition of 

a variably carbonaceous, pyritic dolosiltstone is attributed to progressive sediment starvation and 

anoxia in a restricted, subaqueous setting.  A distinct upward-fining trend is consistent with 

progressive flooding and deepening of the basin.   

Carbonate-pyrite nodules and lenses in the upper part of the Copperbelt Orebody Member 

are interpreted as pseudomorphs of early, displacive anhydrite/gypsum (see Annels, 1984; 

Warren, 2006).  Their presence attests to an evaporitic setting in the latter stages of deposition or 

the activity of evaporite-derived brines during early diagenesis.  The composition and texture of 

the lenses and nodules are identical and therefore suggest a common origin.  The release of water 
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during burial dehydration of gypsum may have contributed to the development of the soft-

sediment slump structures and convolute bedding that characterizes this interval (Fig. 5.13c). 

 

       
 
Figure 5.13 (a) Drill core interval through the Copperbelt Orebody Member or Ore Shale (1224 
to 1246 m) showing a transition from light-gray, feldspathic siltstone and arkosic sandstone at 
the base, to dark-gray, weakly carbonaceous, pyritic dolosiltstone.  Note the presence of pyritic-
carbonate bands and lenses. The light-colored unit at the top consists of an anhydrite-rich 
interval of the overlying Rokana Evaporites Member. (b) Detailed view of the Rokana 
Evaporites Member (1218 m) shows quartz and K-feldspar engulfed by pale-purple anhydrite. 
(c) Upper Ore Shale composed of dolomitic siltstone with small-scale slump folds or convolute 
bedding (1229 m). (d) Lower Ore Shale composed of feldspathic siltstone with arkosic lenses 
(1244 m).  
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Figure 5.14. QEMSCAN images of the Copperbelt Orebody Member or Ore Shale.  
(a) Lower Ore Shale composed of thinly-bedded to laminated, pyritic siltstone with fine-grained, 
arkosic sandstone lenses. The siltstone mineralogy is dominated by K-feldspar, muscovite, 
sericite, quartz and phlogopite. Pyrite occurs as scattered anhedral to subhedral grains 
concentrated in the coarser-grained arkosic lens. (b) Magnified view shows inclusion-bearing 
pyrite intergrown with, or partly rimmed by, secondary euhedral albite and anhydrite. (c) Upper 
Ore Shale composed of banded to laminated, dolomitic siltstone. The mineralogy is dominated 
by K-feldspar, sericite, dolomite and quartz. Pyrite is finely disseminated in the siltstone but 
larger grains are restricted to the diffuse dolomitic beds. (d) Enlarged view shows (framboidal?) 
pyrite associated with calcite, albite and chlorite. Note the presence of anomalously Mg-rich 
phlogopite (olive-brown) within the dolomite-rich domains. 
 
 
 
5.4.2.2 Rokana Evaporites Member 

 

The Rokana Evaporites Member (~40 m) is dominated by an anhydrite-rich succession of 

mixed argillaceous and arenaceous rocks and is marked by a relatively sharp base (Fig. 5.13).  
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Anhydrite commonly forms a major constituent (locally >50%) but associated lithotypes include 

thinly-bedded, sub-arkosic to feldspathic arenite, siltstone and dolomite (Fig. 5.15).  The detrital 

components of the succession indicate a crude, upward-coarsening trend. 

 

 
 
Figure 5.15.  Anhydrite-rich core samples of the Rokana Evaporites Member.  
(a) Lower muscovite- and dolomite-bearing interval. (b) Upper, biotite-bearing interval. 
 

 
 
Figure 5.16. QEMSCAN images of the Rokana Evaporites Member (corresponding to samples 
illustrated in Figure 5.15. (a) Anhydrite and dolomite encloses both detrital and secondary 
components, namely quartz, K-feldspar, albite and muscovite.  Secondary overgrowths are 
indicated by sharp, planar contacts. (b) The phlogopite-bearing sample shows an intergrowth of 
secondary quartz and anhydrite. Phlogopite appears to be developed at the expense of K-
feldspar, muscovite and dolomite. 
 
 

The mineralogy of the Rokana Evaporites Member is dominated by anhydrite, quartz, K-

feldspar, muscovite, phlogopite and dolomite with minor amounts of calcite, albite and pyrite.  

Accessories include rutile, apatite, monazite, tourmaline, zircon and chlorite; all of which show a 

marked decline in abundance with respect to the Copperbelt Orebody Member.   
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Anhydrite, along with subordinate amounts of dolomite, forms the cement in which both 

detrital and secondary components are engulfed (Fig. 5.16a-b).  Quartz is present as medium-

sized detrital grains along with an abundance of fine-grained, secondary cements.  The latter are 

identified by their inclusion-rich nature and sharp, planar contacts with respect to the 

surrounding phases.  Secondary quartz hosts tiny (relict?) anhydrite inclusions.   

The K-feldspar component is largely authigenic in origin and commonly intergrown with 

quartz.  Sericite, isolated clots of albite, and pyrite occur in close proximity to each other.  The 

latter is very fine-grained and commonly occurs in association with anhydrite and traces of 

alunite.  Phlogopite is increasingly abundant towards the top of the unit and where best 

developed, appears to occur at the expense of muscovite or K-feldspar.  Its composition is 

relatively Mg-poor with respect to the underlying strata, possibly due to the local absence of 

dolomite as a precursor.   

 
Sedimentary interpretation 

Drill hole correlations in the Chambishi area (Chapter 2) demonstrated that the Rokana 

Evaporites Member in drill hole RCB2 shows a significant basinward increase in anhydrite 

relative to the more proximal settings.  The latter are characterized by a succession of 

argillaceous sandstone and dolomitic siltstone with subordinate intercalations of dolomite and 

anhydrite.   Beds of medium- to coarse-grained, subarkosic arenite are reported at the base of this 

succession; a unit traditionally termed the Hangingwall Quartzite (e.g. Mendelsohn, 1961).  The 

absence of this facies in RCB2 and the dominance of anhydrite suggest the basinward transition 

from an emergent sabkha, through an intertidal setting, to an evaporitic lagoon or salina 

environment.  The presence of intercalated arenites implies continued input from alluvial fans, 

sand flats and possible dune fields in the more proximal environment. 

 
 
 
5.4.2.3 Nchanga / Upper Quartzite Member 

  

The Nchanga or Upper Quartzite Member (15 m) consists of a distinctive marker of pale 

yellow-brown to white, variably dolomitic, arkosic to subarkosic arenite (Fig. 5.17).  Its base is 

relatively abrupt despite a lower interval (~5 m) that includes argillaceous horizons and variable 
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amounts of interstitial dolomite, calcite and anhydrite.  The remainder of the succession is 

medium- to coarse-grained and well-sorted, with cross-bedding and planar stratification defined 

by dark, silty lamellae and color banding.  The uppermost portion displays a subtle upward-

fining character reflected in the appearance of thin siltstone horizons. 

 

 
 
Figure 5.17. Nchanga/Upper Quartzite Member. (a) Silty, dolomitic arkose of the basal interval 
with small-scale, cross-stratification defined by phlogopite-rich seams.  (b) Pale colored, 
dolomitic, subarkosic arenite of the upper interval. 
 
 

The mineralogy of the Nchanga/Upper Quartzite is dominated by quartz, K-feldspar, 

albite, dolomite, calcite, sericite and phlogopite.  Minor amounts of anhydrite and pyrite, and 

traces of chlorite, rutile, apatite, zircon and monazite are present.   

Detrital quartz and K-feldspar grains are generally well-rounded and float in a matrix of 

interstitial dolomite (Fig. 5.18a-b).  Secondary K-feldspar overgrowths are revealed by irregular 

contacts between the detrital grains and the surrounding cements, while microcrystalline K-

feldspar cement comprises a significant portion of the fine-grained material.  Quartz is similarly 

present as both detrital grains and intergranular cements, but the latter is more common in the 

absence of dolomite.   

Small anhydrite inclusions occur within coalesced domains of secondary quartz (±K-

feldspar) or within anhedral pyrite.  Such textures suggest the replacement of anhydrite by an 

assemblage of quartz and pyrite.  Authigenic albite occurs as scattered clots associated with K-

feldspar or less commonly, with carbonates or anhydrite.  Phlogopite occurs as clotty aggregates 

and appears to overprint K-feldspar and dolomite.  Mg-rich compositions are developed towards 

the top of the member, while relatively Mg-poor compositions characterize the lower, more 

argillaceous parts. 
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Figure 5.18. QEMSCAN images of the Nchanga/Upper Quartzite Member. (a) Dolomitic, 
arkosic arenite of the basal interval. Detrital quartz and feldspar grains are cemented by dolomite 
with minor amounts of calcite and anhydrite. Traces of phlogopite, muscovite and chlorite are 
visible while the fine-grained interbed consists of secondary K-feldspar and sericite. (b) Enlarged 
view shows an anhydrite-rich domain partly overprinted by pyrite and albite. Inclusion-bearing, 
secondary K-feldspar and quartz is differentiated from inclusion-free detrital grains (examples 
outlined). Albite occurs at the probable expense of K-feldspar. (c) Dolomitic to calcareous, 
subarkosic arenite of the uppermost interval. Secondary quartz, K-feldspar and albite are 
developed in this sample at the expense of carbonate and anhydrite cements. Note the 
conspicuous presence of Mg-rich phlogopite (olive brown). (d) Enlarged view shows coalesced 
domains of detrital and secondary quartz comprising overgrowths and polycrystalline cement.  
Pyrite and anhydrite are present as inclusions within the quartz. Albite is developed on the 
margins of detrital grains and occurs preferentially at the expense of secondary K-feldspar rather 
than the detrital cores. 
 
 

Sedimentary interpretation 

The Nchanga/Upper Quartzite Member is interpreted as a prograding unit fed by an 

alluvial fan-delta or distal braid plain in a near-shore to shallow-marine environment.  Its 
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position in the Kitwe Formation marks the termination of a relatively short-lived, progradational 

and upward-coarsening succession that was initiated at the base of the Rokana Evaporites 

Member.  The regional persistence and compositional uniformity of this sandstone unit along the 

length of the Ore Shale belt (Mendelsohn, 1961) is interpreted to reflect a tectonically quiescent, 

low-relief setting.  The high maturity of the detrital grains and the abundance of carbonate 

(±anhydrite) as a matrix component suggest a relatively distal environment.  

 
 
 

5.4.2.4 Chambishi Dolomite Member 

 

The Chambishi Dolomite Member (~65 m) consists of a lower interval of interbedded 

dolomitic siltstone, dolomite and quartzose arenite (~40 m), and an upper, more uniform unit of 

anhydrite-bearing dolomite (~25 m).  The latter is regionally characterized by a pale-gray to 

white crystalline dolomite termed the Chingola or Cherty Dolomite.  This unit represents the first 

persistent carbonate horizon of the Roan Group.  

 

 
 
Figure 5.19. Chambishi Dolomite Member. (a) Lower argillaceous interval showing interbedded 
dolomitic siltstone and siliceous dolomite. Quartzose and silty beds are interspersed in a 
dolomite-rich matrix with scattered quartz grains. (b) Upper interval of massive, cream to white, 
crystalline dolomite. 

 
 

The basal unit of the Chambishi Dolomite, locally termed the Hangingwall Aquifer 

(Fleischer et al., 1975), consists of thinly-bedded, dolomitic argillites and siliceous dolomites 

(Fig. 2.19a).  This unit is characterized by a crude upward-coarsening trend with arenaceous beds 

increasing in thickness towards the top.  Mineral assemblages are dominated by quartz, dolomite, 

muscovite, sericite and (Mg-rich) phlogopite, with minor amounts of albite, K-feldspar, 
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anhydrite, calcite, talc and chlorite.  Accessory and trace components include apatite, rutile, 

zircon, tourmaline and pyrite.   

Small nodules and granule-sized quartz grains are conspicuous in the Hangingwall 

Aquifer interval of the Rokana Evaporites.  These are commonly polygonal or lath-shaped in 

form and locally contain an abundance of anhydrite or albite inclusions (Fig. 5.20a).  Nodular 

forms comprise anhydrite with or without albite, surrounded by a rim of quartz, or anhydrite 

engulfed by albite. 

 

 
 
Figure 5.20. QEMSCAN images of the Chambishi Dolomite Member. (a) Siliceous dolomitic 
siltstone of the lower interval.  Nodular domains of quartz are characterized by polygonal to lath-
shaped forms interpreted as silicified evaporite phases. Several display cores of residual 
anhydrite and/or albite. The fine-grained matrix consists of muscovite-sericite, quartz, phlogopite 
and dolomite.  Note the absence of K-feldspar. (b) Crystalline dolomite of the upper interval 
showing polygonal dolomite grains with interstitial anhydrite and rare chlorite (±talc). 

 
 
Albite in the Hangingwall Aquifer is both intergrown with, and replaces anhydrite but no 

relicts of K-feldspar are visible.  Such features potentially represent the alteration of former 

evaporite phases.  An early-diagenetic timing is suggested by the fact that the nodular domains 

locally displace surrounding argillaceous laminae.  In contrast, detrital quartz grains are 

recognized by the absence of inclusions and are commonly accompanied by relicts of detrital K-

feldspar grains intergrown with secondary albite. 

The topmost interval of the Chambishi Dolomite Member is characterized by an abrupt 

transition to massive dolomite (Fig. 5.19b) interspersed with siliceous or argillaceous beds.  The 

latter are best developed towards the top of the succession.  Petrographically, this unit comprises 
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a recrystallized mosaic of polygonal dolomite with minor amounts of interstitial anhydrite that 

occurs as small lenses and patches.  Accessory phases, including calcite, quartz, talc, chlorite and 

pyrite are sporadically developed (Fig. 5.20b). 

 

Sedimentary interpretation 

The Chambishi Dolomite Member represents an intertidal to subtidal unit deposited in an 

evaporitic mudflat to shallow-marine environment after a significant flooding event.  The lower 

interval reflects a major transgression that followed deposition of the underlying Nchanga/Upper 

Quartzite Member.  Flooding of former siliciclastic source areas and progressive reduction in 

relief is evidenced by the absence of detrital feldspar and the appearance of dolomite as a 

significant component.  A short-lived retrogradational event is indicated by the resumption of 

siliciclastic input in the lower interval and an initial upward-coarsening trend.  The massive 

dolomite unit at the top of this succession reflects a major transgression and is interpreted as a 

carbonate shoal deposited in an intertidal to sub-tidal setting.  No unequivocal evaporitic textures 

occur in RCB2, but the cherty nature of this horizon elsewhere in the Ore Shale belt 

(Mendelsohn, 1961) potentially reflects the replacement of anhydrite by silica. 

 
 
 

5.5 Mineral partitioning in the Lower Roan Subgroup  

 

Quantitative QEMSCAN data from a suite of representative samples of each of the 

stratigraphic units in RCB2 were used to examine compositional trends in the Lower Roan 

Subgroup.  Such trends provide insights into depositional environments and subsequent 

alteration events (Figs. 5.21 - 5.26).  

 
 
 

5.5.1 Major minerals 

 

The relative proportion of major minerals in the Lower Roan, namely quartz, feldspars, 

phyllosilicates and carbonates reflects the gross sedimentary character of the succession (Fig. 

5.21).  These trends record a progression from arkosic compositions at the base, through finer-
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grained, argillaceous lithotypes and finally, to carbonates at the top.  Compositional changes are 

most notable at the base of the Kafue Arenites, the Rokana Evaporites and the Chambishi 

Dolomite members respectively.  In each case, a relatively abrupt change in mineralogy 

coincides with an interpreted flooding surface or the initiation of a significant transgression.  

Superimposed on these trends are the effects of potassic, sodic and magnesian alteration.   

 
 
 

5.5.2 Potassic and sodic minerals 

 

The upper part of the Mindola Clastics Formation is characterized by a progressive 

decline in the proportion of quartz to feldspar (Fig. 5.21) within the arkosic component.  Ratios 

vary from approximately 2:1 in the middle of this interval to less than 1:1 at the top.  The lowest 

ratios are attained in the overlying Copperbelt Orebody Member where feldspar locally exceeds 

quartz by a factor of two.  As noted by Moine et al. (1986), such ratios are unlikely to result from 

sedimentary processes and instead provide strong evidence for secondary feldspathization of the 

Lower Roan.   

The stratigraphic partitioning of K- and Na-bearing minerals is similarly evidenced by 

trends in the abundance of K-feldspar, albite, phlogopite and muscovite/sericite (Fig. 5.22).  

Potassic alteration is best illustrated by stoichiometrically-derived K/Al ratios which highlight 

enrichments in the uppermost Mindola Clastics and overlying Kitwe formations.  Most notable is 

the anomalous K/Al ratio corresponding to a concentration of phlogopite within, and adjacent to, 

the main Cu-bearing horizon.  Antithetic relationships to K-feldspar and muscovite/sericite 

suggest that the phlogopitic horizon involved the metamorphic destruction of these phases.  Such 

reactions would likely involve dolomite and produce calcite as a reaction product.   

 

K-feldspar + muscovite + dolomite  phlogopite + calcite 

 

Such a reaction suggests locally elevated temperatures and an abundance of K-feldspar in 

the Cu-bearing unit (possibly formed by an earlier potassic event).  

In contrast to an enrichment in the upper parts of the Mindola Clastics, K-feldspar is 

locally depleted in the underlying succession (Fig. 5.22) and an antithetic relationship to albite is 
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Figure 5.21. Stratigraphic partitioning of major minerals, namely quartz, feldspars, 
phyllosilicates and carbonate in the Lower Roan. 
  
 

 
 
Figure 5.22. Stratigraphic partitioning of K- and Na-bearing minerals in the Lower Roan.  
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Figure 5.23. Stratigraphic partitioning of Mg-bearing minerals in the Lower Roan. 
 

 
 
Figure 5.24. Stratigraphic partitioning of sulfides, sulfates and carbonates in the Lower Roan. 
Copper values are taken from Selley et al. (2005).  
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Figure 5.25. Stratigraphic partitioning of Fe/Ti oxides and phosphates in the Lower Roan.  
 
 

 
 
Figure 5.26. Stratigraphic partitioning of tourmaline, zircon, sphene, barite and alunite in the 
Lower Roan.  
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suggested.  Anomalous albite concentrations (up to 40%) in parts of this formation could be 

interpreted as the alteration product of secondary K-feldspar formed during an earlier event.  

However, the confined nature of such zones and the lack of associated K-feldspar relicts, 

suggests a localized and constrained source of sodium.  An evaporite-bearing interval or 

diagenetic concentration of Na-bearing phases (e.g. analcime) may have provided such a source. 

The intensity of feldspathization in the Lower Roan, both in terms of K-feldspar and 

albite, has traditionally been linked to hydrothermal conditions (e.g. Moine et al., 1986) or 

related to Cu-mineralization (e.g. Selley et al., 2005).  The potassic alteration is generally 

interpreted to predate the sodic event, but petrographic relationships are ambiguous and 

potentially reflect multiple episodes.  Chapter 7 presents a detailed examination of the relative 

timing of such events with respect to mineralization. 

 
 
 

5.5.3 Magnesian minerals 

 

The amount of Mg-bearing minerals in the Lower Roan increases from the base of the 

Kafue Arenites Member in accordance with an increase in carbonate- or anhydrite (i.e. 

evaporite)-bearing beds (Fig. 5.23).  The Mg-bearing minerals include dolomite, phlogopite, 

chlorite and talc.  Dolomite is the major contributor and a corresponding increase in the ratio of 

Mg-rich phlogopite to biotite (based on semi-quantitative QEMSCAN data) is consistent with 

isochemical metamorphism of a previously dolomitized interval.  Similarly, elevated levels of 

talc and chlorite (Mg-rich clinochlore) in the Chingola Dolomite Member can be attributed to the 

metamorphism of a silica-bearing dolomite. 

An additional source of magnesium is suggested by the local presence of phlogopite with 

anomalous Mg-rich compositions in the Upper/Nchanga Quartzite Member, and a local increase 

in talc at the base of the Kafue Arenites Member.  The latter is broadly coincident with the Cu-

bearing interval and its associated concentration of phlogopite (Fig. 5.22).  Increased amounts of 

both talc and chlorite (albeit partly Fe-rich) are also sporadically developed in the underlying 

formation.  Although volumetrically insignificant, their presence hints at the possibility of 

widespread Mg-metasomatism in the Lower Roan, albeit relatively poorly-developed and erratic 

in nature.  
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5.5.4 Minor and accessory minerals 

 

A distinct inflection point occurs in the relative abundance of accessory minerals at, or 

near, the base of the Kafue Arenites Member; namely with respect to rutile, apatite, tourmaline, 

zircon and monazite (Figs. 5.25-5.26).  Peak concentrations coincide with the Copperbelt 

Orebody Member and are surrounded by a systematic decline into both the overlying and 

underlying strata.  As concluded earlier in this chapter, the diverse composition of this suite 

suggests the dominance of mechanical (i.e. sedimentary) rather than chemical processes.  Such 

concentrations can occur through shoreface reworking during a marine transgression or by short 

residence times in the alluvial system, thereby minimizing chemical weathering.   

The fact that such trends coincide with a change from an oxidized (i.e. hematite-bearing) 

to reduced (i.e. sulfide-bearing) succession suggests that chemical processes may have also 

played a role.  Increases in apatite potentially reflect bacterial decomposition of organic matter 

(Rasmussen, 1996) promoted by alternating periods of high organic productivity and anoxia; 

whereas the development and stability of rutile is promoted by the early diagenetic breakdown of 

detrital ilmenite under reducing conditions (Carrol, 1960).  Hence, the redox interface would be 

expected to coincide with the disappearance of hematite and abrupt appearance of rutile.  The 

corresponding presence of alunite (albeit in trace amounts) at the redox interface can be 

attributed to the interaction of K-feldspar or clay minerals with sulfuric acid.  Such acids are 

potentially derived from the oxidation of pyrite, or alternatively via bacterial and 

thermochemical sulfate reduction (Warren, 2006).  

The presence of barite is confined to the Mindola Clastics Formation and a peak 

concentration occurs at, or near, the base of the Cu-bearing zone (Fig. 5.26).  This position is 

coincident with the first appearance of bedded anhydrite at the redox interface.  In this situation, 

the formation of barite can be linked to the interaction of sulfate-rich strata with ascending, Ba-

bearing basinal brines.  Barite of this origin is considered a commonplace cement or local 

replacement phase in evaporitic successions and potentially serves as an evaporite indicator 

(Warren, 2006).   

Barium would have been sourced from the destruction of detrital K-feldspar in the 

underlying arkosic interval, as evidenced by its widespread sericitization and albitization.  

Petrographic relationships commonly suggest, however, that the introduction of barite was 
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relatively late and probably accompanied the growth of secondary K-feldspar rather than its 

destruction.  Hence its origin remains somewhat enigmatic.  Similar concentrations are recorded 

at the base of Cu-bearing intervals in the Mwambashi B and Ndola West deposits (Selley et al., 

2003; Scott et al., 2003). 

 
 
 

5.5.5 Sulfide, sulfate and carbonate minerals 

 

The appearance of sulfides at the base of the Kafue Arenites Member marks an important 

redox boundary in the Roan Group that generally coincides with the development of copper 

mineralization (Fig. 5.24).  In drill hole RCB2, however, pyrite appears abruptly as this position 

and continues to occur throughout the overlying Copperbelt Orebody Member, whereas Cu 

assays indicate a wider stratigraphic distribution (~150 m in both the footwall and hangingwall 

strata).  The latter are interpreted to reflect secondary enrichment processes. 

A notable feature of the Cu-bearing interval is the local antithetic relationship between 

anhydrite and sulfides.  This relationship is taken to indicate that the mineralizing event involved 

the dissolution of anhydrite and subsequent reduction of sulphate, thereby providing an in-situ 

source of sulfur (as H2S) for the precipitation of metal-bearing sulfides (e.g. Annels, 1974; Bull 

et al., 2003, 2011).  Such reactions are driven by an unstable association between dissolved 

sulfate and organic matter or hydrocarbons, and tend to be bacterially-mediated in the shallow 

subsurface and thermochemical in deeper settings (Machel, 2001; Warren, 2006).  Anomalous 

amounts of calcite and dolomite in the Cu-bearing interval are consistent with the products of 

these reactions (Chapter 7).  Additional calcite could have been derived via (1) the 

metamorphism of a K-feldspar and dolomite assemblage or (2) through dedolomitization 

involving Ca-rich fluids sourced from dissolving evaporites. 

Carbon and oxygen isotopic data from drill hole RCB2 (Bull et al. 2003, 2011) are 

consistent with the role of hydrocarbons in the mineralizing process (Fig. 5.27).  These data were 

interpreted by Bull et al. (2003) as evidence for the oxidation of organic matter to CO2, as 

reflected by a strong negative shift in δ13C values (-20 permil) within the orebody carbonates.  

The most depleted values correspond to the upper parts of the Copperbelt Orebody Member, 

which is thereby identified as the primary source of organics.  Selley et al., (2005) demonstrated 
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this relationship in a variety of Copperbelt ores and additionally showed that low δ13C values 

were characteristically coupled with a sympathetic negative shift in δ18O values.  The fact that 

this is not the case in RCB2 (i.e. carbon and oxygen trends are decoupled beneath the level of the 

Cu-bearing interval) was explained by the migration of organic reaction products into the 

footwall prior to mixing with the ore fluid.  An alternative explanation could, however, involve 

the introduction of fluids of differing isotopic ratios or temperatures. 

 

 
 
Figure 5.27. Drill hole RCB2 showing profiles of sulfide, copper and anhydrite in relation to 
carbon and oxygen isotopic trends, the latter compiled by Bull et al. (2003).  Note the antithetic 
relationship between anhydrite and copper in the Lower Roan and depletion in δ13C values at the 
base of the main Cu-bearing interval (large red arrow).  Coupled isotopic trends also tend to 
coincide with stratigraphic boundaries (1 to 6) while decoupled deviations are interpreted to 
reflect alteration events. 
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CHAPTER 6 

 

SEDIMENTOLOGY AND MINERALOGY OF THE UPPER ROAN SUBGROUP 

IN DRILL HOLE RCB2, CHAMBISHI BASIN  

 
 
 
6.1 Introduction 

 

This chapter describes the sedimentology and mineralogy of the stratigraphic interval 

assigned to the Upper Roan Subgroup in drill hole RCB2 and in all other respects follows the 

form and rationale of the previous chapter.  A QEMSCAN approach was similarly employed to 

provide both descriptive and quantitative data, and thereby examine the links between 

depositional environments and subsequent alteration events.    

 
 
 
6.2 Definition of the Upper Roan Subgroup 

 

The Upper Roan Subgroup is generally defined by a prominence of carbonate-rich rocks 

with the result that its base is often somewhat arbitrarily chosen.  Traditionally, the succession 

consists of the lower Bancroft Dolomite Formation and an upper, more poorly-known interval of 

mixed carbonates, fine-grained siliciclastics, breccia and gabbro.   

In this study, the Antelope Clastics Member (~180 m) of the Kitwe Formation is defined 

as the lowermost unit of the Upper roan Subgroup, due in large part to a transitional contact with 

the overlying Bancroft Dolomite Formation (~100 m).  The remaining succession is subdivided 

into the Intermediate Carbonate Unit (~420 m) and the Breccia (-Gabbro) Complex (~325 m).  

Although not intersected in RCB2, correlations with adjacent drill holes in the Chambishi area 

(Chapter 2) indicate that the Upper Roan Subgroup is overlain by a succession of fine-grained 

siliciclastics assigned to the Mwashya Subgroup (Fig. 6.1). 
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Figure 6.1. Simplified lithostratigraphy of the Upper Roan Subgroup in drill hole RCB2. Note 
that the Antelope Clastics Member is traditionally included in the Lower Roan Subgroup but in 
this study is redefined as the basal unit of the Upper Roan Subgroup. QEMSCAN sample 
positions are illustrated to the left of the log.   
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6.2.1 Antelope Clastics Member 

 

The Antelope Clastics Member (~180 m) records an abrupt transition from carbonates of 

the Chambishi Dolomite Member to fine-grained siliciclastics.  The basal unit of this member is 

informally referred to as the Shale-with-Grit (SWG, ~120 m) which is characterized by a 

greenish-gray, siltstone or mudstone with scattered granules or ‘grits’ and thin interbeds of fine- 

to medium-grained arenite at the base (Fig. 6.2a-b).  The lowermost interval is bedded to 

laminated and contains conspicuous liquefaction textures, including small sandstone dykes 

(pillar structures), broken pelitic laminae and convolute bedding.  The middle and upper intervals 

are dominated by a cyclical, fining-upward trend and an increase in anhydrite and/or magnesite.  

The topmost interval (~60 m) is more massive and argillaceous, and includes beds of pale-

purple, nodular anhydrite interspersed with nodular masses of white magnesite and dolomite 

(Fig. 6.2c).  The latter comprise a series of fining- and shoaling-upwards cycles that form a 

sedimentary continuum with the overlying Bancroft Dolomite Formation. 

The basal part of the SWG consists of a poorly-sorted, sandy, feldspar-rich dolosiltstones 

with cm-scale lenses and beds of subarkosic arenite.  The name is derived from scattered, 

granule-sized grains (~1-2 mm) of both quartz and K-feldspar generally dispersed in a silty to 

very fine-grained matrix.  The larger grains appear convincingly detrital but co-exist with mm-

sized nodules of secondary, polycrystalline quartz and anhydrite.  The latter include concentric 

zones of secondary K-feldspar and calcite with internal relicts of anhydrite that clearly display a 

replacive origin (Fig. 6.3a-b).  The fine-grained matrix is dominated by quartz, K-feldspar, 

muscovite, sericite, phlogopite, albite and dolomite.  Minor to trace amounts of apatite, rutile, 

chlorite, anhydrite, pyrite, tourmaline, and zircon are also present.  Additionally, and in contrast 

to the adjoining strata, small amounts of hematite are generally present and may be relatively 

abundant (~1%) at the base of the member. 

The middle and upper parts of the SWG are characterized by a significant increase in 

phlogopite (up to 40%) at the apparent expense of K-feldspar and dolomite, along with increased 

amounts of sericite (Mg-rich phengite) at the expense of muscovite.  Albite is the dominant 

feldspar, albeit only present in minor amounts.  In addition to nodular and massive enterolithic 

forms, anhydrite occurs throughout the matrix, often in association with secondary quartz, 

chlorite, talc and pyrite (Fig. 6.3c).  Secondary quartz is locally developed as sub-prismatic to 
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lath-shaped forms suggesting the replacement of anhydrite or gypsum.  Apatite (~0.5%) occurs 

as relatively large, conspicuous grains or clots, and is locally associated with traces of halite. 

 
 

 
 
Figure 6.2.  Shale-with-Grit (SWG) unit of the Antelope Clastics Member.  (a) Feldspar-rich, 
dolomitic siltstone and subarkosic arenite with characteristic granule-sized grains and 
fluidization structures (i.e. disrupted beds, sandstone-dykes and convolute bedding (1082 m).   
(b) Massive, phlogopite-rich mudstone of the middle SWG unit with nodules and enterolithic 
beds of massive, crystalline anhydrite (1018 m).  (c) Magnified view of a nodular magnesite-
anhydrite bed in the upper part of the SWG unit (1005 m). (d) A polished section showing detail 
of coarse-grained, crystalline anhydrite and fine-grained (replacive?) magnesite (1005 m). 
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Figure 6.3. QEMSCAN images of selected lithofacies of the Antelope Clastics Member.  
(a) Poorly-sorted, gritty, feldspar-rich (arkosic), dolosiltstone of the basal Shale-with-Grit 
(SWG) unit. Well-rounded, detrital grains are set in a fine-grained, silty matrix of K-feldspar, 
quartz, muscovite, sericite, phlogopite, albite and dolomite. (b) Basal SWG showing non-detrital, 
polymineralic nodule with a replacive texture of secondary K-feldspar, quartz, calcite and albite. 
Note the presence of internal anhydrite. (c) Poorly sorted, massive siltstone or mudstone from the 
upper SWG unit. Sand- to silt-sized quartz grains are set in a fine-grained matrix dominated by 
phlogopite and phengitic muscovite (sericite), with lesser albite, anhydrite, chlorite, hematite, 
apatite and pyrite. Phlogopite is developed at the probable expense of K-feldspar and dolomite. 
(d) Massive crystalline anhydrite and magnesite from the uppermost part of the SWG unit. This 
magnesite is ferroan in composition and contains fine intergrowths of phlogopite and quartz. 
Note irregular, replacive contacts between the magnesite and anhydrite domains. 

 
 

Massive magnesite-anhydrite beds in the uppermost interval consist of nodular masses of 

white magnesite and magnesian dolomite surrounded by coarsely crystalline anhydrite (Figs. 

6.2c-d).  This magnesite is fine-grained and ferroan in composition with small inclusions of 

phlogopite (Fig. 6.3d).  In contrast, the surrounding anhydrite is coarsely crystalline with small 

inclusions of both quartz and dolomite.  Irregular margins and an abundance of internal 
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inclusions (including phlogopite) in the magnesite-rich domains suggest a replacive origin.  Such 

magnesite is easily mistaken for dolomite in hand-specimen and hence has rarely been 

recognized in the Roan Group. 

The uppermost, transitional interval of the Antelope Clastics Member includes finely 

bedded, carbonate-rich laminites (Fig. 6.5c, e).  Their composition is dominated by magnesite, 

anhydrite and quartz but include a meshwork of very fine-grained phlogopite and chlorite 

together with small amounts talc and pyrite.  Traces of albite, dolomite, sericite, rutile, apatite, 

tourmaline and zircon are also present.  Anhydrite occurs as irregular patches within the 

magnesite-rich beds or as fine inclusions in quartz-rich beds (Fig. 6.4a).  Such textures suggest 

extensive replacement of anhydrite (or gypsum).  The massive magnesite-anhydrite beds are 

locally talc-rich (~5%) in composition and contain subordinate patches of dolomite.  Anhydrite 

in these beds appears to be invaded and engulfed by magnesite (Fig. 6.4b, 6.5a, d) and is 

overprinted by fibrous blades of talc.  Such assemblages suggest an intense magnesian overprint. 

 

 
 
Figure 6.4. QEMSCAN images of the upper Antelope Clastics Member. (a) Thinly-bedded to 
laminated magnesite-quartz-anhydrite rock with fine-grained phlogopite, chlorite, talc and albite. 
(b) Talcose, magnesite-anhydrite rock with minor dolomite and phlogopite. Fine grained pyrite is 
intergrown with the talc.  
 
 

Sedimentary interpretation 

The Antelope Clastics Member is interpreted as an evaporitic mudflat to salina/playa 

succession deposited in a saltern or similar marginal marine environment.  The presence of 

hematite in the coarser-grained, basal interval suggests an emergent setting corresponding to a 
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relative fall in sea-level.  A period of subaerial weathering and dissolution may explain the 

silicification locally recorded in the underlying strata (Cherty Dolomite).  The overlying interval 

records the slow subsidence of a low-relief, increasingly restricted environment.  Its character 

indicates cyclical sedimentation typical of a wet evaporitic mudflat or sabkha with periodic 

influx of coarse detritus via fluvial and aolian processes (e.g. wind-borne sand-grains). 

 

     
 
Figure 6.5. Bancroft Dolomite Formation and transitional interval of the uppermost Antelope 
Clastics Member.  (a) Drill core showing anhydrite-magnesite beds of the upper Antelope 
Clastics Member (~940 m). (b) Drill core of the upper Bancroft Dolomite showing talc- and 
phlogopite-bearing, nodular to schistose dolomite (~850 m). (c-f) Polished slabs: (c) Magnesite-
anhydrite-quartz laminite (961 m). (d) Massive, magnesite-anhydrite rock (940 m). (e) 
Laminated, feldspar-rich siltstone (915 m). (f) Recrystallized, white, talcose dolomite (858 m).  
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Water-escape features at the base suggest liquefaction during diagenetic transformations 

of gypsum to anhydrite.  A fining- and brining-upward trend is consistent with progressive 

subsidence and increasing hydrological restriction.  Periodic freshening with waters of more 

normal salinity is suggested by an increase in carbonate towards the top of the succession.  

Anomalous concentrations of magnesite, phlogopite, talc and chlorite reflect intense magnesian 

alteration prior to metamorphism. 

 
 
 
6.2.2 Bancroft Dolomite Formation 

 

The transition from the Antelope Clastics Member to the Bancroft Dolomite Formation 

(Fig. 6.5a-b) is marked in RCB2 by the appearance of a massive, grey to white, talc- and 

phlogopite-bearing dolomite interval intercalated with dolomitic argillite and siltstone (~100 m).  

This comprises a succession of m-scale, shallowing-upward cycles characterized by anhydrite-

bearing, enterolithic and nodular structures.  Solution breccias and schistose textures represent 

dissolution, alteration and structural overprints. 

The siliciclastic component to the Bancroft Dolomite include laminated, feldspar-rich 

siltstones with convolute, pinch-and-swell beds (Fig. 6.5e).  Disrupted laminations and vein-like 

features indicate fluidization and soft-sediment deformation.  The mineralogy is dominated by 

K-feldspar, albite, sericite, muscovite, phlogopite, quartz and pyrite with minor amounts of 

anhydrite, chlorite, rutile, apatite and dolomite.  The feldspar-rich nature (~60%) of these beds is 

attributable to secondary K-feldspar and lesser albite alteration.  K-feldspar occurs as a fine-

grained cement and additionally as coarser-grained, discontinuous lenses or discordant clots 

intergrown with quartz, anhydrite, chlorite and pyrite (Fig. 6.6a-b).  Albite is also present as a 

cement and, together with K-feldspar, gives the appearance of having replaced anhydrite; the 

latter being preserved as tiny relicts.  Pyrite, quartz and chlorite are similarly enclosed or 

engulfed by both secondary feldspar components. 

The upper interval of the Bancroft Dolomite consists of light-grey to white dolomite 

interspersed with beds of dolomitic argillite.  Phlogopite, and to a lesser extent muscovite, are 

minor phases, while talc is common towards the top of the succession (Fig. 6.5f).  This dolomite 

is partly ferroan in composition and includes fine-grained inclusions of calcite, magnesite and 
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anhydrite with minor amounts of quartz and pyrite (Fig. 6.7).  Traces of high-Cl apatite 

(chlorapatite?) and an unidentified Cl (±K-Na-Mg)-bearing phase are additionally present. 

 

 
 
Figure 6.6. QEMSCAN images of a siliciclastic horizon in the Bancroft Dolomite Formation. (a) 
Laminated, feldspar-rich siltstone dominated by K-feldspar, albite, sericite and muscovite with 
minor amounts of phlogopite, quartz and pyrite.  Anhydrite is present within the coarser-grained, 
K-feldspar-rich beds. (b) K-feldspar-rich domain with associated anhydrite, pyrite, chlorite, 
quartz, and phlogopite.  Anhydrite is engulfed and possibly replaced by secondary K-feldspar 
(±quartz). The coarser-grained assemblage is transgressive to bedding. 

  

 

 
 
 
 
Figure 6.7. QEMSCAN image of talcose 
dolomite from the upper part of the 
Bancroft Dolomite Formation. The 
dolomite is partly ferroan and contains 
inclusions of ferroan magnesite and 
anhydrite. Fine-grained pyrite occurs in 
association with blades and clots of talc. 

  
 

Sedimentary interpretation 

The Bancroft Dolomite Formation is interpreted as an evaporitic carbonate succession 

deposited in a laterally persistent but hydrologically restricted, shallow carbonate ramp or shelf.  

An upward progression from anhydrite- to carbonate-rich strata suggests gradual subsidence and 

flooding of a low-relief platform.  Moderately evaporitic, to hypersaline conditions are indicated 
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by the local presence of nodular anhydrite along with traces of other evaporite phases.  Intense 

feldspar alteration of the interbedded siliciclastic beds is potentailly the result of K- and Na-

bearing brines developed during reflux dolomitization of the carbonate platform (see Sandler and 

Steinitz, 2004). 

 
 
 
6.2.3 Intermediate Carbonate Unit 

 

A heterogeneous succession of strata comprising dolomite, limestone, argillite, siltstone 

and minor intervals of breccia (~420 m) is developed above the Bancroft Dolomite Formation.  

This succession is traditionally included in the latter or assigned to an undifferentiated Upper 

Roan Subgroup but, unlike the underlying intervals, is characterized by pronounced lateral and 

vertical heterogeneity (see Chapter 2) along with incipient brecciation, silicification and 

albitization.  Anhydrite is present in fractures or veins but also occurs as lenses, irregular nodules 

and enterolithic structures. 

Characteristic intervals In the Intermediate Carbonate Unit include: (1) banded to 

siliceous argillite and dolomite, (2) black argillaceous dolomite with thin shaley horizons, and 

(3) partly brecciated, quartz-albite rocks.  The latter comprise an enigmatic lithotype that gives 

the appearance of slightly dolomitic, locally argillaceous, quartzose arenite or granule to pebbly 

conglomerate.  Compositions are dominated by secondary quartz and albite which commonly 

obliterate the original sedimentary texture.  The origin of such rocks remains uncertain but an 

evaporite association is suspected. 

The Intermediate Carbonate Unit can be subdivided into a lower and upper interval, each 

with a basal unit of quartz-albite rock.  The lower interval is dominated by siliceous or anhydrite-

bearing, impure dolomite and incipiently brecciated or veined, dolomitic argillite.  Its base is 

marked by a conglomeratic breccia and a conspicuous unit of white dolomitic limestone.   The 

upper interval similarly begins with a quartz-albite unit but is dominated by thinly-bedded to 

laminated, dark-green to gray, argillite and dolomite.  A relatively massive unit of talcose 

dolomite caps the succession. 

 
 
 



 

130 
 

6.2.3.1 Lower Intermediate Carbonate Unit (~260 m) 

  

The base of this interval (~40 m) consists of a pale yellowish-brown to grey-green rock 

with the local appearance of a massive, matrix-supported, intraformational conglomerate.  

Textures vary from incipient fracturing of a hard, semi-massive rock to a float breccia with a 

porous, argillaceous matrix.  Clasts are generally quartzose in composition, granule- to pebble-

sized, sub-rounded to well-rounded and moderately- to poorly-sorted.  Diffuse, sub-angular 

clasts are also present but less common. 

The mineralogy of the basal unit is dominated by quartz, albite and carbonate minerals, 

namely magnesite and dolomite (Fig. 6.8).  Albite is the dominant component (>40%) of the 

rock, occurring both as a pervasive cement and a replacement phase in quartz-rich clasts.  Matrix 

quartz is generally subordinate to albite and carbonate minerals.  Both dolomite and magnesite 

are distinctly ferroan in composition and present in roughly equal proportions.  Minor amounts 

of siderite, calcite, phlogopite, chlorite, talc and sericite are commonly present, while accessories 

comprise rutile, apatite, zircon, tourmaline and monazite. 

The breccia clasts are macroscopically well-defined but the pervasive nature of the 

alteration assemblage commonly obscures their margins in thin-section such that original forms 

are only recognizable by subtle textural or mineralogical variations (Fig. 6.10).  Residual patches 

of quartz engulfed by albite gives the appearance of partly corroded or dissolved clasts with 

concentric alteration rinds.  Intergrowth relationships suggest that the silicification and 

albitization were broadly contemporaneous.   

Magnesite and dolomite are pervasively developed throughout the rock and commonly 

display sharp, planar contacts with albite and quartz, both internal to the clasts and in the 

surrounding matrix.  The carbonates generally occupy an interstitial position but also occur as 

late dolomite veinlets. 

With the exception of chlorite, which occurs as relatively coarse clots associated with the 

carbonate minerals, the phyllosilicate component of the basal breccia is minor.  Apatite occurs as 

authigenic clots engulfed by quartz, whereas rutile is more commonly intergrown with albite.  

Both are preferentially concentrated in the clasts but also occur in the surrounding matrix.  

The basal breccia is succeeded by a thick interval (~100 m) of massive to crudely-

banded, white to gray, dolomitic limestone (Figs. 6.8c, 6.9a).   
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Figure 6.8. Basal interval of the Intermediate Carbonate Unit.  (a) Drill core of quartz-albite-
carbonate breccia (~792 m). (b) Magnified view shows quartz-rich clasts in an albite-quartz 
(±ferroan magnesite and dolomite) matrix. (c) Drill core showing the contact between the basal 
breccia with the overlying limestone interval (~786 m). (d) Enlarged view of tan-colored, quartz-
albite rock (~800 m).  
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Figure 6.9. Lower Intermediate Carbonate Unit.  (a) Drill core of dolomitic limestone positioned 
immediately above the basal breccia (~750 m). (b) Drill core of banded dolomite-anhydrite rock 
(~660 m).  (c) Magnified view of dolomite-anhydrite rock. (d-g) Polished slabs of representative 
units in the lower Intermediate Carbonate Unit, namely: (d) Crystalline limestone with thin 
dolomite bands (772 m); (e) Talcose, dolomitic limestone (710 m); (f) Laminated dolomite with 
thin lenses of anhydrite (658 m); (g) Black, siliceous dolomite with diffuse quartz-calcite veins 
and diffuse alteration (603 m). 
 
 

The presence of limestone (rather than dolomite) is unusual in the Roan Group except 

where associated with breccia.  Calcite is the dominant phase (50-90%) with dolomite restricted 
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to irregular, whispy bands (Fig. 6.11).  Small clots or nodules of chlorite and talc, locally 

associated with an unidentified Mg-silicate (±K-bearing) are common.  Quartz, pyrite, 

phlogopite and apatite are present in trace amounts together with rare occurrences of sphalerite 

and halite (<40 µm). 

 

 
 
Figure 6.10. QEMSCAN images of the basal breccia of the Intermediate Carbonate Unit.  
(a) Altered or corroded quartz-rich clasts are engulfed by an assemblage of albite, dolomite, 
magnesite and chlorite. Note the internal euhedral magnesite in the clast at top right.  
(b) Magnified view shows quartz engulfed and replaced by albite. Carbonate minerals are 
interstitial to albite but also occur as late cross-cutting veinlets overprinted by chlorite. Note the 
relative abundance of clotty apatite and rutile.  

 

 
 
Figure 6.11. QEMSCAN images of limestone from the lower Intermediate Carbonate Unit.  
(a) Dolomitic limestone (<10% dolomite) with clots of chlorite and an unidentified Mg-silicate 
(talc with phlogopite?).  Pyrite, quartz, K-feldspar and apatite occur in trace amounts.  
(b) Dolomitic limestone with flakes and clots of talc. Minor amounts of apatite, pyrite and 
sphalerite are visible. 



 

134 
 

The limestone interval is overlain by a heterogeneous succession of banded, dolomitic 

argillite intercalated with anhydrite-bearing, siliceous or argillaceous dolomite (~120 m).  This 

anhydrite occurs as thin beds or discontinuous lenses (Fig. 6.9b, c, f).  Minor amounts of quartz, 

albite, calcite, pyrite, phlogopite and sericite occur, along with traces of rutile, apatite and small 

inclusions (~20 µm) of Na-, Cl-, Mg- and K-bearing phases (salts?).  Albite is a minor 

component, albeit relatively pervasive in distribution (Fig. 6.12a).  Quartz, along with traces of 

pyrite, occurs in close association with the anhydrite and may have replaced the latter.  

Intervals of black dolomite occur throughout the succession and are locally accompanied 

by silicification and quartz-calcite veining (Fig. 6.9g).  Such units are fine-grained, banded to 

laminated, and similar in appearance to adjacent argillite beds.  Albite is ubiquitous, albeit a very 

minor component, while quartz and calcite occur as irregular cross-cutting veinlets and bedding-

parallel zones of alteration (Fig. 6.12b). 

 

 
 
Figure 6.12. QEMSCAN images of a dolomitic interval in the lower Intermediate Carbonate 
Unit. (a) Impure dolomite unit with anhydrite rimmed by quartz, pyrite and phlogopite.  Fine-
grained albite occurs throughout the sample. (d) Siliceous dolomite with cross-cutting, quartz-
calcite vein and zone of diffuse alteration. 

 
 
  

6.2.3.2 Upper Intermediate Carbonate Unit (~160 m) 

 

 The upper carbonate interval (Fig. 6.13a-e), like the lower succession, consists of a basal 

quartz-albite rock (~20 m) followed by a series of conspicuously banded to laminated argillites 



 

135 
 

and dolomites.  The basal unit is intercalated with argillaceous beds and is locally sheared or 

fractured, but generally more massive in appearance than the basal part of the lower succession.  

Its mineralogy is similarly dominated by albite (up to 50%) and quartz (~40%) with minor 

amounts of talc, chlorite, dolomite and phlogopite.  Accessory and trace component include 

pyrite, rutile, zircon and apatite.  Albite is intergrown with quartz, or engulfs and replaces quartz, 

resulting in irregularly-shaped aggregates and ovoid forms with ragged outlines interspersed with 

rare detrital grains (Fig. 6.14).  Talc and chlorite, along with trace amounts of phlogopite, pyrite 

and rutile are also variably intergrown with this assemblage.  Albite, chlorite and rutile are 

locally enveloped by late, poikilotopic euhedra of dolomite. 

The quartz-albite interval is overlain by a succession of interbedded dolomites and 

argillites (~75 m) characterized by fine-grained, banded to laminated units with locally  intense 

development of albitization and silicification.  Specific lithotypes include albite-rich dolomitic 

mudstones, siliceous dolomites with conspicuous K-feldspar grains, and black, pyritic mudstones 

(Fig. 6.13).  Anhydrite is present as scattered lenses and nodules, most commonly in the lower 

parts of this succession. 

The dolomitic mudstones are generally salmon- or tan-colored and display fine banding 

in ferroan dolomite and quartz, the remainder comprising very fine-grained K-feldspar, albite, 

sericite (phengitic muscovite) and phlogopite (Fig. 6.15a).  Rutile, apatite and sphene are 

anomalously abundant and accompanied by traces of chlorite and talc.  Some intervals of 

dolomitic limestone and siliceous dolomite contain isolated euhedral to subhedral K-feldspar 

‘porphyroblasts’.  These are partly intergrown or replaced by quartz and possibly 

pseudomorphed after an evaporite mineral (Fig. 6.15b).  Very fine-grained albite is common, as 

are traces of calcite, sericite, phlogopite, apatite, rutile and pyrite. 

The black, pyritic mudstones near the top of the upper interval are finely-laminated and 

partly fissile.  Their mineralogy is dominated by quartz, muscovite, sericite, K-feldspar and 

pyrite with minor amounts of dolomite, phlogopite, chlorite and talc (Fig. 2.41c).  An unusual 

feature of these rocks is the anomalous abundance of apatite (~1.5%) and to a lesser extent 

monazite, tourmaline and rare chalcopyrite.  White alteration spots comprise an increases in 

carbonate at the apparent expense of pyrite (Fig. 6.13d). 

The topmost interval consists of talcose dolomite (~70 m) containing traces of calcite, 

quartz, pyrite and apatite.  Its base includes a light-brown, porous to vuggy zone characterized by 
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secondary iron-oxides, anhydrite and Cu-bearing phases, while the upper part consists of a clean, 

talcose unit with a marble-like appearance (Fig. 6.15d).  Stylolites and wavy laminations are 

developed in the latter. 

 

 
 
Figure 6.13. Polished sections of selected samples from the upper Intermediate Carbonate Unit. 
(a) Albite-quartz rock with scattered talc-chlorite-dolomite clots and subhedral pyrite (558 m). 
(b) Finely laminated, dolomitic mudstone (525 m) with tan-brown, albite alteration. (c) Banded, 
siliceous dolomite with scattered K-feldspar grits or porphyroblasts (512 m). (d) Finely 
laminated, siliceous, pyritic mudstone with white alteration spots (501 m). (e) Banded dolomite 
with stylolitic, talcose bands (430 m).  
 
 

 
 
Figure 6.14.  QEMSCAN images of the quartz-albite rock at the base of the upper Intermediate 
Carbonate Unit. (a) A quartz-albite assemblage intergrown with minor amounts of talc, chlorite, 
phlogopite, rutile and pyrite. Dolomite is present as scattered poikiloblasts with albite and rutile 
inclusions. (b) Magnified view of quartz-albite rock showing irregular intergrowths of quartz and 
albite. Minor dolomite, chlorite and rutile are visible. Rutile is enclosed by quartz and partly 
engulfed by subhedral dolomite. 
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Figure 6.15.  QEMSCAN images of selected samples from the upper Intermediate Carbonate 
Unit. (a) Massive, dolomitic mudstone composed of dolomite, K-feldspar, albite, sericite and 
phlogopite. (b) Siliceous dolomite with scattered K-feldspar “porphyroblasts”, possibly 
pseudomorphed after an evaporite mineral. Pyrite and traces of albite are also visible. (c) Finely 
laminated, pyritic mudstone/siltstone composed of quartz, muscovite, sericite and K-feldspar.  
Apatite, monazite and tourmaline are present in abundance. (d) Dolomite with blades of oriented 
talc defining a wavy lamination. Traces of pyrite, quartz and apatite are visible. 

 
 

Sedimentary interpretation 

The Intermediate Carbonate Unit of the Upper Roan reflects an increase in subaqueous, 

clastic deposition mixed with periods of evaporitic carbonate sedimentation.  A sub-wavebase 

setting is indicated by the prevalence of thinly bedded to laminated mudstones (i.e. laminites) 

intercalated with evaporitic carbonates deposited under hypersaline conditions.  This facies 

association suggests a progressive trend towards a quiescent, subaqueous setting.   

Quartz-albite intervals and associated conglomeratic breccias are interpreted as the 

products of periodic drawdown events.  Despite the presence of brittle fractures and local shear-
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fabrics in these units, the general absence of grain-scale deformation or pervasive foliation 

precludes a tectonic origin.  The composition of such units is more compatible with an evaporitic 

precursor coupled with intense silica, sodic and lesser magnesian alteration.  A multi-phase 

genesis that involved an early evaporite-related sedimentary process coupled with intense 

alteration by evaporite-derived brines is suggested.   

Associated limestone intervals are consistent with dedolomitization caused by calcium-

rich groundwaters or basinal fluids derived from adjacent gypsum/anhydrite units (Lucia, 1961; 

Warrak, 1974), while the widespread development of incipient brecciation, fracturing and 

silicification provides additional support for the dissolution of evaporites.  Fracturing and 

veining was potentially enhanced under such conditions by an overlying evaporite seal (i.e. by 

overpressure) and differential albitization or silicification of the succession (i.e. competency 

contrasts).   

 
 
 
6.2.4 Breccia (-Gabbro) Complex 

 

The upper part of drill hole RCB2 is dominated by heterogeneous, polylithic breccias 

intercalated with carbonate and gabbroic intervals (~325 m).  The base of this interval is highly 

fractured and partly obscured by intense albite-silica alteration.  The result is a gradation into 

mottled, dark-gray to green, hybrid rocks of gabbroic composition interbedded with intervals of 

angular breccia (Fig. 6.16a).  This is overlain in turn by a carbonate-dominated breccia and a 

thicker interval of fractured, dolomitic limestone.  The uppermost interval consists of massive, 

greenish-gray, polymictic breccia (Fig. 6.16b-c) with a single intercalation of strongly altered 

metagabbro. 

The breccia units are generally massive and lack a clear indication of internal structure.  

Textures range from matrix-rich, float breccia to clast-supported, pack-breccia or rubble-breccia.  

Clasts are generally angular, unsorted and vary in size from sub-mm to dm-sized (some clearly 

larger than the diameter of drill core).  

The clast component of the breccias ranges from oligomictic (comprising mostly light-

gray, carbonate fragments) to conspicuously polymictic.  The latter include a wide variety of 

intraformational carbonate, argillite and sandstone lithotypes.  Occasional fragments of black, 
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pyritic shale are interpreted as being derived from the overlying Mwashya Subgroup.  Spotted 

argillite clasts with small cubic or rhombohedral quartz-calcite pseudomorphs, possibly after 

halite, represent a rare lithotype not recorded elsewhere in the Roan Group.  Late satinspar 

(gypsum) veinlets are common. 

 

 
 

 
 
Figure 6.16. Breccia (-Gabbro) Complex. (a) Fragmented contact (~406 m) between albite-silica 
dolomite and highly altered, mottled metagabbro. (b) Partly weathered, oligomictic float-breccia 
(~215 m) with angular carbonate clasts in a quartz, chlorite, carbonate and gypsum/anhydrite 
matrix. Fibrous gypsum veinlets (satinspar?) are common. (c) Polymictic, pack-breccia (at 180 
m) showing a heterogeneous assemblage of unsorted, angular clasts in a silty, quartz-chlorite-
carbonate (mostly calcite) matrix. Note the presence of black, pyritic shale; a lithotype common 
in the overlying strata (i.e. Mwashya shale), thereby sugesting a collapse origin. 

 
 

Mineralogically, the greenish-gray breccia matrix is dominated by chlorite, carbonate and 

quartz.  Gypsum or anhydrite is locally abundant, while accessories include phlogopite, talc, 

pyrite, rutile, specular hematite and apatite.  Chlorite (Mg-rich clinochlore) dominates the matrix 
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(>50%) and is generally intergrown with, or overprints, an assemblage of anhydrite/gypsum and 

carbonates minerals, mostly calcite.  Euhedral to subhedral domains of quartz and dolomite are 

engulfed by this assemblage, which in turn is overprinted by phlogopite (Fig. 6.17a-b).   

 

 
 

Figure 6.17. QEMSCAN images of the Breccia Complex. (a) Matrix-rich breccia (202 m) 
showing dolomite rhombs and subhedral quartz surrounded by a matrix of gypsum/ anhydrite, 
chlorite and minor phlogopite. Dolomite rhombs are surrounded by ferroan-dolomite cement. 
Note the presence of specular hematite. (b) Magnified view shows the association between 
gypsum/anhydrite and chlorite, the latter having been partly overprinted by phlogopite. Quartz is 
inclusion-rich, with polygonal forms that indicate a replacement origin, possibly after gypsum. 
(c) Polylithic breccia (at 180 m) with a rounded argillite clast.  The matrix is dominated by 
calcite, chlorite and quartz, while dolomite occurs as zoned crystal fragments surrounded, cut, or 
partially replaced by calcite; or as irregular intergrowths with quartz.  Quartz is polygonal in 
form, inclusion-rich and partly intergrown with chlorite. Traces of phlogopite, pyrite, apatite, 
hematite, rutile and anhydrite are also present.  The phlogopite-rich clast contains cubic to 
rhombohedral pseudomorphs (calcite-quartz), possibly after halite. (e) Magnified view shows 
inclusion-rich, secondary quartz engulfed by a chlorite-calcite assemblage. Clotty, authigenic 
apatite and euhedral pyrite are visible. 
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Quartz in the breccias is largely secondary in origin, commonly occurring as inclusion-

rich, crudely hexagonal forms that are interpreted as pseudomorphs, possibly after gypsum.  

Dolomite is present as well-formed rhombs and crystal fragments surrounded by ferroan-

dolomite cements, or as zoned dolomite euhedra (with ferroan-dolomite cores) engulfed, cut, or 

partially replaced by calcite (Fig. 6.17c-d).  Dolomite also occurs as irregular intergrowths with 

quartz, possibly as part of an alteration assemblage of earlier gypsum/anhydrite.  Conspicuous 

but less common components of the matrix include scattered blades of specular hematite, clotty 

apatite intergrown with quartz, and rare occurrences of celestite. 

A variety of carbonate lithotypes in the breccia are interpreted as megaclasts or 

floundered blocks of more intact strata.  Highly fragmented breccia grades into mottled, 

carbonate units near the base of the succession (Fig. 6.18a).  Such zones consist of light-gray and 

green to pink, calcitic fragments enclosed in an olive-green, dolomitic matrix.  This matrix 

comprises closely-packed dolomite euhedra cemented by ferroan dolomite (Fig. 6.19a-b) along 

with minor amounts of chlorite and quartz. 

 

 
 
Figure 6.18. Polished slabs of hybrid carbonate and metagabbro rocks in the Breccia Complex. 
(a) Carbonate breccia (at 350 m) with calcitic fragments set in an olive-green, dolomitic matrix. 
(b) Siliceous limestone (at 255 m) with dark, siliceous nodule and small chloritic spots.  
(c) Altered metagabbro (at 395 m) with fine-grained (aphanitic) and mottled appearance.  
(d) Medium-grained metagabbro (at 135 m) with intense chlorite and sericite alteration. 
 
 

Light-gray to white carbonate rocks are a common component of the lower and middle 

Breccia Complex.  These include siliceous or slightly dolomitic, limestones with scattered, 

lozenge-shaped nodules (Fig. 6.18b).  The latter are compositionally similar to the surrounding 
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rock but in thin section show an orthogonal arrangement of lath-shaped and polygonal quartz 

suggesting the replacement of anhydrite (Fig. 6.19c-d).  Chlorite, apatite and pyrite occur 

sporadically and traces of Cu- and Fe-bearing carbonates are present in the nodules.   

 

 
 
Figure 6.19.  QEMSCAN images of selected carbonate lithotypes from the Breccia Complex.  
(a) Carbonate breccia (at 350 m) with calcitic clasts enveloped by dolomite. (b) Enlarged view 
shows a matrix composed of dolomite rhombohedra cemented by ferroan dolomite. (c) Siliceous, 
slightly dolomitic limestone (at 255 m) showing the edge of a siliceous nodule or lens.  
(d) Magnified view of nodule shows tabular or lath-shaped quartz, possibly pseudomorphed after 
anhydrite.  
 
 

The metagabbro intervals include a range of highly altered (‘hybrid’) lithotypes in which 

primary igneous textures have been largely obliterated.  These include aphanitic, dark-green, 

mottled rocks that resemble a chilled or quenched texture (Fig. 6.18c).  Their groundmass is 

dominated by an assemblage of finely intergrown plagioclase, quartz, chlorite and pyroxene 

(augite), with irregular patches of tremolite-actinolite and hornblende.  The latter is variably 



 

143 
 

intergrown with or overprinted by biotite (~Fe-rich).  Accessories include calcite, epidote, Fe (-

Ti) oxides, sphene, leucoxene and apatite.  Small amounts of secondary albite occur as diffuse 

patches and veinlets, locally associated with sericite, calcite, apatite and anhydrite (Fig. 6.20a).  

In hand-specimen these gabbroic intervals display a medium-grained, igneous texture 

(Fig. 6.18d) but in thin-section are composed of a diffuse assemblage of chlorite, sericite and 

biotite.  Patches of chlorite (±talc) are engulfed by a fine-grained assemblage of sericite, biotite, 

pyroxene, quartz, K-feldspar and dolomite (Fig. 6.20b).  Accessories comprise leucoxene/rutile, 

pyrite and apatite. 

 

 
 

Figure 6.20.  QEMSCAN images of selected metagabbroic rocks of the Breccia Complex.  
(a) Fine-grained metagabbro (at 395 m) showing irregular patches of tremolite, actinolite, 
hornblende and biotite enveloped by a groundmass of plagioclase (of intermediate to albitic 
composition) with minor amounts of chlorite, pyroxene, biotite and quartz. Albite occurs in a 
distinct alteration zone or vein associated with traces of anhydrite. (b) Metagabbro (at 135 m) 
with a matrix comprised of chlorite (±talc), sericite, biotite, pyroxene, quartz and K-feldspar. 
Accessories include rutile, dolomite, pyrite, apatite, Fe(-Ti) oxides, sphene, zircon and anhydrite 
(not all visible in the image).  
 
 

The uppermost parts of drill hole RCB2 consists of a heavily fractured interval of 

weathered argillite and carbonate rocks (~80 m).  The primary lithotypes are obscured by the 

effects of weathering and lateritization and hence the stratigraphic position of this unit remains 

uncertain.  Nonetheless, adjacent drill holes suggest a correlation with the lower, carbonate-

bearing interval of the Mwashya Subgroup.  This interval is commonly overlain by grey to black, 

pyritic shales that mark the top of the Roan Group. 
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Sedimentary interpretation 

The Breccia Complex is interpreted as the product of evaporite-solution collapse 

modified by later deformation and alteration events.  The clast components indicate 

fragmentation of intercalated and overlying strata that include lithotypes deposited in an 

evaporitic setting.  Evidence includes silicified anhydrite nodules and halite pseudomorphs.  The 

absence of sorting or internal structure (e.g. bedding) and the angular, non-abraded nature of the 

fragments are considered atypical of normal sedimentary processes, while the lack of foliation or 

consistent grain-scale deformation is incompatible with a tectonic origin.  Instead, these textures 

are interpreted to reflect the dissolution of halite and other evaporite minerals, followed by 

fragmentation and settling of the intercalated strata together with less-soluble residues.  The 

intervals of carbonate and gabbroic rocks are similarly interpreted as blocks of rafted strata (i.e. 

megaclasts).  The latter show no evidence for intrusive contacts or skarn minerals. 

The matrix components represent dissolved evaporite relicts or their alteration products.  

These include calcitized and silicified evaporites, reprecipitated gypsum/anhydrite and ferroan 

dolomite accompanied by traces of celestite.  Dolomite rhombs and crystal fragments represent 

the less soluble components which were later cemented by authigenic phases (Stanton, 1966; 

Warren, 2006).   

The presence of Mg-rich chlorite overprinted by phlogopite typifies low-grade 

metamorphism in evaporite successions (Moine et al., 1981) and the development of specular 

hematite is consistent with oxidized, ferroan-chloride brines typical of such environments.  

Hematite of this origin is a widely reported feature of salt dissolution breccias, albeit commonly 

associated with intrusive rocks (e.g. Mount, 1975; Kent, 1987; Warren, 2006). 

 
 
 

6.3 Mineral partitioning in the Upper Roan Subgroup 

 

Quantitative data derived from QEMSCAN analyses were used, as in Chapter 5, to 

examine vertical trends in the Upper Roan Subgroup with respect to those of the Lower Roan.  

Such trends provide information on both the depositional environment and subsequent alteration 

character of the succession (Figs. 6.21 and 6.22). 
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Figure 6.21.  Stratigraphic partitioning of major minerals in drill hole RCB2. 
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Figure 6.22.  Stratigraphic partitioning of minor and accessory minerals (excluding sulfides) in drill hole RCB2. 
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6.3.1 Major minerals 

 

As evident in the Lower Roan Subgroup, vertical trends in modal mineralogy within the 

Upper Roan succession mirror the progression from feldspathic compositions at the base through 

a mixed succession of fine-grained siliciclastics, carbonates and evaporites.  This progression is 

best reflected in the major mineral phases, comprising quartz, feldspars, phyllosilicates, 

carbonates and sulfates i.e. anhydrite (Fig. 6.21) but is also locally evident in the relative 

proportion of minor and accessory minerals (Fig. 6.22).  Importantly, the most abrupt changes 

coincide with established stratigraphic boundaries and thereby potentially provide a correlation 

tool.  Variations in mineralogy reflect both changes in depositional environment as well as 

subsequent alteration events.  The latter comprise potassic, sodic and magnesian assemblages.  

 
 
6.3.2 Potassic and sodic minerals 

 

A notable decline in detrital feldspar occurs in the Upper Roan Subgroup with respect to 

the underlying succession and, where present in the Upper Roan, both K-feldspar and albite are 

largely authigenic in origin.  Intense K-feldspar alteration, locally overprinted by albite, is best 

developed in the SWG unit and siltstone intervals of the overlying Bancroft Dolomite Formation 

(up to 35% K-feldspar and 25% albite).  Both cases demonstrate that feldspathization is more 

widespread in the Roan Group than previously recognized (see Moine et al., 1986; Selley et al., 

2005) and not confined to the Lower Roan Subgroup. 

The timing of such alteration remains problematic since paragenetic relationships indicate 

both an early diagenetic phase and a later hydrothermal-metasomatic overprint.  The early 

diagenetic phase of K-feldspar (and albite) is consistent with refluxed or residual brines 

developed in an evaporitic environment (e.g. Moine et al., 1981; Sandler and Steinitz, 2004), 

while at higher temperatures, metasomatism from residual brines or the dissolution of evaporites 

may be invoked.  The high phlogopite content of the SWG interval (up to 40%) is taken to 

indicate a metamorphic overprint of this earlier potassic (and magnesian) event. 

Sodic alteration in the form of albite in the Upper Roan commonly coincides with the 

development of secondary K-feldspar but is also developed independently.  The latter is 

manifested as discrete intervals of quartz-albite rock in which no relicts of a former K-feldspar 
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component are evident.  As similarly interpreted for the Lower Roan succession, the discrete 

nature of these intervals suggests a stratigraphically-constrained source of Na.  Early diagenetic 

enrichment in an evaporitic setting is a potential source.  Such enrichments, generally in the form 

of analcime, have been documented in several non-metamorphosed basins of evaporitic affinity 

(e.g. Joulia, 1959; Milton et al., 1960; Cazoulat, 1985; El Tabakh et al., 1997).  These 

occurrences are attributed to the alteration of clay or ash in saline waters derived from 

evaporation.  Analcimolite beds in the Tim-Mersoi basin of Niger (Cazoulat, 1985) are in many 

respects, texturally and chemically analogous to the quartz-albite ‘breccia’ of the Intermediate 

Carbonate Unit.  These analcimolite beds are several 10s of meters in thickness comprising 

spheroidal analcime nodules in a matrix of quartz, chlorite, hematite and clay minerals.  The 

conversion of analcime to albite is reported to occur at temperatures of 100 to 150º C (Iijima, 

1975). 

 
 

6.3.3 Magnesian minerals 

 

The distribution of magnesian minerals in the Roan Group tends to reflect an up-section 

increase in carbonate- and evaporite-dominated strata.  This trend is best illustrated by a 

progressive increase in carbonates at the expense of quartzo-feldspathic compositions at the base 

of the Upper Roan Subgroup.  Dolomite is overwhelmingly the dominant carbonate, while 

calcite tends to occur in association with intervals of breccia.  The latter is consistent with 

dedolomitization caused by the ingress of calcium-rich fluids from the dissolution of adjacent 

evaporitic strata.  In contrast, the presence of magnesite is largely restricted to the transitional 

interval at the base of the Bancroft Dolomite Formation and is thereby coincident with the first 

appearance of a sustained evaporitic environment.  Magnesite in such settings may be primary or 

diagenetic in origin but the coincident appearance of anhydrite favors an evaporitic source.  The 

retrograde solubility of anhydrite ensures that limited redistribution of the latter would have 

taken place during subsequent alteration or metamorphic events. 

Magnesium alteration in the Upper Roan is also recorded by the distribution of 

phyllosilicate-group minerals, namely muscovite, sericite, chlorite and phlogopite.  A marked 

increase in Mg-rich, phengitic muscovite (low-K illite in QEMSCAN analyses) generally follows 

an up-section increase in dolomite.  Phengitic compositions are particularly conspicuous in the 
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SWG unit, potentially reflecting the presence of evaporitic conditions during deposition.  Mg-

rich chlorite and talc are best developed in the middle and upper parts of the Upper Roan, 

notably in the Breccia Complex.  Phlogopite compositions show a similar distribution (as 

evidenced by semi-quantitative ratios between QEMSCAN-derived “biotite” and “phlogopite”).  

Biotite compositions (i.e. relatively high Fe verses Mg) are confined to gabbroic intervals in the 

Breccia Complex. 

The coincident up-section increase in Mg-bearing minerals argues in favor of isochemical 

metamorphism of the Upper Roan rather than a hydrothermal event (see Selley et al., 2005).  

Nonetheless, anomalous concentrations of phlogopite (e.g. in the SWG unit) suggest that 

metasomatic introduction of both K- and Mg remains a possibility.  The origin and timing of 

such alteration remains largely unresolved. 

 
 
6.3.4 Minor and accessory minerals 

 

The base of the Upper Roan Subgroup, as defined in this study, marks a redox boundary 

between the underlying reduced (i.e. pyrite-bearing) strata of the Kitwe Formation and the 

overlying, oxidized (i.e. hematite-bearing) strata of the SWG unit.  The latter is interpreted to 

reflect a brief episode of terrestrial sedimentation  prior to the return to a marginal marine, 

reducing environment (Chapter 2).  The transition back to pyrite-bearing strata occurs at the base 

of the overlying Bancroft Dolomite Formation (see Fig. 5.27, Chapter 5). 

Concentrations of hematite at the base of the SWG unit are up to an order of magnitude 

greater than the basal siliciclastics of the Lower Roan (0.1 vs 1%).  Such differences potentially 

reflect the additional precipitation of hematite from ferroan-chloride brines.  The presence of 

coarse-grained, specular hematite in the Breccia Complex is interpreted in similar terms.  

Concentrations of hematite in such settings (i.e. evaporitic basins) are variously linked to the 

circulation of salt dissolution brines during late diagenesis and metamorphism (Mount, 1975; 

Lemon, 1985; Warren, 2000) and locally display a spatial association with coeval magmatism 

(Kent, 1987). 

Vertical trends in the other accessory minerals tend to be more erratic.  Nonetheless, 

elevated concentrations of apatite (>1.5%), tourmaline (0.2%) and monazite (>0.01%), 

accompanied to a lesser extent by rutile, zircon, sphene and alunite, are conspicuously developed 
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in pyritic siltstone beds of the Intermediate Carbonate Unit.  Such beds are compositionally and 

texturally similar to the Copperbelt Orebody Member of the Lower Roan Subgroup and similarly 

contain anomalous amounts of both sulfides and copper.  The origin of these concentrations is 

uncertain but may involve a tuffaceous component given their stratigraphic proximity to 

metagabbro.  Hematite, rutile and sphene all reach their highest concentrations in the gabbroic 

intervals of the Breccia Complex.  The latter are interpreted as coeval with extrusive rocks 

positioned at a similar stratigraphic level in the Congolese Copperbelt (see Chapter 4). 
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CHAPTER 7 

 

PETROGENESIS OF SULFIDE ORES IN THE ZAMBIAN COPPERBELT 

 
 
 
7.1 Introduction 

 

This chapter presents micro-scale observations from the sulfide ores of the Zambian 

Copperbelt (ZCB) for the purpose of examining diagenetic and alteration events that occurred 

before, during and subsequent to mineralization.  The study was based on QEMSCAN 

quantitative mineralogy of a representative suite of ores from five selected orebodies, namely 

Konkola, Nchanga, Nkana-Mindola, Mufulira and Chibuluma West (Fig. 7.1).   

 

 
 
Figure 7.1.  Simplified map of the Zambian Copperbelt showing the distribution of Cu-(Co) 
deposits.  Pre-Katangan basement rocks of the Kafue Anticline are shown in grey.  Black areas 
show the known extent of orebodies projected to surface, with studied localities indicated by 
large numerals. 



 

152 
 

Samples were selected to represent a range of mineralization types and textures and were 

examined with the intent being to determine a common set of mineralogical features rather than 

to characterize individual orebodies.  The concept of ‘cement stratigraphy’ was employed to 

establish a paragenetic sequence of events and characterize the timing of mineralization relative 

to diagenetic and alteration events. 

Complex alteration assemblages in the ore-bearing strata of the ZCB have been widely 

recognized (e.g. Jackson, 1932; Darnley, 1960; Mendelsohn, 1961; van Eden, 1974; Annels, 

1974, 1979, 1989; Sweeney and Binda, 1989; McGowan, 2003) and were comprehensively 

summarized by Selley et al. (2005).  However, a consistent interpretation of mineral textures and 

their relative timing is lacking.  The notable challenge has been to ‘see through’ the overprint of 

orogenesis and greenschist facies metamorphism which resulted in variable degrees of 

recrystallization and limited sulfide remobilization.  This study challenges the view that such 

processes destroyed primary mineral textures and attempts to document a systematic paragenetic 

sequence from early diagenesis through to mineralization and metamorphism. 

 
 
 
7.2 Methods 

 

The ore-bearing samples selected for examination were obtained from both underground 

and open pit exposures with an emphasis on hypogene sulfide ores.  As such, orebodies and 

individual samples characterized by a strong supergene overprint were excluded from the study. 

Specimens were examined and analyzed using a QEMSCAN E430 instrument located in 

the Advanced Mineralogy Research Center at Colorado School of Mines.  This system uses a 

Carl Zeiss EVO50 SEM platform, four Bruker energy dispersive (EDS) detectors, and 

proprietary software for acquiring and quantifying the analytical data.  Each sample was cut and 

polished to obtain a flat surface for X-ray analysis and carbon coated to establish an electrically 

conductive surface.  A 20-µm pixel resolution was employed for all samples following the 

examination of an initial set of duplicates at both a 20 µm and 10 µm resolution.  The 20 µm 

resolution was found to provide significant time and cost benefits without significant loss of 

textural or quantitative information.  The resulting data were interpreted using iDiscover™, a 
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PC-based software suite that provides a comprehensive platform for visualization, data query and 

interpretation. 

The QEMSCAN method offers considerable advantages over optical microscopy, 

particularly in the user’s ability to rapidly quantify modal mineralogy and examine individual 

mineral compositions, distributions, associations and grain sizes in a false-color, interactive 

image format.  Additionally, the ability to scan a relatively large sample area and repeatedly 

query and compare the recorded results allows for the maximum amount of information to be 

extracted from each sample.  Nonetheless, due to factors such as X-ray peak overlaps, boundary 

phase relationships related to the chosen pixel resolution, and a semi-automated ‘first match’ 

rather than ‘best fit’ allocation, the interpretive process retains a need for mineralogical oversight 

based on conventional optical methods (Hoal et al., 2009).  

Identification mismatches were found to be insignificant in this study, with the notable 

exception of Mg-tourmaline or dravite.  The latter was routinely misidentified as ‘chlorite’ or 

less commonly as an unspecified ‘Mg Al-silicate’.  Actual tourmaline was distinguished by 

virtue of distinctive grain morphologies and the common association of ‘Fe-chlorite’ 

(misidentified) together with traces of ‘dravite-tourmaline’.  Phlogopite was distinguished from 

biotite on a semi-quantitative basis only, while certain minerals are identified solely in general 

terms (e.g. ‘apatite’ for all phosphate-group minerals, excluding monazite). 

The accompanying images in this study make use of the following abbreviations; namely qz: 

quartz, Kf: K-feldspar, Ab: albite, M: muscovite, Ser: sericite (i.e. fine-grained muscovite-illite), 

Ph: phlogopite,  D: dolomite, Ca: calcite, An: anhydrite, Cl: chlorite, Tc: talc, Ru: rutile, Ap: 

apatite, Tm: tourmaline, Zr: zircon, Mz: monazite, Py: pyrite, Cp: chalcopyrite, Cc: chalcocite, 

and Co: carrollite.   

 
 
 
7.3 Sulfide mineralization in the Zambian Copperbelt (ZCB) 

 

The copper and cobalt orebodies of the ZCB are, in the most part, restricted to a 

stratigraphic interval of less than 100 m in thickness centered on the so-called Copperbelt 

Orebody Member (COM) of the Roan Group (Fig.7.2).  The COM conformably overlies the 

lowermost Mindola Clastics Formation and comprises a 10 to 30 m thick unit of metasiltstone 
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and shale that hosts the majority of proven ore along the western flank of the Kafue Anticline 

(e.g. the Nkana-Mindola and Konkola mines).  A significant component of ore is nonetheless 

also hosted in underlying and peripheral arenites, both in footwall and hangingwall settings (e.g. 

the Chibuluma and Nchanga Upper Orebody respectively), or is located in broad stratigraphic 

equivalents on the eastern flank of the Kafue Anticline (e.g. Mufulira). 

 

      
 
Figure 7.2.  Idealized lithostratigraphy of the Lower Roan Subgroup showing the location and 
local nomenclature of the ore-bearing horizons examined in this study. 

 
 

On a stratigraphic basis the orebodies are grouped into argillite- and arenite-hosted 

deposits.  Individual orebodies may comprise a single horizon of one ore-type or consist of 

multiple, stacked orebodies in different stratigraphic positions and may be hosted by a variety of 

lithotypes.  Stratigraphic relationships through the ZCB were detailed in chapters 2 and 3.  The 

regional and detailed geology of the district was reviewed by Mendelsohn (1961) and Fleischer 

et al. (1976) and more recently, by Selley et al. (2005). 

The copper and cobalt ores are dominated by a relatively simple sulfide mineralogy 

comprising chalcopyrite, bornite and chalcocite, with carrollite and cobaltiferous pyrite being 

locally important.  The paragenetic sequence pyrite – carrollite – chalcopyrite followed by 
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bornite and chalcocite is commonly observed, although minor variations to this order are locally 

evident. 

The host rocks of ZCB ores display significant mineralogical and textural variability.  

Argillite-hosted ores include meta-siltstones, phyllites, shales and calcareous schists, each of 

which may be variably feldspathic, dolomitic or carbonaceous in character.  Similarly, arenite-

hosted ores range from arkosic to quartzose, with variable sericitic, calcareous, anhydritic and 

carbonaceous matrices.  Such variability in composition and texture suggests that the protolith 

had relatively little influence on ore forming processes.  

Sulfide textures vary significantly and commonly display ambiguous textural 

relationships (Fig. 7.3, 7.4).  On the whole, such textures are dominated by a disseminated style 

of mineralization whereby discrete, irregularly-shaped sulfide grains of variable size are 

scattered in an apparent random distribution, with variable and localized influences imparted by 

sedimentary fabrics.  These ores generally lack any clear indication of fracture or veinlet control 

on mineralization and commonly display low degrees of strain.  Such textures were used to 

support an early prelithification or diagenetic timing for mineralization (e.g. Garlick, 1958; 

Mendelsohn, 1961). 

Early studies of ZCB ores also noted an apparent relationship between the size of detrital 

grains and their associated sulfides (e.g. Mendelsohn, 1961).  This characteristic is perhaps most 

notable in argillite-hosted ores where fine-grained sulfides occur in shale and siltstone beds, 

while coarser sulfide grains are confined to intercalated sandstone laminae (Fig. 7.4a).  In many 

cases, however, an association between sulfide distribution, size and sedimentary fabrics is 

relatively tenuous.  Commonly, no systematic relationship is evident with respect to primary 

fabrics or textures.  Individual sulfide grains are in most cases significantly coarser than their 

host rock (Fig. 7.4c-f).  The occurrence of coarse sulfide clots (Fig 7.4c) and large poikilotopic, 

subhedral to euhedal crystals (Fig 7.4e) would either require a high initial porosity, and thereby 

imply an early timing, or involve significant later dissolution of interstitial cements. 

Textural evidence that favors a syn-tectonic timing for mineralization includes the 

occurrence of elongate sulfide blebs together with irregular sulfide lenses and veinlets (Fig 7.4a-

c).  In some arenite-hosted ores a subtle alignment of sulfides grains is developed, with 

orientations both parallel and perpendicular to bedding (Fig 7.4f).  Such textures suggest the 

presence of microfracture arrays, as demonstrated by Selley et al. (2005), and/or extensive 
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recrystallization of the host rock.  The fact that disseminated sulfides commonly coexist with 

veinlets of the same sulfide mineralogy without any evidence for depletion or enhancement in 

the wall rock (Fig. 7.4b) has been taken to imply contemporaneity of the two styles (see below) 

and hence the emplacement of sulfides during tectonism (e.g. Sillitoe et al., 2010). 

 

 
 
Figure 7.3.  Polished slabs illustrating a variety of sulfide-bearing host rocks of the ZCB. (a) 
Laminated, slightly carbonaceous, pyritic phyllite, Lower Banded Shale, Nchanga mine; (b) 
feldspathic siltstone and interbedded dolomite with both finely disseminated chalcopyrite and 
subconcordant veinlets, Ore Shale, Unit C/D, 1 Shaft, Konkola mine; (c) foliated, carbonaceous 
shale with chalcopyrite lenses, stringers and discordant veinlets, South Orebody Shale, Nkana 
mine; (d) calcite-phlogopite schist with clots of coarse, blebby chalcopyrite, Schistose Ore or 
Contact Shale, Nkana mine; (e) arkosic arenite with disseminated to crudely-bedded chalcopyrite 
and lesser bornite, C quartzite, Mufulira mine; (f) sericitic quartzose arenite with scattered 
pebbles and finely disseminated chalcocite, C Greywacke, Mufulira mine; (g) arkosic arenite 
with disseminated, clotty to subhedral carrollite and minor chalcopyrite, Upper Orebody (‘The 
Feldspathic Quartzite’), Nchanga mine, and; (h) subarkosic, albitic quartzite with disseminated 
chalcopyrite (and minor carrollite), Ore Formation, Chibuluma West mine.  Approximate scale 
bar at top left applies to all images. 
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Figure 7.4.  False-color, QEMSCAN images showing a range of sulfide textures in ZCB ores.  
(a) Disseminated chalcopyrite with minor bornite (~9%) in argillaceous beds (at base), in 
bedding-parallel concentrations within sandy laminae (middle), and as blebby aggregates aligned 
to an oblique foliation in dolomite (upper half); Ore Shale, Unit C/D, Konkola mine. (b) Sulfides 
(~10%) occurring as irregular veins or subconcordant lenses of chalcopyrite and minor pyrite 
aligned to a strong penetrative fabric and locally as fine disseminations in the wall rock; South 
Orebody Shale, Nkana mine. (c) Coarse, clotty chalcopyrite with minor carrollite (~15%) in a 
recrystallized, calcite-quartz-phlogopite rock; Schistose Ore, Nkana-Mindola mine. (d) Irregular 
disseminations of bornite with minor chalcopyrite (~6%) locally transgressive to bedding in an 
arenite host; C quartzite, Mufulira mine. (e) Subhedral, poikilotopic (spongy) carrollite with 
minor chalcopyrite (~11%) surrounded by irregular sulfide clots in an arenite host; Upper 
Orebody, Nchanga mine. (f) Net-textured chalcopyrite with minor carrollite (~25%) in both 
layer-parallel and layer perpendicular concentrations; Ore Quartzite, Chibuluma West mine.  
Approximate scale bar at top left applies to all images. 
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Despite these conflicting hypotheses regarding ore genesis, relatively few detailed 

petrographic studies have been undertaken to address the problem directly.  Where such work 

has been undertaken on individual deposits, the interpreted timing of sulfide growth is 

interpreted to range from early diagenesis (Sweeney and Binda, 1989), through intermediate and 

late diagenesis (Annels, 1979, 1984, 1989), to synorogenic and synmetamorphic (McGowan et 

al., 2003; Sutton and Maynard, 2005).  Most studies agree that wholesale dissolution of certain 

constituents took place and significant authigenic phases developed prior to the sulfide 

precipitation.  However, the relative timing of sulfide growth with respect to the authigenic and 

metamorphic phases remains largely unresolved. 

More recently, Selley et al. (2005) proposed a multistage model spanning the entire 

interval from diagenesis through to orogenesis and metamorphism, together with limited 

remobilization of the sulfides, and a late-phase of postfolding, vein-style mineralization.  This 

model was based on both textural and isotopic data and was supported by geochronology on the 

ore sulfides which indicate that mineralization occurred over an interval from approximately 815 

to 500 Ma.  The oldest ages were interpreted to reflect an early-diagenetic event, while the 

youngest coincide with basin inversion and metamorphism.  The latter is constrained between 

about 590 and 500 Ma (Richards et al., 1988a, 1988b; Barra and Broughton, unpubl. data in 

Selley et al., 2005). 

 
 
 

7.4 Overview of ore mineralogy 

 

The list of common and volumetrically significant minerals in the ZCB is relatively short.  

Major minerals recorded by QEMSCAN analyses comprise quartz, K-feldspar, albite, muscovite, 

muscovite-illite (i.e. sericite), phlogopite (i.e. magnesian biotite) and carbonates (both dolomite 

and calcite).  Anhydrite is a rare component of the ores despite its common presence in 

peripheral host rocks.  Chlorite and talc commonly occur as minor constituents.  Accessory 

minerals comprise rutile, apatite (representing a variety of phosphate-group minerals), 

tourmaline, zircon and monazite, together with rare sphene and various Fe-Ti oxides, namely 

hematite, goethite, ilmenite and leucoxene.  Minerals reported to occur widely (e.g. Mendelsohn, 

1961; Korowski, 1974), but not observed in this study, include tremolite, scapolite, zoisite-
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clinozoisite and allanite.  The main Cu- and Co-bearing minerals comprise chalcopyrite, bornite, 

carrollite and pyrite, along with minor to trace amounts of chalcocite-digenite, covellite and 

malachite.  A few rare occurrences of sphalerite were observed, usually in association with 

chalcopyrite.   

In addition to the above, numerous other copper- and cobalt-bearing minerals have 

previously been recorded in trace amounts (e.g. Notebaart and Vink, 1972).  These include the 

iron- and copper-bearing sulfides: pyrrhotite, idaite, cubanite and tennantite; the cobalt-bearing 

sulfides: cobalt pendlandite, linnaeite, cattierite, cobaltite, siegenite and cobaltiferous 

mackinawite; the nickel-bearing sulfides: pentlandite, millerite and siegenite; and the bismuth-

minerals: bismuthinite, wittichenite and native bismuth.  Molybdenite, galena and sphalerite have 

been recorded at numerous localities, but are generally rare.  Other rare phases include the 

copper-tellurides: rickardite, weissite and vulcanite; the nickel-telluride, melonite; the bismuth-

telluride: tellurobismuthite and a number of other sulfosalts and selenides often with a diverse 

suite of trace elements (e.g. Au, Ag, Hg, Pb, Bi, Ni, Sb and As).  In zones of supergene 

oxidation, the common ore minerals include a variety of copper oxides, carbonates, phosphates, 

sulfates and silicates in addition to native copper, cupriferous micas and cupriferous wad. 

 
 
 
7.5 Petrographic description of selected ores   

 

The petrographic samples examined in this study were selected to represent the various 

styles of mineralization, rather than being representative of a specific orebody or its internal 

variability.  Nevertheless, the characterization of each sample was undertaken with the 

assumption that it represented the important characteristics of the orebody under investigation.  

The selected samples included disseminated, vein and shear-hosted ores from five different ore 

deposits and thereby provided a spread of data with regard to stratigraphy (Fig. 7.2), host rock 

composition and sulfide assemblage (Fig. 7.3, 7.4). 

The sample set comprised argillite-hosted ores from within the Copperbelt Orebody 

Member (i.e. South Orebody, Nkana Mine; Ore Shale Zone C/D, Konkola mine), and arenite-

hosted ores from a correlative hangingwall (i.e. Upper Orebody, Nchanga mine) and footwall 

setting (i.e. C Horizon, Mufulira mine, Ore Formation, Chibuluma West mine).  Also included 
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was a vein-hosted ore-type (i.e. Schistose Ore / Contact Shale, Mindola mine) and a 

representative sample of barren, pyritic “ore” (i.e. Lower Banded Shale, Nchanga mine).  

Detailed petrographic descriptions of each ore-type are provided below, prior to being 

interpreted and summarized collectively.  The sequence of descriptions is based on the ore-type 

and host-rock (i.e. arenite- verses argillite-hosted ores) rather than its stratigraphic position. 

 
 
 
7.5.1 Mufulira 

 

The Mufulira copper deposit is located on the eastern flank, or so-called ‘Arenite Belt’ of 

the ZCB and is hosted by three vertically-stacked horizons composed almost exclusively of 

arenaceous lithotypes.  Mineralization in the lowermost, C horizon is located below the 

interpreted stratigraphic equivalent of the Ore Shale (i.e. the main ore host on the western flank 

of the ZCB), which at Mufulira is represented by a silty dolomite; while the B and A horizons 

are located at successively higher stratigraphic levels.  The Mufulira deposit was documented by 

Darnley (1960), Brandt et al. (1961), Maree (1962), Garlick (1967), van Eden (1974) and Annels 

(1974, 1979). 

The mineralized rocks at Mufulira are described as massive to poorly-bedded, feldspathic 

arenites and sericitic, quartzose arenites.  The latter are transitional into a dark gray lithofacies 

that locally includes more than one percent organic carbon, known as ‘carbonaceous greywacke’ 

(van Eden, 1974).  Mobilization of liquid or gaseous hydrocarbons into a structural culmination 

is the favored model for the origin of the carbonaceous material (Annels, 1974, 1979; Selley et 

al., 2005).  This models link sulfide mineralization to bacterial or thermochemical sulfate 

reduction in the presence of hydrocarbons.  Anhydrite displays a clear antithetic relationship to 

sulfide abundance, being scarce in the ore but relatively abundant in strata peripheral to the 

orebodies (Annels, 1979).  

The petrographic samples selected for study from Mufulira were collected from the basal 

part of the C Horizon or Ore Quartzite orebody and the overlying ‘carbonaceous greywacke’ 

unit. 
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7.5.1.1 Ore Quartzite, C Horizon 

 

The dominant lithology of this rock is a pinkish-gray, crudely bedded, medium- to 

coarse-grained, poorly-sorted, arkosic arenite with disseminated aggregates of bornite and 

chalcopyrite (see Fig 7.3e).  Sedimentary textures and detrital grains are clearly recognizable 

despite some compaction and minor recrystallization of the grains, along with rare intragranular, 

late-stage microfractures.  Fine-grained, discontinuous and poorly-mineralized bands are 

interpreted as either sedimentary or cataclastic in origin, but the rock is macroscopically 

undeformed, without an obvious tectonic foliation (Fig. 7.5).  

 

 
 
Figure 7.5. Photomicrographs of sulfide-bearing arkosic arenite, C Horizon, Mufulira.  
(a) Detrital textures are well-preserved with subrounded quartz and K-feldspar grains (along with 
minor muscovite and zircon) set in a fine-grained matrix with randomly distributed intergranular 
sulfides. (b) Bornite and chalcopyrite aggregates are intergrown in a simple contact relationship 
with sharp, planar to serrated edges being indicative of secondary overgrowths on the detrital 
grains. 

  
 

The mineralogy of this lithotype is dominated by quartz (36%), K-feldspar (34%), albite 

(15%), sulfide (7%) and muscovite-illite or sericite (5%), along with minor amounts of dolomite, 

chlorite, rutile, apatite, zircon, and monazite.  The sulfide phases consist of bornite (5%) with 

minor chalcopyrite (2%) sited within interpreted intergranular pore spaces.  

Detrital quartz and turbid K-feldspar grains are dispersed in a matrix of authigenic albite, 

fine-grained polycrystalline quartz and minor K-feldspar (Fig 7.6a).  The detrital grains are 

partly obscured by overgrowths, with coalesced quartz- and albite-rich domains indicative of 
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extensive pore-filling cements.  The presence of overgrowths is indicated by sharp, planar 

contacts between the quartz and K-feldspar grains, although locally, fuzzy grain boundaries 

suggest that corrosion also occurred.  K-feldspar grains are sometimes partly sericitized or 

albitized, but are commonly engulfed by albite and remain unaltered, with well-preserved, 

rounded detrital outlines (Fig. 7.6b, 7.7).  Such textures suggest early albite encasement of the 

detrital grains, prior to significant sericite development but after the commencement of early 

dissolution. 

Sulfides generally occur as scattered, intergranular blebs and mesh-textured networks, 

with indications of a preference for the coarser-grained beds (Fig. 7.6a).  Bornite and 

chalcopyrite are intergrown at the grain-scale but also occur individually, and are sometimes 

accompanied by small amounts of (secondary?) chalcocite.  Such sulfides are intimately 

associated with secondary albite, which is commonly engulfed by the former, suggesting that 

albite growth predated sulfide crystallization (Fig. 7.6b, 7.7).  The sulfides are also intergrown 

and engulfed by late, secondary quartz and are less commonly associated with rutile in probable 

clast-replacement aggregates (Fig. 7.8).  

Dolomite occurs as patchy intergranular cements as well as distinctive, rhombic-shaped, 

poikilotopic crystals with small inclusions of albite, quartz and K-feldspar.  Dolomite of this type 

occurs in textural equilibrium with secondary quartz, usually showing sharp planar contacts 

(Figs. 7.6b, 7.7a-b).  This quartz hosts tiny inclusions of sericite, calcite and anhydrite (Fig. 

7.7a), providing additional evidence of its secondary origin and the presence of a former sulfate 

or carbonate cement.  Muscovite is locally present as a minor detrital phase but in most cases 

appears secondary in origin (Figs 7.7-4.8).  This occurs as inclusions within albite and dolomite 

(possibly detrital) or closely associated with sulfide grains (probably secondary).  Although 

relatively rare, secondary muscovite was also observed in close association with authigenic 

(metamorphic?) monazite, the latter hosting small sulfide and albite inclusions (Fig 7.8b).  

Chlorite is uncommon, and generally occurs in an apparent association with muscovite or albite.  

Unlike many of the other ores examined, phlogopite is notable by its absence.  

Small clusters, granules and fine needles of rutile are distributed in a random fashion, as 

is apatite, zircon and monazite (Fig. 7.8a-b).  No obvious associations or bedding-related 

concentrations are evident.  Apatite is the possible exception in its tendency to be engulfed or 

intergrown with secondary quartz. 
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Figure 7.6. QEMSCAN images of bornite- and chalcopyrite-bearing, arkosic arenite,  
C Horizon, Mufulira. (a) Variably-graded, detrital quartz and K-feldspar grains are dispersed in a 
fine-grained matrix of secondary quartz, K-feldspar, albite and sericite. Note that sulfides are 
disseminated in the coarser-grained, albite-rich beds, along with minor amounts of dolomite. (b) 
Albite is intergrown with, and engulfed by, bornite, commonly as euhedral crystals. Albite is 
similarly engulfed by rhombic, poikilotopic (poikiloblastic?) dolomite and quartz. Dolomite 
occurs in textural equilibrium with quartz and locally sulfides, suggesting coeval precipitation 
that postdated albite growth. 
 
 

 
 
Figure 7.7. QEMSCAN images of bornite mineralized, arkosic arenite, C Horizon Mufulira. (a) 
Detrital K-feldspar grains are partly encased in early secondary albite which in turn is engulfed 
by bornite. K-feldspar grains are also locally corroded and albitized, or partly replaced by sericite 
and quartz. Note that traces of anhydrite, calcite and sericite occur within the quartz. (b) 
Euhedral, poikilotopic dolomite encloses detrital components as well as secondary albite, but 
occurs in textural equilibrium with quartz. Bornite is engulfed by quartz as well as being locally 
intergrown with secondary muscovite. 
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Figure 7.8. QEMSCAN images of sulphide mineralized, arkosic arenite, C Horizon Mufulira. (a) 
The sulfides are locally intergrown with rutile, possibly in clast replacement aggregates but also 
in a variety of other associations, commonly with albite. Extensive corrosion and albitization of 
K-feldspar is evident. (b) Late authigenic monazite encloses both sulfide and albite, and appears 
to be intergrown with secondary muscovite. Albite surrounds both well-preserved, and 
extensively corroded, detrital K-feldspar grains. 
 
 
 
7.5.1.2 Carbonaceous ‘Greywacke’, C Horizon 

 

The ‘greywacke’ lithotype consists of a dark grey, massive- to poorly-bedded, medium- 

to fine-grained, variably dolomitic and sericitic, quartz arenite with disseminated, intergranular 

bornite and chalcopyrite (see Fig. 7.2f).  The detrital quartz grains are rounded to sub-angular 

and generally poorly-sorted, with the occasion presence of granule to pebble-sized clasts.  Fine 

laminations with sericitic and graphitic partings may be sedimentary or cataclastic in origin but 

are notably devoid of sulfides.  

The mineralogy of this lithotype (Fig. 7.9) is dominated by quartz (60-80%) and 

muscovite-illite or sericite (12-19%), along with a variety of hypogene and secondary copper 

minerals (1-6%), including bornite, chalcocite, digenite, covellite and malachite.  Variable 

amounts of dolomite (0-15%), K-feldspar (2-4%) and carbonaceous material are present, along 

with traces of chlorite, kaolinite and hematite.  Common accessories include rutile, apatite, 

tourmaline, zircon and monazite.  Unlike the associated C-Horizon, no albite is developed in the 

‘greywacke’.  
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Figure 7.9. Photomicrographs of sericitic, quartz arenite or ‘greywacke’, C Horizon, Mufulira. 
(a) ‘High-grade’ arenite showing well-packed and moderately well-sorted quartz with 
intergranular sericite and opaque sulfides. The quartz grains have undergone compaction and 
partial recrystallization. (b) ‘Low-grade’ arenite showing fine-grained, poorly-sorted quartz with 
abundant intergranular and laminar sericite.  Dolomite and minor amounts of K-feldspar are 
present. Detrital grains appear well-preserved. 
 
  

The framework quartz grains are generally supported by a fine, intergranular or laminar 

(locally cataclastic?) matrix of sericite and quartz, along with scattered copper minerals.  The 

carbonaceous material occurs as minute granules or discontinuous, graphitic films and sinuous 

seams.  Weakly developed quartz overgrowths are present but locally obscured by pressure 

solution.  In the ‘high-grade’ sample (Fig. 7.9a) certain areas are devoid of intergranular sericite 

and consist entirely of intergrown, compacted quartz.  In contrast, the detrital components of the 

‘low-grade’ arenite (Fig 7.9b) are surrounded by an abundance of sericite and dolomite. The 

latter may have acted to inhibit pressure solution and recrystallization.   

Detrital K-feldspar grains are relatively scarce, but locally occur in association with 

minor amounts of dolomite (Fig 7.10b, 7.11).  Additionally, traces of K-feldspar occur in the 

intergranular, sericitic matrix, usually in a position marginal to quartz grains (Fig. 7.10a).  

Rounded clots of sericite are interpreted as pseudomorphs after detrital K-feldspar grains (Fig. 

7.10b).  The implication is that much of the sericite (but probably not all) was derived from a 

former K-feldspar component rather than interstitial clays.  The timing of dolomite with respect 

to sericite is not clear but where the two are associated, dolomite commonly occupies residual 

pore spaces, and therefore is interpreted as the younger phase (Fig. 7.11a).  A few lath-shaped 

grains of muscovite are interpreted as detrital in origin but are relatively scarce.   
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Figure 7.10. QEMSCAN images of sericitic arenites, C Horizon, Mufulira.  
(a) Quartzose arenite with intergranular sericite and sulfide (chalcocite, covellite and bornite). (b) 
‘Low-grade’ arenite with abundant, intergranular sericite and dolomite.  Note the presence of 
rare detrital K-feldspar grains and the relative abundance of rutile and zircon. The lack of 
sulfides may relate to early porosity occlusion by dolomite. 
    

 
 
Figure 7.11. QEMSCAN images of sulfide-bearing, sericitic arenite, C Horizon, Mufulira. (a) 
Fine-grained bornite is sited in intergranular pore spaces lined by sericite, with dolomite filling 
the residual pore space. (b) Rare, detrital K-feldspar grains are partly replaced by sericite but the 
latter shows no direct association with disseminated bornite.  Accessories include anomalously 
large tourmaline grains (detrital with zoned overgrowths), rutile intergrown with bornite, and 
minor amounts of apatite and zircon.   
 
 

Copper minerals occur as small, irregular-shaped grains disseminated in intergranular 

pore spaces, either with sericite or entirely enclosed by quartz (Fig 7.10, 7.11).  Sulfide 

distribution appears unrelated to the presence of sericite or carbonaceous material, but is best 

developed in the absence of dolomite and K-feldspar.  These relationships potentially reflect pre-
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sulfide porosity occlusion by the intergranular cements.  Rare intergrowths with rutile are 

interpreted as clast-replacement aggregates.  

Accessory minerals are randomly distributed, with occasional concentrations of rutile, 

apatite (including a distinctive aluminophosphate phase), tourmaline (mostly Mg-dravite) and 

zircon.  A marked increase in accessory phases is a noted in the ‘low-grade’, matrix-rich arenite 

(Fig 7.11b) with respect to the ‘high-grade’ lithotype. 

 
 
 
7.5.2 Chibuluma West 

 

The Chibuluma West copper and cobalt orebody is located to the west of the Ore Shale 

belt along the western flank of the Kafue anticline (Fig. 7.1) and is noted for having amongst the 

highest metal grades of the ZCB (~4% Cu, ~0.2% Co).  The sulfide-bearing arenite (up to 18 m 

thick) is situated stratigraphically below the level of the Ore Shale which pinches out several 

kilometers to the east of the deposit.  As at Mufulira, the dominant host rock is a sericitic, 

feldspathic arenite which overlies a barren, arkosic arenite.  Details of the Chibuluma West and 

adjacent Chibuluma (East) orebodies were documented by Garlick (1960), Winfield (1961), 

Whyte and Green (1971), and Fleischer et al. (1976).  The Chibuluma West orebody is 

considered stratigraphically analogous to a small footwall orebody at the nearby Nkana mine 

(Jordaan, 1961).  

The host rocks are described as recrystallized arenites and sericitic to biotitic, feldspathic 

quartzites, locally with anomalous concentrations of tourmaline.  Sulfides occur as chalcopyrite, 

bornite and carrollite.  Albitic arenites and lenses of semi-massive, cobaltiferous pyrite (up to 

30%) in ‘glassy quartzites’ are locally important ore-types, but tend to occur peripheral to the 

main orebody.  Minor amounts of anhydrite and dolomite occur within the orebody but are more 

common in the barren parts of the ore horizon, or in the footwall arenite, this being locally 

characterized by an abundance of albite and/or tremolite.  Veins comprising quartz-carbonate 

±anhydrite and quartz-albite occur in the footwall, and locally within the orebody itself. 

Samples selected for study represent the main ore-bearing unit (the Ore Quartzite), 

locally represented by a quart-albite rock, and an overlying ‘glassy’ or siliceous, cobaltiferous 

pyrite-bearing unit in the immediate hangingwall of the deposit. 
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7.5.2.1 Ore Quartzite 

 

The dominant lithology of this ore-type is a subarkosic, albitic ‘quartzite’ or quartz-albite 

rock with disseminations of chalcopyrite and carrollite (see Fig. 7.3h).  The texture consists of a 

fine-grained, granoblastic (recrystallized) mosaic of quartz with interlocking, coarser-grained 

albite, dolomite and sulfide minerals.  At the micro-scale, the rock displays a strongly 

recrystallized appearance with no obvious detrital textures preserved (Fig 7.12).  Instead, a crude 

alignment of mineral grains defines both bedding parallel and bedding normal fabrics, possibly 

the result of annealed microfracture arrays, or wholesale replacement and recrystallization.    

 

 
 
Figure 7.12. Photomicrograph and QEMSCAN image of sulfide-bearing, quartz-albite rock, 
Chibuluma West. (a) Photomicrograph showing fine-grained, granoblastic quartz intergrown 
with albite, dolomite and opaque sulfides. (b) QEMSCAN image showing bedding parallel and 
perpendicular fabrics defined by elongate sulfide grains with crudely aligned albite. Dolomite 
occurs as scattered poikilotopic cements. Note that sulfide grains commonly engulf albite but are 
themselves intergrown with quartz and dolomite.     
 
 

The mineralogy of this lithotype is dominated by quartz (48%), albite (19%), and sulfide 

minerals (23% chalcopyrite, 1% carrollite), along with minor dolomite (3%), sericite (<2%), 

chlorite (<2%), tourmaline, rutile, apatite and zircon.  Traces of talc, kaolinite, and calcite are 

also present, but generally scarce.  A sericite component reported in the literature (e.g. Fleischer 

et al., 1976) was not observed, and on the whole, K-bearing minerals are notably scarce. 

Quartz and albite are intimately intergrown with one another but the latter is commonly 

engulfed and partly corroded by quartz.  The presence of secondary quartz is indicated by an 
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abundance of small inclusions in a polycrystalline mosaic, these comprising anhydrite, sericite, 

tourmaline and apatite (Fig. 7.13a-b).  Quartz similarly surrounds and engulfs the sulfide grains, 

while albite is usually engulfed, or entirely enclosed by sulfide, occasionally as small euhedral 

crystals.  Albite is thus interpreted as an early phase, predating sulfide crystallization but partly 

synchronous with quartz.   

Chalcopyrite dominates the sulfides assemblage but is accompanied by irregular 

inclusions and attachments of carrollite.  The relative timing of the sulfide phases is ambiguous, 

with carrollite occurring both as inclusions and a probable replacement of chalcopyrite (Fig. 

7.13).  Smooth, curvilinear contacts suggest that crystallization of the two sulfide phases may 

have been synchronous.  However, euhedral to subhedral carrollite is locally overgrown and 

marginally replaced by later chalcopyrite.   

 

 
 
Figure 7.13. QEMSCAN images of mineralized, quartz-albite rock, Chibuluma West.  
(a) Albite and sulfide grains occur in crude orthogonal alignments surrounded by quartz and 
scattered poikilotopic, subhedral to euhedral, dolomite. Note the tendency for sharp, planar 
contacts between dolomite and chalcopyrite. (b) Chalcopyrite encloses carrollite, in contrast to 
the previous image, along with albite and tourmaline. An abundance of tourmaline is 
accompanied by traces of sericite, rutile and apatite.  
 
 

Dolomite occurs as subhedral, poikilotopic crystals variously enclosing small quartz and 

albite grains, along with tiny inclusions of tourmaline and rutile (Fig. 7.13a).  Such relationships 

indicate that the dolomite postdated these phases, but was possibly corroded and replaced by 

secondary quartz.  The tendency for sharp, planar contacts between dolomite and chalcopyrite, in 

contrast to the more irregular contacts between quartz and albite, suggests that sulfide 



 

170 
 

crystallization was coeval with dolomite or partly replaced dolomite in a pseudomorphic fashion.  

In dolomite-rich vein material (see Fig. 7.28b), sulfides are intergrown with fresh-looking, 

euhedral dolomite within zones of a more turbid dolomite.  The sulfide-associated dolomite is 

clearly younger than the turbid dolomite.  The latter appears corroded and replaced by sulfide 

and fresh dolomite.  

Authigenic tourmaline occurs either as delicate crystals in association with minor 

amounts of sericite (or ‘Mg-bearing, Al-silicate’), or as relatively large prismatic crystals with 

zoned overgrowths, up to 200 µm in length (Fig. 7.13).  Such tourmaline is often engulfed by 

secondary quartz and less commonly by albite or chalcopyrite, suggesting an early paragenesis.  

Compositions are dominated by Mg-rich dravite.   

Rutile, apatite and zircon occur throughout the rock matrix without any consistent 

associations.  Nonetheless, apatite and zircon tend to occur with quartz, while rutile occurs as 

inclusions in all mineral phases, suggesting both an early (detrital) and late authigenic or 

metamorphic phase in each case. 

 
 
 
7.5.2.2 Pyritic ‘Glassy Quartzite’ 

 

This lithotype is a pyritic and dolomitic, subarkosic, albitic quartzite or a quartz-pyrite-

dolomite-albite rock.  In hand-specimen, its appearance is massive with no discernable detrital 

texture or fabric. 

The mineralogy is dominated by quartz (39%), pyrite (22%), dolomite (18%) and albite 

(17%) with minor, to trace, amounts of phlogopite (1%), chlorite (0.5%), sericite calcite, rutile, 

apatite, tourmaline and monazite.  All major constituents are considered secondary in origin or 

the products of extensive recrystallization.  Pyrite is cobaltiferous and traces of carrollite and 

chalcopyrite are occasionally present. 

Quartz occurs as a polygonal, granoblastic mosaic intergrown with coarse, poikilotopic 

(or poikiloblastic?) crystals of dolomite and anhedral pyrite, which as an assemblage appears to 

engulf and overprint finer-grained, evenly distributed, albite (Fig. 7.14a).  Mutual contacts 

between dolomite and quartz are both sharp and irregular, either the product of replacement or 

simultaneous crystallization.  Albite appears to form linear trails, and includes well-formed, 
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euhedral crystals and crystal fragments.  Where enclosed by dolomite, such albite tends to be 

euhedral or subhedral, whereas albite engulfed by quartz tends to be more irregular or corroded.  

Such textures suggest that the formation of albite largely predated the development of quartz and 

pyrite, but was broadly synchronous with early (now recrystallized) dolomite. 

 

 
 
Figure 7.14. QEMSCAN images of pyritic, quartz-dolomite-albitic rock, Chibuluma West. (a) 
‘Plates’ of coarse, poikilotopic dolomite are enclosed by a quartz-pyrite assemblage, which 
together engulfs evenly-distributed, earlier albite. Traces of chalcopyrite and carrollite are 
visible, along with tourmaline, rutile and apatite. (b) Albite is engulfed by pyrite, dolomite and 
quartz but euhedral forms occur only in association with dolomite.  The pyrite-quartz-dolomite 
assemblage is broadly coeval and in probable textural equilibrium. Note the presence of minor 
phlogopite, chlorite and calcite. 

 
 
Pyrite is generally intergrown and in textural equilibrium with both quartz and dolomite.  

Sharp, polygonal contacts tend to occur in association with dolomite, while smooth curvilinear 

contacts occur in association with quartz (Fig 7.14b).  The origin of the quartz-dolomite-pyrite 

assemblage is uncertain, but tentatively interpreted to represent replacement and silicification of 

an earlier carbonate-anhydrite assemblage.  No evidence of anhydrite remains but traces of 

calcite enclosed by pyrite are consistent with the alteration products of anhydrite. 

In contrast to the orebody quartzite, the pyritic ore contains scattered flakes of 

phlogopite, which, together with traces of muscovite and chlorite, commony occur along the 

margins of pyrite grains (Fig. 7.14b).  Chlorite and phlogopite occur together, but without clear 

evidence that one replaced the other.  Minor rutile, apatite and tourmaline are locally 
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conspicuous but no obvious associations are evident.  Rutile appears to be randomly distributed, 

with no evidence of syn-sedimentary concentrations. 

 
 
 
7.5.3 Nchanga 

 

The Nchanga copper and cobalt deposit is situated in the Ore Shale belt on the western 

flank of the Kafue Anticline (Fig. 7.1) but, like Mufulira to the east, hosts the bulk of its ore in 

arenaceous strata, both above and below the Ore Shale equivalent.  Several individual horizons 

are mineralized but the Lower Orebody (copper only) is the most consistent and laterally 

extensive, comprising the lower part of the ‘Lower Banded Shale’ and the underlying 

‘Transition’ into sericitic arkose.  This orebody is generally tabular and highly strained, having 

formed an important horizon of detachment during orogenesis.  In contrast, ‘The Feldspathic 

Quartzite’ or TFQ unit of the Upper Orebody (copper and cobalt) is preferentially mineralized in 

disharmonic folds.  The detailed geology of the Nchanga deposit was discussed by McKinnon 

and Smit (1961), Diedrix (1977) and McGowan et al. (2003, 2005). 

The Lower Orebody commonly includes a soft, incoherent zone up to 15 m thick (the 

‘Transition’) characterized by quartz-sericite breccia, phyllite, and silicified, banded dolomite 

with quartz geodes (McKinnon and Smit, 1961; Fleischer et al., 1976).  This horizon is a 

probable correlative of the lower dolomitic and anhydritic unit of the Ore Shale in the Chambishi 

and Nkana-Mindola areas and displays features consistent with both a solution collapse breccia 

and shear zone.  At Nchanga, this horizon is characterized by strong supergene alteration which 

has partially or completely replaced the primary sulfide assemblage, and hence was not 

examined for this study. 

The overlying phyllite is a grey to black, laminated, carbonaceous rock with disseminated 

pyrite.  Locally, copper sulfides occur in addition to pyrite.  An upper horizon of quartz-pyrite 

nodules suggests the former presence of anhydrite and is locally overlain by a silicified zone of 

‘brown chert’, possibly after carbonate or anhydrite. 

The Upper Orebody, known locally as ‘The Feldspathic Quartzite’, is a 10 to 30 m thick, 

tabular cross-bedded, medium-grained, locally dolomitic, arkose.  Sulfides occur in the form of 

disseminated to clotty, chalcopyrite and carrollite. 
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Samples selected for study included the arkosic arenite from the ‘Upper Orebody’ and 

pyritic phyllite from the ‘Lower Banded Shale’ unit. 

 
 
 
7.5.3.1 ‘The Feldspathic Quartzite’, Upper Orebody 

 

The dominant lithology of this unit is a pinkish-brown, medium-grained, well-sorted, 

fairly massive, arkosic arenite (Fig 7.3g).  Sedimentary textures and detrital grains are clearly 

recognizable despite having been subject to compaction and partial recrystallization.  Although 

no obvious foliations are evident, weak orthogonal fabrics are defined by a regular network of 

minerals grains which is interpreted to represent a healed microfracture array developed either 

prior to, or contemporaneous with, alteration.  The disseminated sulfides are scattered apparently 

randomly but are locally elongated parallel to the fabric, both oblique and parallel to bedding. 

The mineralogy is dominated by K-feldspar (43%), quartz (36%), sulfide (9% carrollite, 

2% chalcopyrite and trace pyrite), with minor amounts of albite (3%) and muscovite-illite or 

sericite (3%).  Traces of muscovite, kaolinite, chlorite, phlogopite, dolomite and calcite are also 

present, along with accessory rutile, apatite, zircon and monazite.  Elsewhere within the ore 

horizon, the proportions of quartz and feldspar are reported to vary (e.g. McGowan, 2003), as do 

the relative amounts of dolomite and phlogopite.  Other sulfides are reported to include pyrite, 

bornite and chalcocite.     

K-feldspar and quartz dominate both the detrital and secondary phases.  Textures 

generally comprise a mosaic of K-feldspar and lesser polycrystalline quartz, along with scattered 

sulfide grains (Fig. 7.15a).  The detrital K-feldspar grains are turbid and overprinted by minor 

amounts of sericite and kaolinite.  Detrital quartz is not easily discernable as much of the 

enveloping quartz and K-feldspar is composed of fine-grained overgrowths, pore-filling cement 

or silt-sized material.  Secondary quartz locally contains fine rutile inclusions within the mosaic.  

The relative abundance of K-feldspar to quartz (Fig. 7.15b) suggests extensive secondary K-

feldspar cement, and possibly the local dissolution of detrital quartz grains. 

Elongate mineral alignments tend to define crude orthogonal fabrics in the rock (Fig. 

7.16, 7.17) but the overall relationship between the fabrics and the distribution of sulfides is 

weak.  Locally, small patches of fine-grained albite overprint the K-feldspar, possibly in 
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association with secondary quartz or on the edges of K-feldspar grains.  Such zones are 

preferentially developed along alteration corridors aligned to the oblique fabric but show no 

direct association with sulfide mineralization (Fig. 7.17b).  

 

 
 
Figure 7.15. Photomicrograph and QEMSCAN image of arkosic arenite, Upper Orebody, 
Nchanga. (a) Photomicrograph showing turbid, detrital K-feldspar grains in a fine-grained 
mosaic of polycrystalline quartz and secondary K-feldspar.  Opaque sulfides aggregates are 
randomly disseminated. (b) QEMSCAN image showing a sulfide aggregate of carrollite (and 
minor chalcopyrite) in intimate association with secondary muscovite and dolomite.  Note the 
pervasive nature of secondary K-feldspar, with islands of quartz and traces of albite. Minor 
rutile, zircon and chlorite are also visible.  
 
 

 The sulfide mineralogy is locally dominated by carrollite with small inclusions and 

attachments of chalcopyrite, usually without a clear indication of one replacing the other.  Such 

carrollite is commonly characterized by a relative abundance of tiny silicate inclusions, whereas 

chalcopyrite is noticeably more homogeneous.  The sulfide grains are commonly rimmed by 

secondary quartz but may be entirely engulfed by secondary K-feldspar.  Sulfides aggregates 

generally form scattered clots, but are locally developed as subhedral, poikilotopic crystals of 

carrollite up to 6 mm in size (Fig. 7.16).  Such grains have a sponge-like texture with an 

abundance of both detrital and diagenetic inclusions that suggests the pseudomorphic 

replacement of an earlier cementing phase (e.g. early diagenetic pyrite, dolomite or anhydrite).  

Similar crystals of coarse-grained, poikilotopic carrollite are reported from the footwall arenites 

of the Konkola orebody (Sweeney and Binda, 1989). 
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Figure 7.16. QEMSCAN images of ‘The Feldspathic Sandstone’, Upper Orebody, Nchanga. (a) 
Sulfides are distributed as large, subhedral, poikilotopic (sponge-like) carrollite-chalcopyrite 
aggregates in addition to smaller, irregular-shaped clots. Note the weak orthogonal fabrics 
(arrows). (b) Magnified view of poikilotopic carrollite reveals a variety of matrix inclusions, 
including secondary muscovite partly aligned to a weak oblique fabric.  
 

 
 
Figure 7.17. QEMSCAN images of arkosic arenite, Upper Orebody, Nchanga.  
(a) Carrollite and chalcopyrite are intimately intergrown without a clear indication of one 
replacing the other, along with secondary muscovite. The sulfide aggregate is partly shaped by 
an oblique fabric. Chlorite partly overprinted by phlogopite is also visible.  
(b) A sulfide aggregate with muscovite inclusions surrounded by secondary quartz and a zone of 
localized albite alteration.  Note the alignment of chalcopyrite with respect to the quartz-albite 
domains (parallel to bedding?).  Rutile and zircon are conspicuous in this sample. 
 
 

Stumpy laths of well-formed, secondary muscovite are intimately associated with the 

sulfide clots, along with euhedral crystals of poikilotopic dolomite (Figs. 7.15b, 7.17).  This 

intimate association suggests that the formation of muscovite and dolomite was 
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contemporaneous with sulfides mineralization.  However, the poikilotopic nature of the dolomite 

is reminiscent of early-formed cement.  Minor amounts of dolomite also occur as patchy 

intergranular cements without a sulfide association.   

Rutile occurs as relatively coarse-grained authigenic clots intergrown with quartz or 

feldspars, although is also present in a variety of other associations.  Increased concentrations 

tend to occur in association with albite alteration corridors (Fig. 7.17b), along with patchy 

chlorite and traces of phlogopite.  Apatite and zircon are also locally conspicuous in such zones. 

 
 

 
7.5.3.2 Pyritic, Lower Banded Shale, Lower Orebody 

 

The dominant lithology of the Ore Shale at Nchanga is a gray to black, finely laminated, 

slightly carbonaceous, pyritic phyllite or fine-grained, feldspathic siltstone (see Fig. 7.3a).  The 

rock is generally well-foliated with a strong bedding-parallel fabric or slaty cleavage defined by 

phyllosilicates minerals, but additionally dispays a weak, oblique fabric that cuts bedding at a 

low-angle.  The mineralogy is very fine-grained, but silt- to sand-sized grains are occasionally 

present.  The beds are sometimes defined by sub-concordant vein-like aggregates or coarse-

grained concentrations of pyrite intergrown with quartz and lesser K-feldspar (Fig. 7.18).  

The mineralogy of this lithotype is dominated by very fine-grained muscovite and illite 

(i.e. sericite) (40%), K-feldspar (28%), quartz (23%) and pyrite (6%), along with trace amounts 

of phlogopite and chlorite.  Accessories include rutile, tourmaline, zircon, apatite and monazite.  

Alunite was detected as a very fine-grained, rare constituent but not confirmed by other means. 

The detrital matrix appears to have undergone partial recrystallization together with the 

addition of K-feldspar.  Fine-grained muscovite and sericite locally defines an oblique foliation 

and is thus clearly secondary in origin.  Chlorite is rare and phlogopite occurs in trace amounts 

only. 

Fine-grained pyrite is disseminated throughout the matrix and generally shows anhedral 

to subhedral forms, whereas coarser-grained aggregates are commonly confined to bedding 

surfaces.  The latter-type is subhedral to euhedral in form and tightly cemented by secondary 

quartz and K-feldspar.  The edges of pyrite cubes are locally aligned to an oblique fabric that 

cuts bedding at a low angle. Quartz tails are evident which may represent pressure shadows.  The 
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quartz-pyrite aggregates are tentatively interpreted as the alteration product of lensoidal 

concentrations of anhydrite or gypsum in accordance with Annels (1974).  An identical 

assemblage is seen to replace anhydrite nodules in the immediate hangingwall.  Traces of 

chalcopyrite occur as fine inclusions in secondary quartz (Fig. 7.18b). 

Zircon and monazite with zoned euhedral overgrowths occur in local concentrations on 

quartz-rich bedding surfaces.  In contrast, very fine-grained tourmaline and granular rutile of 

probable authigenic (or metamorphic) origin are scattered more randomly.  No dolomite was 

observed. 

 

 
 
Figure 7.18. QEMSCAN images of pyritic, carbonaceous phyllite, Lower Banded Shale, 
Nchanga. (a) Pyrite is finely disseminated or occurs as coarser-grained, euhedral to subhedral 
grains intergrown or engulfed by quartz. Note the euhedral zircon and relative abundance of 
rutile (red). (b) Subhedral pyrite with secondary quartz tails that suggest the development of 
pressure shadows.  Note the occurrence of fine euhedral monazite and chalcopyrite enclosed by 
quartz.  The larger pyrite aggregate is locally deformed by a weak oblique fabric that cuts 
bedding at a low angle. 

 
 
 

7.5.4 Nkana-Mindola 

 

The Nkana-Mindola copper and cobalt mine, like the Nchanga mine, is situated in the 

Ore Shale belt on the western flank of the Kafue Anticline.  The orebodies are hosted almost 

exclusively by the Ore Shale or Copperbelt Orebody Member, consisting locally of a 20-30 m 

thick unit of carbonate, siltstone and shale.  The detailed geology of these deposits was discussed 
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by Jordaan (1961), Bard and Jordaan, (1963), Clemmey (1974), Fleischer et al. (1976) and more 

recently, by Brems et al. (2009). 

The Ore Shale at the Nkana-Mindola mine consists of a cyclical succession of silty, 

dolomitic and anhydrite-bearing lithotypes divided into several units on the basis of lateral 

variations across the length of the deposit, from the Mindola Section in the north, through the 

Central Shaft area, to the South Orebody.  The Mindola area is characterized by a schistose, 

micaceous and calcareous unit at the base (the ‘Schistose Ore’), followed by a succession of 

interlaminated siltstones, dolomitic siltstones and dolomites, locally with bedded and nodular 

anhydrite.  The schistose unit represents a style of shear-hosted ore characterized by coarse-

grained, clotty sulfides in a strongly recrystalized, carbonate-phlogopite-quartz assemblage.  This 

ore type is considered analogous to the ‘Transition Unit’ beneath the previously described 

‘Lower Banded Shale’ at Nchanga. 

In contrast to the Mindola area, the South Orebody consists of a dense, silicified shale 

(the ‘Contact Shale’) and a thin, tremolitic to phlogopitic schist at the base; or locally a basal 

schistose dolomite-siltstone unit, followed by a thicker (5-20 m), black, carbonaceous shale (the 

‘South Orebody Shale’).  Unlike many of the ore-bearing horizons of the Copperbelt, the latter is 

demonstrably deformed at all scales, having been tightly folded within the nose of the Nkana 

syncline and as a result, hosts the bulk of its sulfides as veins. 

The ‘South Orebody Shale’ and ‘Schistose Ore’ were selected as representatives of 

structurally-controlled or vein-style of mineralization.  

 
 
 
7.5.4.1 South Orebody Shale 

 

The dominant lithology of this ore-type is a foliated, very fine-grained, black, 

carbonaceous phyllite with sulfide-bearing veins and lenses (Fig 7.3c).  The latter range from 

thin, wispy veinlets to several centimeters thick.  These comprise either a sulfide-only, or a 

mixed sulfide-carbonate-quartz assemblage.  The sulfide veins are associated with a penetrative, 

slaty cleavage that is orientated either subparallel or oblique to bedding.  Sulfides additionally 

occur as fine disseminations. 
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The mineralogy of the phyllite is dominated by muscovite (39%), muscovite-illite or 

sericite (10%), K-feldspar (24%), sulfide (10%), quartz (8%) and phlogopite (5%), with minor 

amounts of calcite, dolomite, kaolinite, chlorite, talc, barite and graphitic carbon usually present.  

Common accessories include apatite, rutile, tourmaline, zircon and monazite.  The sulfide 

assemblage is dominated by chalcopyrite, with minor amounts of pyrite, and traces of carrollite. 

The fine-grained components of the ore are more or less evenly distributed in their 

constituent proportions although sericite tends to concentrate on the margins of sulfide veinlets, 

or along cleavages and shear planes.  Fine-grained phlogopite is also locally more abundant on 

the edges of larger sulfide veins and within slightly coarser, quartz-rich beds (Fig. 7.19).  A 

minor component of the fine, disseminated sulfides occurs in the quartz-rich beds suggesting a 

local porosity control. 

Paper-thin and millimeter-sized veinlets and lenses of chalcopyrite appear to follow both 

the bedding and cleavage planes.  Contacts between the veins and the surrounding shale may be 

sharp or diffuse, locally grading into disseminated sulfides adjacent to the veinlet (Fig. 7.20).  

Inclusions of relatively coarse-grained, clotty rutile and apatite are common in the veins and thus 

appear contemporaneous with sulfide growth.  Chalcopyrite veinlets are generally 

monomineralic but locally include minor amounts of pyrite or traces of sphalerite.  A Mg-

bearing clay mineral associated with traces of pyrite, carrollite, chlorite and barite occurs in rare 

polymineralic nodules. 

Larger, more irregular sulfide veins are dominated by a chalcopyrite-calcite assemblage 

that additionally hosts a variety of inclusions (Fig. 7.19a-b).  Euhedral pyrite is engulfed but not 

replaced by chalcopyrite.  Pyrite tends to cluster on the margins of veins and coarse, crystalline 

calcite occurs internal to the veins, along with traces of carrollite, quartz, K-feldspar, dolomite, 

anhydrite and barite.  Coarse phlogopite with minor amounts of chlorite also occur along vein 

margins, and well-formed, phlogopite laths locally show a distinctive Mg-rich composition 

relative to matrix phlogopite.  

Textural relationships in the veins suggest that chalcopyrite is the youngest phase yet is 

potentially coeval with the growth of phlogopite and Mg-chlorite, along with the introduction or 

recrystallization of calcite. 
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Figure 7.19. QEMSCAN image and photomicrograph of the South Orebody Shale, Nkana. (a) 
Massive, layer-parallel sulfide vein in carbonaceous shale. Pyrite and phlogopite are engulfed by 
chalcopyrite. The well-formed laths of phlogopite (with minor chlorite) are Mg-rich with respect 
to the fine-grained, matrix phlogopite. Note the presence of very-fine, disseminated chalcopyrite 
in the phlogopite-rich seam near the base of image. (b) Enlarged view of previous shows 
phlogopite lath and euhedral pyrite engulfed, but not replaced, by chalcopyrite. 
 
 

 
 
Figure 7.20. QEMSCAN images of the South Orebody Shale, Nkana. (a) Chalcopyrite veinlets 
or lenses are intergrown with clotty, apatite and rutile, along with traces of chlorite. Sericite is 
preferentially concentrated on the veinlet rims. Note also the more diffuse, disseminated sulfide 
in the lower part of the image. (b) Split image: Left shows chalcopyrite veinlets intergrown with 
relatively coarse, rutile and apatite, along with disseminated chalcopyrite in the quartz-rich bed 
at base. Right image shows a late pyrite veinlet cutting bedding/foliation and possibly 
overprinting (?) a chalcopyrite veinlet. 
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7.5.4.2 Schistose Ore 

 

The dominant lithology of this unit is a calcite-phlogopite-quartz schist containing coarse, 

chalcopyrite and carrollite aggregates.  A wavy schistocity is imparted by micaceous masses 

chaotically disaggregated and engulfed in a carbonate-rich matrix, thereby forming a relatively 

weak fabric.  Sulfides are coarse-grained and blebby with local alignments parallel to the 

foliation.  However, sulfide clots are commonly irregular and amorphous (~amoeboid) in form, 

or show no preferred orientation. 

The mineralogy of the schist is dominated by calcite (38%), phlogopite (26%), sulfide 

(15%) and quartz (5%), with minor amounts of dolomite (2%), sericite, chlorite, talc and apatite.  

Chalcopyrite is the main sulfide phase, along with minor carrollite and traces of pyrite.  

Accessory minerals (i.e. rutile, zircon and tourmaline) are noticeably absent or very scarce in 

comparison to other ore-types.  

Felted masses of phlogopite are commonly engulfed and enclosed by a recrystallized 

assemblage of coarsely crystalline calcite and quartz (Fig. 7.21).  Sparry calcite forms the 

dominant cement that tends to enclose all other components.  Phlogopite masses commonly show 

a preferred orientation, but also occur as randomly orientated flakes and aggregates.  The latter 

may be almost monomineralic, occurring as interlocking blades, or are alternatively intergrown 

with quartz and disseminated chalcopyrite.  Such aggregates host clotty apatite along with minor 

amounts of chlorite or talc. 

Irregular chalcopyrite grains are enclosed by calcite but also occur as elongate lenses 

within and adjacent to the phlogopite-quartz assemblage.  Chlorite and talc are commonly 

intergrown with the sulfides in an intimate way, often occurring as partial rims and tails to 

sulfide grains (Fig. 7.22).  Such textures indicate that sulfide growth or recrystallization was 

coeval with chlorite and talc, but post-dated an earlier phlogopite-quartz-apatite assemblage.  

The textures also suggest that sulfide growth occurred at the expense of calcite or was 

accompanied by the formation or recrystallization of calcite, along with quartz.  The possibility 

that such an assemblage was derived from a dolomitic and/or anhydritic precursor is supported 

by the relative abundance of the latter phases (along with phlogopite) in correlative strata 

peripheral to the orebody. 
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Figure 7.21. QEMSCAN images of Schistose Ore, Nkana. (a) Calcite-phlogopite-sulfide schist 
consisting of a phlogopite-quartz assemblage engulfed and cut by a coarse, calcite-quartz-sulfide 
(±chlorite and talc) assemblage. Sparry calcite encloses all components.   
(b) Coarse, blebby carrollite is rimmed by chalcopyrite and replaced along fractures.  
Chalcopyrite also occurs as fine disseminations within the phlogopite-quartz assemblage.  Note 
the presence of both chlorite and talc in close association with sulfide grains. 
 
 

 
 
Figure 7.22. Photomicrograph and corresponding QEMSCAN image of Schistose Ore, Nkana. 
(a) Felted masses of phlogopite are engulfed by calcite. The latter appears to be corroded by, 
and/or intergrown, with chalcopyrite. Talc and chlorite are intimately associated with 
chalcopyrite grain, along with quartz. The chlorite flake at top left appears to be bent along the 
margin of a deformed sulfide grain. (b) QEMSCAN image corresponding to the adjacent 
photomicrograph. 
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7.5.5 Konkola 

 

The Konkola copper mine is situated at the northern end of the Ore Shale belt on the 

western margin of the ZCB.  In this region, the Ore Shale unit of the Copperbelt Orebody 

Member comprises a cyclical succession of dolomitic siltstones, shales and feldspathic arenites.  

The lowermost succession (9 m) hosts the bulk of economic sulfides and is subdivided into five 

horizons (Units A to E) on the basis of lithological and grade variations within the orebody.  

Details of the Konkola (formerly Bancroft) deposit were documented by Schwellnus (1961), 

Fleischer et al. (1976), Sweeney et al. (1986) and Sweeney and Binda (1989). 

In comparison to the Nkana-Mindola mine, the Ore Shale at Konkola displays a lower-

degree of strain.  Apart from the presence of intrafolial folding and crenulations at the base of the 

orebody, the ore-bearing units are essentially intact, and sedimentary textures are well-preserved. 

The typical sulfide-bearing lithology is a laminated to massive siltstone with thin, 

intercalations of dolomite and dolomitic sandstone.  The former presence of anhydrite is 

indicated by the presence of small, diagenetic nodules or ‘lenticles’ replaced by an assemblage of 

dolomite, sulfide, quartz and K-feldspar.  Sulfides generally occur as fine disseminations in 

siltstone units or within nodules, but also as coarser blebs in bedding-parallel lenses and 

dolomitic bands.  The petrographic description below pertains to the more dolomite-rich, banded 

units of the orebody, namely Units C and D. 

 
 
 
7.5.5.1 Dolomitic Ore Shale 

 

The dominant lithology of this unit is a finely laminated, feldspathic siltstone with 

intercalated dolomitic sandstone and dolomite beds (Fig. 7.3b).  Thin sandstone lamellae occur at 

the base of, and within, the dolomitic units.  Detrital grains and sedimentary structures are 

generally well-preserved despite the presence of recrystallized or annealed textures in certain 

components.  A bedding-parallel fabric and weaker sub-concordant, oblique foliation is 

developed in the siltstones.  A steeper foliation locally developed in dolomite-rich horizons (Fig. 

7.4a) is deflected into bedding-parallelism adjacent to the enveloping siltstone beds.  However, 

detrital grains are commonly unorientated.  Instead, these fabrics are largely defined by the 
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orientation of recrystallized dolomite and associated phases, namely K-feldspar, quartz, 

phlogopite and sulfide.  Such textures suggest that fabric development potentially accompanied 

recrystallization and alteration. 

Sulfides occur in several forms: namely as (1) very fine disseminations or thin bedding-

parallel stringers and lenses in the siltstone, as (2) coarser grained aggregates in the sandstone 

laminae, or as (3) coarse, oriented blebs in dolomite-rich beds (Fig. 7.23a). 

 

 
 
Figure 7.23. QEMSCAN images of dolomitic Ore Shale, Unit C/D, Konkola.  
(a) Laminated feldspathic siltstone overlain by dolomite and dolomitic sandstone beds. Note the 
oblique planar foliation in the dolomite-rich bed, defined in part by coarse, blebby sulfides. (b) 
Feldspathic siltstone unit (at base of previous image) showing disseminated sulfide grains 
intergrown with clots of secondary K-feldspar. 
 
 

The C/D unit of the Konkola Ore Shale is thinly banded and therefore heterogeneous in 

composition at various scales.  The mineralogy comprises dolomite (37%), K-feldspar (19%), 

quartz (13%), phlogopite (10%), illite-muscovite or muscovite (8%) and sulfide (8%), along with 

minor amounts of albite (2%), calcite, kaolinite, chlorite, and talc.  Accessory minerals include 

apatite, rutile, tourmaline, zircon and monazite.  The sulfide assemblage consists of chalcopyrite 

with small amounts of bornite and traces of carrollite and/or pyrite. 

Siltstone beds are dominated by very fine-grained K-feldspar and quartz intergrown with 

muscovite and sericite (Fig. 7.23b).  K-feldspar is abundant and largely secondary in origin.  

Scattered clots and fine blades of phlogopite, with small amounts of dolomite, make up the 

remainder of the matrix.  Chalcopyrite and bornite are very finely disseminated or occur as 
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irregular-shaped grains aligned individually or collectively into thin lenses in accordance with 

bedding or sub-concordant fabrics. 

Within the siltstone bands of the Ore Shale, sulfide phases are commonly intergrown with 

clots of K-feldspar, while albite is generally absent.  Rutile occurs as occasional inclusions in 

sulfide grains and apatite is relatively abundant, the irregular-forms of the latter suggesting an 

authigenic origin.  Minor amounts of chlorite, tourmaline, zircon and monazite also occur. 

Thin, sandy laminae at the base of dolomite-rich bands comprise medium- to fine-

grained, rounded to elongate, detrital K-feldspar and quartz grains, along with detrital laths of 

muscovite and minor amounts of phlogopite (Fig. 7.24a).  This detrital assemblage is tightly 

cemented by an assemblage of chalcopyrite, secondary quartz and minor amounts of albite.  The 

K-feldspar grains are locally surrounded by a euhedral overgrowth that clearly predates the rest 

of the pore-filling cement.  K-feldspar grains may be partly sericitized and are locally associated 

with small amounts of secondary muscovite, yet rarely show any evidence of albitization.  

Instead, albite is largely restricted to subhedral or euhedral crystals intergrown, or engulfed by 

sulfides, either adjacent to corroded K-feldspar grains or as euhedral ‘outgrowths’.  Albite thus 

forms an early component of the intergranular cements and predates the sulfides, or was 

synchronous with early sulfide growth. 

With increasing dolomite as a matrix component, the detrital grains become more 

dispersed and are accompanied by coarse masses of phlogopite with irregular intergrowths of 

secondary K-feldspar and quartz (Fig. 7.24b).  Some detrital grains appear well-preserved, but 

locally the assemblage of K-feldspar-quartz appears entirely secondary in origin.  Quartz is 

generally the dominant component and commonly engulfs K-feldspar.  In some cases, detrital K-

feldspar grains have well-defined euhedral overgrowths encased in later quartz.   

Unaltered detrital muscovite occurs within the dolomite-rich bands as bent and broken 

laths mantled by phlogopite overgrowths.  The muscovite laths are locally aligned to a foliation 

defined by recrystallized dolomite and sulfide grains, but also occur in random orientations. 

 Sulfides within the dolomite-rich bands occur as coarse and elongated blebs partly 

aligned with the foliation, and commonly enclosed or engulfed by dolomite or quartz.  Non-

aligned and irregular-shaped sulfides also occur.   

Albite occurs as euhedral to subhedral inclusions within sulfide or is partly engulfed by 

sulfide, commonly with sharp planar contacts between the two (Fig. 7.24 a, 7.25a).  Such 



 

186 
 

textures suggest once again that albite growth was synchronous with, or pre-dated, sulfide 

growth.  However, the fact that sulfides nearly always enclose albite and rarely, if ever, occur as 

inclusions suggests that albite is the earlier phase.  In contrast, quartz commonly occupies the 

same intergranular spaces as sulfide minerals and engulfs sulfide grains in a way that suggests a 

broadly synchronous timing. 

 

 
 
Figure 7.24. QEMSCAN images of dolomitic Ore Shale, Unit C/D, Konkola. (a) Sulfide-rich 
sandstone bed at the base of a dolomite-rich band. Detrital K-feldspar grains (along with detrital 
muscovite and quartz) are tightly cemented by chalcopyrite. The bed is overlain by a phlogopite-
rich horizon. Note that secondary quartz and early euhedral albite is intergrown with, and 
engulfed by, chalcopyrite. (b) Bent and broken detrital muscovite is mantled by phlogopite, 
which in turn is engulfed by, or intergrown with sulfide. Such textures potentially reflect 
synchronous growth of phlogopite and sulfides during metamorphism but are also consistent 
with wholesale replacement, late sulfide recrystallization or remobilization. 
 

 
Phlogopite is generally scattered throughout the Ore Shale but is sometimes concentrated 

towards the base of dolomite bands where it tends to nucleate on detrital muscovite or appear at 

the apparent expense of K-feldspar and dolomite.  Traces of Mg-chlorite occur as inclusions or 

attachments to this phlogopite but are not an obvious replacement phase.  K-feldspar is present as 

residual inclusions, and sulfides are locally intergrown in apparent textural equilibrium with this 

phlogopite (Fig. 7.24b).  Such textures suggest that sulfide growth (or recrystallization) was 

broadly synchronous with phlogopite but could also indicate wholesale replacement of an earlier 

assemblage, itself intergrown with sulfide.  The clear preservation of detrital textures suggests 

that recrystallization and/or remobilization was probably limited, thus favoring the former 
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interpretation.  However, the lack of a consistent relationship between phlogopite and sulfide 

precludes a definitive interpretation. 

 

 
 
Figure 7.25. QEMSCAN images of dolomitic Ore Shale, Unit C/D, Konkola. (a) Coarse-grained, 
blebby sulfides are intimately intergrown with euhedral albite and engulfed by dolomite.  Such 
textures indicate that albite growth predated, or was partly synchronous with sulfide 
crystallization. Note the alignment parallel to an oblique foliation. (b) Split image showing a 
variety of relationships between the sulfide phases. Chalcopyrite is commonly replaced by 
bornite, yet both tend to engulf and replace earlier carrollite.  Note that euhedral albite occurs 
within sulfide aggregates in two of the illustrations. 

 
 
The dominant sulfide phases, namely bornite and chalcopyrite, appear to be broadly 

synchronous in timing and in places, mutually exclusive.  Bornite locally replaces chalcopyrite 

or occurs as exsolution lamellae in the chalcopyrite (Fig. 7.25b).  Carrollite tends to be subhedral 

and always enclosed by other sulfide phases, as is commonly observed in other ZCB deposits 

(Selley et al., 2005).  Pyrite is rare and generally occurs in association with chalcopyrite. 

Finally, small amounts of rutile are present, characteristically showing a random 

distribution but locally as small attachments or inclusions to sulfide grains.  Relatively coarse-

grained apatite is similarly dispersed, along with rare tourmaline, zircon and monazite.  Only in 

the coarser-grained sandstone lamellae at the base of dolomite-rich bands are local 

concentrations of accessory minerals developed. 
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7.6 Summary of mineral textures and paragenesis  

 

Several consistent mineral textures and relationships can be identified in the sulfide ores 

examined in this study, despite the wide range of lithotypes, varying degrees of strain, and 

evidence for locally intense recrystallization.  Such observations provide the basis for 

establishing a paragenetic history for the ZCB as a whole (Fig. 7.26). 

Key to establishing a paragenetic sequence is the observation that detrital and diagenetic 

components of the ore-bearing strata are remarkably well-preserved.  This conclusion is in 

contrast to the view that extensive recrystallization occurred during orogenesis and 

metamorphism, thereby overprinting early diagenetic phases and remobilizing the sulfide 

components (e.g. Selley et al., 2005).  With the exception of the quartz-albite rocks of the 

Chibuluma West orebody, detrital grain morphologies, early overgrowths and later cements are 

in many cases readily identifiable.  As such, the ores of the ZCB can be directly compared to 

sedimentary rocks that have undergone burial diagenesis in analogous, as yet, non-

metamorphosed settings.  

The above does not discount the fact that the ZCB ores have undergone significant 

metasomatism and partial recrystallization.  Indeed, the effects of recrystallization in the finer-

grained lithotypes may be responsible for complex textural relationships, such as those at 

Konkola.  Interpretation is further complicated by corrosion or partial dissolution of the detrital 

components, the introduction of late burial cements, and the near complete replacement of 

certain earlier phases (e.g. anhydrite). 

The remainder of this chapter attempts to summarize, in a chronological sequence, the 

processes that occurred from deposition, through to mineralization and metamorphism.   

 
 
 

7.6.1 Detrital mineralogy 

 

The detrital components of the host strata are invariably dominated by quartz, feldspar 

and muscovite, along with minor to trace amounts of heavy or resistate minerals such as apatite, 

tourmaline, zircon and monazite, listed here in their usual order of decreasing abundance.  

Additionally, the former presence of ferromagnesian silicates and ilmenite, accompanied by 
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other Fe- and Ti-bearing oxides (e.g. titanomagnetite) is inferred from the common presence of 

their alteration products, namely rutile, leucoxene, hematite, various secondary Fe-Ti oxides, and 

pyrite. 

Calcite, dolomite and anhydrite were locally important as sedimentary components, a 

feature consistent with deposition in a marginal marine, evolving evaporitic environment.  Such 

phases were deposited as subaqueous precipitates interlayered with siliciclastic components, or 

as intrasedimentary, early-displacive nodules and sabkha-facies evaporite beds.  Sedimentary 

carbonates were probably deposited as calcite and were later transformed to dolomite during 

diagenesis.  Similarly, syn-sedimentary anhydrite nodules were initially emplaced as gypsum and 

then transformed to anhydrite with burial, although the precipitation of primary anhydrite is also 

possible under extreme temperatures and high rates of evaporation.  The initial distribution and 

relative abundance of these minerals is difficult to quantify given their relatively high 

susceptibility to dissolution, silicification, and dolomitization. 

Certain ores display anomalous amounts of rutile, apatite (both up to 0.5%) and/or 

tourmaline (up to 2% at Chibuluma West), locally accompanied by elevated amounts of zircon 

and monazite.  As each of these is present only as a trace component, comprising both detrital 

and authigenic phases, their nature and timing remains poorly constrained.  Concentrations of 

these minerals can occur by virtue of a marine transgression and sediment reworking (Chapter 5) 

or, in the case of apatite, be attributed to bacterial decomposition of organic matter (Rasmussen, 

1996; Warren, 2006).  Similarly, a strongly reducing environment during deposition of the 

Copperbelt Orebody Member would have facilitated the development and stability of rutile 

rather than hematite (Carrol, 1960; Chapter 5).  In many cases, however, textural relationships 

suggest a significant component of these that can be linked to later, authigenic (or metamorphic) 

processes. 

 

 

7.6.2 Diagenesis 

 

K-feldspar and quartz are volumetrically the most important authigenic phases attributed 

to early diagenesis of the ore-bearing strata, as has been recorded in previous studies (e.g. 

Sweeney and Binda, 1989; Selley et al., 2005).  Both occur as early overgrowths on detrital 
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grains and later pore-filling cements, commonly preceding the introduction of carbonate and 

anhydrite cements.  Less abundant diagenetic phases include hematite, rutile, apatite, tourmaline, 

pyrite and albite, each of which appears to occur as both entirely new authigenic phases, in 

addition to zoned overgrowths on detrital grains.  Although successive phases of growth can be 

demonstrated in some cases, all generally predate the main phase of Cu-sulfide growth.  An 

interpreted sequence of diagenetic events is detailed below and illustrated in figure 7.26. 

 

                       
 
Figure 7.26. Schematic illustration of the paragenetic history of authigenic (non-detrital) 
minerals common in the ore-bearing strata of the ZCB based on textures and relationships 
observed in this study. Despite overlaps and multiple phases of precipitation, general trends 
indicate an early dominance of potassic alteration, followed by sodic and finally magnesian 
phases, the latter associated with late sulfide growth. Phases associated with late veins are not 
depicted. (Line thickness donates relative importance, while dashed and dotted lines indicate 
ambiguity or uncertainty). 
 



 

191 
 

7.6.2.1 Grain dissolution  

 

Widespread dissolution of unstable detrital grains in the ore-bearing strata of the ZCB is 

indicated by a plagioclase-deficient composition of the feldspar component, an abundance of 

corroded grains, and a general lack of ferromagnesian minerals or lithic fragments.  The 

dissolution of these phases, along with the destruction of some phyllosilicates (plus clays) and 

early hematite coatings, may have liberated many of the trace elements required for the early 

growth of accessory phases (Selley et al, 2005).  The extent to which dissolution preceded the 

development of certain authigenic minerals, including Cu- and Co-sulfides, provides a relative 

constraint on the timing of sulfide introduction.  Such observations clearly indicate that 

mineralization commenced only after significant burial and dissolution-related modification of 

the sediments.     

Detrital plagioclase is notably absent from the Roan Group strata (Chapters 5 and 6) 

despite a moderate to high Na content of the detrital provenance, as is evidenced by petrographic 

studies of the basement complex (e.g. Mendelsohn, 1961).  Plagioclase in the Roan Group is 

exclusively present as secondary albite, suggesting that all detrital plagioclase not lost through 

dissolution was subsequently albitized.  Similarly, QEMSCAN analyses indicate that detrital K-

feldspar grains are characterized by end-member compositions, commonly identified as 

microcline with minor orthoclase.  Detrital plagioclase and Na-rich K-feldspars were thus 

entirely destroyed during diagenesis and replaced by Na-poor K-feldspar, locally accompanied 

by sericite, a feature of the Roan Group first noted by Darnley (1960). 

The progressive dissolution of plagioclase during burial diagenesis is a recognized 

feature of many Phanerozoic basins, due in part to K-feldspar being inherently more stable 

during diagenesis (Walker et al. 1978).  As examples, the increased dissolution of feldspar with 

depth and the selective removal of plagioclase from sediments have been described from both the 

North Sea and Gulf of Mexico basins (e.g. McBride et al., 1987; Gold, 1987; Harris, 1989).  

Such studies have shown, however, that the components most susceptible to dissolution and 

replacement depend largely on the specific fluid chemistry of the basin.  Nonetheless, with 

progressive burial, K-feldspar is commonly removed by wholesale dissolution while plagioclase 

is stabilized at depth by secondary albite (Land et al., 1987).  Situations in which K-feldspar is 

preferentially stabilized with respect to plagioclase could be favored by anomalously high K+/H+ 
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ratios and high silica activities.  Such conditions characterize restricted evaporitic settings, either 

via the influence of contemporaneous evaporation or later dissolution of bedded evaporites. 

The complete absence of feldspar in certain ores of the ZCB, notably the quartzose 

‘greywacke’ at Mufulira, requires an alternative explanation.  Although sedimentary processes 

have been invoked for the composition of such rocks (van Eden, 1974), the petrographic 

evidence supports an origin via dissolution and sericitization of K-feldspar, including both the 

detrital and early authigenic phases.  In this case, the instability of feldspar may be favored by a 

low-pH and linked to acidity generated by accumulations of sour gas or liquid hydrocarbons 

(Annels, 1979; Selley et al., 2005).  Several scenarios can be envisaged for generating such acids 

via the dissolution of anhydrite and subsequent thermochemical reduction of sulfate.  Once 

again, such processes highlight the importance of evaporites in the unique mineralogical 

character of the Roan Group. 

 
 
 
7.6.2.2 Early carbonate and sulfate cements 

 

Recrystallized carbonates and anhydrite are common to the ore-bearing strata of the ZCB 

(but not necessarily the ores themselves).  These minerals occur either as patchy to pervasive, 

interstitial cements and nodules, or as massive to semi-massive, beds.  Although the initial 

abundance and paragenesis of such phases is difficult to determine due to dissolution, 

replacement and recrystallization, where clearly part of the authigenic assemblage, an early 

timing is commonly indicated.  Despite consistently postdating the earliest silicates, notably 

quartz and K-feldspar overgrowths, the origins of carbonate and anhydrite are closely linked to 

the sedimentary environment of the host strata, and hence are dealt with prior to their 

contemporary diagenetic phases. 

The dolomitization of calcite, and the emplacement of both dolomite and anhydrite as 

diagenetic pore-filling cements, is commonly attributed to brine reflux, a process whereby 

platform-top brines of elevated salinity move downward and displace less dense pore fluids at 

depth (Adams and Rhodes, 1960).  However, the timing of such events remains uncertain.  

Reflux circulation is generally active during initial brine generation (i.e. evaporation) but the 

resulting brines may have long residence times and can continue to sink through the platform and 
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entrain seawater long after reflux, a phenomenon termed latent reflux (Jones et al., 2002).  

Alternatively, brines produced from the dissolution of bedded evaporites or gypsiferous 

sandstones (i.e. aeolian gypsum) may also contribute to pore-filling cements much later in the 

burial cycle (Warren, 1991). 

In the ZCB, an early for timing dolomite and anhydrite cements is suggested by the 

coexistence of displacive sulfate and carbonate nodules in the Ore Shale, the formation of which 

is commonly interpreted as a syndepositional or early diagenetic process.  Additionally, the 

presence of well-preserved, detrital silicate grains in open-packed, dolomite-cemented arenites 

(e.g. Mufulira, Fig. 7.11a) suggests that these grains were encased and preserved prior to 

significant burial.  Such grains generally lack significant corrosion or overgrowths.  Finally, the 

presence of an open-packed, sandstone framework with high ‘minus cement’ porosity, further 

implies that the cements were introduced prior to significant compaction. 

Bedded dolomite and early diagenetic cements are generally assumed to precipitate 

initially as calcite, and are later dolomitized.  In the ZCB, however, dolomite was locally formed 

as a direct replacement of anhydrite.  The direct replacement of dolomite by anhydrite is 

supported by carbon and oxygen isotopic data (Selley et al., 2005; see Chaper 5) and is 

evidenced by the common occurrence of residual inclusions. 

Lath-like crystals of dolomite and elongated sulfide grains tend to characterize the 

relatively undeformed rims of former anhydrite nodules in the ZCB (e.g. Annels, 1974; Sweeney 

and Binda, 1989).  Similar morphologies locally impart a planar foliation to the carbonate-sulfide 

assemblages at Konkola (Fig 7.23a).  The latter comprise a preferred orientation of tabular grains 

perpendicular or oblique to bedding which is generally regarded as deformational in origin but 

the possibility that such textures represent the pseudomorphic replacement of anhydrite requires 

further consideration.    

 
 
 
7.6.2.3 Early K-feldspar and quartz overgrowths and cements  

 

Minor K-feldspar and quartz overgrowths on detrital grains of the same composition are 

consistently amongst the earliest diagenetic phases observed in the ore-bearing strata of the ZCB.  

Such overgrowths are predated only by the earliest phases of diagenetic rutile, tourmaline, 
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apatite, and clays later transformed to sericite.  Although widely reported in the literature (e.g. 

Selley et al., 2005 and references therein), the significance of these overgrowths has been largely 

overlooked.  Their formation prior to the coexisting cements, which were subsequently replaced 

by sulfides, places an important constraint on the timing of mineralization, and would seem to 

largely discount syn-sedimentary or very-early diagenetic models. 

K-feldspar and quartz overgrowths occur as concentric or euhedral coatings on detrital 

grains, commonly forming a polygonal granoblastic mosaic with other mineral phases (e.g. Fig. 

7.5a-b).  The resulting ‘annealed’ appearance may account for the perception that ZCB ores were 

intensely recrystallized during metamorphism and detrital textures were all but obliterated (e.g. 

Mendelsohn, 1961).  

Volumetrically more significant than the overgrowths, however, are pervasive K-feldspar 

and quartz cements, a feature also recognized by Selley et al. (2005).  Such cements comprise 

coarse- to fine-grained matrices intergrown with other secondary phases, locally forming a 

pervasive alteration assemblage.  K-feldspar is the dominant component and best developed in 

the argillite-hosted ores. 

   K-feldspar metasomatism is a noted characteristic of diagenesis in evaporitic settings 

(Moine et al., 1981, 1986) but can span an interval from early diagenesis through to high 

temperature conditions.  As an example, the formation of early K-feldspar has been reported to 

occur at near-surface temperatures and moderate burial depths (<1km), both following and 

accompanying, reflux dolomitization (Sandler and Steinitz, 2004).  In this case, the formation of 

K-feldspar was initiated as the residual brines became enriched in K, Al and Si following the 

removal of Mg during dolomite precipitation.   

More commonly, however, the growth of authigenic K-feldspars is thought to require 

temperatures above 100º C (Kastner and Siever, 1979).  Temperatures of this order involve 

burial depths of at least three kilometers under normal geothermal gradients.  The unusual 

thicknesses of K-feldspar overgrowths in the ZCB (up to 100 µm) and the pervasive nature of 

such alteration (Moine et al., 1986; Selley et al., 2005; Sutton and Maynard, 2005) are consistent 

with prolonged or multi-staged growth.  The latter is evidenced at Konkola by multiple 

generations of K-feldspar with varying Ba contents, including intergrowth relationships with 

phlogopite (Sutton and Maynard, 2005). 
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In contrast to K-Feldspar, early quartz overgrowths typically require higher temperatures.  

However, similar to K-feldspar, silica precipitation has been shown to occur at both low and high 

temperatures.  Low-temperature silica occurs in present-day arid environments associated with 

high rates of evaporation (e.g. English, 2001) and is an important alteration product associated 

with the shallow transformation of evaporites.  Additionally, quartz in the form of overgrowths 

and void-filling crystals is observed in present-day, gypsum- and anhydrite-bearing, sabkha 

dolomite of the Arabian Gulf (Chafetz and Zhang, 1998).  Thus, early quartz in ZCB ores could 

be related to evaporite-influence, early diagenesis as well as later burial transformations. 

Polycrystalline quartz cements are a noted feature of ZCB ores (e.g. Selley et al. 2005), 

consisting of a fine matrix of indeterminate origin interstitial to larger detrital grains, or as 

coarsely crystalline aggregates intergrown with dolomite and calcite.  Relict inclusions of 

anhydrite are a common occurrence in such quartz, suggesting widespread replacement of the 

former.  The process whereby silica is precipitated during the replacement of gypsum or 

anhydrite is poorly understood but is thought to be microbially mediated in the shallow 

subsurface (Birnbaum and Wireman, 1985) and facilitated by a change in the pH of silica 

saturated pore fluids.  However, the fluid source required for this authigenic quartz remains 

unresolved.  Supersaturation with respect to quartz and early silica precipitation in the shallow 

subsurface is commonly linked to arid, evaporitic settings (e.g. Arakel et al., 1989; English, 

2001) and may be tied to the anomalously high pH levels in such environments. 

The silicification of anhydrite is also evidenced by the widespread occurrence, in the 

upper parts of the Copperbelt Orebody Member, of quartz-pyrite nodules that are 

morphologically identical to diagenetic nodules of typical sabkha evaporite sequences.  Annels 

(1974) documented all stages of replacement of these nodules (or ‘lenticles’), from anhydrite 

through to dolomite-sulfide-quartz-feldspar assemblages.  Pyrite associated with these nodules 

was interpreted as the product of bacterial sulfate reduction in the shallow subsurface and 

commonly retains minute inclusions of anhydrite (Chapter 5).  Such nodules are generally 

typified by a lack of compressional flattening and the preservation of compactional drapes, 

thereby indicating that replacement began prior to significant burial.  A decrease in bedding 

parallel elongation with increased quartz content is taken to indicate progressive silicification 

with burial, thereby inhibiting compactional flattening with depth (Annels, 1974; Sweeney and 

Binda, 1989).  Additional replacement during later stages of burial may account for some of the 
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lenses and sub-concordant ‘veinlets’ that characterize many argillite-hosted ores (e.g. Nchanga). 

These typically show smooth, rather than rugose, outlines. 

 
 
 
7.6.2.4 Early accessory minerals  

 

Anomalous concentrations of accessory minerals are locally observed as inclusions in K-

feldspar and quartz overgrowths, thereby suggesting a similar timing.  Rutile is usually the most 

abundant accessory (~0.1 to 0.5%) and consistently includes the presence of an early phase that 

predates, or was synchronous with the overgrowths.  This rutile occurs as fine (10-100 µm) 

disseminated granules, now partly composed of leucoxene, but larger clots and clusters of small 

euhedral crystals are also observed.  The former are consistent with the early diagenetic 

breakdown of detrital ilmenite under reducing conditions (Carroll, 1960), whereas larger 

granules and euhedral crystals are attributed to a later (metamorphic?) origin.  The absence of 

hematite is consistent with a change in redox character of the host strata at the level of ore and 

thus the partitioning of available iron into early-formed pyrite.  

Tourmaline is similarly observed as inclusions within the early overgrowth phases (or 

less commonly within authigenic albite), and highly anomalous concentrations are locally 

developed (up to 2% at Chibuluma West, this study; Darnley, 1960; Selley et al, 2005).  This 

tourmaline is characterized by fine, prismatic forms that tend to occur in association with rutile 

or sericite (or other ‘Mg-bearing, Al-silicates’).  QEMSCAN analyses of the tourmalines 

consistently indicate a Mg-rich dravite composition, except where larger detrital grains retain Fe-

rich cores.  Mg-rich tourmaline, notably of the dravite-uvite or schorl-dravite series, is 

commonly interpreted as an evaporite indicator (Warren, 1999; Henry et al., 2008) and is linked 

to oxidized, highly saline, boron-bearing fluids.  Although usually ascribed to metamorphism (or 

magmatic processes), an early diagenetic origin is more consistent with the textural evidence and 

nature of the ZCB host rocks.  

Lastly, ‘apatite’ (including a variety of phosphate-group minerals) is ubiquitous in the 

Roan Group and relatively abundant in the Copperbelt Orebody Member.  With the exception of 

the pyritic Ore Shale at Nchanga, apatite is best developed in argillite-hosted ores (~0.1-0.5%).  

In most cases, this apatite is irregular in form (at 20-µm resolution) and is generally engulfed by 
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authigenic quartz, or less commonly by carbonate and anhydrite cements.  Such relationships 

suggest an early diagenetic timing but preclude a more detailed interpretation. 

Early diagenetic phosphate minerals occur widely in marine sediments.  Their origin in 

such a setting, is interpreted to reflect bacterial decomposition of organic matter within the zone 

of sulfate reduction and methanogenesis (Rasmussen, 1996).  However, the dissolution of detrital 

minerals and reduction of hydrous iron oxides may also contribute to their early precipitation in 

the ZCB. 

 
 
 
7.6.2.5 Early albite (±quartz)  

 

Albite is relatively common in the ore-bearing strata of the ZCB but its form and 

abundance varies greatly.  With the exception of the Mufulira ‘greywacke’ and the Upper 

Orebody at Nchanga, albite commonly constitutes between 5% and 20% of the total rock volume 

in arenite-hosted ores.  The highest concentrations are recorded in arkosic arenites at Chibuluma 

West where albite occurs at the complete exclusion of K-feldspar.  In contrast, albite is notably 

scarce in the argillite-hosted ores, a feature that potentially reflects a lack of porosity at the time 

of albitization.  

Albite can occur as a direct replacement of detrital K-feldspar or overprint a component 

of the plagioclase grains that survived burial dissolution.  This form is characterized by an 

abundance of inclusions.  More common in the ZCB, however, is its occurrence as intergranular 

cements in close association with anhydrite, dolomite, calcite and quartz.  In such cases, albite is 

seen to replace secondary K-feldspar or other coexisting cements, and is commonly developed as 

idiomorphic crystals that suggest growth into open spaces.  In places, this albite encloses 

relatively unaltered, detrital K-feldspar grains, although more commonly the grains are partly 

corroded and sericitized (e.g. Mufulira, Fig. 7.6, 7.7).  Cementing albite is characterized by 

inclusions of early rutile and tourmaline, and may show well-developed ‘chessboard’ twinning 

and, in places, coarse, optically continuous grains.  Similar observations were made in previous 

studies of the ZCB but interpretations have differed markedly (e.g. Darnley, 1960; Mendelsohn, 

1961; Annels, 1974, Sweeney and Binda, 1989; Selley et al., 2005). 
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Euhedral albite crystals occurring on the margins of detrital grains (‘outgrowths’) or as 

inclusions within carbonate and anhydrite cements are a common feature of the ZCB.  Sharp, 

planar contacts between the pore-filling cements and albite are the norm, such that a broadly 

synchronous timing can be inferred.  Albite in conjunction with anhydrite is also a common 

alteration assemblage in footwall strata underlying the Copperbelt Orebody Member (e.g. Fig. 

7.27a; Chapter 5).  Albite of this sort can constitute up to 35% of specific strata and occur at the 

complete exclusion of K-feldspar.  Such domains are stratiform in nature, and are commonly 

confined to strata of an interpreted aeolian origin (Mendelsohn, 1961; Chapter 2 and 3 - this 

study).  The sodium required for such albitization could have potentially been derived from a 

pre-existing, evaporite-related or early diagenetic concentration of Na-bearing minerals (see 

Chapter 5). 

 

 
 
Figure 7.27. QEMSCAN images of albite-bearing rocks of the Mindola Clastics Formation. (a) 
Albitic, anhydrite-bearing, arkosic arenite from drillhole RCB2, Chambishi South East (chapter 
5). Albite and quartz are intergrown with interstitial anhydrite. (b) Chalcopyrite-carrollite ore 
from the Chibuluma West orebody – the stratigraphic equivalent of (a). Sulfides are hosted by a 
quartz-albite assemblage. The sulfide phases are potentially developed at the expense of 
anhydrite. Note the presence of subhedral dolomite crystals and weak fabrics in both images. 
    
 

A spatial association between albite and the ore sulfides is also commonly noted in the 

ZCB.  In this case, the relationship is interpreted as an artifact of an earlier association with 

anhydrite or carbonate, these having been pseudomorphically replaced by sulfides.  These 

sulfide-bearing assemblages are texturally similar and stratigraphic equivalent to quartz-albite-
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anhydrite rocks in footwall strata to the Ore Shale, the inference being that anhydrite was 

replaced by sulfide with co-precipitation of dolomite (Fig 7.27a-b). 

The development of albite prior to sulfide growth is confirmed by its common presence 

as prismatic inclusions within the sulfide grains.  Early albite of this nature is supported by the 

work of Annels, (1974, 1989) at the Chambishi and Mufulira deposits, but is in contrast to the 

interpretations of Selley et al. (2005) at Chibuluma West.  The latter considered such albite to be 

an overprint of a preexisting sulfide-bearing assemblage produced by recrystallization or grain-

scale remobilization.   

Albite can also display a consistent relationship with quartz, pyrite and late-formed clays.  

Where such albite is enclosed by quartz, the grain margins are significantly more corroded than 

where encased in dolomite, suggesting that quartz precipitation post-dated or overlapped the 

growth of albite.  In addition, a late-stage, Mg- and Fe-bearing ‘clay’ (possibly smectite) locally 

overprints this albite.  In strata peripheral to the orebodies (e.g. drill hole RCB2, Chapter 5) 

albite is associated with early, framboidal pyrite.  Pyrite in this setting is generally surrounded by 

secondary quartz or dolomite and contains tiny inclusions of anhydrite, along with traces of Mg-

chlorite, illite, rutile and K-feldspar.  The presence of Mg-chlorite in this assemblage is 

interpreted as an early diagenetic phase which is broadly coeval with albite, along with the 

anhydrite and pyrite. 

The relative timing of albite formation is thus constrained by the prior existence of quartz 

and K-feldspar overgrowths, coeval quartz growth, and the presence of enclosing carbonate and 

anhydrite cements.  A relatively early diagenetic timing is supported by its euhedral to coarsely 

crystalline nature which is interpreted to indicate void fillings coeval with the emplacement of 

early cements.  However, the common presence of rutile and tourmaline inclusions indicates that 

albite post-dated at least some of the earliest authigenic phases.  An end-member, Na-rich 

composition, together with a common lack of twinning is consistent with a low-temperature 

diagenetic origin.  

Despite the above observations, the occurrence of albite in post-folding vein and manto-

type alteration (e.g. Chambishi: Jolly, 1971; Musoshi: Lefebvre and Tshiauka, 1986; Kansanshi: 

Torrealday et al., 2000; Broughton et al., 2002) suggest that protracted and episodic Na-

alteration also occurred late in the history of the basin (Selley et al., 2005).  However, in this 

study no evidence for such events was observed 
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 Significance of Albite 

Authigenic albite is a common diagenetic feature of sedimentary basins at burial depths 

of less than 3 to 4 km, particularly in evaporite-influenced settings (e.g. Walker, 1984; El-

Tabakh et al. 1997; El-Tabakh and Schreiber, 1998).  The characteristics of such albite are 

remarkably consistent and typically include: (1) end-member (Ab100) compositions; (2) 

chessboard twinning with submicroscopic inclusions (often of early hematite, anhydrite or 

carbonate) or an absence of twins; (3) optically continuous overgrowths on both albitized and 

unaltered K-feldspar grains; (4) isolated, aligned crystals with euhedral or perfect tabular forms; 

(5) sharp, planar ‘automorphic’ contacts with surrounding cements; (6) an association with 

simultaneous quartz and authigenic K-feldspar (or adularia) growth; (7) occasional fracture- or 

macro void-fillings, and; (8) an intimate association with carbonate and evaporite minerals 

showing direct, volume by volume replacement textures.  These characteristics are remarkably 

consistent with those observed in this study and other of the ZCB (e.g. Annels, 1974, 1989). 

Walker (1984) documented the albitization of detrital K-feldspar grains in non-

metamorphosed, Paleozoic, fluvio-marine arkoses of the Denver basin, showing that the 

replacement process was commonly preceded by anhydrite or carbonate minerals.  Similarly, the 

diagenetic alteration of evaporites to coarse-grained anhydrite, dolomite or calcite, accompanied 

by low-temperature albite or analcime [Na16(Al16Si32096).16H20], was described by El-Tabakh et 

al. (1997) and El-Tabakh and Schreiber (1998) from rift-related, sedimentary rocks of the 

Newark, Basin.  In the latter example, early, sparry calcite cement was subject to partial 

replacement by albite in the lowest sandstone-dominated succession, with albite (up to 15% by 

volume) occurring as overgrowths on detrital grains and as void fillings.  Significantly, albite 

was also recorded in conjunction with K-feldspar, dolomite and/or anhydrite as cements in 

fractures and macrovoids, or as diagenetic rims within evaporite pseudomorphs, either as 

individual euhedral crystals or continuous coatings.  In the upper parts of the Newark basin, 

analcime (up to 40% by volume) rather than albite, replaces the carbonate and evaporite 

minerals.  Such textures and mineral associations are analogous to those observed in the ZCB.  

Notably the occurrence of early-formed, albite-bearing veins described in these examples call 

into question the nature of similar features reported from the ZCB.  The latter are interpreted in 

terms of a late or high-temperature origin (e.g. Jolly, 1971; Annels, 1989). 
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Although albite and analcime formation has also been attributed to syndepositional 

diagenesis at near surface temperatures (e.g. Turner and Fishman, 1991, English, 2002), most 

albitization is thought to occur at temperatures of 100 to 150º C, based on studies in the Gulf of 

Mexico basin (Boles, 1982; McBride et al., 1987) and determinations of the temperature at 

which analcime converts to albite (Iijima, 1975).  The possible sources of sodium needed for 

such albite include: (1) diagenetically altered clastic material, particularly detrital grains of Na-

rich plagioclase; (2) residual evaporative brines; and/or (3) the dissolution or transformation of 

Na-bearing evaporite minerals.   

A contribution from each of the above sources may be feasible in the ZCB.  Nonetheless, 

the paragenetic succession from early K-feldspar to later albite was probably driven by 

progressive depletion of K+ ions relative to Na+ ions following the initial, temperature dependent, 

precipitation of illite and K-feldspar.  Alternatively or additionally, earlier formed analcime, K-

feldspar and smectite may have reacted to form albite, with the coprecipitation of illite and 

excess silica. 

 
 
 
7.6.3 Mineralization: late calcite, dolomite, quartz and ore sulfides 

 

Textural evidence from this study indicates that the ore sulfides consistently form a 

relatively late component of the paragenetic sequence.  Despite this, sulfide grains typically 

display an interstitial mode of occurrence that invokes ‘early’ porosity and permeability in their 

emplacement.  With the exception of the South Orebody at Nkana, rarely is there strong evidence 

for a significant fracture control on sulfide emplacement or a direct link to the corrosion of 

detrital grains.  Even where sulfide clots are aligned with structural fabrics, individual grains and 

coexisting disseminated sulfides are scattered in an apparent random fashion. 

Authigenic phases which consistently pre-date the introduction of ore sulfides include 

overgrowths of quartz and K-feldspar, along with early rutile, tourmaline and albite.  These 

relationships clearly indicate that the mineralizing event post-dated early diagenesis.  Sulfide 

growth must therefore have accompanied the generation of secondary porosity through the 

dissolution and replacement of earlier diagenetic cements, commonly shown in this study to be 

represented by anhydrite and dolomite. 
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Dolomite, calcite and quartz are the gangue minerals most commonly intergrown with 

sulfide.  Each tends to accompany the ore sulfide in proportions largely dependent on the nature 

of the host rock.  In coarser-grained lithotypes, sulfide grains are commonly enveloped by a 

microcrystalline mosaic of quartz or are intergrown in a quartz-dolomite assemblage.   

In contrast to the siliciclastic host rocks, carbonate-rich lithotypes tend to be strongly 

recrystallized, locally showing annealed textures (Fig. 7.28a), such that their origin and timing is 

difficult to determine with certainty.  Nevertheless, the dissolution of early turbid dolomite, 

followed by sulfide precipitation coeval with a later phase of dolomite, is locally discernable 

(Fig. 7.28b). 

 

 
 
Figure 7.28. Photomicrographs of Cu and Co sulfides engulfed by carbonate cements.  
(a) Opaque sulfides intergrown with calcite in a biotite-anhydrite-quartz-chlorite assemblage, 
Ore Schist, Nkana. (b) Sulfides enclosed by fresh-looking euhedral (tabular?) dolomite within 
older, corroded and turbid dolomite, Chibuluma West.  
 
 

Dolomite and anhydrite, in addition to their widespread presence as pervasive, early-

formed cements, also occur as late, patchy to poikilotopic cements or scattered, subhedral to 

euhedral plates.  Poikilotopic rhombs or subhedral dolomite crystals are commonly observed in 

intimate and exclusive association with disseminated sulfides, a relationship particularly 

common in the arenite-hosted ores (Figs. 7.6, 7.15, 7.26).  Such dolomite often displays sharp, 

planar contacts with both quartz and sulfide and is thus interpreted as coeval with these phases.  

Dolomite of this form also encloses, and thus post-dates, both the detrital and early diagenetic 
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minerals, notably K-feldspar, quartz, rutile, tourmaline and albite.  Nonetheless, the open-packed 

nature of these inclusions indicates a relatively high porosity at the time of formation.   

As noted previously in this study, anhydrite is common in strata peripheral to the 

orebodies, yet generally rare in the ores themselves.  The replacement of anhydrite by a sulfide-

dolomite (±quartz) assemblage is inferred to occur where the ore sulfides and anhydrite display a 

well-documented antithetic relationship (e.g. Annels, 1973, 1974, 1979; Fleischer et al., 1976; 

Selley et al., 2005, Chapter 5).  Such a relationship strongly suggests that anhydrite provided an 

in situ source of sulfur and is confirmed by the widespread replacement of syndiagenetic 

anhydrite nodules by carbonate-quartz-sulfide assemblages which retain a sulfur isotopic 

signature indicative of Neoproterozoic seawater sulfate (Annels, 1974, Sweeney and Binda, 

1989).  However, sulfur isotopic data also show wide variations between and within individual 

orebodies and suggests that additional sulfur sources were locally important, including early 

diagenetic pyrite (Dechow and Jensen, 1965; Annels, 1989; Sweeney and Binda, 1989; 

McGowan, 2003; Selley et al., 2005).  The proposed mechanisms of sulfate reduction and 

mineralization are discussed in more detail further below. 

Texturally late, poikilotopic and fracture-filling anhydrite, as is common in the ZCB, is 

similarly recognized in the Lower Permian, Rotliegend sandstone of the North Sea (Sullivan et 

al., 1994).  Although not sulfide-bearing at this locality, the Rotliegend sandstone underlies the 

ore-bearing Kupferscheifer (Copper Shale) and Zechstein evaporites in a situation regarded as 

analogous to the Copperbelt.  Anhydrite in the sandstones is interpreted in this locality to 

originate from the overlying evaporite beds and was introduced during early structural inversion, 

via fracturing and cross-formational flow at burial depths of up to 3.5 to 4 km (~120º to 140º C).  

Both intergranular and fracture-fill anhydrite was shown to have a shared origin on the basis of 

homogenous sulfur isotope data.  A similar process of anhydrite redistribution may be invoked 

for the ZCB and would, following its dissolution and replacement, account for the similarity 

between vein-hosted and disseminated sulfides (see below). 

A further common feature of many ZCB ores is the presence of a late calcite phase.  

Although generally less important than dolomite, calcite locally forms a major component.  As 

an example, coarsely crystalline mosaics of calcite are a characteristic of the Schistose Ore at 

Nkana (Figs. 7.21-7.22).  Calcite occurs in this locality as a cement to disaggregated, phlogopite-

rich domains that are interpreted as fragments of wall rock, and is coeval with, or post-dates, the 
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accompanying coarse, blebby sulfides.  A origin of this calcite is attributed to dedolomitization 

of a former dolomite-anhydrite assemblage, probably driven by escaping Ca-rich, basinal brines.  

The presence of small amounts of (residual) dolomite, anhydrite and barite in the Schistose Ore 

is consistent with an evaporitic precursor, as is the near absence of accessories phases.   

Dedolomitization is an important process in the formation of evaporite dissolution 

breccias (Warren, 2006).  This involves a reaction between a pre-existing dolomite and a fluid 

rich in calcium sulfate, thereby leading to the formation of calcite along with sulfate and 

dissolved magnesium ions.  As a consequence, sulfate becomes available for reduction and 

subsequent sulfide formation, while magnesium is available for the formation of Mg-chlorite and 

talc (as are commonly observed in the Schistose Ore Shale).  Although usually driven by basinal 

brines, such processes can also be initiated by the ingress of near-surface, oxidizing waters. 

 

Late K-feldspar and ore sulfides 

In addition to an association with anhydrite and carbonates, ore sulfides are also locally 

intergrown with authigenic K-feldspar, both in disseminated ores and in former anhydrite 

nodules (e.g. Selley et al., 2005).  This association is best developed in the argillite-hosted ores, 

usually as distinct K-feldspar clots intergrown with finer-grained, disseminated sulfide (e.g. 

Konkola, Fig. 7.23b).  Although considered by Selley et al. (2005) as typical of many ZCB ore 

deposits, such a relationship is neither consistent nor widespread, particularly in the less 

recrystallized, coarser-grained beds, or the arenite-hosted ores.  Instead, the major component of 

secondary K-feldspar appears to predate sulfide growth and is commonly associated with early 

dolomite and anhydrite, as illustrated by former anhydrite nodules.   

Despite the above, sulfides accompanied by secondary K-feldspar are commonly 

developed in vein-hosted assemblages, suggesting that at least a component of this K-feldspar is 

relatively late-formed.  Late K-feldspar intergrown with biotite/phlogopite was documented at 

Konkola North (Sutton and Maynard, 2005) but similarly without showing a clear link to the 

mineralization event.   

Continuous K-feldspar development from early diagenesis through to the latest stages of 

basin maturity may have occurred and was potentially promoted by ongoing precipitation of 

dolomite and the dissolution of anhydrite; and hence progressive K-enrichment in the residual 

solutions.  
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Albite and ore sulfides 

Like K-feldspar, a close association between ore sulfides and albite has generally been 

taken to indicate simultaneous crystallization, or the overprinting of a preexisting sulfide 

assemblage (e.g. Darnley, 1960, Vaes, 1962, Selley et al., 2005).  However, textural evidence 

from this study consistently indicates that albite is either engulfed, or entirely enclosed by later-

formed sulfides.  Contact relationships in which albite and sulfide appear to be coeval or in 

textural equilibrium can be largely explained by earlier relationships between albite and 

anhydrite, or in some cases, carbonate; the latter phases having been subsequently replaced by 

sulfides (e.g. Annels, 1989).   

An albite-anhydrite and albite-dolomite association is widely observed in barren strata 

peripheral to the orebodies (e.g. Fig. 7.27).  Such albite does not, however, discount the presence 

of late-stage albite in post-folding veins or a more pervasive style of ‘high-temperature’ 

albitization that tends to accompany the emplacement of gabbroic bodies and sulfide-bearing 

veins in the upper parts of the Roan Group (e.g. Frontier, pers. obs.; Kansanshi: Torrealday, 

2000).  However, no clear evidence for this late phase of albite was observed in the samples 

examined for this study.  

 

Rutile and ore sulfides 

Lastly, a consistent relationship between the ore sulfides and rutile, as reported from 

some localities in the ZCB (e.g. Nchanga: Garrard, 1972, Konkola: Sweeney and Binda, 1989) is 

also largely refuted.  In contrast, rutile is commonly disseminated in the host rocks irrespective 

of sulfide content and distribution.  The occasional intergrowths of rutile and sulfide are 

interpreted as grain replacive aggregates, probably pseudomorphed after ilmenite.  

 A notable exception occurs where late-formed sulfides were mobilized into cleavage 

planes or fractures, as is the case in foliated, carbonaceous shale of the Nkana South orebody 

(Fig 7.20).  In this example, sulfide veinlets are intimately associated with coarse-grained, 

authigenic clots of rutile and apatite, clearly suggesting that both Ti and P were locally mobile in 

late-stage ore fluids. 
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7.6.3.1 Hydrocarbons, thermochemical sulfate reduction and mineralization  

 

The scarcity of anhydrite in association with ore, despite its abundance in peripheral 

strata, is strong evidence that it formed an important component of the mineralizing process and 

was probably a major source of sulfur.  The importance of anhydrite has previously been 

recognized in several studies (e.g. Annels, 1974, 1979; Sweeney et al., 1986; Sweeney and 

Binda, 1989; McGowan, 2003; Selley et al., 2005), and evidence for the replacement of 

anhydrite by sulfide is widely reported in the Congolese Copperbelt (e.g. Cailteux, 1997; 

Lerouge et al., 2005; El Desouky et al., 2007; Muchez et al., 2008).  However, the nature and 

timing of its dissolution and replacement remains unresolved.  Furthermore, the extent to which 

such alteration overprinted the primary mineral assemblages is poorly understood. 

The replacement of anhydrite takes place either through groundwater flushing by sulfate-

undersaturated and bicarbonate-rich fluids, with later spar-fill of the resulting voids, or via 

sulfate reduction in the presence of an organic reductant (Warren, 2006).  Both processes may be 

accompanied by silica precipitation.  Calcification and silicification can occur soon after the 

evaporites were deposited or much later during exhumation.  Sulfate reduction, on the other 

hand, can occur at any time in the burial cycle but is often bacterially-mediated in shallower 

settings (<110º C, mostly <60-80º C) or occur as a thermochemical reaction in deeper settings 

(>120º C).  Both are driven by the unstable association of dissolved sulfate with organic matter, 

and result in carbonate cements and H2S as reaction products (Machel, 2001). 

Biogenic precipitation of syngenetic, framboidal pyrite accompanied early diagenetic 

alteration of the organic rich-argillites of the COM (e.g. Lower Banded Shale, Nchanga).  Early 

pyrite mineralization in this case is supported by a strongly depleted sulfur isotopic signature 

(McGowan et al., 2003), a feature commonly attributed to biogenic processes.  However, a late 

paragenetic timing of ore sulfides, after the development K-feldspar and quartz overgrowths, and 

following albitization at temperatures probably exceeding 100º C, suggests that 

thermochemically-driven reduction was probably the dominant process.  A critical component of 

this is the presence of hydrocarbons at the reaction site. 

Although no direct mineralogical evidence for the former presence of hydrocarbons (e.g. 

pyrobitumens) has yet been recognized in the ZCB, a number of features provide indirect 

evidence for their prior existence.  The carbonaceous laminites of the Ore Shale are reminiscent 
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of hydrocarbon-prone source rocks typical of younger basins.  Additionally, the presence of 

interstitial carbonaceous matter in quartzose rocks (e.g. the carbonaceous ‘greywacke’ at 

Mufulira), which locally transgresses stratigraphy (Darnley, 1960), is best explained by the 

introduction of hydrocarbons after burial rather than by sedimentary processes (Annels, 1979).  

Further evidence is provided by a depleted carbon isotopic signature of the orebody carbonates 

(e.g. Selley et al., 2005, Chapter 5), an observation which is interpreted to reflect the oxidation of 

organic matter. 

If analogous to many Phanerozoic basins, the onset of oil generation would have 

accompanied burial of the source rocks to depths of around 2.5 to 3 km, followed by the onset of 

hydrocarbon gas generation at greater depths and higher temperatures.  Peak methane generation 

generally occurs around 140º C (Warren, 2000), which in the absence of external heating would 

correspond to burial depths in excess of 4 km.  As recognized by Selley et al, (2005), such depths 

have important implications for the timing of both hydrocarbons and mineralization in the ZCB, 

since stratigraphic thicknesses of this magnitude were not reached until the early stages of 

orogenesis (mid- to late-Kundelungu deposition).  However, earlier hydrocarbon maturation 

could have been driven by a higher heat flux associated with renewed rifting and the 

emplacement of gabbroic bodies (~765-730 Ma: Key et al., 2001) towards the end of Roan 

Group times. 

Wherever such hydrocarbon comes into contact with sulfate in solution, in the vicinity of 

a redox interface, H2S is generated via sulfate reduction with the simultaneous precipitation of 

calcite.  Dolomite can form in addition to, or at the exclusion of, calcite in host rocks dominated 

by dolostones (Machel, 2001) or in the presence of excess Mg.  This reaction is usually 

expressed as follows (e.g. Worden et al., 1995): 

 

CaSO4 + CH4  CaCO3 + H2S + H2O 

 

Reactive hydrocarbons are thereby oxidized to HCO3 and bitumen residues, while 

simultaneously reducing the dissolved sulfate to H2S.  However, where methane is the main 

carbon source, it can be entirely oxidized and no bitumen residue remains (Machel, 1989) thus 

potentially accounting for the absence of bitumen in the ZCB (McGowan, 2003; Selley et al., 

2005).  The generation of H2S is generally restricted to burial temperatures above 140º C, but can 



 

208 
 

potentially be initiated at lower temperatures (Machel, 1998).  The high reactivity of H2S limits 

its migration potential (Hunt, 1996) such that any subsequent interaction is likely to occur near 

the site of generation.  The formation of metal sulfides would thus be largely dependent on the 

influx of metalliferous (usually more oxidizing) brines.  This reaction is usually expressed as: 

 

H2S + Me2+  MeS + 2H+. 

 

Such reactions create acid by the liberation of H+, capable of creating secondary porosity in 

carbonates and the sericitization of feldspar.  Hence, the sites of sulfide precipitation are often 

characterized by open-space or porosity-fill textures. 

The above reactions may be additionally coupled with dedolomitization which typically 

occurs between calcium sulfate-rich solutions, usually derived from the dissolution of anhydrite, 

and a pre-existing dolomite (Warren, 2006): 

 

MgCa(CO3) 2 + CaSO4.2H2O  2CaCO3 + Mg2+ + SO4
2- + 2H2O 

 

In addition to calcite being formed, the resulting products provide dissolved sulfate for 

subsequent reduction and sulfide precipitation, and Mg2+ ions for the development of Mg-

chlorite, talc and phlogopite.  

The above processes are consistent with many of the observed sulfide textures and host-

rock compositions in ZCB orebodies and provide a means by which to explain the porosity and 

permeability required to allow late-stage precipitation of sulfides in deeply-buried, otherwise 

relatively impermeable strata.  Such a model also highlights the importance of in-situ anhydrite 

in the genesis of ZCB orebodies, be it initially derived from a primary bedded evaporite, early 

brine reflux or late authigenic cements.  The source and nature of the anhydrite ‘reservoir’ and 

the variability in timing of hydrocarbon maturation and migration allows for mineralization to 

occur episodically from late diagenesis through to orogenesis.  Ultimately, however, this model 

is reliant on a sufficient source of metals and must therefore be tied to specific basin-scale fluid-

flow events.  Such fluids were probably hot, calcium- and magnesium-rich brines. 
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7.6.3.2 Sulfide paragenesis  

 

Sulfide-sulfide relationships observed in this study are consistent with a well-established 

sequence from early pyrite, through cobaltiferous pyrite and carrollite, to later chalcopyrite and 

bornite, followed by late chalcocite (e.g. Mendelsohn, 1961).   

Pyrite is commonly observed as the first sulfide to have precipitated and is locally present 

as early diagenetic, framboidal forms associated with quartz (e.g. Fig. 7.18).  More commonly, 

however, pyrite (and occasionally pyrrhotite) is present as subhedral to euhedral grains, locally 

fractured and engulfed by later sulfide phases (Fig. 7.29). 

  

 
 
Figure 7.29. Reflected light photomicrographs showing examples of sulfide relationships. (a) 
Subhedral pyrrhotite with replacement carrollite-linnaeite engulfed by chalcopyrite in calcite 
gangue, Nkana mine. (b) Subhedral carrollite surrounded and partly replaced by chalcopyrite in 
dolomite gangue, Chibuluma West mine 

 
 
With the exception of euhedral cobaltiferous pyrite and subhedral carrollite, the enclosing 

sulfides are always irregular in shape and appear to engulf, but not necessarily to replace the 

earlier phase.  Thus pyrite, and in some cases carrollite, shows evidence for having crystallized 

separately, and prior to other sulfide phases.   

Early-formed carrollite has been linked to high sulfur activities and higher temperatures 

at the start of sulfide precipitation (Craig et al., 1979).  Orebodies with anomalous amounts of 

carrollite may reflect higher concentrations of available sulfur derived from in-situ reduction of 

wall-rock anhydrite (e.g. Chibuluma West and Nchanga Upper Orebody).  Textural and 
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mineralogical observations in this study favor such an origin over the migration of H2S into 

structural traps, as was proposed by McGowan (2003) and Selley et al. (2005). 

A notable feature in many ores is the association of carrollite with chalcopyrite and of 

chalcopyrite with bornite.  In contrast, only rarely do carrollite and bornite appear together.  This 

feature supports a progressive sequence of crystallization with a degree of overlap between 

associated phases.  Replacement textures are sometimes evident, but sulfides pairs are commonly 

coeval or even mutually exclusive.  Although chalcocite is sometimes recognized as a hypogene 

phase in the ZCB, its presence was only observed as a supergene phase in this study (in 

association with other supergene minerals).  

 
 
 
7.6.3.3 Vein-hosted sulfides  

 

Although not specifically examined in this study, a notable feature of the ZCB is the 

presence of bedding-parallel to subconcordant veins and lenses that form a common but 

volumetrically minor part of each orebody (e.g. Garlick, 1961, 1967; Mendelsohn, 1960; 

Sweeney et al., 1991; Brems et. al, 2009; Sillitoe et al., 2010).  Discordant and irregular sulfide-

bearing veins are also present beyond the limits of ore, particularly in the arenaceous footwall 

strata.   

All vein-types are generally characterized by having identical sulfide mineralogy to the 

adjacent wall-rocks and the absence of a sulfide depletion halo; although ‘lateral secretion’ veins 

have been locally documented (e.g. Garlick, 1960).  Compositionally, despite being dominated 

by quartz, carbonate and anhydrite (± K-feldspar) such veins also commonly contain the same 

non-sulfide minerals as the host rock, and appear to display the same paragenetic sequence of 

crystallization. 

A metamorphic origin by lateral secretion, replacement and concretionary growth has 

been variously invoked (e.g. Garlick, 1960, 1967; Mendelsohn, 1961) but is considered 

inconsistent with the general lack of peripheral depletion halos around the veins.  Alternative 

hypotheses involve a late diagenetic to syn-orogenic timing, subsequent to main-stage ore-

sulfides (e.g. Selley et al., 2005; Brems et al., 2009).  However, the similarity between vein and 

host rock sulfides, as well as their associated gangue phases, suggests a broadly coeval origin 
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(e.g. Sillitoe et al., 2010).  The latter interpretation is exemplified by textures observed in the 

South Orebody Shale at Nkana (Fig. 7.19- 20).  In this orebody, chalcopyrite veinlets on 

cleavage or shear planes coexist with discordant chalcopyrite-carbonate veins as well as finely 

disseminated chalcopyrite.  As a consequence of such textures, Sillitoe et al. (2010) concluded 

that the host rocks of the ZCB were sufficiently lithified to undergo brittle fracturing and that 

orogenesis was the most likely driver for the mineralizing event. 

An alternative interpretation of some veins and fracture fills is that they originated largely 

from the sulfate component of the host strata, which underwent dehydration, dissolution and 

remobilization during early to late diagenesis, and was subsequently replaced by ore sulfides.  

Loss of structural water released during the dehydration of gypsum to anhydrite at shallow 

depths (<250 m) would have led to significant modification of syndepositional textures by the 

escaping waters (i.e. by fluid overpressuring).  Such processes explain the apparent soft sediment 

deformation textures with flow orientations that typify the Ore Shale (see Chapter 5).  

Additionally, a period of mild extension or early inversion may have initiated hydraulic 

fracturing coupled with the conversion of anhydrite to gypsum and an associated increase in 

volume.  Selley et al. (2005) similarly attributed the presence of prefolding, bedding-parallel 

veins to fluid overpressuring or the initial stages of inversion. 

Analogous horizontal and vertical veins, filled with fibrous anhydrite and gypsum, and 

angular wall-rock fragments, are described from both the Newark Basin (El Tabakh et al., 1997) 

and the Rotliegend sandstone of the North Sea basin (Sullivan et al., 1994).  In the Newark basin, 

fibrous crystals orientated perpendicular to bedding in such veins suggest that fracturing 

occurred during mild tectonic adjustments and/or hydrostatic overpressuring of sulfate-rich fluids 

during exhumation.  In contrast, texturally late, intergranular and fracture filling anhydrite (with 

minor dolomite) in the Rotliegend sandstone, was interpreted as having been emplaced at the 

onset of structural inversion when faulting juxtaposed the Zechstein evaporites and underlying 

sandstone at a depth of 3.5 to 4 km.  Textural relationships and isotopic data indicate that 

anhydrite in both the fractures and the adjacent, coarse-grained sandstone lamellae represent the 

same generation of cement.   

The above processes could similarly account for the apparent contemporaneity of vein 

and wall-rock components in the ZCB.  Such feature could be attained by the alteration and 
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overprint of pre-ore components during a single mineralizing event (i.e. via sulfate reduction, 

calcitization and subsequent sulfidation). 

 
 
 
7.6.4 Metamorphism 

 

Recrystallization of detrital material together with the presence of phlogopite, muscovite, 

chlorite and talc are features of the ZCB usually taken to indicate that greenschist-facies 

metamorphic conditions were attained during orogenesis (e.g. Mendelsohn, 1960; Fleisher et al., 

1976).  Other metamorphic minerals usually cited include scapolite, tremolite, actinolite, epidote, 

tourmaline, apatite and rutile.  Although the metamorphic timing for some of these phases is in 

doubt, and recrystallization generally not as intense as commonly thought, the presence of 

phlogopite (and/or biotite) throughout the Roan Group confirms that metamorphic temperatures 

were attained.   

Moine et al. (1986), using mineral associations and phengite compositions, estimated 

temperatures of 420 to 460º C and pressures of 2 to 3 kb for the main part of the belt, and 

somewhat higher pressures and temperatures in the southwestern sector (i.e. Luanshya).  

The above estimates are regarded as approximations at best, since the conventional 

analysis of metamorphic conditions can be significantly affected by the fluid-driven 

compositions typical of metaevaporitic successions (Kulke and Schreyer, 1973; Warren, 1999). 

 
 
 
7.6.4.1 Phlogopite, muscovite, chlorite and talc  

 

Phlogopite is widely distributed in the Roan Group and locally forms a major component 

of the ores.  The most intense development is confined to a schistose zone at the base of the 

Copperbelt Orebody Member (e.g. Nkana, Fig 7.21), where phlogopite locally comprises up to 

30% of the total rock volume and occurs as semi-massive, quartz-phlogopite domains oriented 

sub-parallel to foliation at both a micro- and meso-scale.  A level of around 5% is more typical 

of the ore-bearing argillites, while arenite-hosted ores generally contain less than 1% by volume, 

or may be entirely devoid of phlogopite despite its presence in the adjoining strata.  Such ores 
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generally contain well-formed secondary muscovite instead of phlogopite (e.g. Mufulira, Fig 7.8; 

Nchanga, Fig. 7.17). 

A Mg-rich, phlogopitic composition is indicated by semi-quantitative QEMSCAN data 

but has also been widely confirmed by chemical analyses (e.g. Moine et al., 1986; McGowan, 

2003, Selley et al., 2005).  The presence of phlogopite rather than biotite is considered as 

evidence for intense (earlier) Mg-metasomatism typical of an evaporite-bearing succession 

(Moine et al., 1981), while a systematic increase in the Mg/Fe ratio up stratigraphy, as evident in 

drillhole RCB2 (Chapter 5 and 6), is consistent with isochemical metamorphism in increasingly 

dolomite-rich strata. 

Marked variations in phlogopite compositions locally indicate that selective Mg-

metasomatism may have occurred in certain horizons, notably within the ore-bearing 

assemblages.  Sutton and Maynard (2005) recognized two phases of phlogopite, the later phase 

being intimately associated with ore sulfide, and characterized by higher Mg compositions and 

increased grain size.  McGowan et al. (2003) recognized elevated levels of fluorine in phlogopite 

at the Nchanga mine, a feature that is also consistent with a metaevaporite association (Moine et 

al., 1981). 

Textural relationships and chemical data (i.e. high-K phlogopite: Selley et al., 2005) 

indicate that the formation of phlogopite commonly involved the destruction of K-feldspar and 

dolomite, with the probable coprecipitation of calcite.  Alternative origins include the 

replacement of muscovite and/or Mg-chlorite.  However, where Mg-chlorite and talc occur in 

significant quantities, no evidence exists for these having been overprinted by phlogopite (e.g. 

Figs. 7.21, 7.22).  Indeed, talc and chlorite, which occur in trace amounts throughout the ZCB, 

appear to be amongst the youngest phases in many cases.  Both phases are typical of 

metaevaporite successions yet can also be found in their non-metamorphosed equivalents 

(Warren, 2001). 

The above ambiguities again highlight the pitfalls of estimating metamorphic P-T 

conditions in such settings on the sole basis of mineral associations and a classical approach to 

isochemical metamorphism.  The interpretation of metamorphic compositions in the ZCB must 

also take into account earlier metasomatism in the presence of evaporite-derived brines. 
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 Relationship to sulfide mineralization 

Phlogopite accompanied by well-formed muscovite, and locally sericite, chlorite and talc, 

commonly occur in textural equilibrium with both disseminated and vein-hosted ore sulfides 

(e.g. Nkana-Mindola and Konkola, Figs. 7.19, 7.21, 7.23-24).  Such textures include phlogopite 

intergrown or engulfed by sulfides, phlogopite in mineralized veins, and coarse-grained 

assemblages of phlogopite, quartz and sulfide.  The latter also tend to be characterized by 

anomalous amounts of chlorite and talc.  In the absence of phlogopite, well-formed muscovite is 

usually present, and may be exclusively intergrown with the sulfide phases (e.g. Nchanga Upper 

orebody, Fig. 7.17).  Additionally, fine-grained muscovite or sericite may be associated with 

sulfide-bearing clasts or corrosion spaces in some arenites (e.g. Mufulira, Fig. 7.7), or may be 

concentrated around sulfide veinlets (e.g. Nkana South orebody, Fig. 7.20). 

The above relationships, if primary, particularly those in which phlogopite occurs in 

textural equilibrium with the sulfide phases, suggests that mineralization either coincided with, 

or potentially post-dated, metamorphism.  Such conclusion were similarly reached by McGowan 

(2003) and Sutton and Maynard (2005) at the Nchanga and Konkola North deposits, 

respectively.   The alternative explanation must invoke recrystallization and limited 

remobilization of a pre-existing sulfide assemblage.  The latter is the preferred interpretation in 

the most previous studies, these generally concluding that ore textures are largely the product of 

extensive recrystallization, and thereby fail to provide a substantial basis on which to assess the 

timing of mineralization (e.g. Selley et al., 2005).   

Despite the fact that recrystallization of sulfides can occur at much lower P-T conditions 

than most silicate minerals, wholesale remobilization seems at odds with the consistency of 

textural relationships and the fine compositional zoning of the sulfide phases.  Indeed, many 

workers have conceded (partly in contradiction to their conclusions) that only limited 

redistribution or remobilization of the sulfides took place during metamorphism (e.g. Darnley 

and Killingworth, 1962; Brown and Bartholome, 1972; Annels and Simmonds, 1984; Sweeney 

and Binda, 1989). 

Strong support for late-stage sulfide growth is provided by the presence of phlogopite in 

mineralized veins.  As noted previously, the sulfide mineralogy of such veins is commonly 

matched by a disseminated assemblage of the same phases, without any evidence of a depletion 



 

215 
 

halo (e.g. Brems et al., 2009; Sillitoe et al., 2010).  As detailed above, the inference of such 

textures is that vein-hosted and disseminated sulfides share a common origin and timing. 

In the South Orebody at Nkana, coarse-grained phlogopite laths in discordant and 

bedding-parallel sulfide veins also show a distinctive Mg-rich composition with respect to matrix 

phlogopite (Fig. 7.19).  The restriction of a more Mg-rich phase to the veins, together with the 

additional presence of Mg-chlorite and talc, suggests the partitioning of Fe into the sulfide phase 

and/or the presence of Mg in a late-stage hydrothermal fluid.  Both are consistent with 

phlogopite growth simultaneous with sulfide precipitation.  In this example, a structurally-

influenced, synorogenic timing is clearly indicated by the presence of sulfides veinlets in shear 

bands, commonly accompanied by coarse-grained clots of authigenic apatite and rutile (Fig. 

7.20).  Brems et al. (2009) confirmed a structural control by demonstrating a relationship 

between high-grade orebodies at Nkana and the hinge zones of tight to isoclinals folds.  Such 

relationships do not, however, preclude the remobilization of earlier-formed sulfides into the 

hinge zones.       

Ore sulfides in the Schistose Ore at Nkana is similarly present as both fine disseminations 

in fragmented, phlogopite-rich wall-rock, and as coarse clots in the surrounding quartz-calcite 

matrix (Fig. 7.21).  The coarse-grained sulfides are rimmed and sometimes intergrown with Mg-

chlorite and talc.  While less obvious than the veins, identical textural and mineralogical 

associations are developed in the wall-rock assemblage.  Such relationships are also consistent 

with a single mineralizing event coeval with the growth of phlogopite. 

In the absence of phlogopite, as is the case in certain arenite-hosted ores, well-formed, 

secondary muscovite may be present as inclusions within disseminated sulfides or are intergrown 

with the sulfides.  In the Upper Orebody at Nchanga (Fig. 7.17), muscovite is largely restricted to 

disseminated sulfide clots, and is rare in the surrounding matrix (although may be abundant 

elsewhere in the orebody according to McGowan, 2003).  Muscovite growth is thus interpreted 

to be synchronous with, and intimately related to sulfide growth.  Phlogopite is notably present 

in the correlative, unmineralized strata of such ore where it tends to accompany pore-filling 

dolomite or anhydrite (e.g. the Upper/Nchanga Quartzite Member, drill hole RCB2: Chapter 5).  

These contrasting assemblages suggest that local physiochemical conditions (e.g. higher CO2 

levels in the ore fluids) may have favored the formation of muscovite over phlogopite in some 

situations. 
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Lastly, the widespread presence of phlogopite intergrown with secondary K-feldspar (e.g. 

Fig. 7.23) can be interpreted to represent either the partial replacement of early diagenetic K-

feldspar, or in some cases a later phase of ‘high-temperature’ K-feldspar growth.  Such 

relationships are ambiguous and timing relative to sulfide crystalization remains poorly 

constrained.  Nonetheless, a relatively late event is suggested, again coinciding with phlogopite 

growth. 

 
 
 
7.6.4.2 Other metamorphic phases  

 

Several accessory minerals common to the ore-bearing strata of the ZCB show features 

that suggest their mobilization and/or growth during the mineralizing event or during 

metamorphism.  These components include late phases of rutile, apatite, tourmaline, zircon and 

monazite.  Each is characterized by unusually large, irregular-shaped, or euhedral forms which 

show compositional zoning and secondary overgrowths (Figs. 7.8, 7.18, and 7.20). 

Rutile and apatite both occur locally as clots, aggregates or prismatic forms hosted by 

discordant sulfide veins.  Apatite occurs as anomalously large clots (up to 500 µm) associated 

with sulfide grains while, in a few cases, monazite appears to engulf and thus post-date sulfide 

growth (Fig. 7.8). 

The documented presence of tourmaline, rutile and apatite in post-folding, metamorphic 

veins (e.g. Darnley, 1960; Richards et al., 1988) confirms a late paragenesis while a 

metamorphic or synorogenic timing is confirmed by common crystallization ages of between 535 

and 500 Ma (e.g. Richards et al., 1988, Dawson unpub. data, 2003).  
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CHAPTER 8 

 

DISCUSSION AND CONCLUSIONS  

 
 
 
8.1  Introduction 

 

The new data presented in this study concerns two main topics, namely: (1) the sequence 

stratigraphy of the Roan Group and its regional stratigraphic implications, and (2) the 

mineralogical processes that occurred from early diagenesis through to mineralization and 

metamorphism. 

 
 
 
8.2  Basin evolution and sequence stratigraphy in the Roan Group 

 

An important outcome of this study is the recognition that the Roan Group can be divided 

into four sedimentary sequences on the basis of regional unconformities or their correlative 

conformities, herein termed the RG1 to RG4 sequences.  A sequence stratigraphic approach 

provides a basis for improved correlations between individual mining localities and results in a 

new unifying scheme between the Zambian and Congolese Copperbelts (herein the ZCB and 

CCB respectively) (Table 8.1). 

 
 
 

8.2.1 Sequence RG1 

 

The basal RG1 sequence of the Roan Group represents a syn-rift succession of coarse-

grained, hematite-bearing (i.e. oxidized) strata deposited in an arid, terrestrial environment in the 

absence of eustatic influences (the Basal Conglomerate and Sandstone Member of the Mindola 

Clastics Formation).  Deposition of this sequence was controlled by a series of small-scale 

growth faults and interconnected depocenters (Fig. 8.1a) (Selley et al., 2005).  In the ZCB, these 
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depocenters were commonly less than 200 m in thickness but a maximum of 1400 m is recorded 

near to the transition with the CCB.  This feature suggests that the ZCB occupied a marginal 

position within the developing Roan basin (Hitzman et al., 2013 in press). The correlative 

sequence in the CCB is poorly known due to an absence of deep exposure but course-grained 

siliciclastic rocks of similar facies and thickness crop out on the northwestern margin of the belt 

(François, 1995; Schmandt, 2012). 

Abrupt facies changes in the RG1 sequence reflect diachronous tectonic control on 

sediment accumulation patterns while a crude upward-fining character suggests progressive 

denudation of the source area with time.  The uppermost unit (the Footwall Transition) shows a 

trend towards increasingly arid conditions, including eolian and possible playa-wadi (or desert 

lake) environments. 

 
 
 

8.2.2 Sequence RG2 

 

The base of the RG2 sequence is marked in the ZCB by a persistent conglomerate 

horizon (the Lower Conglomerate) developed on a slight erosional unconformity.  This horizon 

records widespread peneplanation of the syn-rift succession prior to initial flooding of the basin.  

A transgressive surface at the top of this conglomerate marks the start of a retrogradational 

parasequence-set comprising a mix of siliciclastic and carbonate strata.  This position records an 

abrupt transition to a marginal marine setting characterized by a subaqueous, reduced (i.e. pyrite-

bearing) interval deposited within a larger, amalgamated basin.  The RG2 sequence averages 

about 200 m in thickness (0 to 250 m) and broadly represents the rift-climax stage of initial 

extension (Fig. 8.1b).   

Facies variations across the Kafue Anticline of the ZCB indicate that the RG2 sequence is 

thinner and more marginal in character on the eastern side; with a significant increase in sand at 

the expense of finer-grained siliciclastics and carbonates.  Onlap relationships and stratigraphic 

cut-outs appear to limit its lateral extent to both the west and east of the ZCB.   

Due to a lack of deep exposure, no correlative strata are known in the CCB but the 

sequence stratigraphic model suggests only limited basinward extent. 
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Figure 8.1. Sequence stratigraphic model for the lower part of the Roan Group illustrating the 
development of sequences RG1 through RG3.  Sequence boundaries are shown as solid bold 
lines and flooding surfaces as dashed bold lines. (LST: lowstand systems tract, TST: 
transgressive systems tract, HST: highstand systems tract, hash pattern is salt; inverted-v is 
gypsum).  Dimensions are largely unconstrained but the vertical scale represents 100s of meters 
(see text) while the horizontal scale potentially represents 100s of kilometers.     

 
 

The basal unit of the RG2 sequence, here termed the Kafue Arenites parasequence, 

consists of reworked terrestrial to shoreface clastics deposited as part of a transgressive systems 

tract.  Lithofacies assemblages comprise alluvial fan, delta plain and littoral deposits 

interfingering with subaqueous sands.  A hypersaline, partly evaporitic environment at the base 

is indicated by the distal development of an anhydrite-rich mudstone on a ravinement surface.  

This unit generally forms the lowermost host to significant Cu (-Co) sulfides in the Roan Group, 

although minor orebodies are locally developed in the RG1 sequence and underlying basement 

rocks.  An abrupt change in redox state combined with stratal onlap geometries on the basin 

margin are thought to have played a key role in the formation and distribution of these orebodies. 

The overlying Copperbelt Orebody parasequence records a maximum flooding event and 

associated highstand systems tract (the Copperbelt Orebody Member).  A lenticular 

conglomerate at its base (the Footwall Conglomerate) is interpreted as a transgressive surface of 

erosion or the product of a discrete tectonic event that immediately preceded the deposition of a 

transgressive, condensed section (the Ore Shale).  The limited thickness and basinward extent of 
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this gray to black (±organic-bearing) dolomitic siltstone unit suggests deposition in a restricted, 

anoxic lagoon partly enclosed by a seaward barrier. 

Maximum flooding and progressive sediment starvation was followed by the onset of 

early evaporitic conditions (the Hangingwall Argillite), as evidenced by the development of 

displacive anhydrite nodules and thin beds.  The remainder of the parasequence displays an 

aggradational to progradational trend comprising coastal sabkha to salina deposits with proximal 

input from a fluvio-deltaic system and alluvial fans or sand flats (the Rokana Evaporites 

Member).  A capping sandstone with limited basinward extent is interpreted as a delta front 

sand-sheet deposited in a shoreface to shallow-marine environment (the Upper or Nchanga 

Quartzite Member).  This unit generally forms the uppermost limits to economic Cu- and Co- 

sulfides in the RG2 sequence of the ZCB.   

The medium- to fine-grained siliciclastic components of the Copperbelt Orebody 

parasequence grade distally (i.e. towards the west and possibly towards the northwest), into a 

carbonate- and ultimately an anhydrite-dominated succession.  Accommodation space was 

controlled by ongoing, albeit subdued, activity on master faults, and a steady rise in relative sea-

level. 

The uppermost Chambishi Dolomites parasequence records a second major transgression 

in the RG2 sequence.  This unit is characterized by a shallow-marine, evaporitic, carbonate-

siltstone succession capped by a subtidal to intertidal dolomite.  The latter is interpreted to 

represent the landward-migration of a carbonate shoal or reef (the Chambishi or Chingola 

Dolomite Member) that acted as a seaward barrier.  As in the underlying parasequence, a 

progressive loss of sand and corresponding increase in dolomite and anhydrite is evident in the 

distal direction (locally towards the west and northwest, but probably towards the direction of the 

CCB in an overall sense).  Relative uniformity in both thickness and lithofacies assemblages 

along the axis of the ZCB suggests a low-relief, slowly subsiding platform in the marginal belt of 

a shallow-marine, epeiric seaway, and hence a period of sustained tectonic quiescence. 

The presence of a basinward salt in the RG2 sequence is considered improbable given the 

likelihood of continued marine connection and a systematic transition from a flooding event to a 

highstand systems tract.  This interpretation contrasts with the model of Bull et al. (2010) which 

envisaged a distal chronostratigraphic equivalent of the Ore Shale characterized by a starved, 

basinal succession of deep-water shales grading into a thick salt.  Instead, the RG2 sequence was 
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probably limited by sediment starvation beyond the slope margin, and is ultimately pinched-out 

in the basinward direction (see below). 

 
 
 

8.2.3 Sequence RG3 

 

The base of the RG3 sequence (Fig. 8.1c) represents an abrupt basinward shift in facies.  

This event is recorded throughout the region by an evaporitic mudflat and sabkha to salina/playa 

succession deposited in a lowstand to transgressive systems tract (the Antelope Clastics Member 

or Shale-with-Grit (SWG) unit in the ZCB, and the Red R.A.T. or R-1 Subgroup in the CCB).  

The exposed thickness of this cycle ranges from 80 m (in the ZCB) to more than 200 m (in the 

CCB). 

In the more proximal setting of the ZCB, the base of the RG3 sequence is marked by an 

oxidized (i.e. hematite-bearing) succession of coarse- to fine-grained siliclastics that locally 

includes a thin conglomerate horizon (the Konkola Conglomerate).  Correlative strata of the 

CCB comprise a similarly oxidized or diagenetically-reddened succession consisting of 

dolomitic siltstones and evaporitic mudstones (the Red R.A.T.).  The latter is underlain and 

enveloped by a breccia unit (the R.A.T. Breccia) that represents a former salt body deposited in 

the basin’s interior.  Halokinesis and salt dissolution in the CCB was subsequently responsible 

for decoupling of the overlying succession during successive phases of extension and basin 

inversion. 

A progressive fining- and shoaling-upward trend is evidenced in the RG3 sequence by a 

cyclical transition from supratidal to intertidal and subtidal sedimentation.  In the ZCB, 

evaporitic mudflat deposits are overlain by increasingly repetitive and thinly bedded cycles 

capped by anhydrite-magnesite-dolomite units (the uppermost SWG).  These cycles are taken to 

indicate periodic isolation by autocyclical processes within a transgressive systems tract.  The 

correlative strata of the CCB (the Red-R.A.T.) comprise a more distal, halokinetically-modified 

and intensely altered facies but is similarly characterized by a vertical increase in dolomite and 

magnesite and corresponding decrease in hematite.  A terminal, evaporitic phase is recorded by a 

thin, concordant breccia and an abrupt transition to a reduced facies (the Grey-R.A.T.).  The 
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latter was deposited as the transgressive systems tract of the RG3 sequence started to climb over 

the former carbonate platform of the RG2 sequence (Fig. 8.1c). 

The succeeding highstand systems tract of the RG3 sequence (Fig. 8.1d) is characterized 

by a layer-cake succession of dolomitic strata developed in a tectonically quiescent, stable 

carbonate shelf or ramp (the Bancroft Dolomite Formation in the ZCB and Mines/R-2 Subgroup 

in the CCB).  The thickness of this succession ranges from 80 to 140 m in the ZCB and from 100 

to 250 m in the CCB.  Both comprise dolomitic siltstones that grade basinward and vertically 

into more massive, evaporitic carbonates.  The basal units form the principal host to Cu- and Co-

orebodies in the CCB, whereas the succession is barren (albeit pyritic) in the ZCB. 

In the CCB, the basal units of the RG3 sequence include an evaporitic, lagoonal 

carbonate overlain by stromatolitic, reefal dolostones deposited in a barred basin or rimmed shelf 

(the Kamoto Dolomite/R-2.1 Formation).  The maximum flooding event is represented by an 

overlying interval of fine-grained siliciclastics with carbonaceous horizons (the Dolomitic 

Shales/R-2.2 Formation).  The equivalent facies assemblage is not recognized in the ZCB since 

the platform-top carbonate succession was aggradational in the more proximal position and thus 

able to keep pace with a rising sea-level.  Furthermore, onlap relationships appear to limit the 

extent of the RG3 sequence in the ZCB, both to the west and east of the Kafue Anticline.  As 

similarly evident in the underlying RG2 sequence, a narrow depositional trough extending 

northwestward (i.e. towards the CCB) is thereby indicated. 

The upper units of the highstand carbonate succession in the CCB record a limited 

regression back to intertidal and supratidal carbonates, followed by a subtidal cycle (the 

Kambove/R-2.3 Formation).  A further mild regression is recorded in the uppermost cycle as a 

succession of intertidal carbonates with intermittent siliciclastics. 

 
 
 

8.2.4 Sequence RG4 

 

The base of the RG4 sequence (Fig. 8.2a) represents a relatively major fall in sea-level, as 

evidenced by a significant basinward shift in facies.  This event is characterized by the 

reappearance of an evaporitic mudflat to salina facies assemblage (the Intermediate Carbonate 

Unit in the ZCB and the R.G.S./R-3.1 Formation in the CCB) that is reminiscent of the basal 
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clastics of the RG3 sequence (i.e. SWG and Red R.A.T.).  A continued fall in relative sea-level, 

probably driven by tectonics and climate rather than eustacy, ultimately resulted in periodic 

isolation of the basin and the development of a basinwide halite-carbonate succession (the Upper 

Roan and Dipeta Subgroups).  

 

 
Figure 8.2.  Sequence stratigraphic model for the upper part of the Roan Group showing the 
development of sequence RG4.  Note that the effects of syndepositional salt withdrawal, 
extension and halokinesis are excluded for illustrative purposes.  Sequence boundaries are shown 
as bold solid lines and flooding surfaces as bold dashed lines. Horizontal dimensions are 
unconstrained but potentially represent 10s to 100s of kilometers.  Vertical thicknesses are 
detailed in the text. 
 
 

At least two cycles, comprising fine- to medium-grained siliciclastics intercalated with 

thick halite intervals and capping carbonates, were deposited in the RG4 sequence.  

Synsedimentary salt withdrawal and ongoing extension produced a heterogeneous lithofacies 

assemblage characterized by the absence of lateral continuity.  Limited mafic magmatism 

associated with this extension resulted in the emplacement of intrusive sills in the ZCB and 

locally extrusive pyroclastic rocks in the CCB.  Sedimentation contemporaneous with, and 

following, this event included a succession of shallow-water carbonates and evaporites, along 
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with ferruginous horizons of enigmatic origin.  The latter were potentially formed by exhalative 

processes or later alteration caused by the passage of intrusive-driven, ferroan-chloride brines.  

Salt-withdrawal, diapirism and dissolution in the RG4 sequence were ultimately 

responsible for a halokinetic assemblage of floundered blocks and rafted strata intercalated with 

evaporite-solution breccias (the Breccia (-Gabbro) Complex in the ZCB and the R-3.2 and R-3.3 

formations in the CCB).  A post-dissolution thickness of less than 1000 m is preserved. 

Full reconnection with the open ocean was established in the upper part of the RG4 

sequence (Fig. 8.2b).  This event initiated progressive drowning of the Roan basin and the 

development of a transgressive and highstand systems tract of shallow-water evaporitic 

carbonates overlain by deeper-water (locally turbiditic), fine-grained siliciclastics (the 

Mwashya/R-4 Subgroup: Kamoya and Kafubu formations).  This succession is best defined in 

the CCB (see Table 8.1).  A drowning unconformity characterized by reworked, conglomeratic 

material was locally developed at the top of the carbonate succession (the Conglomérat de 

Mwashya: Cailteux et al., 2007).  Relatively abrupt thickness and facies changes suggest that 

deposition occurred in conjunction with ongoing salt withdrawal and further extensional 

attenuation of the underlying strata (Fig. 8.3).  The thickness of this succession ranges from less 

than 100 m to approximately 400 m. 

Laterally discontinuous sandstone bodies near the top of the RG4 sequence (the Kanzadi 

Formation: Cailteux et al, 2007) are interpreted as an early response to a climatically-induced, 

fall in relative sea-level that immediately preceded deposition of the glaciogenic Grand 

Conglomérat (the Mwale Formation in the DRC).  In the absence of these sandstones, the contact 

between the upper RG4 sequence and the Grand Conglomérat is transitional in nature and locally 

difficult to define.  Transitional facies include mudflows, slumps and turbidites deposited in a 

slope to basinal, glacio-marine environment.  Ongoing extension and salt diapirism played a key 

role in the distribution and local thickness of this succession.   

The Grand Conglomérat is traditionally taken as the base of the Nguba Group and 

regarded as the start of a new sequence.  The Nguba and overlying Kundelungu groups were 

deposited during an extended period of sedimentation that can be attributed to thermal sag and 

subsequent orogenesis. 
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8.2.5 Implications of the sequence stratigraphic model 

 

The sequence stratigraphic model for the Roan basin has important implications with 

respect to regional basin architecture and Cu-Co mineralization.  

The orebodies of the ZCB are largely restricted to the RG2 sequence, specifically where 

this sequence displays significant architecture on the basin margin.  In contrast, the orebodies of 

the CCB are generally restricted to a halokinetically-fragmented, RG3 sequence detached from 

their enveloping strata.  In both cases, the mineralizing event occurred prior to significant folding 

or fragmentation of the host rocks (Hitzman et al., 2013 in press).  An explanation for this 

distribution must be sought in terms of redox architecture and fluid pathways, particularly in 

terms of providing a direct connection between potential trap sites (i.e. reduced strata) and an 

oxidized, syn-rift succession.  The latter is assumed to provide a source of metals or, at the least, 

a major fluid pathway. 

In the ZCB, the base of the RG2 sequence represents the first reducing succession above 

the syn-rift sequence.  In this position, a focusing mechanism for ore-fluids can be demonstrated 

in terms of stratigraphic pinch-outs and extensional growth faults that provided favorable 

geometries and sites for cross-stratal fluid flow.  Potential reductants include in-situ organic 

matter or hydrocarbons migrated into trap sites, while sulfur sources are provided by widespread 

anhydrite and diagenetic pyrite (Selley et al., 2005). 

In contrast, the RG3 sequence in the CCB initially appears to lack the above key features.  

These orebodies are positioned at a higher stratigraphic level in a more basinward position, and 

no direct association with the syn-rift succession can be demonstrated.  Furthermore, 

mineralization in the RG3 sequence presumably required fluid bypass of the reduced RG2 

sequence in addition to an impermeable salt unit.   

The sequence stratigraphic model provides an explanation for the above inconsistencies 

through (1) the predicted absence of the RG2 sequence in the basinward direction (due to 

sediment starvation); and (2) by salt dissolution and welding produced by ongoing extension.  

The model predicts that the RG2 sequence was deposited as a tapering wedge that transitioned 

distally (toward the CCB) into a thin, condensed interval where virtually no sediment was 

precipitated.  As a result, the basinward extent of ZCB-type orebodies is fundamentally limited 

by the absence of correlative strata in the CCB.  At the basinward edge of the tapering RG2 



226 
 

wedge, the RG1 succession would be positioned directly beneath a distal facies of the oxidized, 

lowstand systems tract of the RG3 sequence.  Subsequent progradation of the RG3 highstand 

systems tract (i.e. the Mines Subgroup) at the shelf margin during a sea-level highstand, would 

result in the carbonate platform being positioned directly above a dominantly oxidized package 

with potential for direct hydrological connection with the underlying, syn-rift metal source.  

However, to provide a hydrological connection between the RG1 sequence and potential 

trap sites in the carbonate succession of the RG3 sequence still required bypass of an 

impermeable evaporite interval.  The latter included a basin-centered salt and marginal gypsum 

wedge beneath the (oxidized) evaporitic mudflat facies of the R.A.T. Subgroup.  This 

requirement is met by early salt withdrawal and welding that took place during renewed 

extension (Fig. 8.3).  The development and/or entrapment of hydrocarbons and sour-gas in the 

more basinward, shelf-edge facies of the CCB (see below), potentially enhanced its reducing 

capacity and provided an additional source of sulfur.   

 

 
 
Fig. 8.3. Schematic illustration of extensional attenuation in the Roan Group driven by salt 
withdrawal and halokinesis.  The model accounts for mineralization in the carbonates of the RG3 
sequence (the Mines Subgroup) where a direct hydrological connection is attained with the RG1 
sequence due to salt dissolution and welding.  In contrast, the more proximal facies (the Bancroft 
Dolomite Formation) is isolated by a thicker RG2 sequence and local presence of impermeable 
salt.  The model also predicts the absence of an Ore Shale correlative in the distal setting.        
 
 

Fluid bypass of the base salt would have additionally occurred on its most proximal 

fringe; a position influenced by the presence of major extensional faults on the margins of the 
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basin.  The latter allowed for ore-formation at successively higher levels in the Roan Group, 

including within the overlying Grand Conglomérat.  Fragmentation and subsequent entrainment 

of mineralized strata in salt walls and diapirs occurred where salt was still present in both a 

footwall and hangingwall position. 

In contrast to the above, the absence of ore in the more proximal, platform-top carbonate 

succession of the ZCB (i.e. the Bancroft Dolomite Formation) can be attributed to its relative 

isolation from the passage of metal-bearing fluids.  Such isolation was brought about by the 

underlying presence of a thick RG2 sequence and the absence of a focusing mechanism provided 

by a salt weld or fringe. 

 
 
 
8.2.1 Comparison with a contemporary basin model 

 

The sequence stratigraphic model of the Roan Group allows for comparisons to be made 

with contemporary basin models and in particular the Cu-bearing strata of the upper Permian, 

Zechstein Basin of Central Europe (Table 8.1).  A remarkable similarity exists in the 

stratigraphic architecture of these basins, which together form the world’s two principal 

repositories of copper in sedimentary rocks.  

As in the Roan Group, an initial marine transgression in the Zechstein Group is recorded 

by reworked sandstones and a widespread conglomerate horizon (the Weissliegendes and 

Zechstein conglomerate), which directly overlie an important sequence boundary (Strohmenger, 

1996).  Similarly, the transgression occurred in an intracratonic basin composed of syn-rift, 

desert sands and playa lakes (the Rötliegendes or Yellow Sands), albeit with the addition of 

mafic volcanics at the base. 

The base of the first Zechstein sequence (ZS1) is represented by a shallow to sub-tidal 

carbonate horizon (the Mutterflöz) which is directly overlain by a condensed section (the 

Kupferschiefer or Marl Slate) representing the maximum flooding surface of a transgressive 

systems tract.  The latter, in conjunction with the underlying sandstones of the Weissliegendes, is 

the principal ore-bearing horizon of the Zechstein Group.  Thus, as in the Roan Group, ore 

sulfides are principally hosted by the first transgressive systems tract of the Zechstein basin; both 
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representing the transition to fine-grained, reducing marine strata over a coarser-grained, syn-rift 

succession. 

 
Table 8.1.  Stratigraphic subdivision of the Roan Group in Zambia and Congo (modified from 
Chapter 4) in comparison to the evaporite-carbonate sequences of the Zechstein Group in central 
Europe.  Zechstein lithostratigraphy is based on Tucker (1991) and Strohmenger (1996). 
  

 ROAN GROUP  ZECHSTEIN GROUP 
SEQ. Subgroup/Fm ZAMBIA D. R. CONGO Lithostratigraphy SEQ. 

 Muombe 
Grande Cgl. 

Grande 
Conglomerate 

Mwale 
Kanzadi   

RG4 

Mwashya 
(R-4) Mwashia shales Kafubu 

Kamoya   

 
 
 
 
 
 
 
 
 

Upper Roan 
 
 
 
 
 
 

formerly  
Lower Roan 
(Kitwe Fm) 

 
Upper Carbonate 

Unit 
 

Breccia (-Gabbro) 
Complex 

 
 

Intermediate 
Carbonate 

Unit 

 
Kansuki (R-3.4) 

 
 

Mofya (R-3.3) 
 

(R-3.2) 
 

R.G.S. (R-3.1) 
 

Dipeta (R-3) 

Freisland Anhydrite/Clay 
Ohre Salt/Anhydrite/Clay 

Aller Salt 
ZS7 

Pegmatite Anhydrite 
Red Salt Clay ZS6 

Leine Salt 
Main Anhydrite 

(Haupt Anhydrite) 
ZS5 

Platy Dolomite 
Gray Salt Clay 
Stassfort Salt 

Basal Anhydrite 

ZS4 

RG3 

Bancroft 
Dolomite 

Kambove Dolomite 
Dolomitic Shales 
Kamoto Dolomite 

Stassfurt Carbonate 
(Hauptdolomit) 

ZS3 
(Transition) 

Antelope Clastics  
(Shale-with-Grit) 

Gray R.A.T. 
Red R.A.T. 

R.A.T. breccia 

 Werra Anhydrite 
(Werra Salt) 

RG2 
Lower 
Roan 

K
itw

e 

Chambishi Dolomite 
 

Nchanga Quartzite 
Rokana Evaporites 

Copperbelt Orebody 
(Ore Shale)  

(Footwall Congl.) 

 
 
 
 
 
 

not exposed 
 
 
 
 

Nzilo Congl. 

Zechsteinkalk 
(Zechstein Limestone) 

 
Kupferschiefer 
(Copper Shale) 

Mutterflöz Carbonate 
(Zechstein Congl.) 

ZS2 

ZS1 

M
in

do
la

 
C

la
st

ic
s  

Kafue Arenites 
(Lower Congl.) 

Footwall Transition 
Basal Sandstone 

Basal Conglomerate 

Weissliegendes 
 

Rötliegendes 

 

RG1 

 
 

The condensed section of the Zechstein basin passes upward through a carbonate cycle 

(the Zechstein Limestone, ZS2) comparable to the retrogradational parasequences of the RG2 

sequence in the ZCB, albeit more carbonate-dominated and basinal in character.  The limited 
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basinward extent of this cycle is attributed to a lack of sediment export from the shelf margin, as 

is similarly envisaged for the RG2 sequence of the Roan Group. Sequence stratigraphic 

interpretations for the remainder of the Zechstein Group vary according to the methodologies 

applied (e.g. Tucker, 1991; Strohmenger et al., 1996a, b; Leyrer et al., 2001; Warren, 2006).  By 

adopting the model of Tucker (1991), in which evaporites are deposited on sequence boundaries 

and carbonates during sea-level highstands, a number of distinct similarities can again be drawn 

between the Zechstein and Roan groups. 

According to Tucker (1991), the first of such cycles (ZS3) in the Zechstein Group 

includes a basal evaporite wedge (the Werra or Hartlepool Anhydrite) developed on a shallow, 

shelf-margin or slope position, grading basinward to a condensed section 

(gypsum/carbonate/organic matter).  The gypsum/anhydrite-dominated succession represents an 

incomplete drawdown phase that is overlain by lagoonal, muddy evaporites, and shelfal or 

deeper- water carbonates (Strassfurt Carbonate and Edlington or Roker Dolomite/Concretionary 

Limestone).   

The above succession is broadly comparable to the transgressive and highstand systems 

tract of the RG3 sequence in the Roan Group, specifically the Red R.A.T to Mines Subgroup 

transition.  Interestingly, the carbonate strata of this part of the Zechstein Group form an 

important hydrocarbon reservoir attributed to meteoric leaching and enhanced porosity created 

during a subsequent lowstand event (Strohmenger et al., 1996a).  A similar situation could be 

envisaged for the Mines Subgroup, thereby enhancing its reducing capacity and providing 

optimal conditions for mineralization. 

The second evaporite-carbonate sequence (ZS4) of the Zechstein Group involved a more 

extensive evaporite fill (the Basal Anhydrite, Strassfurt Salt or Fordon Evaporites) analogous to 

the RG4 sequence of the Roan Group.  This sequence includes several hundred meters of basin-

fill halite that was subsequently involved in extensive halokinesis, and represents the drawdown 

phase that followed complete isolation from the world’s oceans (Tucker, 1991).  Eventual 

reconnection and flooding is recorded by a shallow-water, shelfal carbonate (the Platy Dolomite 

or Seaham/Brotherton Formation) of a highstand period. 

A further three such sequences are recognized (ZS5, ZS6 and ZS7) but all are thinner and 

less regional in nature; potentially reflecting autocyclical processes (Tucker, 1991).  The 

uppermost Zechstein Group is characterized by a return to siliciclastic sedimentation analogous 
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to the Mwashya shales at the top of the Roan Group.  Both record a basin drowning event 

resulting from renewed extension or the onset of thermal sag. 

The close correspondence between the Zechstein and Roan Groups reaffirms the 

contention that basin architecture and evolution provide fundamental constraints on the 

development of giant sedimentary-copper ore-systems.  In summary, these include (1) a basal, 

rift-related, oxidized redbed sequence, (2) a transgressive, shallow-marine, partly-reduced 

sequence, and (3) a thick, basinwide evaporite-carbonate sequence.  Each of these is regarded as 

an essential requirement for the optimal leaching, transport, focusing and deposition of metals. 

 
 
 

8.3  Diagenesis, alteration and mineralization in the Roan Group 

 

The petrographic observations described in this study (Chapters 5, 6, and 7) support the 

contention that the ore-bearing strata of the ZCB underwent extensive diagenetic alteration and 

metasomatism before and during the mineralizing event.  The evaporitic setting of the Roan 

basin is regarded as a key driver for such processes and is interpreted to control the unique 

mineralogical character of the host rocks.  A probable sequence of events is outlined below (and 

summarized in Fig. 8.4). 

The host sediments of the ZCB were deposited in a rift-related, arid-continental to 

shallow-marine, evaporitic setting (c. 800 Ma).  Detrital compositions were dominated by quartz, 

K-feldspar, and muscovite, with lesser plagioclase, ferromagnesian silicates, accessory ‘heavy 

minerals’ and locally in the shallow-marine, evaporitic realm, a component of sedimentary 

carbonates and sulfates (either as gypsum or anhydrite).  Burial diagenesis subsequently took 

place in a warm, humid, and increasingly evaporitic setting, thereby resulting in the development 

of a characteristic suite of authigenic phases influenced by brines with a typical (Neoproterozoic) 

marine chemistry dominated by Ca, Mg, Na, K, and SO4, along with associated Cl, B and F. 

Early diagenesis of the sandstones resulted in minor clay and hematite grain coatings 

followed by K-feldspar and quartz overgrowths.  Fine, prismatic tourmaline, rutile and early 

phosphate minerals accompanied these overgrowths.  Rutile was derived from the breakdown of 

Fe- and Ti-bearing phases in the more reduced strata, while the relative abundance of phosphate-

bearing phases (‘apatite’) was promoted by the decay of organic matter.  Early diagenetic, 
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framboidal pyrite was formed in associated organic-rich sediments via bacterially-mediated 

sulfate reduction together with the coprecipitation of early calcite or dolomite and the partial 

silicification of interstitial and nodular sulfate (gypsum or anhydrite).  The precipitation of early 

authigenic quartz may be linked to an associated decrease in pH and high rates of evaporation.  

Gypsum was transformed to anhydrite during the earliest stages of burial dehydration and clays 

were transformed to illite along with minor amounts of (low-temperature) Mg-chlorite. 

Progressive burial of the Roan basin initiated the dissolution of less stable, detrital 

plagioclase and ferromagnesian minerals along with corrosion of other detrital components.  

Instead of dissolving, however, K-feldspar was preferentially stabilized by K+-rich brines and 

ultimately developed as a widespread alteration phase and authigenic cement.  Such alteration is 

developed throughout the siliciclastic intervals of the Roan Group and not restricted to the lower 

intervals as previously described (Selley et al., 2005)  The variable development of authigenic K-

feldspar in siliciclastic intervals commonly suggests a link to specific diagenetic environments 

that accompanied a hydrologically-restricted basin.  Such alteration is consistent with refluxed or 

residual brines developed in an evaporitic environment.   

K-metasomatism of the argillaceous strata was promoted by the alteration of clays, but 

ultimately ceased as these finer-grained beds lost permeability through a combination of 

compaction and cementation.  Coarser-grained beds retained porosity and permeability to greater 

depths and thus developed more complex, diagenetic and alteration assemblages.  This alteration 

was later overprinted by additional K-feldspar formed at higher temperatures and later in the 

burial cycle (e.g. Moine et al., 1986). 

Dolomite and sulfate (i.e. gypsum or anhydrite) cements were introduced via brine reflux 

processes during early diagenesis but were also emplaced as authigenic cements later in the 

burial cycle, either via the dissolution of buried evaporites or by residual brines (latent reflux).  

An extensional event recorded towards the end of Roan Group sedimentation may have caused 

widespread fracturing and the redistribution of anhydrite during intermediate to late burial, and 

potentially introduced late authigenic cements into the more permeable strata.  Overpressure 

related to gypsum dehydration would have led to early deformation and restructuring, potentially 

producing sub-concordant ‘veins’ and irregular, anhydrite-filled fractures.  The development of 

such features was potentially focused in the Copperbelt Orebody Member of the ZCB and its 

immediate footwall succession. 
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Albitization followed the earliest phase of K-feldspar metasomatism in accordance with a 

progressive change to more sodic pore-fluid chemistries and increased burial temperatures.  The 

formation of albite occurred in conjunction with anhydrite and carbonate cements, often at the 

expense of earlier authigenic K-feldspar and plagioclase grains that survived dissolution, but also 

as an overgrowth phase into dissolution voids and interstitial pore spaces.  Pore-filling albite 

overprinted illite, muscovite and possibly earlier sodic minerals derived from evaporative 

concentration, but retained inclusions of early tourmaline and rutile.  This albite was both coeval 

with, and overprinted by, the ongoing precipitation of authigenic quartz.  Discrete intervals of 

intense albite-silica alteration in both the lower and upper parts of the Roan Group are spatially 

associated with evaporitic intervals and suggest stratigraphically-constrained sources of sodium.  

The growth of early diagenetic ore-sulfides, as suggested by elevated levels of Cu in 

early feldspar overgrowths (e.g. Konkola: Sweeney and Binda, 1989) and an approximate Re-Os 

date of 815 Ma at the same locality (Barra et al., 2004) are inconsistent with the intensity and 

composition of the pre-ore authigenic phases observed in such ores. Specifically, the relative 

timing of albite with respect to the ore sulfides suggests intermediate to advanced burial depths 

and temperatures.  Hence, the existence of an early diagenetic phase of ore-sulfide mineralization 

is interpreted to be subordinate to later events. 

Intermediate to late diagenesis would have coincided with the maturation of organic 

material in the Roan Group and the onset of hydrocarbon generation.  Thermochemical sulfate 

reduction was facilitated by in-situ accumulations of hydrocarbons within the condensed section 

of the Copperbelt Orebody Member and limited migration into the adjacent clastic reservoirs.  

The generation of H2S from anhydrite (in the presence of this hydrocarbon catalyst) resulted in 

an initial phase of pyrite growth, and minor ore-sulfide mineralization constrained by the limited 

availability of metals.  More critical at this stage was the creation of secondary porosity through 

the dissolution of both anhydrite and dolomite via the production of acids, and in specific cases 

(e.g. Mufulira), the intense sericitization of both detrital and authigenic feldspars. 

Main-stage ore formation followed the influx and subsequent reduction of oxidizing, 

metal-bearing brines, accompanied by the precipitation of late dolomite and quartz.  Early 

diagenetic pyrite was overprinted by the ore-sulfides and thereby provided a local source of 

reduced sulfur.  However, the principal source was derived from in-situ accumulations of 

thermochemically-produced, H2S gas, as evidenced by a widespread antithetic relationship 
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between the ore-sulfides and anhydrite.  Nonetheless, the complex sulfur isotope signatures of 

sulfides in most deposits in the Zambian Copperbelt reflect varying contributions from early 

bacterially-mediated and later, thermochemically-derived sulfur, in addition to subsequent 

modification by metamorphism and remobilization (Selley et al., 2005 and references therein). 

      

                      
 
Figure 8.4. Simplified paragenetic history of the main authigenic minerals in the ore-bearing 
strata of the ZCB (modified from Chapter 7). Si, K and early Ca-Mg alteration generally predates 
Na alteration and a later Mg-event.  Note that the ore sulfides consistently occupy a late stage in 
the paragenetic sequence. 
 
 

The source and timing of movements of the bulk of the metalliferous brines remain 

enigmatic but was probably linked to a specific basin-wide fluid-flow event, either during 

renewed extension (c. 700 Ma) or initial inversion (c. 600 Ma).  The requirement for a 

stratigraphic thickness of at least 2 to 3 km for the maturation of hydrocarbons and the 

generation of H2S prior to mineralization, suggests a timing late in the history of the basin, but 

prior to lithification.  Similarly, the complete dissolution of ferromagnesian silicates and the 

widespread development of pre-ore albite indicate burial depths and temperatures that were not 

attained until a relatively late-stage of basin maturity.  Sulfide phases consistently occupy a 

similarly late stage in the paragenetic sequence and are locally coeval with, or even post-date the 

growth of phlogopite.  Such a timing for the main phase of ore sulfide mineralization is 

consistent with models proposed by McGowan (2003) and Selley et al. (2005), and is 
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additionally supported by Re-Os dating of the ore sulfides (576 ± 41 Ma at Nkana, Chibuluma 

West and Nchanga; Barra et al., 2004). 

Alternatively, elevated temperatures at the time of gabbro emplacement, towards the end 

of Roan Group sedimentation, may have initiated earlier hydrocarbon maturation and accelerated 

thermochemical sulfate reduction (Annels, 1989; Selley et al., 2005).  Intergrowth relationships 

between the sulfide phases and coarse-grained phyllosilicates could potentially have arisen from 

hydrothermal processes and recrystallization.  Such processes led to additional K-feldspar 

growth and/or the recrystallization of earlier authigenic concentrations.  Taking into account rift-

related geothermal gradients and gabbro emplacement proximal to the ore-forming environment, 

the temperatures required to account for such relationships may have been attained well before 

the onset of basin inversion and regional metamorphism. 

The distribution of late authigenic magnesian minerals in the Roan Group, notably 

phlogopite, Mg-chlorite (±talc) and phengitic muscovite, largely mimics the up-section increase 

in dolomite (±magnesite) and evaporitic strata, and is largely consistent with isochemical 

metamorphism.  However, anomalous concentrations (notably Mg-chlorite) commonly occur in 

evaporitic intervals and solution-collapse breccias, and are locally taken to indicate intense 

magnesian metasomatism.  Such alteration post-dated early potassic alteration but preceded 

metamorphism, as evidenced by the overprint of phlogopite on earlier K-feldspar-dolomite-

phengite and Mg-chlorite-dolomite-magnesite assemblages. Once again, a direct link to 

evaporitic pre-concentration is indicated.       

Structurally focused, hydrothermal fluid-flow along a dissolution surface formerly 

hosting evaporite and carbonate beds at the base of the Copperbelt Orebody Member potentially 

facilitated the ingress of a relatively high-temperature, basinal brine enriched in dissolution-

derived Ca, Mg and metal-chloride complexes.  Additionally the effects of initial inversion 

would have promoted cross-stratal fluid migration to higher stratigraphic levels.  Late-stage 

remobilization and associated dedolomitization in structural culminations was locally responsible 

for the precipitation of coarse-grained sulfide accumulations along with quartz, calcite, 

phlogopite, Mg-chlorite, and talc.  Early rutile and apatite were remobilized in such zones and 

accompanied by the redistribution of sulfides and host rock recrystallization.  Such processes 

were initiated prior to the main phase of folding but continued throughout orogenesis and 

metamorphism.  A late-stage (c. 500 Ma) of post-folding albitization associated with Cu (±U-
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Mo-Au) mineralization is widely reported (Jolly, 1971; Lefebvre and Tshiauka, 1986; Richards 

et al., 1988; Broughton et al., 2002; Hitzman et al., 2013 in press) but not examined in this study.  

This event probably represents the continuation of brine migration within the basin and further 

reflects the evaporitic nature of the host succession.  

Late uplift and exhumation of the ore-bearing strata resulted in a supergene overprint that 

includes secondary copper minerals and hematite, as well as late silica, barite, kaolin and clay 

minerals in the host strata.  The late dissolution of anhydrite and carbonate cements by deeply-

circulating meteoric fluids, particularly in the immediate footwall strata to the ZCB orebodies, 

contributed significantly to this event and resulted in leaching as well as supergene alteration to 

unusually deep levels in the basin. 

In conclusion, the evaporitic nature of the Roan basin is recognized in this study as 

having played a fundamental role in its stratigraphic development and subsequent alteration and 

mineralization.  The evaporitic setting is thus regarded as a key component for optimal leaching, 

transport, focusing and deposition of metals in the Zambian Copperbelt.  Ongoing studies would 

aim to better constrain the pre-orogenic architecture across the full extent of Roan basin, both in 

a structural and stratigraphic sense, in addition to investigating the mineralogical transformations 

that occurred in higher-grade metamorphic domains.  Such studies should provide criteria for the 

recognition of ancient evaporitic settings overprinted by orogenesis and metamorphism, in 

addition to better understanding the regional distribution of ore deposits within such systems.      
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APPENDIX A 

 
Table A-1  Drill hole locations 
 
Name Drill hole Longitude Latitude 

 
Name Drill hole Longitude Latitude 

Chambishi SE RCB1 28.0246 -12.7082 
 

Chambishi SE NN44D1 28.1177 -12.6972 
Chambishi SE RCB2 28.0766 -12.7123 

 
Chambishi SE NN45 28.1100 -12.6990 

Chambishi SE MJZC1 28.1115 -12.7199 
 

Chambishi SE NN46 28.1099 -12.7025 
Chambishi SE MJZC2 28.1188 -12.7236 

 
Chambishi SE NN46 28.1140 -12.7063 

Chambishi SE MJZC3 28.1238 -12.7269 
 

Chambishi SE NN47 28.1211 -12.6988 
Chambishi SE MJZC4 28.1003 -12.6959 

 
Chambishi SE NN48A 28.1026 -12.6990 

Chambishi SE MJZC5 28.0999 -12.6887 
 

Chambishi SE NN49B 28.1138 -12.6917 
Chambishi SE MJZC6 28.0789 -12.6825 

 
Chambishi SE NN50 28.1211 -12.6920 

Chambishi SE MJZC7 28.0919 -12.6887 
 

Chambishi SE NN52 28.0985 -12.6919 
Chambishi SE MJZC8 28.1181 -12.7031 

 
Chambishi SE NN53D1 28.1060 -12.6956 

Chambishi SE MJZC9 28.0837 -12.6890 
 

Chambishi SE NN54 28.1139 -12.6954 
Chambishi SE MJZC10 28.0905 -12.6904 

 
Chambishi SE NN56 28.1394 -12.7132 

Chambishi SE MJZC11 28.1143 -12.7256 
 

Chambishi SE NN57 28.1407 -12.7214 
Chambishi SE MJZC12 28.1186 -12.7291 

 
Chambishi SE NN58 28.1060 -12.6883 

Chambishi SE NN4 28.1388 -12.6928 
 

Chambishi SE NN59 28.1223 -12.6954 
Chambishi SE NN5 28.1060 -12.6920 

 
Chambishi SE NN60 28.1018 -12.6845 

Chambishi SE NN6 28.1385 -12.7216 
 

Chambishi SE NN61 28.1092 -12.6849 
Chambishi SE NN7 28.0911 -12.6523 

 
Chambishi SE NN62 28.0792 -12.6603 

Chambishi SE NN8 28.0893 -12.6537 
 

Chambishi SE NN63 28.1096 -12.6952 
Chambishi SE NN9 28.0915 -12.6544 

 
Chambishi SE NN64 28.0771 -12.7024 

Chambishi SE NN10 28.0903 -12.6563 
 

Chambishi SE NN65 28.0978 -12.6599 
Chambishi SE NN11 28.1146 -12.7147 

 
Chambishi SE NN66 28.0918 -12.7069 

Chambishi SE NN12 28.1175 -12.7149 
 

Chambishi SE NN67 28.1065 -12.6784 
Chambishi SE NN13 28.1146 -12.7175 

 
Chambishi SE NN68 28.0836 -12.6739 

Chambishi SE NN14 28.1147 -12.7115 
 

Chambishi SE NN69 28.0918 -12.6737 
Chambishi SE NN15 28.1123 -12.7133 

 
Chambishi SE NN70 28.0996 -12.6754 

Chambishi SE NN16 28.1118 -12.7099 
 

Chambishi SE NN71 28.0950 -12.6847 
Chambishi SE NN17 28.1174 -12.7190 

 
Chambishi SE NN72 28.0850 -12.7197 

Chambishi SE NN18 28.1199 -12.7174 
 

Chambishi SE NN73 28.0768 -12.6670 
Chambishi SE NN19 28.1198 -12.7207 

 
Chambishi SE NN74 28.1280 -12.6952 

Chambishi SE NN20 28.1223 -12.7190 
 

Chambishi SE NN75 28.0855 -12.6841 
Chambishi SE NN21 28.1228 -12.7225 

 
Itawa IT 22 28.6625 -12.9464 

Chambishi SE NN22 28.1288 -12.7249 
 

Itawa IT 25 28.6623 -12.9623 
Chambishi SE NN23 28.1251 -12.7175 

 
Kawiri South KW10 27.8725 -12.3668 

Chambishi SE NN24 28.1226 -12.7161 
 

Kawiri South KW11 27.8832 -12.3685 
Chambishi SE NN25 28.1286 -12.7190 

 
Kawiri South KW12 27.9207 -12.3775 

Chambishi SE NN26 28.1283 -12.7164 
 

Kawiri South KW13 27.9125 -12.3787 
Chambishi SE NN27 28.1279 -12.7139 

 
Kawiri South KW19 27.9251 -12.3739 

Chambishi SE NN28 28.1338 -12.7134 
 

Kawiri South KW6 27.8928 -12.3751 
Chambishi SE NN29A 28.1334 -12.7226 

 
Konkola KLB67 27.8185 -12.3658 

Chambishi SE NN30 28.1249 -12.7140 
 

Konkola KLB92 27.8039 -12.3692 
Chambishi SE NN31 28.1274 -12.7215 

 
Konkola KLB96 27.7771 -12.3225 

Chambishi SE NN32 28.1437 -12.7262 
 

Mufulira DH214 28.2586 -12.5243 
Chambishi SE NN33 28.1407 -12.7270 

 
Ndola East IT 29 28.6489 -12.9194 

Chambishi SE NN34 28.1267 -12.7087 
 

Ndola East NE 11 28.6438 -12.9190 
Chambishi SE NN35 28.1178 -12.7096 

 
Ndola East NE 12 28.6385 -12.9248 

Chambishi SE NN36 28.1228 -12.7072 
 

Ndola East NE 13 28.6195 -12.9076 
Chambishi SE NN37 28.1266 -12.7050 

 
Ndola East NE 17 28.6275 -12.8976 

Chambishi SE NN38D1 28.1304 -12.7048 
 

Ngala NG 1A 28.3900 -12.6007 
Chambishi SE NN39 28.1341 -12.7012 

 
Ngala NG 2 28.4258 -12.6468 

Chambishi SE NN40 28.1353 -12.7047 
 

Ngala NG 4 28.4157 -12.6316 
Chambishi SE NN41 28.1306 -12.7009 

 
Ngala NG 6 28.4021 -12.6109 

Chambishi SE NN42 28.1138 -12.6990 
 

Ngala NG 7 28.4356 -12.6570 
Chambishi SE NN43 28.1141 -12.7027 
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APPENDIX B 

 
 
Table B-1. QEMSCAN data 
 

 
RCB2-135 RCB2-180 RCB2-202 RCB2-255 RCB2-350 RCB2-395 RCB2-420 RCB2-451 RCB2-501 RCB2-512 

Quartz 7.33 28.18 13.18 23.11 2.18 22.74 1.33 0.04 41.80 22.34 
K_Feldspar 3.44 0.31 0.01 0.00 0.00 0.22 0.00 0.01 8.75 6.60 
Feldspar_Albite 0.00 0.05 0.02 0.00 0.00 28.15 0.00 0.01 0.01 3.27 
Dolomite 1.21 16.66 16.43 6.83 68.77 4.44 90.03 93.35 3.56 60.92 
Calcite 0.31 15.25 1.64 66.89 25.74 0.02 1.42 0.79 0.03 2.07 
Muscovite 3.01 0.60 0.10 0.00 0.00 0.08 0.00 0.00 11.70 0.04 
Illite/Muscovite 22.56 0.89 0.27 0.01 0.01 0.85 0.00 0.22 14.64 1.14 
Biotite/Phlogopite 16.60 5.72 2.98 0.04 0.09 8.57 0.05 0.14 2.87 0.35 
Phlogopite 0.03 0.90 0.69 0.01 0.00 0.00 0.00 0.14 3.05 0.44 
Kaolinite 0.32 0.02 0.00 0.01 0.00 0.04 0.00 0.00 0.49 0.01 
Chlorite 25.46 23.94 18.19 0.13 2.28 0.21 0.03 0.06 1.91 0.05 
Talc 6.43 1.56 1.06 0.02 0.25 0.00 6.45 0.01 0.48 0.05 
Tourmaline 0.00 0.05 0.02 0.00 0.00 0.00 0.00 0.00 0.21 0.00 
Zircon 0.01 0.01 0.01 0.00 0.00 0.02 0.00 0.00 0.01 0.00 
Apatite 0.47 0.42 0.13 0.11 0.03 0.36 0.09 0.32 1.69 0.24 
Rutile/Anatase 2.16 0.34 0.15 0.00 0.03 1.52 0.00 0.01 0.38 0.16 
Others 8.98 2.23 2.25 2.73 0.37 29.02 0.20 0.78 0.33 1.09 
Covellite-Malachite 0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.03 0.01 0.00 
Chalcocite/Diginite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bornite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Chalcopyrite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrite 0.98 0.70 4.08 0.05 0.01 0.01 0.05 0.56 6.96 0.96 
Cu-Co-Sulfide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Magnesite 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Anhydrite/Gypsum 0.02 0.03 37.15 0.00 0.00 0.02 0.00 0.04 0.00 0.00 
Barite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe-Ox (Ti-bearing) 0.31 0.27 0.86 0.00 0.00 2.07 0.00 0.04 0.00 0.00 
Sphene 0.03 0.01 0.00 0.00 0.00 0.39 0.00 0.00 0.00 0.01 
Ce Phosphate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Zr-oxide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Celestine 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.03 0.00 
Fe_other 0.03 0.03 0.06 0.00 0.00 0.17 0.00 0.02 0.00 0.00 
Sulf_all 0.98 0.70 4.08 0.05 0.01 0.01 0.05 0.56 6.96 0.96 
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Table B-1. QEMSCAN data (cont’d) 
 

 
RCB2-525 RCB2-558 RCB2-603 RCB2-658 RCB2-710 RCB2-772 RCB2-792 RCB2-858 RCB2-915 RCB2-940 

Quartz 7.80 40.39 28.19 2.06 3.82 0.13 22.37 0.66 3.85 0.21 
K_Feldspar 16.94 0.02 0.00 0.02 0.00 0.12 0.02 0.00 35.47 0.00 
Feldspar_Albite 19.22 45.50 0.73 3.88 0.00 0.01 42.93 0.00 25.55 0.00 
Dolomite 32.09 2.75 54.88 76.77 32.48 8.49 13.45 91.92 0.20 4.46 
Calcite 1.27 0.19 14.78 3.29 54.84 88.56 1.35 1.26 0.01 0.01 
Muscovite 0.00 0.02 0.00 0.76 0.00 0.00 0.03 0.00 8.03 0.00 
Illite/Muscovite 12.84 0.12 0.03 0.83 0.02 0.06 0.22 0.00 12.29 0.11 
Biotite/Phlogopite 4.86 1.66 0.02 0.11 0.00 0.35 1.76 0.00 4.06 0.05 
Phlogopite 0.00 0.28 0.00 0.58 0.20 0.15 0.15 0.00 3.37 0.95 
Kaolinite 0.03 0.00 0.00 0.02 0.00 0.00 0.04 0.00 0.03 0.00 
Chlorite 0.38 3.53 0.00 0.01 0.00 0.72 1.40 0.00 0.69 0.08 
Talc 0.06 3.74 0.03 0.01 1.99 0.00 0.55 3.24 0.03 4.99 
Tourmaline 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 
Zircon 0.00 0.03 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 
Apatite 0.62 0.04 0.10 0.12 0.44 0.19 0.27 0.04 0.26 0.07 
Rutile/Anatase 1.07 0.26 0.03 0.13 0.01 0.04 0.41 0.00 0.52 0.03 
Others 1.48 0.41 1.02 0.18 0.70 0.37 0.79 0.54 0.16 1.82 
Covellite-Malachite 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.01 
Chalcocite/Diginite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bornite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Chalcopyrite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrite 0.00 0.61 0.05 1.95 0.19 0.20 0.00 0.67 4.39 2.94 
Cu-Co-Sulfide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Magnesite 0.00 0.00 0.00 0.01 0.00 0.00 0.16 0.17 0.00 35.04 
Anhydrite/Gypsum 0.00 0.00 0.00 8.81 0.00 0.01 0.00 0.12 0.85 41.85 
Barite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe-Ox (Ti-bearing) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sphene 0.04 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 
Ce Phosphate 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 
Zr-oxide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Celestine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
Fe_other 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sulf_all 0.00 0.61 0.05 1.95 0.19 0.20 0.00 0.67 4.39 2.94 
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Table B-1. QEMSCAN data (cont’d) 
 

 
RCB2-961 RCB2-1005 RCB2-1018 RCB2-1082 RCB2-1139 RCB2-1148 RCB2-1176 RCB2-1183 RCB2-1203 RCB2-1218 

Quartz 16.32 1.65 19.17 16.18 0.27 44.53 48.48 23.06 26.82 18.58 
K_Feldspar 0.01 0.00 2.17 21.77 0.01 1.31 21.95 37.75 9.96 16.42 
Feldspar_Albite 0.75 0.01 3.54 10.94 0.00 2.09 10.81 8.40 0.45 2.28 
Dolomite 0.75 2.34 0.34 10.38 93.30 13.38 8.50 16.31 1.49 4.49 
Calcite 0.00 0.01 0.03 0.24 0.58 0.25 2.51 2.35 1.29 0.21 
Muscovite 0.00 0.00 5.18 16.96 0.00 12.10 0.01 0.01 4.90 6.64 
Illite/Muscovite 0.66 0.11 21.15 10.92 0.02 7.88 1.83 3.18 2.27 2.17 
Biotite/Phlogopite 2.10 0.02 25.95 8.71 0.01 10.96 2.06 4.59 9.35 0.33 
Phlogopite 13.16 0.39 16.05 0.02 0.01 4.36 3.05 0.04 0.01 0.00 
Kaolinite 0.00 0.00 0.02 0.06 0.00 0.05 0.00 0.00 0.01 0.03 
Chlorite 5.53 0.02 0.40 0.24 0.42 0.15 0.03 0.16 0.03 0.09 
Talc 2.34 0.01 0.52 0.03 0.60 0.20 0.03 0.01 0.03 0.01 
Tourmaline 0.04 0.01 0.02 0.02 0.00 0.01 0.00 0.00 0.01 0.02 
Zircon 0.01 0.00 0.02 0.02 0.00 0.03 0.01 0.02 0.03 0.02 
Apatite 0.16 0.00 0.50 0.45 0.05 0.34 0.05 0.18 0.17 0.10 
Rutile/Anatase 0.21 0.00 0.22 0.27 0.01 0.17 0.03 0.19 0.11 0.21 
Others 7.00 0.06 0.31 0.65 0.05 0.42 0.35 0.44 0.18 0.17 
Covellite-Malachite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Chalcocite/Diginite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bornite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Chalcopyrite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrite 2.13 1.10 0.80 0.02 0.15 0.17 0.06 0.70 2.18 2.43 
Cu-Co-Sulfide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Magnesite 0.88 1.06 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 
Anhydrite/Gypsum 9.10 87.30 1.08 0.08 4.12 0.87 0.01 2.46 40.39 45.47 
Barite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe-Ox (Ti-bearing) 0.00 0.00 1.06 1.47 0.00 0.00 0.00 0.00 0.00 0.00 
Sphene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ce Phosphate 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Zr-oxide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Celestine 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Fe_other 0.00 0.00 0.10 0.08 0.00 0.00 0.00 0.00 0.00 0.00 
Sulf_all 2.13 1.10 0.80 0.02 0.15 0.17 0.06 0.70 2.18 2.43 
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Table B-1. QEMSCAN data (cont’d) 
 

 
RCB2-1229 RCB2-1244 RCB2-1252 RCB2-1275 RCB2-1287 RCB2-1298 RCB2-1301 RCB2-1342 RCB2-1390 RCB2-1394 

Quartz 14.91 17.84 30.23 26.35 21.26 6.16 37.19 41.88 55.27 77.30 
K_Feldspar 35.10 36.57 43.10 19.34 4.60 6.93 28.60 1.64 29.74 15.08 
Feldspar_Albite 0.83 3.15 1.56 0.03 0.17 1.15 3.63 35.03 0.82 1.18 
Dolomite 10.17 0.02 2.64 4.95 7.84 0.41 0.81 0.40 0.32 0.78 
Calcite 0.58 0.01 2.19 1.14 18.57 0.02 1.86 0.02 1.86 1.35 
Muscovite 13.06 21.87 7.98 29.27 0.00 11.91 2.89 0.03 10.01 0.16 
Illite/Muscovite 14.19 8.33 4.99 11.46 3.05 7.13 2.73 0.34 1.65 0.79 
Biotite/Phlogopite 4.05 6.35 4.10 1.10 30.20 16.86 5.43 0.29 0.10 0.24 
Phlogopite 1.69 0.23 0.74 0.66 0.85 0.36 0.00 0.00 0.00 0.01 
Kaolinite 0.05 0.03 0.02 0.10 0.00 0.02 0.00 0.00 0.01 0.00 
Chlorite 0.13 0.26 0.14 0.09 0.00 0.22 0.12 0.13 0.01 1.31 
Talc 0.04 0.04 0.03 0.05 0.05 0.06 0.01 0.01 0.00 0.13 
Tourmaline 0.02 0.04 0.02 0.02 0.00 0.04 0.00 0.00 0.00 0.00 
Zircon 0.03 0.03 0.04 0.02 0.00 0.01 0.01 0.00 0.00 0.00 
Apatite 0.39 0.37 0.47 0.39 0.25 0.23 0.13 0.07 0.00 0.02 
Rutile/Anatase 0.42 0.35 0.32 0.28 0.00 0.09 0.02 0.09 0.00 0.02 
Others 0.34 0.06 0.24 0.37 0.18 0.30 0.26 0.05 0.06 0.18 
Covellite-Malachite 0.00 0.00 0.00 0.00 0.80 0.00 0.00 0.00 0.00 0.01 
Chalcocite/Diginite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bornite 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 
Chalcopyrite 0.00 0.00 0.00 0.00 11.12 0.00 0.00 0.00 0.00 0.00 
Pyrite 3.61 4.24 1.01 4.19 0.02 4.60 1.59 1.02 0.01 0.07 
Cu-Co-Sulfide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Magnesite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anhydrite/Gypsum 0.01 0.03 0.00 0.00 0.00 42.90 14.58 18.53 0.00 1.21 
Barite 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 
Fe-Ox (Ti-bearing) 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.32 0.09 0.09 
Sphene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ce Phosphate 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
Zr-oxide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Celestine 0.02 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Fe_other 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sulf_all 3.61 4.24 1.01 4.19 11.27 4.60 1.59 1.02 0.01 0.07 
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Table B-1. QEMSCAN data (cont’d) 
 

 
RCB2-1568 RCB2-1601 Kon_OS Nga_LOS Nka_CS Nka_SOB Muf_C MUF_Gw2 MUF_Gw1 Chb_OQ 

Quartz 37.48 41.31 13.35 22.97 4.54 8.34 36.49 58.10 80.36 47.85 
K_Feldspar 1.10 14.41 18.90 28.15 0.00 24.32 34.25 3.53 1.71 0.01 
Feldspar_Albite 0.00 1.12 1.92 0.00 0.00 0.00 14.92 0.00 0.00 19.01 
Dolomite 0.06 0.80 37.33 0.02 1.87 0.04 1.54 14.99 0.01 2.84 
Calcite 0.07 2.95 0.16 0.00 37.66 0.41 0.06 0.02 0.00 0.01 
Muscovite 54.35 17.12 2.77 28.44 0.00 38.79 0.25 13.82 9.15 0.01 
Illite/Muscovite 0.99 2.12 5.31 10.17 1.60 9.80 4.69 5.04 2.40 0.02 
Biotite/Phlogopite 5.15 9.52 6.68 1.74 25.27 4.56 0.44 0.60 0.42 1.74 
Phlogopite 0.00 0.00 2.98 0.00 10.72 0.54 0.00 0.00 0.00 0.00 
Kaolinite 0.03 0.01 0.04 1.58 0.00 0.56 0.01 0.49 0.21 0.03 
Chlorite 0.08 0.52 0.05 0.10 1.09 0.20 0.03 0.08 0.01 1.60 
Talc 0.01 0.02 0.03 0.00 0.97 0.04 0.00 0.01 0.00 0.06 
Tourmaline 0.00 0.04 0.01 0.01 0.00 0.04 0.00 0.01 0.00 0.28 
Zircon 0.02 0.01 0.01 0.03 0.00 0.02 0.03 0.03 0.01 0.02 
Apatite 0.16 0.11 0.37 0.01 0.31 0.40 0.14 0.28 0.07 0.14 
Rutile/Anatase 0.00 0.01 0.13 0.45 0.00 0.24 0.32 0.28 0.01 0.26 
Others 0.05 0.20 0.38 0.14 0.14 0.48 0.05 1.06 0.01 0.07 
Covellite-Malachite 0.00 0.00 1.06 0.02 0.58 0.90 1.16 1.08 2.91 1.33 
Chalcocite/Diginite 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 2.54 0.00 
Bornite 0.00 0.00 1.43 0.00 0.00 0.00 4.79 0.47 0.05 0.00 
Chalcopyrite 0.00 0.00 6.76 0.00 13.96 9.11 0.63 0.00 0.00 23.45 
Pyrite 0.15 0.58 0.03 5.86 0.05 0.79 0.02 0.02 0.00 0.23 
Cu-Co-Sulfide 0.00 0.00 0.03 0.00 0.78 0.19 0.00 0.00 0.00 0.86 
Magnesite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anhydrite/Gypsum 0.24 8.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Barite 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 
Fe-Ox (Ti-bearing) 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.06 0.00 
Sphene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ce Phosphate 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.00 0.00 0.00 
Zr-oxide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Celestine 0.00 0.00 0.03 0.01 0.01 0.01 0.06 0.03 0.03 0.11 
Fe_other 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sulf_all 0.15 0.58 8.25 5.86 14.80 10.08 5.44 0.49 2.60 24.54 
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Table B-1. QEMSCAN data (cont’d) 
 

 Chb_py NOP_TFQ KAS104-115  KAS104-153  KAS104-172  KAS104-276 KAS104-304 KAS104-379  LP411-259 LP411-246 
Quartz 39.36 36.09 16.78 1.05 36.91 11.34 1.90 14.84 15.78 11.82 
K_Feldspar 0.04 43.47 25.05 9.69 0.00 0.17 0.00 1.74 1.99 11.08 
Feldspar_Albite 16.93 3.27 11.69 29.56 0.00 0.01 0.00 0.00 0.00 0.00 
Dolomite 18.37 0.31 18.88 24.93 60.25 78.94 87.26 14.09 53.40 51.39 
Calcite 0.15 0.02 0.08 0.45 0.13 0.22 0.09 0.02 14.65 1.68 
Muscovite 0.07 0.67 1.80 0.04 0.00 0.01 0.00 2.40 1.82 1.74 
Illite/Muscovite 0.25 3.20 9.00 6.08 0.09 1.11 0.08 20.25 5.40 15.09 
Biotite/Phlogopite 1.33 0.50 4.22 5.66 0.08 0.24 0.04 11.50 0.59 0.37 
Phlogopite 0.39 0.00 0.46 3.37 0.27 1.71 0.39 10.25 0.93 0.01 
Kaolinite 0.06 0.26 0.13 0.02 0.01 0.00 0.00 0.07 0.05 0.06 
Chlorite 0.53 0.08 2.29 0.96 0.01 0.06 0.01 19.04 0.85 0.12 
Talc 0.02 0.00 1.99 7.75 0.71 2.28 8.23 2.16 0.08 0.02 
Tourmaline 0.05 0.00 0.03 0.03 0.00 0.01 0.00 0.03 0.01 0.00 
Zircon 0.02 0.03 0.02 0.02 0.00 0.00 0.00 0.01 0.00 0.00 
Apatite 0.07 0.21 0.12 2.41 0.06 0.11 0.07 0.37 0.19 0.29 
Rutile/Anatase 0.21 0.28 0.80 0.99 0.01 0.04 0.01 0.95 0.23 0.26 
Others 0.22 0.22 3.30 1.52 0.86 1.10 0.12 1.47 2.90 3.50 
Covellite-Malachite 0.02 0.20 0.00 0.03 0.08 0.00 0.00 0.04 0.00 0.00 
Chalcocite/Diginite 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 
Bornite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Chalcopyrite 0.00 1.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrite 21.65 0.21 0.13 0.08 0.00 0.03 0.12 0.01 0.62 1.58 
Cu-Co-Sulfide 0.02 9.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Magnesite 0.00 0.00 0.00 0.00 0.04 0.00 0.01 0.00 0.00 0.00 
Anhydrite/Gypsum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Barite 0.00 0.00 0.33 0.35 0.00 0.00 0.00 0.00 0.00 0.00 
Fe-Ox (Ti-bearing) 0.02 0.01 1.53 0.03 0.03 0.16 0.00 0.01 0.03 0.22 
Sphene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.02 
Ce Phosphate 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Zr-oxide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Celestine 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe_other 0.00 0.00 0.11 0.01 0.00 0.01 0.00 0.00 0.01 0.07 
Sulf_all 21.67 11.10 0.13 0.08 0.01 0.03 0.12 0.01 0.62 1.58 
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Table B-1. QEMSCAN data (cont’d) 
 

 
LP411-213 LP411-207 LP411-175A LP430-203 LP412-195 LP412-169 LP2-96 LP2-51 LP34-137 K27/4.2-392 

Quartz 47.25 44.57 44.25 24.31 5.33 0.87 11.36 13.65 10.59 41.76 
K_Feldspar 0.06 0.06 0.16 0.00 5.07 36.84 1.09 19.39 0.11 0.85 
Feldspar_Albite 0.00 0.00 0.00 0.00 0.24 2.61 0.86 0.04 0.00 0.01 
Dolomite 12.69 51.89 53.14 66.68 40.36 3.83 0.99 8.49 70.77 23.69 
Calcite 0.06 0.11 0.10 0.08 0.75 12.67 0.04 0.02 0.01 0.02 
Muscovite 0.06 0.07 0.07 0.00 0.77 0.11 0.04 7.25 1.49 3.98 
Illite/Muscovite 0.12 0.17 0.47 0.27 6.12 14.04 0.55 25.11 8.83 8.29 
Biotite/Phlogopite 0.04 0.04 0.04 0.15 0.86 0.31 5.02 10.94 1.07 2.27 
Phlogopite 0.00 0.01 0.00 0.29 14.65 2.91 0.42 2.52 0.26 0.90 
Kaolinite 0.01 0.01 0.00 0.00 0.40 0.00 0.02 0.60 0.03 0.08 
Chlorite 0.01 0.00 0.00 0.21 0.56 0.16 61.48 5.28 1.93 3.34 
Talc 0.01 0.07 0.02 0.61 0.83 8.60 15.55 0.55 0.92 0.74 
Tourmaline 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.01 0.02 
Zircon 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01 0.00 0.02 
Apatite 0.05 0.07 0.06 0.06 0.16 0.26 0.33 0.49 0.22 0.20 
Rutile/Anatase 0.01 0.01 0.03 0.06 0.28 0.66 1.24 0.75 0.38 0.50 
Others 1.21 0.92 1.34 1.25 0.36 1.73 0.18 3.07 1.19 0.89 
Covellite-Malachite 1.49 0.14 0.01 0.26 1.20 0.29 0.00 0.00 0.00 1.00 
Chalcocite/Diginite 2.23 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
Bornite 1.56 0.02 0.00 0.00 0.10 1.87 0.00 0.00 0.00 0.00 
Chalcopyrite 32.12 1.75 0.00 4.57 20.30 0.87 0.00 0.00 0.00 3.33 
Pyrite 0.09 0.02 0.21 0.05 0.10 0.64 0.00 0.00 0.00 6.70 
Cu-Co-Sulfide 0.00 0.00 0.00 0.80 0.60 0.00 0.00 0.00 0.00 0.00 
Magnesite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Anhydrite/Gypsum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
Barite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe-Ox (Ti-bearing) 0.66 0.02 0.05 0.00 0.00 0.02 0.01 0.93 0.53 0.01 
Sphene 0.00 0.00 0.00 0.00 0.01 0.03 0.00 0.01 0.00 0.00 
Ce Phosphate 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 
Zr-oxide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Celestine 0.06 0.01 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.09 
Fe_other 0.05 0.00 0.01 0.00 0.00 0.00 0.00 0.09 0.04 0.00 
Sulf_all 35.99 1.80 0.21 5.42 21.10 3.42 0.01 0.00 0.00 10.03 
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Table B-1. QEMSCAN data (cont’d) 
 

 
K27/4.2-396 K27/4.2-RSC K27/4.2-418 K27/4.2-420 K27/4.2-422 K27/4.2-425 KOV558_RAT DH219-664  DH219-1114 DH219-1745 

Quartz 27.59 72.20 31.05 33.42 23.32 15.75 24.92 12.13 0.57 0.75 
K_Feldspar 0.34 0.08 0.01 4.54 0.01 0.05 0.00 9.77 30.85 0.12 
Feldspar_Albite 0.00 0.04 0.00 0.02 0.00 0.00 0.00 19.71 4.90 34.10 
Dolomite 44.07 20.44 51.26 32.56 22.29 36.92 10.49 2.11 0.79 59.19 
Calcite 0.03 0.04 0.04 0.02 0.01 0.10 0.05 0.02 0.00 0.90 
Muscovite 1.50 0.29 0.04 7.16 0.05 0.31 0.00 0.00 0.00 0.04 
Illite/Muscovite 7.96 0.26 0.13 10.15 0.11 0.27 0.01 3.77 6.53 0.66 
Biotite/Phlogopite 3.25 3.37 1.22 1.13 9.74 5.20 13.63 2.45 1.53 0.77 
Phlogopite 0.46 0.00 0.00 0.00 0.03 0.01 0.00 2.34 0.27 0.62 
Kaolinite 0.05 0.08 0.00 0.44 0.00 0.01 0.00 0.02 0.00 0.00 
Chlorite 2.91 1.06 0.92 0.16 29.87 34.36 25.25 1.27 0.15 0.53 
Talc 2.14 0.15 1.93 0.08 6.40 3.02 14.17 7.40 11.56 0.01 
Tourmaline 0.01 0.42 0.00 0.04 0.01 0.04 0.02 0.00 0.00 0.00 
Zircon 0.01 0.00 0.00 0.01 0.01 0.01 0.02 0.01 0.01 0.01 
Apatite 0.26 0.09 0.08 0.29 0.28 0.42 0.41 0.26 0.20 0.25 
Rutile/Anatase 0.51 0.28 0.13 0.52 0.74 0.88 0.82 0.46 0.34 0.46 
Others 3.39 0.77 3.01 3.49 0.20 1.20 2.66 1.91 1.01 0.34 
Covellite-Malachite 0.11 0.01 2.68 2.07 1.30 0.00 0.00 0.01 0.00 0.02 
Chalcocite/Diginite 0.00 0.00 0.01 0.00 0.18 0.00 0.00 0.00 0.00 0.00 
Bornite 0.00 0.00 6.76 1.08 4.99 0.00 0.00 0.00 0.00 0.00 
Chalcopyrite 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.04 
Pyrite 1.14 0.02 0.02 0.05 0.03 0.05 0.00 3.43 5.59 0.34 
Cu-Co-Sulfide 2.75 0.08 0.00 2.48 0.00 0.00 0.00 0.00 0.00 0.00 
Magnesite 0.00 0.00 0.06 0.02 0.00 0.00 4.82 0.37 0.00 0.00 
Anhydrite/Gypsum 0.00 0.00 0.00 0.00 0.00 0.03 0.00 16.23 27.55 0.01 
Barite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe-Ox (Ti-bearing) 0.00 0.00 0.00 0.00 0.00 0.52 0.88 0.01 0.00 0.00 
Sphene 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 
Ce Phosphate 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Zr-oxide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Celestine 0.00 0.00 0.08 0.06 0.02 0.00 0.00 0.00 0.00 0.00 
Fe_other 0.00 0.00 0.00 0.00 0.00 0.05 0.07 0.00 0.00 0.00 
Sulf_all 3.90 0.10 6.79 3.63 5.30 0.05 0.00 3.43 5.59 0.37 
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Table B-1. QEMSCAN data (cont’d) 
 

 
KN18-826 KN18-991 KN18-945 KN18-965 L80-2670 L62-2006 

Quartz 1.08 19.86 16.32 17.54 29.26 64.62 
K_Feldspar 0.05 4.28 17.60 2.80 2.37 8.29 
Feldspar_Albite 62.92 0.02 0.05 0.05 25.73 0.04 
Dolomite 11.53 28.09 31.63 34.18 0.09 0.17 
Calcite 0.10 0.32 0.44 0.22 0.00 0.00 
Muscovite 0.04 8.48 0.16 0.13 5.80 0.01 
Illite/Muscovite 3.47 5.18 7.45 3.82 6.02 2.29 
Biotite/Phlogopite 16.55 7.18 7.24 18.77 10.81 3.11 
Phlogopite 0.30 12.41 4.03 8.80 1.65 0.39 
Kaolinite 0.01 0.03 0.07 0.03 0.12 0.00 
Chlorite 0.36 10.20 10.66 9.91 10.25 12.11 
Talc 0.03 0.87 0.63 0.63 2.01 4.34 
Tourmaline 0.00 0.01 0.04 0.01 0.01 0.00 
Zircon 0.01 0.01 0.01 0.01 0.03 0.04 
Apatite 0.24 0.11 0.17 0.19 0.35 0.07 
Rutile/Anatase 1.90 0.14 0.17 0.11 0.68 0.19 
Others 0.57 1.73 2.09 1.56 3.54 3.35 
Covellite-Malachite 0.00 0.02 0.04 0.01 0.01 0.06 
Chalcocite/Diginite 0.00 0.00 0.00 0.00 0.00 0.00 
Bornite 0.00 0.00 0.00 0.00 0.00 0.00 
Chalcopyrite 0.00 0.00 0.00 0.00 0.00 0.00 
Pyrite 0.00 0.04 0.08 0.15 0.02 0.05 
Cu-Co-Sulfide 0.00 0.00 0.00 0.00 0.00 0.00 
Magnesite 0.00 0.00 0.00 0.00 0.00 0.00 
Anhydrite/Gypsum 0.00 0.02 0.02 0.01 0.00 0.01 
Barite 0.00 0.00 0.01 0.36 0.00 0.00 
Fe-Ox (Ti-bearing) 0.00 0.07 0.25 0.07 0.70 0.03 
Sphene 0.01 0.00 0.00 0.00 0.00 0.00 
Ce Phosphate 0.00 0.02 0.01 0.00 0.00 0.00 
Zr-oxide 0.00 0.00 0.00 0.00 0.00 0.00 
Celestine 0.00 0.00 0.00 0.00 0.00 0.00 
Fe_other 0.00 0.05 0.07 0.01 0.03 0.01 
Sulf_all 0.00 0.04 0.08 0.15 0.02 0.05 
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