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ABSTRACT 

The Neoproterozoic metasedimentary rocks of the Central African Copperbelt (CACB) host the 

world’s largest reserves of stratiform copper and cobalt and significant deposits of zinc, lead, gold, nickel 

and uranium. Models for development of the Congolese Copperbelt (CCB) basin including mineralization 

events and basin inversion remain controversial despite advances in basin system models pioneered in 

the petroleum industry. The role of halokinesis in CCB basin development and subsequent basin 

inversion is generally accepted, although still controversial. This study used district scale models of the 

Katangan Supergroup sediments, lithofacies studies of the Mines Subgroup and deposit scale geological 

models of lithology and mineralization of Mines Subgroup blocks to investigate local basin development, 

mineralization and inversion in the Kakanda mine area, DRC. Contrary to previous interpretations, the 

location of Mines Subgroup host rock blocks are not random. Their distribution is consistent with 

halokinetic processes mobilizing intrasalt blocks.  

The geology of Kakanda reflects salt tectonic processes. Common salt related structures found in 

the Kakanda area are: minibasins of suprasalt stratigraphy, breccia resistate after salt walls rooted 

stratigraphically below the Mwashya Formation, intrasalt blocks formed by encapsulating a diapir 

carapace, intrasalt blocks of syn-salt sediments, chaotic breccia resistate after allochthonous salt wings or 

salt sheets, and autochthonous carapaces of suprasalt formations.  The Kakanda megabreccia complex 

is the surface exposure of two intersecting salt walls. The main salt wall, a splay from the Tilwezembi 

structure, is located over a southwest-down spoon shaped normal fault. The remainder of the Kakanda 

breccia complex trends northwest to intersect the Tenke-Fungurume breccia complex and 

southeastwards along the Kakanda-Luisha lineament. Mines Subgroup blocks in the Kakanda breccia 

complex are highly broken and disarticulated, but examination of variations of thickness and deposition 

environment among the blocks indicate little movement relation to one another. The distribution and 

deformation style of the Mines Subgroup rocks into disaggregated anticlines and synclines at Kakanda 

indicates that the Mines Subgroup was deposited between thick evaporites in the Roche Argilo-

Talqeouses (R.A.T.) Subgroup below and in the Roches Greso Schisteuses (R.G.S.) Formation above.  

The distribution of copper and cobalt within the allochthonous Mines Subgroup Formation blocks 

initially appeared unpredictable. This study indicates that hypogene copper and cobalt distribution and 

trends within and between Mines Subgroup blocks at Kakanda is related to specific lithofacies groups as 

well as to proximity to up flow zones in the relict salt walls. Six endmember styles of mineralization 

controlled by host rock facies variability and fluid pathways were identified. Proximity to district scale 

basin faults is the primary indicator for mineralization. Most Cu-Co deposits in the Kakanda breccia 

complex are spatially located above the zone of maximum throw of a pre-salt spoon shaped listric normal 

fault which may have served as a major fluid conduit.  
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CHAPTER 1  

INTRODUCTION 

The variably deformed and metamorphosed Neoproterozoic sedimentary rocks of the Central 

African Copperbelt (CACB) (Fig. 1) host the world’s largest reserves of stratiform copper and cobalt 

(Hitzman et al., 2012) and significant deposits of zinc, lead, gold, nickel and uranium. The siliciclastic and 

carbonate metasedimentary rocks of the Neoproterozoic Katanga Supergroup represent syn- and post-rift 

sequences deposited in linked extensional intra-catatonic basins associated with the circa 800 to 600Ma 

breakup of Rhodinia (Selley et al., 2005). The disrupted nature of Katangan Supergroup in the CCB and 

limited age dating has resulted in the basin’s development history being reliant on correlations with 

stratigraphy in the Zambian Copperbelt. Two failed rifting events have been interpreted in the Katanga 

basin (Hitzman et al., 2012). The first rifting event is poorly constrained but is bracketed by the 

~877±11Ma Nchanga Granite basement (Armstrong, 1999) and detrital zircon bearing post-rift sediments 

age dated to 840-790 Ma (Halpin and Selley (2010). The pre-Roan basement and early syn-rift sediments 

equivalent to the Zambian Lower Roan Subgroup are not exposed in the CCB. The second rifting event is 

dated by syn-rift volcanism at ~765 Ma (Key et al., 2001).  

 

 
Figure 1.1: Location map showing the location of major deposits in the northern and central Congolese 
Copperbelt all of which except Kamoa and Kakula are located in rocks of the Roan Group in or adjacent 
to megabreccia complexes (modified from Selley et al., 2018.) The red box represents the outline of the 
Kakanda megabreccia complex.  
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Table 1.1: Lithostratigraphy of the Katangan Supergroup based on Cailteux et al. (2005) and (2018). Red 
dashed lines represent stratigraphic discontinuities marked by breccias in the R.A.T. (R1) Subgroup and 
R.G.S. Formation which probably mark the stratigraphic location of significant evaporite deposits. 
 

Age Ma Group Subgroup Formation Unit Lithologies 

 

KU
ND

EL
UN

GU
 

Blanco Ku3  Ku 3 Red arkosic conglomerates, sandstones, shales 

530 Ngule Ku2 Sampwe        Ku2.3 Fine sandstones and shales 
Kiubo             Ku2.2 Sandstones with siltstones and limestones 
Mongwe       Ku2.1 Pelites with sandstone 

Gombela Ku1 Lubudi          Ku 1.4 Pink oolitic limestone and sandy carbonate beds 
Kanianga     Ku1.3 Carbonate siltstones and shales 
Lusele           Ku1.2 Micritic dolomite – pink to grey 

635 Kyandamu    Ku1.1 ‘Petit Conglomerat’ Diamictite  
660 

NG
UB

A 

Bunkeya Ng2 Monwezi       Ng2.2 Dolomitic sandstones, siltstones and dolomitic shales 
 
 
 
680 

Katete            Ng2.1 Dolomitic siliciclastics 
Muombe Ng1 Kipushi           Ng1.4 Dolomites and dolomitic shales 

Kakontwe      Ng1.3 Carbonates 
Kaponda       Ng 1.2 Banded shales and dolomites 

715 Mwale           Ng1.1 ‘Grand Conglomerat’ Diamictite 
 
 
735 

RO
AN

 

Mwashya R4 Kazandi            R 4.3 Feldsphathic lenticular sandstone 
Kafubu             R 4.2 Carbonaceous shales 
Kamoya           R 4.1 Dolomitic shales, siltstones and sandstones 

765 Dipeta R3 Kansuki            R 3,4 Dolomites and pyroclastics 
Mofya              
Dipeta             

R 3.3 Dolomitic siltstones, shales, and dolomites 
R 3.2 

R.G.S.               R 3.1 Alternating red siltstones/sandstones with grey/while dolomites. 
Mines R2 Kambove or 

C.M.N. 
R2.3 R2.32 Pale dolomites, massive/shaley/talcose 

R2.31 Stromatolitic and laminated dolomites with carbonaceous shales. 
Dol. Shales  R2.2 R2.2 Dolomitic siltstones with carbonaceous beds 

800 Kamoto            R2.1 R2.13 Stromatolitic and banded dolomites 
R2.12 Planar laminated stromatolites 
R2.12 Banded dolomites 
R2.11  

 
 
 
 
 
<883 

R.A.T. R1  R1.1-R1.3 Hematitic muddy dolomitic siltstones to sandstones 

 Unexposed in 
CCB except on 
basin margins 
of Nzilo block 

 Arkosic conglomerates, sandstones, and siltstones 

880   Basement  Date obtained from Nchanga Granite (Zambia) 
 

 

The Katangan Supergroup is subdivided into the Roan Group, the Nguba Group and the 

Kundelungu Group (Table 1.1). The boundaries between the groups are marked by diamictites 

interpreted to be glaciogenic (Francois, 1974 and Cailteux et al., 1995). The lowermost Roan Group is 

believed to have contained thick halite-bearing evaporite deposits (Jackson et al., 2003; Hitzman et al., 

2012). Salt withdrawal and diapirism during Mwashya Formation and Grand Conglomérat diamictite 

deposition (Jackson et al., 2003 and Selley et al., 2018), circa 765 to 740 Ma, and later basin inversion 

culminating in the Pan-African Lufilian orogeny (~590-500 Ma (Hanson et al., 1993, and John et al., 2004) 

resulted in the currently exposed breccia complexes that host the Cu-Co deposits of the Congolese 

Copperbelt (CCB). Stratiform Cu-Co orebodies are located within mega clasts or blocks 10m’s to km’s 

diameter in the megabreccia complexes that commonly occupy the center of anticlinal structures. 
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 The lower most Roan Group is composed of four subgroups which represent two major 

transgressive cycles from continental to subtidal facies (Cailteux, 2005; Bull et al., 2011) The first 

transgressive cycle is recorded in the transition from continental deposits of the Roche Argilo-Talqeouses 

(R.A.T.) Subgroup, to the intertidal and subtidal carbonates and mixed siliciclastics of the Mines 

Subgroup. The second transgressive cycle is recorded in the Dipeta and Mwashya subgroups (Cailteux et 

al., 2005). 

The Mines Subgroup that hosts the preponderance of stratiform Cu (Co) deposits is subdivided 

into three formations and is well described down to member resolution. The lowermost Kamoto Dolomite 

Formation contains laminated dolomites at the base, the Dolomies Stratifiées (D.Strat.) and the Roche 

Siliceuses Feuilltées (R.S.F.). These two units were probably originally carbon rich and reduced although 

subsequent diagenetic and hydrothermal alteration and mineralization destroyed most carbonaceous 

material. A silicified vuggy dolomite, the Roches Siliceuses Cellular (R.S.C.) forms the top unit of the 

Komoto Dolomite Formation. The overlying Shale Dolomitiques (S.D.) Formation contains alternating 

reduced carbonaceous mudstones/siltstones with dolomitic mud-siltstones which can contain 

pseudomorphs after anhydrite nodules and isolated stromatolites. The lower member of the overlying 

Kambove Formation or Calcaire a Minerai Noir (C.M.N.) Formation is composed of interbedded 

carbonaceous laminated dolomites, shales, oolites, and stromatolitic dolomites. The upper member of the 

formation is composed of massive white-pink dolomites, laminated dolomites, and dolosiltstones.  

The Mines Subgroup contains the lowermost reduced strata within the Katangan Supergroup in 

the CCB.  The location of the majority of stratiform orebodies within these formerly reduced rocks 

suggests that precipitation of copper ± cobalt resulted from reduction of dominantly vertically flowing, 

oxidized metal-bearing fluids (Rose, 1976 and Hitzman et al., 2005). Mineralization also occurred in 

higher stratigraphic sequences in areas with non-deposition of the Mines Subgroup, such as the Kamoa-

Kankula-Makoko deposits hosted within the Nguba Group Grand Conglomérat diamictites along the 

western basin margin. Structurally controlled replacement and vein deposits occur at locations where 

structures allowed metal bearing fluids to bypass the lower reduced stratigraphy, such as the Kinsevere 

and Kisanfu deposits hosted in part in rocks of the Kambove Formation (Francois, 1974 and Broughton, 

2013). The Tilwezembe, and Kipoi Central deposits in the CCB and the Frontier and Lonshi deposits to 

the east of the Zambian Copperbelt are hosted in rocks of the Mwashya Subgroup (Taylor et al., 2013).  

Historically there has been general agreement that the stratiform Cu-Co deposits hosted in the 

Roan megaclasts were formed during two phases prior to and during basin inversion. The first event has 

been identified as early diagenetic (Dawaele et al., 2006; El Desouky et al., 2009; Hitzman et al., 2010; 

Selley et al., 2018). Later stage courser sulfides, sometimes vein hosted, have been interpreted as syn-

orogenic (El Desouky et al., 2009; Selley et al., 2018).  Rhenium-osmium dating of stratiform Cu-Co 

sulfides at Kamoto in the DRC indicate that some ores were precipitated circa 800 Ma, during rifting and 

basin development (Muchez et al., 2015) and prior to the Lufilian Orogeny.  
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The Kakanda mine area is located along the axis of curved trend of Cu-Co deposits orientated 

NW-SE from Kolwezi to Lubumbashi (Figure. 1.1). This study area encompasses 60 by 30km and 

includes the Kakanda breccia complex which hosts 72 known blocks of Mines Subgroup rocks greater 

than 200m in width. These blocks variably contain both hypogene and supergene Cu and Co mineralized 

rocks. The Kakanda deposits were explored by Union Miniere du Haut Katanga (“UMHK”) and placed into 

production in the 1950’s (Twigg, 2014). They were operated by UMHK and its successor company 

Gécamines until 1992 (Gallant, 2014). A hiatus in mining and exploration activity occurred until 

privatization resulted in the resumption of mining by Boss Mining SPRL in 2004 (Mtetwa, 2014); mining 

continues to present. 

1.1 Scope of this Study 

This study presents a camp scale overview of the Katangan Supergroup distribution, lithofacies 

and thickness variation to interpret basin development, Mines Subgroup-hosted alteration and 

mineralization and deformation history. The thesis consists of two chapters being prepared for publication 

(Chapters 2 and 3) plus an introductory chapter, a conclusions chapter and appendices.  

The second chapter describes basin development and inversion from deposition of the syn-rift 

Roan Group to the syn-orogenic Kiobo Formation of the Kundelungu Group. The study utilizes the 

suprasalt stratigraphy of the Mwashya Subgroup, Nguba Group, and Kundelungu Group sedimentary 

rocks to investigate the structural evolution of the Kakanda breccia complex. Detailed litho-stratigraphy 

derived from logging of drillcore of the Mines Subgroup within blocks within the Kakanda breccia complex 

was used to investigate the lithological variability of the Mines Subgroup fragments in the breccia complex 

to determine the degree of disaggregation of the Mines Subgroup blocks. 

The third chapter describes the distribution of Cu-Co in the Mines Subgroup at Kakanda as well 

as the mineralogy, textures, and paragenetic sequence of sulfides. Metal distribution is presented as 

maps of total copper (TCu), total cobalt (TCo) derived from three-dimension models using Seequent 

Leapfrog® GEO 3D software. The maps also portray the dominant copper and cobalt mineral species with 

information derived from both logging and petrography. These maps provide a means of displaying Cu-

Co sulfide zoning.  A facies analysis was undertaken on the Mines Subgroup rocks based on depositional 

textures and bedforms described from drill core. Facies designations were then input into Leapfrog® 

models to better understand paleo-environment.   

The final chapter discusses the findings of the two previous chapters, their implications on Cu and 

Co exploration in the Congolese Copperbelt, questions raised, and areas for future research.  

1.2 Methods 

Data for this study was derived from historic geological map data produced by parastatal 

exploration company Gecamines (Musée royal de l’Afrique centrale, 2006), geological and geophysical 
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data from Boss Mining SPRL, and detailed logging of available drill holes.  Topographic data for the area 

utilized Shuttle Radar Topography Surveys (SRTM) data (Figure2.2).  

Due to the long exploration history in the study area drillhole data includes that from multiple 

companies. Early exploration activity was undertaken 1959-1997 by Gécamines and multiple companies 

operated contemporaneously on the site from 1997 until 2006, when exploration and mining operations 

were consolidated under Boss Mining SPRL. Drillcore from the 2006-2018 campaigns is stored at 

Kakanda along with paper and electronic copies of all prior exploration data. Drillhole logging for this 

study utilized better preserved 2010-2013 drillholes. Information from the western portion of the area is 

limited due to intense weathering which has resulted in poor core recoveries and poor drillcore 

preservation; company photographs of the material when drilled were utilized in these cases. Geophysical 

data available for the study included aeromagnetic data flown 1969 for Gécamines and regional gravity 

data (Duffett et al., 2010, unpub.). Geological mapping data and an exploration database containing 3039 

drillholes were utilized to create lithostratigraphic sections along 21 lines across the autochthonous 

suprasalt stratigraphy. Thicknesses were calculated utilizing strike and dip measurements and map unit 

thicknesses from a newly created district-scale geological map (Figure 2.2a). A regional 3D model was 

created using the ‘New Stratigraphy’ function in Leapfrog Geo software from the digitized surface 

geological contacts, bedding data and depths of drillholes that intersected the autochthonous 

stratigraphy.  

On site lithological and mineralization logging was undertaken during one field season in 2017 for 

31 of the 73 Mines Subgroup blocks present in the Kakanda district. Approximately 31 drillholes were 

logged in detail and another 12 were examined via core photographs. Logging focused on unweathered 

and unmineralized blocks as well as blocks containing hypogene sulfides. At the deposit scale the 

exploration drilling database along with LIDAR 1m resolution topographic survey and geological maps 

ranging from regional (1:20,000 scale) geological maps dating from the 1960’s Gécamines era to 2016 

geological pit maps (1:500 scale) were utilized.  Individual deposit scale models were created in Leapfrog 

for the 63 known Mines Subgroup blocks >200m in width in the Kakanda breccia complex; blocks <200m 

wide were not modelled.   These models integrated surface mapping and drillhole data and involved 

modelling five different stratigraphic units. Due to the inconsistencies inherent in logging by different 

geologists during over 50 years of exploration in the area, several stratigraphic units were combined.  

Total Cu and Co% grade shells and metal:sulfur ratios were created in Leapfrog Geo using the 

RBF interpolant from available assay data on drill holes. Blast hole grade data was not available.  The 

search was constrained to individual Mines Blocks and a trend parallel to stratigraphy contact was 

applied. TCu and TCo values were typically capped at the 98th percentile.  Acid soluble Cu%: Total Cu% 

(AsCu:TCu) ratios were interpolated using the same method, except with an isotropic search ellipse. 

Petrographic studies were undertaken using transmitted and reflected light to study textural and 

paragenetic relationships. 
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1.3 Data Limitations 

Leapfrog modelling only incorporated faults which significantly offset the stratigraphy within the 

Mines Subgroup. Smaller scale faults were not modelled.  Many of the drillholes through the Mines 

Subgroup blocks do not contain the uppermost S.D. and C.M.N. formations, therefore data is limited in 

these cases to geological maps. Drillholes were logged using the typical DRC mining stratigraphy, familiar 

to all geologists in the Congolese Copperbelt. However, whilst some contacts are sharp and will have 

been identified consistently throughout the exploration history of Kakanda, transitional contacts, such as 

the D.Strat.-R.S.F., are often obscured by silicification and were identified inconsistently. The number of 

carbonaceous shales within the S.D. Formation used to define units are more variable than often 

recognized. In particular, shales in the SD2a and SD3b can be missing and additional carbonaceous 

shale units can further complicate unit assignments. Therefore the S.D. Formation was simply subdivided 

into the S.D.B. and the S.D.S. units. The three formations of the R.A.T. Subgroup were not categorized 

for this study. 
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CHAPTER 2  

THE STRATIGRAPHY AND BASIN ARCHITECTURE OF THE KAKANDA MINE AREA, CENTRAL 

AFRICAN COPPERBELT, D.R.C. 

Abstract  

The Neoproterozoic metasedimentary rocks of the Central African Copperbelt (CACB) host the 

world’s largest reserves of stratiform copper and cobalt and significant deposits of zinc, lead, gold, nickel 

and uranium. Models for the formation of the Congolese Copperbelt basin, mineralization, and basin 

inversion remain controversial despite advances in basin system models pioneered in the petroleum 

industry and applied to the Katangan basin. This study used district scale models of the Katangan 

Supergroup sediments and lithofacies studies of the Mines Subgroup to investigate local basin 

development and inversion in the Kakanda mine area, DRC. The geology of Kakanda reflects salt 

tectonic processes. Common salt related structures found in the Kakanda area are; minibasins of 

suprasalt stratigraphy, breccia resistate after salt walls rooted stratigraphically below the Mwashya 

Formation, intrasalt blocks formed by encapsulating a diapir carapace, intrasalt blocks of syn-salt 

sediments, chaotic breccia resistate after allochthonous salt wings or salt sheets, and autochthonous 

carapaces of suprasalt formations.   

 The Kakanda megabreccia complex is the surface exposure of two intersecting salt walls. The 

main salt wall, an extension of the Tilwezembi structure, is located over a southwest down, spoon shaped 

normal fault. The remainder of the Kakanda breccia complex trends northwest to intersect the Tenke-

Fungurume diapiric complex and southeastwards along the Kakanda-Luisha lineament. Suprasalt 

thickness variability at Kakanda confirms findings by other authors: diapirism was initiated during 

deposition of the Mwashya Subgroup and the Mwale ‘Grand Conglomérat’ Formation. Minibasin and salt 

wall development continued until deposition of the Kundelungu Group Kiubo Formation. The intrasalt 

Mines Subgroup blocks show no evidence of diapiric movement during Mines Subgroup deposition. 

Mines Subgroup blocks are highly broken and disarticulated, but variations of thickness and 

deposition environment indicate little movement of these blocks relative to one another. The distribution 

and deformation style of the Mines Subgroup into disaggregated anticlines and synclines at Kakanda 

indicates that the Mines Subgroup was deposited between thick evaporites located in the Roche Argilo-

Talqeouses (R.A.T.) Subgroup below and in the Roches Greso Schisteuses (R.G.S.) Formation above 

the Mines Subgroup. Differences in lithofacies of the Mines Subgroup and the Mwashya Subgroup at 

Kakanda compared to these units in the Tenke-Fungerume district suggests thicker total salt and less 

carbonate deposition in the Mines and R.G.S. subgroups at Kakanda. 

Syn-sedimentary structures at Kakanda were modified, likely during the Lufilian Orogeny (~500-

560 Ma), reversing movement on a major presalt normal fault to produce a popup structure that resulted 



8 

in compression of the minibasins surrounding Kakanda and likely further disarticulation of Mines 

Subgroup blocks.  

2.1 Introduction 

This chapter uses exploration data, lithostratigraphic drillhole logging and regional geophysical 

surveys to interpret the basin architecture in the Kakanda mine area and its evolution during deposition of 

the Katangan sedimentary sequence.  The role of evaporites during sedimentation and subsequent basin 

inversion in the Central African Copperbelt has been contentious.  François (1973), Cailteux et al. (2005a, 

2018), Porada and Berhorst (2000), and Wendorff (2000, 2003, and 2005) favored large-scale thrusting 

during the Lufilian orogeny with detachment occurring on evaporitic horizons. Jackson et al. (2003), 

proposed allochthonous extrusion of evaporites to explain the megabreccia complexes and stratigraphic 

gaps in the Roan Group followed by later shortening during the Lufilian orogeny. More recently Hitzman 

et al. (2012) and Selley et al. (2018) proposed a halokinetic para-autochthonous basin decoupling model 

without the need for large-scale lateral translation of stratigraphy. 

 

 

Figure 2.1: Location map showing the location of major deposits in the northern and central Congolese 
Copperbelt all of which except Kamoa and Kakula are located within exposures of the Roan Group in or 
adjacent to megabreccia complexes (modified from Selley et al., 2018.) The red box represents the 
outline of the Kakanda megabreccia complex (Figure. 2.2).   
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Table 2.1: Lithostratigraphy of the Katangan Supergroup based on Cailteux et al. (2005) and (2018). The thickness column Includes stratigraphic 
thickness calculated at Kakanda and the median thickness at Tenke-Fungurme in blue (Schuh et al., 2012). Red dashed lines represent 
stratigraphic discontinuities marked by breccias in the R.A.T. (R1) Subgroup and R.G.S. Formation which probably mark the stratigraphic location 
of significant evaporite deposits. 
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Selley et al. (2018) divided the Congolese Copperbelt (CCB) into three domains, the Southern, 

Central, and Northern Congolese Copperbelt (SCCB, CCCB and NCCB respectively; Figure 2.1) based 

on deformation styles and stratigraphic decoupling horizons. The Kakanda mine area is located in the 

CCCB (Figure 2.1) where the post-rift sag phase carbonate sequence and overlying Nguba and 

Kundelungu groups display high amplitude, low wavelength upright folds. The folded sequence is cut by 

breccia bodies generally occupying the cores of anticlines but sometimes cutting across fold axes. The 

breccia bodies contain blocks of Upper Roan Group carbonate strata and to a lesser extent, Nguba and 

Kundelungu group blocks. The breccia bodies are considered remnants of diapiric salt (Jackson et al 

2003, Selley et al., 2018). The NCCB, which borders the study area to the north, contains large areas 

underlain by breccia bodies which appear to be less chaotic than those in the CCCB; some areas in the 

NCCB contain fewer Mines Subgroup blocks perhaps because this facies type was not deposited in the 

area. 

This paper reviews the implications of the halokinetic decoupling model (Selley et al., 2018) for 

exploration methods and targeting in the Kakanda megabreccia complex. The Kakanda mine area is 

located along the axis of a linear trend of Cu-Co deposits orientated NW-SE from Lubumbashi to 

Fungurume (Figure 2.1).  The study area encompasses 60 by 30km and is bisected by the NE-SW-

trending Kakanda breccia complex and the interlinked extension of the generally ENE-WSW-trending 

Tilwezembe breccia zone. This paper utilizes the stratigraphy of the Mwashya Subgroup, Nguba Group, 

and Kundelungu Group sedimentary rocks to investigate the structural evolution of the area and the 

Kakanda-Tilwezembe breccia complexes. 

2.2 Methods 

The study reinterprets district scale geological features using the halokinetic model and creates a 

three-dimensional geological model to investigate breccia morphology and Mines Subgroup intrasalt 

block distribution which allows identification of under-explored near-surface targets. Lithofacies variability 

and distribution of Mines Subgroup blocks were then used to investigate inter-block relationships and 

dispersal patterns. 

Data for this study was derived from historic geological map data produced by parastatal 

exploration company Gecamines (Musée royal de l’Afrique centrale, 2006), geological and geophysical 

data from Boss Mining SPRL, and detailed logging of available drill holes.  Topographic data for the area 

utilized Shuttle Radar Topography Surveys (SRTM) data (Figure2.2). 

Due to the long exploration history in the study area drillhole data includes that from multiple 

companies. Early exploration activity was undertaken 1959-1997 by Gécamines and multiple companies 

operated contemporaneously on the site from 1997 until 2006, when exploration and mining operations 

were consolidated under Boss Mining SPRL. Drillcore from the 2006-2018 campaigns is stored at 

Kakanda along with paper and electronic copies of all prior exploration data. Drillhole logging for this 

study utilized better preserved 2010-2013 drillholes. Information from the western portion of the area is  
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Figure 2.2: (a): Geological map of the Kakanda study area modified from François (2006). Anticline axes 
are marked with yellow dashed lines, syncline axes are marked with yellow solid lines. (b): Topography of 
Kakanda study area (SRTM from USGS Earth Explorer) overlain by the trace of suprasalt structures in 
black. (c): Total magnetic reduced-to-pole (TMI RTP) used to identify deep seated structures (blue 
dashed lines). (d): High resolution airborne geophysical survey TMI RTP 1st vertical derivative (VD) was 
used to correct surface contacts and identify covered faults.  
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limited due to intense weathering which resulted in poor core recoveries and poor drillcore preservation; 

company core photographs were utilized in these cases. Geophysical data available for the study 

included aeromagnetic data flown 1969 for Gécamines and regional gravity data (Duffett et al., 2010, 

unpub.). 

Geological mapping data and an exploration database containing 3039 drillholes were utilized to 

create lithostratigraphic sections along 21 lines across the autochthonous Mwashya Subgroup to 

Kunelungu Group stratigraphy. Thicknesses were calculated utilizing strike and dip measurements and 

map unit thicknesses from a newly created district-scale geological map (Figure 2.2a). A regional 3D 

model was created using the ‘New Stratigraphy’ function in Leapfrog Geo software from the digitized 

surface geological contacts, bedding data and depths of drillholes that intersected the autochthonous 

stratigraphy. 

On site lithological and mineralization logging was undertaken during one field season in 2017 for 

31 of the 73 Mines Subgroup blocks present in the Kakanda district. Approximately 31 drillholes were 

logged in detail and another 12 were examined via core photographs. Logging focused on unweathered 

and unmineralized blocks as well as blocks containing hypogene sulfides. At the deposit scale the 

exploration drilling database along with LIDAR 1m resolution topographic survey and geological maps 

ranging from regional (1:20,000 scale) geological maps dating from the 1960’s Gécamines era to 2016 

geological pit maps (1:500 scale) were utilized.  Individual deposit scale models were created in Leapfrog 

for the 63 known Mines Subgroup blocks >200m in width in the Kakanda breccia complex; blocks <200m 

wide were not modelled.   These models integrated surface mapping and drillhole data and involved 

modelling five different stratigraphic units. Due to the inconsistencies inherent in logging by different 

geologists during over 50 years of exploration in the area, several stratigraphic units were combined.  

2.3 Katangan Stratigraphy 

The Neoproterozoic Katangan Supergroup is subdivided into the Roan Group, the Nguba Group 

and the Kundelungu Group (Table 2.1). The Katangan Supergroup lithostratigraphy in the CCB was 

defined by François (1974) whilst mapping the region for Gécamines. The stratigraphic associations were 

later modified and refined by Francois (2006), Cailteux (1994), Cailteux et al. (2005a, b), and Kampunzu 

et al. (2005).  Cailteux and De Putter (in prep) has proposed modifications to the Katangan Supergroup. 

This study has used the established and better known Cailteux (2005) stratigraphic assignments and 

formation names. 

The lowermost Roan Group is not exposed in the CCB. It is, however, assumed to be present 

beneath the level of current exposure and was probably deposited at approximately the same time as the 

Lower Roan Group siliciclastic rocks (Mindola Formation) of the Zambian Copperbelt (ZCB) which 

unconformably overly the Nchanga Granite (833±10 Ma; Armstrong et al., 2005). In the CCB the oldest 

Roan Group rocks exposed are termed the Roche Argilo-Talqeouses (R.A.T.) Subgroup. These rocks 

consist of hematitic arkosic sandstones and siltstones (“red beds”). They are only recognized as blocks 
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within the megabreccia bodies. Detrital zircon studies indicate an age 840-790Ma for the R.A.T. 

Subgroup rocks in the CCCB (Halpin and Selley 2010 unpub.). 

The R.A.T. Subgroup in the CCCB is overlain by rocks of the Mines Subgroup. The Mines 

Subgroup, contains three formations, the Kamoto Dolomite, the Shale Dolomitiques (S.D.) and the 

Calcaire a Minerai Noir (C.M.N.) or Kambove Dolomite. The Kamoto Dolomite Formation represents a 

sharp transition from hematitic siliciclastic sedimentary rocks to evaporitic carbonate rocks which were at 

least locally carbonaceous. The Kamoto Dolomite Formation in the Kakanda area consists of the 

lowermost Dolomies Stratifiées (D.Strat.) unit, a sequence of thin bedded algal carbonate rocks with 

abundant casts after evaporite minerals, probably dominantly gypsum, and minor siltstones. These are 

gradational into the overlying Roche Siliceuses Feuilltées (R.S.F.) unit consisting of very thin bedded to 

laminated algal carbonates with relict evaporitic layers.  The R.S.F. unit and commonly much of the 

D.Strat. unit are highly silicified throughout much of the CCCB including in the Kakanda area.  

The R.S.F. unit is sharply overlain by the Roches Siliceuses Cellular (R.S.C.) unit, a distinctive 

unit that typically consists of coarse-grained dolomite that has been complexly silicified.  Relict textures 

indicate that the R.S.C. unit was originally a stromatolitic bioherm with space between the carbonate 

stromatolites commonly occupied by evaporitic minerals, probably dominated by gypsum.  There is no 

textural evidence to suggest the presence of significant halite at the stratigraphic level of the lower Mines 

Subgroup.  

The top of the R.S.C. unit is marked by a flooding surface.  The overlying S.D. Formation has 

been divided into a series for sub-units by previous workers (François, 1974). These have been combined 

into one unit for this study. The S.D. Formation grades upwards into the C.M.N. Formation another 

evaporitic carbonate-evaporite sequence that itself grades upwards into the Roches Greso Schisteuses 

(R.G.S.) Formation of the Dipeta Subgroup, a mixed hematitic siltstone-sandstone sequence similar 

lithologically to much of the R.A.T. Subgroup but commonly containing thin interbeds of carbonate rocks 

and stratabound breccias that probably represent former evaporitic beds, some of which may have 

contained halite. The C.M.N. Formation is the uppermost unit modeled for this study as the R.G.S. 

Formation is commonly highly disrupted making correlation between drill holes extremely problematic.  

The Dipeta Subgroup is poorly represented at Kakanda. The basal R.G.S. Formation is attached 

to some Mines Subgroup blocks but missing or delaminated from most. Large blocks of R.G.S. Formation 

up to 500 m length have been observed in pit walls of Kababankola (Figure 2.3) and are commonly 

intersected in drillholes throughout the Kakanda megabreccia complex. The three formations of the 

Dipeta Subgroup above the R.G.S. Formation (Table 2.1) are well preserved at Tenke-Fungurume but do 

not appear to be present at Kakanda. It is unclear whether they were detached during halokinesis or 

whether they were not deposited in this area. The base of the Mwashya Subgroup at Kakanda sometimes 

contains supra tidal carbonate rocks and oxidized siltstones which may actually belong to the uppermost 

Dipeta Subgroup.  DeMagnee and Francois (1988) and Jackson et al. (2003) interpreted the breccia 
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horizons in the Dipeta Subgroup as relict evaporitic beds. Thus, it is possible that the Dipeta Subgroup at 

Kakanda represents the remnants of a thick evaporitic sequence whereas the Dipeta Subgroup at Tenke 

Fungerume largely represents carbonate shelf margin deposits. 

 

  
 
Figure 2.3: Mines Subgroup block locations in the Kakanda megabreccia complex (map modified from 
Francois et al., 1974); * denotes blocks which have been partially or completely mined. Section lines 
represent sections illustrated in Figure 2.9. (a): Disele group. (b): Luita group. (c): Mukondo group. (d): 
Kakanda group also showing the Bangwe Lambeau. Same geological legend as Figure 2.2. 

 

 

The lower Mwashya Subgroup (Kamoya Formation) at Kakanda contains dolostones, dolomitic 

shales, siltstones, sandstones and minor mafic volcaniclastic rocks. It is interpreted as a transgressive 

intertidal-subtidal sequence (Cailteux et al., 2005; Bull et al., 2010, unpub). The Upper Mwashya 
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Subgroup (Kafubu Formation) at Kakanda is dominated by carbonaceous shales interpreted as deeper 

water slope and basin deposits. To the south of Kakanda in the Luswishi area minor mafic igneous flows 

and sills are present (Kapunzu et al., 1993). These igneous rocks appear to be regionally correlative with 

thick basalt flows and volcaniclastic rocks known from the Kamoa area to the west of Kolwezi (Schmandt 

et al., 2013) and the Mwinilunga area to the south in northwest Zambia where they have been dated to 

765±5 Ma (Key et al., 2001).  They are also time equivalent to mafic igneous sills in the ZCB and Domes 

region of northern Zambia (Kapunzu et al., 1991; Barron, 2003). The widespread presence of these mafic 

igneous rocks, together with the locally complex facies architecture of the Mwashya Subgroup (Hitzman 

et al., 2012), suggests extension during deposition of the Upper Roan Group. 

The Nguba Group represents a post extension sag phase with an initial fill of Sturtian-age 

diamictite (Mwale Formation - Grand Conglomérat) overlain by carbonate rocks with relatively minor 

evaporites that grade upwards to interlayered siltstone and sandstone. The base of the Kundelungu 

Group is marked by deposition of the Marinoan Petit Conglomérat diamictite unit which is everywhere 

overlain by the Lusale Formation (Calcare Rose cap carbonate) and then a return to dominantly 

siliciclastic sedimentary rocks with much of the sequence likely having been deposited in a near shore 

marine or fluvial environment (Batumike, 2007). 

2.4 Supra-salt Minibasin Development in the Kakanda Area 

The Kakanda mine area is divided into four regions (NW, NE, SW and SE; Figure 2.2a) by Roan 

Group breccias (Ri), the NE-SW-trending Kakanda breccia complex and the ENE-SSW-trending 

Tilwezembe zone that extends west from the Kakanda breccia complex. A fifth allochthonous block of the 

supra-salt stratigraphy, historically referred to as the Bangwe Lambeau (‘shred’) is located between the 

NE, SW and SE basins. The Roan Group breccias were originally interpreted as marking the positions of 

back thrusts and anticlines (Francois, 1974, 2006).  However, more recent work in Katanga indicates that 

these breccias, which now form the cores of Roan-Nguba group anticlines, represent the former location 

of diapiric salt walls (Selley et al., 2018). The E-W and NW-SE-oriented Kundelungu-cored synclines are 

now recognized as being supra-salt minibasins.  

Minibasins are dish like synclines of sediment which subside into and displace underling salt 

(Jackson and Hudec, 2017). Differential loading and subsidence results in low angled bedding dips in 

minibasin centers with steeper bedding dips along minibasin margins due bedding rotation. Continued 

subsidence and salt expulsion can eventually lead to the base of the minibasin welding to the pre-salt 

strata and adjacent minibasins welding to one another (Figure 2.4a). Subsidence can continue along the 

flanks of a minibasin resulting in the formation of turtle anticlines (Figure 2.4a) (Peel, 2014). Thus, 

halokinetic subsidence of minibasins can result in the formation of both synform and antiform features 

that are unrelated to compression.  

Topographic and aeromagnetic data were used to re-interpret the geology in the Kakanda area 

and to decipher the geometry of the halokinetic minibasins.  The area to the east and north of the 



16 

Kakanda breccia complex contains rocks with a high magnetic response (Figure 2.2c) that display an 

obvious fold pattern both topographically and in their magnetic signature (Figure 2.2b). Similar age rocks 

exposed southwest of the breccia complex have a low magnetic response in the total magnetic reduced-

to-pole (TMI RTP) image (Figure 2.2c), dip less steeply, and show little evidence of folding based on  

 

 
 
Figure 2.4: Cartoon cross sections illustrating salt-related features observed at Kakanda. (a): The 
formation of minibasins through sediment loading, development of salt walls through salt evacuation. The 
minibasins may form welds with pre-salt sediments.  Salt trapped between salt walls can lead to 
development of turtle anticlines (lower right). Modified from Peel (2014). (b) and (c): Possible origins of 
sediment packages (now mega-blocks) within diapiric salt (modified from Fernandez et al., 2017). (b): 
Mega-blocks in diapiric salt formed from originally intrasalt deposition (modified from Fernandez et al., 
2017). (c): Mega-blocks within diapiric salt form by encasement of a suprasalt carapace (modified from 
Fernandez et al., 2017). 
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topography. The different magnetic responses in these areas could be due to differences in total 

magnetic intensity of the Roan-Nguba-Kundelungu group rocks, which is unlikely. It is more probable that 

a difference in the sedimentary package thickness is responsible for the change in magnetic response 

due to differences of depth to magnetic basement. The area of low response in the SW sub-basin 

correlates with a gravity low suggesting that the depth to basement in this area is greater than the area 

east of the breccia complex. There is little change in the gravity signature between the NE and NW or NE 

and SE minibasins suggesting that depth to basement is similar in these areas. 

The curved trend of the contact between the area of high magnetic signature to the east with that 

of weaker signature to the west corresponds to the position of the Kakanda breccia complex.  The 

geometry of the contact, together with the evidence from gravity data that the area to the west may have 

a deeper depth to basement suggests that the contact between the magnetic and less-magnetic domains 

represents a curved listric normal fault which dips and is downthrown to the southwest.  The axis of the 

curved fault is located between Mukondo and Kakanda deposits.  

In the western area, along strike discontinuities of bedding traces (Figure 2.2 c,d) suggest the 

presence of two normal faults (Disele and Kahumbwe faults). These structures appear to tip out in the 

Nguba Group Ng 1.3 unit and the Kundelungu Group Ku 2.1 unit respectively (Figure 2.2b) suggesting 

they underwent syn-sedimentary movement that continued into lower Kundelungu Group time. The sharp 

offset in the deep magnetic response along the Kahumbwe Fault (Figure 2.2c) suggests that this fault 

offsets the major basement structure. 

Stratigraphic thickness calculations using Gecamines 1:20,000 scale geological mapping data 

(Appendix A) indicate that the suprasalt stratigraphy is thicker in SW basin than the NW, NW and SE 

basins. The calculated sedimentary package thicknesses support the geophysical interpretation of a 

downthrown hanging wall block above a listric normal fault. Cross sections across the Kakanda breccia 

complex (Figure 2.5) were created using all available geological data and extrapolated to pre-salt synrift 

and basement elevations predicted in the Duffet et al., (2010) geophysical model.  

The modeling suggests more accommodation space was created in the SW basin compared to 

the NW and NE basins while the NE and SE basins appear to have accommodated roughly similar 

thicknesses of Katangan sedimentary rocks (Figure 2.4). The steep dips of the Nguba and Kundelungu 

group sedimentary rocks on basin margins and the apparent thickening of stratigraphy away from basin 

margins strongly supports the hypothesis that these synclines represent halokinetic minibasins. Folding 

within the NW minibasin may be due to the development of a salt cored turtle anticline. This would 

suggest this basin is welded to pre-salt stratigraphy. The NW, NE, and SE minibasins display roughly 

similar stratigraphic thicknesses and appear to have formed by passive diapirism.  An extensional rollover 

fault is interpreted along the north and northeastern flanks of the SW basin. The SW basin is interpreted 

to have formed between three salt walls or sutures, the Tilwezembi-Kasabala ‘anticline’, and the Kabolela 

and Kakanda saltwalls which have formed over the pre-salt normal fault. The lowermost Mwashya 
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Subgroup is sometimes missing along the edges of some salt structures such as along the south margin 

of the Tenke-Fungerume salt sheet (Figure 2.4a). This could be the result of structural cut-out or non-

deposition caused by asymmetrical salt structure growth. 

 

 
 
Figure 2.5: Cross sections and geological map of the Kakanda area showing cross section locations and 
location. Section A’-A” and B’-B” demonstrate significant accommodation creation in the SW minibasin in 
an interpreted extensional rollover structure. Possible salt remains in the core of the Tilwezembi-Kasaba 
‘anticline’. Section A’-A”: southward salt extrusion is suspected to have occurred in the Kakanda saltwall 
during Ku2 deposition and in the Tenke-Fungerume diapir during Mwaysha Subgroup deposition. Section 
B’-B” shows the encased Bangwe Lambeau and the explored extents of the Mines Subgroup blocks. 
Similar Mines Subgroup blocks are expected to be present throughout the Ri (original salt body). The 
northwest, northeast and southeast basins can be interpreted with minibasin morphology. The northwest 
minibasin shows possible turtle anticline development and depocenter migration. Section C”-C” shows 
similar sediment thicknesses between the northeast and southeast basin. No vertical exaggeration.  
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2.5 Kakanda Breccias and Intrasalt Blocks or Megaclasts  

The megabreccia complexes in the CCB were commonly mapped as the Roan Indifférencié (Ri) 

and referred to as ‘R.A.T. breche’. The Kakanda area is bisected by the Kakanda breccia complex that 

extends from the southeast portion of the area to the northwest where it intersects the Tenke-Fungurume 

breccia complex at a high angle (Figure 2.2a). Another major east-west trending breccia zone extends 

west from the Kakanda complex. 

The salt breccias themselves were not the focus of this study. They are, however, similar to those 

described in a recent comprehensive study of breccias in the Mashitu open pit mine in the NCCB (Byrne, 

2017).  As at Mashitu, the Kakanda breccias are complex internally with several different facies and 

contain clasts ranging from millimeters to a kilometer in diameter; clasts greater than 1m in diameter were 

classified as megaclasts.  Similar to Mashitu, megaclasts at Kakanda are commonly rimmed by a 

monomict breccia consisting of clasts of the adjacent megaclast. Polymict breccia forms the matrix 

between megaclasts and their common monomict breccia envelope. Byrne (2017) interpreted the 

breccias as resistate after dissolution of evaporites, dominantly salt, formed by both disaggregation of the 

clasts during upward halokinetic transport and during later evaporite dissolution and collapse. 

The megabreccia at Kakanda, like those at Mashitu, predominantly contains clasts from the Roan 

Group. Clasts of the R.A,T, Subgroup and the R.G.S. Formation are probably the most common (e.g. 

similar to Mashitu) but have not been the focus of mapping and study as they are lithological similar to the 

clay-silt matrix and do not contain sulfides. Megaclasts of the Mines Subgroup carbonate rocks are well 

mapped, as are rarer megaclasts of the Mwaysha Subgroup and the Mwale Formation (Grand 

Conglomérat). A total of 73 significant Mines Subgroup blocks have been delineated through mapping 

and drilling to several hundred meters in the Kakanda breccia complexes (Figures. 2.3; 2.5, section B-B’). 

Mines Subgroup blocks are interpreted as intrasalt layers (often referred to as “stringers”) that have been 

broken and deformed during upward movement of salt. They are expected to be present throughout the 

breccia complex.  

Megaclasts of the Mwashya Subgroup and to a lesser extent the Mwale Formation (Grand 

Conglomérat) are present near the margins of the megabreccia complex. These blocks could have been 

plucked from the walls of salt diapirs. A block of condensed complete suprasalt stratigraphy, called the 

Bangwe Lambeau is locate between the SW, NE and SE minibasins (Figure 2.3d). This block probably 

represents incorporation of a portion of a long-lived diapir sedimentary carapace (e.g. Figure 2.4c). A 

section of suprasalt Kiubu Formation (Ku 2.2), historically referred to as the Mupapala Lambeau, is 

located east of the Mupapala prospect between the NW and SW minibasin. Bedding in the Mupapala 

Lambeau dips gently northwards, similar to the adjacent Ku2.2 rocks in the SW basin. The Mupapala 

Lambeau is interpreted as an autochthonous carapace above a salt wing or allochthonous salt sheet. 
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2.6 Three-dimensional Model of Kakanda District Geology 

A three-dimensional model of the geology of the Kakanda area was created in Leapfrog utilizing 

the surface map, drill hole data, and strike and dip measurements (Figures 2.6; Appendix B).  The model  

 

Figure 2.6: (a): Three-dimensional geological model of the Kakanda area, see Figure 2.4 for legend. (b): 
3D geological model with the suprasalt geology strata removed. This model reveals a salt wall-like 
geometry of the residual diapiric breccia (Ri). (c): 3D geological model with the residual diapiric breccia 
(Ri) removed highlighting the presence of a major pre-salt normal fault with a listric geometry.  Note that 
the majority of the Mines Subgroup megaclasts are concentrated along the zone of apparent maximum 
throw along this normal fault.  
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was based on the hypothesis that the Ri megabreccias represent the insoluble resistate derived from 

dissolution of halite and gypsum in diapiric structures such as saltwalls. The depocenters of halokinetic 

minibasins were also assumed to have been centrally located in the NW, NE and SE minibasins.  The 

geometry of the SW basin appears to have been strongly influenced by extensional rollover on the 

southern side of the Kakanda salt wall. The location of this minibasin’s depocenter above the normal fault 

rollover appears to have caused depositional migration southwards, down section. The available data 

within the breccia complexes suggests that intrasalt blocks (megaclasts) are aligned along salt wall 

margins. Their distribution was therefore used to model salt walls orientations in the absence of other 

information.   The geological data suggests that in the western portion of the study area salt was extruded 

between the Mupapala and Kiwana megaclasts and formed an allochthonous salt sheet between the NW 

and SW basins.   

The three-dimensional model strongly suggests that the megabreccias are laterally continuous 

salt walls. The Kakanda salt wall appears to have formed above a presalt, spoon-shaped listric normal 

fault. The model also suggests that a thin carapace of Kundelungu Group Kiubo Formation rocks may be 

present at the intersection of the Kakanda and E-W-trending breccia complexes that cover relatively 

shallowly buried breccia containing blocks of the Mines Subgroup that could represent exploration targets 

for the future. 

 
2.7 Mines Subgroup Facies Variability at Kakanda 

The Mines Subgroup at Kakanda, as elsewhere in the Katangan Copperbelt, is present only as 

blocks within breccia complexes. The strata were interpreted by Cailteux (2005) and Bull et al. (2010) as 

carbonate ramp sediments deposited during a transgression and regression cycle (Figure 2.7).  Bull et al. 

(2010) suggested the D.Strat. and R.S.F. units represent transgressive deposition of evaporitic lagoonal 

deposits over the oxidized red siiiciclastic sediments of the R.A.T. Subgroup.  The overlying R.S.C. unit 

bioherm represents deepening with the S.D. Formation indicating further deepening and containing a 

maximum flooding horizon represented by one of the carbonaceous shale beds. Regression resulted in 

deposition of subtidal carbonate rocks of the lower C.M.N. Formation and the evaporitic lagoonal 

carbonate rocks of the upper C.M.N Formation. The cycle ended with deposition of shoreline siliciclastic, 

carbonate, and evaporitic (sabkha facies) sediments of the R.G.S. Formation.  Smaller scale 

transgressive/regressive depositional patterns have been recorded within the S.D. and the C.M.N. 

formations; however, some of these may record autogenic factors rather than allogenic forcing (Bull et al., 

2010).  

Variability of facies and stratigraphic thickness was studied in Mines Subgroup blocks to 

determine if the Mines Subgroup blocks were chaotically emplaced or whether they had little dispersion 

during salt diapirism.  Although twenty-one facies were identified at Kakanda (detailed descriptions are 

provided along with images of least altered examples in Appendix C), post depositional alteration made 
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definitive facies analysis difficult.  Thus, the facies were grouped into nine associations which represent 

typical depositional environments in carbonate complexes (Wilson, 1975 and Table 2.2). These facies 

associations may be found in more than one environment and therefore cannot be used in isolation as an 

environment indicator.   

The facies of the D.Strat. and R.S.F. units as well as the upper C.M.N., and the R.G.S formations 

at Kakanda are consistent with previous CCB stratigraphic descriptions (Cailteux et al., 2005). However 

multiple facies interpretations are possible for the deposition of the R.S.C. unit as well as the S.D. and the 

lower C.M.N. formations. The laterally extensive bafflestone of the R.S.C. unit could have formed on an  

 

 

Figure 2.7: (a): Mines Subgroup stratigraphic column. The black relative sea level line is after Bull (2010) 
while the red relative sea level line is derived from this study. (b): cartoon cross section of a carbonate 
platform depositional environment with microbial build up after Bull et al. (2010). (c): cartoon cross section 
of a carbonate platform depositional environment. 
 

 

intertidal ramp surface covered with stromatolites, carbonate mud and stromaclasts (Figure 2.7b) similar 

to present day Sharks Bay, Australia (Jahnert and Collins, 2012), or a platform margin bioherm (Figure 

2.7a) or both environments in different locations. The interbedded finely laminated dolomitic siltstones 

with graded bedding, ripple laminations, isolated stromatolites and coarse clastic wackstones of the S.D. 

Formation could represent either lagoon deposits or low relief slope deposits. The interbedded laterally 

discontinuous thrombolytic stromatolite units, medium-coarse grained carbonate grainstones with flaser 

bedding and hummocky cross stratification, and the frequently slumped, poorly sorted, mud-supported 
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coarse-granule sized packstones of the lower C.M.N. Formation at Kakanda are characteristic of high 

relief slope and platform margin deposits, although the stromatolite beds have been frequently used to 

interpret a shallower intertidal-supratidal environment in other areas of the CCB (Cailteux, 2005). 

Bedding plane measurements from the Boss Mining company drillhole database show that 

laminations in the S.D. Formation are parallel-subparallel to lithological contacts, indicating an extremely 

low angled depositional surface. The S.D. Formation at Kakanda contains laterally continuous 

carbonaceous shales which were used as marker units. Their common association with chert layers after 

evaporites and their onlapping or downlapping relationships suggest deposition in a sediment starved 

basin and indicates they may represent a maximum flooding surface. Thus, the facies associations of the 

Kamoto Dolomite Formation and lower half of the S.D. Formation probably represent a transgressive 

system tract (TST). 

 

Table 2.2: Facies associations at Kakanda  
 

System Environment Lithofacies Lithology & Bedforms 

Sh
el

f e
va

po
rit

e Mudflat 
Sabkha   

R.A.T. & 
R.G.S. 

Efflorescent evaporite crusts (ankerite/dolomite), hematite stained 
siltstone/muds with disrupted bedding, desiccation cracks, gypsum 
rose/ephemeral halite crust popcorn growths, mosaic anhydrite. 

Salina  D.Strat. & 
R.G.S.  

Laminated, thin desiccated brine sheets, abundant bottom crusts, 
enterolithic anhydrite (folding); turbidites, no bottom crusts. Bottom 
grown gypsum nodules or replacement in slope or basin facies. 

Pe
rit

id
al

 z
on

e 

Supratidal  R.S.F. Microbial laminate boundstone, channel siltstones and sheetwash, 
desiccation cracks and fenestrae. 

Intertidal 
platform/she
lf 

R.S.F. & 
R.S.C.  

Microbial laminate boundstones with fenestrae, and channel siltstones, 
stromatolites and oolite grainstone. Rare gypsum rose casts and 
speudomorphs indicating subaerial exposure. intraclast breccia 
composed of stromaclasts and calcite muds. columnar and laterally 
linked stromatolites. 

Platform/ 
Lagoon  

Upper 
C.M.N. 

Finely to poorly laminated carbonate and organic rich muds. 
Wackstone with occasional resediment carbonate grains. Chert bands 
after evaporite indicating hypersalinity. Rare channel silt/sandstones 
and isolated stromatolite patches. 

C
ar

bo
na

te
 s

lo
pe

 

Platform 
margin  

R.S.C.(?) 
and C.M.N. 

Patchy thrombolytic stromatolites in calcite mud or organic rich muds. 
Carbonate grainstones with mud laminations, planar and with 
hummocky cross stratification. 

Slope S.D.  
 
 
 
Lower 
C.M.M 
 

Low relief:  poorly laminated dolomitic siltstone turbidites with 
dominantly fining upwards beds. Some coarsening upwards 
sequences. Occasional carbonate micrite and evaporite beds and 
chert bands. 
High relief: Upper slope - coarse grained resedimented packstone.  
Slumping common. Lower slope- rhythmic medium- to coarse-grained 
carbonate grainstone with organic muds. 

Basin  S.D. and 
lower 
C.M.N. 

Carbonaceous rich muds, siltstones and replacive anhydrite nodules.  
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The dolomitic siltstones in the upper S.D. Formation transition into interbedded shales and clotted 

thrombolytic stromatolite beds of the lowermost C.M.N. Formation The thickness and number of 

thrombolite beds in the lowermost C.M.N. Formation at Kakanda is variable. Interbedded carbonaceous 

shales and thrombolite beds typically pass upwards into well laminated carbonate grainstones with mud 

laminae that may display planar laminations or hummocky cross stratification and are interpreted as being 

deposited along a platform margin. Above this slumped grainstones and chaotic coarse-grained 

packstone deposits of the lower C.M.N. Formation are interpreted as foreslope deposits. The sedimentary 

textures suggest a steeper ramp setting during C.M.N Formation deposition than during deposition of the 

Mines Subgroup.   

The upper C.M.N. Formation, composed of massive and planar laminated crystalline carbonate 

rocks, is tentatively interpreted as representing a lagoonal/platform environment that is transitional into 

overlying supratidal evaporative carbonates, nodular anhydrite and subaerial siltstones of the R.G.S. 

Formation (Figure 2.7). The sudden shallowing from slope deposits to lagoonal and sabkha-salina 

deposits is interpreted as a sharp regressive sequence. The detachment of the R.G.S. from overlying 

stratigraphy by breccias identified as salt residuum (Byrne, 2017) indicates the formation of basin salt at 

Kakanda during Dipeta deposition. 

François (1974, 2006) described five Mines Subgroup ‘facies’ across the CCB based on the 

presence or lack of stromatolites in the R.S.C. unit and the presence of arkosic sandstone and carbonate 

beds in the S.D. Formation. Our work at Kakanda demonstrates that further subdivision can be made 

based on the presence of siltstone beds in the Komoto Dolomite Formation as well as the presence of 

evaporite beds and anhydrite nodule pseudomorphs and the number and relative location of 

carbonaceous shales and carbonate beds in the S.D. Formation. The R.S.C. unit appears not to be a 

reliable environmental indicator due to numerous alteration events that effected the preservation of 

stromatolitic and other textures.   

The limitations of making facies interpretations at Kakanda are significant. Data for the S.D. and 

C.M.N. formations are commonly incomplete due to lack of drillhole intersections and exposures. The 

available data also commonly do not allow for evaluation of possible lateral facies variations at these 

stratigraphic levels within individual megaclasts. It has, however, been possible to subdivide the four 

geographic clusters of Mines Subgroup blocks (Figure 2.3) into seven lithofacies groups (Figure 2.8; 

Appendix C, D & E, Table D-1) and to determine relative shoreline proximity both within and between 

these groups. Some blocks could not be assigned to a grouping. These blocks tend to be small, thin, and 

heavily weathered, such as the Bangwe block. The smallest blocks at Kakanda (Chimbedia and Kabolela 

Sud) have condensed stratigraphy and are randomly orientated compared to larger blocks which align 

with the breccia margins. Thin blocks (Kawewa and upper Barrier) which appear laterally continuous from 

surface mapping are found upon drilling to actually be highly fragmented or boudined and surrounded or 

injected with R.A.T. breccias suggesting they may be out of place in relation to other nearby megaclasts. 
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Mines Subgroup strata in the megaclasts thicken across the Kakanda breccia complex from west 

to east (Figure 2.8).  The overall Mines Subgroup thickness is greatest in the Kakanda group, moderate in 

the Mukondo group, marginally thinner in the Luita group, and thinnest at the Disele group. The Kakanda 

group also exhibits the widest variability of individual unit thicknesses.  Thickness variability is low in the 

Kamoto Dolomite Formation indicating homogeneous subsidence. Facies variability in the Kamoto 

Dolomite Formation units is similarly low, restricted to the presence/absence of siltstone beds and 

thickness of evaporite beds. An increase in thickness and facies variability in the S.D. and C.M.N 

formations appears to reflect more heterogeneous subsidence possibly due to movement along small 

displacement normal faults that were active during the deposition of these formations.  

 A comparison of thickening to deepening facies trends (Figure 2.8) shows a complex relationship 

that differs from group to group. The Luita group exhibits deepening facies towards thinner condensed 

strata which could have resulted from deposition in a deeper water environment produced by downthrow 

on a shoreline proximal normal fault that allowed enhanced hangingwall accommodation for 

sedimentation. Thickening towards deeper facies such within the Kakanda Nord-Kababankola fragments 

is interpreted as hanging wall accommodation created by movement along normal faults more distal to 

the shoreline.   

Shore proximal facies indicators in blocks within the Kakanda breccia complex appears to match 

observed variations in block lithofacies unit thickness. The Disele group exhibits the shallowest supratidal 

facies and contains the thinnest and most siliciclastic- and organic-rich supratidal and intertidal deposits 

of the Komoto Dolomite and lower S.D. formations. The Luita-Nundo group contains hematitic siliciclastic 

rocks in the D.Strat. unit suggesting shoreline proximity and a peritidal depositional environment. Gypsum 

rose casts in the upper R.S.C. unit and lowermost S.D. Formation in this group of blocks indicate shallow 

water depths while graded bedding in the upper S.D. Formation suggests an increased slope angle of 

deposition or increased depth (or both) although true shales are thin or absent. The D.Strat. and R.S.F. 

units in the Mukondo group contain less siliciclastic material than those in the Luita-Nundo group although 

the overlying subtidal deposits of the R.S.C. unit and lower S.D. Formation contain more nodules after 

anhydrite and evaporite beds suggesting greater salinity. Basin facies shales are thin and frequently 

missing in the S.D. Formation in this group. These features suggest that the Mukondo blocks were 

deposited slightly more distally from shore than those of the Luita-Nundo group.  

The Kakanda group blocks, although more highly variable in terms of facies than other groups, 

contain consistently thicker layered evaporites in the D.Strat. unit and more siliciclastic-poor and 

carbonate-rich S.D. Formation strata and thicker, more well developed carbonaceous shales indicating a 

deeper water depositional setting than the other megaclast groups.  The Kakanda Sud group and the 

Kakanda Ouest group blocks contain shallower facies indicators than the Kakanda Nord – Kababankola 

group blocks; the Hangingwall group blocks are interpreted to form a condensed basinal section.  This 

variability in the Kakanda group suggests that the area from which these fragments were sourced was 
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more structurally complex leading to more rapid facies changes than observed in the Luita or Disele 

groups.  

 The intra-block correlatability of facies, bedforms, and unit thickness allowed identification of 

seven distinct lithofacies groups in the Kakanda breccia complex suggests that individual blocks within 

the current groups were probably originally in relatively close proximity to one another during deposition 

and that halokinetic movement within the diapiric salt did not result in chaotic mixing of megaclasts.  

Thus, groups of clasts can be utilized to faithfully reconstruct the broad facies architecture of the Mines 

Subgroup prior to halokinesis. 

Different groups of Mines Subgroup blocks at Kakanda exhibit the same large scale 

transgressional and regression cycles, although individual blocks or groups of blocks may contain 

relatively shallower or deeper facies. It is tempting to assign the groups of Mines Subgroup blocks to the 

hangingwall and the footwall of the presalt normal fault based on sedimentary thickness and shallow 

facies versus deeper water facies (Figure 2.8). The Kamoto Dolomite Formation of the Disele, Luita-

Nundo and Mukondo-Taratara groups are a thinner, shallower facies. The R.G.S. unit, when attached is 

siliciclastic dominated. The Kamoto Dolomite Formation of the Kakanda Groups are thicker, and deeper 

facies, suggesting that these fragments could have originated from the pre-salt normal fault footwall. The 

R.G.S. unit, when attached consists of mixed dolomite and siliciclastic rocks, indicating a basin proximal 

position.  

The facies associations delineated in the Mines Subgroup blocks at Kakanda were utilized to 

develop a sequence stratigraphic model for the area which relied heavily on interpreting the 

carbonaceous shales in the S.D. and C.M.N. formations as condensed basinal sediments. The vertical 

transition from subaerial deposits of the R.A.T. Subgroup through supratidal and intertidal deposits of the 

D.Strat., R.S.F. and R.S.C. units into the subtidal sediments of the S.D. Formation is interpreted as 

transgressive deposition on a carbonate ramp. This interpretation is similar to that of Cailteux et al, 

(2005), Kampunzo et al, (2010), and Bull et al., (2010) for the deposition of Mines Subgroup rocks in 

other portions of the Congolese Copperbelt.  Unlike other areas, however, the lower C.M.N. Formation at 

Kakanda is interpreted as predominantly high energy slope deposits. The deviation between the relative 

sea level curves of this study and that of Bull et al. (2010) derived from a study of Mines Subgroup rocks 

at Tenke-Fungerume could be due to allogenic factors related to the pre-salt normal fault at Kakanda or 

to relative proximity to the basin margin. The Kakanda study area is located ~30 km south of the 

presumed the northern basin margin in the Tenke-Fungurume area (Hitzman et al., 2012).  

The Mines Subgroup fragments at Kakanda most likely exhibit variability caused by allogenic 

factors such as sediment input, subsidence rates, and local ramp morphology. Comparison of the C.M.N 

and R.G.S. formations in the NCCB, CCCB and the SCB may lead to a better understanding of 

authogenic and allogenic depositional controls within the broader basin. 
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Figure 2.8: (a): variability in thickness of different facies tracts in the Mines Subgroup at Kakanda. Red 
arrows indicate deepening facies. Lithofacies group length are summed individual blocks length. (b): 
Geological maps displaying stratigraphic section locations, see Figure 2.4 for legend.  More details on 
individual blocks is presented in Appendices E and F. 

 

 

2.8 Discussion 

The geology of the Kakanda area reflects salt tectonics.  Mineralized Mines Subgroup rocks at 

Kakanda form megaclasts in the Kakanda breccia complex.  The megaclasts are highly broken and 

disarticulated.  However, variations in the thickness and depositional environment of the Mines Subgroup 
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lithofacies between blocks suggests relatively little movement of blocks in relation to one another. Thus, 

megaclasts in the breccia complex are probably not chaotically distributed but rather retain significant 

spatial integrity of relative position.  The variations in thickness and depositional environment that are 

observed suggest minor deepening or shallowing, probably due to the presence of slight displacement 

normal faults that were active during sedimentation. Differences in the lithofacies present in the Mines 

and Mwashya subgroups between the Kakanda and Tenke-Fungurume areas suggests thicker total salt 

and less carbonate sediment at Kakanda.  

The current distribution of megaclasts in the Kakanda breccia complex suggests that the Mines 

Subgroup was deposited as an intra-salt layer with thick evaporites present in the underlying R.A.T. 

Subgroup and in the overlying R.G.S. Formation.  Mines Subgroup clasts are typically tabular, with 

minimal bedding angle variation or stratigraphic pinching within blocks. The lack of significant variation in 

unit thickness within and across different Mines Subgroup megaclasts suggests that there was little 

halokenesis during deposition of the Mines Subgroup.  

A study of intra-salt blocks deformation in the Zechstein basin found that deformation styles of 

intra-salt blocks within diapirs were controlled by relative salt thickness above and below intra-salt 

sediments as well as thickness variability within the intra-salt sediments (Stoozyk et al., 2014). Intra-salt 

sediments broke apart in areas with sudden thickness changes such as synsedimentary faults. Thick 

intra-salt blocks were more likely to have sunk through the salt than thinner intra-salt blocks. This resulted 

in the formation of disjointed anticlines and synclines when the salt layers above and below the intra-salt 

blocks were thick (Figure 2.9a). A thin top salt resulted in boudined and warped, but not tightly folded, 

blocks which hugged the top salt contact.  

Mines Subgroup blocks at Mukondo and Nundo appear to be folded and eroded anticlines similar 

to the deformation style associated with thick top and bottom salt (Figure 2.9b). This suggests that 

detached synclines could be located deeper in the breccia complex. The Kakanda East and Kakanda 

south-Kawewa blocks appear to be plunging synclines, again suggesting thick top and bottom salt. The 

western Disele and Luita blocks are neither folded or warped, this could indicate that the Dipeta 

Formation top salt was thinner to the west.  However, this part of the breccia complex is interpreted as an 

allochthonous salt tongue and thus may not record the original deformation style.  

The Mines Subgroup blocks at Kakanda underwent a complex deformation history. These blocks 

were first transported vertically as stringers within a diapiric body.  Basin inversion would have then 

caused lateral transportation to the north for the Mukondo and Kakanda group blocks and perhaps 

southwards transport in a canopy extrusion for the Disele and Luita group blocks in the west of the study 

area. Finally, diapir collapse around the Kakanda group is thought to have caused the encapsulation of 

the suprasalt Bangwe Lambeau as well as mini-basin subsidence into the saltwalls/diapir thus pushing 

the Mines Subgroup fragments into a tighter packing arrangement and disaggregating the folded Mines 

Subgroup rocks. 
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Figure. 2.9: (a): Generalized cross section of intrasalt stringer deformation styles associated with thick top 
and bottom salt in the Zechstein basin, northern Netherlands (modified from Stoozyk et al., 2014). The 
intrasalt blocks form disjointed anticlines and synclines. Similar deformation styles are observed in the 
blocks at Mukondo and Kakanda. Cross section D’-D” through the Mukondo and Nundo blocks illustrates 
that they form two disjointed anticlines, suggesting the presence of synclines at depth.  Cross section E’-
E” through the Kakanda group blocks shows some blocks form plunging synclines.  Mines Subgroup 
blocks: 1: Mukondo-south upper, 2: Mukondo-north upper, 3: Mukondo-south lower, 4: Nundo – south, 5: 
Nundo north, 6: Kawewa, 7: Kakanda Sud, 8: Barrier, 9: Kakanda Est-southwest, 10: Kakanda Est-west, 
11: Kakanda Est-east, 12: Kakanda Nord-east. 

 

 

The geometry and fill of the minibasins at Kakanda indicates that halokinesis was initiated late in 

Mwashya Subgroup or early Nguba Group time and continued into deposition of the Kundelungu Group. 

The greatest variability of suprasalt stratigraphic thickness is found in the Mwaysha Subgroup and the 

Mwale Formation (Grand Conglomérat) of the Nguba Group suggesting that much of the diapiric 

movement occurred during their deposition. This matches observations made elsewhere in the CCB 

(Selley et al., 2018).  No significant stratigraphic thickness variations were observed at Kakanda from the 

deposition of the Nguba Group Kapanda Formation to the Kundelungu Group Kiubo Formation indicating 

that sedimentation rates matched subsidence. Significant thickening of the Kundelungu Kiubo Formation 

above the Mukondo diapir and at the curved margin on the SW basin indicate accommodation was 

created at this time, possibly due to salt dissolution and diapir collapse.  
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The spatial relationship between the Kakanda megabreccia and the listric, spoon-shaped normal 

fault suggests salt diapirism nucleated over this fault probably due to differential loading caused by thicker 

sedimentary packages in the hangingwall.    

The southern portion of the Kakanda breccia complex and the westward extension into the 

Tilwezembe structure was fundamentally controlled by significant displacement on a down to the west-

southwest normal fault. The remainder of the Kakanda breccia complex trending northwest to intersect 

the Tenke-Fungurume complex defines a regional NW-SE-trending structure that extends southwards to 

south of Lubumbashi where it intersects a series of synsedimenatary normal faults that controlled the 

location of deposits in the Zambian Copperbelt (Selley et al., 2005).   

The synsedimentary structures present in the Kakanda area were inverted, probably during 

Lufilian-age compression (~545-530 Ma peak metamorphism; John et al., (2004), Stephen and 

Armstrong, (2003) and Turlin et al., (2016). The Lufilian event did not form a back thrust at Kakanda as 

was previously hypothesized (e.g. François, 1973) but rather resulted in formation of a popup structure 

with minimal lateral transport. However, Lufilian compression did result in significant modifications of the 

NE, NW and SE salt withdrawal minibasins, likely largely controlled by the inversion of the SW sub-basin. 

Both the exploration high resolution airborne magnetic survey and the estimated pre-salt (syn-rift) 

elevations established in Duffett et al. (2010) gravity and magnetics model suggest that the Kakanda pre-

salt normal fault has not been fully inverted. This supports basin decoupling along the Roan evaporite 

deposits, now represented by breccia horizons in the R.A.T. and Dipeta Subgroups (Jackson et al., 2003 

and Selley et al., 2018).  

The relative timing of salt dissolution and basin inversion is not clear (Selley et al, 2018). Much of 

the Lufilian shortening may have been taken up by the salt walls, which would have been significantly 

wider than the current megabreccia complexes. Further studies of the on-lap relations in the suprasalt 

stratigraphy will be required to fully understand the relative contributions of both diapirism and Lufilian 

basin inversion on basin architecture development at Kakanda.  

2.9 Conclusions 

This study used district scale models of the Katangan Supergroup sediments and lithofacies 

studies of the Mines Subgroup to demonstrate that the geology of Kakanda area reflects salt tectonic 

processes. The Kakanda area contains four minibasins with suprasalt stratigraphy, breccia resistate after 

major salt walls that rooted stratigraphically below the Mwashya Formation, intra-salt blocks of syn-salt 

sediments as well as a fragment of a diapir carapace within the resistate bodies, and evidence for the 

former presence of salt wings or sheets.   The Kakanda megabreccia complex represents the surface 

exposure of two intersecting salt walls now occupied by resistate. The main salt wall, an extension of the 

Tilwezembi structure, was located over a southwest-down, spoon-shaped normal fault. The thickness of 

the supra-salt sedimentary rocks at Kakanda confirms findings by others that diapirism in the CCB was 

initiated during deposition of the Mwashya Subgroup and the Mwale ‘Grand Conglomérat’ Formation 
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(Selley et al., 2018). Minibasin and salt wall development at Kakanda continued until the Kundelungu 

Group Kiubo Formation deposition.  

The Mines Subgroup blocks in the Kakanda breccia complex are highly broken and disarticulated, 

but variations in their thickness and depositional environment indicate little movement in relation to one 

another. The deformation style of the Mines Subgroup blocks at Kakanda as now disaggregated 

anticlines and synclines suggests that the Mines Subgroup was deposited between thick evaporites in the 

underlying Roche Argilo-Talqeouses (R.A.T.) Subgroup and in the overlying Roches Greso Schisteuses 

(R.G.S.) Formation. Differences in the lithofacies of the Mines Subgroup and the Mwashya Subgroup at 

Kakanda compared to these rocks in the Tenke-Fungerume district suggests that the Kakanda area 

contained a thicker total salt section.  

Syn-sedimentary structures at Kakanda were modified, likely during the Lufilian Orogeny (~500-

560 Ma), reversing the original sense of displacement on the pre-salt normal fault to produce a popup 

structure which compressed the minibasins surrounding Kakanda breccia complex and helped to 

disarticulate Mines Subgroup blocks.  



32 

CHAPTER 3  

COPPER AND COBALT DISTRIBUTION IN THE MINES SUBGROUP AT KAKANDA, D.R.C. 

Abstract 

This study examined Cu-Co and sulfide mineral distribution in mineralized and unmineralized 

Mines Subgroup blocks in the Kakanda megabreccia complex to determine if there was a relationship to 

lithofacies type. Six endmember styles of mineralization controlled by host rock facies variability and three 

fluid pathways were identified.  Sulfide zoning was utilized to determine pathways for mineralizing fluids. 

Vertical fluid flow from the oxidized siliciclastic rocks of the Roche Argilo-Talqeouses (R.A.T.) Subgroup of 

the Roan Group up into in the Dolomies Stratifiées (D.Strat.) and Roche Siliceuses Feuilltées (R.S.F.) 

units of the Kamoto Dolomite Formation, the lower portion of the Shale Dolomitiques (S.D.) Formation 

(Schiste de Base unit; S.D.B.), and in reduced beds higher in the S.D. and Calcaire a Minerai Noir 

(C.M.N.)  formations resulted in Cu and Co sulfide precipitation.  Vertical flow capped at a top seal in the 

Roches Siliceuses Cellular (R.S.C.) unit formed ore bodies hosted solely in the D.Strat and R.S.F. units. 

Lateral fluid flow along the R.S.C unit formed orebodies in the adjacent R.S.F. and S.D.B. units. More 

rarely, fluid flow only through the upper portion of the R.S.C. unit resulted in formation of orebodies 

hosted solely in the S.D.B. unit.  Identification of the different styles and means of mineralization of blocks 

within the Kakanda megabreccia complex provides information on the spatial relationship of Mines 

Subgroup blocks prior to their emplacement within the Kakanda breccia complex.  

3.1 Introduction 

The Kakanda mine area is located near the northern end of the Fungurume-Lubumbashi 

lineament, a northwest trend of mineral deposits in the Congolese Copperbelt (CCB) (Figure 3.1).  

Stratiform Cu-Co deposits in the CCB are predominantly hosted within allochthonous Mines Subgroup 

blocks, except for the Kamoa-Kankula-Makoko deposits hosted within the Grand Conglomérat diamictites 

at the base of the Nguba Group along the western basin margin. Most deposits are hosted in the 

Dolomies Stratifiées (D.Strat.)-Roche Siliceuses Feuilltées (R.S.F.) units of the Kamoto Dolomite 

Formation and/or within the lower Shale Dolomitiques (S.D.) Formation.  These stratigraphic intervals are 

separated by the generally poorly mineralized Roches Siliceuses Cellular (R.S.C.) unit of the Kamoto 

Dolomite Formation. Orebodies in these positions are referred to as the lower (inféreur) and upper 

(supérieur) ore bodies respectively (Francois, 1974; Cailteux et al., 2005a). These two zones of 

mineralized rocks represent the lowermost reduced strata above the basal oxidized siliciclastic rocks of 

the Roche Argilo-Talqeouses (R.A.T.) Subgroup of the Roan Group.  Narrow zones of copper mineralized 

rock occur in carbonaceous shales of the S.D. Formation and within lower carbonate rocks of the Calcaire 

a Minerai Noir (C.M.N.) or Kambove Formation but rarely reached sufficient grade to form economic 

orebodies.  

There is general agreement that stratiform Cu-Co mineralization in the Roan megaclasts occurred 

in two phases prior to and during basin inversion. The first event has been identified as early diagenetic 
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(Dawaele et al., 2006; El Desouky et al., 2009; Hitzman et al., 2010; Selley et al., 2018). Later stage, 

generally coarser-grained sulfides, sometimes vein hosted, have been interpreted as syn-orogenic (El 

Desouky et al., 2009; Selley et al., 2018).  Rhenium-osmium dating of stratiform Cu-Co mineralization at 

the Kamoto mine (Kolwezi district) found that some ores were precipitated circa 800 Ma, during rifting and 

basin development (Muchez et al., 2015). Geochronologic studies also indicate that syn-orogenic 

mineralization at the Komoto mine occurred at ~517-518 Ma (Saintilan et al., 2018). Both Saintilan et al. 

(2018) and Sillitoe et al. (2017) have argued that all mineralization in the Central African Copperbelt is 

syn-orogenic, though this hypothesis has been disputed by Hitzman and Broughton (2017) and Muchez 

et al. (2017), who cite textural, geochemical, and geochronological evidence for multiple periods of 

mineralization. 

 

 

Figure 3.1: Location map with major deposits of the northern and central Congolese Copperbelt (modified 
from Selley et al., 2018.) Red box represents the outline of the Kakanda megabreccia complex  

 

 

Petrological, isotopic and fluid inclusion studies undertaken at Tenke Fungerume (Fay & Barton, 

2011), Kambove Ouest (Cailteux 1983, 2005), Kamoto and Musoni (Dewaele et al., 2006), Kamoto and 

Luiswishi (El Desouky et al., 2009), Kolwezi (Selley et al., 2010 unpub.), and Lupoto (Hitzman, 2010 

unpub.) show similarities in the paragenetic sequence of mineralization and alteration across Mines 
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Subgroup hosted deposits in the Congolese Copperbelt. Whilst there are site specific variations, most 

authors have observed framboidal pyrite (+/- anhydrite nodules) followed by early dolomitization which 

increased secondary porosity. Later silicification and dolomitization events were accompanied by 

precipitation of the first Cu-Co sulfides. A second Cu-Co mineralizing event was also associated with 

precipitation of dolomite and quartz gangue, although sulfides deposited during this event tend to be 

coarser grained than those formed by the initial mineralizing event (Selley et al.,2005; El Desouky, 2009).   

There has long been recognition that vertical movement from the R.A.T. Subgroup upward into 

the Kamoto Dolomite Formation could have caused the sulfide mineral zoning (chalcocite to bornite to 

chalcopyrite to pyrite) noted at many deposits (Cailteux et al., 2005a).  Fay and Barton (2011) used 

decreasing Cu concentrations with increasing distance from the R.S.C.-S.D.B. and R.S.C.-R.S.F. 

contacts as evidence that the R.S.C. unit served as a lateral fluid pathway. Pathways for mineralizing 

fluids in the Congolese Copperbelt have also been attributed to small offset extensional faults which 

allowed basinal fluids to bypass probable evaporite seals within the underlying R.A.T. Subgroup and the 

overlying R.G.S. Formation and interact with Mines Subgroup rocks (Hitzman et al., 2005). Selley et al. 

(2018) recently proposed an alternate ore fluid migration pathway via welded salt basin floors. At 

Kakanda most of the mineralized blocks in the Kakanda breccia complex are spatially located above the 

zone of maximum throw of a pre-salt spoon shaped listric normal fault which suggests this fault may have 

served as a major fluid conduit (Chapter 2).   

All authors concur that at a local scale mineralization was controlled by redox reactions. It is also 

apparent that mineralizing fluid flow was lithologically controlled, in some cases perhaps by the presence 

or absence of sulfate evaporites. Cu-Co sulfides occur in rocks with modified primary or secondary pore 

space largely due to early diagenetic dolomite replacement of calcite that caused volume reduction (Selley 

et al., 2010 unpub.). Selley et al. (2010 unpub.) also proposed that the R.S.C. unit could have formed a 

physical seal to ore fluid migration resulting in more intense mineralization of lower orebodies.  The strongly 

mineralized lower S.D. Formation in many Mines Subgroup blocks at Kakanda indicates that mineralization 

processes were more complex than the vertical fluid flow model proposed by Cailteux et al. (2005a).  

It has been long recognized that not all Mines Subgroup blocks are mineralized. However, the 

controls on which blocks were mineralized are not well understood, especially as most research has 

focused on mineralized blocks.  It was assumed that un-mineralized Mines Subgroup may have been 

structurally partitioned from, or distal to ore fluids. It is also possible that unmineralized blocks contained 

rocks that lacked secondary permeability or the reductants or sulfates necessary for metal precipitation.  

The present study examines variably mineralized and unmineralized Mines Subgroup blocks in 

the Kakanda megabreccia complex. At Kakanda it is not uncommon for lower S.D. Formation to be well 

mineralized whilst the lower D.Strat. and R.S.F. units are not significantly mineralized.  These 

relationships provide evidence that multiple fluid pathways were operative during mineralization. This 

study focuses on hypogene mineralization.  Supergene weathering, probably largely during the Tertiary, 
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led to sometimes severe modification of copper and cobalt grades (Decree et al., 2010; De Putter et al., 

2010) that can make definition of original hypogene fluid pathways difficult. 

3.2 Methods 

Data for this study was derived from historic geological map data produced by parastatal 

exploration company Gecamines (Musée royal de l’Afrique centrale, 2006), geological data and 

topographic from Boss Mining SPRL, and detailed logging of available drill holes.   

Due to the long exploration history in the study area drillhole data includes that from multiple 

companies. Early exploration activity was undertaken 1959-1997 by Gécamines and multiple companies 

operated contemporaneously on the site from 1997 until 2006, when exploration and mining operations 

were consolidated under Boss Mining SPRL. Drillcore from the 2006-2018 campaigns is stored at 

Kakanda along with paper and electronic copies of all prior exploration data. Drillhole logging for this 

study utilized better preserved 2010-2013 drillholes. Information from the western portion of the area is 

limited due to intense weathering which resulted in poor core recoveries and poor drillcore preservation; 

company core photographs were utilized in these cases.  

Deposit scale 3D models were created using the ‘New Stratigraphy’ function in Leapfrog Geo® 

software using an exploration drilling database containing 3039 drillholes, along with LIDAR 1m resolution 

topographic survey and geological maps ranging from regional (1:20,000 scale) geological maps dating 

from the 1960’s Gécamines era to 2016 geological pit maps (1:500 scale).  Models were created for 73 

known Mines Subgroup blocks >200m in width in the Kakanda breccia complex; blocks <200m wide were 

not modelled. These models integrated surface mapping and drillhole data and involved modelling five 

different stratigraphic units. Due to the inconsistencies inherent in logging by different geologists during 

over 50 years of exploration in the area, several stratigraphic units were combined. 

Total Cu and Co% grade shells and metal:sulfur ratios were created in Leapfrog Geo using the 

RBF interpolant from available assay data on drill holes. Blast hole grade data was not available.  The 

search was constrained to individual Mines Blocks and a trend parallel to stratigraphy contact was 

applied. TCu and TCo values were typically capped at the 98th percentile.  Acid soluble Cu%: Total Cu% 

(AsCu:TCu) ratios were interpolated using the same method, except with an isotropic search ellipse. Cu 

and Co sulfide distribution was mapped with the RBF interpolant using database geological logs. 

On site lithological and mineralization logging was undertaken during one field season in 2017 on 

representative drillholes for 31 of the 73 Mines Subgroup blocks in the Kakanda district (Figure 3.2, 

Appendix G). Logging focused on unweathered and unmineralized blocks as well as blocks containing 

hypogene sulfides (Figure 3.3). A total of seven blocks and their representative drillholes were either 
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Figure 3.2: Mines Subgroup block locations in the Kakanda megabreccia complex (map modified from 
Francois et al., 1974); * denotes blocks which have been partially or completely mined. (a): Geological 
Map of Kakanda study area. (b): Kakanda group also showing the Bangwe Lambeau. (c): Mukondo 
group. (d): Luita group. (e): Disele group. 

 

 
 
Figure 3.3: Weathering of Mines Subgroup host rocks 
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Table 3.1: Thin section source location. Analytical results are taken from a 1 – 1.5m sample interval 
surrounding the sample location, sourced from company database. 
 

Host rock 
Mineralization 
Strength Cu % Co % ID Location Drillhole 

D.Strat. 
unmineralized 

0.01 0.00 565 Kakanda Nord-
East block KKND109, 81m 

D.Strat. 
well mineralized 

2.99 0.01 546 Kakanda Nord-
Main block 

KKND195, 
784.96m 

D.Strat. 
well mineralized 

4.59 0.08 555 Kakanda Nord - 
Bornite block 

KKND195, 
770.66m 

D.Strat. 
well mineralized 

2.82 0.01 548 Kakanda Nord-
Main block KKND195, 787.6m 

D.Strat. 
weakly 
mineralized 0.25 0.05 556 Kakanda Nord - 

Bornite block 
KKND195, 
767.41m 

D.Strat. 
weakly 
mineralized 1.68 0.71 574 Kakanda Sud KKSD121, 345m 

R.S.F. 
weakly 
mineralized 0.61 0.25 541 Kakanda Nord - 

Hanging wall 
KKND163, 
604.68m 

R.S.F. 
well mineralized 

3.94 0.24 504 Kababankola KBBD038, 130m 

R.S.F. 
well mineralized 

2.39 0.00 549 Kakanda Nord-
Main block 

KKND195, 
802.86m 

R.S.F. 
weakly 
mineralized 1.15 0.27 567 Kakanda Nord KKND109, 98.91m 

S.D. 
weakly 
mineralized 0.47 0.06 568 Kakanda Nord-

East block 
KKND109, 
130.89m 

S.D. 
well mineralized 

5.95 0.51 577 Kakanda Sud KKSD121, 363.1m 

S.D. 
well mineralized 

4.69 0.78 509 Kababankola KBBD038, 159m 

S.D. 
weakly 
mineralized 0.52 0.03 552 Kakanda Nord-

Main block KKND195, 842.1m 

S.D. 
well mineralized 

0.12 2.86 564 Kakanda Nord-
Bornite block KKND195, 687m 
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poorly mineralized or not mineralized, of these two were too weathered to observe facies variation. Seven 

drillholes contained oxide copper and cobalt, eight contained mixed oxide and sulfide Cu and Co, and 

nine contained sulfide Cu and Co minerals.  Sixteen samples from unweathered quarter core were 

selected to be representative of the range of mineralization styles, and poorly mineralized host rock 

(Table 3.1). Standard sized thin sections were prepared and petrographic studies were undertaken using 

transmitted and reflected light to study textural and paragenetic relationships. Petrographic studies 

focused on examining sulfide and gangue mineral textures and relative precipitation relationships to aid in 

determining the important factors that influenced Cu and Co mineralization.  A detailed paragenesis study 

from diageneses through to orogenic alteration of the three host lithologies in each Mines Subgroup block 

will be undertaken as a separate study in the future.   

3.3 Distribution of Cu-Co Sulfides in the Mines Subgroup 

Both Cu and Co sulfides are more common in blocks located in the eastern side of the Kakanda 

mine area, proximal to the area of maximum throw along the underlying pre-salt normal fault (Chapter 2). 

Copper and cobalt sulfides at Kakanda have an almost antithetic relationship (Figure 3.4) The highest-

grade Cu mineralization occurred in the thickest Mines Subgroup blocks, while the highest-grade cobalt 

mineralization occurred in the thinnest blocks of the Luita, Central Mukondo, Kakanda Est and 

Kababankola groups. The Disele group blocks contain no significant cobalt (Figure 3.5). The Luita- Nundo 

group blocks are highly weathered and when mineralized host supergene Cu and Co minerals. Due to the 

spatial correlation of Cu with the thickest Mines Subgroup strata, it is tempting to link Cu mineralization 

with growth strata adjacent to syn-sedimentary faults acting as fluid conduits for metal bearing brines. 

Testing this hypothesis is challenging due to the allochthonous nature of the host rock.  

The distribution of Cu and Co in the Kakanda Group is complex. The Luita deposit hosts 

hypogene Cu and Co sulfides in the D.Strat. and R.S.F. units. The Mukondo group blocks of Mines 

Subgroup are weathered and contain supergene copper and cobalt minerals hosted in the S.D.B. unit. 

Remobilized supergene copper is common, sometimes forming exotic Cu occurrences in breccias below 

Mines Subgroup blocks. Two deposits of exotic malachite and heterogenite hosted in breccia have been 

mined in this area. 

No clear relationships were observed between silicification and Cu and or Co distribution at the 

outcrop scale (Figure 3.5). The silicification is likely caused by a combination of diagenetic alteration, 

mineralization events and supergene processes.    

3.4 District Scale Copper Sulfide Zoning  

The distribution of Cu and Cu-sulfide species within a favorable horizon appears to have been a 

function of distance from an inflow zone. Low Cu:S ratio Cu-sulfide species are gradually replaced and 

displaced to a distal position by higher Cu-S ratio Cu-sulfide species (Muchez and Corbella, 2012). 
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Figure 3.4: (a): total Cu distribution within unfolded Mines Subgroup blacks at the Kakanda study area, 
(b): total Co distribution. (c): thickness distribution of the Mines Subgroup. 
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Figure 3.5: Copper, cobalt and silica distribution by host rock stratigraphy.  
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Copper sulfide minerals and zoning patterns were logged in drill core and modelled at block scale 

from the company geological database. Cu sulfides at Kakanda are spatially zoned.  Sulfides proximal to 

the presumed source of mineralizing fluids include chalcocite and bornite which grade outward to 

chalcopyrite and finally pyrite (Muchez and Corbella, 2012). Vertical Cu sulfide zoning was observed in 

the Kakanda Nord – Main block, the Kakanda Sud block, the Kakanda Est – western block, and the Luita 

Est block. All of these blocks host high concentrations of Cu sulfides in the D.Strat. and R.S.F. units and 

variable concentrations of copper sulfides in the R.S.C. unit and S.D. Formation.  

The Kababankola blocks, the Kakanda Nord Hangingwall and Bornite blocks, and the Kakanda 

Ouest block host significant Cu sulfides in the lower portion of the S.D. Formation. The Kababankola 

block does not contain significant Cu or Co sulfides in the D.Strat. unit.   All the blocks, however, exhibit 

Cu sulfide zoning upwards and downwards from the R.S.C. unit which is interpreted to have served as a 

porous aquifer that allowed lateral transport of metal-bearing brines away from upwelling zones, via basin 

faults or salt welts.  The metal-bearing brines then percolated from the R.S.C. unit into the R.S.F. unit 

below and the S.D. Formation above.  

Lateral sulfide zoning trends within the Mines Subgroup blocks are hampered by the relatively 

short length of many blocks and the commonly developed supergene alteration along block margins. 

Lateral trends were also sought by examining groups of blocks. The Kakanda Ouest Group and the 

Kakanda Nord- Kababankola group exhibit the clearest sulfide zoning trends within and between the 

Mines Subgroup blocks (Figure 3.6). Vertical mineral zoning in Kakanda Nord, dominated by chalcocite 

and bornite, transitions eastwards into lateral mineralization through the Kakanda Nord-East block where 

chalcopyrite sulfides transition to pyrite.  

The Kababankola and Kakanda Nord-Main block facies are very similar, whereas the Kakanda 

Nord-East facies appears proximal to shore suggesting that there may have been differential subsidence 

of the blocks during diapirsm or diapir collapse. 

The Cu sulfides hosted in the Kakanda Ouest group trend from bornite-chalcopyrite, with vertical 

sulfide zoning hosted in basin proximal facies (Kakanda Est-West block) to chalcopyrite-pyrite zoning out 

from the R.S.C. unit in the shore proximal facies of the Barrier block. The Hangingwall group which 

consists of two blocks, transitions from vertical fluid flow in the eastern part of the Bornite block with 

bornite and chalcocite sulfides hosted in the Kamoto Dolomite, and chalcopyrite and pyrite hosted in the 

S.D. Formation. Westwards, sulfide zoning transitions lateral flow through and out from the R.S.C. unit. 

Further west in the Hangingwall block, trace chalcopyrite and carrollite zone outwards from the R.S.C. 

unit.    

The Kawewa block of the Kakanda Sud group, the Mukondo Group blocks and most of the Luita 

blocks are supergene altered, preventing the comparison of facies and sulfide zoning in these areas.   
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Figure 3.6: Copper sulfide zoning trends within and between blocks in the Kakanda Group. 
 

 

Cobalt is solely hosted in the Cu-Co sulfide carrollite at Kakanda, thus Co:S ratio patterns cannot 

be discerned. Carrollite is observed with distal chalcopyrite and pyrite mineralization (in the Mukondo 

blocks), but also with proximal bornite (in the Kababankola blocks) and chalcocite in the Luita Est block. 

This complexity suggests that the factors which control Co and Cu solubility in hydrothermal fluids (Eh, 

pH, brine salinity and S availability) may interact differentially to cause the precipitation Cu and Co 

sulfides. Carrollite precipitation models have not been undertaken due to a lack of thermodynamic data 

for carrollite (Muchez and Corbella, 2012). This hampers the understanding of cobalt distribution models 

in the Congolese Copperbelt. 

3.5 Cu-Co Sulfide Mineralization Styles in the Mines Subgroup at Kakanda 

The mineralization styles observed at Kakanda include: (1) coarse euhedral pseudomorphs after 

evaporite cumulate crystals (Figure 3.7a-b, pages 43-44) and anhydrite nodules (Figure 3.7d-f), (2) 

anhedral disseminated sulfides in relict evaporate layers (Figure 3.7c), (3) disseminated sulfides along 

laminations in sites that could have contained carbonaceous material, evaporite minerals, or represent 

primary porosity (Figure 3.7g-I, p-r upper field of view), (4) sulfide precipitation around intraformation  
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Figure 3.7: Mineralization styles at Kakanda. (a): cross polarized and (b): reflected light coarse-grained 
pseudomorph after gypsum and (c): cross polarized of layered carbonate muds interbedded with beds 
rich in silica and sulfide pseudomorphs after evaporite cumulates cross cut by wispy veinlets. D.Strat unit 
from KKND195, 787.7m.  (d): plane polarized light, cross polarized (e) and (f): of laminated siltstone with 
minor detrital quartz. Sulfide and quartz replace anhydrite nodules and beds. S.D. Formation from 
KBBD038, 159.8m. (g): plane polarized light (h): cross polarized (i): reflected light of ripple cross 
laminated mixed siliciclastic (detrital quartz and muscovite) with carbonate mud. Chalcopyrite 
preferentially hosted in coarse grained layers and associated with late silica. S.D. Formation from 
KKND109, 313.2m. (j): plane polarized light, (k): cross polarized, (l): reflected light of broken layered 
dolomite after evaporites with sulfides disseminated within carbonate layers, as fenestrae infill. Carbonate 
vein? along sulfide-silica veins surrounding margins of silicified band. D.Strat. unit from KKND195, 
785.8m. (m): plane polarized light, (n): cross polarized, and (o): reflected light of carbonate-chalcopyrite-
quartz vein cross cutting a dolosiltstone. Outer margin: quartz & chalcopyrite– euhedral carbonate and 
chalcopyrite- strained carbonate & chalcopyrite center. S.D. Formation from KKND195, 842.1m. (p): plane 
polarized light, (q): cross polarized and (r): reflected light of organic rich microbial laminated dolomite with 
disseminated sulfides, and alteration front with coarse quartz and coarse sulfides. R.S.F. unit from 
KBBD038, 130.1m. sulf=sulfide, qtz=quartz, cbt=carbonate, musc=muscovite, ap=apatite, anh=anhydrite, 
gyp=gypsum, bnt=bornite, car=carrollite, cpy=chalcopyrite, cc=chalcocite, pyr=pyrite. 
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breccia clasts, indicative of secondary porosity (Figure 3.7j-l), (5) coarse-grained disseminated sulfides 

associated with coarse quartz and apatite (Figure 3.7p-r lower field of view), and (6) sulfides within 

coarse-grained veins and in vein selvages (Figure 3.7m-o).  All but last type are spatially associated with 

wispy dolomite-silica veinlets (Figure 3.7c). The mineralization styles, and Cu-Co zoning were logged in 

the Mines Subgroup fragments in Kakanda to determine the most significant controls on Cu and Co 

distribution and tenor.  

Host rock lithofacies partially controlled Cu and Co distribution in the Mines Subgroup at 

Kakanda. The D. Strat. unit hosts sulfides within broken beds, as pseudomorphs after gypsum cumulates, 

disseminated within relict evaporites and siliciclastic rich beds with good primary porosity. The R.S.F. unit 

hosts sulfides in what were probably organic rich laminae, as replacements of anhydrite nodules and 

fenestrae infill. Later mineralization was associated with precipitation of coarse quartz and minor apatite.  

The siliceous alteration generally resulted in coarsening grain size in the rock and masking original rock 

textures.  Late coarse-grained carbonate veins form wide vein selvedges in the R.S.F. unit.  In the S.D. 

Formation, sulfides replaced anhydrite nodules and formed disseminated grains interpreted as porosity 

infill. Where present evaporite layers are partially replaced by sulfides and quartz.  Like rocks lower in the 

sequence, late veins of coarse carbonate and quartz are sometimes present which can contain sulfides, 

most commonly chalcopyrite, but bornite and carrollite have been observed. 

3.6 Alteration and Paragenesis 

 A selection of thin sections was studied to determine how the different stages and styles of 

mineralization contribute to district and block scale trends at Kakanda and the mineralogical and facies 

variation between the mineralized and unmineralized blocks. 

A review of the mineralization types at Kakanda (Table 3.2) identified four mineralization 

associations which are not all present in each Mines Subgroup block (Figure 3.8, page 46). Early 

diagenetic dolomite and silicification is more common in supratidal and peritidal carbonates and 

evaporites. Fine grained intergrown Cu and Co sulfides + inclusion rich silica ± dolomite can form fine 

disseminations, replacement of evaporate cumulates and growths, and wispy veins. Replacements after 

anhydrite nodules tend to be coarse, but no textures or mineralogical indicators to suggest a different 

age.  Later coarse grained bornite + chalcopyrite + carrollite + quartz + apatite was identified overprinting 

fine-grained disseminated quartz + carrollite + bornite + apatite mineralization in R.S.F. unit (sample 504).  

This late stage silica associated mineralization is most common in the R.S.F. unit, but can extend down 

into the D.Strat, unit masking the contact. Late stage cross cutting coarse dolomite + chalcopyrite + (less 

commonly bornite and carrollite) form alteration envelopes with chalcopyrite + dolomite precipitation along 

preferential laminar, infilling fenestrae and replacing pseudomorphs after anhydrite nodules. Some veins 

contain central cores of strained dolomite ± chalcopyrite resulting in a saw-tooth texture. 
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Figure 3.8: Generalized paragenetic sequence of mineral deposition in Mines Subgroup blocks in the 
Kakanda megabreccia complex. 
 

 

Carrollite and copper sulfides are typically intergrown in most samples. It is however not 

uncommon to observe euhedral carrollite enclosed by bornite or hypogene chalcocite (samples 577 and 

541) suggesting an early cobalt sulfide stage.  

Many, but not all the samples contain late stage dolomite and chlorite alteration.  Magnesian rich 

chlorite alteration is ubiquitous in all former evaporite beds, mineralized and unmineralized.  

The poorly mineralized Kakanda Nord-Eastern block contains sulfide species which indicate a 

position distil from a fluid conduit.  The Kakanda Nord Hanginwall block, is weakly mineralized with 

carrollite, chalcopyrite and pyrite zoning outwards from the R.S.C. unit. This block contains many facies 

and bedforms which are well mineralized in other blocks, such as organic rich D.Strat. and R.S.F. units, 

silica-carbonate beds and broken beds in the D.Strat. unit, and nodules after anhydrite in the R.S.F. unit 

and the S.D. Formation. The weak mineralization and the copper sulfide zoning pattern in this block 

indicates that the volume of metal bearing brines and the metal concentration limited lateral mineralization 

at Kakanda. There is no evidence suggesting that the Hangingwall block was structurally isolated from 

the well mineralized bornite block. 
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Table 3.2: Petrographic observations. 

Host rock Location ID  Facies Mineralization descriptions Cu % Co % Mineralization style 

D.Strat. 
Kakanda 
Nord-East 
block 

565 
 Thickly bedded 

dolomite 

 intergrown dolomite & mg-chlorite 
 Coarse dolomite & pyrite after anhydrite nodules 
 Inclusion rich quartz & pyrite in center of nodules and after gypsum 

0.01 0.00 None 

D.Strat. 
Kakanda 
Nord-Main 
block 

546 

 Bedded 
dolomite & 
evaporite 

 Inclusion rich quartz and coarse dolomite replacement of different 
evaporite? beds  

 bnt + cc + quartz infilling fenestra and surrounding silicified beds.  
 Late bnt with coarse carbonate veins 

2.99 0.01 Vertical fluid flow 
and late stage veins   

D.Strat. 
Kakanda 
Nord - 
Bornite block 

555 

 
Siliclastic & 
evaporite 
cumulate rich 
dolomite 

 Fine grained inclusion rich quartz infilling primary porosity 
 Fine grained disseminated intergrown bornite + chalcocite + quartz + 

dolomite 
 Coarse grained bornite + chalcocite intergrown with chlorite in 

evaporite rich layers – some pseudomorphs after gypsum 
 Pervasive apatite and chlorite, timing unclear 

4.59 0.08 Vertical fluid flow 
and late stage veins 

D.Strat. 
Kakanda 
Nord-Main 
block 

548 

 
Compositionally 
banded 
evaporite 
varves 

 Early dolomite replacing cumulate evaporite + quartz-dolomite-
chlorite replacement of unknown evaporite layers 

 Bornite-chalcocite-quartz disseminated and in wispy veins 
 Quartz-dolomite-bornite-chalcocite replacement of coarse evaporite 

crystals 
 Late dolomite-talc?-chalcocite veins 

2.82 0.01 Vertical fluid flow & 
late stage veins 

D.Strat. 
Kakanda 
Nord - 
Bornite block 

556 
 Thickly bedded 

dolomite 

 Diagenesis dolomite to equant crystals  
 Chlorite alteration spatially associated with disseminated bornite-

carrollite  
0.25 0.05 Vertical sulfide 

zoning.  

D.Strat. Kakanda 
Sud 574 

 
Dolosiltstone  Coarse grained dolomite then chalcocite replacing swallow tailed 

gypsum crystals 1.68 0.71 
Vertical sulfide 
zoning and late 
brecciation. 

R.S.F. 
Kakanda 
Nord - 
Hanging wall 

541 

 Organic rich 
microbial 
laminate with 
pseudomorphs 
after anhydrite 
nodules 

 Coarse grained euhedral diagenetic dolomite, infill of fenestrae? Or 
replacing original carbonate/anhydrite 

 Coarse carrollite intergrown but after dolomite. 
 Fine grained disseminated intergrown carrollite and chalcopyrite in 

carbonate-silicic mud. Relative timing of coarse and fine sulfides 
unknown  

0.61 0.25 Sulfide zoning out 
from R.S.C. unit 

R.S.F. Kababankola 504 
 Silicified clay 

rich microbial 
laminate 

 Fine grained disseminated carrollite + bornite + quartz + (apatite) 
 Coarse grained bornite + chalcopyrite + (carrollite) + coarse quartz + 

apatite 
3.94 0.24 

Zoning outwards 
from R.S.C. unit. 
Two stage alteration 

R.S.F. 
Kakanda 
Nord-main 
block 

549 

 magnesian 
altered banded 
dolomite with 
detrital quartz.  

 dolomite 
 Coarse dolomite + chalcopyrite in veins margin. Wall alteration: 

chalcopyrite + chlorite inclusions + dolomite in fenestrae and laminae  
2.39 0.00 

Late stage veining 

R.S.F. 
Kakanda 
Nord-East 
block 

567 

 Organic and 
detrital rich 
microbial 
laminate  

 Fine disseminated chalcopyrite + pyrite + quartz hosted in carbonate 
+ clay rich bands 1.15 0.27 Disseminated 

sulfides zoning out 
from R.S.C. unit 
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Table 3.2: continued 

Host rock Location ID  Facies Mineralization descriptions Cu % Co % Mineralization style 

S.D. 
Kakanda 
Nord-East 
block 

568 

 Ripple 
laminated 
siliciclastic rich 
siltstone 

 Pyrite  
 Disseminated intergrown chalcopyrite + pyrite + inclusion rich quartz.  0.47 0.06 Disseminated 

sulfides zoning out 
from R.S.C. unit 

S.D. Kakanda 
Sud 577 

 
Weakly bedded 
micrite 

 Coarse carrollite – replacement at margins of evaporite beds 
 Homogenous disseminated chalcocite + inclusion rich quartz 
 Pyrite + chalcocite + quartz + dolomite nodules after anhydrite 
 Late euhedral dolomite and chlorite 

5.95 0.51 
Vertical sulfide 
zoning associated 
with diffuse silica 
veinlets 

S.D. Kababankola 509 

 Laminated mud-
silt stones with 
nodules after 
anhydrite.  

 Coarse dolomite in anhydrite nodule replacement 
 Fine grained intergrown bornite + carrollite + inclusion rich quartz 

disseminated and replacement after anhydrite nodules 
 coarse and intergrown bornite + carrollite + chalcopyrite after 

anhydrite nodules. Relative timing unknown 

4.69 0.78 
Sulfide zoning 
outwards from 
R.S.C. 

S.D. 
Kakanda 
Nord-Main 
block 

552 

 Finely laminate 
quartz-
carbonate 
siltstone  

 Coarse dolomite and chalcopyrite bearing vein 
 Chalcopyrite in early vein margins. Fine disseminated chalcopyrite + 

dolomite surrounding veins 
0.52 0.03 Late stage 

carbonate veins 

S.D. 
Kakanda 
Nord-Bornite 
block 

564 

 Organic rich 
finely laminated 
shale, with 
small 
pseudomorphs 
after anhydrite.  

 Coarse dolomite and chalcopyrite bearing vein.   
 Chalcopyrite in early vein margins. Fine disseminated chalcopyrite + 

dolomite surrounding veins 
0.119 2.86 Late stage 

carbonate veins 

 

 



49 

3.7 Discussion  

The current variability of sulfide distribution in the Mines Subgroup blocks was probably due to 

the effects of facies variability on fluid migration paths.  The vertically zoned Kakanda Nord and Kakanda 

Sud blocks host Cu sulfides in the higher S.D. and the C.M.N Formations, possibly due to higher volumes 

of fluid flow in this area. The Luita Est and Kakanda Est (western block) both contain silicified zones after 

evaporite above the R.S.C. unit which appears to have effectively sealed the system.  These blocks are 

not mineralized in the lower S.D. Formation despite being located above a vertical flow zone.  

The Kakanda Nord-Kababankola group and Kakanda Ouest groups demonstrate the combined 

effect of fluid pathways and facies on Cu and Co distribution (Figure 3.6 & 3.9).  Cu sulfide zoning shows 

that fluids upwelled vertically through the Kakanda Main block, resulting in mineralization of the D.Strat. 

unit as breccia clasts rims, evaporite bottom growth or cumulate replacement and laminar parallel veins. 

These lithological traps are present, but not mineralized in the other blocks due to an absence of vertical 

fluid flow.  The R.S.F. unit was mineralized along laminae and by diffuse vertical veinlets. The R.S.C. unit 

was poorly mineralized and chalcopyrite mineralization of the mud rich anhydrite nodule poor lower S.D. 

Formation rocks was limited to crosscutting veins and permeable laminations. Lower S.D. Formation 

rocks in the blocks further to the east, which are interpreted as shallower facies, contain more 

pseudomorphs after anhydrite and were better mineralized.  The poorly mineralized R.S.C. unit rocks of 

this group are dominated by reworked intraclasts and is notably different than in other blocks.   

The Kakanda Ouest group exhibits an east-west trend of fluid flow. Vertical sulfide zoning is 

present in the far SE section of the Kakanda Est- western block which is interpreted as the deepest facies 

of this group. The central and NW portion of the block shows lateral fluid flow through the R.S.C. unit and 

outwards into the adjacent R.S.F. unit and lower S.D. Formation. This group of blocks contains less 

favorable lithofacies, with few anhydrite nodule pseudomorphs, and a siliciclastic poor, carbonate 

dominated lower S.D. Formation, and no bottom growth or cumulate evaporite crystals in the D.Strat. or 

R.S.F. units.  

Sulfide mineralization occurred along the faulted contacts between the Kakanda East Southwest 

and western blocks and along the central fault of the Kakanda Sud block (Figure 3.6). These locations 

suggest late orogenic structure-controlled mineralization.  Orogenic base metal mineralization may have 

occurred higher in the Katangan stratigraphy where a fluid pathway, such as the Kahumbwe and Disele 

faults identified in chapter 2, intersected chemical and lithological traps 
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Figure 3.9: Cu and Co distribution, fluid pathways and mineralization styles in the Kakanda Nord-
Kababankola and Kakanda Ouest group. 

 

 

Late stage dolomite-chalcopyrite veins and associated disseminated Cu sulfides can occur in any 

unit and are seen in most fragments. Significant high-density veining was observed in Kakanda Sud and 

to a lesser extent in Kakanda Nord where the late mineralization appears to have upgraded Cu content in 

the fragment. The distal Kakanda Sud barrier block was poorly mineralized during the early diagenetic 

stage, late stage veining resulted in the formation of narrow, high grade Cu zones.   

The stratiform mineralization styles observed at Kakanda can be summarized as six endmember 

patterns of hypogene Cu-Co distribution which are controlled by three fluid pathways and host rock facies 

variability (Figure 3.10). The three fluid pathways are: (1) vertical fluids flow from the base of the Mines 

Subgroup, (2), lateral fluid flow through the R.S.C. and (3) late stage veining. Unrestricted vertical fluid 

flow resulted in mineralization in the D.Strat, R.S.F. and S.D.B. units  as well as reduced horizons in the 

S.D. and C.M.M formations, e.g. at Kakanda Nord-Main block, and the Bornite block. Evaporite seals in 
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the lower S.D. Formation resulted in Cu-Co sulfide precipitation in the D. Strat, R.S.F. and R.S.C. units, 

for example at Luita Est.  

 

 
 
 
Figure 3.10: Endmember controls and styles of Co-Cu distribution, dependent on fluid pathways and 
facies.  

 

Distal from the up-flow zone metal bearing fluids flowed through the R.S.C. unit and outwards into 

the lower S.D. Formation and R.S.F. unit above and below if both units were permeable and contained 

sulfide traps, such as the Kababankola block. Mudstone or evaporite beds in the S.D. Formation limited 

sulfide precipitation to the R.S.F and R.S.C. units, such as in the Kakanda Est-western block. 

Impermeable beds at the top of the R.S.F. or base of the R.S.C. units constrained ore fluids to the R.S.C. 

unit and the lower S.D. Formation, such as in the Mukondo Group blocks.  Late stage coarse carbonate – 

Cu sulfide veins occur throughout the Mines Subgroup and, typically form multiple narrow but high-grade 

mineralized zones in blocks poorly mineralized during early diagenesis. Late stage carbonate veins often 

overprint the other five styles creating hybrid Cu-Co sulfide distributions.  
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Table 3.3: Lithofacies favorability for mineralization, rank 1 = most favorable, 3 = least favorable 
 

Unit Lithology Redox Sulfur Source Permeability Rank 

D.Strat 

Cyclic banded 
dolomite 

Carbon poor Sulfate bearing 
evaporite beds 

Secondary permeability 1 

Siltstone Carbon rich Cumulate gypsum 
pseudomorphs 

Siliciclastic rich - 
primary porosity 

1 

Banded 
dolomite 

Carbon poor No sulfate bearing 
evaporites  

Secondary permeability 3 

Banded 
dolomite 

Carbon poor No sulfate bearing 
evaporites  

No secondary 
permeability 

3 

R.S.F. 

Microbial 
laminated 
dolomite 

Carbon rich Nodules after anhydrite Fenestrae porosity 1 

siltstone Carbon rich Evaporite 
pseudomorphs 

Siliciclastic rich - 
permeability 

1 

Microbial 
laminated 
dolomite 

Carbon rich No evaporite 
pseudomorphs 

Poor fenestrae porosity 3 

R.S.C. 

Well formed 
columnar 
stromatolitic 
dolomite 

Carbon poor Evaporite filled primary 
porosity around 
stromatolites. 

High secondary 
permeability – 
dissolution of 
evaporites 

1 

Siltstone  Unknown From surrounding 
stromatolitic dolomite? 

Primary permeability 2 

Dolo-rudstone Carbon poor Unknown Cemented talus, low 
primary permeability 

3 

S.D.B. 

Siltstone Carbon rich Pseudomorphs after 
anhydrite nodules 

Moderate permeability 1 

Mudstone Carbon poor 
(?) 

No pseudomorphs after 
anhydrite.  

Poor permeability: 
mudstones or 
evaporate bed seals 

2 

 

Blocks containing vertical Cu sulfide zoning is typically richer in copper indicating that basin fault 

proximity was a primary control of mineralization. Facies variability then controlled distribution of Cu-Co 

sulfides within the Mines Subgroup.   

3.8 Conclusions 

This study indicates that hypogene copper and cobalt distribution and trends within and between 

Mines Subgroup blocks can be related within lithofacies groups to proximity to up flow zones and host 

rock facies. No evidence of structural compartmentation of poorly mineralized blocks was found. Six 

endmember styles of mineralization controlled by host rock facies variability and three fluid pathways 

were identified at Kakanda. Open vertical flow resulted in Cu and Co sulfides in the D.Strat, and R.S.F 

units and the lower S.D. Formation, and in reduced beds higher in the S.D. and C.M.N formations.  

Sealed vertical flow and top seal R.S.C. unit flow formed ore bodies hosted in the D.Strat and R.S.F. units 

only.  Open R.S.C flow formed orebodies in the R.S.F. unit and the lower S.D. Formation.  Base seal 

R.S.C. unit flow formed orebodies hosted in the lower S.D. Formation only. Recognition of mineralization 
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trends along with Mines Subgroup block distribution patterns open previously tested ground for further 

assessment.  Proximity to district scale basin faults is the primary indicator for mineralization.  Most Cu-

Co deposits in the Kakanda breccia complex are spatially located above the zone of maximum throw of a 

pre-salt spoon shaped listric normal fault which may have served as a major fluid conduit.  
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CHAPTER 4 

CONCLUSIONS 

This study used district scale models of the Katangan Supergroup sediments, lithofacies studies 

of the Mines Subgroup and deposit scale geological models of lithology and mineralization of Mines 

Subgroup blocks to investigate local basin development, mineralization and inversion at the Kakanda 

Mine area, DRC.  

The geology of Kakanda reflects salt tectonic processes. Common salt related structures found in 

the Kakanda area are; minibasins of suprasalt stratigraphy, breccia resistate after salt walls rooted 

stratigraphically below the Mwashya Formation, intrasalt blocks formed by encapsulating a diapir 

carapace, intrasalt blocks of syn-salt sediments, chaotic breccia resistate after allochthonous salt wings or 

salt sheets, and autochthonous carapaces of suprasalt formations.   

 The Kakanda megabreccia complex is the surface exposure of two intersecting salt walls. The 

main salt wall, an extension of the Tilwezembi structure, is located over a southwest down spoon shaped 

normal fault. The remainder of the Kakanda breccia complex trending northwest to intersect the Tenke-

Fungurume, and southeastwards along the Kakanda-Luisha lineament. Suprasalt thickness variability at 

Kakanda confirms findings by other authors; diapirism initiated during deposition of the Mwashya 

Subgroup and the Mwale ‘Grand Conglomérat’ Formation. Minibasin and salt wall development continued 

until the Kundelungu Group Kiubo Formation deposition. The intrasalt Mines Subgroup blocks show no 

evidence of diapiric movement during Mines Subgroup deposition. 

The Mines Subgroup blocks are highly broken and disarticulated, but variations of thickness and 

deposition environment indicate little movement of these blocks in relation to one another. The distribution 

and deformation style of the Mines Subgroup into disaggregated anticlines and synclines at Kakanda 

indicates that the Mines Subgroup was deposited between thick evaporites in the Roche Argilo-

Talqeouses (R.A.T.) Subgroup below and in the Roches Greso Schisteuses (R.G.S.) Formation above. 

Differences in lithofacies of the Mines Subgroup and the Mwashya Subgroup at Kakanda compared to the 

Tenke-Fungerume district indicates thicker total salt and less carbonate deposition in the Mines and 

R.G.S. subgroups at Kakanda. 

These findings suggest that continued exploration at Kakanda should focus on the downdip 

extension into the breccia complex of megaclast groups that are well mineralized, or remote sensing 

methods, such as Audio-frequency Magnetotellurics (AMT) to identify blind intrasalt blocks in under 

explored breccia zones, adjacent to outcropping anticlines.   

The distribution of copper and cobalt within the allochthonous Mines Subgroup Formation in the 

Congolese Copperbelt at first can appear unpredictable due diapiric emplacement at higher levels of the 

Kundelungu Group stratigraphy. This study indicates that hypogene copper and cobalt distribution and 
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trends within and between Mines Subgroup blocks can be related within lithofacies groups to proximity to 

up flow zone and hostrock facies. No evidence of structural compartmentation of poorly mineralized 

blocks was found. Six endmember styles of mineralization controlled by host rock facies variability and 

fluid pathways were identified at Kakanda. Open vertical flow resulted in Cu and Co mineralization of the 

Dolomies Stratifiées (D.Strat.),  and Roche Siliceuses Feuilltées (R.S.F.) units and the lower Shale 

Dolomitiques (S.D.) Formation, and in reduced beds higher in the S.D. and Calcaire a Minerai Noir 

(C.M.N.) formations, sealed vertical flow and top seal Roches Siliceuses Cellular (R.S.C.) unit flow formed 

ore bodies hosted in the  D.Strat and R.S.F. units only, open R.S.C flow formed orebodies in the R.S.F. 

unit and the lower S.D. Formation, and base seal R.S.C. unit flow formed orebodies hosted in the lower 

S.D. Formation only. Recognition of mineralization trends along with Mines Subgroup block distribution 

patterns open previously tested ground for further assessment.    Proximity to district scale basin faults is 

the primary indicator for mineralization.  Most Cu-Co deposits in the Kakanda breccia complex are 

spatially located above the zone of maximum throw of a pre-salt spoon shaped listric normal fault which 

may have served as a major fluid conduit.  

Additional research to test the conclusion of this study and improve the depositional environment 

interpretation at Kakanda include additional lithofacies logging to determine facies trends within 

fragments, characterization of the more variable C.M.N and R.G.S. formations in the Mines Fragments, 

facies characterization and comparisons of the minibasin suprasalt stratigraphy surrounding the Kakanda 

megabreccia. Studies to investigate diapirsm and basin inversion could include breccia characterization 

and distribution of the ‘R.A.T. breché’ verses ‘R.G.S. breché’. Identification of diapir collapse structures, 

late stage fault breccias associated with basin inversion and late stage strike-slip structures will assist 

interpretations of relative timing between diapir collapse and basin inversion. An improved understanding 

of copper and cobalt distribution would be possible through detailed geochemical, mineralization and 

alteration paragenesis studies of each hostrock lithology in mineralized and unmineralized Mines 

Subgroup blocks.  
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APPENDIX A 

SUPRASALT STRATIGRAPHIC THICKNESS CALCULATIONS  

Updated geological mapping data and an exploration database containing 3039 drillholes were 

utilized to create lithostratigraphic sections along 21 lines across the autochthonous suprasalt 

stratigraphy. Thicknesses were calculated utilizing strike and dip measurements and map unit 

thicknesses from a newly created district-scale geological map. 

Stratigraphic packages within the southwest sub-basin appear to be much thicker than those in 

the northwest, northeast and the southeast sub-basins indicating rapid creation of accommodation in this 

area (Figure A.1 and A.2). The accommodation could have been created by either subsidence in a 

normal fault hanging wall or salt withdrawal and later diapir collapse (or both).   

 

 

Figure A.1: Locations of Suprasalt stratigraphic thickness calculation lines marked a through to u. Yellow 
dashed lines represent anticline traces, solid yellow lines mark syncline traces.  Refer to Table 1.1 for 
geological legend.  
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Stratigraphic packages within the southwest sub-basin appear to be much thicker than those in 

the northwest, northeast and the southeast sub-basins indicating rapid creation of accommodation in this 

area (Figure A.1 and A.2). The accommodation could have been created by either subsidence in a 

normal fault hanging wall or salt withdrawal and later diapir collapse (or both).   

 

 

Figure A.2: Stratigraphic thickness variations from the NW to the NE sub-basin shows no significant 
stratigraphic thickness change between the NW and NE sub-basins suggesting that they were not 
separated by significant basement faults. Westwards thickening on logs b, c, d, indicates that the two 
faults identified from geophysical surveys are syn-sedimentary normal faults. Composite halokinetic 
sequences are located on the western side of the Mukondo diapiric structure. Tapered structures in the 
Ng 1.1 transition into tabular sequences from Ng 1.21 to Ku 2.1. The thickened Ku2.2 suggests diapir 
collapse at this time.  Section B-B’ crossing the SW and SE sub basins shows significant thickening and 
accommodation creation in the SW sub-basin at the northern corner in the axis of the listric fault. Section 
C-C’ which compares the NW and SW basins shows that the Nguba Group in thicker in the south. Section 
D-D’ which compares the SW and NE basin confirms the main depocenter in the SW sub-basin in the 
northernmost margin and indicates asymmetry in the deposition of the Mwashya subgroup 
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There are no significant stratigraphic thickness changes between the NW, NE and SW sub-

basins (Figure A.2), suggesting that they were not separated by significant basement faults. The 

Mwashya Subgroup through Kundelungu Group rocks are marginally thicker in the SE compared to the 

NE according to map data bedding orientations and map unit widths (Fig. A.2a and Figure A.2b line E). 

The development of a suture between the two quadrants suggests that they were separated by a salt wall 

with similar accommodation development on to the north and south. 

Significant accommodation creation in the SW sub-basin appears to have been concentrated 

along the axis of the spoon shaped listric fault (Figure A.2, Section B-B’). Both sections C-C’ and D-D’ 

which transect the NW-SW and NE-SW and basins respectively show thickened strata in the SW sub-

basin.  The Mukondo breccia splay was identified as a down plunge oblique diapir structure rooted in the 

main Kakanda megabreccia complex by Jackson (2003). The margins of the Mukondo diapir (Figure A.2. 

section A-A’) resemble composite halokinetic sequences (Jackson and Hudec, 2017). Tapered 

halokinetic sequences in the Ng 1.1 transition into tabular sequences from Ng 1.21 to Ku 2.1 which could 

indicate a change from reactive and active diapirism to passive diapirism (Giles et al, 2012), between the 

deposition of the Mwale and Kaponda Formations of the Nguba Group. The Kiubo Formation (Ku2.2) in 

which the diapir tips out is thickened, suggesting diapir collapse at this time in Kakanda.   

The asymmetry of Mwaysha Subgroup, seen in section D-D’ and E-E’, indicates that diapirsm 

started during the deposition of this strata or shortly afterwards, possibly triggered by a rifting event dated 

by mafic intrusives to 765±5 Ma in northwest Zambia (Key et al., 2001).   

The large scale stratiform breccias at the base of the Mwashya Formation, immediately below 

sabka facies strata, the suprasalt deposition patterns comparable to minibasin, the CHS surrounding the 

oblique exposure of the Mukondo diapir rooting into the Kakanda breccia complex and the thickening 

Mwale formation confirms the regional CCB interpretation of mini-basin development during Nguba Group 

deposition through to the Kundelungu Group Ngule Formation (Selley et al., 2018).   

  



63 

APPENDIX B 

 REGIONAL CROSS SECTIONS 

 

 
 
Figure B.1: Kakanda Regional Geological Map, with cross section locations. WGS 84 Universal Transverse Mercator zone 35 South coordinate 
system  
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Figure B.2: North-south cross section on easting 390,000 shown on Figure B.1. 
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Figure B.3: North-south cross section on easting 395,000 shown on Figure B.1. 
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Figure B.4: North-south cross section on easting 400,000 shown on Figure B.1.  
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Figure B.5: North-south cross section on easting 405,000 shown on Figure B.1.  
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Figure B.6: North-south cross section on easting 410,000 shown on Figure B.1.  
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Figure B.7: North-south cross section on easting 415,000 shown on Figure B.1.  
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Figure B.8: North-south cross section on easting 420,000 shown on Figure B.1.  
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Figure B.9: North-south cross section on easting 425,000 shown on Figure B.1.  
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Figure B.10: North-south cross section on easting 430,000 shown on Figure B.1.  
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Figure B.11: North-south cross section on easting 435,000 shown on Figure B.1.  
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Figure B.12: North-south cross section on easting 440,000 shown on Figure B.1.  
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APPENDIX C 

MINES SUBGROUP FACIES DESCRIPTIONS 

The metasedimentary Roan Group fragments have undergone variable amounts of post-

depositional alteration which makes definitive facies analysis difficult. The facies detailed in Table C.1. 

are mixed metasedimentary facies. Where possible photographs have been provided of least altered 

metasediments as well as metasomatic and weathered equivalents.  

The Mines Subgroup at Kakanda record the transgression from oxidized poorly bedded very fine 

sandstone/siltstones in the R.A.T. Subgroup, which represents shoreline sabkha facies through to layered 

basin evaporites of the D.Strat. unit (Figure C.1b-c., facies 2&3) which have variable bedding thicknesses 

and vary between turbidite deposits and subaqueous accumulations of surface-nucleated crystals known 

as crystal-cumulate deposits (Kendal, 2010). The D.Strat. unit sometimes contains pseudomorphs after 

cumulate and bottom growth evaporites, disrupted beds, teepee structures and enterolithic folds. 

The D.Strat. unit transitions into the R.S.F. unit which is a laminated microbial boundstone (facies 

4, Figure C.1d) containing alternating layers of dolomite with organic material and mud. Fenestrae and 

pseudomorphs after anhydrite are common. Locally thin purple-grey variably bedded, planar laminated 

siltstone (facies 5, Figure C.1e) may be observed within the D.Strat. and R.S.F. units.  This laterally 

restricted unit may indicative of increased sediment influx proximal to a river mouth. Planar laminations 

suggest that these sediments do not represent channels, but possibly sheet wash where the supratidal 

facies interfingers with intertidal facies. The organic content of these units is widely variable. This 

sequence from evaporite deposits to laminated microbial boundstone represents the transition from 

subaerial to intertidal zones.    

The R.S.F. unit transitions into stomatolitic carbonates of the R.S.C. unit with the development of 

undulose laterally linked hemispheroids transitioning into stacked hemispheroids. The unweathered 

R.S.C. unit has variable textures across the Kakanda area and ranges from well stratified columnar 

stromatolites (facies 6a, Figure C.13f), to massive units containing late coarse-grained diagenetic 

dolomite rhombs and clotted, possibly thrombolite textures (facies 6b, Fig. 9g), and laterally linked 

stromatolites (facies 6c, Figure C.1h). Sediment content varies, but most frequently increases towards the 

upper contact.  The R.S.C. unit sometimes shows clear re-working, with randomly oriented stromaclasts 

(facies 6d, Figure C.1i). This could have been internal, or marginal reef talus. It is common for the 

composition to vary as much vertically within a block as it does laterally between blocks. Some blocks 

show evidence of subaerial exposure with the development of desert rose gypsum crystals in the R.S.C. 

unit – lower S.D. Formation contact zone and hematite staining.    

The D.Strat.,R.S.F., and R.S.C. units compose the Komoto Dolomite Formation. Lateral facies 

and thickness variation within the formation is generally slight indicating a low relief carbonate ramp. 

Litiho-stratigraphic correlations at Kakanda suggest that thickened D.Strat.unit  indicates more distal 
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location, whilst the absence of layered evaporites indicates a more shoreline proximal location.  Thus, the 

relative thickness of D.Strat. to R.S.F. units can be used to determine relative shoreline proximities.   

The Dolomitic Shale (S.D.) Formation is more variable than the Komato Dolomite Formation and 

is subdivided into units, all of which may not be present (Kampunzo, et al. 2005) At Kakanda the SD1a 

unit, commonly referred to as the S.D.B., is often finer grained than the other units, and can contain 

variable amounts of organic material and evaporite.  Evaporite minerals formed layers, intra-sediment 

precipitates of nodules, and euhedral crystals (facies 7, Figure C.1j). The S.D.1b unit or B.O.M.Z. is 

interpreted as evaporitic in the Kakanda area due to the observation of a small diapir structure where 

overlying sediments onlap on to the diapir margins (facies 8, Figure C.1k).   This unit is commonly poorly 

developed or even missing in blocks that do not display significant evaporite textures in the SD1a unit. 

The S.D.2a unit is variably carbonaceous planar laminated mudstone, that displays no graded beds; it too 

can locally be missing. The SD2a unit commonly appears striped due to rhythmic changes in organic 

material content. It is represented by facies 7 and 10 across the Kakanda District. The carbonaceous 

muds may have been caused by organic rich mud flows.  

The S.D.2b unit is a dolomitic shale (facies 11, Figure C.1l) which rarely contains stromatolites at 

its base in the Kakanda area. Exceptions are of Kakanda Est (Sud-Ouest) and Chimbedia blocks.  The 

S.D.2c unit is similar to the S.D.2b unit, but sometimes the base is defined by a black carbonaceous 

shale (facies 10, Figure C.1n). The black shale is frequently missing at Kakanda. Rhythmic bedding with 

fining up sequences are common indicating turbidite currents (facies 12, Figure C.1m).  

The SD2d unit finely laminated black carbonaceous shale (facies 10b) is well developed at 

Kakanda and is typically 1-3m thick. The unit is typically the finest grained and is bounded by sharp 

contacts. This unit is interpreted as condensed basin facies and a flooding surface. It is the most 

distinctive unit in the S.D. Formation at Kakanda and has been used at a datum.  The thickness of the 

SD2d unit can be used as a relative depth indicator. The SD3a unit (facies 11) is typically more dolomite 

rich than the units below and can contain arkosic sandstones (facies 9) carbonate wackstones (facies 13) 

and grainstone (facies 14) beds.  The contact with the overlying SD3b unit is typically transitional. The 

normally graded beds of carbonaceous muds to siltstones (facies 10a) sometimes contains thrombolytic 

stromatolite or crystalline carbonate beds and can be absent in some blocks.  

Thin chert bands after evaporite have been observed in both the S.D.2 and S.D.3 units (Figure 

C.1m and o). These could have been formed by halocline overturns of stratified basin waters (Warren, 

2016). 

The C.M.N. or Kambove Dolomite Formation is more variable than the lower formations, but a 

limited number of drillholes intersect complete sections prevent detailed comparisons of all Mines 

Subgroup fragments. The lower C.M.N. or Kambove Dolomite Formation is often carbon rich and appears  
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Figure C.1: Mines Subgroup Facies at Kakanda. (a): fine grained R.A.T. Gr., (b) and (c): D. Strat. (d): 
R.S.F., (e): siltstones within the D. Strat and R.S.F., (f), (g), (h), and (i): examples of the R.S.C. (j): nodule 
rich S.D.B., (k): diapiric B.O.M.Z., (l), (m), (n), (o), (p), and (q): S.D. dolomitic mudstones, siltstones, 
carbonaceous shales, chert bands after evaporite, wackstones, and arkosic sandstones, (r), (s), (t), (u) 
and, (v): Lower C.M.N.; mud laminated grainstones. Thrombolytic dolomite, laminated grainstones with 
chert nodules-algal?, chaotic packstones, and carbonate nodules after anhydrite, (w):  Upper C.M.N. 
weakly laminated crystalline dolomite, (x): C.M.N.-R.G.S. transition, interbedded siltstones and dolomites 
after anhydrite/gypsum?. (y): R.G.S. interbedded dolomites and manganese? rich mudstones. (z): R.G.S. 
hematitic mudstones and effervescent evaporite crusts.   
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Figure C.1: continued  
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to have been deposited in a higher energy environment than the Kamoto Dolomite Formation as indicated 

by flaser bedding and ripple cross laminations. The frequent slumps and coarse siiciclastic rocks (facies 

16, Figure C.1u) indicate the development of a steeper carbonate ramp or a low stand resulting in 

sediment reworking. Stromatolites are internally clotted-thrombolite like (facies 15, Figure C.1s-t) and 

commonly interbedded with carbonate grainstone (facies 14, Figure C.1r) and carbonaceous mudstones 

(facies 10) compared to the fine mud sediments within the R.S.C. unit. The rapid changes in facies, 

bimodal sediments and syn-sedimentary deformation indicates these rocks were deposited in a higher 

energy slope environment with less terrigenous input. Localized zones of chicken wire texture (facies 17, 

Figure C.1v) in carbonaceous shales are indicative of a basin floor rather than subaerial exposure 

environment. Up section the C.M.N Formation transitions into massive and laminated grey and pink 

crystalline dolomites (facies 18, Figure C.1w) which are interpreted as intertidal lagoonal dolomites. This 

section of the stratigraphy was pervasively affected by magnesian metasomatism.  

The lower portion of the R.G.S. Formation, composed of sabkha supratidal facies, is preserved in 

some blocks, dominantly those with thinner Mines Subgroup sequences. In these fragments there is a 

transition from evaporitic layered carbonates to increasingly interbedded siltstones, which become 

increasingly hematitic up section (facies 20, Figure C.1x-y). Evaporite layers develop effervescent crust 

texture (referred to as fleecy/moutonné bedding in the CCB (Cailteux at al., 2018)), and erosion surface 

become more common. Siltstone bedding surfaces are commonly distorted by repeated evaporite growth 

and dissolution (facies 21, Figure C.1z). 
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Table C.1: Kakanda Mines Subgroup Facies Descriptions.  
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Table C.1: continued 
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Table C.1: continued 
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Table C.1: continued 
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Table C.1: continued 
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Table C.1: continued 
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Table C.1: continued 
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Table C.1: continued 
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Table C.1: continued 
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Table C.1: continued 
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APPENDIX D 

 LITHOSTRATIGRAPHIC COLUMNS OF MINES SUBGROUP BLOCKS 

 
 
Figure D.1: Location Map of Drillhole Locations 
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Figure D.2: Stratigraphic Column Legend for Figures D.2 to D.32 
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Figure D.3: Stratigraphic column of Kababankola Main Block – drillhole KBBD038 and KBBD037 
composite.   
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Figure D.4: Stratigraphic column of Kababankola South Block – drillhole KBBD047 and KBBD029 
composite 
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Figure D.5: Stratigraphic column of Kakanda Nord Main Block – drillhole KKND195 and KKND239 
composite. 
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Figure D.6: Stratigraphic column of Kakanda Nord East Main Block – drillhole KKND109. 
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Figure D.7: Stratigraphic column of Kakanda Nord Bornite Block – drillhole KKND195. 
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Figure D.8: Stratigraphic column of Kakanda Nord West Block – drillhole KKND229. 
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Figure D.9: Stratigraphic column of Kakanda Nord Hanging wall Block – drillhole KKND163. 
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Figure D.10: Stratigraphic column of Kawewa – drillhole KAWD027. 
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Figure D.11: Stratigraphic column of Kakanda Sud Main Block – drillhole KKSD121-KKSD129D-from core 

photographs. 
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Figure D.12: Stratigraphic column of Kakanda Sud Barrier Block– drillhole KKSD115 and KKSD149D 
from core photographs. 
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Figure D.13: Stratigraphic column of Kakanda Est – Southwest Block – drillhole KKOD038-KKND217 
composite. 
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Figure D.14: Stratigraphic column of Kakanda Est – West Block – drillhole KKED013D. 
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Figure D.15: Stratigraphic column of Kakanda Est – East Block – drillhole KKED013D. 
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Figure D.16: Stratigraphic column of Chimbedia – North Block – drillhole CHMD032 and  
CHMD012 from core photographs. 
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Figure D.17: Stratigraphic column of Bangwe Est – drillhole BNGD002. 
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Figure D.18: Stratigraphic column of Taratara – drillhole TARD025. 
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Figure D.19: Stratigraphic column of Kamikunda Sud- drillhole KMSD012. 
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Figure D.20: Stratigraphic column of Mukondo - South Upper Block – drillhole MKND169 and MKND189 
composite. 
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Figure D.21: Stratigraphic column of Mukondo - Lower South Block – drillhole MKND180. 
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Figure D.22: Stratigraphic column of Mukondo - North Upper Block – drillhole MKND169. 
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Figure D.23: Stratigraphic column of Mukondo - North Lower Block – drillhole MKND180. 
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Figure D.24: Stratigraphic column of Nundo - Northeast Block – drillhole NNDD010. 
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Figure D.25: Stratigraphic column of Nundo – South Block east side– drillhole NNDD010. 
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Figure D.26: Stratigraphic column of Nundo - South Block – west side – drillhole NNDD070. 
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Figure D.27: Stratigraphic column of Kiwana III – Block 1 – drillhole KW3D021. 
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Figure D.28: Stratigraphic column of Luita Est – drillhole LESD009. 
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Figure D.29: Stratigraphic column of Luita Nord – LNRD001. 



121 

 
 
Figure D.30: Stratigraphic column of Kahumbwe Ouest – drillhole KHOD017. 
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Figure D.31: Stratigraphic column of Disele Sud – drillhole DSLD027. 
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Figure D.32: Stratigraphic column of Disele Nord – DSLD007 
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APPENDIX E 

 MINES SUBGROUP FACIES COMPARISON 

Facies variability within the Disele group could not be documented due to intense weathering of 

the Mupapala and Lufomboshi blocks. The Disele Sud and Disele Nord blocks can be split from the Luita 

grouping due to high organic content in the supratidal and intertidal deposits of the lower Komoto 

Dolomite Formation and well-developed carbonaceous shales in the S.D. Formation subtidal deposits. 

Graded turbidite sequences are located in the upper S.D. Formation above the datum. The transgressive 

sequence below the datum is significantly thinner in the Disele than the other groups. 

The Mines Subgroup blocks in the Luita group and the Nundo blocks of the Mukondo group 

appear to share facies characteristics. Like Disele these blocks commonly contain siltstones in supratidal 

and peritidal zone deposits. Subtidal deposits of the S.D. Formation are siliciclastic dominated and 

carbonaceous shale beds are thin and poorly developed. The basal S.D. Formation contains 

pseudomorphs after anhydrite and graded bedding is present below the datum. 

The central Mukondo, Taratara and Kamukunda blocks of the Mukondo group are characterized 

by an absence of siltstones in the peritidal carbonates of the Komoto Dolomite Formation, multiple 

evaporite beds at the base of the S.D. Formation, and poorly developed carbonaceous shales within the 

S.D. Formation. The Taratara block, located between Mukondo and Kakanda contains carbonates in the 

upper S.D. Formation and not evaporites in the basal S.D. Fromation. These are common features of the 

Kakanda Nord blocks.  

The Kakanda group displays the most variability in Mines Subgroup stratigraphy and facies.  The 

megaclasts in this group can be largely separated in two associations. The E-W trending Kakanda Nord 

and Kabolela fragments both have thicker supratidal layered evaporite and siltstones in the D.Strat. and 

or R.S.F. units. The subtidal S.D. Formation is silty, not evaporitic at the base, arkose beds are present 

and the carbonaceous shale separating the upper and lower S.D. Formation is notable thick. Minor 

carbonaceous shales from the lower S.D. Formation are absent and no banded turbidite flows are 

present. Ripples were observed in the upper S.D. Formation in outcrop. The Bornite block differs from 

other blocks in the group except in its unusual thickly layered supratidal evaporites in the D.Strat. unit. It 

is interpreted as condensed deeper facies from the same sub-basin.  

The Barrier – Kakanda Est-Sudouest series of blocks trending SW-NE, with their long axis-

oriented NW-SE exhibit a thickening and deepening trend from the southwesterly Barrier block through 

the Kakakanda Est-(Sudouest) (KKO) block to the Kakanda Est-western block in the NE. The Kakanda 

Nord hangingwall block and the Chimbedia Nord blocks are lithologically very similar to the KKO block.  

The supratidal evaporites are thinly layered, and the siltstones are absent. The basal S.D. Formation is 

anhydrite poor and silty. The lower S.D. Formation contains silica beds after evaporites and 
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carbonaceous shales. No arkose sand beds are observed in the S.D. Formation although carbonate beds 

are common.   

The Kawewa (KAW) and Kakanda Sud (KKS) blocks located on the periphery of the Barrier – 

Kakanda Est-Sudouest SW-NE trend exhibit sharp facies changes. The layered evaporites are thin in 

these blocks and the subtidal deposits are siliciclastic dominated with minor carbonaceous shales, 

carbonates or evaporites. These blocks similarly thicken with deepening facies to the NE, but the Barrier 

block to the NE is composed of significantly shallower facies, evidenced by condensed subtidal S.D. 

Formation units followed by thick supratidal and subaerial packages. A sharp change in facies and 

stratigraphic thickness is observed in the Kakanda Est eastern block on the NE margin of the KKO 

grouping, again exhibiting a sudden shallowing of facies 
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Table E.1: Lithofacies grouping of Mines Subgroup blocks. blocks highlighted orange are very weathered, limiting facies interpretation. Green tick: 
present, exclamation mark: poorly developed, and red cross: absent. 
 
 

 
 
  

Group Lithofacies Group Block R.A.T. Gr. 
grain size

Thick evap 
horizon

D.Strat-R.S.F. 
siltstones

Carbon-
content

R.S.C. S.D.B. B.O.M.Z. S.D.2a  basal S.D.2c-
shale

S.D.2d Banded turb 
flows:

Arkose sand 
beds

S.D.3a 
carbonates

S.D.3b characteristics # chert bands location chert bands

DSN 0
DSL silt 0 1 high thin anhyd 0 1 1 thick S.D.3a 0 0 banded,no dol 1 S.D.3a
KHO snd n/a 1 high aerial exp anhd rich 0 0.5 0.5 moderate top S.D.2c 1 0 6 S.D.2b & S.D.3a
LES none 0 1 high aerial exp v rich 0 1 0.5 thin top S.D.2c 0 0 no dol 0
KIW none 0 0 low ? silty 0 1 0 thin 0 0 thin 0
NNDw snd n/a 1 mod silty 0 0 0 thin top S.D.2c 0 1 thin 1 S.D.3a
NNDs none 1 0 low anhyrite 1 0 1 thin top S.D.2c 0 0 0
NNDn missing missing missing anhydrite 1 0.5 0 thin top S.D.2c 0 0 graded
MKNsl snd 0 0 low anhyd rich 0 1 0 thin top S.D.2c 0 0 graded c-shale 0
MKNsu snd 0 0 low hematite anhyd rich 0 0.5 1 thin 0
MKNnu silt 0 0 low anhyd rich 0 0.5 0 thin
MKNnl snd 0 0 anhyd rich 0.5 0.5 0 thin 0 0 c-poor
KMS snd 0 0 weak anhydrite 0 0 0 thin 0 0 thin 2 S.D.2c
KIL
TAR silt 0 0 mod silt 1 1 0 thick 0 0 1 dol & c-shale 0
KKN w v fine ? 0 low 0 0.5 1 thin in SD3a 0 poorly developed 1 S.D.3a
BNGe n/a 0 silt 0 1 0 thick
KKNm n 1 1 high silt 1 1 0 thick 0 1 0 dol & c-shale 0 but quite dol rich
KKNe silt 1 1 low silt 0 0.5 0 thick 0 1 0  c-shale 1? S.D.3a
KBB v fine 1 1 low anhyd rich 1 0 0.5 moderate 0 1 0 graded c-shale 2 S.D.3a
KKN bnt silt 1 0 high c-rich shale 0.5 0.5 1 thick 0 0 1 2 S.D.3a
KKN HW fine snd 0 1 high broken mod anhyd 1 1 1 thick 0 0 1 contains dol 2 S.D.3a, S.D.2b&c
KAW vfine 0 1 low silt 0 1 0 thick 0 0 graded c-shale 2 S.D.3a
KKS silt 0 0 low anhyd 0 0.5 0 mod 0 0 1 c-shale 1 S.D.3a
Barrier silt 0 0 low silty dol? 1 0.5 1 mod S.D.2b 0 1 graded c-shale 3 S.D.3a
KKO silt 1 0 mod silt/minor anhydr 0 0 1 mod S.D.3a base 0 1 graded shale 2 S.D.3a, S.D.2b&c
CHM silt 0 0 low silty dol? 1 0 1 thick 0 0 1 2 S.D.3a
KKEw clay 0 0 low silty dol? ? 1 0 thick 0 0 0 het c-shale 1 S.D.B.
KKEe silt 0 0 mod silty dol? 0 1 1 thick w/ dol SD2c 0 1 graded shale 1 S.D.2c?

Hangingwall

Kakanda Sud

Kakanda-Ouest

Kakanda

Mukondo

Disele Disele

Luita-Nundo

Mukondo-Taratara

Kakanda-Kababankola

Luita
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APPENDIX F 

 MINES SUBGROUP LITHOFACIES CORRELATIONS 

 

 

Figure F.1: Location Map of Stratigraphic Sections 
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Figure F.2: Disele Lithofacies Group Correlation  
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Figure F.3: Luita - Nundo Lithofacies Group Correlation. See Figure F.2 for legend. 



130 

 
 
Figure F.4: Mukondo-Taratara Lithofacies Group Correlation. See Figure F.2 for legend 
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Figure F.5: Kakanda Sud Lithofacies Group Correlation. See Figure F.2 for legend
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Figure F.6: Kakanda Ouest Lithofacies Group Correlation. See Figure F.2 for legend  
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Figure F.7: Kakanda Hanging Wall Lithofacies Group Correlation. See Figure F.2 for legend 
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Figure F.8: Kakanda-Kababankola Lithofacies Group Correlation. See Figure F.2 for legend
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APPENDIX G 

MINES SUBGROUP MINERALIZATION STYLES 

The primary styles of mineralization observed at Kakanda include: (1) coarse-grained euhedral 

pseudomorphs after evaporite cumulate crystals, and anhydrite nodules, (2) anhedral disseminated 

sulfides in relict evaporate layers, (3) disseminated sulfides along laminations that could represent either 

originally enhanced carbon contents, evaporite minerals or primary porosity. (4) sulfide precipitation 

around intraformational breccia clasts, indicative of secondary porosity and (5) sulfides within coarse-

grained veins and in weak selvages to veins.  All but last type are commonly associated with wispy 

dolomite-silica veinlets. The mineralization styles and Cu-Co zoning were logged in the Mines Subgroup 

fragments in Kakanda to determine the most significant controls on Cu and Co distribution and tenor. 

Homogenous thickly banded dolomites of the D. Strat. unit which contain few detrital grains, 

minor pseudomorphs after evaporites and indications of compositional banding by differential alteration 

are typically poorly mineralized with fine disseminated sulfides (Figure G.1a-f).  Interbedded siliciclastic 

rich with siliciclastic poor carbonate beds can be well mineralized in laminae rich in detrital quartz as 

carbonate beds with fenestrae porosity (Figure G.1g-i). Rhythmically bedded dolomite-silica units after 

evaporitic varves which contain gypsum pseudomorphs can be very well mineralized (Figure G.1j-m). 

Intraformational breccias which could be formed by syn-depositional reworking by storms or slumping or 

strain related boudinage induce secondary porosity. These units tend to be strongly mineralized along 

clast rims (Figure G.1n-p), and within fenestrae of some carbonate units. Silicified laminae, most likely 

after evaporite, are not internally mineralized, but rimmed by quartz and sulfides. Thinly banded 

evaporites with horizons rich in tabular pseudomorphs after gypsum cumulates or bottom growths can be 

strongly mineralized in horizons interpreted as originally sulphate bearing evaporites, which are now 

primarily quart-bornite-chalcocite (Figure G.1 q-s). This mineralization was associated with diffuse quartz-

sulfide veinlets with indistinct walls. Coarse-grained pseudomorphs after evaporite crystals, have an early 

quartz rim, infilled with carbonate, and bornite with chalcocite replacement rim 

Disseminated sulfides in the R.S.F. unit interpreted as porosity-controlled and with textures 

indicating replacement of organic material are observed in both siltstones (Figure G.2a-b) and microbial 

boundstones (Figure G.2e-g). Coarse-grained sulfides intergrown with carbonate and silica after 

anhydrite nodules are common (Figure G.2 c-d). Silica-bornite alteration fronts were observed at 

Kababankola (Figure G.2e-g), disseminated bornite in the silicified microbial boundstone, is finer grained 

and less pervasive than in the coarse-grained silica zone. Silicification fronts, which widen laminations in 

the R.S.F. unit are a commonly observed in other blocks. Cross-cutting coarse-grained carbonate-

chalcopyrite veins (Figure G.2h-j) bleed along laminations and cause ~10-20cm wide disseminated 

sulfide halos. Inclusions of muscovite or Mg rich chlorite are observed within the chalcopyrite.  
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Figure G.1: Mineralization styles in the D. Strat. unit (a) and (b) cross polarized light, (c): reflected light of 
poorly mineralized crystalline carbonates with thick bedding. Contains widely disseminated bornite and 
carrollite. (d): plane polarized light (e): cross polarized light, (f): reflected light, widely banded dolomite 
with rare detrital quartz and silica pseudomorphs after anhydrite nodules and gypsum laths. Poorly 
mineralized. KKND109, 81.1m. (g): plane polarized light, (h), (j), and (i) cross polarized light, (I), (k), and 
(m) reflected light: banded dolomite, alternating between siliciclastic rich beds containing detrital quartz 
and carbonate mud, and carbonate mud beds. Disseminated sulfides are more common in siliciclastic 
beds, but also infill fenestrae, and replace evaporites (l and m) in carbonate rich beds. KKND195, 
771.2m. (n) plane polarized light, (o) cross polarized light, (p) reflected light of broken layered dolomite 
after evaporites with sulfides disseminated within carbonate layers, as fenestrae infill. Carbonate vein? 
along sulfide-silica veins surrounding margins of silicified band. KKND195, 785.8m. (q) plane polarized 
light, (r) cross polarized light, and (s) reflected light of layered carbonate muds interbedded with beds rich 
in silica and sulfide pseudomorphs after evaporite cumulates. Cross cut by wispy veinlets. sulf=sulfide, 
qtz=quartz, cbt=carbonate, musc=muscovite, anh=anhydrite, gyp=gypsum, bnt=bornite, car=carrollite, 
cpy=chalcopyrite, cc=chalcocite, pyr=pyrite. 
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Figure G.2: Mineralization styles in the R.S.F. unit. (a) plane polarized light (b) cross polarized light (c) 
reflected light of fine-grained sand-siltstone with rare microbial laminations and reworked organic 
material. Contains fine disseminated chalcopyrite after organics? KKND109, 99.2m. (d) plane polarized 
light, (e) cross polarized light and (f-g) reflected light of organic rich microbial laminated dolomite, with 
carbonate-quarts-sulfide replacement after anhydrite nodules or beds. Fine sulfides disseminated in 
groundmass, coarse sulfides in pseudomorphs after anhydrite.  KKND163, 605.1m. (h), (k) plane 
polarized light, i) cross polarized light and (j), (m) reflected light of organic rich microbial laminated 
dolomite with disseminated sulfides, and alteration front with coarse quartz and coarse sulfides. 
KBBD038, 130.1m. (n) plane polarized light, (o) cross polarized light, and (p) reflected light of carbonate-
cpy vein associated mineralization. Cpy contains inclusions of Mg-chl? Coarse cpy clots in cbt mud with 
detrital quartz. KKND195, 803.2. sulf=sulfide, qtz=quartz, cbt=carbonate.org=organics, chl=Mg rich 
chlorite  
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Figure G.3: Mineralization styles in the S.D.B. unit. (a) plane polarized light (b) cross polarized light (c) 
reflected light of ripple cross laminated mixed siliciclastic (detrital quartz and muscovite) with carbonate 
mud. Chalcopyrite preferentially hosted in coarse grained layers and associated with late silica. 
KKND109, 313.2m. (d) plane polarized light, (e), (f), (h) cross polarized light, and (i) (g) reflected light of 
poorly laminated mixed quartz, muscovite, and carbonate mudstone. Pyrite and chalcocite disseminated 
in coarse clots. Laminae parallel quartz-dolomite-sulfide vein cross cut by later dolomite veinlet best 
observed in plane polarized light. KKSD121, 363.1m. (j) plane polarized light, cross polarized light (k) and 
(l) of laminated siltstone with minor detrital quartz. Sulfide and quartz replace anhydrite nodules and beds. 
KBBD038, 159.8m. (m) plane polarized light, cross polarized light (n) cross polarized light, and (o) 
reflected light of dolomite-chalcopyrite-quartz vein cross cutting a dolosiltstone. Outer margin: qtz & cpy– 
euhedral cbt & cpy- strained cbt & cpy center. KKND195, 842.1. sulf=sulfide, qtz=quartz, 
cbt=carbonate.org=organics, chl=Mg rich chlorite, cpy=chalcopyrite, musc=muscovite.  
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Thin sections of the R.S.C unit were not made due to the prevalence of macroscale textures 

which could be captured with photographs. Cu-Co sulfides in the R.S.C unit are typically coarse and 

disseminated with rare native copper within dolomite after cement (?) (Figure G.11-c and f), or as coarser 

clots of carrollite and chalcocite (Figure G.4g).  

Sulfides in siliciclastic rich units of the S.D.B. unit occur along beds rich in detrital quartz (Figure 

G.3a-b) or as replacement of anhydrite nodules (Figure G.3 j-l). Sulfides in carbonate-rich beds with little 

detrital quartz tend to be disseminated (Figure G.3d-e) or form replacements of evaporite beds or nodules 

(Figure G.3f-i). Coarse-grained carbonate veins typically contain chalcopyrite in vein margins with 

sawtoothed textures in the vein center and as disseminations in the country rock.   

 
Figure G.4: Kakanda Nord-main block Cu and Co distribution and textures, drillhole KKND195. (a): 
bornite and chalcocite associated with wispy dolomite veins, in boudinaged carbonate beds, from 779m. 
(b): bornite and chalcocite replacement of pseudomorphs after evaporite. Spatially associated with thin 
and thick dolomite veins which do not contain sulfide minerals, from 787m. (c): intensely silicified 
laminated carbonate with disseminated blebby bornite and chalcopyrite associated with wispy dolomite 
veins, 7967m. (d): thin dolomite-chalcopyrite veinlets associated anchored to coarse dolomite veins. 
798m. (e): coarse dolomite-chalcopyrite veins in D. Strat. unit 802m. (f): disseminated bornite and 
chalcopyrite along margins of mud/clay laminae in the R.S.F. (g): coarse clots of carrollite, surrounded by 
tarnished chalcocite and chalcopyrite in milky dolomite surrounding the grey silicified laminated 
stromatolite, 814m. (h): increased sulfide concentrations are common at the top of the R.S.C. unit where 
an increased portion of sediments infill cavities, 835m. (i): saw toothed dolomite-chalcopyrite vein cross 
cutting chalcopyrite disseminations along laminae in S.D.B 
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The Kakanda Nord-main block is mineralized by copper in the D. Strat. and R.S.F. units, with 

minor Cu mineralization in the S.D.B .unit (Figure G.4). Vertical Cu sulfide zoning from bornite and 

chalcocite in the D. Strat. unit followed by increasing chalcopyrite and decreasing bornite up stratigraphic 

section demonstrates a vertical fluid pathway. Minor euhedral carrollite rimmed with chalcopyrite are 

located locally within the R.S.C. unit.  There is no indication of carrollite mineralization outside the R.S.C. 

unit, indicating the Co bearing fluids moved laterally through the R.SC. unit, rather than vertically with the 

main Cu bearing fluids.  

In total of five mineralization textures were observed at Kakanda Nord (main). Thin wispy 

dolomite-silica-bornite-chalcopyrite veinlets were in association with disseminated cc, bnt, and cpy, 

concentrated along laminations and as cumulate pseudomorphs. The highest concentrations were found 

in disturbed beds, organic rich or evaporite rich horizons. Well-formed veins of coarse dolomite and 

chalcopyrite were observed layer parallel in the D. Strat. and R.S.F. unit strata and cross cutting in the 

S.D. Formation strata. Asymmetrical halos of disseminated chalcopyrite and pyrite are typically limited to 

a ~ 10-20cm zone around, but mostly stratigraphically above the veins.   

Only weak mineralization occurred in the Kakanda Nord eastern block (Figure G.5). The D. Strat. 

unit was poorly mineralized, except for malachite associated with laminae parallel carbonate veins in 

siltstones. The silicified R.S.F. unit is heavily leached and contains laminae parallel malachite. No sulfides 

were observed in the R.S.C unit and minor sulfides are present in the poorly laminated S.D.B. unit. Minor 

sulfides were observed in organic bearing ripple laminated siltstones and minor pseudomorphs after 

anhydrite nodules in the upper S.D.B. and S.D.2a units. Dolomite-chalcopyrite veins with associated 

disseminations of carrollite and chalcopyrite are hosted in the SD2d and Sd3a units.  

There is no evidence of vertical mineralization through the lowermost D. Strat. unit comprising 

distorted and layered evaporite beds. This suggests a more distal location from metal bearing fluids. 

Weak disseminated sulfides at the R.S.F.-R.S.C. and the R.S.C.-S.D.B. unit contacts suggests minor fluid 

flow through the R.S.C. unit. The strongest mineralization in this block was associated with coarse-

grained dolomite-chalcopyrite veins in the S.D.2d and S.D.3a units. The presence of disseminated 

carrollite associated with chalcopyrite and dolomite veins is unusual in the Kakanda district.       

At Kababankola sulfide mineral zoning bornite-chalcopyrite-pyrite trend outwards from the R.S.C. 

unit into the S.D.B unit above and the R.S.F. unit below (Figure G.6).  Mineralization typically formed 

disseminated bornite, carrollite and chalcopyrite along laminations in the organic and fenestrae rich 

horizons in the R.S.F. unit and sulfides replaced evaporite textures in the S.D.B. unit.   Carrollite is 

located in the R.S.C. unit flaked both sides with bornite and chalcopyrite along the contacts with the 

S.D.B. and R.S.F. units.  Pyrite is present distally in both the D. Strat. unit and the S.D. Formation.  

CuCo:S ratios show an eastwards trend from high to low values, however both the upper portion and the 

eastern and western flanks have been overprinted by supergene processes meaning that it is not 

possible to determine generalised fluid flow direction in the Kababankola fragment. 
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Figure G.5: Kakanda Nord-east block Cu and Co distribution and textures, drillhole KKND109. (a): 
unmineralized layered dolomite with pseudomorphs after evaporite at base of D.Strat.unit, 81m. (b): weak 
malachite associated with laminae parallel dolomite veins in siltstones of D.Strat. unit at 85m. (c): silicified 
and weathered microbial laminated boundstone with malachite and boxwork structures after sulfides in 
R.S.F. unit at 99m. (d): disseminated cpy and pyr along laminae and replacing nodules after anhydrite in 
SD2a, 142m. (e): coarse dolomite-chalcopyrite veins in S.D.3a. unit, 160m. (f): Disseminated car blebs 
along mud/clay laminae in the S.D.3a. unit at 168m.  

 

 

Cobalt mineralisation was restricted to <3m meters from the R.S.C. unit upper and lower contacts 

(Figure G.6) compared to ~10m containing copper sulfides. There is no clear lithological change that 

controlled the extent of the Co mineralisation, indicating the Co concentrations in the mineralising fluids 

may have be low, or there was an unknown chemical/thermal dynamic factor at play.   

The Kakanda Est- eastern block was poorly mineralised in the sulfide zone below the Cu-Co rich 

oxide zone.  Mineralisation was controlled by the distribution of chalcopyrite- dolomite veins, and there is 

little evidence of disseminated mineralisation associated with wispy veinlets. The resulting Cu and Co 

profiles in Figure G.7. is spiky. The absence of Co bearing sulfides immediately downdip of an oxide Co 

deposit is remarkable, but also observed in the Mukondo blocks.  

The Kakanda Est-western block exhibits a Cu-sulfide trend of chalcocite-chalcopyrite to pyrite 

outwards from the R.S.C. unit (Figure G.8). The three-dimensional leapfrog model shows a lateral trend 

from bornite, carrollite and chalcocite in the SW to chalcopyrite and pyrite in the NE, which corresponds to  
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Figure G.6: Kababankola-main block Cu and Co distribution and textures (drillhole KBBD038). (a): D. 
Strat. unit banded dolomite with mud drapes and occasional pseudomorphs after anhydrite nodules. No 
silicification or dolomite veins. Minor pyrite after anhydrite nodules pseudomorphs a basin to the top 
contact of an organic rich bed, 117m.  (b): D. Strat. unit with minor disseminated chalcopyrite and pyrite 
spatially associated with silicification, 118m. (c): R.S.F. unit microbial laminated dolomite, partially 
silicified. Contains bornite in blebs along lamination planes and infilling short vertical fractures of unknown 
origin. 131m. (d): R.S.F. unit increase in fenestrae and organic and chlorite rich mud content, carrollite 
forms thin layers within the dark green organic rich muds and fills vertical fractures. No carrollite is 
observed in the silica nodules, pseudomorphs after anhydrite, or the open fenestrae.  (e): R.S.C. unit 
carrollite forms coarse disseminated blebs and cubes in white milky dolomite surrounding stromatolites, 
and very fine euhedral disseminations within the stromatolite laminae. (f): top of R.S.C. unit strongly 
mineralized with carrollite at contact with interstitial sediment. (g): S.D.B. unit carrollite and bornite forming 
layer parallel veinlets, disseminated and replacing pseudomorphs after anhydrite. h. carrollite, 
chalcopyrite mineralization in organic rich, ripple laminated dolomudstones. (i): chalcopyrite around silica 
pseudomorphs after anhydrite in organic poor dolomudstone. 

 

 

a trend of Cu and Co grades decreases to the NE. The studied drillhole is located in the center of the 

block. Drillholes located further SW record vertical sulfide mineral zoning: bornite dominates in the 

D.Strat. unit and R.S.F. unit, carrollite, chalcocite and bornite are observed in the R.S.C. unit, followed by 

bornite and chalcopyrite in the S.D.B. unit. This indicates that mineralized fluids in the Kakanda Est – 

western block migrated vertically in the current southwestern corner, and then migrated laterally through 

the R.S.C. unit.  

Kakanda Est-southwest block exhibits minor vertical sulfide zoning from the R.S.C. unit into the 

S.D.B. unit (Figure G.9), but no clear zoning elsewhere.  The modelled interpolation of sulfide minerals for 
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the block confirms the zoning observed in KKOD036 and indicates a lateral NW-SE mineral zoning from 

chalcocite to bornite and native copper in the NE to chalcopyrite and pyrite in the SW, which conflicts with 

the zoning observed in the KKE-western block. The chalcocite in the Kakanda Est-southwest block is 

likely supergene, given its spatial association with malachite and the presence of native copper in the 

block. Therefor this trend is not considered primary and is interpreted as a supergene overprint. 

The Kakanda Sud-barrier block exhibits Cu sulfide mineral zoning outwards from the R.S.C. unit 

(Figure G.10). The strongest mineralization occurrences are associated with coarse crystal dolomite-

chalcopyrite-bornite veins.  Disseminated chalcopyrite along laminations and replacement of 

pseudomorphs after anhydrite nodules is weak.  The modelled mineral distribution shows a very spotty 

distribution below the supergene zone, which ties in with vein-controlled mineralization.  

 

 
Figure G.7: Kakanda Est-eastern block Cu and Co distribution and textures. a. cross-cutting coarse-
grained dolomite-chalcopyrite veins, (b and c): diffuse chalcopyrite-dolomite veins in the R.S.F. unit (b), 
and the R.S.C. unit (c). (d): chalcopyrite sulfides concentrated at R.S.C.-S.D.B. units contact. (e): poorly 
mineralized S.D.C. unit.  

 

 
Mineralization styles in the Kakanda Sud main block are more diverse than in other Mines 

Subgroup blocks. Sulfides hosted in the basal D. Strat. unit are typically chalcocite often hosted in 

brecciated D. Strat. unit clasts cemented by silica (Figure G.11a). Chalcocite is also observed replacing 

anhydrite nodules in silt rich beds (Figure G.11e). The heavily silicified R.S.F. unit contains supergene (?) 

native Cu along laminae and fractures (Figure G.11b). The upper R.S.C. unit unusually contains clots of 

chalcocite, bornite and minor carrollite in diffuse silica (Figure G.11c and f). The Cu% increases towards 
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the R.S.C.-S.D.B. units contact whilst Cu sulfide zoning changes from Cu rich bornite and chalcocite to cu 

poor chalcopyrite.  The base of the S.D.B. is very carbonate-evaporite rich and appears to have created a 

seal trapping metal bearing fluids leading to complete replacement of the base S.D.B unit bed (Figure 

G.11) Cross cutting carbonate-chalcopyrite±bornite±chalcocite veins mineralize the S.D.2d unit, SD3a 

unit, and C.M.N. Formation. The textures of these veins appear ragged, as if puncturing unlithified 

sediments. 

 

 

 
 
Figure G.8: Kakanda Est-western block Cu and Co distribution and textures from KKED013D. (a): R.S.F. 
unit or D. Strat.(?) Intensely silicified with weak laminations still visible and some silica pseudomorphs 
after evaporite crystals still visible. Trace disseminated euhedral carrollite. Minor chalcopyrite along some 
laminae. (b): R.S.C. unit from 242m: silicified brecciated zone with trace carrollite and chalcopyrite, (c): 
S.D.B. unit from 215m: silicified with minor chalcopyrite replacement of euhedral evaporite crystals. 
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Cu and Co, when present in the Mukondo group blocks, occur as oxide species (malachite and 

heterogenite) hosted predominantly within the S.D.B. unit. Leached box work structures are often present 

in the R.S.F. and the malachite and heterogenite in the S.D.B. unit is often in-situ oxidation, or supergene 

fracture fill (Figure G.12 and G.13). 

 
 

 

Figure G.9: Kakanda Est-southwestern block Cu and Co distribution and textures. (a): D. Strat. unit with 
minor vertical chalcopyrite-dolomite veining cross cutting the unmineralized laminated dolomites 
KKOD036, 167m. (b): R.S.F. unit with disseminated chalcopyrite associated with vertical dolomite and 
chalcopyrite veins. Silicified. (c): R.S.C. unit was mineralized by chalcopyrite and pyrite associated with 
dolomite at the base (181m). (d): central portion in leached variably leached with accumulations of native 
gold in vugs KKOD036, 183m. (e): bornite replacement of euhedral evaporites and possible fluid escape 
structures in S.D.B. unit at 202m. (f): chalcopyrite and bornite replacement of evaporite crystals and 
nodules in organic poor dolomudstone 
 

 

Mukondo blocks dominantly contain Cu and Co oxide species. Hypogene mineralization within 

the Mukondo blocks was not extensive. Drillhole MKND180 is partially oxidized resulting a mixture of 

supergene and hypogene Cu-Co minerals. Oxidation has occurred in situ in the upper orebody preserving 

mineralization textures.   
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Boxwork textures after disseminated sulfides indicate intense leaching and remobilization of 

pyrite and Cu-Co sulfides? from the D. Strat. and R.S.F. units and lowermost R.S.C. unit.  In the 

lowermost S.D.B. unit hematite and goethite and malachite are observed in cross cutting veins and 

replacing anhydrite nodules. Stratigraphically higher, disseminated chalcocite is focused along laminae 

and replacing silica nodules after anhydrite.     

 
 

 
Figure G.10: Kakanda Sud-Barrier block Cu and Co distribution and textures (drillhole KKSD115). (a): 
D.Strat. unit coarse pyrite blebs spatially associated with dolomite-silica veins, 376m. (b): silicified D.Strat. 
unit mineralized with coarse grained pyrite, fine grained chalcopyrite and cc spatially associated with 
silicified coarse carbonate vein 382m. (c): heavily leached R.S.F. unit rocks. (d). coarse dolomite veins in 
the R.S.C. unit containing supergene chalcocite at margins 393m. (e): chalcocite after bornite in the 
margins of coarse carbonate veins in the R.S.C. unit at 408m.  (f): very fine grained bornite, replacement 
of euhedral evaporite crystals in a poorly laminated mud and organic argillaceous dolomite. 

 

 

Mineralization of the western blocks is predominantly supergene altered. The Luita Est and Disele 

Sud blocks contain mixed or hypogene mineralization below the supergene blanket. Two drillholes from 

the hypogene/mixed oxide are reviewed in Figures G.14 and G.15.  

The Luita Est block was predominantly mineralized by copper and cobalt in the R.S.F. and D. 

Strat. units. Coarse-grained carrollite and chalcocite are disseminated, often laminae parallel in intensely 

silicified rocks. Coarse crystalline dolomite-carrollite veins cross cut laminae. Spikes in Co and Cu grades 

are observed surrounding the veins.  Weak disseminated chalcopyrite and pyrite is observed along 

laminations in the S.D.B. unit. These show the continued vertical zonation indicating a vertical fluid flow 
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from the base on the Mines Subgroup. The same mineral zoned patterns are observed in the three -

dimensional model. 

The secondary chalcocite at Disele means that it is not possible to detect Cu sulfide zoning 

patterns at Disele Sud. Abundant chalcocite in the D. Strat. unit is due to replacement of evaporite 

nodules, and crystals. Supergene remobilization of Cu can be observed in cross cutting fractures of filled 

with malachite and goethite veins (Figure G.15b). Whilst the R.S.C. unit was poorly mineralized the upper 

contact which contains pockets of sediment from the S.D.B unit was well mineralized with chalcocite and 

malachite (Figure G.15d). The lower S.D.B. unit weakly mineralized with malachite along laminae and 

malachite with hematite after anhydrite nodules (Figure G.15e). 

 

 

 

Figure G.11: Kakanda Sud-main block Cu and Co distribution and textures. photos taken from drillhole 
KKSD129D. and KKSD121 which is missing the R.S.F. unit. (a): D. Strat. unit at 703m: chalcocite in silica 
breccia cement. (b): R.S.F. unit at 695m native copper along laminations. (c): R.S.C. unit at 660m: 
chalcocite and bornite in diffuse silica. (d): SD2b&c at 608m: chalcopyrite in coarse dolomite veins. (e): 
chalcocite replacement after anhydrite nodules in siltstone beds of the D. Strat. unit at 344m in KKSD121. 
(f): chalcocite-bornite-silica in the R.S.C. unit, 360m., (g): disseminated chalcocite in an altered laminated 
carbonate of the S.D.B. 364m. (h): evaporative horizons with native Cu in the B.O.M.Z. at 365m. (i): 
dolomite-chalcopyrite veins in the S.D. at 389m. 
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Figure G.12: Taratara block Cu and Co distribution and textures from drillhole TARD025. (a): R.S.F. unit 
at 260m: leached chalcocite with malachite rims. (b): R.S.C. unit at 258m disseminated secondary 
chalcocite. (c): S.D.B. unit at 243m, malachite along laminations, and heterogenite in fractures (d): S.D.B. 
unit at 242m: chalcocite in coarse dolomite veins. 
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Figure G.13: Mukondo- north block Cu and Co distribution and textures. (a). D. Strat. unit at 425m in 
MKND180: Partially silicified with disseminated chalcocite. (b). R.S.F. unit at 417m: silicified with sparse 
disseminated euhedral chalcocite, (c). R.S.C. unit at 398m: silicified with euhedral carrollite in silicified 
zones around stromatolites. (d). S.D.B. unit at 389m, hematite and goethite after sulfides in crosscutting 
veins and anhydrite nodule pseudomorphs. (e). S.D.B. unit at 387m: chalcocite and dolomite vein. 
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Figure G.14: Luita Est block Cu and Co distribution and textures, drillhole LESD009. (a): D. Strat. unit at 
100m: altered by partial silicification and cobaltan dolomite. Coarse-grained carrollite rimmed with 
chalcocite associated with diffuse silica veins 100m. (b): R.S.F. unit at 96m partially silicified, coarse 
carrollite with chalcocite rims disseminated throughout, some mineralization occurs preferentially with 
dolomite bands. (c). R.S.F. unit at 93m: laminae parallel chalcocite mineralization with cobaltan dolomite 
in siltstone bed. Cross cut by late coarse-grained dolomite vein. (d). R.S.C. unit at 84m: disseminated 
carrollite in in white milky dolomite and pink cobaltan dolomite surrounding stromatolites, often euhedral.  
(e). S.D.B.  unit at 67.5m: silicified siltstone with disseminated chalcocite along laminae. No organics, or 
evaporite pseudomorphs. (f). S.D.B. unit at 67m: Boxwork structures and remnant malachite indicate 
leaching of chalcocite. 
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Figure G.15: Disele Sud block Cu and Co distribution and textures. Photos taken from drillhole DSLD027. 
(a). Chalcocite riming rip up clasts and (b). Rimming pseudomorphs after halite(?) in dolomites and 
siltstones of the D. Strat. unit, 132m. Remobilized malachite is observed in vertical fractures. (c). 
malachite hosted in laminations and as pseudomorphs after gypsum? in carbon rich laminated dolomites 
of the D. Strat. unit, 131m, (d). malachite and chalcocite hosted in sediment pockets at the top of the 
R.S.C. unit,117m. (e). remnant malachite with hematite and goethite pseudomorphs after anhydrite 
nodules and along laminae, 116m 
 


