41

Chapter 3

Lithostratigraphy and Basin Architecture
of the Lower Roan Group

3.1  INTRODUCTION
Hitzman et al. (2005) argue that deposit and megascale basin architecture, the arrangement, and the composition
of sedimentary strata, and associated structural geometry, play crucial roles in the location of sediment-hosted
stratiform Cu ore. In particular, basin architecture dictates the original distribution of ore key ingredients, such
as sulphur, the reducing media, and also the geometry of fluid flow paths through stratal aquifers or zones of
structurally enhanced permeability. This chapter considers these elements at the scale of the Nkana-Mindola
(NKM) deposit through examination of the sedimentology and basin evolution during accumulation of the
Lower Roan Group, the principal host to Cu mineralisation in the Zambian Copperbelt (ZCB). The basin
architecture will provide a framework within which to examine the relationships between deformation and
distribution of Cu-Co mineralisation.
This chapter provides a geological description and interpretation of the Lower Roan Group at NKM
and discusses the basin evolution of the sequence within the framework of published basin models for the
Chambishi Basin. The aim of this chapter is to integrate stratigraphic and sedimentology studies of this research
with previous work by Clemmey (1976), results from stratigraphic studies of smaller and less deformed Cu-Co
deposits within the Chambishi Basin undertaken during the AMIRA P544 research project and the present day
published models for the evolution of rift basins.
The Lower Roan Group is the basal group of the Katangan Supergroup (Fig. 3.1). The preserved ~1
to 3 km thick Katangan Supergroup consists of metamorphosed continental and marginal-marine sedimentary
rocks with an estimated the pre-depositional thickness of the Katangan Supergroup to be ~5 to 7 km Annels
(1989). The ~500 to 700 m thick Lower Roan Group includes the basal siliciclastic rocks of the Mindola Clastic
Formation (MCF) and the overlying siliciclastic-carbonate rocks of the Kitwe Formation (KF) (Fig. 3.2). The MCF
is a succession of conglomerates, breccias, subarkosic sandstones and minor argillite characterised by rapid lateral
and vertical facies variations. The younger ~200 m thick KF consists of a diverse sequence of predominately
argillite, carbonaceous shale, dolomitic argillite, sandstone and massive dolomite.
This chapter will focus on the MCF and the basal portion of the KF known as the Copperbelt Orebody
Member (COM), or known colloquially as the ‘Ore Shale’ across the Zambian Copperbelt (Fig. 3.3). The first
section of this chapter describes and interprets the stratigraphy and sedimentology of the Lower Roan Group
within the unpublished stratigraphic framework proposed by Clemmey (1976). The last third of the chapter
uses this stratigraphic and sedimentological framework to discuss the basin evolution model for the Lower
Roan Group at the Nkana-Mindola deposit within the broader basin evolution framework of the Katangan
Supergroup described by Selley et al. (2005) and published modern analogues.
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Figure 3.1. Lithostratigraphy of the Katangan Supergroup,
Zambian Copperbelt, showing approximate average unit
thickness. The Katangan Supergroup is divided into a five fold
subdivision which includes (1) Lower Roan Group (siliciclastic
rock dominated succession); (2) Upper Roan Group (platformal
carbonates, chaotic breccia and subordinate siliciclastics rocks);
(3) Mwahia Group (carbonates and generally fine grained
siliciclastics rocks); (4) Lower Kundulungu Group (glacial
diamictite overlain by carbonate and carbonate-bearing clastic
rocks); and (5) Upper Kundulungu Group (basal diamictite
overlain by carbonate). Gabbroic rocks mainly occur in Upper
Roan and Mwashia Groups. The maximum age of sedimentation
is constrained by the Nchanga Red Granite and the upper
sedimentation is constrained by the Stuartian glaciation (Grand
conglomerate diamictites), and mafic lavas and intrusive rocks
in the Domes Region (Selley et al., 2005). This chapter provides
a description of the stratigraphy and basin architecture of the
Lower Roan Group at the Nkana-Mindola deposit (Modified from
Selley et al., 2005).
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Figure 3.2. Detailed lithostratigraphy sub-division of the Lower Roan Group at the Nkana-Mindola Deposit. The local mine
terminology is included as reference (left hand side of log). The focus of this study is on the Mindola Clastic Formation and
the basal portion of the Kitwe Formation.
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Figure 3.3. Simplified geological surface map of the Nkana-Mindola deposit (NKM) with locations of key mine workings and
locations used in this study to document the stratigraphy of the Lower Roan Group at Nkana-Mindola. All surface mapping
data was acquired by the mapping of trenches between periods of the early 1930’s to mid 1970’s by company geologists.
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3.2  PREVIOUS SEDIMENTOLOGY STUDIES AT NKANA-MINDOLA
Stratigraphic nomenclature for the Lower Roan Group in the ZCB is notoriously complex, and in many cases,
deposit-specific (Table 3.1, Fig. 3.2). The framework adopted in this work is based on that erected by Clemmey
(1976) and refined in this study, which despite being developed largely from observations at the NKM deposit
and the broader Chambishi Basin, can be satisfactorily applied throughout the ZCB. Clemmey (1976) based his
stratigraphic framework mainly on observations at Mindola Shaft, the Mindola Pit, and to a lesser degree on
the Central and SOB shafts, the latter situated in the southern part of the NKM deposit. Although providing
sedimentological interpretations for the entire Lower Roan Group, it should be noted that Clemmey’s work
was focused at the level of the COM (COM) of the KF: this focus largely being constrained by available data.
Mining operations at NKM have been continuous for the past 70 years resulting in a wealth of geological
data in the form of mine sections, mine plans, drill logs and mine reports. Despite employing a largely nondescriptive stratigraphic nomenclature, thus limiting sedimentological information, these datasets also provide
valuable data from areas now inaccessible or mined out. Stratigraphic and sedimentological studies of other
significant deposits within the Chambishi Basin, and more regionally in the ZCB, include Garlick (1961), Annels
(1974, 1989), Fleischer (1984); Selley and Bull, (2003) and Selley et al. (2003, 2005).
3.3  ASSUMPTIONS, LIMITATIONS AND METHODOLOGY
All Katangan strata in the ZCB have been metamorphosed to mid- to upper greenschist facies, and as such
are strictly metasedimentary rocks. For simplicity and brevity, the prefix ‘meta’ is omitted in the following
descriptions. In addition, southern parts of NKM deposit record anomalously high strain, which further
complicates interpretation of primary sedimentary structures and textures. Although the scope of the study
included drill cores and underground exposures along the 33 km strike length about both limbs of the Nkana
Syncline (Fig. 3.3), the majority of available data were sourced from the highly strained hinge of the fold.
Information from recent sedimentological studies of the Chambishi SE prospect by Bull and Selley (2003), 10
km to the northwest of NKM, are used for comparison purposes.
Despite the extensive underground workings at the NKM deposit, severe limitations on the type and quality
of both historical and present day geological data were encountered during this research. As with all mining
operations the requirement to keep waste handling to a minimum ultimately limits underground exposures of the
footwall and hangingwall sequences. This is particularly the case at the Mindola and Mindola North shafts where
strata dip shallowly, and mining is almost entirely restricted to development within the ore horizon. Furthermore,
the preservation drill core outside intervals of economic mineralisation has historically not been a priority. Many
of the archived drill holes had been telescoped and as such often did not provide sufficient continuity to undertake
detailed sedimentology work. Of the very limited surface drill core dataset, no cores preserve an intact stratigraphy
through the Lower Roan Group, and few contain intervals of the uppermost Lower Roan Group. The study of
these upper stratigraphic levels was restricted almost entirely to weathered exposures in the Mindola Pit. The
combination of factors outlined above led to a strategy of lithofacies analysis based on a series of effectively twodimensional, cross-stratal profiles and extensive reviews of historic mapping and logging.
There is less than 2 % outcropping rocks of the Lower Roan Group across the NKM area, therefore no
surface mapping was undertaken as part of this project. All surface mapping data was acquired by the mapping
of trenches between periods of the early 1930s to mid 1970s by company geologists. Data for this study was
compiled from underground traverses, reconnaissance mapping and detailed mapping of production cross cuts,
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Table 3.1. Stratigraphic nomenclature used at different localities across the Zambian Copperbelt. The preferred nomenclature used
in this study is highlighted in grey on the left hand side of the table. The Mindola Clastic Formation and the Kitwe Formations are the
focus of this study at the NKM deposit (modified from Cailteux et al., 2005; Selley et al., 2005).
Group

Formation

Kundelungu
(Upper Kundelungu)

Plateau
(Ku 3)

Member

Clemmey
(1976)

NkanaMindola
(mine terminology)

Chambishi

Nchanga
(Binda and
Mulgrew,
1974)

Konkola

Musoshi (Lefebvre, 1989)

Lubembe
(Lefebvre,
1989)

Klubo
(Ku 2)
Kalule

Ku 1.3
Ku 1.2
Ku 1.1

Nguba
(Lower Kundelungu)

Monwezi

Ng 1.2

Likasi

Ng 1.3
Kakontwe
(Ng 1.2)
Grand
Conglom
erate
(Ng 1.1)

Mwashia

Upper

Mwashia

Middle

Upper Roan

Lower
Upper Roan

Mwashia

Upper Mwashia

Upper Roan

Lower Mwashia Mines
Kanwangungu Group
(R.A.T.)
Fm.

Bancroft Fm.

Ultra Far
Water Fm.

Dolomite Fm.

Antelope
Clastic Mbr.

Far Water
Sediments

Sandy talc
schist

Shale with
grit

Chingola
Hangingwall
Aquifer
Dolomite
Dolomitic
schist
Upper Banded
shale

Kibalonfo Fm.
Lower Roan

Kitwe For- Antelope
mation

Mindola

Shale with
grit

Kibalongo Fm.

Chingola Formation

Musoshi
Fm.

Kitotwe
Mbr.
Kabemba
Mbr.

Chambishi

Chambishi
Far water
Dolomite Mbr. Dolomites
DolomiteArgillite Seq.

Cherty Dolomite
Interbedded
Argillite and
Dolomite

Nchanga

Nchanga
Upper
quartzite Mbr. quartzite

Upper quartzite Feldspathic
Quartzite

Rokana

Rokana
Evaporites
Member

Near Water
Sediments

Interbedded
Argillite and
Dolomite

Banded Sandstone
Upper Pink
Quartzite
Shale marker
Banded Sandstone
Lower chart
marker

Copperbelt

Copperbelt
orebody
Member

Ore Shale
and Hangingwall
Argillite

Ore Shale

Lower Banded Ore Shale
Shale

Ore Shale

F.Q.

Kafue

Kafue Arenites

Footwall
Conglom
erate;
Arkose and
argillite;
Lower
Conglom
erate

Footwall Conglomerate;
Arkose and
argillite; Lower
Conglomerate

Transition
Arkose
Arkose
Conglomerate

Mutonda
formation
Kafufya Formation
Chimfunsi
Formation

Simbi

Konkola

Basal Quartz- Footwall
ite
Quartzite; Basal
Conglom
erate

Footwall
Quartzite;
Basal Conglomerate

Hangingwall
Quartzite

Footwall
conglom
erate
Footwall
Sandstone
Porous
sandstone
Footwall
Quartzite
Pebble
conglom
erate
Basal
conglom
erate

Pelitic-Arkosic
Formation

Lubembe
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stopes and drives at Mindola North Shaft (1050L, 500L, 610L, 780L) , Mindola Shaft (4180L, 4440L, 5510L)
Central Shaft (2320L, 2370L, 3130L) and SOB Shaft (790L, 1250L, 1810L, 2370L, 2880L, 3140L, 3130L,
3360L) and traverses of the now disused Mindola Pit. Core logging was completed on specific exploration drill
holes from Mindola Shaft area and the Nkana Synclinorium Area, production drill core from North Shaft and
Central Shaft and archived drill cores.
3.4  LITHOSTRATIGRAPHY OF THE LOWER ROAN GROUP
As previously described in detailed in Chapter 2, Clemmey (1976) divides the Lower Roan Group at the NKM
deposit into two mappable formations: the basal MCF and the overlying KF (Fig. 3.2).
Colloquially referred to as the footwall sequence at the NKM deposit, the MCF comprises texturally
immature conglomerates and subarkosic sandstones that uncomfortably overly the basement complex. Locally,
the MCF ranges in thickness from 0 m to ~200 m, however, thickness maxima occur in the order of 1,000 m in
central parts of the Chambishi Basin and the Konkola district (Pollington, 2002; Broughton, 2003). Significant
and rapid thickness and facies variations characterise the MCF. The formation has been sub-divided into the
Basal Sandstone Member (BSM) and the overlying Kafue Arenite Member (KAM) in the upper portion of
the formation (Clemmey, 1976). The MCF is readily recognised underground and in drill core across NKM,
however significant thickness variations have been recorded for each member and at several localities the
formation pinches out (Fig. 3.3). Good, though limited, exposure of only the upper portion of the formation is
located at the north western end of the Mindola Pit. For the purpose, of this thesis the outcrop characteristics
of the individual formation members and facies association of the MCF will not be discussed further.
The BSM uncomfortably overlies granitic, intermediate metavolcanic and metasedimentary rocks of
the basement complex and is overlain by the KAM (Fig. 3.2). At one locality, the BSM is directly overlain by
carbonaceous argillite and shale of the basal portion of the KF (1250L, SOB Shaft – Quartzite Orebody).
The BSM is an immature, coarse-grained, fining upward arenite sandstone succession with distinct lateral and
vertical thickness and facies variations. The BSM consists predominately of a medium-grained siliciclastic
package of grey, pink and white, massive and cross bedded arenite. Detrital compositions range from quartzitic
to arkosic. Volumetrically minor lithological components include sedimentary breccia, positioned at the base of
the member, and lensoidal, matrix supported conglomerate.
The KAM conformably overlies the BSM and is itself overlain by KF (Fig. 3.2). The contact with the
overlying KF is sharp and readily recognisable with the juxtaposition of sandstones and/or conglomerates of
the KAM against shale, dolomitic argillite and argillite of COM of the KF. The KAM is typified by a 4 to 8 m
thick basal conglomeratic unit, and an overlying sequence of small- to medium-scale, cross-bedded, mediumto coarse-grained, interbedded sandstones and argillite approximately 10 to 20 m thick. The sandstones are
typically arkosic and subarkosic in composition, but include volumetrically minor, discontinuous, quartz-rich
horizons, greywacke and quartz arenite. The conglomerate consists of clasts of schist, quartzite, argillite and
granite.
The overlying ~200 m thick KF comprises cyclical packages of carbonaceous shale, argillaceous
sandstone, dolomitic argillite, conglomerate and massive to microbially laminated dolomite rocks. In contrast
to the MCF, the KF has a laterally extensive, broadly layer-cake morphology. Conspicuous exceptions to this
rule include locally restricted carbonate and sandstone facies associations confined to the basal portion of the
KF. The KF has limited surface exposure at NKM, confined to major drainage systems, however, the formation
is readily recognised underground and in drill core. The KF commonly overlies the MCF, however, in the rare
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cases the KF uncomfortably overlies basement rocks. Copper mineralisation is dominantly hosted within the
lower portions of the KF near or at the contact with the MCF, however, mineralisation is occasional hosted in
the upper portion of the MCF. The lower most member of the KF, the COM, is host to greater than 80% of
the Cu-Co resource at NKM
The KF consists of five lithostratigraphic members as defined by Clemmey (1976) (Table 3.1). These are,
from oldest to youngest, the Copperbelt Orebody Member (COM), the Rokana Evaporites Member (REM),
the Nchanga Quartzite Member (NQM), Chambishi Dolomites (CDM) and the Antelope Clastic Member
(RCM) (Fig. 3.2).
At NKM, the REM is referred to as the Hangingwall Formation, and is divided into 2 members, the
Hangingwall Quartzite and the Near Water Sediment members. The NQM is referred to as the Upper Quartzite
Member (Table 3.1). The regional stratigraphic division devised by Clemmey (1976) differs from local mine
stratigraphic division which places the boundary between the Lower and Upper Groups at the base of first
thick carbonate bed of the CDM. The local NKM mine terminology classification refers to the basal portion
of the Upper Roan Group as the Far Water Formation, consisting of the Far Water Dolomite Member and
the Far Water Sediments Member. The top of the Roan Antelope Clastic Member is defined at the base of the
first significant ~1m thick dolomite bed. The overlying sequence consisting of gritty sandstone, argillite and
dolomites characterises the Upper Roan Group.
The following three sections (3.5, 3.6 and 3.7) of this chapter will describe and interpret the key
lithofacies and facies associations of the MCF and KF and propose depositional models for important
facies associations. The petrography of the MCF and the COM is briefly described in the following text and
summarised in Table 3.2 and Appendix 1. The petrographic descriptions are focused on identifying key detrital
phases as well as authigenic phases. Tables 3.3 and 3.4 document the individual lithofacies identified within
the MCF and KFs. The lithofacies codes used in these tables are referred to when describing the key facies
associations in the following sections. Tables 3.5 and 3.6 summarise the key facies associations observed for the
KF which are described in the following sections.
3.5  MINDOLA CLASTICS FORMATION
3.5.1  Basal Sandstone Member facies associations
3.5.1.1 Facies Association MCF 1 (Lithofacies 1A - breccia) - Unstratified massive matrix supported breccia facies.
Facies Association MCF 1 directly overlies basement and is a sandy matrix-supported breccia. It is restricted
in its distribution, forming a lensoidal wedge-shaped unit with a maximum thickness of 20 m. Clasts have a
maximum dimension of 120 cm, typically ranging 30 to 80 cm, and are supported by a medium- to coarsegrained massive sandy matrix (Figs 3.4a, b and c). Clast morphology is typically angular to sub-angular, with
compositions including granite, gneiss and micaeous quartzite. Locally the sandy to silty matrix and porosity is
replaced by anhydrite cement (Table 3.1).
This breccia facies was only observed at two localities during this study (3360L and 1250L SOB Shaft)
where it attained a maximum thickness of ~10 m. Historical surface mapping of the western limb of the
Nkana Syncline indicates that thickness maxima in this region are in excess of 50 m (Fig. 3.8). Although the
lack of continuity of underground and surface exposures prevents an accurate determination of the geometry
of the facies type, it likely forms lensoidal or wedge-shaped profiles in restricted troughs positioned between
basement-cored palaeotopographic highs. The breccia units at all locations uncomfortably overlie basement
rocks.
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Table 3.2. Petrological characteristics of the Mindola Clastic Formation and the Copperbelt Orebody Member.

Formation
Mindola Clastic Formation
Basal Sandstone Quartzite
Member –

Petrological Characteristics
Quartz arenite, sub-arkosic, arkosic.
Qtz-arenite – moderately sorted, sub rounded qtz, k-feldspar with a matrix (groundmass) of
qtz, calcite, biotite +- dolomite.
Arkosic units – detrital k-feldspar (turbid appearance), commonly overgrowths of k-feldspar +calcite (K-feldspar overgrowths have fresh appearance), albite; commonly have 10-15% matrix.
Localised matrix-supported pebbly conglomeratic lenses
Textures – Detrital qtz grains exhibit no to weak strain extinction; interstitial metamorphic
partially aligned.
Heavy Minerals – zircon, hematite, ilmenite and tourmaline.
Accessory Minerals – chlorite, phlogopite, biotite, dolomite, calcite, albite, tremolite, anhydrite
– all these phases replacing detrital mineralogy.
Proportion of biotite (phlogopite) partial reflection mud-silt matrix.

Quartzite Orebody
(from Richards, 1959)

High proportion of dolomite and albite, phlogopite altered to chlorite, heavy mineral bands.
Gradual increase in k-feldspar, albite, dolomite and phlogopite towards mineralized zone.
Dolomite replacing qtz and microcline; interstitial anhydrite replacing qtz and k-feldspar.

Kafue Arenite Member

Basal conglomeratic unit – sub-rounded clasts of schist, quartzite, argillite and granite.
Interbedded sandstone and argillite – sub-arkosic, detrital qtz and k-feldspar, micaeous matrix
consisting of sericite, muscovite and qtz.
Higher proportion of secondary calcite, dolomite and interstitial anhydrite in upper portion.
Heavy mineral laminae of zircon, ilmenite, tourmaline, hematite and authigenic rutile.
Secondary k-feldspar and albite prominent as well as increase in biotite in silty horizons.
Alternating sequence of dolomitic argillite, argillite and dolomite. Locally sub-divided (using
mine terminology).
Schistose Ore – dolomite-argillite unit; beds of dolomite, interstitial albite, k-feldspar, chlorite;
k-feldspar grains inclusions of mica and tourmaline, carbonate, albite commonly untwinned.
Turbid detrital k-feldspar grains, biotite defining tectonic fabric.
Low-grade argillite – ~ 20% qtz, 20% carbonate and 25 to 40% biotite; interstitial albite,
interstitial dolomite and albite replace qtz.
Banded Ore – alternating bands of argillite and carbonate (dolomite-calcite) rich layers;qtz +
dolomite (+- calcite) up to 70%; albite and k-feldspar varying proportion (25 to 40%).
Accessory minerals – muscovite-sericite, biotite-phlogopite, tourmaline and authigenic rutile.

Kitwe Formation
Copperbelt Orebody Member –
Northern facies association –
Facies association COM 1

Altered facies association COM
2 (basal 1 to 5m)

Basal zone (locally referred to as Contact Ore Shale);
Qtz-dolomite (calcite)-biotite argillite and very fine-grained sandstone, alternating bands of
varying carbonate (50 to 60%), qtz (20 to 30%) and phlogopite (10-15%); accessory minerals
of anhydrite, tremolite, albite, scapolite plus sulphides. Compositional complex and variable
within a horizon; well developed cleavage and strain indicators.

Southern facies association –
Facies association COM 2

Black carbonaceous shale-argillite – 60-70% qtz, 10-20% Sericite, 10-15% k-feldspar, accessory minerals albite, scapolite and rutile. TOC ranging between 1-3%; minerals are 10 to
20 microns; subtle light and dark grey banding reflecting variation in the carbonate content;
calcite-dolomite up to 100 microns in size, enclosed in qtz and phlogopite; k-feldpsar overgrowhs may contain authigenic tourmaline. Decrease in carbon and increase in k-feldspar and
dolomite upward, dispersed dolomite-calcite-albite pseudomorphing anhydrite nodules
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Table 3.3. Summary description, distribution and interpretation of individual recognised facies of the Mindola Clastic
Formation.
Lithofacies Code
Breccia Facies
1A - Brec

Lithofacies

Grain Size

Sedimentary Structures

Depositional Environment

Occurrence

Matrix supported
breccia fragments
in fine-grained
sandstone matrix

Max. clast 1.2m;
clast range from
0.3m to 1.2m

No stratification

Rockfall to rock avalanche
deposit – very proximal
alluvial fan.

Rare, Basal breccia
(MCF) 1250L SOB
Shaft; 2370L Sob
Shaft; 3360L SOB
Shaft.

Conglomeratic Facies
2A - Gm
Poorly sorted,
matrix supported
polymicitic conglomerate

2B - Gcs

Clast supported
polymicitic conglomerate

2C - Gstr

Crudely stratified
matrix supported
conglomerate

Common, Facies
association MCF 5c;
very rare occurrence in lithofacies
association MCF4

20cm to 2m thick,
some fining upward
grading
10cm to 80cm thick;
laminae dip generally < 10o; laminae
2-20mm – fining
upward.

Lower flow regime, sheet
flood conditions – braided
stream
Formed under upper flow
to transitional regime
conditions for mss

Common, Facies
association MCF 2,
MCF 3 and MCF 5
Common, Facies
association MCF 2,
MCF 3 and MCF

5 cm to 40 cm,
rare 70cm to 1m
thick sets; laminae
1-30mm
Planar Cross strati- f to vc grained;
5cm to 30cm thick,
fied sandstone
poorly to moder- reactivation surfaces
along foresets and
ately sorted
heavy mineral concentration
Laminated sandSilt to medium Max. 10cm thick sets,
stone-siltstone
ss
fining upward cycle,
parallel continuous
and discontinuous
surfaces.
Ripple Cross lamivf to f ss
Ripples, maximum
nated sandstone
2 cm thick, minor
heavy mineral conc.
Along foresets.
Wedged shaped
Fss to css – dis- Up to 3m thick, small
Cross laminated
tinct light grey
ripples along top
sandstone
banded quartzite
surface
Convolute lamiFss to mss
Small scale – max. 7
nated sandstone
cm thick.
and siltstone
Massive, crudely
Silt
Bed scale 1 to 3cm
bedded, laminated
thick, laterally persiltstone-shale
sistent for metres

Small to large scale 3D
lower flow regime dunes.

Common, Facies
association MCF 2,
MCF 3 and MCF5

Migration of sand bars,
sandy tranverse bars
under low flow regime
conditions

Common, Facies
association MCF 2,
MCF 3 and MCF5

3B – Sh

Horizontal to subhorizontal stratified sandstone

3C – St

Trough Cross
stratified sandstone

3E – Sl

3F – Srl

3G –Sf

3H – Sss

3F - Fm

No stratification, ero- Debris Flow – alluvial fan,
Very common;
water-flow dominated,
Facies association
sional basal surface,
laterally continuous plastic debris flows, thin- MCF 4 across NKM.
for 50m’s, max. 2m
ner deposits represent
thick.
pseudoplastic debris flow
and stream channel flow.
No stratification, ero- Alluvial fan, proximal to Very common Facies
sional basal surface,
source, mass flow no
association MCF 4.
laterally continuous
channel flow.
for 50m’s, max. 3m
thick.
Minor channelisation of
Poorly developed
cross beds, max. bed alluvial fan – mid to distal
thickness 2m., laterfan
ally persistent ca. 30
to 50m.

Sandstone-Siltstone Facies
3A – Sm
Massive Sandstone

3D – Sp

Pebble to cobble, max. clast
size ca. 23 cm.
Sub-rounded
to sub-angular
clasts.
Pebble to cobble, max clast
size 20 cm.
sub-rounded
to sub-angular
clasts
Pebble, with
very minor
coarse-grained
sandstone
lenses.
m-vc grained

m-vc grained,
minor heavy
mineral composition along
basal portion;
moderately to
well sorted.
m-vc grained;
moderately to
well sorted

Common, Facies
Traction transport mechaassociation MCF 2,
nisms, either plane bed
transport under upper
and MCF5
flow regime or lower flow
regime
Ripples – lower flow
Rare, Facies associaregime, interpretation
tion MCF 2, MCF5
varies with relationship to
associated facies
Migration of sand bars
Rare, Facies association MCF 2, MCF 5.
High sediment input, wa- Rare; Facies associater saturated sediment
tion MCF 5
Suspension fall out

Common; Facies association MCF 5
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Table 3.4. Summary table of the facies associations of the Mindola Clastic Formation.

FACIES
ASSOCIATION

FACIES ASSOCIATION: MCF 1
Unstratifed matrix supported
breccia.
THICKNESS: poorly constrained,
minimum ~ 5m
LATERAL EXTENT: very limited,
1250 L and 3360 L SOB
Shaft, poor exposure in area.
FACIES ASSOCIATION:
MCF 2
Cross-stratified sandstone and
quartzite.
Thickness: 0m to 8m
Lateral Extent: 100m’s,
maximum undefined.

FACIES ASSOCIATION:
MCF 3
Interbedded sandstone and
horizontal sandstone.
THICKNESS: 0m to 8m.
LATERAL EXTENT: 100m’s,
maximum undefined.

FACIES ASSOCIATION:
MCF 4
Pebbly to cobble massive and
poorly stratified conglomerate.
THICKNESS: 0m to 8m.

REPRESENTATIVE SECTION
No representative section due to very limited
observed exposures.

DEPOSITIONAL
ENVIRONMENT

SEDIMENTARY FEATURES:
a). Massive matrix supported.
b). Max clast 1.2m.
c). Angular to sub-angular
clasts.
DEPOSITIONAL ENVIRONMENT:
Proximal to active basin margin
fault – talus breccia.
SEDIMENTARY FEATURES:
a). Large scale crossstratification.
b). Non erosive planar and
undulating base.
c). Internal scouring surfaces.
DEPOSITIONAL ENVIRONMENT:
High flow regime, deep braided
river system or middle to outer
portions of fan depositonal
environment.
SEDIMENTARY FEATURES:
a). Individual sheet geometry
beds.
b). Upper horizontally stratified
sandstone.
c). Locally thin conglomeratic
lenses.
d). Typical broad fining upward
grading.
DEPOSITIONAL ENVIRONMENT:
Episodic high and low-energy
flow regime braided river
environment.
SEDIMENTARY FEATURES:
a). Rounded to sub-rounded
clasts.
b). Small laterally in persistent
beds.
c). Cross-stratified gravel lenses.

LATERAL EXTENT: 10s’ to 100s’
of metres to possible km scale.
DEPOSITIONAL ENVIRONMENT:
Proximal to mid alluvial fan and
sheet flood conditions.
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Table 3.5. The Kitwe Formation is composed of a number of key recognisable facies each occurring at different levels of the
stratigraphy sequence and are frequently repeated throughout the sequence. The vertical relationship of the different individual
facies determines how the key facies associations have been defined in this research.
Lithofacies Code

Lithofacies

Sedimentary Features

Depositional Environment

Occurrence

F1

Laminated to bedded
argillite

Parallel laminations, laminations
defined by alternation of light
grey carbonate rich bands and
dark grey siliceous argillite; basal
erosional contact.

Low energy levels, combined traction
and suspension deposition; subaqueous environment within confined
subtidal zone.

COM, REM, NQM,
CDM, RCM

F2

Ripple cross-laminated
argillite

Small undulatory Ripples

Low energy levels; above storm wave
base; traction currents; storm generated currents; shallow water

COM; REM; NQM;
CDM; RCM

F3

Carbonaceous argillite
-shale with disseminated
pyrite (framboid cores)

Laminations; alternating grey
dolomitic-argillite and argillite;

Low energy levels; combined traction
and suspension deposition; anoxic
bottom waters

COM

F4

Interbedded dolomitic
argillite-shale

Laminations; lens-wavy beds; silt/
mud couplets; sharp basal and top
contacts; normal grading; dewatering structures and ripples; upward
increase in dolomite

Low energy levels; higher sedimentation rates than shaley beds; storm
related; .Intertidal zone; shallow
water

COM and REM

F5

Laminated dolomite

2-4 cm thick beds of laminated
dolomite and argillite.

Algal mats
Intertidal to supratidal zone on a
muddy tidal flat

COM; REM; CDM

F6

Desiccated shale-argillite

Bedding plane desiccation cracks

Shale-siltstone interbedded (shale with grit)

Lamination; mud and sand volcanoes; ripples

Very rapid sedimentation; agitation of
water saturated sediment

RCM

F7

Disseminated Anhydrite
nodules in shale-argillite

Anhydrite nodules; desiccation
cracks

Intertidal to intertidal to supratidal/
sabkha environment

COM; REM

F8

Ripple cross-laminated
and cross-stratified medium-grained sandstone

Ripples, cross-bedding

Higher energy, tidal to deltaic environ- COM; REM; NQM;
ment
CDM

F9

Massive medium-grained
sandstone

Massive; commonly show local
laminations; Convolute bedding;
parallel bedding overlying convolute bedding

High sedimentation rates; high energy REM; NQM

F10

Cross-stratified and flat
laminated sandstone

10 cm to 30 cm thick thick crossbedding; laminated sandstone on
upper surface; small-scale trough
cross bedding.

High energy; fluvial to deltaic environ- REM; NQM; CDM
ment or tidal zones channel deposit.

F11

Interbedded sandstone
and siltstone

Thin to medium bedded; moderately sorted sandstone interbedded with laminated and rippled
siltstone

Deltaic – fluvial input

REM;NQM; RCM

F12

Laminated argillite and
dolomitic argillite

Laminated to thinly bedded argillite and dolomitic argillite with
thin nodular horizons; desiccation
cracks

Intertidal zone of peritidal environment with periods of subaerial
exposure.

COM, REM

F13

Laminated to thinly
bedded black to grey
carbonaceous carbonate,
pyritic argillite and shale

Laminations; disseminated anhydrite nodules; alternating carbonate rich layers and carbonaceous
rich layers.

Low-energy suspension controlling
depositional processes; Nodular anhydrite suggest evaporitic conditions

C1

Mats

5 to 10mm thick silicified dolomitic
mats and 5 to 20cm thick beds
with a basal desiccated surface.

Sub-tidal to inter-tidal zone from rapid COM, Lower portion of
growth.
REM and CDM

C2 (ID by Clemmey,1976)

Isolated Bioherms – subspherical buns

Unlinked bioherms, up to 150 cm
in synoptic relief

Peritidal carbonate complex;

REM and upper portion of CDM

C3 (ID by Clemmey, 1976)

Domed Bioherms

Massive; isolated features, 10’s to
100m’s in lateral extent; internal
structure unknown.

Peritidal carbonate complex; isolated
reefal complex possibly related to
localised topographic features.

Isolated basal portion
of COM; CDM.

C4

Columnar to conical
carbonate

Flattened versions of sub spherical
buns

Inner shelf lagoon, above fair weather NQM and CDM
base.

C5

Concentric flattened
bioherms

Gently convex, wavy laminated
partly destroyed by silicification

Deeper water facies, below fair
weather base – seaward of ramp
complex

REM, NQM, CDM

C6

Compound Bioherms

Up to 5m thick, interlocking bioherms; large cumulate growths in
basal zone with upward transition
to smaller and tighter growths

Sub-tidal sediments; return to marine
conditions. Continuous link in growth
cycle suggests decreasing energy
(Gebelein (1969) in sub-tidal environment.
Quite, starved upper intertidal and
supra-tidal environment.

Occur as two discrete
horizons, joined by
continuous stromatolite growth.

Sea bed patch reefs forming over
swells, localized basement high
topography.

COM; stromatolitic
structures observed
at NNL

C7

Large Patch Reefs

Massive dolomite, lateral extent
102 to 103 lateral extent; generally
massive, foliated siliceous and
anhydrite dolomite

COM; REM; CDM

Base of Unit 4 (KF 4)
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Table 3.6. Summary table of the individual facies recognised within the Copperbelt Orebody Member for the NKM.

Facies of Copperbelt Orebody Member –
Facies Association COM 1

Depositional Environment

Northern Area Facies 1:
Laminated to bedded argillite and dolomitic argillite (overall upward
decrease in carbonate).

Sedimentary Features:
Dolomitic laminae;
Desiccation cracks; dolomitic crystal pseudomorphs;
Flaser bedding.

Thickness:3 to 5m
Lateral Extent: Continuous 100’s metres – northern area of NKM

Suggested Depositional Setting:
Peritidal - intertidal to supratidal.
Mine Terminology
Schistose Ore – northern zone;

Northern Area Facies 2:
Massive to laminated-thinly bedded dolomite, argillite and shale.
Thickness: 1.2

to

5m

Lateral Extent: Continuous – 100’s to 1000’s metres

Sedimentary Features:
Massive and laminated argillite;
Desiccation cracks
Suggested Depositional Setting:
Peritidal – intertidal; small lagoonal setting, small periods of subaerial
exposure.
Mine Terminology
Low Grade Argillite

Northern Area Facies 3:
Interbedded dolomitic argillite and argillite (overall upward increase in
dolomite)
Thickness: 0.7

to

3.5m

Lateral Extent: Continuous – 100’s m; thinner towards the south.

Sedimentary Features:
Interbedded dolomitic argillite and argillite; desiccation cracks;
Small-scale dewatering; ripples
Suggested Depositional Setting:
Peritidal – mixed flats to mud flats, supratidal zones.
Mine Terminology
Banded Ore

Northern Area Facies 4:
Laminated dolomites, dolomitic argillite and argillite with anhydrite rich
layers. (dolomite increasing upward).
Thickness: 0 to 2m
Lateral Extent: Continuous - 100’s to 1000’s m

Sedimentary Features:
Laminated dolomites; argillite beds have normal grading;
Small-scale dewatering structures;
Bedded anhydrite
Suggested Depositional Setting:
Peritidal – inter-tidal and supra-tidal sabkha environment
Mine terminology
No 1 Marker and Cherty Ore

Northern Area Facies 5:
Interbedded laminated and thinly bedded dolomitic sandstone and
argillite.
Thickness:3 to 5.5m
Lateral Extent: Continuous - 100’sm

Sedimentary Features:
Bedded and cross-bedded dolomitic sandstone;
Interbedded dolomite and argillite;
Flaser bedding; desiccation cracks;
Anhydrite-dolomite beds;
Basal erosional scours
Suggested Depositional Setting
Peritidal – intertidal; minor periodic subaerial exposure.
Mine Terminology
Hangingwall Argillite

Facies of Copperbelt Orebody Member –
Facies Association COM 2

Depositional Environment

Southern Area Facies 7:
Laminated to finely bedded black carbonaceous shale and argillite.
(poorly preserved sedimentary structures due to deformation)

Sedimentary Features:
Well laminated, carbonaceous;
Upward increase in dolomite

Thickness: Poorly defined due to deformation; Minimum estimated at ~
15m thick.
Lateral Extent: 1000’s of metres

Southern Area Facies 8:
Laminated to thinly bedded black to grey carbonaceous carbonate
pyritic shale, siltstone and very fine-grained sandstone.
Thickness: Poorly defined due to deformation. Minimum thickness
estimated at ~10m
Lateral Extent: 1000’s of metres

Suggested Depositional Setting
Anoxic, subaqueous marine environment.
Mine Terminology
Ore Shale or SOB Shale
Sedimentary Features:
Laminated and bedded;
Disseminated anhydrite and pyrite in intervals.

Suggested Depositional Setting
Mine Terminology
Hangingwall argillite
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Basement clast within a
sandy matrix.

1m

a.

b.

Basement
Basal Sandstone
Member

50cm

c.

e.

50cm

d.

f.

Figure 3.4. a). Facies association MCF 1, clast of granite within a coarse-grained sandy matrix (3360L SOB Shaft). b). Large clasts
of gneissic rock just above the contact between the basement and Basal Sandstone Member (geology hammer for scale; 1250L SOB
Shaft). c). Irregular unconformable contact between the basement rocks (Lufbu Schist) and sandstone of Basal Sandstone Member
of the Lower Roan Group (1250L SOB Shaft). d). Facies association MCF 2 exhibiting the truncation of cross-bedding by horizontally
stratified sandstone (Central Shaft). e). Facies association MCF 3, tabular cross-stratified sandstone overlain by trough crossstratified sandstone (Central Shaft). f). Facies association MCF 2 exhibiting upward transition from tabular cross stratified sandstone
to planar stratified and heavy mineral laminae (Central Shaft).
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Interpretation:
Clemmey (1976) interpreted equivalents of Facies MCF 1A as a palaeo-regolith due to the clast being angular
and of the same composition as basement at each locality. Although the angular characteristics and similarity
with local basement lithologies provide support for this interpretation, the polymicitic nature of the clast
assemblage, coupled with the apparent restriction of the facies type to areas between apparently unweathered
palaeotopographic highs, provide more compelling evidence of mechanical infilling of small depocentres
developed at the onset of basin growth. The angular nature of the clasts indicates limited transport, consistent
with debris having been sourced from local basement sources, possibly from the footwall blocks of eroded
fault scarps, and accumulating as a landslide-talus cone deposit (e.g. Blair and McPherson, 1994). The high
proportion of sandy matrix is characteristic of rock avalanche deposits, where a large volume of sediment
per depositional event is expected (Blair and McPherson, 1994). Rock avalanche facies are more commonly
referred to as talus breccia, implying formation of the deposit on the hangingwall side of fault scarps with the
movement of sediment only in the order of hundreds of metres (Miall, 1996). Modern analogues in which
talus breccia type facies have been recorded include the Tibetan Himalayans (Kirby et al, 2003), while ancient
examples include the basal Proterozoic Windmere Tectonic Assemblage in Yukon (Mustard, 1991) and the
mid-Proterozoic basal portion of the Westmoreland Conglomerate Formation in northern Australia (Ahmad
and Wygralak, 1989).
3.5.1.2 Facies Association MCF 2 (MCF 2 – lithofacies Sh, St, Sp, Srl) – Outer Alluvial fan to braided river facies association;
White to grey, large scale cross-bedded and horizontal bedded and laminated clean sandstone.
Facies association MCF 2, commonly has an irregular depositional contact with the basement rocks or
conformably overlies facies association MCF 1. Facies association MCF 2 is a 5 to 8 m thick unit composed of
medium- to large-scale (1 to 5 m) cross-stratified and parallel-stratified quartz arenite cycles (St, Sp, Sh) (Table
3.3, Fig. 3.5). It occurs only in the lower portion of the BSM (Figs 3.4d and 3.6a). Heavy mineral accumulations
commonly mark the basal forests of the cross beds. The typical vertical profile consists of an ~3 to 8 m thick
basal facies of medium-scale cross-stratified sandstone exhibiting a gradual upsection decrease in bedform
size, and the presence of parallel-stratified horizons (Sh) in the upper portion 1 to 2 m of the facies association
(Figs 3.4f and 3.6b). This facies association is locally capped by a 30 cm thick argillite layer, or a 5 to 10 cm thick
ripple cross-laminated or parallel-laminated fine-grained sandstone unit (Table 3.3, Fig. 3.5).
Interpretation:
Clemmey (1976) recognised a similar facies association (his facies association 4) as being deposited within
an arid, fluvial environment; an interpretation concurred with on the basis of this study. However Clemmey
(1976) also suggests localised aeolian sedimentation, evidence of which was not observed during this study. The
presence of parallel-stratification associated with finer grained horizons is suggestive of high-flow regime plane
bed conditions (Harmes and Fahnestock, 1965), whereas coarse-grained horizontally bedded sands indicate

OPPOSITE: Figure 3.5. Stratigraphic Sections from drillcore logging through the portions of the Mindola Clastic Formation at
NKM. The datum for all the sections is the contact between the Mindola Clastic Formations and the Copperbelt Orebody Member.
Note the different vertical scales between each log. a). Drillhole NS 54 shows a section of the MCF from basement to COM,
however several units have been repeated due to folding. b). Drillhole CE 490 is good example of interbedded sandstone and
siltstone coarsening upward into a conglomeratic facies at the top of the KAM. c). Drillhole MX 186 clearly demonstrates the
coarsen upward cycles characteristic of facies association MCF 5.
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a.

b.

c.
Figure 3.6. Facies associations of the Basal Sandstone Member. a). Transition from massive sandstone facies to horizontal and
cross-stratified sandstone and silty sandstone (SOB Shaft NS15, 79 to 84.5m). b. Facies association MCF 2 large scale horizontally
and cross-stratified sandstone. Heavy mineral laminae define some of the foresets (SOB Shaft NS15 ca. 99 to 105m). c. Facies
association MCF 3, massive to weakly horizontally stratified sandstone. Late stage biotite and anhydrite partial destruction of
sedimentary structures (SOB Shaft NS15, ca. 72 to 78m).
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low-flow regime conditions (Harmes et al. 1975). The abundance of medium- to large-scale cross-stratification
and parallel-stratification is suggestive of deposition in a low-sinuosity, high energy, sandy braided river system,
existing in middle to outer portions of an alluvial fan depositional environment (Miall, 1977; Cant and Walker,
1978; Allen, 1983). However, if the depositional basin was relatively small, the coalescing of the transversely
directed fluvial channels of outer fan deposits would have deposited a similar facies association (Miall, 1996).
The lack palaeocurrent data prevented distinguishing between the two possible interpretations. The vertical
sedimentary profile of facies association MCF2 is very similar to that presented for low-sinuosity braided
systems by Miall (1996) and this is the favoured depositional environment interpretation for facies association
MCF 2.
3.5.1.3 Facies Association MCF 3 (MCF 3 –lithofacies Gstr, Sm, Sh, St, Sp) – Fluvial facies association – braided river;
Interbedded massive coarse-grained sandstone and small-scale cross stratified and horizontal stratified, feldspathic sandstone and
minor conglomeratic horizons.
Facies association MCF 3 is a 3 to 8 m thick massive, white to cream, medium- to coarse-grained sandstone,
frequently with a pitted appearance and interfingered with 10 to 30 cm high trough cross-bedded sandstone
beds and 0.5 to 1 m thick gravelly sandstone to matrix-supported conglomeratic horizons (Table 3.3, Figs 3.4e,
3.5 and 3.7c). The basal surface of facies association MCF 3 is non-erosional. The sandstone facies (Sm, Sh,
St and Sp) are typical moderately to well-sorted, matrix-poor arkoses and sub-arkoses. Planar stratification is
developed in the thicker sandstones beds and internal small-scale erosional surfaces are present. The matrix
supported conglomeratic lithofacies (Gstr) can be laterally traced on the rare occasional for at least 200m
(5520 L, Mindola Shaft). The conglomeratic horizons commonly grade vertically into coarse-grained sandstone
lithofacies (Table 3.5, Fig. 3.5) and no imbrication of the clasts was observed.
Interpretation:
Facies association MCF 3 as defined above, was not described as a separate facies association by Clemmey
(1976), instead it was incorporated into the previously described facies association MCF 2. It has been separated
out in this study based of its coarser grained character. Facies association MCF 3 is interpreted to have been
deposited during episodic high- and low-energy braided-sheet flood conditions. The interbedded sandy to
gravelly lithofacies is indicative of increased sediment input possibly due to tectonic activity (Miall, 1977, 1996;
Rust, 1978; Schumm, 1981; Walker and James, 1992). The predominance of streamflow and/or sheetflood
processes is demonstrated by the presence of horizontal and cross-stratification and minor conglomeratic
horizons, while the absence of recognizable repetitive cycles is also a characteristic of the deposition in a
braided environment (Miall, 1977; Rust, 1978). The vertical profile of facies association MCF 3 (Table 3.5, Fig.
3.5) is similar to braided vertical sections B and C described by Miall (1996). Therefore MCF 3 is distinguished
from facies association MCF 2 by its coarser grained character interpreted as resulting from deposition under
braided-sheet flood conditions.
3.5.1.4 Petrography
Sandstone units comprise medium- to coarse-grained, moderately- to poorly-sorted sandstone of quartz arenite,
subarkosic or arkosic composition (Figs 3.7, 3.9a to 3.9f). Minor units of matrix supported conglomeratic and
breccias are recognised and are composed of granitic and schist clasts. The basal breccia unit is 5 to 20 m thick
unit comprising of sub-angular to angular clasts of within a chloritic, medium-grained sandy matrix (Figs 3.4a
and 3.4b). The quartz arenite lithotype are moderately sorted with sub-rounded detrital grains of quartz and
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Figure 3.7. All samples are of the MCF intersected in drillhole MD496, drilled at North Shaft. (a & b). Plane and cross polars
photo micrographs of a poorly sorted, sub-rounded sub-arkosic unit (17.2m - FA MCF 2). c & d). Plane and cross polars photo
micrographs of open framework, poorly sorted sub-arkosic unit occurring within FA MCF 3 (31.8m) 3). e & f). Plane and cross
polar photo micrographs of k-feldspar-quartz-albite-calcite, closed framework due to secondary mineral growth occurring within the
upper portion of FA MCF 5, near the contact with the Kitwe Formation (35.4m). FA= Facies Association.
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K-feldspar within a groundmass mosaic of authigenic quartz, calcite and biotite (Figs 3.8a and 3.8b). The subarkosic and arkosic units are dominated by detrital K-feldspar grains recognised by their turbid appearance
and grain outlines (Figs 3.8c, 3.8d, 3.8e and 3.8f). These beds typically have between 10 and 15% matrix.
Rounded microcline grains are partially sericitised and possess overgrowths of unaltered K-feldspar. Rounded
to sub-rounded quartz grains exhibit weak undulose extinction while the finer interstitial metamorphic quartz
have partially aligned extinction. Heavy minerals include zircon, haematite, ilmenite, and tourmaline. Accessory
and minor minerals within both units include chlorite, phlogopite, dolomite, anhydrite, calcite and albite, the
latter intergrown with needles of tremolite (Figs 3.8g and 3.8h). The arkosic beds commonly have a higher
proportion of biotite compared to less feldspathic strata (Fig. 3.8h).
3.6  KAFUE ARENITES MEMBER FACIES ASSOCIATIONS
3.6.1.1 Facies Association MCF 4 (Lithofacies Gm, Gcs, Gstr) - Pebble to cobble massive and poorly stratified matrix supported
polymicitic conglomerate; Alluvial fan facies association
Facies association MCF 4 is predominately a massive, poorly to moderately sorted, matrix supported, pebble
to cobble size (maximum clast size 23 cm) conglomeratic facies association (Table 3.5, Figs 3.5, 3.10a) that
corresponds to the Lower Conglomerate. It is laterally continuous for hundreds of metres to several kilometres
at the NKM deposit, yet not ubiquitous. The facies association pinches in the vicinity of basement-cored
palaeotopographic highs (far southern side of Mindola Shaft; 1250 L SOB Shaft).
The basal contact is typically an erosional, sharp, planar surface with a localised undulating character,
whereas the upper contact with sandstone and /or argillite facies is sharp (Fig. 3.10c). Local fining upward cycles
can be recognised. Thin clast-supported horizons have been recognised, although are estimated to constituent
less than 5% of the total facies association and are generally less than 50 cm thick (Figs 3.10a and 3.10b). Clasts
derived from surrounding basement sources vary from sub-rounded to rounded clasts of schist, granite and
gneiss. These clasts are within a sandy matrix which may locally be replaced by late stage anhydrite and dolomite
cement (Fig. 3.10b). Oversize clasts do occur, although not common.
There are two recognised sub-facies associations within MCF 4. Facies association MCF 4a is a massive
pebble to cobble conglomerate composed of lithofacies 2A, 2B (Table 3.3, Figs 3.5, 3.11a and 3.11b) whereas
MCF 4b is a massive to poorly stratified pebble to cobble conglomerate facies associations composed of
lithofacies 2A and 2C (Table 3.3, Figs 3.5, 3.10c and 3.10e). The distinction between the two is made upon
presence of horizontal stratification and cross-stratification of the conglomerate beds and gravelly sandstone
intervals within facies association MCF 4b. Both the MCF 4a and MCF 4b facies associations are fining upward
cycles.
Interpretation:
Clemmey (1976) described the same conglomeratic facies association and interpreted it to represent deposition
within an alluvial fan environment. The common presence of sub-rounded clasts indicates that some abrasion
in a sub-aqueous environment (fluvial or marine) took place prior to deposition. The sporadic distribution of
oversize clasts and local accumulation of oversize clasts could represent lag or sieve deposits (Miall, 1977),
whereby within a steady flow regime the larger gravels would have been immediately deposited insitu due
to their greater grain size. The unstratified, poorly-sorted character of facies association MCF 4 is typical
of sedimentation associated with sheetflood and streamflood events in the distal alluvial fan settings from
low viscosity, non-cohesive media. The planar basal surface commonly recognised at NKM for this facies
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Figure 3.8. Examples of the range of lithologies within the Mindola Clastic Formation.a). Quartz-biotite quartzite of the Basal
Sandstone member exhibiting medium scale cross-bedding marked by heavy mineral laminae, these bands defined by zircon,
recrystallised rutile and biotite (SOB, NS15 ca.143-149.5m); b). Quartz-anhydrite-biotite quartzite lithology, limited internal
sedimentary structure (SOB, NS15 ca.72-78m). c). Medium grained sub-arkosic sandstone exhibiting horizontal stratification (SOB,
NS60, 76.3m). d). Biotite sandstone (sub-arkosic), progressive silicification and albitisation (SOB, NS54, 237m). e). Quartzbiotite-anhydrite sandstone-siltstone, original sedimentary textures destroyed by late stage anhydrite. Darker bands composed
predominately of quartz, biotite (SOB, NS60, 46m). f). Quartz-biotite-anhydrite-calcite quartzite, pervasive silicification (SOB, NS60
13m g). Microphotograph of closed framework texture in Basal Sandstone member, dusty detrital K-feldspar grains, heavy mineral
lamine on the right hand side of the slide (Mindola, MX188, 35m). h). Microphotograph of medium to fine-grained quartz- feldsparbiotite sub-arkose sandstone of the Basal Sandstone Member (Mindola, MX188, 55m).
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Figure 3.9. Schematic profile of palaeotopography / basin geometry in the north western area of the Nkana Syncline highlighting
the development of basal breccia/conglomeratic facies association MCF 1. (modified from Clemmey, 1976; ZCCM report, 1978).
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association is a typical feature of debris flow related conglomeratic facies (Rust, 1978). The fine-grained massive
and crudely bedded conglomeratic facies are interpreted to represent distal deposits from the main sheet flood,
stream channel and proximal sieve deposits, whereas the localised small-scale upward fining cycles are suggestive
of local channel abandonment or waning traction current conditions (Miall, 1996).
Based upon the observations of this study, facies association MCF 4a was deposited in a proximal to midfan sheet flood alluvial environment from non-cohesive sandy debris flows, likely during sheetflood conditions.
Similarly facies association MCF 4b represents a proximal to mid fan-sheet flood alluvial deposit, however,
the presence of localised stratification indicates traction currents and some degree of channelisation of the
alluvial fan, possibly resulting from deposition in a more distal setting, or episodic surging of the debris flow,
the latter reflecting channelisation and minor bar development within the alluvial fan environment (Hein and
Walker, 1977). Internal variation in the character of some of the deposits suggests a transition between debris
flow and locally controlled channelisation (Smith, 1972, 1978; Blair and McPherson, 1994). Such deposits are
characteristic of ephemeral discharge of an alluvial fan environment (Allen, 1983; Blair and McPherson, 1994;
Miall, 1996).
3.6.1.2 Facies Association MCF 5 – Fluvial to deltaic environment;
MCF 5a - Interbedded massive, trough and tabular cross stratified clean sandstone (Lithofacies Sm, St, Sp).

For the purpose of describing facies association MCF 5 accurately, it has been sub-divided.
Facies association MCF 5a varies from ~5 to 8 m thick and consists of a basal massive and horizontally
stratified, medium- to coarse-grained, moderately- to poorly-sorted sandstone grading upward to a cross- and
planar-stratified medium grained sandstone (Tables 3.3 and 3.4, Fig. 3.10f). Cross-stratification is locally defined
by heavy mineral concentration along forests. Repetition of two or three cycles is commonly observed within
a grossly upward fining sequence. Locally the basal contact of the facies association is erosional and overlain
by very coarse-grained to pebbly sandstone approximately 0.5 to 1 m thick. This facies association may locally
occur at the base of the KAM.
Interpretation:
Facies association MCF 5a as described in this study would be equivalent to Clemmey’s facies association
3a, which he interpreted as being representative of a fluvial to braided river-delta depositional environment.
The overall upward fining and thinning character, coupled with cross-stratification, are typical of a braided
fluvial depositional environment. Such a depositional cycle would be expected in a low sinuosity braided river
environment or associated with channel abandonment on an alluvial fan or fluvio-deltaic fan (Miall, 1996).
Internal cyclicity complexities and changes in sedimentary structures identify periodic high to low flow regime
conditions, while local changes in grain size, grain shape, and degree of sorting commonly reflects the relative
position within sand bars (Harms et al., 1975). Episodic waning flow strength is indicated by the upward
passage from upper-phase plane-bedding into trough cross-stratification and on the rare occasional ripple crosslamination. Such bedforms are common in ephemeral, high-energy, sheetflood deposits (McKee et al., 1967;
Williams, 1972). The overall upward fining cycle and the decrease in bedform scale is typical of waning flow
and sediment input conditions in a low sinuosity braided river system (Allen, 1968; Harms et al., 1975; Miall,
1996). The sandstones are likely to have been deposited between the distal toes of broad braided floodplain
environment, possibly at the interface between fluvial to deltaic environments.

64

Facies Association MCF 5b (Lithofacies Sh, Sl, St, Sp) Interbedded argillaceous sandstone, cross-stratified sandstone,
and thinly bedded argillite.

Facies association MCF 5b consists of a basal interbedded fine-grained sandstone and argillite facies (ShSl), coarsening upwards to a medium- to coarse-grained, moderately sorted cross-stratified sandstone (St, Sp)
(Tables 3.3 and 3.4, Fig. 11). Individual cycles, either coarsening- or fining-upward, are in the order of ~0.7 to
3 m thick. These cycles are frequently repetitively stacked and have a maximum thickness of ~15 m. Localised
horizons of soft-sediment deformation are common. This facies association is prevalent in the middle and
upper portions of the KAM and has a sheet like geometry which can be traced laterally for 10s to hundreds of
metres.
Interpretation:
Facies association MCF 5b is interpreted to have been deposited within a prograding fluvio-deltaic environment
and as such would have been sensitive to the influences of both marine and fluvial processes. The accumulation
of sandy bedforms may occur in distributary channels within fluvial-dominated portions of the delta, while the
finer grained facies are deposited in floodplains, bays, swamps and standing water (Coleman, 1969; Bhattacharya
and Walker, 1992). Increased sediment input rates in a fluvial-dominated deltaic system will frequently preserve
the fluvial structures, while the episodic nature of the fluvial input will lead to irregular coarsening upward
cycles (Bhattacharya and Walker, 1992; Walker and James, 1992). Modern examples of fluvial dominated deltas
include the bird-foot lobe of the Holocene Mississippi Delta in the United States of America (Scrutton, 1960;
Fisk, 1961) and the Po and Danube deltas in Europe (Walker and James, 1992).
Facies Association MCF5c. (Lithofacies Sp, St, Sm) Interbedded argillite- massive sandstone, cross-stratified sandstone
coarsening upward to pebble conglomerate.

Facies association MCF 5c has only been identified within the upper portion of the KAM and predominately at
the northern end of the NKM deposit. This facies association has a higher percentage of interbedded argillitesandstone at the base of each cycle and a distinct upper coarse-grained sandstone-conglomeratic lithofacies
(Tables 3.3 and 3.4, Fig. 3.5). Planar and small-scale cross-stratification structures dominate the sandstone
cycles. The upper pebbly, matrix-supported conglomerate typically has a channel shaped erosional basal surface,
is approximately 50 cm to 5 m in width where observed and attains a maximum thickness of ~2 to 3m.
Poorly developed cross and horizontal stratification is locally developed within conglomeratic facies. In sections
where the upper conglomeratic facies is thin to absent, a cross-stratified sandstone and a dolomitic sandstone
facies is present, particularly at the southern end of NKM. In areas of low strain, the contact between facies
associations MCF 5c and the overlying argillite/shale of the COM is sharp and planar. In areas of high strain,
this same boundary can be a tectonic contact.
Interpretation:
Facies association MCF 5c is interpreted as lag deposits associated with episodic higher flow regime conditions
confined to localised areas within a fluivo-deltaic system. The overall upward coarsening nature and higher
proportion of sandstone within this facies association is recording a significant progradation of the fluvial
system over the underlying deltaic dominated deposits, suggesting increased sediment supply into the system.
The onset of this coarsening upward profile marks a distinct increase in the tectonic activity of the basin.
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KAM facies ass. 5c.
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Figure 3.10. Facies association MCF 4 is restricted to the basal portion of the Kafue Arenite Member. All photographs are from
Central and SOB Shafts. a). Polymicitic conglomerate (facies association 4a), rounded to sub-rounded clasts within a sandy matrix
and overprinted by anhydrite cement (geological hammer for scale). b). Facies association 4a, portly sorted conglomerate, over
sized clasts ca. 30cm in size. (scale rule 30cm long). c). Sharp contact between facies association 4 and the overlying facies
association 5 (note overturned sequence). d). Cross-stratified sandstone and interbedded sandstone-siltstone of facies association
5 (geological hammer for scale). e). Conglomeratic facies of the upper portion of facies association 5c, in contact with the
overlying COM of the KF (geological hammer for scale). f). Massive sandstone and horizontally stratified sandstone-siltstone of
facies association 5b (2330L Central Shaft, geological hammer for scale).
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3.6.1.3 Petrography
The contact between the BSM and the KAM is typically marked by a ~3 to 15 m thick, moderately-sorted,
predominantly matrix-supported, polymicitic conglomeratic unit. This conglomeratic unit is colloquially
referred to as the Lower Conglomerate (Fig. 3.2) and is defined as facies association MCF 4. Clasts range
from ~3 to 15 cm in size and are sub-angular to sub-rounded, however, within high strain zones the clasts are
locally tectonically flattened and elongate (Fig. 3.11). The matrix of the conglomerate is fine-grained sand to
silt. Late stage anhydrite cementation is common in high strain zones (e.g. 700xc - 3360L SOB Shaft) replacing
the majority of the matrix as well as etching some of the clast edges. Clast composition include from schists,
quartzites, argillite and granite (Fig. 3.11).
The overlying lithotypes are medium- to coarse-grained, moderately-sorted massive and cross-stratified
sandstone units with interbeds of argillite, and are described within facies association MCF 5 (Table 3.4). The
sandstone beds consist of coarse-grained sub-rounded detrital quartz and K-feldspar grains, commonly set
in a micaeous matrix, the latter comprising up to ~30 % of the rock (Table 3.2). The majority of sandstone
units are sub-arkosic to arkosic. Authigenic k-feldspar, dolomite, calcite and anhydrite cements are common
in the upper part of the member. Heavy mineral laminae are conspicuous, consisting of zircon, ilmenite,
tourmaline, hematite and authigenic rutile. The uppermost part of the KAM is commonly marked by a pebbly
conglomerate unit and/or an increase in dolomite.
As with the underlying BSM, widespread authigenic K-feldspar and albite are present in the rock.
The fine-grained sandstone and argillite horizons contained towards the base of the KAM commonly have
a higher percentage of biotite. The distribution of the secondary K-feldspar and albite is thought to reflect
the replacement of clay/mica (hence most intensely developed in argillite), with secondary porosity generated
by dissolution of quartz required to form feldspar. Zones of intense albitisation (associated with abundant
phlogopite and sericite) are best developed near the upper boundary of the KAM, and occur where the MCF
is anomalously thin, and/or where dolomitic cements are volumetrically abundant (~40% of rock by volume).
Richards (1965) also documents albitic metasomatism in the uppermost MCF from two localities (i.e. 1530L and
1810L – SOB Shaft), both of which lie immediately to the north-west of a palaeotopographic basement-cored
high at approximately 1700 N. This relationship between alteration type and intensity, and lithostratigraphic
architecture, is further restricted to high strain domains, such as the Nkana Synclinorium project area.
3.6.2  Facies Association Organization of the MCF
The rocks of the MCF comprise talus breccia, conglomerates and stratified sandstones of the BSM overlain by
the conglomerates, sandstones, argillaceous sandstones and minor dolomitic argillites of the KAM (Fig. 3.5).
Each of the recognised facies associations exhibit lateral facies and thickness variations, reflecting a combination
of complex sediment dispersal patterns and depocentre geometry. Clemmey (1976) defined 5 major “events”
for the MCF, with each “event” the result of a tectono-climatological changes in the source areas and typically
marked by conglomeratic facies except for in the case of event 5 (Fig. 3.12) . These events include:
• commencement of the sedimentation and deposition of the locally derived conglomerates, herein recorded
as facies association MCF 1;
• high energy deposition cycles marked by dispersed conglomerates. Herein recognised within as facies association MCF 3, locally occurring conglomeratic facies;
• sheet flooding into an aqueous environment recognised by the development of thin, poorly sorted conglomerates;
• high energy facies marked by the development of widespread conglomeratic facies, herein termed facies
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Figure 3.11. a). Facies association MCF 4a poorly sorted character and rounded clasts of local basement lithologies (Drill hole CE
490, Central Shaft, 123m). b). Facies association MCF 4a sub-rounded and elongate clasts supported in a sandy matrix with late
stage anhydrite cement overprinting (Drill hole CE 490, Central Shaft, 151m). c). Facies association MCF 4b, moderately to poorly
sorted conglomeratic facies, increase in percentage of quartz clasts (Drill hole NS 65, SOB Shaft). d). Example of pebble size,
poorly sorted conglomerate of facies association MCF 4 (Drill hole MX185, 141m, Mindola Shaft). e). Deformed facies association
MCF 4b from SOB Shaft (NS65, 56m, SOB Shaft). f). Medium to coarse-grained, moderately sorted, cross-stratified sandstone of
faces association MCF 5a (NS 54, 130m, SOB Shaft). g). Medium to fine grained, moderately sorted sandstone with parallel and
cross-stratification, commonly to facies association MCF 5b (NS54, 136.7m, SOB Shaft).
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Figure 3.12. Key sedimentation events as defined by Clemmey (1976) which are interpreted to result from tectono-climatological
changes in the source areas. However to ascribe to particular conglomeratic facies without context of the surrounding facies does
not provide a complete picture of the basinal depositional environment. The relationship to the facies associations as defined by
this study are defined.

association MCF 4a and 4b; and
• the coarsening upwards cycles of immature sandstones locally capped by conglomeratic facies and directly
overlain by the finer grained facies of the KF. Herein termed facies association MCF 5c.
The recognition of these tectono-climatological ‘events’ by Clemmey (1974) is important in developing
an understanding of the basin evolution, however ascribing a high level of importance to one single facies,
particularly conglomeratic facies without context of the surrounding facies does not provide a complete picture
of the depositional environment and the basin architecture.
Facies associations MCF 1, 2 and 3 as defined in this study record sedimentation occurring within an
alluvial to fluvial environment. Facies association MCF 1 (talus breccia and angular conglomerate) although
conspicuous due to its coarse grain size, records relatively minor sediment input across incised fault scarps.
Further away from the major sediment input points, possibly transverse or longitudinal to a basin axis, a braided
fluvial system formed depositing the stratified sandstone sheets of facies associations MCF 2 and 3. The patchy
nature of anhydrite and dolomite cement and the presence of metamorphic tremolite and calcite confined
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to particularly levels of the stratigraphy, can be interpreted to record localised playa systems or more likely
–
based on the complete sedimentological information diagenetic SO4 , CO2-bearing brine migration through
non-evaporitic, fluviatile facies. The alluvial fan/fan-delta conglomerates of facies association MCF 4a and 4b
are widely recognised and this change from sandstone to conglomeratic facies suggests resurgence in tectonic
activity at the onset of sedimentation of the KAM (Figs 3.5a and 3.5c). Finally, the upward transition to
sandstone, argillaceous sandstone and localised dolomitic argillite (facies association MCF 5) indicates a shift
in sedimentation to subaqueous, fluvial dominated deltaic environment. The observed lateral and vertical
thickness changes, and the changes in the facies association relationships, strongly suggest that the dispersal
and accumulation of sediment was influenced by an evolving, complex basin margin and basin floor structure
controlling sediment supply possibly during the early stages of rifting.
3.7  KITWE FORMATION
The Kitwe Formation (KF) is the upper formation of the Lower Roan Group (Fig. 3.1). Unlike the coarsegrained, lateral discontinuous and variable clastic facies of the MCF, the KF is a laterally continuous formation
comprising units of the argillite, dolomitic argillite and interbedded shale-argillite, black carbonaceous shaleargillite, thick and thinly bedded dolomites, evaporites and stratified sandstones facies of the KF. The distinct
change in the sedimentary architecture of the fine-grained clastic and carbonate facies of the KF indicates an
abrupt change in the basin architecture and depositional environment at the contact between the MCF and KF.
The KF consists of five lithostratigraphic members as defined by Clemmey (1976) (Table 3.1). These are, from
oldest to youngest, the Copperbelt Orebody Member (COM), the Rokana Evaporites Member (REM), the
Nchanga Quartzite Member (NQM), Chambishi Dolomite Member (CDM) and the Antelope Clastic Member
(RCM) (Fig. 3.13).
Clemmey’s (1976) detailed sedimentology study was primarily based upon work within the Mindola
Pit over a period of several years, during which new exposures of weakly deformed rocks of the KF were
being exposed during mining operations. These observations will be incorporated into the descriptions and
discussion in the following sections.
The sparse geographic spread of preserved drillhole data at this stratigraphic level has prevented detailed
examination of the KF in its entirety across the whole of the NKM area. The identifiable individual facies
of the KF and their interpreted depositional environment are listed in Table 3.4 and summary lithological
description of the COM in Table 3.2. The description and interpretation of the facies associations for the
middle and upper members (REM, NQM, CDM and RCM) of the KF is based primarily on observations
of exposures from within the Mindola Pit (Tables 3.7, 3.8 and 3.9, Fig. 3.14). The facies associations of the
COM and their interpreted depositional environment are summarised in Table 3.6 and summary of the facies
characteristics of each member of the KF is documented in Table 3.10.
3.7.1  Facies Associations of the Copperbelt Orebody Member
The COM consists of four distinct, laterally equivalent facies associations (Figs 3.15 and 3.20):
• Northern facies association (COM 1) consists of dolomitic argillite, argillite, fine-grained sandstone and
grey, carbonate rich and an upper carbonaceous argillite;
• Southern facies association (COM 2) consists of black carbonaceous shale, carbonate carbonaceous shale
and argillite and an upper carbonaceous argillite; and two subordinate facies associations occurring only at
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Figure 3.13. The Kitwe Formation has been mapped throughout the Nkana-Mindola area. Simplified geological surface map of the
Nkana-Mindola deposit (NKM) with locations of key mine workings and locations used in this study to document the stratigraphy of
the Lower Roan Group at Nkana-Mindola. All surface mapping data was acquired by the mapping of trenches between periods of
the early 1930’s to mid 1970’s by company geologists.
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Table 3.7. and Table 3.8. Evidence for the development of stromatolitic biofacies, evaporitic facies and textures as identified during
this study and from previous work by Clemmey (1976). Textures identified by Clemmey (1976) which were not observed during
this study have been highlighted.
Facies
Mats

Description
5mm to 10mm thick pure
dolomitic mats

Isolated Bioherms – 5 to 15cm alternating light
sub spherical buns to dark laminae, initiated on
desiccating surface
Domed Bioherms

Occurrence
Three cycles top of KF
1, KF2 and KF3; Lower
portion of REM and CDM.

Middle REM and Upper
CDM

Interpretation
Forming in sub-tidal-inter-tidal zone
from rapid growth, differential flabblate
growth
Analogue Shark Bay resulting from
prograding shoreline with varying and
detrital and algal rich laters
Forming above wave base part of
stromatolite reef – more commonly
forming on the shoreward side of the
barrier-reef complex.

Flattened versions of sub
Columnar to conical spherical buns

CDM

Inner-shelf lagoon, above fair-weather
base.

Gently convex-wavy laminated;
Concentric flattened silicification destroys fine and
bioherms
wavy laminations

NQM and CDM

Deeper water facies – transition
to below fair-weather base on the
seaward side of the ramp complex.

Deformed during synsedimentary
deformation
REM, NQM and CDM

Restricted to inner-shelf , low-energy
setting

Compound
Bioherms

Up to 5m thick, interlocking
Occur as two discrete
bioherms; large cumulate
horizons, joined by
growths in basal zone with
continuous stromatolite
upward transition to smaller and growth.
tighter growths
Base of Unit 4 (KF 4)

Large Patch Reefs

Massive dolomite, lateral
extent 102 to 103 lateral extent;
generally massive, foliated
siliceous or anhydrite dolomite

Sub-tidal sediments; return to
marine conditions. Continuous link
in growth cycle suggests decreasing
energy (Gebelein (1969) in sub-tidal
environment.
Quite, starved upper intertidal and
supra-tidal environment.
Sea bed patch reefs forming over
swells, localized basement high
topography.

Facies
Nodular Anhydrite

KF 3 and KF 4;
stromatolitic structures
observed at Nkana North
Limb and Chambishi SE.
Corresponds to BGF 4.
KF 7 in the southern zone.

Description
5 to 50mm in size with density
grading; discoid, isolated flattened
nodules; occasional enterolithic
habit is developed; rucking texture
Bladed Crystals
> 1cm bladed anhydrite crystals.
Laminar Anhydrite - Sequence of laminated silt-dolomiterhythmites
anhydrite or couplets of dolomiteanhydrite, 5 to 20mm thick.
Dolomite-Anhydrite Upward change from dolomite to
Beds
anhydrite and siliciclastic; siliciclastic
material causes disruptive fabric; 10
to 100cm; lateral extensive
Anhydrite Beds
Lack of associated dolomite; sharp
basal and upper surfaces, 1to 3cm
thick beds.
Nebulitic Anhydrite Chicken-Mesh anhydrite and
compound nodular mosaic texture.
Replaced
4 to 5 mats per cm; silicified gypsum
Evaporites
mats
Gypsum Crystal
Mats

Occurrence
Common within the silty
horizons.

Interpretation
Supra-tidal sabkha;
Carbonate deficient sediments

COM and REM.
Part of the shallowing
upward cycles in COM and
REM
COM – Mindola; REM and
CDM

Supratidal flats
High Intertidal areas below algal mats
and ephemeral lagoonal environment –
sabkha cycles (Clemmey, 1976).
Small cycles forming as part of
prograding flat conditions; dolomite
interpreted as subtidal and algal origin.

COM – Mindola.

Interface with at water table or Later
diagenetic-metamorphic replacement.

REM Mindola

Growth and coalescence of small
nodules.
Replacing primary anhydrite – difficult
to distinguish primary diagenetic
processes from metamorphism.

Replaced Anhydrite 1-2cm beds of dolomite; internal
Laths
mush of laths

Basal zone of COM.

Replaced Dolomite
Crystals
Dolomite Nodules
Collapse Breccias

REM; common in CDM and
NQM.

Basal zone of COM, REM,
NQM and CDM
Basal zone of COM.

Dolomite and silicified replacement of
anhydrite (Annels, 1974)

72
Table 3.9. Summary of facies identified by Clemmey (1974, 1978) for the Copperbelt Orebody Member at Nkana-Mindola.
UNIT
SEDIMENTARY STRUCTURES
INTERPRETATION
Mindola Shaft Copperbelt Orebody Member Facies (equivalent to Facies Association COM
1
Dolomitic laminae and fine grained
Low intertidal facies – marine envisiliciclastic, desiccation cracks, gas
ronment.
bubbles and dolomite crystal pseudomorphs, wavy bedding and small
channels
Continuing transgression of tidal
2
Erosional basal contact, massive
and laminated silts; 5 to 20 cm
flats.
thick, bas bubble bursts, synaereses
cracks.
Seasonal lagoon and shallow lake
3
Interbedded silts and 1 to 5 cm
thick dolomites, desiccation cracks, edge – require a fairly stable subrain textures, gypsum crystal mats, aqueous environment.
anhydrite lath mush, gelatinous
stromatolites
4
Massive and laminate silts, syneresis Transgression, basal channel scours
cracks and minor bas bubble bursts,
minor basal channels, overall
minor evidence of significant basal
erosional surface, lower carbonate
content compared to Unit 2.
5
Dolomite increasing upward cycle
Shoreline prograding – development
with thin silt layer at top.
of sabkas.
6
Interbedded dolomite and sandy
Increase depositional energy, prodolomite, erosional channel, flaser
gressive shallowing of water.
bedding, laterally discontinuous, flat
algal mats to tight algal buns. Vertical and lateral highly variable.
7
Change from brown-khaki sediments Major regression – tectonically
to grey-black silts and fine sands,
induced?
minor anhydrite nodules, coarsening
upward upper portion, low angle
cross beds in sandstone. Higher
dolomite component.
SOB Shaft Copperbelt Orebody Member Facies (equivalent to Facies Association COM 2)
1
Interbedded siliceous dolomite and Transgression to marginal marine
micaceous argillite – dolomite bands environment.
up to 1 cm thick.
2
Well laminated to finely bedded,
Transgression, change is marked
higher carbonaceous content at
by Unit 7 which is seem across the
basal portion, increasing carbonate NKM area. Deeper basin, anoxic
towards upper portion, lighter grey environment.
bands increased dolomite proportion.

OCCURRENCE
1)
Schistose Ore – northern Central
Shaft and Mindola area.

Low Grade argillite - northern
Central Shaft and Mindola area.

Banded Ore - northern Central
Shaft and Mindola area.

Cherty Ore - northern Central
Shaft and Mindola area.

No 1 Marker, very lateral continuous
Porous Sandstone – lateral discontinuous.

Hangingwall Argillite and Sandstone – across NKM.

Contact Ore Shale

Ore Shale
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Table 3.10. Summary of the key facies associations within the middle and upper members of the Kitwe Formations as identified
during this study from observations made in the Mindola Pit.

Member
Rokana Evaporites Member
Thickness:
~ 30 to 35m
Lateral extent:
Continuous throughout NkanaMindola.
Representative section from the
Mindola Pit.

Nchanga Quartzite Member
Thickness:
~ 30 to 35m

Lateral Extent:
Continuous throughout NkanaMindola
Representative section from the
Mindola Pit.
Chambishi Dolomite Member
Thickness:
~ 40 to 45m

Lateral Extent:
Continuous throughout NkanaMindola
Representative section from the
Mindola Pit.

Roan Clastic Member
Thickness:
~ 30 m
Lateral Extent:
Continuous throughout NkanaMindola
Representative section from the
Mindola Pit.

Depositional Environment
Sedimentary features:
Cross-stratified sandstone; interbedded siltstone-sandstone;
Silicified dolomite;
Ripple cross laminated siltstone; desiccation cracks;
displasive anhydrite nodules; finely laminated sandstone and siltstone;
Thin dolomitic siltstone laminae and beds.
Nebulitic Anhydrite, Nodular Anhydrite

Suggested Depositional setting:
Peritidal - intertidal-supratidal - laterally interfingering with some input from fluvio-deltaic
system
Sedimentary features:
Small and large cross-stratification; silicified cauliflower chert;
Ball and pillow;
Water Escape volcanoes;
Thinly bedded sandstone and massive sandstone;
Interbedded fine-grained sandstone and siltstone;
Normal grading of individual beds.

Suggested Depositional Setting:
Deltaic – lower portion fluvial dominated, upper portion transition to outer deltaic, deepening environment
Sedimentary features:
Cauliflower chert coalesce along bedding;
Finely laminate dolomitic sandstone and siltstone;
Desiccation cracks and symmetrical ripples;
Cross stratified sandstone;
Thickly carbonate beds (2-3m) – internal wispy, domal and conical structures.
Planar and cross-stratified dolomitic sandstone.

Suggested Depositional setting:
Carbonate Platform setting - Peritidal system – emergent-supratidal setting to deeper
below fairweather base – progressive deepening environment.
Sedimentary features:
Interbedded shale, siltstone and sandstone.
Rhythmically laminated.
Ripple lamination.
Parallel lamination.
Small-scale water escape structures and disrupted bedding.
Sand/grit dykes.
Suggested depositional setting:
Shallow marine to deeper environment.
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Dip slope - contact between
the Mindola Clastic Formation
and the Kitwe Formation

50m

Looking to the south-east
A.

Roan Antelope Clastic Member

Kitwe Formation

Chambishi Dolomite Member

Nchanga Quartzite Member

Rokana Evaporite Member

Copperbelt Orebody Member

Looking to the east.
B.

50m
Mindola Clastic Formation

Figure 3.14. a). Photograph of the southern wall of the Mindola Pit. The contact of the Mindola Clastic Formation and Kitwe
Formation is the dip slope of the western pit wall. b). Kitwe Formation occurring in the Mindola Pit (looking to the east). The
upper portions of the Kitwe Formation is weathered obsuring some of the sedimentary features.
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the base of the COM;
• Sandstone-argillite (COM 3) and an upper carbonaceous argillite; and
• Massive dolomite (COM 4) and upper carbonaceous argillite.
These four facies associations will be discussed in further detail in the following sections. The lateral
transition between the different facies associations is poorly documented due to the nature of the underground
exposures and limited availability of cored from surface drillholes, however, some broad generalisations can be
confidently made based upon available data and reviewing historic mine plans.
Facies association COM 1 is a lithologically complex sequence of alternating argillite, dolomitic
argillite, and dolomite that is easily recognised to the north-west of Central Shaft (Table 3.6) (Fig. 3.15). A
lithostratigraphic subdivision and corresponding mine terminology, based on recognition of distinct facies
types, are summarised in Fig. 3.15 and Table 3.6. Facies association COM 1 is mappable across the northern
part of the NKM deposit, however local variations in thickness as well as facies relationships do occur. The
lateral transition from the argillite-dolomite facies association COM 1 to black carbonaceous shale-argillite of
facies association COM 2 is approximately coincident with the present day Central Shaft. A transitional facies
association comprising components of both facies association is observed in this area.
Two laterally discontinuous facies associations, facies associations COM 3 and COM 4, have been
recognised at the base of the COM (Fig. 3.15). Both facies associations are limited to a lateral and down dip
extent of ~100ms, directly overly basement rocks or a condensed sequence of MCF rocks. Facies associations
COM 3 and COM 4 have historically been termed Barren Gaps (Garlick, 1941; Jordaan, 1961; Clemmey,
1976) as they typically contain only traces of copper sulphides, yet occur enclosed within richly mineralised,
stratigraphically equivalent argillaceous strata (i.e. COM 1 and 2). However, strictly speaking the Barren Gaps
are more commonly zones of uneconomic mineralisation, less than 0.5% Cu with disseminated chalcopyrite
and pyrite, and have been associated with high uranium mineralisation.
Facies association COM 3 is not exposed in current underground workings, nor preserved in drillcore,
however, two occurrences of this facies association has been described in some detail by Garlick (1941) and
Jordaan (1961). Four occurrences of facies association COM 4 have been recognised at NKM, however, the
structural complexity, particularly in the southern mine area, destroys the sedimentary textures and obscures
some of the vertical and lateral facies relationships. The most well documented example of facies association
COM 4 is the Kitwe Barren Gap (KBG) which is situated between the Mindola Shaft and the Central Shaft
(Fig. 3.15). The KBG (facies association COM 4) was sampled as part of this study from two preserved, yet
telescoped drillholes (DD 70, DD 71). Several company geological reports and sections were located for the
KBG and have been used to try and ascertain the geometry of this facies association. Another occurrence of
facies association COM 4 was sampled from collapsed underground workings on the 2880L at SOB shaft (Fig.
3.15).
Each of the four recognised facies are capped by a light to dark grey, carbonate rich, carbonaceous, pyritic
interbedded argillite and shale (Facies 6) which grades into an upward coarsening package of fine- to mediumgrained sandstone and argillite (Facies 7) (Fig. 3.15). This facies has been recognised across the NKM area.
3.7.1.1 Northern COM Facies Association (COM 1) – Subtidal siliciclastic-carbonate-evaporitic facies association
Facies association COM 1 is a lithologically complex sequence of alternating argillite, dolomitic argillite, and
dolomite that is easily recognised to the north-west of Central Shaft (Table 3.6, Fig. 3.15). Each of these units
are mappable across the northern part of the NKM deposit, however, local variations in thickness, facies
relationships do occur.
The lowermost ~2 to 4 m thick unit (Facies 1) consists of planar laminated to bedded argillite and
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dolomitic argillite facies, and is characterised by an upsection decrease in recrystallised carbonate and the
presence of desiccation features and dolomite crystals throughout (Figs 3.16a, 3.17a and 3.17d). This facies is
referred to as the Schistose Ore, as the sedimentary features are obscured by a well developed tectonic fabric,
likely to have developed as a result of the competency contrast between the underlying MCF and the dolomitic
argillite unit. Overlying this facies is a massive to bedded ~1.2 to 5 m thick argillite-shale facies (Facies 2),
grading upsection to interbedded dolomitic argillite and argillite (Facies 3), and massive argillite (Facies 4) (Figs
3.16b, 3.16c and 3.17c). The lamination and thin bedding are defined by alternation of light grey carbonate-rich
bands and dark grey siliceous (qtz-albite rich) argillite and shale.
The middle portions of facies association COM 1 are dominated by interbedded laminated dolomitic
argillite, argillite and fine-rained sandstone, exhibiting an upsection increase in dolomite and locally the presence
of anhydrite nodules (pseudomorphed by albite or dolomite) and layers (facies 4 and 5) (Figs 3.17e and 3.17f).
Overlying this interval, is a dolomite- and anhydrite-rich bedded sequence which is locally variable in thickness
and lateral continuity (facies 5) (Figs 3.16c and 3.16f). There is an upward transition to facies 6 consisting
of intercalated parallel laminated to thinly bedded argillite and dolomitic argillite-sandstone, black laminated
argillite, and cross-bedded sandstone (Fig. 16d), an upper carbonate-dominated, and locally carbonaceous
argillite. Facies 6 grades upsection into an upward coarsening interval of sandstone and siltstone of Facies 7.
Facies 6 and 7 are laterally continuous across all of the COM at NKM, forming the upper sections of each of
the four facies associations.
Interpretation:
The presence of desiccation features, anhydrite nodules, beds of dolomite and anhydrite in COM 1 is consistent
with episodic subaerial exposure within an intertidal to subtidal depositional environment (Purser, 1973;
Pratt et al., 1992; Shinn, 1983). Localised and small-scale changes in the facies types (for example intercalated
argillite and dolomitic argillite typical of facies association COM 1) indicate complex depositional processes
with fluctuations in sediment input and changes in accommodation development. The similarity in character
between individual facies (i.e. Repetition of facies 1 and 2) at different stratigraphic levels is interpreted to
have resulted from deposition associated with tidal flats experiencing cyclical water fluctuations, along with
fluctuations in sediment input responding to changes in accommodation space resulting from variations in the
development of the basin architecture.
The lack of evidence of high energy marine reworking, such as cross-bedding and sandy facies, in the
lower portion of the facies association, coupled with the presence of evaporitic textures and mineralogies are
consistent with a sheltered, restricted marine input depositional environment. A lagoonal environment of this
type may exist shoreward of a barrier island, or barrier reef. The lateral relationship between facies association
COM 1 and COM 2 will be discussed further during the interpretation of facies association COM 2. The
sedimentary characteristics of facies association COM 1 are similar to those described for modern intertidal to
supratidal environments such as Shark Bay, Western Australia (Davies, 1970) and the tidal flats, supratidal flats
and salt pans of the California Delta in USA.
The variation in the water chemistry and depth of the subtidal zone could have also resulted in a change

OPPOSITE: Figure 3.15. Plane of ore projection, modified from Jordaan (1961) and Clemmey (1976), to show facies associations
and district scale map of the Nkana-Mindola deposit, highlighting the distribution of the four different facies associations of the
COM. Detailed sedimentary logs document the internal facies variations of facies associations COM 1 and COM 2. For the purpose
of this study the sedimentary logs are correlated on the base of the COM. Facies association COM 2, carbonaceous shale-siltstone is
restricted to the southern area of NKM, however it also occurs to the north-west of the Ichimpe Barren Gap. The laterally restricted
facies associations of COM 3 and COM 4 are stratigraphical equivalent to facies associations COM 1 and COM 2.
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e.

f.

Figure 3.16. Facies Association COM 1 from Mindola Shaft (drillhole MX 197). a). Contact between facies association MCF 5c of the
Mindola Clastic Formation and facies association COM 1 of the Kitwe Formation. b). Transition from siltstone to dolomitic siltstone
and dolomite facies of facies association COM 1. c). Upward transition from laminated siltstone facies to bedded dolomite-siltstone
facies (locally referred to as No 1 Marker horizon). d). Siltstone facies with localised pseudomorphs of sulfates. This facies appears
to be more laterally extensive than the lower facies of facies association 1. e). Coarsening upward cycle marking the top of facies
association COM 1. f). Banded siltstone and recrystallised dolomite facies of the middle position of facies association COM 1.
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a.

b.

c.

e.

d.

f.

Figure 3.17. Photos of the Copperbelt Orebody Member within the Mindola Pit. a). Contact between the Mindola Clastic Formation
and the Copperbelt Orebody Member in the Mindola Pit. b). Laminated and bedded siltstone and dolomite of facies association
COM 1. c). Dolomitic siltstone and laminated siltstone occurring in the lower portion of facies association COM 1. d). Synresis
crack on bedding plane, common in the lower portion of facies association COM 1. e). Bedded dolomite and dolomitic siltstone of
the mid portion of facies association COM 1. The wavy laminations suggest microbial origin. f). Laminated siltstone, small scale
upward increase in dolomite and pseudomorphs of sulfate.
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a.

b.
Figure 3.18. a). Interbedded siltstone, dolomitic siltstone and shale of the central portion of the Copperbelt
Orebody Member (geological hammer for scale). b). Upper portion of the Copperbelt Orebody Member
showing the transition from siltstone, dolomitic siltstone to sandstone-siltstone occurring near the contact with
the Rokana Evaporites Member (photo from Mindola Pit).
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Top of Hole

Figure 3.19. Photos from drillholes from SOB Shaft; NS 0028 and NS 0015. The drillholes are in a highly deformed area of NKM at
SOB Shaft. a). Contact between the MCF and facies association COM 2 (facies 1) 2). b). Lower portion of facies association COM 2
(facies 8). c). Lower to upper portions of facies association COM 2, locally increase in carbonaceous content in the shale (facies 8).
d). Upper portions of facies association COM 2, carbonaceous, carbonate shale-siltstone (facies 8 transition to facies 6). e). Slightly
bleached massive shale-siltstone facies and upward coarsen profile, characteristic of the top of facies association COM 2 (facies 6 to
lower facies 7).
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in the character of massive to laminated argillite to dolomitic argillite cycles. The presence of anhydrite alone
does not confirm evaporitic depositional environment, especially since at NKM the majority of the preserved
anhydrite has been recrystallised. Anhydrite formation in a sedimentary environment is commonly restricted
to the capillary zone on mud flats and will only form under certain climatic conditions and when the annual
temperatures exceed 20oC. The wavy nature of the dolomitic laminations and disruptive nature of bedding is
interpreted as evidence associated with the formation of irregular algal mats (Warren and Kendall, 1985) which
are commonly found in a subtidal and supratidal environment. Such alternating small-scale cycles suggest
periodic changes in water levels and/or water chemistry and/or temperature.
There is a gradual change to a higher energy regime as indicated by an upsection transition into parallel
and planar cross-stratified fine-grained sandstone (Facies 6 transition to Facies 7). Such a transition would be
consistent with that expected from increased fluvial input into the peritidal environment. This upward change
in lithofacies character is interpreted to reflect either a marine regression and/or increase tectonic activity in
sediment source area.
3.7.1.2 Southern COM Facies Association (COM 2) – Subtidal to deep subtidal facies association (localised anoxic conditions)
Facies association COM 2 consists of four main facies (Figs 3.15 and 3.19). The lower portion of the facies
associations consists of laminated argillite and shale with minor dolomitic beds (Facies 1), however this facies
is not always recognised at the base of facies association COM 2. The overlying Facies 8, which accounts for
approximately the lower two thirds of facies association COM 2, consists of finely-bedded, black carbonaceous
shale and argillite. Within facies 8, framboidal pyrite has been documented by Jordaan (1961) and Clemmey
(1974). The overlying facies 6 consists of laminated to thinly-bedded, black to grey carbonaceous pyritic shale,
argillite and fine grained dolomitic sandstone. The upper portion of facies association COM 2 has increased
carbonate content, thin sandstone beds, disseminated anhydrite nodules and disseminated pyrite blebs with
some preserved framboidal pyrite cores. Facies association COM 2 is capped by facies 7, an interbedded argillite
and sandstone unit. Both facies 6 and 7 are the same as those recognised in the upper portion of facies
association COM 1.
Interpretation:
Facies association COM 2 is interpreted as the deposition of suspended sediment in a low-energy, restricted
depositional environment, evidenced by the fine grain size and the paucity of sedimentary structures associated
with tractional current processes. Sedimentation of facies association COM 2 is interpreted to have occurred
in a similarly restricted marine possibly deeper water environment or shoreward of a barrier island or reef
complex. This is evidenced by the paucity of wave ripples, desiccation cracks and flaser bedding in this facies
association, as well as the presence of black carbonaceous argillite. The presence of silty facies particularly in
the middle and upper portion of the facies association suggests periods of higher sediment input within an
otherwise low-energy, anoxic, subaqueous environment experiencing episodic agitation (Wignall, 1989, 1994).
Significantly, the water conditions at the time of deposition were anoxic as indicated by the presence
of black, carbonaceous argillite and framboidal pyrite. However, limited and perhaps localised periods of
oxygenation would have been likely in such an environment during periods of sedimentation of the coarsergrained faces (Wignall and Hallam, 1991). The formation of carbonaceous shales commonly requires several
important factors including a source of organic matter, reducing conditions at the site of deposition and low
sedimentation rates (Schieber, 1986). During the Proterozoic, contributors to organic matter are suggested
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to be solely from cyanobacteria, with the key requirements for growth being light and low sedimentation
rates (Schieber, 1986). The formation of organic material can occur by the accumulation of organic matter
in deeper water environment, in algal marshes or as in situ benthic mats in the supratidial to intertidal zones
(Hoffman, 1976; Schieber, 1986). Microbial mats can act as barriers, separating strongly reduced sediments
underneath from oxygenated waters above, however, there is no direct evidence for this process occurring at
NKM (Schieber, 1986).
Significantly the presence of anhydrite and pseudomorphs of sulfates in the upper portion of facies
association COM 2 suggests evaporitic conditions possibly associated with a marginal marine peritidal
environment (Handford, 1991; Warren, 1999). However, Warren (1999) does provide examples of diagenetic
sulphate nodules having formed in non-evaporitic subtidal environments, or in non-evaporitic strata positioned
stratigraphically below sabkhas. Nodular anhydrite is considered by many Sedimentologist as being diagnostic
of arid supratidal or sabkha depositional environments (Handford, 1981). Annels (1974) described analogous
anhydrite bearing horizons partly to completely replaced by sulphide and carbonate in the upper COM at
Chambishi SE deposit, 5 km north-west of NKM, as well as at other deposits such as Chambishi, Mwambashi
and Konkola, interpreting them as primary precipitants and indicators of evaporative conditions during
accumulation of the upper COM. Modern analogues of such processes include the Abu Dhabi sabkha in the
Arian Gulf where syn-depositional anhydrite nodule growth has been well documented (Warren, 1991).
Another plausible interpretation for the presence of some proportion of the anhydrite in facies
association COM 1 and COM 2 is associated with an influx of exotic hypersaline waters sourced from either
laterally equivalent evaporitic environments, facies association COM 1 or from overlying possible evaporitic
units higher in the Katangan Supergroup during diagenesis. If this were the case, the distribution of the
anhydrite would reflect an early hydrological system and not the depositional environment. Given the more
widely documented presence of anhydrite occurring within similar facies associations elsewhere in the
Chambishi Basin, the anhydrite is interpreted as resulting from depositional environment not resulting from
influx of exotic hypersaline waters. The anhydrite nodules occur in all facies associations, regardless of grainsize,
commonly concentrating at similar relative positions in the COM suggesting the formation of the nodules is
difficult to explain by percolation of Ca + SO4 brines throughout variably permeable media. If the anhydrite
nodules are indicative of common water depth, then grainsize variation should relate to variations in detrital
input, however, it is then difficult to explain the deposition of argillite in starved anoxic environments instead
of carbonate. Conclusively resolving this matter is beyond the scope of this thesis.
The increase of silty facies in the middle to upper portions of the facies association potentially resulted
from increased sediment input. This may have also resulted in mobilising the mud in marginal areas and the
distribution of it over the region (Schieber, 1986, 1999; Caplan and Bustin, 2001). The combination of laminated
argillite and thin sandstone units in the upper portion, indicate alternating suspension and traction processes
controlling sedimentation during the upper portions of the facies association COM 2 (Wignall, 1989, 1994).
Limited and perhaps localised periods of oxygenation would have been likely in such an environment during
periods of sedimentation of the coarser-grained facies (Wignall and Hallam, 1991).
The lateral relationship of the northern and southern facies associations COM 1 and COM 2 reflects
contemporaneous carbonate production and terrigenous sedimentation into the basin where localised anoxic
conditions existed. The transition from facies association COM 1 to COM 2 could be solely attributed to a
deepening of the basin however this shift to anoxic facies associations is possibly also related to a more restricted
marine peritidal environment with low sedimentation rates, fluctuating water levels and changing chemical
conditions. Typically carbonaceous shale facies would occur offshore from facies association COM 1. The

84

northern and southern facies associations COM 1 and COM 2 record contemporaneous carbonate production
and terrigenous input in an environment with varying anoxic conditions which could be the resultant from a
combination of gradual deepening and/or restriction of the basin (s) towards the south resulting in anoxic
conditions in this portion of the basin at the time of deposition.
3.7.1.3 Facies Association COM 3 (No. 3 Shaft Barren Zone) – Sandstone and conglomerates and Pebbly sandstone, dolomitic
schist and sandstone (No.4 Shaft Barren Gap) – Alluvial to fluvial facies association
In the vicinity of No. 3 shaft the basal portion of the COM exhibits a rapid lateral change of facies from
argillite-dolomite cycles typical of facies association COM 1 to a unit of pebbly dolomitic sandstones and
conglomerates (Fig. 3.15). Jordaan (1961) describes a wedge shaped barren zone of sandstone and conglomerate
which is situated directly above and to the north of a basement high and overlying a condensed sequence of the
MCF totaling only 10 m in thickness. Facies association COM 3 extends from surface to ~1000m depth and
is directly overlain by facies equivalents of the middle and upper COM 1 and COM 2 facies associations (i.e.
Facies 6 and 7). At the Chambishi SE deposit (and eastward of Chambishi), a similar sandstone dominant facies
association occurring at the base of the COM has been documented. At this locality the reduced Ore Shale
argillite facies has been replaced by biotitic sandstone which occurs within a coarse-grained apron of evaporitic
sandstone and conglomerate (Annels, 1989; Bull and Selley, 2003).
Facies association COM 3 occurring at No. 4 Shaft was not observed during the course of this study and
the following description has been sourced from Jordaan (1961). This facies association is colloquially termed
the No. 4 shaft Barren Gap, and was of economic importance due to the existence of a small body of uranium
ore positioned on its southern flanks (Fig. 3.15). The facies association forms an elongate body that dip 25°
south in the plane of the COM, and extends from near surface to the 870 feet below surface (Jordaan, 1961).
At this locality the facies association is ~7 m thick and comprises medium to coarse-grained sandstone. Down
dip of COM 3 there is gradual change to white tremolite-biotite-bearing dolomite with the sandy horizons
occurring towards the top of the facies association, more typical of facies association COM 1(Jordaan, 1961).
Interpretation:
No field observations were made of the sandstone-conglomeratic facies association COM 3 during this study,
however, it is interpreted from published descriptions, the relationship to surrounding facies association and
similarity to documented facies occurring at the Chambishi SE prospect that the sandstone dominated facies
association COM 3 represents fluvial deposition related to the margins of an alluvial fan system. Possibly as a
hangingwall transfer zone fan this has its sediment source from a lateral sediment entry-point into a basin. Such
areas would suggested these areas were subjected to greater clastic sediment supply and were topographically
higher than areas of the basin floor where finer grained facies accumulated in relatively starved conditions.
3.7.1.4 Facies Association COM 4 – Massive white talc-tremolite-anhydrite dolomitic marble. (Kitwe Barren Gap and SOB
Barren Zones) – Stromatolitic bioherm facies association
The massive carbonate-dominated facies association COM 4 occurs as three elongate, Cu-poor bodies, regularly
spaced throughout the NKM deposit: Ichimpe, Kitwe, and South Orebody barren gaps (Figs 3.15, 3.20 and
3.23). They range in thickness from ~5 to 20 m and occur with interdigitating or abrupt lateral and upsection
transition to both COM 1 and COM 2 (Figs 3.15 and 3.20). Similar carbonate-dominated facies types, with
abrupt lateral transition to COM 1 and COM 2 facies association equivalents occur at the Chambishi SE and
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Mwambashi B deposits respectively (Annels, 1989) (Fig. 3.22). In all cases, the carbonate-dominated facies
variants of the COM are immediately underlain by either anomalously condensed MCF strata or basement
rocks. Whereas unstrained lower contacts with these older strata are preserved at Chambishi SE, they are
ubiquitously sheared at the NKM deposit. Shearing occurred along the base of COM 4 at NKM without
significant displacement. Given the very similar lithostratigraphic associations of the NKM examples to that
of the COM at Chambishi SE, the present juxtaposition of COM 4 with palaeotopographic basement-cored
highs in the former is considered to have been little modified during orogenesis.
The examples of COM 4 at NKM are thoroughly recrystallised and variably foliated, features which
obscure the textural character of the protolith (Fig. 3.21c and d). They consist of pink to white coarselycrystalline dolomite, with minor components of talc, tremolite, anhydrite, calcite and euhedral pyrite. Garlick
and Fleisher (1972) describe lenses of anhydrite near the Kitwe Barren Gap, however, these were not observed
during this study.
Interpretation:
The origin of the carbonate dominated facies association COM 4 is more conclusive based on observations,
old mine reports, Clemmey (1976) and d13C and d18O data. This carbonate facies association is interpreted to
represent isolated stromatolitic bioherm structures growing in the subtidal environments, possibly associated
with localised paleotopography high features, similar to the interpretation proposed by Clemmey (1976).
Despite no microbial fabrics being recognised in facies association COM 4 at NKM due to the high strain and
metamorphic mineral assemblage, this facies association is interpreted to be similar to the more laterally extensive
and continuous microbial dolomites occurring in the Chambishi Dolomite Member. The facies is interpreted
similar facies as occurring on remnant intra-basinal highs, which are zones of limited accommodation space,
that were less effected by the overall basin subsidence event that controlled the abrupt transgression associated
with the deposition of the COM. Well developed isolated build-ups have been documented in the middle
Proterozoic dismal Lakes Group (Kerans and Donaldson, 1988) and the late Proterozoic Miette Group (Teitz
and Mountjoy, 1989).
3.7.1.5 Sedimentary model for the COM
Clemmey (1974) suggested a lacustrine depositional environment for the COM and the lower portions of the
REM. In a lacustrine model, facies association COM 1 would be interpreted as being deposited on a lacustrine
mudflat with periodic flooding, whereas the black carbonaceous argillite and shale of facies association COM
2 would have been deposited as deep lacustrine organic-rich facies. Supporting this interpretation Clemmey
(1974) used evidence such as the limited lateral extent (1-3 km) of facies association COM 1 and 2 relative to
the more laterally extensive (3km plus) for the overlying Rokana Evaporite and Chambishi Dolomite Members.
The current study has described a range of facies characteristics and compared these to published descriptions
of peritidal environments, concluding a shallow marine depositional environment setting is more likely than a
lacustrine environment. Facies associations COM 1 to 4 are similar to the peritidal environments described by
Grotzinger (1986), Sarg (1988, 2001) and Schroder et al. (2003).
Facies association COM 1 is typical of low energy, shallow-emergent areas of a laterally complex peritidal
carbonate environment, inclusive of the subtidal, intertidal and locally supratidal areas with periodic influence
by storm events (Pratt et al., 1992). The small-scale vertical cycles common in the northern facies associations
are similar to shallowing upward peritidal cycles described by Pratt et al. (1992) and as such peritidal cycles
commonly contain varying proportions of carbonates, evaporites, shale and organic matter (Sarg, 2001). At the
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Figure 3.20. Lateral facies association distribution of the COM. a). Simplified geological map highlighting the distribution of
facies association COM 1 (dolomitic-siltstone) and COM 2 (carbonaceous shale-siltstone) along the western limb of the Nkana
Syncline. The carbonaceous shale-siltstone facies is confined to the southern and western areas of the Nkana-Mindola deposit. b).
Schematic block diagram of the relationship between the four key facies association of the COM. Note the limited lateral distribution
of the sandstone (COM 3) and carbonate (COM 4) facies associations (modified from Clemmey, 1976). c). Schematic longitudinal
section through the Kitwe Barren Gap (facies association COM 4) (developed from unpublished ZCCM reports).
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b.

1mm
e.

1mm

Figure 3.21. a). Sample of talc carbonate of facies association COM 3, occurring at the base of the COM at SOB Shaft (Sample
MCBG 6). b). Sample of talc-tremolite carbonate rock with disseminated euhedral pyrite grains occurring at the base of the COM
at SOB Shaft (Sample MCBG 3). c). Foliated talc-carbonate rock from drillhole DD70, intersecting the facies association COM 3 of
the Kitwe Barren Gap (Sample DD70,_355m). d). Photomicrograph of sample MCBG 6 showing the recrystallised dolomite and
calcite with accessory talc (XP field of view 3mm). e). Photomicrograph of foliated talc-carbonate rock from the Kitwe Barren Gap
(Sample DD70,_355m; XP, field of view 3mm).
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Location of the localised sandstone
dominated facies of facies association
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by orange in the diagram.
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Figure 3.22. All diagrams and photos from the Chambishi SE massive carbonate facies (modified from Selley and Bull, 2003).
a). Isopach map of the thickness of the MCF at the Chambishi SE Prospect. The broad barren gap of massive dolomite facies is
coincident with an intra-basinal high. b). Drill fence (W-E) across the carbonate facies. c & d). Examples of anhydritic marbles
of the barren zone at Chambishi SE which are direct lateral correlatives to the more widespread carbonaceous shale-siltstone of
the Copperbelt Orebody Member. e). Three dimension cartoon of the overall rift architecture that controlled the deposition of the
Lower Roan Group. The carbonate facies occur at zones which represent remnant intra-basinal high which were less affected by
the subsidence controlling the deposition of the Copperbelt Orebody Member.
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Talc-tremolite carbonate facies change occurring at the base of the
facies association COM2 at SOB Shaft.
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Figure 3.23. Schematic plan maps modified from historic data of talc-tremolite carbonate facies (facies association COM 4)
occurring at the base of the facies association COM 2 at SOB Shaft. This area has been highly deformed. A further discussion of
the significance of this facies association will be undertaken at a later stage in this chapter and at the end of Chapter 4.
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southern end of the Nkana Mindola deposit, facies association COM 2 are characteristic of an anoxic marine
environment either directly associated with more restricted parts of a peritidal environment or offshore from
the main peritidal carbonate environment within a deeper marine environment.
At NKM, the facies associations of the COM record lateral facies transitions occurring within a peritidal
environment. The peritidal allocyclicity is controlled by incremental sea level rise, during which time the
succession can accrete, shifting from subtidal through intertidal to supratidal environments (Grotzinger and
James, 2000). The complex nature of the facies relations for the northern facies associations is interpreted
to be the result of processes occurring on the local and nonlocal scale as defined by Pope and Grotzinger
(2000). The local affect, which is dependent on interface with immediately overlying, underlying and adjacent
strata, is relatively limited and would account for the small-scale (centimetres) changes in the facies character
of particular units of the COM. The nonlocal effects result in more steady-state morphologies reflecting
changes in temperature, chemical and nutrient concentration and even the basin architecture, resulting in such
sedimentary changes as the transition from thinly bedded to columnar carbonate forms or rapid lateral changes
in facies associations.
3.7.2  Rokana Evaporite Member (REM) – intertidal to subtidal siliciclastic-carbonate facies association
The ~30 m thick Rokana Evaporite Member (REM) is, in general, coarser-grained than the conformably
underlying COM (Fig. 3.24), although has similar sedimentary character to uppermost parts of both the COM
and MCF. It consists of laminated and massive argillite, very fine- to medium-grained cross stratified sandstone,
and thin dolomitic argillite and dolomitic beds, the latter containing laminites and locally small domal structures.
Sedimentary structures common throughout the unit include tabular cross-lamination and cross-stratification in
argillite and sandstone, flaser bedding, bedding plane desiccation cracks and small-scale liquefaction-fluidisation
textures. The package is mappable throughout the NKM area, with approximately 1 km of its strike length
exposed in the Mindola Pit. No significant thickness or lateral facies variations were observed during this study
(although data were limited) or have been reported in archival data. The REM is a coarser grained unit than the
lower and middle portions of the COM, however, it is similar in sedimentary character to the upper KAM and
the upper COM.
The basal ~10 m of the REM comprises mixed argillite and cross-bedded sandstone beds, with
carbonate and anhydrite cements (Figs 3.18b and 3.24). Overlying the basal unit is a 0.5 to 3 m thick interval of
coarsening-upward beds, comprising argillite at the base and sandstone in middle and upper parts. Laminated
argillite and dolomite with local centimetre-scale silicified dolomite nodules occur in the fine-grained parts of
this package. The argillite beds may have small lenses and interbeds of feldspathic sandstone with carbonateanhydrite cement. Disseminated anhydrite nodules and very thin (1 to 2 cm thick) dolomite-anhydrite beds
are characteristic of the middle portion of the REM. The middle portion of the REM contains amalgamated
sandstone beds that have planar or channelised basal surfaces, grading up-section to medium-grained crossstratified sandstone laminated argillite, and ripple cross-laminated argillite. The uppermost part of the REM is
marked by a basal interval of 10 to 30 cm thick silicified dolomite beds, with conspicuous domal and polygonal
structures, overlain by 5 m thick laminated dolomitic argillite.
Interpretation:
The sandstone dominated, upward coarsening facies of the lower and middle REM can be interpreted as having
accumulated in a high energy, shallow marine environment, associated within the middle to outer portions of a
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deltaic depositional system. The character of this facies association is thus very similar to the upper portion of
the KAM, a distinguishing feature being the presence of nodular anhydrite within some of the fine-grained facies
of the REM. No nodular anhydrite was identified within the KAM. The small-scale, thinly-bedded, and upwardfining cycles may record periodic increased sediment input related to tectonic pulses, or progressive channel
abandonment within a fluvial dominated deltaic system (Allen, 1983; Prosser, 1993; Miall, 1996). Furthermore
evidence of subaerial exposure (desiccation cracks) and shallow water conditions (i.e. small-scale cross-bedding)
is consistent with the intertidal zone to subtidal flats and marshes depositional environment (Sarg, 2001). The
fine-grained interleaving facies, which locally exhibit primary displacive anhydrite textures and thin irregular
dolomite laminae are interpreted as inter channel mud flats. Shallow water conditions, punctuated by periods
of subaerial exposure, are further evidenced by ripple cross lamination and desiccation cracks, consistent with
deposition and modification within supratidal to intertidal zones of the tidal-delta environment (Sarg, 2001).
Bull and Selley (2003) describe chicken wire anhydrite textures within the same package of rocks at
the Chambishi SE deposit. They propose that these textures indicate sabhka-type, syn-depositional evaporite
mineral growth, from CaSO4-saturated brines forming in the upper intertidal and supratidal environment. On
the basis of the above presented evidence, the REM is interpreted to have been deposited within a clasticdominated peritidal (tidal delta) environment. Restricted input of marine waters, as evidenced by abundant
former evaporitic minerals, provides the main distinguishing feature when compared to the KAM. The
stratigraphic context of the REM, in particular the relationship to relatively sediment-starved marginal marine
strata of the underlying COM, is considered consistent with a peritidal environment and similar to those
described by Grotzinger (1986, 1989) and Pope and Grotzinger (2000) within which small and isolated mud
flats occurred, conducive to the formation of evaporites in these isolated and saline enriched waters. A modern
analogues of a this setting include mixed clastic-carbonate systems of the Arabian (Persian) Gulf (Butler et al.,
1982). There is no conclusive evidence based on the lines proposed by Warren and Kendall (1982) to interpret
the succession as a salina environment, and the context of the sequence relative to underlying and overlying
packages also supports the interpretation of an evolving peritidal environment.
3.7.3  Nchanga Quartzite Member (NQM) – marginal-marine, fluvio-deltaic facies association
The contact of the REM and the overlying Nchanga Quartzite Member (NQM) is marked by an abrupt, yet
conformable, up section change from argillite and dolomitic facies, to coarse-grained, thickly bedded sandstone
facies association (Fig. 3.24). The NQM is mappable across the NKM mine area, and individual beds, exhibiting
lateral facies variation, can be traced for ~500 m along strike in the Mindola Pit. The NQM is ~15 to 20m
thick unit, consists dominantly of grey-white-brown, medium- to coarse-grained feldspathic and dolomitic
sandstone, with interbeds of argillite (Figs 3.24 and 3.25). Volumetrically minor, thin bedded siliceous dolomite
unit occur in the middle part of the member.
The basal ~10 m thick interval consists of feldspathic and dolomitic, medium- to very-coarse grained
sandstone with minor thin argillaceous horizons. Approximately 10 m above the basal contact, is a 90 cm
thick, medium- to coarse-grained, planar-based sandstone bed characterised by medium- to large-scale soft
sediment deformation (Figs 3.25b and 3.25c). Overlying is a ~3.5 m thick cycle of planar- and cross-stratified
sandstone beds with a high proportion of dolomite cement (Fig. 3.25d). Continuing up-sequence is ~4 to 6
m thick package of very large-scale cross-stratified, medium- to coarse-grained sandstone beds (Fig. 3.25e).
The upper ~8 m thick package thins and shifts to an upward fining cycle of massive sandstone, cross-bedded
sandstone and interbedded sandstone-argillite. Sparsely disseminated anhydrite blebs are identified within the
finer-grained beds, however, there is no evidence of a displacive character.
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Figure 3.25. All photos from the Mindola Pit. a). Upper portion of the Rokana Evaporite Member in the Mindola Pit (geological
hammer for scale, left hand corner). b). Massive sandstone bed in the lower portion of the Nchanga Quartzite Member. c). Soft
sediment deformation occurring within a sandstone bed in the lower portion of the Nchanga Quartzite Member. d). Mediumscale cross-bedding and horizontal stratification in the upper portions of the Nchanga Quarzite Member. e). Large-scale crossbedded sandstone of the middle portions of the Nchanga Quartizte Member. This particular bed is laterally traced across the
whole of the Mindola Pit.
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Interpretation:
The distinctly coarser-grained nature of this member relative to the REM indicates higher energy and higher
sediment input, possibly relating to a basinward shift from marginal-marine conditions to a fluvial-deltaic
dominated system. Convolute bedding is characteristic of either channel bar deposits (Coleman, 1969) or flood
deposits (McKee et al,, 1967), and reflects high interstitial water content and increased shear stress due to an
increase in current velocity. The large-scale cross-stratified sandstone unit in the middle part of the member is
interpreted to mark highest flow regime conditions, possible sub wave base dune formation and the overlying
fining and thinning upward cycles are interpreted as waning sediment input into the system and possible shift
back to more restricted marine environment (Allen, 1983; Bhattacharya and Walker, 1992). The equivalent
stratigraphic package at the Chambishi SE prospect was being deposited in a fluvial braidplain environment and
likely to have resulted from the resumption of basement erosion resulting from basement uplift and increased
accommodation space within the basin (Bull and Selley, 2003). The upper portion of the package, with increase
intervals of thinner and finer grained cycles marks the cessation of the period of tectonic uplift.
3.7.4  Chambishi Dolomite Member (CDM) - peritidal carbonate facies association
The Chambishi Dolomite Member (CDM) directly overlies the NQM and is itself overlain by the Roan Clastics
Member (RCM) (Fig. 3.24). The unit is mapped throughout the NKM mine area, however as with the NQM,
was only studied in the Mindola Pit. The CDM is a ~45m thick sequence comprising a basal zone of interlaminated dolomite and argillite, passing upward into a thicker sequence of white to pink-brown (weathered
colour) carbonate beds with minor argillite and fine-grained sandstone beds (Fig. 3.24). The carbonate beds
contain wispy internal layering defined by white mica and the unit is readily identified in weathered exposures by
its brown colour, characteristic 2 to 10 cm thick silicified dolomite beds traceable along strike for at least 1 km,
and thin and thick bedded (50 cm to 3 m thick) carbonate beds interbedded with white to pink, very weathered
dolomitic argillite and dolomitic sandstone beds (Figs 3.26a and 3.26b). Thin beds of buff coloured ‘cauliflower
cherts’ disrupt bedding in places and commonly form irregular pod-like layers (Figs 3.26e and 3.26f).
An overall upward thickening of the carbonate facies is characteristic of the CDM (Fig. 3.24). The basal
contact of the CDM is defined by a 5 to 10 cm thick silicified carbonate bed that is laterally continuous for a
minimum of 500 m strike length. This bed is overlain by 10 m thick of medium- to fine-grained massive and
cross-stratified sandstones and dolomitic sandstones with framework grains of quartz in a carbonate cement,
argillites and 2 to 10 cm thick silicified carbonate beds, as well as dome shaped and polygonal network structures.
The overlying 18 m thick interval consists of dolomitic sandstone and argillite cycles, with two repetitive
intervals of 2 to 10 cm thick silicified carbonate beds interbedded with argillite and sandstone. Ripples and
desiccation cracks are observed in the finer grained beds. The overlying 7 m thick cycle is very similar to the
basal portion of the unit. The upper 15 m thick cycle is a conspicuous interval, consisting of dominantly
massive, brown to cream 1 to 3 m thick carbonate beds, with internals of very fine (5 to 20 mm thick) wavy
and parallel lamination, as well as contorted, ball-and-pillow structures (Fig. 3.26d). The upper contacts of the
thickly bedded carbonate horizons are commonly undulatory or domal. Carbonates are commonly reduced to
a ferroan manganiferous powdery rock, enhancing the stromatolitic form and being preserved in intervening
silicified horizons. The upper contact, between the CDM and the RCM, is marked by a 3 m thick massive
dolomite-anhydrite bed that is colloquially referred to as either the Chambishi Dolomite or Cherty Dolomite
Bed. This bed preserves fine microbial textures and the bed can be traced laterally throughout the Mindola Pit.
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Figure 3.26. Photos of the Chambishi Dolomite Member of the Kitwe Formation in the Mindola Pit. a). Thickly bedded carbonate
units of the Chambishi Dolomite Member exposed in the Mindola Pit. b). Thinly bedded and laminations of siltstone, shale and
carbonate horizons typical of the lower portion of the Chambishi Dolomite Member (geological hammer for scale). c). Dolomitic
sandstone with thin 2-5cm interbeds of dolomitic horizons (35mm camera lens cap for scale). d). Contact between the dolomitic
cross-bedded sandstone and more massive, bleached siltstone-shale units (Note scale bar on left). e). Silicified carbonate beds
interbedded with dolomitic sandstone and argillite layers. f). Thin beds of buff coloured “cauliflower cherts” disrupt bedding and
may form irregular pods (geology hammer for scale).
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Interpretation:
The onset of deposition of the thinly bedded carbonate units and interbedded sandstones and argillites
is interpreted to record a shoreward shift of sedimentary facies, and a return to a pertidal depositional
environment. Similar complex vertical and lateral facies associations in other Proterozoic peritidal carbonate
sequences (Pratt et al., 1992; Grotzinger and James, 2000). Depositional morphologies and thickness of these
structures are suggestive they formed by in-situ precipitation of carbonate at the sediment-water interface. The
presence of “cauliflower cherts”, desiccation cracks, and small-scale ripples are indicative of an intertidal to
supratidal environment, and record periodic transition between shallow subaqueous and subaerial conditions.
Furthermore, the presence of cross-bedding in the basal portion of the unit indicates shallow water depth and/
or higher energy wave or current events during constant subaqueous conditions. The small-scale cyclic vertical
successions (10 cms to 1 m) represent shallowing-upward cycles from a basal subtidal zone into intertidal facies
and finally an upper supratidal facies (e.g. Pratt et al., 1992). The overall facies characteristics of the lower
portion of the CDM suggest a gradual shift to inter- and supratidal carbonate facies across the older fluviodeltaic facies of the NQM.
The deposition of well defined planar and irregular laminated carbonate beds within the CDM can be
interpreted as indicating a restrictive marine environment with primary carbonate precipitation (Hoffman and
Jackson, 1989; Pope and Grotzinger, 2000). The irregular nature of the laminated flat and domal carbonates,
interpreted as stromatolites, within the upper portion of the CDM can be directly compared to those formed
under normal marine conditions (Knoll, 1985; Grotzinger, 1986). The formation of domal structures in
Proterozoic carbonates have been shown to occur in a range of environments from restricted tidal flats to
open coastal subtidal regions (Knoll and Semikhatov, 1998; Jiang et al., 2003). The irregular flat laminations
are formed from the growth of microbial mats. The transition from the flat to domal structures could be
related to a number of processes including changes in biological communities, the physical conditions such
as current flow direction and velocity or even changes in the seawater chemistry (Grotzinger, 1989; Knoll and
Semikhatov, 1998). This transition of stromatolitic structures is characteristic of restricted subtidal deposition
allowing preservation of the macrotextures (Pope and Grotzinger, 2000). Typically, such a sequence indicates
a change from shallow subtidal deposition to deeper subtidal settings. These facies associations as marking
deposition within a biohermal reef system, which marks the complete tectonic quiescence in this part of the
basin. The thick (+3 m thick) carbonate units in the upper portion of the CDM at NKM are interpreted as
reefal microbialite mounds and domes forming on a fair weather base to a deep subtidal environment (e.g.
Grotzinger, 1989).
3.7.5  Roan Antelope Clastic Member (RCM)
Exposure of this member is limited to the upper portion in the Mindola Pit wall, where it is highly weathered.
An abrupt change from the massive, relatively thick carbonate beds of the upper CDM to interbedded shales,
argillite and very fine-grained sandstone marks the basal boundary of the Roan Antelope Clastic Member
(REM: Fig. 3.24). The argillaceous units are characterised by very poor sorting, with “floating”, stratiform,
and transgressive concentrations of outsized sand and granule fragments. The poor sorting appears in part, at
least, to be a post-depositional phenomenon, as outsized fragments are commonly observed in association with
soft-sediment disruptive features such as convolute bedding and small-scale dewatering structures. Ripple and
wavy laminated argillites are also cross-cut by grit-filled desiccation cracks. Soft-sediment deformation features
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are overprinted by tectonic structures, including layer-parallel shear zones and mesoscopic folds. The thin,
bedded shales, argillites and very fine-grained sandstone beds commonly occur with small-scale dewatering
structures (sand/grit dykes) as well as climbing ripples, wavy laminations, small to medium scale cross-bedding,
ripples and desiccation cracks (Figs 3.27a and b). The convolute and chaotic folds are complex and later fold
generations appear to have refolded these structures (Figs 3.27c and d). Bedding-parallel shearing is common
throughout the unit leading to tectonic disruption of the beds.
Interpretation:
The ubiquitous dewatering textures basically record fluid over-pressuring of the entire package with fluids
either being ingested during sedimentation (i.e. turbidites), or related to connate fluids trapped between upper
and lower impermeable strata. The dominance of argillite and shale facies with abundant small-scale dewatering
structures reflects the rapid water expulsion from the sediments and very rapid sedimentation-agititation. These
sedimentary structures suggest a virtually continuous period of sediment dewatering during deposition as part
of a deltaic system.
3.8  SUMMARY OF THE LOWER ROAN GROUP DEPOSITIONAL ENVIRONMENT
The Lower Roan Group at NKM comprises a complex assemblage of clastic and carbonate lithofacies that
can be broadly grouped into four facies associations: 1) alluvial-fluvial conglomerate and sandstone; 2) fluvialdeltaic, variably evaporitic sandstone and argillite; 3) peritidal mixed siliciclastic-carbonate; and 4) localised
reefal carbonate (Figs 3.28, 3.29).
Five key depositional stages are recognised within the Lower Roan Group at Nkana-Mindola. These are:
• Basal Sandstone Member (BSM) - sub-aerial, alluvial fan and braided fluvial assemblage
• Kafue Arenite Member (KAM) - sub-aerial to subaqueous alluvial fan-fan delta to braided deltaic assemblage;
• Copperbelt Oredody (COM) and Rokana Evaporite Members (REM) - shale-argillite-sandstone, local evaporitic conditions;
• Nchanga Quartzite Member (NQM) - sandstone-argillite assemblage; braided deltaic environment; and
• Chambishi Dolomite Member (CDM) - carbonate-evaporite assemblage; shallow marine to deltaic environment.
3.8.1  Alluvial Fan to Braided Fluvial Environment
A high energy alluvial fan and braided fluvial environment characterises the lower and middle portions of the
MCF. Basal breccia units record deposition close to active basin margin structures. The intervals of cross- and
planar-stratified sandstone and minor gravel lags represent channel fill deposits such as sand flats, sinuouscrested dunes, longitudinal and transverse bars, and planar bed flow. The sinuosity of the fluvial system is
difficult to determine because of the lack of palaeocurrent control, however the higher proportion of coarsegrained sandstone over fine-grained sandstone indicates that the fluvial system was probably braided. The rapid
thickness and facies variations record complex sediment dispersal patterns combined with local variations in
the rate and magnitude of accommodation development. The presence of sheet conglomerates are interpreted
to indicate periods of tectonic rejuvenation, resulting in dominance of sheetflood conditions. The upper
portion of the alluvial fan-braided fluvial facies association is commonly interfingered with fluvial-deltaic facies,
recording back-stepping of source areas, or progressive starvation of sediment input with time.
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Figure 3.27. Photos of the Roan Clastics Member, the upper member of the Kitwe Formation. The Roan Clastic Member is only
visible in the upper portion of the Mindola Pit and is highly weathered. a). Siltstone to fine-grained sandstone exhibiting small to
medium-scale soft sediment deformation structures. b). Shale-siltstone laminations. c). Intense soft-sediment deformation partly
overprinted by cleavage development. d). Sand volcanoes and water-escape structures in the upper portion of the Roan Clastics
Member.
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Figure 3.28. Simplified stratigraphic log of the Lower Roan Group at NKM documenting the changes in depositional environment:
from alluvial dominated system of the MCF to a peritidal dominated environment in the KF.
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3.8.2  Fluvial-Deltaic Environment
The upper portion of the MCF, the REM, and the NQM are dominated by upward-coarsening sandstone and
argillite facies cycles that were deposited in a predominately deltaic environment, with variable clastic input
and evaporitic conditions. The principal difference between the MCF and similar facies associations of the
overlying KF is the laterally continuous character of the latter. Also, the MCF records the transition from
fluvial to deltaic systems, whereas the transition from the COM to the REM is from a shallow marine-peritidal
environment to deltaic environment.
3.8.3  Peritidal mixed Siliciclastic-Carbonate
This is by far the most complex depositional system within the KF and largely controls the facies associations
and lateral relationships present within the COM, portions of the REM and only the lower portion of the CDM.
The common association of peritidal facies associations to deltaic and carbonate facies associations suggests
the transition between these environments was largely a function of sea level and basin development. The
development of this environment was influenced by changes in siliciclastic influx resulting from changes in the
basin architecture and also sea level. The black carbonaceous argillite and shales of the facies association COM
2 indicate accumulation occurred below fair-weather wave base in an anoxic restricted marine environment.
Localised restricted evaporitic subtidal lagoon facies developed in association with sandy facies during the
deposition of the northern facies association COM 2. Within carbonate-dominated environments, carbonate
and evaporites are commonly lateral equivalents and small bioherm structures at the base of the COM, and
within the lower portion of the CDM, suggest localised settings conducive to reefal build-up within the
otherwise peritidal environment.
One interesting, yet difficult to interpret mechanism based on available data, is the diagenetic transitions
between evaporites and carbonates, which may include the replacement of evaporites by carbonates. The main
factors controlling these processes are the sedimentary vertical and lateral relationships between the carbonates
and evaporites, the introduction of meteoric waters with soil-derived CO2, bacterial and thermo-chemical
sulphate reduction (BSR and TSR), back oxidation of elemental sulphur and the carbonate dissolution by
evaporitic brines under saturated in HCO3 (Warren, 1999).
3.8.4  Reefal Carbonate System
The presence of a significant reefal carbonate complex during the deposition of the upper CDM is thought to
mark the deeper, seaward portion of peritidal carbonate system. The thicker stromatolitic beds within the upper
section of the CDM indicate increased water depth relative to surrounding environment allowing for growth
of larger stromatolitic bodies. Microbial build-ups can be more commonly associated with more saline to
hypersaline environments and as such can be seen as evidence of a complex carbonate-evaporitic environment,
where physio-chemical parameters are largely controlling growth of microbial build-ups.
The lateral relationship of the peritidal and carbonate platform systems is an important consideration for
understanding the preserved lateral facies changes at NKM, particularly at the level of the COM and also within
a more regional context of the Chambishi Basin. In marine settings, carbonates and evaporites commonly have
two main types of relationships, being either large semi-restricted basins rimmed by carbonate platforms or
evaporitic basins and lagoons located behind carbonate rims or barriers facing open sea (Rouchy et al., 2001).
Based on observations from this study, it is interpreted that the carbonate platform and evaporitic relationship
suggests the evaporitic environment located behind carbonate rims and barriers, protecting semi-restricted
basins from the open sea. Barrier reefs promote evaporitic conditions and enhanced organic activity within
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landward supra- and intertidal argillite-carbonate-dominated environments through restricted input or flushing
by marine water (Butler et al., 1982; Rouchy et al., 2001; Tichet et al., 2001). Such an environment may explain
lateral transitions between lithofacies COM 1, COM 2 and the isolated facies associations of COM 3 and COM
4 (Fig. 3.29).
3.9  BASIN GEOMETRY AND CONTROLS ON ACCOMMODATION DEVELOPMENT
3.9.1  Background
Resolution of deposit-scale basin geometry has been an important focus of many academic and mining studies
in the Zambian Copperbelt. Achieved largely by drill-core-based isopach mapping of individual stratigraphic
formations and members, the results of these studies have demonstrated a common spatial association of
ore with the peripheries of sub-basins developed during sedimentation of the MCF (Figs 3.30, 3.31 and 3.32)
(Whyte et al., 1971; Voet & Freeman, 1972; Clemmey, 1976; Annels, 1986; Mendelsohn, 1989; Binda, 1994, 1995;
Selley et al., 2003, 2005). Although the paucity of drill-core at the NKM deposit coupled with anomalously high
strains in the southern part make analysis of this type difficult, it will be demonstrated below and in Chapter 4
that the general sub-basin geometry also holds for the NKM deposit which has previously not been recognised.
Despite the recognition of similar stratal/geometric relationships for Lower Roan Group rocks in many
deposits, the mechanisms of accommodation development are controversial. The root of the controversy is
whether accommodation development was achieved primarily through eustacy or tectonism. Supporters of
eustatic-dominated models (Whyte et al., 1971; Voet & Freeman, 1972; Clemmey, 1976; Binda, 1994) envisage
a ‘passive’ style of accommodation development in which depressions within a complex, pre-sedimentation
erosional palaeotopography were progressively infilled. Clemmey (1974) argued that differential incisement
of the land surface resulted from lithological variations in basement strata, the more resistant granitic rocks
forming basement “hills” or topographic highs (Fig. 3.30a). Lateral and vertical variations in basinal facies types
are thought to have been controlled by the competing affects of the rates of sediment supply and sea level
fluctuations.
Clemmey (1976) indicated sedimentation of the MCF commenced along the Kafue Landmass, which
lay to the north west of the area, and the resultant differential scarp retreat form a series of small outliers
and suggested the rate of retreat was controlled variations in basement lithologies, with areas of outcropping
granite of granodiorite forming the outliers (Fig. 3.30b). Richards (1965) noted distinct facies changes in the
basal portion of the COM occur above buried basement hills at several localities (400N and 500S SOB Shaft)
and rapid thickness variations within the MCF result in the KF being within 15 to 20m of the basement
complex. Beyond the immediate NKM deposit, Clemmey (1976) commented the broader basin development
and suggested that the whole Copperbelt would fit into a 30 by 60 km basin with the Kafue Landmass (now
known as the Kafue Anticline) at the centre of the basin.
Voet and Freeman (1972) envisaged that the passive deposition of the sediments into local northwest
trending palaeovalleys which attained depths up to 300m, with the basal conglomerate unit ranging in thickness
from 0 to 50m only being preserved along the flanks of steep sided basement ridges (Fig. 3.32). Whyte and
Green (1971) at the Chibuluma West Orebody concluded that the formation of anticlines and synclines in
the present folded structure were controlled by ridges and valleys in the original basement relief (Fig. 3.31).
Furthermore, they demonstrated that the presence of significant basement topography during the deposition of
the fluvial to aeolian footwall sediments (i.e. MCF) into valleys with a west northwest and northwest alignment
and the relationship of the lineation of the main depocentres was parallel to the paleocurrent directions.
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The Mindola Clastic Formation was predominately deposited in an alluvial-fluvial to deltaic depositional environment during the onset of rifting. Sediment input into the basin resulted from uplift along
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Figure 3.30. a). Schematic diagram using stacked sections to show the palaeogeography at the Chibuluma deposit (from Whyte
and Green, 1971). The palaeography is dominated by a significant palaeoridge which controlled the deposition of sediments
and also influenced later inversion structure. b and c).Previous work by Clemmey (1976) at the NKM deposit proposed a
paleogeographic setting which was largely controlled by the Kafue Landmass marking the east flanks of the depositonal system as
shown in these diagrams (from Clemmey, 1976). The broad characteristics of the NKM depositional system proposed by Clemmey
(1976) is for a passive margin basin evolution. d). Schematic diagram from Annels (1984). This model proposed an evolving rift
basin model for the Katangan Supergroup and suggested that the Katangan sequence is now preserved in a series of separated
structural basins with axes and locations are function of interaction between the Irumide (ENE) and Lufilian (NW) orogenic belts.
Deposition of the Mindola Clastic Formation
Furthermore Annels (1984)
suggested deposition occurred in a complex structural setting involving fault-bounded crustal blocks
within the limits of major bounding rift structures and proposed a 4-fold basinal model for the Lower and Upper Roan Groups of the
Katangan Supergroup. e). Previous mine interpretations of the palaeogeography at NKM (compiled from ZCCM reports).
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Those who ascribed to the “tectonic” school of thought (e.g. Annels, 1986; Unrug, 1988; Selley et al., 2005)
drew analogies between the stratigraphic architecture of the Lower Roan Group and that developed at the early
stages of rifting in both ancient and modern rift environments. Criteria considered to be diagnostic of rifting
include typical wedge-shaped or half-graben cross sectional geometries of MCF depocentres and partitioning
of talus breccia at sub-basin margins, suggestive of fault-scarp development (Annels, 1986; Unrug, 1988; Selley
et al., 2005). More generally, the stratigraphic architecture, which records a progression from early-formed,
compartmentalised, alluvial-fluvial-dominated depocentres (MCF depositional phases), to broader, sedimentstarved, marginal-marine-dominated depocentres (lower KF), and subsequent re-emergence of source areas
and relatively coarse-grained deltaic sedimentation (middle KF), is thought to record syn-rift, rift-climax, and
post-rift stages of basin growth, respectively. Although direct kinematic evidence for syn-depositional activity
on faults is in most cases lacking, the progression above is argued to relate to a fault propagation and linkage
history that is typical of rifting. That is, initial development of high density, discontinuous fault segments
bounding compartmentalised MCF depocentres, that link to form lower density arrays of semi-continuous
“master faults” at rift climax and the development of “master fault” arrays accommodating greater rates of
subsidence and broadening of depocentres.
Systematic west northwest- to north northwest-trends of depocentre axes in many deposits, a geometry
that was argued to reflect the principal orientations of early-formed growth faults. Moreover, trough axis
orientations were shown to be inherited by the axial traces of syn-orogenic folds (as previously recognised by
White and Green (1971), and Voet and Freeman (1972)), an important relationship, as it means the location
and geometry of Lower Roan Group depocentres can be established simply through analysis of fold patterns.
Examples of such basin architecture include in the Lower Roan Group at the Chibuluma West Orebody
was deposited within a series of west northwest-trending asymmetric depocentres, with basin growth being
controlled by an array of NNE-dipping growth faults Selley and Bull (2001) (Fig. 3.31). Furthermore, in the
northern part of the Chambishi basin small west northwest and east-west trending half grabens are interpreted
to represent the main extensional fault array, as documented at the Mwambashi B deposit (Selley et al., 2003)
(Fig. 3.31). These structures are commonly linked by less continuous northwest and north northwest trending
structures at the tip-points of west northwest-trending extensional faults. The west northwest extensional faults
are likely to have formed during NNE-SSW directed extension at the onset of the Katangan sedimentation.
The segmented form of extensional faulting is typical of the onset of rifting as discussed by Gawthorpe and
Leeder (2000) (Fig. 3.33). This complex fault array and resulting depositional sequence is typical of syn-rift
phase and Leeder and Gawthorpe (1987), Driscoll and Hogg (1995), Morley (1995), Redfern and Jones (1995),
Gawthorpe and Leeder (2000), Chantraprasert et al (2001), McClay et al. (2001), Mack et al (2002), Withjack et

OPPOSITE: Figure 3.31. Representations of the basin architecture at the time of sedimentation for the Mindola Clastic Formation
at the Chambishi SE, Mwambashi B and Chibuluma deposits of the Chambishi Basin (from Selley et al., 2003; 2005). a). Plan
isopach map of the thickness of the MCF at Chambishi SE with interpreted basin structures shown in black. Two prominent
structural grains are evident; NW and WNW. There is a distinct basement high (highlighted by the blue colours) in the centre of
the deposit. A-A’is the position of the drillhole fence. b). Cross Sections and corresponding restored cross sections from Selley and
Bull (2002) of the Chibuluma West deposit, which is situated on the western flanks of the Chambishi Basin. The cross sections
highlight the effect of the deformation upon the geometry of the Mindola Clastic Formation while the restored cross sections
demonstrate the compartmentalised nature of the basins controlling sedimentation of the Mindola Clastic Formation (from Selley
et al., 2003; 2005). Plan isopach map, idealised cross section and detailed cross section for the Mwambishi B deposit with strong
evidence of NW dominant structures and the small basin compartments controlling sedimentation of the MCF. The basin geometry
is interpreted to be controlled by the interaction of WNW ½ grabens and NNW-trending transfer system. c). Plan isopach map,
idealised cross section and detailed cross section for the Mwambishi B deposit with strong evidence of NW dominant structures
and the small basin compartments controlling sedimentation of the MCF. The basin geometry is interpreted to be controlled by the
interaction of WNW ½ grabens and NNW-trending transfer system.
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Figure 3.32. Schematic cross sections of the Nchanga deposit situated to the northwest of the NKM (modified from Voet and
Freeman, 1972; McGowan, 2003). a). Voet and Freemen (1972) proposed the Lower Roan Group to be deposited in passive
basinal setting, similar to that suggested by Clemmey (1976) for NKM. Sediment was deposited into northwest trending
palaeovalleys, obtaining depths of 300m and commonly having a significantly thick basal conglomerate package. b). Schematic
geological cross-section across the Nchanga Deposit showing fault controlled basin architecture to the lower portion of the
Katangan Supergroup (from McGowan, 2003). Note the increase in inversion-related deformation in the Lower Roan Group
directly overlying a significant basin margin fault.

109

A.

A'.

A.

B.

Figure 3.33. Published examples of well documented rift basins and schematic representation of basin evolution. a). The
Tertiary Sues Basin in Egypt clearly depicts the complex geometry and interactions of basin margin and within basin fault
segments which directly influence the sedimentary architecture of the syn-rift phase. The complexity of fault geometries
increases in association with large-scale transfer zones, where in some cases this results in compartmentalising of the larger
basin into sub-basins (from MacDonald and McLean, 2004). b). Detailed geological mapping from Young et al. (2003) of the
Thal Fault block within the Hammam Faraun Fault block, central dip province, Suez Rift. Mapping clearly shows the influence
of basin geometry on the development of different facies. Schematic representation of the palaeogeography and crosssectional geometry during the early and later rifting stages in the evolution of the eastern margin of the Hammam Faraun fault
block. The cross-sections clearly show how thickness and facies variations during the syn-rift are strongly influenced by the
compartmentalised architecture of the larger basin (From Young et al., 2003). The following section of this chapter will document
local evidence from the NKM area which will clearly show similarities to well documented case studies.
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al. (2002) and Withjack and Schlische (2006) document modern, ancient and experimental analogues of syn-rift
sequences, all of which show a complex development of fault segments (Fig. 3.33).
Three lines of evidence can be defined which resulted in the deposition of the fine-grained blanket over
the compartmentalised MCF including: 1). the ubiquitous progradational fan delta system within the upper
most portion of the MCF; 2). basin-floor subsidence producing subaqueous environment; and 3). the ‘death’
of the smaller fault arrays that controlled sedimentation of the MCF. During the early stages of the post-rift
sequence remnants of the older basin architecture may still preserved at some localities such as transfer zones
and fault segment boundaries. Localised facies variations such as carbonate reefal facies form or coarse-grained
fluvial rocks may occur at such localities (Fig. 3.31). The abrupt marine transgression in the rocks occurring at
the base of the KF, and with the expansion of the basin, record the evolution of an extensive master fault array
at the expense of smaller fault segments. This transition from rift-initiation to rift climax stage and evolution
of master fault arrays can lead to an abrupt transgression from terrestrial to marine deposits and increased
subsidence rates (Gawthorpe and Leeder, 2000; Sharp et al., 2000; McLeod et al., 2002).
On the eastern side of the Chambishi Basin a significant north northwest-trending graben system, which
hosts the NKM and Chambishi SE deposits, is interpreted to have formed along deep seated, pre-existing
basement structures. One important conclusion is that the geometry of the structures generated during the
Lufilian orogeny appears to exhibit signs of inheritance from early rift architecture. The fold patterns generated
during the Lufilian orogeny effectively mimic the shape and distribution of basin compartments generated at
the onset of rifting.
The regional stratigraphic framework and sedimentology of the Lower Roan Group at NKM has been
discussed in previous studies (i.e. Clemmey, 1976; Annels, 1989; Selley et al., 2003, 2005). However the three
dimensional arrangement of facies associations and its relation to basin evolution processes has received
relatively little attention apart from an earlier study by Annels (1989) and more recent studies by Selley et
al. (2003, 2005). The majority of deposit-scale studies have been completed on weakly deformed deposits
within the Chambishi Basin. These studies have relied heavily upon high density drillhole datasets, from which
isopach maps of the MCF can be made to allow for geological restoration to show sediment dispersal patterns
and the basin geometry. Moreover these studies demonstrate a close link between the basin geometry/facies
architecture and ore distribution (e.g Selley et al., 2005).
The aim of this section is to propose a basin evolution for NKM by integrating new stratigraphic
and sedimentology results, results from stratigraphic studies of smaller and less deformed Cu-Co deposits
conducted within the framework of the AMIRA P544 project and the present day published models for the
evolution of rift basins to propose some constraints for the basin architecture development at NKM. The
establishment of the basin architecture will provide a base framework for the examination of the relationships
between deformation and distribution of Cu-Co mineralisation.
3.9.2  Evidence of rift basin architecture at Nkana-Mindola
As stratigraphic data of the whole Lower Roan Group is restricted in areas at NKM, however the snippets
of evidence when assessed within the context of the previously described rift architecture models from wider
published models (e.g. Gibbs, 1987; Gawthorpe and Colella, 1990; Cohen et al; 1995; Driscoll and Hog, 1995;
Morley, 1995; Redfern and Jones, 1995; Gawthorpe and Leeder, 2000; Chantraprasert et al., 2001; McClay et
al., 2001; Mack et al., 2002; Withjack et al, 2002) allow for some inferences to be made regarding the basin
framework at NKM during the sedimentation of the Lower Roan Group. The key aspects of work are:
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• the recognition of lateral facies and thickness of the MCF and associated changes in basin geometry;
• the location of the laterally discontinuous facies at the base of the COM coincident with changes in the
MCF; and
• the inheritance of basin geometry by the Lufilian Fold patterns resulting in the fold patterns being similar in shape and distribution to basin compartments formed during rift initiation.
3.9.2.1 Rift Initiation – Mindola Clastic Formation (Synrift Phase)
Rapid lateral thickness and facies variations are a distinctive feature of the MCF at the NKM deposit. There
is little evidence that these variations are artefacts of folding or faulting which are related to post depositional
structural thickening or thinning. There are several localities at which partial or fully evidence of significant
facies and thickness variations in MCF have been recognised. Firstly and most significantly is the increased
thickness as well as variation in thickness of the MCF towards the north-western end of the western limb
of the Nkana Syncline recognised from surface mapping data (Fig. 3.34a). This increase in thickness is not to
be related to structural thickening during inversion. No preserved drillcore exists for this area, however preexisting surface mapping demonstrates significant thickness increases in the MCF, from ~50 m thickness to in
excess of 200 m as well as the development of basal conglomeratic/breccia facies adjacent to basement rocks.
Drilling also identified several topographic highs (areas of thin or absent MCF; locally referred to as ‘basement
summits’) within the more intensely folded portions of the stratigraphy. Significant changes in the strike of
the basement-MCF contact are coincident with mapped rapid changes in the thickness of the MCF and/or the
development of coarser grained conglomeratic basal facies (Fig. 3.34a).
The recognition of thickness and facies variations in the southern area of the western and eastern limbs
of the Nkana Syncline is somewhat more difficult due to the increase in deformation as well as the poor data
density. Despite the intense deformation, through the use of old mine level plan maps thickness variations
within MCF can be documented for a small area in the vicinity of SOB Shaft (Fig. 3.35). At this locality the
MCF pinches out, resulting in the juxtaposition of the KF directly overlying basement. Up dip, there is a
small (~500 by 800 m) three way pinch out of the basal sandstone member. To the northwest of the thin to
absent MCF region the unit appears to thicken however this is not conclusive due to limited data in the MCF.
Interestingly the contact between basement and MCF in this region is marked by the basal breccia facies
association (facies association MCF 1). This facies association has been interpreted as a talus breccia occurring
along the margins of an active basin. The same facies association has been traced down-plunge from the 1810L
to the 2880L, a down-plunge distance of 300m. The rapid lateral facies and thickness variations is interpreted
to suggest sedimentation occurred within a compartmentalised basin framework during the early syn-rift phase,
with sediment input directed into the basins through topographically low transfer zones into an axial fluvial
system.
The rejuvenation of fault activity during the synrift deposition is recognised across the NKM area by
the widespread distribution of a conglomeratic facies associations MCF 4 (Lower Conglomerate Unit) which
defines the base of the KAM (Fig. 3.34b). The relatively widespread distribution of this conglomeratic facies
in the southern and northern areas of NKM indicates uplift along all major basin bounding faults as well as
some intra-basinal faults. The fining upward transition to a sequence of interbedded argillite and sandstones
is interpreted to record a period of waning tectonic activity, decreased accommodation space and a shift to
a subaqueous sedimentation environment (facies association MCF 5). The upper most portion of the KAM
is frequently marked an upward coarsening cycle of coarse-grained sandstone to conglomerate recording
increased sediment into the basin interpreted as the beginning of basin reconfiguration and shift to rift climax-
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Figure 3.34. Simplified surface geological map of the western limb of the Nkana Syncline and a schematic palaeogeographic profile
showing the development and limited lateral extent of the conglomeratic/breccia facies MCF 1 at the base of the Mindola Clastic
Formation (modified from Clemmey, 1976 and ZCCM internal report 2387, 1978). Surface mapping clearly shows distinct change
in the geometry of the basement-MCF contact and the limited lateral distribution of the conglomeratic and breccia facies within
previously interpreted palaeovalleys. Selley and Bull (2002) documented a very similar architecture at the Chibuluma West deposit
and, due the availability of drillcore information, were able to reconstruct the rift basin geometry (see figure 3.33) showing a
close relationship between defined palaeovalleys and the reconstructed rift basin centres and the distribution of the conglomeratic
facies along the margins of basin bounding and/or smaller segment faults. Subtle changes in the fold axis trends can be seen with
changes occurring near distinct changes in the basement-MCF contact. The basement-MCF contact exhibits abrupt changes in
strike and the changes coincident with thickness variations in the MCF. It is interpreted in this study that such prominent changes
in the strike of the contact are inherited from the original basin architecture, likely to reflect the variations in geometries of the
sub-basins during the syn-rift phase (deposition of the MCF). Complex variations in strike of basin faults and geometries of basins
is typical of syn-rift phases (see Figure 3.33).
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post-rift phase (Selley et al., 2005).
The similarity of the facies and facies geometries of the MCF across individual basin compartments
suggests that rates of accommodation, the fault reactivation histories, provenance and the geometries of basin
compartments are similar across NKM. Along the eastern limb of the Nkana Syncline at NKM the synrift
phase of deposition is interpreted to have been controlled by a complex, predominately north northwest
extension fault array with interference from west northwest structures at linkage zones. The complexity of
the zone increases towards the south. However within the western area this appears to shift to major west
northwest structures, with interference from northwest striking features (Fig. 3.34a). The depositional sequence
and interpreted complex fault array proposed for the MCF is typical of syn-rift basin phase (e.g. Leeder and
Gawthorpe, 1987; Lambiase et al. 1999; Gawthorpe and Leeder, 2000).
3.9.2.2 Rift Climax and Post Rift – Kitwe Formation
Each of the individual members of the KF are recognised across the whole of the Nkana-Mindola deposit
and grossly have laterally consistent sedimentary facies, thickness and facies architecture. The only recognisable
exception to this are localised facies changes occurring at the base of the COM which will be discussed further
in the following section. The basin architecture of the rift climax phases can still be recognised, particularly
through the recognition of localised facies variations in the basal portion of the COM. The facies changes
are directly related to local variations in the fault array at the onset of deposition of the KF, the beginning
of the rift climax phase. The abrupt marine transgression and the shift to more laterally extensive layer cake
stratigraphy of the units record the death and/or linkage of the discontinuous syn-rift fault segments and a
shift to a wider space, laterally continuous basin margin faults which is accompanied by a lack of coarse-grained
facies typical of proximal fault locations. The linkage of the faults was accompanied by increased subsidence
and accommodation space across the basin, associated with increased displacement along the faults as linkage
occurred. Furthermore the onset of the rift climax resulted in sediment starvation and the deposition of the
fine-grained facies within larger basin resulting from the linkage of many of the early faults.
At NKM, there are several easily recognised and previously documented facies variation in the basal
portion of the COM (Fig. 3.35). On the larger scale the transition from the argillite-dolomite of facies
association COM 1 in the northern area to the carbonaceous black shale of facies association COM 2 in the
south, potentially also does indicate larger basin geometry changes. At a more refined scale, the arenaceous
facies association COM 3 has been identified at two localities (Fig. 3.35). The position of both these localities
is coincident with thinning of the MCF and the No 3 shaft locality is also associated with significant changes
in the strike of basement-MCF contact (Fig. 3.35). The coincident of changes in the thickness of the MCF and
the strike of the basement-MCF contact suggests that the sedimentation of this facies association occurred at
breaks or offsets in the segmented fault systems that were still active during the early stages of the sedimentation
of the KF, and as such were supplying localised fluvial input into the basin.
The laterally restricted, carbonate dominate facies association COM 4 has been identified at three
localities at NKM (Fig. 3.35) and the carbonate facies association identified at SOB Shaft is coincident with
the previously described thinning of the MCF (Fig. 3.37). To the northwest, the Kitwe Barren Gap is the next
occurrence of this facies association. This facies association is also associated with a thinning of the MCF, as
well as up and down dip laterally changes in the facies associations at the same level. The third locality at which
facies association COM 4 has been documented is at the northern end of the Mindola Pit in the area referred to
as the Ichempe Barren Gap (Fig. 3.36). No study of the rocks at this locality was possible however pre-existing
surface mapping reveals this carbonate facies association at the base of the COM is coincident with thinning
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Figure 3.36. a). Simplified plan geology
map of the region from the Mindola Pit to
the Chambishi SE prospect. Changes in the
strike of the basement-MCF contact are clearly
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the identification of carbonate facies in the
basal portion of the COM (compiled from ZCCM
geological plans). b). Fence diagram across
the Ichempe carbonate barren gap highlighting
the change in thickness of the MCF as well
as the position of the carbonate barren
gap immediately overlying the basement
block (modified from ZCCM mine plan). c).
Stratigraphic Sections from drillcore logging
through the portions of the Mindola Clastic
Formation at NKM. The datum for all the
sections is the contact between the Mindola
Clastic Formations and the Copperbelt Orebody
Member. Note the different vertical scales
between each log. The purpose of this diagram
is to show the recognition of a significant
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OPPOSITE: Figure 3.38. Proposed tectonic evolution model of the Lower Roan Group at NKM, as discussed in the text.
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of the MCF as well as significant changes in the strike of the basement-MCF contact. Furthermore, to the
north-west sub-wave base argillite dominate, while to the south-east argillite-dolomite rocks are characteristic,
suggesting that this change in the basin architecture is more broadly influencing the sedimentation of the larger
scale facies associations of the COM (Fig. 3.35).
One of the more widely recognised and documented lateral facies changes at NKM, is the transition
from the northern dolomite-argillite facies to the southern carbonaceous-carbonate argillite facies within the
COM. Despite no direct evidence, this larger scale change in the facies association is interpreted to reflect a
broader, yet subtle change in the geometry of the original basin, likely to have been influence by the linkage
fault segments. The shift to carbonaceous shale-argillite is virtually coincident with a change in the strike of the
basement-MCF contact at Central Shaft and is in the immediate vicinity of the large Kitwe Barren Gap (Fig.
3.35). The contact shifts from striking northwest in the southeast, to N-S for approximately 1km and then shifts
back to northwest striking contact.
The individual members of KF are recognised across the whole of the Nkana-Mindola deposit and also
have a very consistent sedimentary facies and architecture, aside from the localised facies changes described
above supporting the amalgamation of two main sub-basins by the onset of sedimentation of the Rokana
Evaporite Member. The period of sedimentation covering the middle to upper KF records the waning of the
main rift event and the establishment of subsidence driven stable platform. During this post-rift stage, the
occasional reintroduction of coarse-grained clastic material with fining upward character (NQM) marks periods
of increased tectonic activity followed by waning periods as source areas become denuded and accommodation
space is filled within the depocentres.
Annels (1984, 1989) suggests a major northwest to west northwest trending rift basin extended from
the Roan and Chambishi basins in the south-east to beyond the Konkola Dome in the northwest. This larger
scale basin significantly influenced the deposition of the KF and higher stratigraphic formations of the Roan
Supergroup. At the far northern end of this proposed basin by, Pollington (2002) documents a coarse-grained
sandstone-argillite mid-fan deltaic package of rocks at the Konkola North prospect, with a reduction in grain
size to the south, which are of stratigraphic equivalence to the fine-grained argillite-shale of the COM and
REM at NKM and elsewhere within the Chambishi Basin. The presence of the coarser grained facies suggests
that with the onset of tectonic activity a local sediment source once more became important.
No stratigraphic study of the Upper Roan and lower Mwashia Groups was undertaken during this
study. The platformal mixed carbonates, finer grained clastic rocks and evaporitic sequences of these two
groups were deposited during this tectonic stable period with regional subsidence being the main driver for
generation of accommodation space. Mafic extrusive and gabbroic rocks within the Mwashia Group and the
overlying Kundelungu Groups indicate increased extensional tectonic activity during the deposition of these
rocks (Sweeney and Tembo, 1987; Kampunzu et al., 2000).
Despite not being able to directly reconstruct the basin evolution and basin geometry of the Lower
Roan Group at Nkana-Mindola from sedimentological data and complete sedimentary profiles, the ability to
document small, yet significant pieces of the puzzle within the basin evolution framework of published rift
models (i.e. Gawthorpe and Leeder, 2000; Gawthorpe et al., 2002) demonstrates that the sedimentation of
the Lower Roan Group resulted from sedimentation related rift basin evolution and not from passive basin
development. The significance of the rift initiation fault array on sediment dispersion during the sedimentation
of the MCF is recognised, along with the influence of portions of the rift initiation fault array during the onset
of sedimentation of the KF at the rift climax phase. The rocks of the Lower Roan Group at Nkana-Mindola
represent only a small percentage of a larger rift system which is preserved to the south and to the north of
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the Nkana-Mindola deposit. Importantly the significant change in basin configuration between the MCF and
the KF influenced subsequent basin inversion, basinal fluid migration and ultimately the distribution of copper
sulphide minerals, all of which will be discussed in the following chapters.

