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Abstract

The Kraaipan granitgreenstone terrane, which straddiee North West provincef South
Africa and the Southern distriof Botswanajs comprised ofour linear northrsouth trending
greenstone belts namely, Stella, Kraaipan, Madibe and Amalia. Banded iron formatien (BIF)
hosted gold mineralisation is present within the Kraaipan Gteea Belt(KGB) in South
Africa at the currently producing Kalahari Goldridge miag well aotherdefunctmines and
historical occurrences. There are no known gold depalsitgjthe Botswana&xtension of the
KGB where thebelthas a strike length aver 40 km.

A review of historical data suggests ththe KGB is largely unexplored in Botswana, witlost

of the beltcovered by younger strata (Transvaal Supergroup and Kalahari Gfougyaluate

the gold potential of th&GB in Botswanafield mapping and observations were integrated
with historical geological and exploration datasets to produce an updated geological

interpretatiorof the KGB.

A Kalahari sedimentthickness map was congtted from historical borehole datato
differentiae between areas of thicker and thinner cover. Thicker cowaplicates mineral
exploration in particular thenterpretation of soil geochemistry resudtsd mining Satellite
imagery was used effectiyefor geological and regolith mapping. Higbsolution Bing
imagery was particularly effective at accurately mapping rock fabric, folds, and faults in areas
of outcrop and subrop. Landsat 8 data was used to identify reflectance signatures associated
with various types of regolith from which provenance predictions can be used to understand

the nature and source of soil geochemical anomalies.

Magneticdatais the mosteffective geophysical dataset for mappitige KGB lithologies
including the higkinterestgold-bearingBIF, dueto adistinct magnetic responselative to the
encompassingranitic rocks. Ultrehigh-resolution magnetic data collected over part of the
study areavas used tobetter resolg the extension of the K8 into the studyarea;accurately
delineatelithological contacts andtructuresandto identify high-interest exploration target

areas.

Down-hole multielement data was evaluatdcom four drill-holes which historically
intersected elevated gahdineralisationin all instances thgold mineralisation waassociated

with greater than 15 weiglptercent iron, confirming gold affinity with strongly iraxidised



rocks. Silver, copper, nickefrsenic, antimony, selenium and bismuth displayed excellent
downthole correlations with goldherefore their usefulness as gold pathfinder elements in this

geological setting should not desregarded



Acknowledgements

| wish to thank my employer Mineral Servid®@etswandaor not only allowing me to conduct

this study but also funding it. In addition, they allowed me to use company resources and some
of their own data, without which this research project would not exist. Dr Asinne Tshibubudze
and Conrad Ockeprovided invéduable feedback which helped to improve the thought process

and structuring of this research project.



TABLE OF CONTENTS

R 11 o o [¥ o o o TSR RTRPPRIN 1
I R = T3 (o | {11 T SRS 1
1.2 AIMS QNd ODJECHIVES......cocei ettt ee et enneeaneees 2
1.3  Report/Thesis OrganiZation..........ccc.coieiieeieeiie et 3

A S =To (o] 0 T U €1 =To] (o0 Y PP TP PP PURTTPPRN 4
2.1 GreeNStONE FOCKS. ... .oo ittt ettt e te s e eneeeneens 5
2.2 Granitoids (graniteS and gNEISSES)......cccciiieriiierieiereeie et 6
2.3 DEIOIMALION... ..ot ettt aeeneas 8
2.4  Kraaipan granitgreenstone gold mineralisation.............cccocevvieninienciie e Q

2.4.1 Kalahari Goldridge MINE..........cooviviiiiiiiiiime e e 9
2.4.2 BlUE DOt DEPOSIL.....cceiiiiiiiiiiiiittreer bbbt eeee e a e e e 11

3 MELNOUOIOGY. ...ttt 14
3.1 Magnetic data acquisition and interpretation...............cccccevvevieeieeneesie e 14
3.2 Kalahari iISopach Map...........cccooiiiiiiiiieiec et 15
3.3 Photogeology and RemMote SENSING........cccueiiuieiieeiie i 15
3.4 Geological field mapping and groidithing...........ccooceviiieiiiieniie e 16

4 HiStOriCal dat@ FEVIEW.......ciiiieeee e e e et ee e eeennnnnen 18
4.1 Geophysical SUNVEY data..........c..cceeiiiiiieeciie et 18
4.2 Kalahari isopach Mmapping........cccooeeiiiiii e 22
4.3 GeologiCal MAPPING.....ccoi e 24

4.3.1 Satellite imagery and remote SENSING...........coeevvviivviimeeeeeeeeeeeeen 24
4.3.2  Field Mapping....cccccoooiiiiiiieeeee e e e e e e anas 30
4.4 Geochemical data and analySiS........ccccoovieriiiiniiie s 34
4.4.1 Geochemistry from soil samples..........cccoooeiiiiiiiiccciiii e 35
4.4.2  Historical Drilling results........cccocovviiiiiiiiiiieeee e ereeee e AL

LI B =T ol B S [ PP PPPPPPPUPPPPRPP 48

5.1 BIF hosted gold EPOSILS.......c.cciuiiiiiieiiieiesie et 48
5.1.1  HOMESIAKE MIN@....uuuiiiiiiiiieee et 48
5.1.2 Challenger DEPOSIL........cccoiiiiiiiiie i ieeee e eeeer e e 51

5.2 General geology and the potential for Kraaipan gold exploratian................... 53

G @] o o] 111 [0 - PRSP 60

A =] (=] (=] [ 2 TP 62



LIST OF FIGURES

Figure 1. Locality map showing the study area as well as the greenstone belts.......... 2
Figure 2. Distribution of the various greenstone belts and fragments on the KaapvaabCraton.
Figure 3. Map depicting a generalised geological map of the Kragi@antegreenstone

terrane within the Kimberly Block of the Kaapvaal Cratan..............ccccevvvvveeee 7

Figure 4. Overview map of the Kalgold Mine; a crgsstion of the EZone deposit; and some
(o111 =] ST i o] KPP PP PO PP PP PP PP 10

Figure 5. Group Il veins occurring within the mineralised and altered BIF.................. 11

Figure 7. Maps depicting different filter images of regional magnetic data collected at 250 m
[INE-SPACING OF WIHEc....ciiiiiiee et e e e e e e e e ean 19

Figure 8. Maps of the area with supposed namistern extension of the Kaaip&@neenstone
Belt where higkresolution magnetic data was collected................cccvvvvmnneee. 22

Figure 9.Location maps of historical boreholes from which Kalahari thicknesses were derived.
......................................................................................................................... 23

Figure 10. Maps depicting interpolated Kalahari isopach maps.............cccooevieeevnnnnns 24

Figure 11. Higkresolution Bing satellite imagery over an area of rock exposure, and the
structures mappable from the Image...........ooovviiie e 25

Figure 12. Lands&® colour composite images, where the linear nediith BIF outcrop
occurs within the yellow outhing...............oooiii e 27

Figure 13. Spectral reflectance of jarosite, hematite and geothite (from the USGS Spectral
LI Y ) e —————————— 28

Figure 14. Thematic map generated through supervised classification from Labdsdtt3
multispectral data, using growtidithed RIOS.............ccoooiiiiiiiiiiee e, 29

Figure 15. Different rockanits that were encountered during field mapping................ 31

Figure 16. Photographdisplaying some of the structural features that were observed during
1L (o I g pF=T o] o] 1o o TR TP PP PP UPTPP PP ITPPPPPPP 33

Figure 17. Geological maps of the southern part of the study area, created from field mapping
AN SALEIIITE IMAGEIY - ittt rr e e e e e e e e e 34

Figure 18. Locations of historical soil samples with assay results within the study.argé.

Figure 19. Soi |l sample results for the 0Soi
SALEIITE IMAQGE ....eei e e e e e e ene e e e eaaan 38

Figure 20. Location maps of O0Soil s&@Rm@l|ing 2
= T T PSPPSR 41

Figure 21. Locations of historical boreholes within the Kraalpesenstone Beli............. 43

Figure 22. Dowrhole geochemical logs of four boreholesntaining historical gold
] (=] £ o 10 ] o 1SS 47

Figure 23. Maps depicting an overview of the Homestake Mine locality as well as the geology
of the mine area and Ore depPaSIL..............covviiiiiiimeereee e 50

Vi



Figure 25. A: vertical profiles of Au and Ca in calcrete samples within the Challenger deposit.

......................................................................................................................... 53
Figure 26. Interpretation maps of the NW area of the Kraaipan Greenstone Belt where high
resolution magnetic data wasllected..............coooiiiiiiiiiiiieen e 56

Figure 27. Distribution patterns of selected elements in regolith alsegti@n overlying the
D-Zone orebody of Kalgold MiNe...........ocooiiiiiiiiiiiaeeee e 58

vii



LIST OF TABLES

Table 1. Correlation matrix of Au, ..Cu37and Ni

Table 2. "Soil sampling 2" correlation matrix for selected potential gold pathfinder elements.
......................................................................................................................... 39

Table 3. Summary of Reuni on Miersectiogsdvshinthe st or i
Kraaipan greenstone belt of Botswana..............ccoovvviiieeei e 42

Table 4. Summary of Laconia Resources' mineral intercepts within the Kraaipan Greenstone
Belt Of BOISWANAL..........ccciiiiiiiiiiie ettt e e snmnne e A3

viii



LIST OF ABBREVIATIONS AND ACRONYMS

AS
BIF
ECW
Esri
FVD
GFAAS
GPS
JPEG
Kalgold
KGB
MLEM
PNG
ppb
ppm
QGISs
ROI
RPAS
RTP
SRTM
THD
T™I
TTG
USGS
VTEM
WGS

Analytical Signal

Banded Iron Formation

Enhanced Compression Wavelet
Environmental Systems Research Institute
First Vertical Derivative

Graphite Furnace Atomic Absorption Spectrometry
Global Positioning System

Joint Photographic Experts Group
Kalahari Goldridge

Kraaipan Greenstone Belt

Moving Loop Electromagnetics
Portable Network Graphics

parts per billion

parts per million

Quantum Geograpbilnformation System
Region of Interest

Remotely Piloted Aircraft System
Reduceeto-Pole

Shuttle Radar Topography Mission
Total Horizontal Derivative

Total Magnetic Intensity
Tonalitetrondhjemitegranodiorite

United States Geological Survey
Versatile Domain Electromagnetics

World Geodetic System



1 Introduction

1.1 Background

The study area is located within the Southern District of the Republic of Botswana, 55 km
southwest ofLobatse Figure 1). It is underlain by Archaeaaged rocks of the Kraaipan
granitegreenstone terrane which hosts numerous gold mines and occurrences, including two
notable deposits in the Republic of SoutnAfc a, namel y Kal ahari Gol di
and Blue Dot deposit (Figures 1 and Jhe Kalgold mine hostedvithin the KGB,
approximately 55 km southwest of Mahikeng, is the most significant gold deposit within the
Kraaipan granitgreenstone terrandhe minewas commissioned in December 1988h
currentgold production in excess of 40,000 ounces per anaaoha current life ahine of 11

years The Blue Dot deposit is located furtlsauth withinthe Amalia Greenstone Belhd has

an indicated ramurce of 76.6 Mt at 3.2 g/t gold. &ddition, thereare a number of smaller gold
occurrencewithin the granitegreenstone terrane in South Africa, including the Madibe, Muirs

and Gemsbok Pan gold occurrendégiirell).

Despite the presence of the known gold deposits and occurrences in South Africa, only a few
notable gold exploration programmes have heeried out over the KGB in Botswana. These
programmes were carried out by Reunion Mining in the late 1990s; Tau Mining in the mid
200060 s; Di scovery Metals Limited between 20!
2016 and 2018. Due to this limited anmb of work: (a) the extent of the KGB in Botswana is

poorly constrained; (b) the lithostratigraphy is poorly understood and (c) the gold

mineralisation potential is largely unexplored.
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1.2 Aims and Objectives

The current study is aimed gaining a better understanding of the extent and nature of the
KGB in Botswanawhich islargelymaskedoy thick and extensive Kalahari Group sediments.
The same is true in South Africa, where the terrane is cover¥@mgrsdorp andransvaal
Supergrouprocks as well asyounger Kalahari sediment¥he geological unit of particular
interest within the volcansedimentary assemblage of théB is theBIF, as it hostshegold
mineralisation athe Kalgold Mine Thereforea betterunderstandingf this geobgical unitis

important to determine the potential of thKGB in Botswanato host economic gold

mineralisation To that end, the following tasks were carried out:




I. Integration and interrogatiaof historicalexploration datasets twetterunderstand the
geological, geochemicand geophysicgiroperties of thé&GB.

il. High-resolution magnetic dataas collected over an are&interest within the study
areaandused fordetailed geological mapping.

iii. A Kalahari thickness map was created frbistorical exploration and water borehole
datasets.

Iv. Satellite imagery and remote sensing datas used for geological and regolith
mapping, particularly in areas of outcrop and-stdp.

V. An updated geological mapas created with the focus defining highinterest targets

for gold exploration.

1.3 Report/Thesis Organization

Chapter lis an introduction to the study arddistorical work that has been conducted within

the areawith respect t@old mineralisation is introduced®here gaps in undgganding of the
areawere identified, plans have been laidt to address #m Chapter 2 summarises the
regional geology of the greater Kraaipan gragiteenstone terrane as well as that of the study
area. A deformatiaal history of the area is outlined based on literature revidw. geology

and mineralisation of two knowgold deposits within the terrane are summarised.

Chapter 3 details the methodologies which were applied in carrying out the aims and objectives
of theresearclproject. Rationales for conductipgoposed work programand their relevance

to the currentesearch project area are explained.

The details of how the different work components of the project were conducted are presented
in Chapter 4Datasets such as drilling, geochemical datdgeophysicswhich were obtained

from historical work programsiavebeen collatecnd interpreted to create products such as
isopach maps, geochemical maps dadn-hole plots. Additional data were collected during

the research process through fiedahd desktogpased workChapter 5 discusses the results
obtained wih respect tdhe prospectivity of the study area for gold mineralisatibwo gold
deposits that occur outside of the Kraaipan gragriéznstone terrane (and the Kaap@aton

at large) are presentadorder that they can be compared with shely areaPotential target

areas that warrant investigation within the study area have been ide@ligoker Goresents

the concluding remarks.



2 Regional Geology

The Kaapvaal Craton is endowed with large areas of granitoid gneisses which conta@dinfol
greenstone belts or remnants thereof (Brandl et al., 2006). The most famous of the greenstone
belts within the craton is the Barberton Greenstoneg #®ith is oneof the oldest greenstone

belts in the world, andhistoricgold mining district (Pearbn and Viljoen, 2017)A prominent
north-south magnetic feature known as the Carlsberg Magnetic Anomaly (or the Carlsberg
Lineament) subdivides the Kaapvaal craton into eastern and western domains (where the latter
is generally referred to as the KimbeBYock or TerraneFigure2). The rest of the Kaapvaal
Blocks occureast of the Carlsberg anomadpnd include theWitwatersrand, Swaziland and

Pietersburg.

The Kimberly Block, which straddles northern South Afacal southern Botswana, hosts the
Kraaipan granitggreenstone terrane (Mapeo et al., 2004 and Ramotoroko et al., 2016). The
Kraaipan granitgreenstone terrane is comprised of granitaiddthree sukparalle| north-

south trending greenstone belts, known from west to edbe&iella, Kraaipan and Madibe
Greenstone Belt (Figures3). A fourth greenstone belthe Amalia Greenstone Belbccurs

within the Kimberly Block south of the town of AmaliBrandl etal., 2006)

Rocks of the Kraaipan granitgeenstone terrarareincredibly difficult to study due to the

fact that they are poorly exposed. The thick and extensive Ventersdorp Supergroup sequence
overlies and obscures a large portion of the terrane. §@urertiary to recent Kalahari Group
sediments in turroverliesthe Ventersdor@Bupergroupand the granitgreenstone terrane,
obscuring it even further (Anhaeusser and Walraven, 1997; Pouljo et al., 2005; 2008; Ranganai
et al., 2017). In addition to beajrcovered, the terrane owes its poor exposure to the fact that it

is generally comprised of rocks (granitoids and mtdcanic rocks) that are prone to
weathering. It has therefore been studied mainly through the use of geophysical techniques
(mainly gravty and magnetics); drihole intersections (exploiah and water boreholes);
localised mining activities (particularly #te Kalgold ming and limited field mapping from
sporadic outcrops and swbops (riverbeds and local weatherrggistant whaleb&aidges of

banded iron formations).
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2.1 Greenstone rocks

All of the greenstone rocks known within the Kraaipan gragigenstone terrane have been
attributed to the Kraaipan Group except for the Marydale Greenstone 8aitelosure of

the Kraaipan Group rocks precludes determining a definitive stratigraphic column of the
succession, and thus it has been poorly recorded. Anhaeusser and Walraven (1997) mention
that the most complete succession of the Kraaipan Group, wldohsidered the type locality,
occurs north of the Kraaipan railway siding but, even there, the exposure is limited. The
Kraaipan greenstone succession predominantly consists of mafic volcanoclastic assemblages

interlayered with ferruginous and siliceamgtasedimentary rocks. The volcasedimentary
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succession has been categorised into three formations which occur in the following
chronological order: Goldridge Formation, Ferndale Formation and Khunwana Formation
(Mapukule 2009, Harmony 2019).

According to Brandl et al. (2006) the Goldridge Formation occurs at thedbdse Kraaipan
Group and is comprise@l of amphibolites (mafic metaolcanic rocks) and associated iron
formations as major constituents, while phyllites, schists and clastic sedimamts®cainor
constituents. The metavolcanic rocks generally display and are characterised by-chlorite
actinoliteepidote alteration assemblage, typical of greenstone rocks. The iron formations
consist of alternating laminae of silica rich (chert) and-oritle rich hematite, goethite and

magnetite units.

The Goldridge Formation is structurally overlain by the Ferndale Formation, which is
comprisedmainly of chert that is both ferruginous and jaspillitic. The chert is interlayered with
felsic volcanic rock which are rhyolitic in composition. The Ferndale jespillites consists of
cryptocrystalline quartz and poorly define magnetite layers and is not known to exist in the
Madibe Greenstone Belt (Keyser and Du Plessis, 1993).

The Khunwana Formation forms thepper part of the Kraaipan Group and is apparently
lithologically very similar to the basal Goldridge Formation. It consists of mafic-uzdtanic

rocks whose deformation ranges from fexistent to intense (Brandl et al., 2006). The mafic
volcanic rocksdisplay amygdaloidaltextures andpillow structures,suggesting aasaltic
protolith formed within asubaqueous environment. Where the Ferndale Formation is absent,
the Khunwana Formation conformably overlies the Goldridge Formation, but even so, it is

absent in the Madibe Greenstone Belt (Keyser and Du Plessis, 1993).

2.2 Granitoids (granites and gneisses)

The greenstone belt rocks occur in association with granitoids wiere emplaced
episodically into the Kraaipagranitegreenstone terrane. The intrusive relationships between
the granitoids and the greenstone rosksoorly understood due to limited exposure (Elburg

and Poujol, 2020). The granitoids of the terrane occur as different varieties, all of which contai
xenoliths of amphibolites and banded iron formations of the Kraaipan Group succession
(Anhaeusser and Walraven, 1997). The authors concurred with previous works proposing a

threefold subdivisiorof the granitoids, primarily based on exposure in differemalities

6



These include(a) foliated leucogranites and migmatitels) {ine to mediuragrained pink or
grey homogenous granitoids which are generally massive, although locally weakly foliated

and, €) coarse to very coarggained pink granites.
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Figure 3. Generalised geological map of the Kraaipan gragieenstone terrane within the
Kimberly Block of the Kaapvaal Crat@howing locations of active mines, defunct mines and
gold occurrencesThe overview map is a cropped version of Figuréviadified from Poujol

et al.(2008.



Thegranitoids aralso distinguishebased on geochemical and petrological data. These were
classified broadlyinto: (a) tonalitetrondhjemite granitoid (TTG) gneissic suite with low
NaO/K20 ratios; (b)K20-rich syenogranites and granodiorites; and<(g)-rich adamellites
(Figure3). In places, the TTG gneissic rocks have been intruded by the graneddaitesllite

suites providing an agelationship betweaethe two granitoids

An age of 3008+4 Ma was obtaintat the TTG suite Figure 3), which represents the oldest
known age of a granitoid within the Kraaipan graigiteenstone terrane (Poug05; 2008).
Ages of 2884+2 Ma and 2836+22 Ma were releal respectivelyor the ShweizerReneke
adamellite and the Kraaipan granodicaamellite by Anhaeusser and Walraven (1997). The
youngest granitoid within the terrane Haeenrecorded in southern Botswana at 2782+6 Ma
by Mapeo et al. (2004). This age is generally usefix the minimum age of the Kraaipan

granitegreenstone terrane.

2.3 Deformation

At least three phases of deformation, D1 to D3, have been recognised within the Kraaipan
greenstone belts (Aldiss, 1985; Hammond, 2002; Mapeo et al., 2004; Hammond and Moore,
2006; AdamkeAnsah et al., 2013). D1 resulted in widespread regional deformation of the
greenstones, characterised by penetrative Jpgllel foliation. All four greestone belts

within the Kraaipan granitgreenstone terrane display a similar attitude, whereby the exposed
BIFs exhibit a strong penetrative fabric that is parallel tearallel to the overall trend of the
greenstone belts. This observation has latiedikelihood that significant subparallelfault

or shear zonwas active duringheD1 event (Anhaeusser, 1991). Hammond (2002) noted the
foliation at Kalgold to be more pronounced in the phyllosilicates and carbonates, and its
average orientation tee consistent with the regional trend of the greenstone belt at the mine
locality. In the Amalia Greenstone Belt, Anhaeusser (1991) observed strong pervasive
deformation in the exposed greenstone lithologies and postulated that this, together with the
trerd of the formation could be suggestive of an occurrence of a coincident major shear zone
or a series of shear zon@$ieoccurrence oAmylonitic zoneand gossanous schist in the Blue

Dot deposits supporthis theory

D2 was largely ductile and acconmpad by crustal shortening, resulting in tight isoclinal

folding; boudin formation and shearing within the BIF (Hammond, 2002). The deformation

8



event was for the most part not pervasive enough to cause significargmtion ofthe D1

structures. The Deventrepresentethe mineralising event and controlled the geometithef

lode system, which is characterized by shalthpping extension veins seenthe Kalgold

Mine (Hammond, 2002)At the Blue Dot deposihanhaeusser (1991) noted that D2 may have

resulted fromgranitic plutonismcausingboudinaging of the cherich layerswithin the BIF

and formation of podike features within it which were subsequently mineralised the

Goudplaats MineD2 is likely to haveransitioned to brittle deformatipnesulting in extension
fractures observed by Hammond (2002) at Kal ¢
events at Mosi ridge in southern Botswana nddddntrafolial minor folds. These tight to

isoclinal folds rotated during D2 such that thediahplanes arerientedargely subparallel to

the D2 foliation planes.

D3 resulted from regional extension, causing development of broad open folds with easterly
dipping axial planes and localised zones of shearing/faulting (Hammond, 2002). D3 is
represented by a lagtage right lateral movement which caused rotational slip; formation of
NE-SW shears; formation of beddupgrallel slips; and brecciation. This latage brittle
deformation phase was also responsible for mineralisation as thegtaerst are enriched with

sulphides and associated gold mineralisation within the BIF (Anhaeusser 1991).

2.4 Kraaipan granite-greenstone gold mineralisation

Two significant gold deposits are hosted within the Kraaipan grgréenstone terrane,

namely the Kalahari Goldridge Mine which occurs within K@B and the Blue Dot Mine

hosted within the Amalia Greenstone Belt (FigLk¢o 3). Smaller mines were a®pened in

the past at Madibe (approxi mately 20 km SW o
due to inconsistent gold grades after the secondary supergene enrichment zone had been
depleted); Muirs Mine (immediately north of the Kraaipan siding) another localities
(Anhaeusser, 1991).

2.4.1 Kalahari Goldridge Mine
The gold mineralisation associated with the Kalahari Goldridge deposit extendsaattth
along a strike of approximately 6.5 km and varies in width between 15 m and 45 m (Hammond
and Moae, 2006; Hammond and Morishita, 2009) and a depth of more than 300 m below
surface. The deposit is subdivided into four mineralisation zoaeelythe D Zone; A Zone;
Watertank and WindmillKigure4a). The D Zone is the largest and the most significant in

9



terms of gold mineralisation. The D Zone has however, largely been-mineshd production
is currently active in the A Zone pit (R&an and Viljoen, 2017). Exploration is currently

underway along strike of the Kalahari Goldridge mine.

According to Hammond and Moore (2006), the geology of the D Zone is comprised of mafic
schists within the footwall, which are overlain by Bhestingthe gold mineralisatiorHgure

4b and4c). The hangingwall overlying the BIF unit is comprised of clastic metasedimentary
units (graded Boumaycle units commencing with conglomerate, followed by greywacke and

terminating with a phyllitic cap).

a c
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Figure4. a) Overview map of the Kalgold deposit. b) Cragstion of the now minedut D
Zone deposit showing distribution of gold mineralisation of the orebody. c) Simplified drill
logs showing deposit lithologies and average gold grades (from Hammond and Mooje, 2006

The gold mineralisation forms a strataimd deposit hosted by the BIF uniiqure 4b).
Hammond and Morishit€?2009) recognised three sets of veins at Kalgold (Group I, Il and 1l1),
where Type Il are confined to the BIF, and are the only set associated with gold mineralisation.
Gold mineralisation is controlled by three aspects namely, lithological competertcgston

host rock geochemistry and structure.

The role of rock competency is displayed by the fact that the mineralised BIF is brecciated and

is intensely veined relative to the adjacent rocks. Folds and boudins are presgntmiba
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chertrich portilms of the BIF while extension veins are present mainly in the -fich
portions,which also suggests a britttictile regime under which mineralisation occurred
(Hammond 2002). High gold grades are associated with sulphide and carbonate alteration
zonessi n the BI F, suggesting that the BIFO&6s fav
ratio) influenced gold deposition through desulphidation of auriferous fluids (Hammond and
Morishita, 2009). These authors recognised two subsets of the Group Il vaeing BAFigure

5), which are associated with mineralisation, and therefore, evidence for two separate episodes

of mineralisation. Earlier Group IlA veins are laddein sets localised in the irarich

mesobands of the BIF, while later Group 1IB veins are relatively ¢niekd laterally more

extensive (up to 20 cm thick and overr@Qong).

.
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Figure5. Group Il veins occurring within the mineralised and altered BIF (after Hammond and
Morishita, 2009).

2.4.2 Blue Dot Deposit
The Blue Dot deposihostedwithin the Amalia Greenstone BeFigure 3 and 6) occurs as
three distinct stratabound ore bodies near Amalia, namely Goudplaats; Abelskop and
Bothmasrust (Okujeni et al., 2005; Adomakosah et al., 2013; Peartamd Viljoen 2017).
According to AdomakeAnsah et al., (2013) the Blue Dot deposit is comprised of BIF units
which are flanked by a mafic volcanic schist and muscahterite-carbonatequartz in the

footwall and quartzhlorite-ferroan dolomitealbite stist in the hanging wall.

11



The BIF units are characterised into two types: (1) the jdspewnariety which is the common
BIF type in the Amalia Greenstone Belt, and (2) the qu@zatbonateveined, jasperich BIF
which is characterised by pyriteematie-carbonatechlorite alteration (Adomakénsah et al.,
2013). Gold mineralisation is confined to the latter sulphidised BHich is preferentially
associated with quarzarbonate veinsLike the Kalgold mine, the competency contrast
allowed for develoment of dilatational sites which served as fluid conduits and logjdiar
mineralisationwithin the BIF. Anhaeuss€i99]) alsoreferenceghe best gold grades being
concentrated in boudinaged and dismemberedigedodies. Chemical favourability ofeh

Ferich and sulphidised BIF promoted gold precipitation from auriferous fluids (Adomako
Ansah et al., 2013), as is the case at Kalgold.
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within the Amalia Greenstone Belt
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AdomakoAnsah et al. (20)3oted that gold is not solely a replacement product in magnetite
hematite rich units, because hydrothermal pyrite graiitis associated gold do not show
replacementextures bugre in sharp contaetith euhedral to subhedral iraxide minerals.

This suggests that the-ceystallization of these oxides was in part contemporaneous with the
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sulphide precipitation. They propose a magmatic source (or dissolution of rock with magmatic
protolith) forthes ul phi des, ba’Sefd=o0on1e8&tti onat 2-thétad) and
gold ratio of the deposit.
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3 Methodology

3.1 Magnetic data acquisition and interpretation

Geophysical data has become indispensable for geological investigatidbns particularly
useful whereghe geology isnasked by overlying covdn this study aredhe Kraaipan granite
greenstone rocks are largely covered by Kalahari sedimentsamdnly be mappednd
studied byinterpretinggeophysial datasetsin addition, structure altelation and potential
mineralisation can also be studi€geophysics is also important irrespective of the scale that

is desired for the mapping as the resolution can be adapted accordingly.

Magnetic data was deemed the most useful geophysical d#te &tudy area due to thegh-

interest greenstone lithologies, in particular the Bi&vying magnetic susceptibilities that are
distinct from the surrounding granitic rocks. Magnetic dataseful formapping lithological
contacts and structure. Histalanagnetic data was sourced from the Botswana Geological
Institute. It was available in gridded format, with standard magnetic data filters already applied
toit(i.e.,reducedo-pol e ARTPO total magnetic inta@ansity,
signal TIFF images). A range of magnetic responses were noticed and distinguiskieidlilow
magnetic intensity, remanent magnetism, etc), as they represent the magnetic properties of
various causative underlying rock formations. The different magreiicfiter products were

also useful for identificationf geological contactanddelineation of structural features such

as rock fabric, zones of displacement and discordant intrusive rocks.

The historical airborne geophysical datas collected at 256 line-spacing and is therefore
considered to blw-resolutionby modern standardé portion of the study area was selected

for the acquisition of higkresolution magnetic datalhis area forms thenorth-eastern
extension of th&GB in Botswanaand thesurvey was flown taccurately map the underlying
greenstone belt lithologies and associated structural features. The data was collected using a
magnetometemountedRPAS (remotely piloted aircraft system). The surweg flown at25

m line-spacing at awsvey height of approximately 30. Variousmagnetic data filters were

used tadiscern differences imagnetic responses much asgssible.
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3.2 Kalahari isopach map

The geology of the study area igenerally masked by Kalahari Group sediments
(unconsolidated sand and duricrust). It is imperative to constrain the Kalahari cover thickness
(i.e., depth of burial of the strata of interest) in order dp decide which ggghysical
exploration techniquesvould be effective within the study aregb) design optimal
geochemicabample collection and analyticalnd €) determine the most effective drilling
techniques for testing highterest targets.

Historical waterand exploration twrehole databases were sourced from the Botswana
Geological Instituteand presseleasesrom both public and private companiéhe bulk of

the boreholes were fromvater drilling programmes containing very little geological
information. Therefore, only a few of these hole®re usefulin determining the Kalahari
thicknessFor areas where tlsgibKalahari rock exposures are known to exist (such as the BIF
outcrops), additional Adummyo borehaptes wer
Theincreased datapoint density hedito improve the accuracy of the cover thickness map.
Boreholeswere plotted spatially iIQGIS, and the contouring plugin of the programme used

for generating contours of the Kalahari cover Kalahari isopachs.

3.3 Photogeology and Remote Sensing

Geological and geomorphological mapping has always benefited greatly from the use of aerial
photographs. Accurately positioned, higdsolution satellite imagery (orthopho&msdremote
sensed datg)laysa pivotal role in regolith and lithological discrimation.

The SAS Planet application makes it possible to download satellite imagery from a wide
selection of maps supplied by services such as Google Earth; Bing Maps; ESRI; Yahoo Maps;

etc. The imagery can be downloaded at a desired resolution, bagsedom level defined by

the user. Many output formats are available for the images and include Joint Graphic Expert
Group AJPEGO, Enhanced Compression Wavelet i
etc. The application offers a built facility to stitch together different image tiles for the

selected area of interest such that the output is a single complete file. An appropriate projection
system can be set for the output image such that it plots correctly within the geographical area

of interest. Forhe study area, an ECW formsatellite image was downloaded from the
application, set at the WGS1984 Geographic projection system. This satellite imagery was used
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for mappingBIF, where it is exposedithin the studyarea Aerial photographsvere used
previously formapping;however they were generally of poor resolution and colmemdemg

was not possible, which limited the enhancement of-tgrest features.

In addition, feely available Lands& data was awnloaded from the USGS Earth Explorer
website. The sensors on the LaneBattellite collect data at eleven frequency windows (bands

1 to 11) along the electromagnetic spectrum (USGS). Data images for bands 1 to 7, all of which
have a resolution of 30 mere downloaded for the purposes of this study as they are the most
useful for characteristic reflectance curves for most rocks and mirigaald.8 has a different
surface resolution from bands71 band 9 is useful for cirrus cloud detection while &8 &1

are useful for providing accurate surface temperatures (USGS).

A suitable scene covering the study area was chosen and images for bandsrd
downloaded. As part of pfgrocessing, the images were clipped to retain the area of interest

and thersubjected to the process of atmospheric correction to remove the effect of scattering

and absorption of spectra by atmospheric elements. Various band combination and band
ratioing techniqgues were applied to the data as part of image processing. Botlseof the
techniques are routinely used for identifying and enhancing spectral differences in rocks, rock
forming minerals and other geological featudeserpretationof the band combinations and

ratios involved identification of spectral differences and agsigthem different land cover
classes (or #Atraining setso), and where pos
geology and regolith of the area of interest. The training sets were applied in supervised

classification and generation of thematiaps.

3.4 Geological field mapping and groundtruthing

Geologicalfield mapping wascarried out in areas ajutcrop, which were identified from
satellite imagery and topographic data (digital elevation model). No regolith mapping was
possible in the field other than differentiatingtcropscreesurrounding fronmKalahari sand

cover.

A handheld GPS (Garmin GPSMAP 64s) was used for navigatiomarking ofwaypoints
of interest A Brunton geological compass was used for collecsitngctural measurements,

including foliations lineatiors, joints,faults andolds. The compass gave unreliable structural
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measurements (strike and dip/direas) in places where thBIF were relatively more
magnetic. Structural measurements were recandied) the Clar notatiofi.e.,arepresentation

of structuralmeasuremestasdip directionoverdip angle, consistentlyn three and two digits
respectively therefore, deature witha measuremen®45°’/30° dips to the northeastat 30
degrees)A magnetic declination of roughlyl7 degrees for the study are was taken into

account.
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4 Historical data review

Theearliest geological programmeser thestudy areavereconducted by Billiton Botswana
during their exploration initiative for GNi deposits (Carney 1994 and Reunion Mining 1999).
Their regional magnetic survey data, collected at 250 rrsjiaeing in tk early 1980s, helped

to improve the geological understanding of the area. The magnetic data, together with drill
hole information from water drilling and other mineral exploration efforts significantly
improved the geological understanding of the stuéwa.aflthough the Kraaipan Group rocks

in the areavereknown for a long time due the outcroppiBdfF ridges, the understanding
improvedsignificantly between 1996 and 1998hen Reunion Mining Botswana (Pty) Ltd
(Reunion Mining 1999arried out various expration programmesTheir interest to explore
theKraaipan Greenstone Beltas awakened by the discovery of the Kalgold deposit in South
Africa. Historical datasets collected during the abowentioned works were collated and
assessed with data collected during the current study in order to gain a better understanding of

the geology of the area and to identify areas of potential interest foexjallaration.

4.1 Geophysical survey data

Magnetic data is the most widely available geophysical data within the study area. Most of it
is historical regional data that was collected at 250 mdpaeing or wider (Carney 19pdnd

is therefore lowresolution Even so, this data has been used successfully in mineral exploration
and other investigative geological campaigns to outline the nature and extent of the Kraaipan
greenstone rocks. These are easily distinguishable from surrounding granitic rockshéue to t
relatively strong magnetic susceptibilities. Mapg-igure 7 depict the reducetb-pole and

first vertical derivative images of the magnetic data, where the -sottth oriented high

amplitude linear magnetic responses correspond to the BIFs andatssgceenstone rocks.

Discontinuities and displacements are observable along the trend of the greenstone rocks and
in most cases, they are clearly associated with $8\briented faults. Two additional sets of
interpretedaults can be depicted from the magnetic data; that whicknding parallel to the

BIF as well as the SSHNE set which is parallel to the prominent rock fal{ffcgure 7b).

Intrusive lineamagnetic dykes are also mappable from the regional magneti(Fiaee 7a

and b)
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There are ambiguities with respect to the northern extent éf@ieand the exact location of

the contact between it and the younger Transvaal Supergroup rocks in southern Botswana.
Others have interpreted the belt to form an arcuate shape towards the northern extremity,
branching into the area outlined by the whitéygonin Figure?7.

T T T
248 249 25.0 25.1 25.2 248 249 25.0 25.1 25.2

Figure7. Images of regional magnetic data collected atrB3he-spacing or widerA high-
resolution magnetic survey was conducted within the area outlined by the white polygon. A:
Reducedo-pole "RTP" image of total magnetic intensity. B: First vertical derivative of RTP,
wheredashedlack lines show interpreted faul®e HBack polygon outline thestudy area.

A high-resolution magnetic survey was conducteer this area athe resolutionof 25 m
spaced nortisouth grid lines, 200 m spaced easist tielines and a sensor height of 20 m.
The magnetic data was collected using a fiwéalg remotely piloted aircfasystem (RPAS)
which is mounted with a Gem GSMIBA highsensitivity magnetometer. This survey is by
far of the highest resolution to ever be conducted on the Botswana sectoK@Bh&he aim

of the survey vas tq (I) confirm the presence of theraapan greenstone rocks within the
surveyed aredll) map thestructure; (111) mapthe accuracyof thelithological contacts and
structural features based on different magnetic respofig@sise other geological datasets to
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assign differenimagnetic signatures to lithological units and) (o investigate whether litho

structural mappingan providdurther clues on deformatidmstory of the area

Standard filter/derivative produatgereproduced from the total magnetic intensity (TMI) data
including;RTP-TMI (reducedto-pole total Figure8a), THD (total horizontal derivative); FVD
(first vertical derivativeFigure8b) and AS (analytical signal). These derivative products were
extremely useful in mapping of geological units and associated geological struEigres (
8c).

Different magnetic intensities are distinguishable from various filters of the sdatayand

they likely represent various lithological units. They ranged from magnetic lows to highs (cold
to warm colours respectively, including remanent magnetisation) and have been mapped
accordingly Figure8a to Q. At least three sets of interpreted faults were observed; trending
NNW, ESE and NE. Crossutting relationships amongst these sets of faults suggest that they
formed during three separatagés of deformation, in that chronological orddre NNW set

is restricted to the intermediate to highly magnetic rocks and is parallel to the regional trend.
The other two sets are ubiquitous. Lateral displacement is observable alongtheedets,

and in both cases the sense of movement is sinistral. The NE set is the most prominent of the

interpreted fault sets and is parallel to the regional fabric.
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Figure 8. A: Reduceeto-pole image of total magnetic intensity. B: First vertical derivative
image of RTP. Cinterpretatiormap constructed from various magnetic data filters to display
zones of various magnetic susceptibilities as well as different sets of faults.

4.2 Kalahari isopach mapping

The term AKal ahari covero i s her erethessande t 0 r ¢
age or younger than the Kalahari Group sediments of southern Africa. The exact timing of
initial deposition of the Kalahari Group sediments is unknown but thénmax age is fixed

by the underlying Late Cretaceous kimberlite pigéaddon2 00 5) . AKal ahar.
sedi mentso here does not refer to, and shot
Botswana sutbbasin of the Karoo Supergroup, sometimes referreddo t he A Kal ahar i
basi no. Within the study area, the most com
sand, duricrust (mainly calcrete and silcrete), poorly consolidated sands and gritty to pebbly

andpoorly compacted basal gravels.

For any gven area that is of interest for mineral exploration, it is always imperative to have an
understanding of the nature and thickness of the Kalahari cover. The cover directly influences
the choice of exploration techniques that need to be applied to aof areaest, regardless of

the mineral commodity of interest.

From a geochemical soil sampling perspectsamples derived from areas of relatively thin

cover would be regarded as more representative of the underlying geology (lithology, alteration
and mneralisation) as opposed to those collected in areas of thicker Wdherethe cover is

thick and also transportedamplesre unlikely to beepresentative of the underlying geology.
Therefore, subtle minerah-soil anomalisnin areas of cover shoulak interpreted with care

as the difference between background and anomalous values are expected to be low in these

environments.

Similarly, geophysical survagg and remote sensing metholdave limited effectiveness in
areas of thick cover, andefd mapping of geology is completely precluded in areaangf
cover In addition to constraining cover thickness, understanding the nature of thescover
similarly important A geophysical magnetic survey targeting subtle magnetic features of rock

unitsunderlain by ferruginous cover is likely to be ineffecti@=ochemical soampling in
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areas of thick impermeable duricrust such as silcrete (which restricts upward and downward

ground water percolationis less effectiveompared to areas of unconslalied cover

The thickness and nature of tKalahari covercan directlydetermine the financial feasibility
of an underlying mineral depdswith marginal mineral depositsecoming more challenging

and costly to mine under areas of thicker cover.

The rature and thickness of th€alahari coverwithin the study areavas investigatedy
collating historicaboreholedatasets. Over areas of knoantcrop determined frorsatellite
i magery and field mapping excur si ongeated idumm

zero Kalahari cover thicknessdsdure9).

Figure9. Location maps of drilled boreholes underlain with an RTP (redtepdle) magnetic

data image(A): historical boreholes drilled within and in the vicinity of the study a(8g.
boreholes with indicated Kal ahar:i cover thic
Kalahari thickness where rock exposures are known to occur.

A Kalahari isopach map was constructedQG@IS by means of contouring the Kalahari

sediment thicknesseBi@ure10). The accuracy of the isopach map wagativelyinfluenced
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by the unequaspacing between boreholdisnited availability of coverthicknessnformation

from historical water boreholes; and tiediability of historical exploration datasets.
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Figure 10. Constructed Kalahari isopach maps. Left: isopach contours as well as boreholes
from which they were create®ight: interpreted faults overlain on Kalahari isopachs. The
structural architecture seems to have greatly controlled thiégladari surface.

4.3 Geological mapping

4.3.1 Satellite imagery and remote sensing

Two types of satellite imagery were used to map surface morphology and geology, namely
Bing orthophoto and remotensed_andsat8 imagery The imagerywasused to determine

whether thaeflectance signature of the outcropping BHe associated greenstone lithologies
could betraced under cover.
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Colourrendering of the Bing orthophoto was carried out in QGIS in order to produce an image
that best displays different surface features, most importantly the KBbwoutcrops as well
asother geomorphological featureSigurella to 9. The ridges of lineaBIF are mappable
using the enhanced imagery, owing to their prominent rusty colour which has devietoped

iron oxidation.Locally, large structural features $uas folding and faultingvere observed

and mapped witlhheasonable accuracy. Thasere observeas localised depressions or low
relief features within theutcroppingBIF. The darkbrown colourassociated witiron staining

drops abruptly against the oudps, suggesting thtte BIFs haveithera limited lateral extent;

are steeply dippinghelithological contacts between the BIF and adjacent rocks are sharp; or

the Kalahari cover thickens rapidly away from the outcrops.

Figurell (A): Bing satellite image with BIF outcrops in the central southern portion of the
map as a dark rusty coloyB): enlarged area with the linear BIF outcrop. Areas of outcrop
discontinuities most likely represent presence otlarlying structural disruptionqC):
enlarged portion of BIF whereby folding and faulting are clearly visible from-tagblution
satellite imagery (solid lines = rock fabric; dotted lines = possible faults).
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Geomorphological features are also distinguishable, such as rivers (runningasigst
ploughed farmland and land that is free gfieultural activity; all of which are important
observations and considerations for planning exploration programmes and interpretation of

exploration results.

Landsat 8 imagery was sourced from the USGS Earth Explorer website, and only images for
bandsl to 7 were chosen for the purpose of this study. The purpose being to detect greenstone
belt lithologies particularly the BIF as it is the target for gold mineralisation in the current
geological settingnd outcrops in places, thus increasing the chahitebeing detectabla

areas masked by cover. Landsat 8 bands 1 to 7 have the same resolution of 30 m (i.e., one pixel
of the image covers a 30 m by 30 m area on the ground), while the rest of the bands are at
different resolutions, and importantly flectance properties for most reérming minerals

are detected within the wavelength of those bands (0.43 to 2.29.qunvisible light to

shortwave infrared of the electromagnetic spectrum, USGS).

Spectral signatures of various objects can be lygtdd from Landsat imagery by way of
combining or ratioing of certain bands. The most common band combinations for Landsat 8
data include the natural colour composite (i.e., bands3%f the visible spectrum, which
displays the natural colour of the dmds humans see Figure 12a); shortwave infrared
(bands 76-4, useful for displaying vegetation and vegetation density in shades of [gicree,

12b).
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Figure 12. Landsat3 colour composite images, where the linear nediith BIF outcrop
occurs within the yellow outlin€A): true colour composite (bandgis3). Rusty colour occurs

on areas with Feich rocks and river drainagef): vegetation composite (or shavave
infrared of bands -B-4) where the presence and density of vegetation is proportional to the
intensity of he shade of green.

The USGS has developed a library of spectral reflectance curves for a wide range of minerals,
and these are commonly used in geological investigations for distinguishing types of regolith
and rocks. Band ratioing (which is a division of digital numbe@efband by corresponding
numbers of another band) is particularly helpful for enhancement of subtle differences between
selected bands (i.e., amplification of variations in slopes of the different spectral curves).

Forexample Figure13 depicts the spectral curves from Landsat 8 data forbeaming oxide
minerals hematite, goethite and jarosite. All of these minerals display high reflectanod in ba
5, while spectral absorption &characteristic for all of them in band 4. A spectral band ratio
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of 5/4 therefore results in an amplification of the occurrence of these iron oxide minerals in the
resultant ratioed image. Another band ratio which is rmomly used for highlighting the
occurrence of iron minerals is ratio 3/1, otherwise known as the iron ratio. Iron minerals
typically have low reflectance in band 1 as opposed to strong reflectance in Iragar81(3),

resulting in high ratio values for areas with Ho@aring minerals.
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Figure 13. Spectral reflectance of jarosite, hematite and geothite (from the USGS Spectral
Library). Band ratios 5/4 and 3/1 are good for enhancing spectral reflectanesxidenand
iron-bearing rocks respectively.

Polygons were used to outline and categorise certain surface features such as rock outcrops,

differentsoil typesand vegetatiorover distinguishablérom band combinations amdtios

commonly referred to as | and clThesresdtantmap he mes
displays all the themesnown as & hemat i ¢ map. A  QGHaBomait ugi n
Classification Plugindo al |l owsending imagssulpveas vi s e (

applied to the band-1 multispectral data for supervised classification, whereby the ifplg R
were used as training sets in order to detect areas of similar spectral signatures in the
multispectral data and separate those argadifferent classeszigure14 depicts a thematic

map which was generated through supervised classification.

The ROIs which were applied fsupervised classification were groucitecked during field
reconnaissance in order to reduce ambiguity in the supervised classification.pfovesger

the results obtained after the classification process (i.e., extrapolation of the ROIs) cannot be
saidto be free of inaccuracies. It should be noted that ROIs which represented rock outcrops
are BIF, Upper Transvaal 1 and 2 and Kanye Fm. BIF, which is the Kraaipars the only
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outcrop of the ROI that is present within the study area. Upper TransyaatgBoup rocks

and Kanye Formation volcanic rocks are present and outcrop in the vicinity of the study area,
to the north and northwest. The classification of these rock units within the study area most
likely reflect the provenance of the blanketing Kela cover rather than the underlying sub
Kalahari geology, even if these rocks happen to be the ones overlain by the cover, unless the
cover is very thin. Rock classifications which ocdistantfrom areas of outcrop are likely to

be errors in amputation. However, some of these are located proximal to drainages, which

would suggest transportatidny water.
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Figure1l4. Thematic map generated through supervised classification from Landsat 8 band
7 multispectral data, using partly groutrdthed FOIs.
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The northern portion of the BIFontheh e mat i ¢ map shows a patch
known to contain volcanic rocks. If that classification is not erroneous, the signature that may
be from the volcanic assemblage of the greenstone belt rather than the Kanye Formation rocks
themselves. Ithis interpretation is correct, the remote sensing data was able to map a small
portion of the greenstone belt other than the BIF. However, no mapping of the greenstone belt
was possible beyondsialready known extents. This is certainly due to theresxée soil cover

which masks spectral reflectance of underlying rocks, even more so in areas of thicker sand
cover. The Landsd& bands are 30 m resolution so the accuracy for the mapped lithologies is

lower than that of the orthophotos.

4.3.2 Field mapping

BIF is the most common roakutcropencountered during field mapping. Two main varieties
of BIF were noted; one with conspicuous bandiith alternating white silicaich bands and
dark iron oxiderich bands Figure15a), and another with visibly less silica content and more
obscure banding (bordering on being massive in textural appeaFagaes 15b). The iron
oxide occurs mainly in the form of hematite, although the BIFs are magbetiteng insome

places. No spatial, structural or stratigraphic relations were determined between the two BIFs.

Other rock units included a very firgrained, thinly banded grey rock with banding defined
mainly by quartz ribbond={gure15c), and a relatively less competent and strongly foliated to
schistose rock with green tinge, possibly due to chloritic and epidote altefaitgome(15d).

The former is most likely a metagreywacke while the latter unit seems to be similar to schistose
metabasalts mapped and described by Carney et al (1994) in the Molopo riverbed, which they
mentioned as being largely composed of actinolite and chlorite
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Figurel5. Different rocks units that were encountered during field mapganxghinly banded

BIF with conspicuous alternation of silicech white bands and iron oxigech dark bandgb):

iron oxide dominated BIF with a massive textural appearance. (c): gigngsh greenstone
rock (possibly metagreywacke) with a gneissic texture formed by thin, quartz ribbons. (d):
highly foliated to schistose rock with epidote and chlorite altergtiematite and limonite
alteration visible along fractures and foliation planes)

The outcropping rockiypically strikenorthward and dip steeply (greater th@nhdégrees on
average) toward the west. They are all vieliated but alscexhibit both ductile and brittle
structural features, suggesting that the style of deformation evolved as it progressed, and/or
several deformation events took plaEegure 16a to d depict some of the structural features

observed in the rocks

In Figurel16a, the BIF contains a tight fold with an interlimb angle of less than 30°. Within the
core of that fold are less commonly observed folds whose axial traces are discordant to those
of the inclosing fold, suggestintpat the two folds formed during separaeents; that the
enclosed fold must be older arile orientations were different for the principal stress fields
which were responsible for the folding events. Parasitic folds are visibiegure 16b,

indicating that flexural slip has occurred during folding.

A zone of shearing (outlined by white lines), which is parallel to the fold axes, displaces the
folded BIF. It is therefore relatively youngehan folding (although it may well be
contemporaneousith anddeveloped during the progressive ductile deformation). The shear
may well serve to indicate strain partitioning. The red ovalBigure 16b outline zones of
brecciation which postlate folding within the BIF, suggesting that either deformation evolved

from ductile to brittle regime, or that a later event was responsible fte loiétformation.
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Figure 16. Photographs displaying some of the structural features that were observed during
field mapping. (A): BIF showing different folding events (red line marking a fold closure of
which at its core occurs discordant folds, whose axial traces are marked loydikec lines

T these intrafolial folds must have formed first). Blue lines demarcate a quartz vein while dotted
yellow lines mark joints which are probably conjugate sets and have displacement along them.
(B): folded BIF with a zone of shearing (whiteds), zones of brecciation (within the red ovals)
and joints with displacement (dotted yellow lines), thatjoasé the rest of the structures. (C):
boudinaged quartz veining within the BIF. Boudin rims and presswadows have strong iron
alteration. (D metagreywacke with eechelon tension gashes (within yellow box) whose tips
suggest that they opened parallel to the main foliation. These arecuatosy later
perpendicular quartz veins.

It is nonetheless clear Figurel6c that while ductile deformation lasted, it was accompanied
by quartz veining and formatiaf asymmetrical boudins. Strong hematite alteration is present
in the pressurshadows and rims ohé boudins. Vein formation and alteration (which both
demonstrate hydrothermal fluid percolation) were howewet observed to be widespread
during the mapping exercise. Stress field rotation during deformation is indicated both by the
boudin asymmetry asell as the erechelon tension gashes in the metagreywackaguare

16d. The tension gaskeare crossut by thin quartz veins that are oblique to foliatitinis
possible that these are related to the displacement joints marked in yelmurnal6a andb,

which evidently postlate most structures and are likely to be part of a conjugate set.

A geological map was created in Quantum GIS using field mapping data described above and
high-resolution Bing imageryHigurel7ato d). Areas of negative relief within the outcrops in
Figure 17a are largely parallel to the trending direction of those outcrops. They are either
underlain by lithologies interbedded with the BIFs, that are prone to weatloetmglerlain

by zones of faulting/shearing. As noted above, flexural slip seems to havapacsed
folding. Shear zones parallel to the greenstone have been postulated occasionallytheted at
Kalgold and Blue Dotleposit§Anhausser, 1991).
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Figurel7. Geological maps of the southern part of the study area, crfeatedield mapping

and satellite imagerya): overview map showing various lithologies and probable faults shown
in black lines(b): synformal fold within the BIF(c): predominantly easdipping part of the
greenstone belt. A ~2fh wide of quartz brecciation is prese(d): area with an overall
antiformal structure where numerous greenstone lithologies are present.

4.4 Geochemical data and analysis

Geochemical data that is available for the study has been derived and collated from filings of
exploration companies which collected the data during their active exploration periods within
the study area. No ddional geochemical data was collected during the current study. The
historical data used for the study is that of sediment saraptidown-hole drilling data. The

purpose of evaluating the available geochemical data is fourfold

a) To check for the occurrence of geild-soil anomaliesandfor presence of goldithin

the drill intersections
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b) If gold anomalies and/or intersections are present, to investigate whether they are
associated with any pathfinder elements.

c) To investigate whether there are any discernible -ighochemical trenddy
determining if the geochemistry of tseil/Kalahari coer can be correlatedith the
underlying geologyor if there are anyathfindermetal/elemenassociations relating
to the downhole geologyin particularthe BIF known to host gold mineralisation.

d) To compare and contrast recovery results (for gold etheér elements) from soll
samples and drill samples.

4.4.1 Geochemistry from soil samples

The soil samples whose geochemical data is available for the study area were collected in two
separate sampling programmes (r &ijueeld.€ad t o he
both sampling programmes, the samples were collected at 50 m spacing, over areas of different
Kal ahar i cover thicknesses. For the sampling
wereoriented eastvest and spaced at 200 he samplingargded the area where thdF
outcroppedand therefore the samples were derived from where the soil is thin and/or residual
(samples there occur largely within the 10 m isopach). The soil samples were screened to a size
fraction of less than 53 microns andgessed through aqua regia digest, followed by graphite
furnace atomic absorption spectrometry (GFAAS) finish. Available analytical results are for

gold (in ppb) as well as copper and nickel (in ppm).
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Figure18. Locations of historical soil samples with assay results within the studyfa®a i |
sampling 10 s ahbyghe edsamnpicgridadevpre colleetat! in the southern
portion of the study area whmplkinde2®@l §amm@ml
depicted as blackample linesvere derived from outside of the know BIF outcrops. Kalahari
thickness isopachs are shown to give an idea as to whether the samples are residual or

transported.

Assay results for i S o i Figure19 wmieile thaygare bwerlaia one d e p
satellite imagey where thedark rusty colour coincidewith the BIF outcrop. Gold results, in

ppb, are shown as polygons, shaded in colours that warm with iimcygaade.
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