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Abstract 

The Kraaipan granite-greenstone terrane, which straddles the North West province of South 

Africa and the Southern district of Botswana, is comprised of four linear, north-south trending 

greenstone belts namely, Stella, Kraaipan, Madibe and Amalia. Banded iron formation (BIF)-

hosted gold mineralisation is present within the Kraaipan Greenstone Belt (KGB) in South 

Africa at the currently producing Kalahari Goldridge mine, as well as other defunct mines and 

historical occurrences. There are no known gold deposits along the Botswana extension of the 

KGB where the belt has a strike length of over 40 km.  

 

A review of historical data suggests that the KGB is largely unexplored in Botswana, with most 

of the belt covered by younger strata (Transvaal Supergroup and Kalahari Group). To evaluate 

the gold potential of the KGB in Botswana, field mapping and observations were integrated 

with historical geological and exploration datasets to produce an updated geological 

interpretation of the KGB. 

 

A Kalahari sediment thickness map was constructed from historical borehole data, to 

differentiate between areas of thicker and thinner cover. Thicker cover complicates mineral 

exploration, in particular the interpretation of soil geochemistry results and mining. Satellite 

imagery was used effectively for geological and regolith mapping. High-resolution Bing 

imagery was particularly effective at accurately mapping rock fabric, folds, and faults in areas 

of outcrop and sub-crop. 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. 

 

Magnetic data is the most effective geophysical dataset for mapping the KGB lithologies, 

including the high-interest gold-bearing BIF, due to a distinct magnetic response relative to the 

encompassing granitic rocks. Ultra-high-resolution magnetic data collected over part of the 

study area was used to: better resolve the extension of the KGB into the study area; accurately 

delineate lithological contacts and structures and to identify high-interest exploration target 

areas.  

 

Down-hole multi-element data was evaluated from four drill -holes which historically 

intersected elevated gold mineralisation. In all instances the gold mineralisation was associated 

with greater than 15 weight-percent iron, confirming gold affinity with strongly iron-oxidised 
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rocks. Silver, copper, nickel, arsenic, antimony, selenium and bismuth displayed excellent 

down-hole correlations with gold, therefore their usefulness as gold pathfinder elements in this 

geological setting should not be disregarded. 
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1 Introduction  

1.1 Background 

The study area is located within the Southern District of the Republic of Botswana, 55 km 

southwest of Lobatse (Figure 1). It is underlain by Archaean-aged rocks of the Kraaipan 

granite-greenstone terrane which hosts numerous gold mines and occurrences, including two 

notable deposits in the Republic of South Africa, namely Kalahari Goldridge mine (ñKalgoldò) 

and Blue Dot deposit (Figures 1 and 3). The Kalgold mine hosted within the KGB, 

approximately 55 km southwest of Mahikeng, is the most significant gold deposit within the 

Kraaipan granite-greenstone terrane. The mine was commissioned in December 1995 with 

current gold production in excess of 40,000 ounces per annum, and a current life of mine of 11 

years. The Blue Dot deposit is located further south within the Amalia Greenstone Belt and has 

an indicated resource of 76.6 Mt at 3.2 g/t gold. In addition, there are a number of smaller gold 

occurrences within the granite-greenstone terrane in South Africa, including the Madibe, Muirs 

and Gemsbok Pan gold occurrences (Figure 11). 

 

Despite the presence of the known gold deposits and occurrences in South Africa, only a few 

notable gold exploration programmes have been carried out over the KGB in Botswana. These 

programmes were carried out by Reunion Mining in the late 1990s; Tau Mining in the mid-

2000ôs; Discovery Metals Limited between 2011 and 2013; and Laconia Resources between 

2016 and 2018. Due to this limited amount 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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Figure 1. Locality map showing the study area relative to the greenstone belts. Modified from 

Harmony (2018).    

 

1.2 Aims and Objectives 

The current study is aimed at gaining a better understanding of the extent and nature of the 

KGB in Botswana, which is largely masked by thick and extensive Kalahari Group sediments. 

The same is true in South Africa, where the terrane is covered by Ventersdorp and Transvaal 

Supergroup rocks as well as younger Kalahari sediments. The geological unit of particular 

interest within the volcano-sedimentary assemblage of the KGB is the BIF, as it hosts the gold 

mineralisation at the Kalgold Mine. Therefore, a better understanding of this geological unit is 

important to determine the potential of the KGB in Botswana to host economic gold 

mineralisation. To that end, the following tasks were carried out: 
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i. Integration and interrogation of historical exploration datasets to better understand the 

geological, geochemical and geophysical properties of the KGB. 

ii.  High-resolution magnetic data was collected over an area of interest within the study 

area and used for detailed geological mapping.   

iii.  A Kalahari thickness map was created from historical exploration and water borehole 

datasets. 

iv. Satellite imagery and remote sensing data was used for geological and regolith 

mapping, particularly in areas of outcrop and sub-crop.  

v. An updated geological map was created with the focus on defining high-interest targets 

for gold exploration. 

1.3 Report/Thesis Organization 

Chapter 1 is an introduction to the study area. Historical work that has been conducted within 

the area with respect to gold mineralisation is introduced. Where gaps in understanding of the 

area were identified, plans have been laid out to address them. Chapter 2 summarises the 

regional geology of the greater Kraaipan granite-greenstone terrane as well as that of the study 

area. A deformational history of the area is outlined based on literature review. The geology 

and mineralisation of two known gold deposits within the terrane are summarised.  

Chapter 3 details the methodologies which were applied in carrying out the aims and objectives 

of the research project. Rationales for conducting proposed work programs, and their relevance 

to the current research project area are explained.  

 

The details of how the different work components of the project were conducted are presented 

in Chapter 4. Datasets such as drilling, geochemical data and geophysics, which were obtained 

from historical work programs, have been collated and interpreted to create products such as 

isopach maps, geochemical maps and down-hole plots. Additional data were collected during 

the research process through field- and desktop-based work. Chapter 5 discusses the results 

obtained with respect to the prospectivity of the study area for gold mineralisation. Two gold 

deposits that occur outside of the Kraaipan granite-greenstone terrane (and the Kaapvaal Craton 

at large) are presented in order that they can be compared with the study area. Potential target 

areas that warrant investigation within the study area have been identified. Chapter 6 presents 

the concluding remarks.  
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2 Regional Geology 

The Kaapvaal Craton is endowed with large areas of granitoid gneisses which contain infolded 

greenstone belts or remnants thereof (Brandl et al., 2006). The most famous of the greenstone 

belts within the craton is the Barberton Greenstone Belt, which is one of the oldest greenstone 

belts in the world, and a historic gold mining district (Pearton 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 Kimberly Block or Terrane; Figure 2). The rest of the Kaapvaal 

Blocks occur east of the Carlsberg anomaly and include the Witwatersrand, Swaziland and 

Pietersburg.  

 

The Kimberly Block, which straddles northern South Africa and southern Botswana, hosts the 

Kraaipan granite-greenstone terrane (Mapeo et al., 2004 and Ramotoroko et al., 2016). The 

Kraaipan granite-greenstone terrane is comprised of granitoids and three sub-parallel, north-

south trending greenstone belts, known from west to east as the Stella, Kraaipan and Madibe 

Greenstone Belt (Figures 1-3). A fourth greenstone belt, the Amalia Greenstone Belt, occurs 

within the Kimberly Block south of the town of Amalia (Brandl et al., 2006). 

 

Rocks of the Kraaipan granite-greenstone terrane are incredibly 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. Younger Tertiary to recent Kalahari Group 

sediments in turn overlies the Ventersdorp Supergroup and the granite-greenstone terrane, 

obscuring it even further (Anhaeusser and Walraven, 1997; Pouljo et al., 2005; 2008; Ranganai 

et al., 2017). In addition to being covered, the terrane owes its poor exposure to the fact that it 

is generally comprised of rocks (granitoids and meta-volcanic rocks) that are prone to 

weathering. It has therefore been studied mainly through the use of geophysical techniques 

(mainly gravity and magnetics); drill-hole intersections (exploration and water boreholes); 

localised mining activities (particularly at the Kalgold mine) and limited field mapping from 

sporadic outcrops and sub-crops (riverbeds and local weathering-resistant whaleback ridges of 

banded iron formations).  
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Figure 2. Distribution of the various greenstone belts and fragments on the Kaapvaal Craton. 

From Brandl et al., (2006).  

 

2.1 Greenstone rocks  

All of the greenstone rocks known within the Kraaipan granite-greenstone terrane have been 

attributed to the Kraaipan Group except for the Marydale Greenstone Belt. Poor exposure 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, which is considered 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 siliceous metasedimentary rocks. The volcano-sedimentary 

1. Rhenosterkoppies 

2. Pietersburg 

3. Giyani (Sutherland) 

4. Murchison 

5. Barberton 

6. Weergevonden, Schapenburg 

7. Assegaai, De Kraalen, Commondale 

8. Nondweni-Ilangwe 

9. Makoppa Dome  

10. Johannesburg Dome 

11. Vredefort Dome 

12. Kraaipan 
13. Amalia  
14. Marydale 
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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 the base of the Kraaipan 

Group and is comprised of amphibolites (mafic meta-volcanic rocks) and associated iron 

formations as major constituents, while phyllites, schists and clastic sediments occur as minor 

constituents. The metavolcanic rocks generally display and are characterised by chlorite-

actinolite-epidote alteration assemblage, typical of greenstone rocks. The iron formations 

consist of alternating laminae of silica rich (chert) and iron-oxide rich hematite, goethite and 

magnetite units.  

 

The Goldridge Formation is structurally overlain by the Ferndale Formation, which is 

comprised mainly of chert that is both ferruginous and jaspillitic. The chert is interlayered with 

felsic volcanic rocks 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 the upper part of the Kraaipan Group and is apparently 

lithologically very similar to the basal Goldridge Formation. It consists of mafic meta-volcanic 

rocks whose deformation ranges from non-existent to intense (Brandl et al., 2006). The mafic-

volcanic rocks display amygdaloidal textures and pillow structures, suggesting a basaltic 

protolith formed within a subaqueous 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 which were emplaced 

episodically into the Kraaipan granite-greenstone terrane. The intrusive relationships between 

the granitoids and the greenstone rocks is poorly understood due to limited exposure (Elburg 

and Poujol, 2020). The granitoids of the terrane occur as different varieties, all of which contain 

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 subdivision of the granitoids, primarily based on exposure in different localities. 
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These include: (a) foliated leucogranites and migmatites, (b) fine to medium-grained pink or 

grey homogenous granitoids which are generally massive, although locally weakly foliated 

and, (c) coarse to very coarse-grained pink granites. 

 

 

Figure 3. Generalised geological map of the Kraaipan granite-greenstone terrane within the 

Kimberly Block of the Kaapvaal Craton showing locations of active mines, defunct mines and 

gold occurrences. The overview map is a cropped version of Figure 2. Modified from Poujol 

et al. (2008).  
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The granitoids are also distinguished based on geochemical and petrological data. These were 

classified broadly into: (a) tonalite-trondhjemite granitoid (TTG) gneissic suite with low 

Na2O/K2O ratios; (b) K2O-rich syenogranites and granodiorites; and (c) K2O-rich adamellites 

(Figure 3). In places, the TTG gneissic rocks have been intruded by the granodiorite-adamellite 

suites providing an age-relationship between the two granitoids.  

 

An age of 3008±4 Ma was obtained for the TTG suite (Figure 3), which represents the oldest 

known age of a granitoid within the Kraaipan granite-greenstone terrane (Poujol 2005; 2008). 

Ages of 2884±2 Ma and 2836±22 Ma were recorded respectively for the Schweizer-Reneke 

adamellite and the Kraaipan granodiorite-adamellite by Anhaeusser and Walraven (1997). The 

youngest granitoid within the terrane has been recorded in southern Botswana at 2782±6 Ma 

by Mapeo et al. (2004). This age is generally used to fix the minimum age of the Kraaipan 

granite-greenstone 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; Adamko-Ansah et al., 2013). D1 resulted in widespread regional deformation of the 

greenstones, characterised by penetrative layer-parallel foliation. All four greenstone belts 

within the Kraaipan granite-greenstone terrane display a similar attitude, whereby the exposed 

BIFs exhibit a strong penetrative fabric that is parallel to sub-parallel to the overall trend of the 

greenstone belts. This observation has led to the likelihood that a significant sub-parallel fault 

or shear zone was active during the D1 event (Anhaeusser, 1991). Hammond (2002) noted the 

foliation at Kalgold to be more pronounced in the phyllosilicates and carbonates, and its 

average orientation to be 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 

trend of the formation could be suggestive of an occurrence of a coincident major shear zone 

or a series of shear zones. The occurrence of a mylonitic zone and gossanous schist in the Blue 

Dot deposits supports this theory.  

 

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

folding; boudin formation and shearing within the BIF (Hammond, 2002). The deformation 
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event was for the most part not pervasive enough to cause significant re-orientation of the D1 

structures. The D2 event represented the mineralising event and controlled the geometry of the 

lode system, which is characterized by shallow-dipping extension veins seen at the Kalgold 

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

resulted from granitic plutonism causing boudinaging of the chert-rich layers within the BIF 

and formation of pod-like features within it, which were subsequently mineralised at the 

Goudplaats Mine. D2 is likely to have transitioned to brittle deformation, resulting in extension 

fractures observed by Hammond (2002) at Kalgold. Aldissô (1985) study of the deformation 

events at Mosi ridge in southern Botswana noted D1 intrafolial minor folds. These tight to 

isoclinal folds rotated during D2 such that their axial planes are oriented largely sub-parallel 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 late-stage right lateral movement which caused rotational slip; formation of 

NE-SW shears; formation of bedding-parallel slips; and brecciation. This late-stage brittle 

deformation phase was also responsible for mineralisation as these structures 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 granite-greenstone terrane, 

namely the Kalahari Goldridge Mine which occurs within the KGB and the Blue Dot Mine 

hosted within the Amalia Greenstone Belt (Figures 1 to 3). Smaller mines were also opened in 

the past at Madibe (approximately 20 km SW of Mahikeng, where mining ceased in the 1930ôs 

due to inconsistent gold grades after the secondary supergene enrichment zone had been 

depleted); Muirs Mine (immediately north of the Kraaipan siding) and at other localities 

(Anhaeusser, 1991).  

 

2.4.1 Kalahari Goldridge Mine  

The gold mineralisation associated with the Kalahari Goldridge deposit extends north-south 

along a strike of approximately 6.5 km and varies in width between 15 m and 45 m (Hammond 

and Moore, 2006; Hammond and Morishita, 2009) and a depth of more than 300 m below 

surface. The deposit is subdivided into four mineralisation zones namely, the D Zone; A Zone; 

Watertank and Windmill (Figure 4a). The D Zone is the largest and the most significant in 
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terms of gold mineralisation. The D Zone has however, largely been mined-out and production 

is currently active in the A Zone pit (Pearton 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 BIFs hosting the gold mineralisation (Figure 

4b and 4c). The hanging-wall overlying the BIF unit is comprised of clastic metasedimentary 

units (graded Bouma-cycle units commencing with conglomerate, followed by greywacke and 

terminating with a phyllitic cap). 

 

 

Figure 4. a) Overview map of the Kalgold deposit. b) Cross-section of the now mined-out 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 Moore, 2006).   

 

The gold mineralisation forms a stratabound deposit hosted by the BIF unit (Figure 4b). 

Hammond and Morishita (2009) recognised three sets of veins at Kalgold (Group I, II and III), 

where Type II are confined to the BIF, and are the only set associated with gold mineralisation. 

Gold mineralisation is controlled by three aspects namely, lithological competency contrast, 

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 present mainly in the 
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chert-rich portions of the BIF, while extension veins are present mainly in the iron-rich 

portions, which also suggests a brittle-ductile regime under which mineralisation occurred 

(Hammond 2002). High gold grades are associated with sulphide and carbonate alteration 

zones in the BIF, suggesting that the BIFôs favourable chemistry (relatively high Fe/Fe+Mg 

ratio) influenced gold deposition through desulphidation of auriferous fluids (Hammond and 

Morishita, 2009). These authors recognised two subsets of the Group II veins (A and B; Figure 

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

of mineralisation. Earlier Group IIA veins are ladder-vein sets localised in the iron-rich 

mesobands of the BIF, while later Group IIB veins are relatively thicker and laterally more 

extensive (up to 20 cm thick and over 20 m long). 

 

 

Figure 5. Group II veins occurring within the mineralised and altered BIF (after Hammond and 

Morishita, 2009).    

 

2.4.2 Blue Dot Deposit 

The Blue Dot deposit hosted within the Amalia Greenstone Belt (Figure 3 and 6) occurs as 

three distinct stratabound ore bodies near Amalia, namely Goudplaats; Abelskop and 

Bothmasrust (Okujeni et al., 2005; Adomako-Ansah et al., 2013; Pearton and Viljoen 2017). 

According to Adomako-Ansah et al., (2013) the Blue Dot deposit is comprised of BIF units 

which are flanked by a mafic volcanic schist and muscovite-chlorite-carbonate-quartz in the 

footwall and quartz-chlorite-ferroan dolomite-albite schist in the hanging wall.  
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The BIF units are characterised into two types: (1) the jasper-free variety which is the common 

BIF type in the Amalia Greenstone Belt, and (2) the quartz-carbonate-veined, jasper-rich BIF 

which is characterised by pyrite-hematite-carbonate-chlorite alteration (Adomako-Ansah et al., 

2013). Gold mineralisation is confined to the latter sulphidised BIF, which is preferentially 

associated with quartz-carbonate veins. Like the Kalgold mine, the competency contrast 

allowed for development of dilatational sites which served as fluid conduits and loci for gold 

mineralisation within the BIF. Anhaeusser (1991) also references the best gold grades being 

concentrated in boudinaged and dismembered pod-like bodies. Chemical favourability of the 

Fe-rich and sulphidised BIF promoted gold precipitation from auriferous fluids (Adomako-

Ansah et al., 2013), as is the case at Kalgold.  

 

 
Figure 6. A: Blue Dot deposit 

within the Amalia Greenstone Belt, 

showing Goudplaats, Abelskop and 

Bothmasrust orebodies. From 

Adomako-Ansah et al., 2013. B: 

Structural map of the Goudplaats 

orebody (From Anhaeusser, 1991).  

 
 

Adomako-Ansah et al. (2013) noted that gold is not solely a replacement product in magnetite-

hematite rich units, because hydrothermal pyrite grains with associated gold do not show 

replacement textures but are in sharp contact with euhedral to subhedral iron-oxide minerals. 

This suggests that the re-crystallization 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) for the sulphides, based on estimated ŭ34SɆS (= +1.8 to +2.5ă) and low base-metal / 

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 investigations and is particularly 

useful where the geology is masked by overlying cover. In this study area, the Kraaipan granite-

greenstone rocks are largely covered by Kalahari sediments and can only be mapped and 

studied by interpreting geophysical datasets. In addition, structure, alteration and potential 

mineralisation can also be studied. 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 data for the study area due to the high-

interest greenstone lithologies, in particular the BIF, having magnetic susceptibilities that are 

distinct from the surrounding granitic rocks. Magnetic data is useful for mapping lithological 

contacts and structure. Historical magnetic data was sourced from the Botswana Geological 

Institute. It was available in gridded format, with standard magnetic data filters already applied 

to it (i.e., reduced-to-pole ñRTPò total magnetic intensity, first vertical derivative and analytical 

signal TIFF images). A range of magnetic responses were noticed and distinguished (low-high 

magnetic intensity, remanent magnetism, etc), as they represent the magnetic properties of 

various causative underlying rock formations. The different magnetic data filter products were 

also useful for identification of geological contacts and delineation of structural features such 

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

 

The historical airborne geophysical data was collected at 250 m line-spacing and is therefore 

considered to be low-resolution by modern standards. A portion of the study area was selected 

for the acquisition of high-resolution magnetic data. This area forms the north-eastern 

extension of the KGB in Botswana, and the survey was flown to accurately map the underlying 

greenstone belt lithologies and associated structural features. The data was collected using a 

magnetometer-mounted RPAS (remotely piloted aircraft system). The survey was flown at 25 

m line-spacing at a survey height of approximately 30 m. Various magnetic data filters were 

used to discern differences in magnetic responses as much as possible. 
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3.2 Kalahari isopach map  

The geology of the study area is generally 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 to (a) decide which geophysical 

exploration techniques would be effective within the study area; (b) design optimal 

geochemical sample collection and analytical; and (c) determine the most effective drilling 

techniques for testing high-interest targets.   

 

Historical water and exploration borehole databases were sourced from the Botswana 

Geological Institute and press releases from both public and private companies. The bulk of 

the boreholes were from water drilling programmes containing very little geological 

information. Therefore, only a few of these holes were useful in determining the Kalahari 

thickness. For areas where the sub-Kalahari rock exposures are known to exist (such as the BIF 

outcrops), additional ñdummyò boreholes were created and designated zero Kalahari depth. 

The increased datapoint density helped to improve the accuracy of the cover thickness map. 

Boreholes were plotted spatially in QGIS, 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, high-resolution satellite imagery (orthophotos and remote 

sensed data) plays a pivotal role in regolith and lithological discrimination.  

 

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, based on a zoom level defined by 

the user. Many output formats are available for the images and include Joint Graphic Expert 

Group ñJPEGò, Enhanced Compression Wavelet ñECWò, Portable Network Graphics ñPNGò, 

etc. The application offers a built-in 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. For the study area, an ECW format satellite image was downloaded from the 

application, set at the WGS1984 Geographic projection system. This satellite imagery was used 
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for mapping BIF, where it is exposed within the study area. Aerial photographs were used 

previously for mapping; however, they were generally of poor resolution and colour-rendering 

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

 

In addition, freely available Landsat-8 data was downloaded from the USGS Earth Explorer 

website. The sensors on the Landsat-8 satellite 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 m, were downloaded for the purposes of this study as they are the most 

useful for characteristic reflectance curves for most rocks and minerals. Band 8 has a different 

surface resolution from bands 1-7; band 9 is useful for cirrus cloud detection while 10 and 11 

are useful for providing accurate surface temperatures (USGS).  

 

A suitable scene covering the study area was chosen and images for bands 1-7 were 

downloaded. As part of pre-processing, the images were clipped to retain the area of interest 

and then subjected 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 techniques were applied to the data as part of image processing. Both of these 

techniques are routinely used for identifying and enhancing spectral differences in rocks, rock-

forming minerals and other geological features. Interpretation of the band combinations and 

ratios involved identification of spectral differences and assigning them different land cover 

classes (or ñtraining setsò), and where possible, the training sets were attributed to known 

geology and regolith of the area of interest. The training sets were applied in supervised 

classification and generation of thematic maps.   

 

3.4 Geological field mapping and ground-truthing  

Geological field mapping was carried out in areas of outcrop, which were identified from 

satellite imagery and topographic data (digital elevation model). No regolith mapping was 

possible in the field other than differentiating outcrop-scree surrounding from Kalahari sand 

cover.  

 

A hand-held GPS (Garmin GPSMAP 64s) was used for navigation and marking of waypoints 

of interest. A Brunton geological compass was used for collecting structural measurements, 

including foliations, lineations, joints, faults and folds. The compass gave unreliable structural 
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measurements (strike and dip/directions) in places where the BIF were relatively more 

magnetic. Structural measurements were recorded using the Clar notation (i.e., a representation 

of structural measurements as dip direction over dip angle, consistently in three and two digits 

respectively; therefore, a feature with a measurement 045°/30° dips to the northeast at 30 

degrees). A magnetic declination of roughly -17 degrees for the study are was taken into 

account. 
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4 Historical data review 

The earliest geological programmes over the study area were conducted by Billiton Botswana 

during their exploration initiative for Cu-Ni deposits (Carney 1994 and Reunion Mining 1999). 

Their regional magnetic survey data, collected at 250 m line-spacing in the 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 study area. Although the Kraaipan Group rocks 

in the area were known for a long time due the outcropping BIF ridges, the understanding 

improved significantly between 1996 and 1999 when Reunion Mining Botswana (Pty) Ltd 

(Reunion Mining 1999) carried out various exploration programmes. Their interest to explore 

the Kraaipan Greenstone Belt was awakened by the discovery of the Kalgold deposit in South 

Africa. Historical datasets collected during the above-mentioned 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 for gold exploration.   

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 m line-spacing or wider (Carney 1994) and 

is therefore low-resolution. 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 rocks due to their 

relatively strong magnetic susceptibilities. Maps in Figure 7 depict the reduced-to-pole and 

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

amplitude linear magnetic responses correspond to the BIFs and associated greenstone rocks. 

 

Discontinuities and displacements are observable along the trend of the greenstone rocks and 

in most cases, they are clearly associated with NW-SE oriented faults. Two additional sets of 

interpreted faults can be depicted from the magnetic data; that which is trending parallel to the 

BIF as well as the SSE-NNE set which is parallel to the prominent rock fabric (Figure 7b). 

Intrusive linear magnetic dykes are also mappable from the regional magnetic data (Figure 7a 

and b).  
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There are ambiguities with respect to the northern extent of the KGB and 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 white polygon in Figure 7. 

 

 

Figure 7. Images of regional magnetic data collected at 250 m line-spacing or wider. A high-

resolution magnetic survey was conducted within the area outlined by the white polygon. A: 

Reduced-to-pole "RTP" image of total magnetic intensity. B: First vertical derivative of RTP, 

where dashed black lines show interpreted faults. The black polygon outlines the study area.    

 

A high-resolution magnetic survey was conducted over this area at the resolution of 25 m 

spaced north-south grid lines, 200 m spaced east-west tie-lines and a sensor height of 20 m. 

The magnetic data was collected using a fixed-wing remotely piloted aircraft system (RPAS) 

which is mounted with a Gem GSMP-35A high-sensitivity magnetometer. This survey is by 

far of the highest resolution to ever be conducted on the Botswana sector of the KGB. The aim 

of the survey was to; (I) confirm the presence of the Kraaipan greenstone rocks within the 

surveyed area; (II ) map the structures; (III ) map the accuracy of the lithological contacts and 

structural features based on different magnetic responses; (IV) use other geological datasets to 
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assign different magnetic signatures to lithological units and; (V) to investigate whether litho-

structural mapping can provide further clues on deformation history of the area. 

 

Standard filter/derivative products were produced from the total magnetic intensity (TMI) data, 

including; RTP-TMI (reduced-to-pole total, Figure 8a), THD (total horizontal derivative); FVD 

(first vertical derivative, Figure 8b) and AS (analytical signal). These derivative products were 

extremely useful in mapping of geological units and associated geological structures (Figure 

8c). 

 

Different magnetic intensities are distinguishable from various filters of the survey data, and 

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 (Figure 8a to c). At least three sets of interpreted faults were observed; trending 

NNW, ESE and NE. Cross-cutting relationships amongst these sets of faults suggest that they 

formed during three separate stages of deformation, in that chronological order. The 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 along both of these sets, 

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: Reduced-to-pole image of total magnetic intensity. B: First vertical derivative 

image of RTP. C: interpretation map 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 ñKalahari coverò is here used to refer to the sedimentary deposits that are the same 

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 the maximum age is fixed 

by the underlying Late Cretaceous kimberlite pipes (Haddon 2005). ñKalahari Group 

sedimentsò here does not refer to, and should not be confused with the sediments of the 

Botswana sub-basin of the Karoo Supergroup, sometimes referred to as the ñKalahari Karoo 

basinò. Within the study area, the most common Kalahari sediments include unconsolidated 

sand, duricrust (mainly calcrete and silcrete), poorly consolidated sands and gritty to pebbly 

and poorly compacted basal gravels.  

 

For any given 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 an area of interest, regardless of 

the mineral commodity of interest. 

 

From a geochemical soil sampling perspective, samples derived from areas of relatively thin 

cover would be regarded as more representative of the underlying geology (lithology, alteration 

and mineralisation) as opposed to those collected in areas of thicker cover. Where the cover is 

thick and also transported, samples are unlikely to be representative of the underlying geology. 

Therefore, subtle mineral-in-soil anomalism in areas of cover should be interpreted with care 

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

environments. 

 

Similarly, geophysical surveying and remote sensing methods have limited effectiveness in 

areas of thick cover, and field mapping of geology is completely precluded in areas of any 

cover. In addition to constraining cover thickness, understanding the nature of the cover is 

similarly important. A geophysical magnetic survey targeting subtle magnetic features of rock 

units underlain by ferruginous cover is likely to be ineffective. Geochemical soil sampling in 
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areas of thick impermeable duricrust such as silcrete (which restricts upward and downward 

ground water percolation), is less effective compared to areas of unconsolidated cover. 

 

The thickness and nature of the Kalahari cover can directly determine the financial feasibility 

of an underlying mineral deposit, with marginal mineral deposits becoming more challenging 

and costly to mine under areas of thicker cover. 

 

The nature and thickness of the Kalahari cover within the study area was investigated by 

collating historical borehole datasets. Over areas of known outcrop determined from satellite 

imagery and field mapping excursions, ñdummyò boreholes were generated and designated 

zero Kalahari cover thicknesses (Figure 9).  

 

 

Figure 9. Location maps of drilled boreholes underlain with an RTP (reduced-to-pole) magnetic 

data image. (A): historical boreholes drilled within and in the vicinity of the study area. (B): 

boreholes with indicated Kalahari cover thicknesses, including ñdummy boreholesò with zero 

Kalahari thickness where rock exposures are known to occur.  

 

A Kalahari isopach map was constructed in QGIS by means of contouring the Kalahari 

sediment thicknesses (Figure 10). The accuracy of the isopach map was negatively influenced 
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by the unequal spacing between boreholes; limited availability of cover thickness information 

from historical water boreholes; and the reliability of historical exploration datasets. 

 

  
Figure 10. Constructed Kalahari isopach maps. Left: isopach contours as well as boreholes 

from which they were created. Right: interpreted faults overlain on Kalahari isopachs. The 

structural architecture seems to have greatly controlled the pre-Kalahari 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 remote-sensed Landsat 8 imagery. The imagery was used to determine 

whether the reflectance signature of the outcropping BIF and associated greenstone lithologies 

could be traced under cover. 
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Colour-rendering of the Bing orthophoto was carried out in QGIS in order to produce an image 

that best displays different surface features, most importantly the known BIF outcrops as well 

as other geomorphological features (Figure 11a to c). The ridges of linear BIF are mappable 

using the enhanced imagery, owing to their prominent rusty colour which has developed from 

iron oxidation. Locally, large structural features such as folding and faulting were observed 

and mapped with reasonable accuracy. These were observed as localised depressions or low-

relief features within the outcropping BIF. The dark-brown colour associated with iron staining 

drops abruptly against the outcrops, suggesting that the BIFs have either a limited lateral extent; 

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

the Kalahari cover thickens rapidly away from the outcrops. 

 

 

Figure 11. (A): Bing satellite image with BIF outcrops in the central southern portion of the 

map as a dark rusty colour. (B): enlarged area with the linear BIF outcrop. Areas of outcrop 

discontinuities most likely represent presence of underlying structural disruptions. (C): 

enlarged portion of BIF whereby folding and faulting are clearly visible from high-resolution 

satellite imagery (solid lines = rock fabric; dotted lines = possible faults).    
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Geomorphological features are also distinguishable, such as rivers (running west-east), 

ploughed farmland and land that is free of agricultural 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 

bands 1 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 setting and outcrops in places, thus increasing the chance of it being detectable in 

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, reflectance properties for most rock-forming minerals 

are detected within the wavelength of those bands (0.43 to 2.29 µm, i.e., visible light to 

shortwave infrared of the electromagnetic spectrum, USGS).  

 

Spectral signatures of various objects can be highlighted 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., bands 5-4-3 of the visible spectrum, which 

displays the natural colour of the earth as humans see it, Figure 12a); short-wave infrared 

(bands 7-6-4, useful for displaying vegetation and vegetation density in shades of green, Figure 

12b). 
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Figure 12. Landsat-8 colour composite images, where the linear north-south BIF outcrop 

occurs within the yellow outline. (A): true colour composite (bands 5-4-3). Rusty colour occurs 

on areas with Fe-rich rocks and river drainages. (B): vegetation composite (or short-wave 

infrared of bands 7-6-4) where the presence and density of vegetation is proportional to the 

intensity of the 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 numbers of one band 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).  

 

For example, Figure 13 depicts the spectral curves from Landsat 8 data for iron-bearing oxide 

minerals hematite, goethite and jarosite. All of these minerals display high reflectance in band 

5, while spectral absorption is a 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 commonly 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 band 3 (Figure 13), 

resulting in high ratio values for areas with iron-bearing minerals. 

 

 

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 reflectance iron-oxide and 

iron-bearing rocks respectively.     

 

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

different soil types and vegetation cover distinguishable from band combinations and ratios, 

commonly referred to as land classes, themes or regions of interest ñROIsò. The resultant map 

displays all the themes known as a thematic map. A QGIS plugin called ñSemi-automatic 

Classification Pluginò allows for supervised classification of remote sensing images. It was 

applied to the band 1-7 multispectral data for supervised classification, whereby the input ROIs 

were used as training sets in order to detect areas of similar spectral signatures in the 

multispectral data and separate those areas into different classes. Figure 14 depicts a thematic 

map which was generated through supervised classification.  

 

The ROIs which were applied for supervised classification were ground-checked during field 

reconnaissance in order to reduce ambiguity in the supervised classification process. However, 

the results obtained after the classification process (i.e., extrapolation of the ROIs) cannot be 

said to 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 Kraaipan BIF, is the only 
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outcrop of the ROI that is present within the study area. Upper Transvaal Supergroup 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 Kalahari 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 occur distant from areas of outcrop are likely to 

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

would suggest transportation by water. 

 

 

Figure 14. Thematic map generated through supervised classification from Landsat 8 band 1-

7 multispectral data, using partly ground-truthed ROIs.     
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The northern portion of the BIF on the thematic map shows a patch of ñKanye Fmò, which is 

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. If this 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 beyond its already known extents. This is certainly due to the extensive soil cover 

which masks spectral reflectance of underlying rocks, even more so in areas of thicker sand 

cover. The Landsat-8 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 rock outcrop encountered during field mapping. Two main varieties 

of BIF were noted; one with conspicuous banding with alternating white silica-rich bands and 

dark iron oxide-rich bands (Figure 15a), and another with visibly less silica content and more 

obscure banding (bordering on being massive in textural appearance, Figure 15b). The iron 

oxide occurs mainly in the form of hematite, although the BIFs are magnetite-bearing in some 

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

 

Other rock units included a very fine-grained, thinly banded grey rock with banding defined 

mainly by quartz ribbons (Figure 15c), and a relatively less competent and strongly foliated to 

schistose rock with green tinge, possibly due to chloritic and epidote alteration (Figure 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.  

 

  

a b 
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Figure 15. Different rocks units that were encountered during field mapping. (a): thinly banded 

BIF with conspicuous alternation of silica-rich white bands and iron oxide-rich dark bands. (b): 

iron oxide dominated BIF with a massive textural appearance. (c): greyish-green greenstone 

rock (possibly metagreywacke) with a gneissic texture formed by thin, quartz ribbons. (d): 

highly foliated to schistose rock with epidote and chlorite alteration (hematite and limonite 

alteration visible along fractures and foliation planes).    

 

The outcropping rocks typically strike northward and dip steeply (greater than 70 degrees on 

average) toward the west. They are all well-foliated but also exhibit both ductile and brittle 

structural features, suggesting that the style of deformation evolved as it progressed, and/or 

several deformation events took place. Figure 16a to d depict some of the structural features 

observed in the rocks. 

 

In Figure 16a, 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, suggesting that the two folds formed during separate events; that the 

enclosed fold must be older and, the orientations were different for the principal stress fields 

which were responsible for the folding events. Parasitic folds are visible in Figure 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 younger than folding (although it may well be 

contemporaneous with and developed during the progressive ductile deformation). The shear 

may well serve to indicate strain partitioning. The red ovals in Figure 16b outline zones of 

brecciation which post-date folding within the BIF, suggesting that either deformation evolved 

from ductile to brittle regime, or that a later event was responsible for brittle deformation.  

c d 
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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 by black dotted lines 

ï 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 (white lines), zones of brecciation (within the red ovals) 

and joints with displacement (dotted yellow lines), that post-date the rest of the structures. (C): 

boudinaged quartz veining within the BIF. Boudin rims and pressure-shadows have strong iron 

alteration. (D) metagreywacke with en-echelon tension gashes (within yellow box) whose tips 

suggest that they opened parallel to the main foliation. These are cross-cut by later 

perpendicular quartz veins.   

 

It is nonetheless clear in Figure 16c that while ductile deformation lasted, it was accompanied 

by quartz veining and formation of asymmetrical boudins. Strong hematite alteration is present 

in the pressure-shadows and rims of the boudins. Vein formation and alteration (which both 

demonstrate hydrothermal fluid percolation) were however, not observed to be widespread 

during the mapping exercise. Stress field rotation during deformation is indicated both by the 

boudin asymmetry as well as the en-echelon tension gashes in the metagreywacke in Figure 

16d. The tension gashes are cross-cut by thin quartz veins that are oblique to foliation. It is 

possible that these are related to the displacement joints marked in yellow in Figure 16a and b, 

which evidently post-date 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 imagery (Figure 17a to 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 weathering or underlain 

by zones of faulting/shearing. As noted above, flexural slip seems to have accompanied 

folding. Shear zones parallel to the greenstone have been postulated occasionally noted at the 

Kalgold and Blue Dot deposits (Anhausser, 1991). 
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Figure 17. Geological maps of the southern part of the study area, created from field mapping 

and satellite imagery. (a): overview map showing various lithologies and probable faults shown 

in black lines. (b): synformal fold within the BIF. (c): predominantly east-dipping part of the 

greenstone belt. A ~20 m wide of quartz brecciation is present. (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 additional geochemical data was collected during the current study. The 

historical data used for the study is that of sediment samples and down-hole drilling data. The 

purpose of evaluating the available geochemical data is fourfold. 

 

a) To check for the occurrence of gold-in-soil anomalies and for presence of gold within 

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 litho-geochemical trends by 

determining if the geochemistry of the soil/Kalahari cover can be correlated with the 

underlying geology, or if there are any pathfinder metal/element associations relating 

to the down-hole geology, in particular the BIF known to host gold mineralisation.  

d) To compare and contrast recovery results (for gold and other elements) from soil 

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 (referred to here as ñSoil samplingò 1 and 2, Figure 18). For 

both sampling programmes, the samples were collected at 50 m spacing, over areas of different 

Kalahari cover thicknesses. For the sampling programme ñSoil sampling 1ò, the samples lines 

were oriented east-west and spaced at 200 m. The sampling targeted the area where the BIF 

outcropped and 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 and processed 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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Figure 18. Locations of historical soil samples with assay results within the study area. ñSoil 

sampling 1ò samples are depicted by the red sample grid and were collected in the southern 

portion of the study area where the BIFs are outcropping. ñSoil sampling 2ò samples are 

depicted as black sample lines were 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 ñSoil Sampling 1ò are depicted in Figure 19, where they are overlain on 

satellite imagery where the dark rusty colour coincides with the BIF outcrop. Gold results, in 

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






















































