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Abstract 
 

The Kunene AMCG (Anorthosite-Mangerite-Charnockite-Granite) Complex, located in the southern part 

of Angola and northern part of Namibia, is known as one of the most extensive Proterozoic anorthosite 

complexes worldwide, with an extent of the area җ му ллл ƪƳ2, and positioned along the southwest 

margins of the Congo craton. The mafic-ultramafic intrusions within the vicinity of the Kunene Complex 

are mineralised with nickel, copper, and platinum group elements (PGEs). The area has not been 

extensively explored, and only minor exploration work has been conducted to search for magmatic 

sulphide deposits, particularly nickel deposits. The PGE potential of the mafic-ultramafic intrusions in the 

area and their potential mineral system has not previously been extensively studied. The available 

geochemical assay data of the Ombuku North intrusion in northern Namibia was sourced from African 

Nickel Limited (ANL) and was used in this study to assess its PGE potential and to better understand its 

potential mineral system. Petrographic work demonstrated Ombuku North intrusion was commonly 

associated with magmatic sulphides (pentlandite, pyrrhotite, chalcopyrite), formed from a Mono Sulphide 

Solution, and magnetite. Samples were selected for further detailed platinum group mineral (PGM) 

investigations on the basis of their PGE contents. Ombuku North is characterised by slightly anomalous 

PGE values and the available thin sections from Ombuku North with corresponding bulk rock PGE values 

of >80 parts per billion (ppb) were selected for the identification and characterisation of the PGMs, and 

for detailed petrographic analyses. 

In this study, PGM mineral analyses were done using a Tescan Integrated Mineral Analyser (TIMA) which 

is a fully automated instrument, whereas previous mineral analyses for PGMs in Ombuku North and some 

of the other mafic-ultramafic intrusions in this region were collected using Scanning Electron Microscopy-

Energy Dispersive Xray Spectroscopy (SEM-EDS) method, which is only partially automated. TIMA could 

identify the PGM in the selected samples from Ombuku North. The identified PGMs included sperrylite, 

michenerite, stibiopalladinite, and vincentite, all associated with serpentinised rocks. The platinum 

arsenides (sperrylite) are mainly hosted in magnetite and in pyrrhotite. 

The palladium bismuthotellurides (michenerite and vincentite) and a platinum antimonide 

(stibiopalladinite) are hosted in pentlandite. The origin of these PGMs can be associated with both 

magmatic and hydrothermal processes. aŀƎƳŀǘƛŎ ǇǊƻŎŜǎǎŜǎ ŀǊŜ ǇǊƛƳŀǊƛƭȅ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ƛƴƛǘƛŀƭ 

ŦƻǊƳŀǘƛƻƴ ŀƴŘ ŎǊȅǎǘŀƭƭƛǎŀǘƛƻƴ ƻŦ ǎƛƭƛŎŀǘŜ ƳƛƴŜǊŀƭǎ ǿƛǘƘƛƴ ǘƘŜ ƳŀŦƛŎπǳƭǘǊŀƳŀŦƛŎ ƛƴǘǊǳǎƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ǇǊƛƳŀǊȅ 

ƳŀƎƳŀǘƛŎ ǎǳƭǇƘƛŘŜ ŀǎǎŜƳōƭŀƎŜΦ [ŀǘŜ ƘȅŘǊƻǘƘŜǊƳŀƭ ǇǊƻŎŜǎǎŜǎ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŀƭǘŜǊŀǘƛƻƴ ƻŦ ǘƘŜǎŜ ǊƻŎƪǎΣ 

ǿƘŜǊŜ ŦƭǳƛŘǎ ŎƛǊŎǳƭŀǘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ǊƻŎƪ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜ ŦƻǊƳŀǘƛƻƴ ƻŦ ǎŜŎƻƴŘŀǊȅ ƳƛƴŜǊŀƭǎ ǎǳŎƘ ŀǎ 

ǎŜǊǇŜƴǘƛƴŜΣ ǘŀƭŎΣ ŀƴŘ ǘƘŜ ǊŜŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ tD9Φ !ƭǘƘƻǳƎƘ tD9 Řŀǘŀ ŀǊŜ ŀƭǎƻ ǇǊƻǾƛŘŜŘ ŀƭǎƻ ŦƻǊ ƻǘƘŜǊ 

ƛƴǘǊǳǎƛƻƴǎΣ this study mainly focused on Ombuku North intrusion due to the limited availability of assay 

data. We infer that amongst all the mineralised mafic-ultramafic intrusions related to the Kunene 

Complex, the most prospective for PGE anomalies are the altered ultramafic lithologies at Ombuku North.  
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CHAPTER 1: INTRODUCTION 
 

¢ƘŜ YǳƴŜƴŜ !a/D /ƻƳǇƭŜȄ όY/ύ ǎǘŀƴŘǎ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ƭŀǊƎŜǎǘ tǊƻǘŜǊƻȊƻƛŎ ƳŀǎǎƛŦπǘȅǇŜ ŀƴƻǊǘƘƻǎƛǘŜ 

ŎƻƳǇƭŜȄŜǎ ǿƻǊƭŘǿƛŘŜΣ ǎƛǘǳŀǘŜŘ ƛƴ ǎƻǳǘƘŜǊƴ !ƴƎƻƭŀ ŀƴŘ ƴƻǊǘƘŜǊƴ bŀƳƛōƛŀ ό!ǎƘǿŀƭ ŀƴŘ ¢ǿƛǎǘΣ мффпύΦ Lǘ ƛǎ 

ǇƻǎƛǘƛƻƴŜŘ ŀǘ ǘƘŜ ǎƻǳǘƘǿŜǎǘŜǊƴ ŜŘƎŜ ƻŦ ǘƘŜ /ƻƴƎƻ ŎǊŀǘƻƴ ƻƴ ǘƘŜ !ƴƎƻƭŀƴ {ƘƛŜƭŘ ό.ȅōŜŜ Ŝǘ ŀƭΦΣ нлмфΤ IŀȅŜǎ 

Ŝǘ ŀƭΦΣ нлннΤ [ŜƘƳŀƴƴ Ŝǘ ŀƭΦΣ нлнлΤ aƛƭŀƴƛ Ŝǘ ŀƭΦΣ нлннΤ wŜȅπaƻǊŀƭ Ŝǘ ŀƭΦΣ нлннύΣ όFig. 1a)Φ Lǘ ŎƻǾŜǊǎ ŀƴ 

ŜȄǘŜƴǎƛǾŜ ŀǊŜŀ ŜȄŎŜŜŘƛƴƎ му ллл ƪƳн ό!ǎƘǿŀƭ ŀƴŘ ¢ǿƛǎǘΣ мффпύ ŀƴŘ ƛǘ ǎǘǊŜǘŎƘŜǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нлл 

ƪƛƭƻƳŜǘŜǊǎ ŦǊƻƳ ƴƻǊǘƘŜǊƴ bŀƳƛōƛŀ ƛƴǘƻ !ƴƎƻƭŀ όaŜƴƎŜ Ŝǘ ŀƭΦΣ мффуύΦ ! ƎŜƴŜǊŀƭ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ YǳƴŜƴŜ 

/ƻƳǇƭŜȄ ƛǎ ǎƘƻǿƴ ƛƴ Fig. 1ōΦ ¢ƘŜ Y/ ǇǊƛƳŀǊƛƭȅ ŎƻƳǇǊƛǎŜǎ ŀƴƻǊǘƘƻǎƛǘŜΣ ǿƛǘƘ ƳŀŦƛŎ ǘƻ ǳƭǘǊŀƳŀŦƛŎ ƛƴǘǊǳǎƛƻƴǎ 

ŎƻƴŎŜƴǘǊŀǘŜŘ ŀƭƻƴƎ ƛǘǎ ǿŜǎǘŜǊƴ ƳŀǊƎƛƴǎ όaŀƛŜǊ Ŝǘ ŀƭΦΣ нлмоΤ aƛƭŀƴƛ Ŝǘ ŀƭΦΣ нлнпύΦ  

¢ƘŜǎŜ ƳŀŦƛŎπǳƭǘǊŀƳŀŦƛŎ όa¦aύ ƛƴǘǊǳǎƛƻƴǎ ŀǊŜ Ƴƻǎǘƭȅ ŦƻǳƴŘ ŀǘ ǘƘŜ ǎƻǳǘƘǿŜǎǘŜǊƴ ŀƴŘ ǿŜǎǘŜǊƴ ǇŜǊƛǇƘŜǊȅ ƻŦ 

ǘƘŜ Y/Σ ŦƻǊƳƛƴƎ ŜƭƻƴƎŀǘŜŘ ōƻŘƛŜǎ όDrüppel et al., 2001ύΣ ŀƴŘ ŜŀŎƘ ŎƻǾŜǊƛƴƎ ƭŜǎǎ ǘƘŀƴ мл ƪƳн όaŀƛŜǊ Ŝǘ ŀƭΦΣ 

нлмоύΦ ¢ƘŜȅ ŀǊŜ ŎƻƳǇǊƛǎŜŘ ƻŦ ŀƴƻǊǘƘƻǎƛǘŜΣ ƎŀōōǊƻΣ ǘǊƻŎǘƻƭƛǘŜΣ ǇŜǊƛŘƻǘƛǘŜΣ ŀƴŘ ǇȅǊƻȄŜƴƛǘŜΣ ŀƴŘ ǎƻƳŜ ƻŦ ǘƘŜǎŜ 

a¦a ƛƴǘǊǳǎƛƻƴǎ ŀǊŜ ƳƛƴŜǊŀƭƛǎŜŘ ǿƛǘƘ bƛŎƪŜƭπ/ƻǇǇŜǊπtƭŀǘƛƴǳƳ DǊƻǳǇ 9ƭŜƳŜƴǘǎ όbƛπ/ǳπtD9ύΣ ǿƛǘƘ ǘƘƛƴ 

ŎƘǊƻƳƛǘƛǘŜ ƭŀȅŜǊǎ ƭƻŎŀƭƭȅ ǇǊŜǎŜƴǘ όaŀƛŜǊ Ŝǘ ŀƭΦΣ нлмоύΦ YŀƭŀƘŀǊƛ ǎŜŘƛƳŜƴǘǎ ƻǾŜǊƭƛŜ ǘƘŜ ŜŀǎǘŜǊƴ ǇŀǊǘ ƻŦ ǘƘŜ Y/Σ 

ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŘƛǎŎƻǾŜǊƛƴƎ ƻǘƘŜǊ a¦a ƛƴǘǊǳǎƛƻƴǎ ƳƛƴŜǊŀƭƛǎŜŘ ǿƛǘƘ bƛπ/ǳπtD9 ǎǳƭǇƘƛŘŜǎΣ ŀǎ 

ǿŜƭƭ ŀǎ ǿƛǘƘ LǊƻƴπ¢ƛǘŀƴƛǳƳπ±ŀƴŀŘƛǳƳπtƘƻǎǇƘƻǊǳǎ όCŜπ¢ƛπ±πtύ ǿƘƛŎƘ ŀǊŜ ŎƻƳƳƻƴƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 

tǊƻǘŜǊƻȊƻƛŎ ƳŀǎǎƛŦπǘȅǇŜ ŀƴƻǊǘƘƻǎƛǘŜǎ όaŀȅŜǊ Ŝǘ ŀƭΦΣ нллпύΦ 5ǳŜ ǘƻ ǇǊƻƭƻƴƎŜŘ ǿŀǊǎ ŦǊƻƳ мфтр ǘƻ нллм ƛƴ 

bŀƳƛōƛŀ ŀƴŘ !ƴƎƻƭŀΣ ǘƘŜ ŀǊŜŀ Ƙŀǎ ƴƻǘ ōŜŜƴ ŜȄǘŜƴǎƛǾŜƭȅ ǎǘǳŘƛŜŘΣ ŀƭǘƘƻǳƎƘ ƴǳƳŜǊƻǳǎ ŜȄǇƭƻǊŀǘƛƻƴ ǇǊƻƧŜŎǘǎ 

ŀƛƳŜŘ ŀǘ ŘƛǎŎƻǾŜǊƛƴƎ ƳŀƎƳŀǘƛŎ ǎǳƭǇƘƛŘŜǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƴƛŎƪŜƭπǊƛŎƘ ƻƴŜǎΣ ƘŀǾŜ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴ όaŀƛŜǊ Ŝǘ 

ŀƭΦΣ нлмоύΦ ¢ƘŜ bƛŎƪŜƭ /ƻǇǇŜǊ όbƛπ/ǳύ ƳŀƎƳŀǘƛŎ ǎǳƭǇƘƛŘŜ ƻǊŜ ŘŜǇƻǎƛǘ ƻŦ ǘƘŜ ±ƻƛǎŜȅΩǎ .ŀȅ ƛƴǘǊǳǎƛƻƴΣ 

ŘƛǎŎƻǾŜǊŜŘ ƛƴ мффп ƛƴ /ŀƴŀŘŀΣ ƛǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŜȄŀƳǇƭŜ ƻŦ ŀ ǿƻǊƭŘπŎƭŀǎǎ ƴƛŎƪŜƭ ǎǳƭǇƘƛŘŜ ŘŜǇƻǎƛǘ ŀǎǎƻŎƛŀǘŜŘ 

ǿƛǘƘ ŀƴ !a/D /ƻƳǇƭŜȄ όbŀƭŘǊŜǘǘ Ŝǘ ŀƭΦΣ мффтύΦ  

Magmatic PGE occurrences are widespread globally, but the deposits of economically viable PGE are 

relatively scarce. Countries like South Africa (Bushveld Complex) and Russia (Norilsk-Talnakh) contribute 

over 90 % of the world's PGM production. Additional economically viable deposits occur within layered 

mafic-ultramafic intrusions such as the Great Dyke in Zimbabwe, the Stillwater Complex in the United 

States of America, and the Sudbury Complex in Canada (Mudd et al., 2018).  

The platinum group elements are considered globally as critical metals, because of their demand in 

different industries for modern technological applications and for the green economy. The need for 

platinum has been increasing rapidly because of the automotive industry and the need for green energy 
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as it is used as a catalytic converter in hydrogen-powered fuel cell electric vehicles (FCEVs). This study 

focuses on characterising the spatial distribution of PGMs in the Ombuku North intrusion at the periphery 

of the KC in northern Namibia to better understand the magmatic PGE potential of the intrusion (Fig. 1a). 

   

 

Fig. 1: (a) Global location of layered intrusions and different PGE deposits in the world (Burlakovs et al., 2020). The insert map illustrates the 
annual PGE production from the leading producing countries (Chistyakova et al., 2019), (b) shows the typical anorthosite outcrop of the Kunene 
Complex (https://cimera.co.za/kunene-complex/).  
 
  

Thin sections with assays showing anomalous PGE contents were identified and used for image analysis 

utilising TIMA (Tescan Integrated Mineral Analyser). The aim was to determine the presence, distribution, 

and composition of PGMs within these rocks. Additionally, samples containing well-characterised sulphide 

mineralisation were targeted, given the close association of PGMs with sulphide (and oxide phases). 

b 

Kunene Complex 

https://cimera.co.za/kunene-complex/
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Identifying PGM types within the Ombuku North intrusion will provide insights into the nature and 

characteristics of PGE mineralisation in the area.  

African Nickel Limited (ANL), Gevale Indústria Mineira Lda, and Anglo-American have been carrying out 

exploration projects in the area since the мффлΩǎΦ ¢ƘŜ ŀŎŎƻƳǇƭƛǎƘŜŘ ǿƻǊƪ ǇǊƻƎǊŀƳǎ ƛƴŎƭǳŘŜŘ ǎƻƛƭ ǎŀƳǇƭƛƴƎΣ 

geophysical surveys, and drilling, followed by geochemical analyses of the drilled core. ANL obtained a 

comprehensive bulk rock geochemical database, consisting of about 3 500 analyses, comprising of major, 

trace, and PGE from various borehole samples at the periphery of the KC. Fig. 2 shows the geology of the 

area in which ANL focused  their exploration and the locations of the MUM intrusions discussed in this 

report. 

 

Fig. 2: Location and geology of the mafic-ultramafic intrusions peripheral to the Kunene Complex (van Zyl, 2022). 

 

The MUM intrusions that are part of this study were analysed for PGE concentrations by fire assay, 

however, the Pd and Pt data are limited because of the very low concentrations of these elements in six 

of the MUM intrusions, with some concentrations being below the detection limit (Table 1). 
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Table 1: Summary of the total number of platinum and palladium analyses in six of the mafic-ultramafic 
intrusions at the margins of the Kunene Complex.  

Intrusion Total number of platinum analyses Total number of palladium analyses 

Ohamaremba 101 101 

Oheuwa 244 244 

Ombuku South 238 238 

Ongoro 49 49 

Onyokohe 139 94 

Oncocua 0 6 

 

The PGE assay data from the Ombuku North intrusion show the highest concentrations of platinum and 

palladium (e.g., > 500 ppb). A previous study by Ntuli (2022) was carried on these MUM intrusions, using 

a scanning electron microscope equipped with an energy dispersive x-ray system (SEM-EDS). The study 

focused on samples from the Ombuku North intrusion with PGE values >80 ppb, characterised the textural 

setting of the PGMs, and suggested the processes responsible for the mineralisation.  
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CHAPTER 2: REGIONAL GEOLOGY AND OVERVIEW OF THE MAFIC-ULTRAMAFIC 

INTRUSIONS AT THE MARGIN OF THE KUNENE AMCG COMPLEX 
 

2.1. Regional Geology 

 

The KC extends from northwestern Namibia into southwestern Angola (Fig. 3). It intruded early 

Proterozoic to late Archean rocks (granite basement rocks) and supracrustal rocks of Paleoproterozoic to 

Mesoproterozoic in the Epupa Complex (Lehmann et al., 2020). The complex is also largely overlain by 

Kalahari sediments (Rey-Moral et al., 2022). It consists predominantly of anorthosite and is primarily 

located near the southern boundary of the Congo Craton and was emplaced during the Mesoproterozoic 

era. (~ 1.4 Ga), and the timing of the KC emplacement was generally concurrent with the event of Kibaran 

Orogeny (Mayer et al., 2004; Gleißner et al., 2010; Bybee et al., 2019; Lehmann et al., 2020; Rey-Moral et 

al., 2022). In Angola, the KC intruded the southern boundary of the Congo Craton (Menge et al., 1998). 

The anorthosite intruded the 1915 to 2149 Ma metamorphosed rocks and supracrustal volcanic 

sedimentary sequences of the Chivanda Group, and granitoids of Paleoproterozoic, associated with the 

Eburnean Orogeny (Jelsma et al., 2018). The tectonic setting of the Kunene Complex AMCG Complex is 

controversial.  

 
Fig. 3: A geological map illustrating geological units surrounding the Kunene Complex and associated orogenic belts as well as adjacent cratons 
(from Rey-Moral et al., 2022). 
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The Namibian section of the KC covers an area of about 4000 km2 and is characterised by the occurrence 

of interlayered rocks forming the Zebra Lobe (Maier et al., 2013). The Zebra Lobe is comprised of 

alternating layers trending in an east-west direction (Fig. 4). These layers consist of highly altered 

leuconorite and of pale-coloured white anorthosite intruded by slightly altered anorthosite known as 

"dark and old anorthosite," which includes leucogabbronorite and leucotroctolite (Lehmann et al., 2020).  

There are two distinct anorthosite suites in the Zebra Lobe (Gleißner et al., 2010; Gleißner et al., 2011). 

The older suite is characterised by a whitish appearance and is predominantly composed of leuconorite, 

with leucogabbronorite also present. In contrast, the younger suite appears darker and mainly consists of 

leucotroctolite (Gleißner et al., 2011). The Namibian part of the KC intruded the Paleo-Mesoproterozoic 

supracrustal rocks of the Epupa Complex (Maier et al., 2013). The Epupa Complex broadly includes para- 

and orthogneiss rocks, metasedimentary rock, and volcanic rocks belonging to the Orue Group (1334 Ma). 

Within the Orue Group, there is a predominance of migmatitic megagranitoids that intruded into a 

volcano-sedimentary succession (Gleißner et al., 2011). Following this intrusion, mafic dykes penetrated 

both units and underwent subsequent metamorphism to form amphibolites and granulites (Brandt, 

2003). The volcano-sedimentary unit primarily comprises of migmatitic metagreywackes intercalated with 

mafic metavolcanic rocks along with detrital sedimentary rocks such as metaquartzites and meta-arkoses 

(Gleißner et al., 2010). Meanwhile, the Epempe unit is predominantly composed of alternating felsic and 

mafic rocks (Gleißner et al., 2011).  

 

The horizontal and undeformed Chela sedimentary sequence, dated at approximately 1800 Ma (McCourt 

et al., 2013) is underlain by the granitoids, comprising of granites, syenites, and syenodiorites (commonly 

known as "Red granite"). This sedimentary sequence forms the Humpata Plateau located in the western 

part of the KC (Gleißner et al., 2010; Lehmann et al., 2020). Additionally, the KC contains MUM intrusions 

primarily situated along its western and southwestern boundaries (Ashwal and Twist, 1994; Drüppel et 

al., 2007; Rey-Moral et al., 2022). In Angola, the KC is characterised by north-south elongated bodies of 

anorthosite, separated by areas of coeval granitoids known as the "Red Granite Suite" (Lehmann et al., 

2020). Additionally, there are MUM intrusions and small oxide-rich diorite mafic intrusions near the 

southern boundary of the KC (Gleißner et al., 2010; Gleißner et al., 2011). 
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Fig. 4: The geological map illustrates the Mesoproterozoic Kunene Complex along with adjacent geological units in southwestern Angola and 
northwestern Namibia. It also highlights related geological structures, volcanic rocks and the location of the intrusions discussed in this report. 
Geochronological data are provided, with argon dating ages displayed in grey boxes and UςPb ages in white boxes and the black boxes show 
published crystallisation ages. Additionally, there is an inset map illustrating the location and size of the KC in the south Angola and north of 
Namibia (adapted from Lehmann et al., 2020).  

 

2.2. Kunene Complex mafic-ultramafic intrusions 

  

The study focuses on Ombuku North, and several other mafic-ultramafic intrusions peripheral to the KC 

are also discussed (e.g., Oncocua, Ombuku South, Ohamaremba, Oheuwa, Onyokohe and Ongoro). A large 

geochemical dataset was generated by African Nickel Limited and Anglo American. Significant datasets 

generated include regional stream geochemistry data, soil sampling, gossan mapping, geophysical 

surveys, drilling, and borehole geochemical data (Van der Mescht, 2023).  

2.2.1. Oncocua  

  

Oncocua is located on the western boundary of the KC in the southern part of Angola (Smuts, 1998). It is 

located approximately 30 km SW of Oncocua and approximately 55 km north of the Zebra Lobe (Fig. 5).  
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Fig. 5: The geographical location of the Oncocua intrusion. 

 

The intrusion appears as a NW-SE elongated body as shown on the geological map in Fig. 6. The intrusion 

is primarily hosted by massive anorthosite. The red line trending northwest-southeast indicates an 

electromagnetic anomaly detected by the Dighem conductivity survey conducted in 1998 over the 

Oncocua gossans (Selfe, 2003). 
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Fig. 6: A geological map of the Oncocua intrusion with the location of the boreholes and geochemical anomalies (contour-like lines) with Dighem 
conductor lying 450 m to the east of the intrusion. The Dighem represents a shallow (40-50 m deep) conductive body, perhaps sulphides rich 
(Selfe,2003). 

 

Exploration by Anglo American Group Discovery and Geosciences (previously called Anglo American 

Prospecting Services Pty Ltd) included follow up work over the Oncocua intrusion, obtaining grid soil 

sampling, rock sampling, and geophysics surveys, i.e., ground magnetic and electromagnetic over the 

Ǝƻǎǎŀƴǎ όLŘŜƴǘƛŦƛŜŘ ŘǳǊƛƴƎ мффлΩǎ ǊŜŎƻƴƴŀƛǎǎŀƴŎŜ ŜȄǇƭƻǊŀǘƛƻƴ ǿƻǊƪύ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘŀǊƎŜǘ ŀǊŜŀǎ ŦƻǊ ŘǊƛƭƭƛƴƎ 

(Smuts 1998). Additional samples were collected from the gossan during this exploration program and 

analysed for copper, nickel, cobalt, gold, and palladium. Areas of mineralisation were identified from the 

geophysical and geochemical work. Subsequently, a total of thirteen boreholes were drilled, and 

geochemical analyses were completed for borehole ONC01. Based on the geophysical, sampling and 
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geochemical results, the Oncocua intrusion was identified as a target of potential for discovery of a Ni-Cu-

PGE deposit (Smuts, 1998). 

2.2.2. Ombuku North and South 

 

Ombuku North and Ombuku South intrusions are situated at the western margin of the Zebra Lobe in 

Namibia and are approximately 10 km apart. The location of the intrusions and boreholes drilled are 

shown in Fig. 7a-b.  

 

(a) 
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 Fig. 7: The geographical location of the Ombuku North (a) and Ombuku South (b) intrusions and boreholes. 

 

The Ombuku intrusions are mainly composed of mafic-ultramafic rocks. They are relatively small bodies 

with Ombuku North and Ombuku South covering an area of approximately 0.88 km2 and 28 km2 

respectively (Maier et al., 2013). Ombuku North consists predominantly of altered ultramafic rocks and 

these are mainly serpentinite (altered dunite), harzburgite orthopyroxenite, and minor mafic rocks such 

as norite websterite, gabbronorite, and olivine-norite (Maier et al., 2013). Some mafic-ultramafic rocks 

occur as interlayers within the gneissic host rocks. (Maier et al., 2013). The eastern portion of the intrusion 

is in contact with anorthosite and leucotroctolite, while the western portion is in contact with country 

rocks of felsic and mafic orthogneiss of the Epupa Complex (Maier et al., 2013). Ombuku South ultramafic 

rocks are found mainly in the western portion of the intrusion, and these are predominantly dunite, 

harzburgite, and orthopyroxenite with chromitite layers (Maier et al., 2013). The intrusion is hosted by 

amphibolites and granites of the Epupa Complex (Maier et al., 2013).  

 

(b) 
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Numerous boreholes were drilled into the Ombuku intrusions by ANL in 2008 and some boreholes were 

drilled by Anglo American, between 2012 and 2013. A total of fifteen boreholes (KNBD001, KNBD002, 

KNBD003, KNBD004, KNBD005, KNBD006, KNBD007, KNBD008, KNBD009, KNBD010, KNBD011, KNBD012, 

KNBD013, KNBD014 and KNBD015) were drilled into Ombuku North and two boreholes (KNCD001 and 

KNCD002) were drilled into Ombuku South. The drillcore samples underwent whole-rock geochemical 

analyses (major and trace elements, including PGE). 

2.2.3. Ohamaremba 

 

Ohamaremba intrusion is located approximately 1 to 2 km to the south of the Zebra Lobe, (Maier et al., 

2013) and was drilled by ANL (Fig. 8). 

 

 Fig. 8: The geographical location of the Ohamaremba intrusion and boreholes. 
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The surface geology of Ohamaremba predominantly comprises foliated leucotroctolite, with minor 

anorthosite and olivine gabbronorite (Fig. 9), (Maier et al., 2013).  

 

 

Fig. 9: A geological map of the Ohamaremba intrusion (Naumov, 2010).  
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A total of five boreholes were drilled into Ohamaremba, three boreholes (HRDD1, HRDD2, and HRDD3) 

drilled by ANL in 2000 intersected disseminated nickel sulphides (Maier et al., 2013). Further drilling in 

2008 (boreholes KNAD001 and KNAD002) intersected a > 100 m thick zone of low-grade mineralisation 

containing < 0.2% of nickel (Maier et al., 2013), (Fig. 10).  

 

Fig. 10: A geological cross section of Ohamaremba and boreholes KNAD001 and KNAD002 showing zones of sulphide mineralisation (Naumov, 
2010). The geochemical analyses from the drillcores also included PGE (platinum and palladium), however the concentrations are very low (Pd 
Җмл ǇǇō ŀƴŘ tǘ Җ рǇǇōύΦ 

 

2.2.4. Oheuwa  

 

Oheuwa intrusion is located on the northwestern side of the Zebra Lobe and is comprised of dark leuco-

troctolite (Maier et al., 2013). A total of four boreholes (KNV002, KNV003, KNV004 and KNV005) were 

drilled into this intrusion in 2013 (Fig. 11). The drill cores were analysed for PGEs and the concentrations 

are very low (Pd Җ 8 ppb and Pt Җ 29 ppb).  
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Fig. 11: The geographical location of the Oheuwa intrusion and boreholes. 

 

2.2.5. Onyokohe  

 

Onyokohe intrusion is located approximately 6.2 km away from the northwestern side of the Zebra Lobe 

(Fig. 12). The intrusion comprises white anorthosite and dark-leucotroctolite and anorthosite (Maier et 

al., 2013). A total of four boreholes were drilled into the intrusion (boreholes KNDD001, KNV001, KNV006, 

KNV007). The PGE values are very low, but a few analyses revealed the presence of anomalies with Pt 

concentrations of 104 ppb in borehole KNV007 and Pd concentrations of 710 ppb in borehole KNDD001. 
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 Fig. 12: The geographical location of the Onyokohe intrusion and boreholes. 

 

2.2.6. Ongoro 

 

Ongoro intrusion is located ~ 9.5 km north of the Zebra Lobe (Fig. 13). Two boreholes were drilled into 

the intrusion (boreholes KNV008 and KNV009), and it largely consists of anorthositic lithologies and dark 

leucotroctolite (Maier et al., 2013).  
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Fig. 13: The geographical location of the Onyokohe intrusion and boreholes. 

 

2.3 The genesis of Ni-Cu-PGE magmatic sulphide deposits 

aŀƎƳŀǘƛŎ bƛπ/ǳπtD9 ǎǳƭǇƘƛŘŜ ŘŜǇƻǎƛǘǎ ŀǊŜ ŦƻǊƳŜŘ ǿƘŜƴ ǘƘŜ ƳŀƎƳŀ ƛƴǘǊǳŘŜǎ ǘƘŜ ŎǊǳǎǘΣ ŦǊŀŎǘƛƻƴŀǘŜǎΣ ŀƴŘ 

ǎǳōǎŜǉǳŜƴǘƭȅ ōŜŎƻƳŜǎ ǎŀǘǳǊŀǘŜŘ ƛƴ ǎǳƭǇƘǳǊΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎΣ ǊŜǎǳƭǘ ƛƴ ǘƘŜ ǎŜƎǊŜƎŀǘƛƻƴ ƻŦ ƛƳƳƛǎŎƛōƭŜ ǎǳƭǇƘƛŘŜ 

ƭƛǉǳƛŘǎ ŦǊƻƳ ǘƘŜ ǎƛƭƛŎŀǘŜ ƳŀƎƳŀ όIƻƭǿŜƭƭ ŀƴŘ aŀŎŘƻƴŀƭŘΣ нлмлύΦ aŀƎƳŀǘƛŎ ǎǳƭǇƘƛŘŜ ŘŜǇƻǎƛǘǎ Ŏŀƴ ōŜ 

ŎŀǘŜƎƻǊƛǎŜŘ ƛƴǘƻ ǘǿƻ ǿƛŘŜƭȅ ǊŜŎƻƎƴƛǎŜŘ ǘȅǇŜǎΣ ƻƴŜ ŎƻƴǘŀƛƴƛƴƎ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ bƛ ŀƴŘ /ǳ ŀƭƻƴƎ ǿƛǘƘ tD9π!ǳ 

ŀǎ ōȅπǇǊƻŘǳŎǘǎΣ ŀƴŘ ǘƘƻǎŜ ŘŜǇƻǎƛǘǎ ŜƴǊƛŎƘŜŘ ƛƴ tD9 όҕ !ǳύ ǿƛǘƘ bƛ ŀƴŘ /ǳ ŀǎ ōȅπǇǊƻŘǳŎǘǎ όaŀƛŜǊ Ŝǘ ŀƭΦΣ 

нллрύΦ tD9πŜƴǊƛŎƘŜŘ ǊŜŜŦǎ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ǎǘǊŀǘƛŦƻǊƳ ƘƻǊƛȊƻƴǎ ǿƛǘƘ мςн ҈ ƻŦ ǎǳƭǇƘƛŘŜ ƳƛƴŜǊŀƭǎ ƛƴ 

ǎƛƭƛŎŀǘŜ ŎǳƳǳƭŀǘŜǎ όŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ .ǳǎƘǾŜƭŘ /ƻƳǇƭŜȄ ŀƴŘ {ǘƛƭƭǿŀǘŜǊ /ƻƳǇƭŜȄύ ǿƘŜǊŜŀǎ ǎƳŀƭƭ ƳŀŦƛŎπ

ǳƭǘǊŀƳŀŦƛŎ ƛƴǘǊǳǎƛƻƴǎ ǘƘŀǘ ƻŎŎǳǊ ŀǎ ƳŀƎƳŀ ŎƻƴŘǳƛǘǎ όŦƻǊ ŜȄŀƳǇƭŜΣ ±ƻƛǎŜȅϥǎ .ŀȅ ŀƴŘ bƻǊƛƭϥǎƪπ¢ŀƭƴŀƪƘύ ŀǊŜ 

ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ǊƻŎƪǎ ŎƻƴǘŀƛƴƛƴƎ нл ҈ ƻǊ ƳƻǊŜ ǎǳƭǇƘƛŘŜǎ ŜƴǊƛŎƘŜŘ ƛƴ bƛπ/ǳ ό.ŀǊƴŜǎ Ŝǘ ŀƭΦΣ нлмуύΦ 

bƛπ/ǳπtD9 ƘŀǾŜ ƘƛƎƘ ǇŀǊǘƛǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎ ŦƻǊ ƛǊƻƴ ƻǊ ǎǳƭǇƘǳǊπǊƛŎƘ ƳƛƴŜǊŀƭǎΣ ŀƴŘ ǘƘŜȅ ōŜƘŀǾŜ ŜƛǘƘŜǊ ŀǎ 

ŎƘŀƭŎƻǇƘƛƭŜ ƻǊ ǎƛŘŜǊƻǇƘƛƭŜ ό.ŀǊƴŜǎ ŀƴŘ wƛǇƭŜȅΣ нлмсύΦ ¢ƘŜ ŀŎŎǳƳǳƭŀǘŜŘ ƛƳƳƛǎŎƛōƭŜ ǎǳƭǇƘƛŘŜ ƭƛǉǳƛŘ ǊŜƳƻǾŜǎ 

ǘƘŜ ŎƘŀƭŎƻǇƘƛƭŜ ŜƭŜƳŜƴǘǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǎƛƭƛŎŀǘŜ ƳŀƎƳŀ ό.ŀǊƴŜǎ Ŝǘ ŀƭΦΣ нлмуύΦ ¢ƘŜǎŜ ŜƭŜƳŜƴǘǎ όbƛπ/ǳπtD9Σ 
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!ǳ ŀƴŘ !Ǝύ ƛƴ ǘƘŜ ǎǳƭǇƘƛŘŜ ƭƛǉǳƛŘ ŎƻπŜȄƛǎǘ ǿƛǘƘ ǘŜƭƭǳǊƛǳƳΣ ŀǊǎŜƴƛŎΣ ōƛǎƳǳǘƘΣ ŀƴǘƛƳƻƴȅΣ ŀƴŘ ǘƛƴ όIƻƭǿŜƭƭ ŀƴŘ 

aŀŎŘƻƴŀƭŘΣ нлмлύΦ  

¢ƘŜ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŎƻƴǘǊƻƭ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ tD9ǎ ƛǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ Fig. 14Φ CƻƭƭƻǿƛƴƎ ǘƘŜ 

ǎŜƎǊŜƎŀǘƛƻƴ ƻŦ ǘƘŜ ǎǳƭǇƘƛŘŜ ƭƛǉǳƛŘ ŦǊƻƳ ǘƘŜ ǎƛƭƛŎŀǘŜ ƳŀƎƳŀΣ ǘƘŜ ƛƳƳƛǎŎƛōƭŜ ǎǳƭǇƘƛŘŜǎ ǿƛƭƭ ƛƴƛǘƛŀƭƭȅ ŎǊȅǎǘŀƭƭƛǎŜ 

ŦƻǊƳƛƴƎ ŀ ƳƻƴƻǎǳƭǇƘƛŘŜ ǎƻƭƛŘ ǎƻƭǳǘƛƻƴ όa{{ύ ŀǘ ŀōƻǳǘ мллл ϲ/Σ ǿƘƛŎƘ ƛǎ ŘŜǇƭŜǘŜŘ ƛƴ LǊƛŘƛǳƳ tƭŀǘƛƴǳƳ 

DǊƻǳǇ aƛƴŜǊŀƭǎ όLtD9ǎύΦ ¢ƘŜ ǊŜǎƛŘǳŀƭ /ǳπǊƛŎƘ ƭƛǉǳƛŘ ŎǊȅǎǘŀƭƭƛǎŜǎ ǘƻ ŦƻǊƳ ŀƴ ƛƴǘŜǊƳŜŘƛŀǘŜ ǎƻƭƛŘ ǎƻƭǳǘƛƻƴ όL{{ύ 

ŀǘ ŀōƻǳǘ флл ϲ/ ό.ŀǊƴŜǎ ŀƴŘ aŀƛŜǊΣ мфффΤ IƻƭǿŜƭƭ ŀƴŘ aŀŎŘƻƴŀƭŘΣ нлмлύΦ !ǎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻƴǘƛƴǳŜǎ 

ǘƻ ŘŜŎǊŜŀǎŜΣ ŀǘ ғслл ϲ/Σ ǘƘŜ a{{ ŎǊȅǎǘŀƭƭƛǎŜǎ ŦƻǊƳƛƴƎ ǎǳƭǇƘƛŘŜǎΣ ƛƴŎƭǳŘƛƴƎ ǇȅǊǊƘƻǘƛǘŜ όCŜ{ύ ŀƴŘ ǇŜƴǘƭŀƴŘƛǘŜ 

όCŜΣ bƛύф{уύΣ ǿƘƛƭŜ ŎƘŀƭŎƻǇȅǊƛǘŜ ό/ǳCŜ{нύ ŦǊŀŎǘƛƻƴŀǘŜǎ ŦǊƻƳ ǘƘŜ L{{Φ ¢ƘŜ LtD9ǎ ƛǊƛŘƛǳƳ όLǊύΣ ƻǎƳƛǳƳ όhǎύΣ ŀƴŘ 

ǊǳǘƘŜƴƛǳƳ όwǳύ ŦƻǊƳ ŀǘ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎ ό.ŀǊƴŜǎ ŀƴŘ aŀƛŜǊΣ нллнύΦ ¢ƘŜ tǘ ŀƴŘ tŘ ǿƛǘƘ ŜƭŜŎǘǊǳƳ ό!ǳ ŀƴŘ 

!Ǝ ύ ŀǊŜ ƛƴŎƻƳǇŀǘƛōƭŜ ƛƴ L{{ ŀƴŘ Ƴŀȅ ŦƻǊƳ ǘƘŜƛǊ ƻǿƴ ǎŜƳƛπƳŜǘŀƭ ŀƭƭƻȅǎ όtŜǊŜƎƻŜŘƻǾŀΣ мффуύΣ ǿƛǘƘ ƻǘƘŜǊ 

ǘǊŀŎŜ ŜƭŜƳŜƴǘǎ ǎǳŎƘ ŀǎ ŀƴǘƛƴƻƳȅΣ ōƛǎƳǳǘƘΣ ǘŜƭƭǳǊƛǳƳΣ ŀǊǎŜƴƛŎ ŀǎ ŀ ǎŜǇŀǊŀǘŜ ƳŜƭǘ ǇƘŀǎŜ όIƻƭǿŜƭƭ ŀƴŘ 

aŎ5ƻƴŀƭŘΣ нлмлύΦ tDaǎ ŦƻǊƳ ŘƛǎŎǊŜǘŜ ƳƛƴŜǊŀƭǎ ŀǊƻǳƴŘ ǘƘŜ ƳŀǊƎƛƴǎ ƻŦ ǎǳƭǇƘƛŘŜǎ ƻǊ Ǉƻǎǎƛōƭȅ ŀǿŀȅ ŦǊƻƳ 

ǘƘŜ ǎǳƭǇƘƛŘŜǎΣ ŀƴŘ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǎǳƭǇƘƛŘŜπtD9 Ǌŀǘƛƻ ŀƴŘ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ ǘǊŀŎŜ ŜƭŜƳŜƴǘ ƻǊ ǎŜƳƛ 

ƳŜǘŀƭǎ ό{ōΣ .ƛΣ ¢ŜΣ !ǎύ ƛƴ ǘƘŜ ƳŀƎƳŀ ƛƴŦƭǳŜƴŎŜ ǿƘŜǊŜ ǘƘŜ tDaǎ ŀǊŜ ƎƻƛƴƎ ǘƻ ƻŎŎǳǊ ƛƴ ǘƘŜ Ŧƛƴŀƭ ŎǊȅǎǘŀƭƭƛǎŜŘ 

ǊƻŎƪ όIŜƭƳȅ Ŝǘ ŀƭΦΣ нллтύΦ  
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Fig. 14: A summary of the high to low temperature evolution of an immiscible sulphide liquid that segregates from a silicate magma (Dare et al., 
2010). This evolution controls the distribution of Ni, Fe, Cu and PGE (a, b). Partitioning of PGE and chalcophile elements between MSS and residual 
liquid at temperatures < 1000 ϲ/ όŎπŜύΦ 9Ȅǎƻƭǳǘƛƻƴ ƻŦ ōŀǎŜ ƳŜǘŀƭ ǎǳƭǇƘƛŘŜǎ ŦǊƻƳ a{{ ŀƴŘ L{{ ŀƴŘ ǘƘŜ ŎƻƳǇƭŜǘŜ .a{ ŀƴŘ tDa ŀǎǎŜƳōƭŀƎŜ ŀǘ ǊƻƻƳ 
ǘŜƳǇŜǊŀǘǳǊŜ ǿƛǘƘ tD9ǎ Ƴƻǎǘƭȅ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ŘƛǎŎǊŜǘŜ ƭŀǘŜπǎǘŀƎŜ ƳƛƴŜǊŀƭǎ ǎǳŎƘ ŀǎ ǎǳƭŦŀǊŀǊǎŜƴƛŘŜǎ όŦύΦ 
 

 

2.4 Distribution and composition of platinum group minerals in magmatic sulphide deposits 

 

tD9ǎ ŀǊŜ ŦƻǳƴŘ ƛƴ ǾŀǊƛƻǳǎ ƎŜƻƭƻƎƛŎŀƭ ǎŜǘǘƛƴƎǎΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭǳǾƛŀƭ ŘŜǇƻǎƛǘǎΣ ƳŀƎƳŀǘƛŎ ƭŀȅŜǊŜŘ ƛƴǘǊǳǎƛƻƴǎΣ ŀƴŘ 

ƳŀƎƳŀǘƛŎ ƴƛŎƪŜƭ ǎǳƭǇƘƛŘŜ ŘŜǇƻǎƛǘǎ όhΩ5ǊƛǎŎƻƭƭ ŀƴŘ DƻƴȊłƭŜȊπWƛƳŞƴŜȊΣ нлмсύΦ DƭƻōŀƭƭȅΣ ŀǊƻǳƴŘ фф ҈ ƻŦ tD9 

ǊŜǎƻǳǊŎŜǎ ŀǊŜ ƘƻǎǘŜŘ ƛƴ ƳŀƎƳŀǘƛŎ ǎǳƭǇƘƛŘŜǎ ό.ŀƛ Ŝǘ ŀƭΦΣ нлноύΣ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŜȄǘǊŜƳŜƭȅ ƘƛƎƘ ǇŀǊǘƛǘƛƻƴ 

ŎƻŜŦŦƛŎƛŜƴǘǎ ƻŦ tD9 ŦƻǊ ǎǳƭǇƘƛŘŜ ƭƛǉǳƛŘǎ ǇǊŜǎŜƴǘ ƛƴ ǎƛƭƛŎŀǘŜ ƳŀƎƳŀǎ όaǳƴƎŀƭƭΣ нллрύΦ 9ŎƻƴƻƳƛŎŀƭƭȅΣ ǘƘŜǎŜ 

ƳŀƎƳŀǘƛŎ ƻǊŜ ŘŜǇƻǎƛǘǎ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ƛƴǘƻ ƘƛƎƘ ǎǳƭǇƘǳǊ ƳŀƎƳŀǘƛŎ ŘŜǇƻǎƛǘǎΣ ǎǳŎƘ ŀǎ bƻǊƛƭϥǎƪπ¢ŀƭƴŀƪƘΣ ŀƴŘ 

ƭƻǿ ǎǳƭǇƘǳǊ ƳŀƎƳŀǘƛŎ ŘŜǇƻǎƛǘǎΣ ƭƛƪŜ ǘƘŜ .ǳǎƘǾŜƭŘ /ƻƳǇƭŜȄ ό/ŀōǊƛΣ мффпΤ DǊŜŜƴ ŀƴŘ tŜŎƪΣ нллрύΦ [ƻǿ 

ǎǳƭǇƘǳǊ ƳŀƎƳŀǘƛŎ ŘŜǇƻǎƛǘǎ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴǘǊǳǎƛƻƴǎ ŦǊƻƳ ǘƘŜ !ǊŎƘŜŀƴ ƻǊ tŀƭŜƻǇǊƻǘŜǊƻȊƻƛŎ ŀƎŜǎΣ 

ǿƘƛƭŜ ƘƛƎƘ ǎǳƭǇƘǳǊ ƳŀƎƳŀǘƛŎ ŘŜǇƻǎƛǘǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ƭƛƴƪŜŘ ǘƻ ŎƻƴǘƛƴŜƴǘŀƭ ŦƭƻƻŘ ōŀǎŀƭǘ ǾƻƭŎŀƴƛǎƳ όDǊŜŜƴ ŀƴŘ 

tŜŎƪΣ нллрύΦ  
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¢ƘŜ ƳƛƴŜǊŀƭƛǎŀǘƛƻƴ ƻŦ tD9ǎ ƛǎ ǇǊƛƳŀǊƛƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳŀŦƛŎπǳƭǘǊŀƳŀŦƛŎ ƛƴǘǊǳǎƛƻƴǎΣ ǿƘŜǊŜ tD9ǎ ƻŎŎǳǊ ŀǎ 

ŘƛǎŎǊŜǘŜ tDaǎ ƻŦǘŜƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎǳƭǇƘƛŘŜǎ όJunge et al., 2015Τ .ŀǊƴŜǎ ŀƴŘ wƛǇƭŜȅΣ нлмсύΦ Lƴ ƳŀƎƳŀǘƛŎ 

ǎǳƭǇƘƛŘŜ ŘŜǇƻǎƛǘǎΣ tD9ǎ ŀǊŜ ŦƻǳƴŘ ǿƛǘƘƛƴ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ōŀǎŜ ƳŜǘŀƭ ǎǳƭǇƘƛŘŜ ƳƛƴŜǊŀƭǎ όaŀƴǎǳǊ Ŝǘ ŀƭΦΣ 

нлнлύΦ ¢ƘŜǎŜ ōŀǎŜ ƳŜǘŀƭ ǎǳƭǇƘƛŘŜ ƳƛƴŜǊŀƭǎΣ ƛƴŎƭǳŘƛƴƎ ǇȅǊǊƘƻǘƛǘŜΣ ǇŜƴǘƭŀƴŘƛǘŜΣ ŎƘŀƭŎƻǇȅǊƛǘŜΣ ŀƴŘ ŎǳōŀƴƛǘŜΣ 

ŀǊŜ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ Ƙƻǎǘǎ ƻŦ tD9ǎ ŀǎ ǇƭŀǘƛƴǳƳ ƎǊƻǳǇ ƳƛƴŜǊŀƭǎ όhΩ5ǊƛǎŎƻƭƭ ŀƴŘ DƻƴȊłƭŜȊπWƛƳŞƴŜȊΣ нлмсύΦ 

¢ƘŜ tD9ǎ ŀǊŜ ƎǊƻǳǇ ±LL ǘǊŀƴǎƛǘƛƻƴ ƳŜǘŀƭǎ ƻƴ ǘƘŜ ǇŜǊƛƻŘƛŎ ǘŀōƭŜΦ ¢ƘŜǎŜ ƳŜǘŀƭǎ Ŏŀƴ ŜȄƛǎǘ ƛƴ ǎƻƭƛŘ ǎƻƭǳǘƛƻƴ ŀƴŘ 

Ŏŀƴ ŀƭǎƻ ŎƻƳōƛƴŜ ǿƛǘƘ ƻǘƘŜǊ ǎƛŘŜǊƻǇƘƛƭŜǎ όŜΦƎΦΣ ƛǊƻƴύ ŀƴŘ ¢!.{ όǘŜƭƭǳǊƛǳƳΣ ŀǊǎŜƴƛŎΣ ōƛǎƳǳǘƘΣ ŀƴǘƛƳƻƴȅΣ ŀƴŘ 

ǘƛƴύ ŀǎ ŜǎǎŜƴǘƛŀƭ ŜƭŜƳŜƴǘǎ ό/ŀōǊƛΣ мфумύΦ ¢ƘŜ ǊƻƭŜ ƻŦ ¢!.{ ƛƴ ŦƻǊƳƛƴƎ tD9πŘƻƳƛƴŀǘŜŘ ŎƻƳǇƭŜȄŜǎΣ Ƙŀǎ ƴƻǘ 

ōŜŜƴ Ŧǳƭƭȅ ƛƴǾŜǎǘƛƎŀǘŜŘ όaŀƴǎǳǊ Ŝǘ ŀƭΦΣ нлнлύΦ IƻǿŜǾŜǊΣ ǇŀƭƭŀŘƛǳƳΣ ǇƭŀǘƛƴǳƳΣ ŀƴŘ ǘƘŜ ¢!.{ ŀǊŜ 

ƛƴŎƻƳǇŀǘƛōƭŜ ƛƴ a{{ ŀƴŘ L{{ ŀƴŘ ŀǊŜ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ŦǊŀŎǘƛƻƴŀǘŜŘ ǎǳƭǇƘƛŘŜ ƭƛǉǳƛŘ ŘǳǊƛƴƎ ŎǊȅǎǘŀƭ 

ŦǊŀŎǘƛƻƴŀǘƛƻƴ ŀƴŘ ǘƘŜȅ ŀǊŜ ƻŦǘŜƴ ŦƻǳƴŘ ƛƴ ǎǳƭǇƘƛŘŜǎ όwŀƻ ŀƴŘ wŜŘŘƛΣ нлллύ. 

²ƛǘƘƛƴ ǘƘŜ 9ŀǊǘƘϥǎ ŎǊǳǎǘΣ tD9ǎ ƻŎŎǳǊ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ŎƻƳǇƻǎƛǘƛƻƴǎ ŀǎ ŘƛǎŎǊŜǘŜ tDaǎ ŀƴŘ ǘƘŜȅ Ŏŀƴ ŀǇǇŜŀǊ ƛƴ 

ǘƘŜƛǊ ƴŀǘƛǾŜ ŦƻǊƳ ƻǊ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƻƴŜ ƻǊ ƳƻǊŜ ƻǘƘŜǊ tDaǎΣ ŀǎ ǿŜƭƭ ŀǎ ŀƭƭƻȅǎ ǿƛǘƘ ŜƭŜƳŜƴǘǎ ƭƛƪŜ ƎƻƭŘΣ 

ƛǊƻƴΣ ƻǊ ŎƻǇǇŜǊ ό/ŀōǊƛΣ мффпύΦ ¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ǇƭŀǘƛƴǳƳ ŀƴŘ ǇŀƭƭŀŘƛǳƳ ƳƛƴŜǊŀƭǎ ŀƴŘ ǘƘŜƛǊ ŎƻƳǇƻǎƛǘƛƻƴǎ 

ŀǊŜ ƭƛǎǘŜŘ ƛƴ ǘƘŜ ¢ŀōƭŜ н ōŜƭƻǿΥ 

 

 

 

Table 2: Most common platinum and palladium minerals (Cabri, 1994). 

Platinum Minerals Formula Palladium Minerals Formula 

Braggite (Pt, Pd) S Braggite (Pt, Pd) S 

Cooperite PtS Cabriite Pd2SnCu 

Isoferrplatinum Pt3Fe Isomertieite Pd11As2Sb2 

Moncheite PtTe2 Kotulskite PdTe 

Sperrylite PtAs2 Merenskyite PdTe2 

  Michenerite PdBiTe 

  Plumbopalladinite Pd3Pb2 

  Polarite Pd (Bi, Pb) 

  Stannopalladinite Pd5Sn2Cu 

  Sudburyite PdSb 

  Taimyrite Pd9Sn4Cu3 

  Taimyrite PdS 
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CHAPTER 3: METHODS AND MATERIALS 
 

3.1. Geochemical datasets 

 

A large dataset for this study was compiled from results of exploration projects conducted by African 

Nickel Limited (ANL). ANL conducted exploration on the mafic-ultramafic around the margins of the Zebra 

Lobe from 2007 to 2011 (Hornsey, 2020). The geochemical analyses of the drill core were conducted by 

Genalysis Laboratories from 2007 to 2011 using two methods. The Aqua Regia Optical Emission 

Spectroscopy (AR01/OES) method was used to analyse for Co, Cu, Ni, S whereas Pd, Pt and Au analyses 

were performed using the Fire Assay Mass Spectrometry (FA25/MS) method. Major and trace element 

analyses were conducted by ALS Chemex Laboratories from 2012 to 2013. The Multi Element-Inductively 

Coupled Plasma (ME-ICP41) method was used to analyse broad spectrum of elements (Na Ba, Be, B, Ca, 

Mg, Al, P, S, K, Sc, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, As, Sr, Mo, Ag, Cd, Sb, W, Hg, Pb Bi, La, Th, U). Au, Pd and 

Pt were analysed using the Platinum Group Mineral Inductively Coupled Plasma (PGM-ICP23) method 

(Hornsey, 2020). The summary of the assay data is in the table below (Table 3).  

Table 3: Analysed major and trace elements, including PGE analysed for each of the intrusions, associated 
boreholes, and lithologies. 

 

 

 

Intrusion
 

Boreholes

Intersected 

Lithologies

Major elements  analyses 

(ppm)
Trace element analyses (ppm)

Platinum group 

elements analyses 

(ppb)

KNCD001Dunite

Harzburgite

Norite

Serpentinite

Troctolite

Anorthosite

Pyroxenite

KNV008
Anorthosite

Norite

Pyroxenite

Troctolite

Pd, Pt

Ombuku South Fe,Ca,Na, Mg, Al, P, K, Mn. 

Li, B,Bi, S, Sc,Sr Cr, Co, Ni, Co, Ga, 

Ge, As, Se, Rb,Nb, Mo, Ag, Cd, In, 

Sn, Sb, Ba, La, Hf, Au, Pb, . 

Pd, Pt

Oncocua

Onc-1

Fe,Ca,Na, Mg, Al, P, K, Mn. 

Li, B, S, V, Sc, Cr, Co, Ni, Cu,  Zn, Ga, 

Ge, As, Se, Rb, Sr,  Y, Zr, Nb, Mo, 

Ag, Cd, In, Sn, Sb, Te, Hf, Ta, W, Ba, 

La, Th, U, Pb, Bi. 

Pd

KNCD002

KNV009Ongoro Fe,Ca,Na, Mg, Al, P, K, Mn. 

Li, B, S, Sc, Cr, Co, Ni, Co, Ga, Ge, 

As, Se, Rb, Sr, Nb, Mo, Ag, Cd, In, 

Sn, Sb, Ba, La, Hf, Au, Pb, Bi.
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3.2. Petrographic analysis 

 

Thin sections were selected from the sample collection. Twelve samples were selected based on their 

relatively high Pt and Pd concentrations from the historical PGE analyses. Thin section samples 

corresponding to >80 ppb of Pt and Pd in whole rock were selected for petrographic analysis. The 

petrographic examination was done at Wits Petrology facility using an Olympus BX63 microscope and 

photomicrographs were taken with a magnification of 10x and 4x. Scale bars in each photomicrograph are 

ŜƛǘƘŜǊ нлл ˃Ƴ ƻǊ рлл ˃Ƴ.  

 

 

HRDD1

HRDD2

HRDD3

KNAD001

KNAD002

KNV002

KNV003

KNV004

KNV005

KNDD001

KNV001

KNV006

KNV007

Platinum group

elements 

analyses (ppb)

Ohamaremba

Anorthosite

Pyroxenite

Serpentinite

Troctolite

Na, Mg, Al, P, K, Ca, Ti, Mn, Fe. 

B,BiS,Sn,Sr,Cd,V,Ag,Cr,

Co,Ni,Cu,Te,Ba,La,Ta,

W, Au, Pb,Y,Zn Zr. 

Pd, Pt

Intrusion Boreholes
Major elements analyses

(ppm)

Traceelementanalyses

(ppm)

Oheuwa

Anorthosite

Dunite

Gabbronorite

Harzburgite

Norite

Pyroxenite

Serpentinite

Troctolite

Websterite

Ombuku NorthKNBD001-KNBD015

Anorthosite

Dunite

Gabbronorite

Harzburgite

Norite Na, Mg, Al, P, K, Ca, Mn, Fe.

Li, La,B, Sb,Sc,Se,Cr,

Hf,Co, Ni, Cu, Ga, Ge,

As,, Rb,Sr,Nb, Mo, Ag,

Cd, In, Sn,Ba,S,Au, Pb,

Bi.

Na, Mg, Al, P, K, Ca, Mn, Fe.

Li, La,B, Sb,Sc,Se,Cr,

Hf,Co, Ni, Cu, Ga, Ge,

As,, Rb,Sr,Nb, Mo, Ag,

Cd, In, Sn,Ba,S,Au, Pb,

Bi.

Pd, Pt

Intersected 

Lithologies

Pd, Pt

Onyokohe

Harzburgite

Norite

Pyroxenite

Troctolite

Na, Mg, Al, P, K, Ca, Mn, Fe.

Li, La,B, Sb,Sc,Se,Cr,

Hf,Co, Ni, Cu, Ga, Ge,

As,, Rb,Sr,Nb, Mo, Ag,

Cd, In, Sn,Ba,S,Au, Pb,

Bi.

Pd, Pt

Peridotite

Pyroxenite

Serpentinite

Troctolite
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3.3. IoGAS data analysis and visualisation 

 

IoGAS IMDEX software was used for data visualisation and interpretation of the geochemical data. An 

excel sheet file containing the available geochemical data was imported into the software and saved as 

an IoGAS file which allows manipulation of the data without changing the imported data file. The imported 

datasets underwent a series of clean ups and data validation by the software. All empty columns on the 

datasets were automatically flagged by the software and were excluded from the datasets. The software 

also filters out the non-numeric values (for example below detection limits were discarded) and zero 

values in the dataset. The missing data tab was used to remove columns with missing data, for example 

empty columns where analyses for the elements were not conducted. Data doctor was used to filter out 

data with issues such as null values. These values were replaced with the number which is an estimate of 

the half value of the lowest estimated detection limit, which is calculated by IoGAS. Different graphs of 

various elements were plotted using XY scatter plots and the downhole plots were created for Ombuku 

North, as the focus of this study because of its greater Pt and Pd concentrations.  

3.4. Tescan Integrated Mineral Analyser (TIMA) 

 

The Tescan Integrated Mineral Analyser (TIMA) at the University of the Witwatersrand was used to 

determine the presence of PGMs in the samples by scanning the thin sections. TIMA Vega3 unit combines 

backscattered electron (BSE) images and energy dispersive spectroscopy (EDS) analyses to identify 

minerals and create images. The BSE images were processed to identify and characterise the PGMs. The 

identified potential PGMs were characterised by matching the mineral spectra with an online database, 

followed by quantifying the elements of the identified mineral to produce quantitative weight percentage 

compositions.  

The advantage of TIMA is that it is a fully automated high-resolution mapping technique where BSE and 

EDS data are collected simultaneously during mapping, and this thus reduces the amount of X-ray 

acquisition time which is dependent on the pixel size of the area of interest. The technique is equipped 

with a comprehensive library of mineral spectra and allows quantifying mineral composition to get the 

best match of the mineral species from webmineral mineralogy database. Like other techniques, the TIMA 

technique depends on a set of predetermined parameters. The disadvantage is that the sample holder 

needs a standard thin section size for TIMA and the majority of the samples used for this study were too 

small to fit in the sample holder, resulting in some selected samples being excluded for analysis. 
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3.4.1. Sample preparation and instrument set up 

 

The high-pressure nitrogen gas was used to clean the samples and to remove any dust particles and debris 

on the sample prior to analyses. Thereafter, the samples were placed in a sample holder ensuring the top 

of the thin section is facing up for carbon coating. The purpose of carbon coating is to ensure the samples 

do not contain charged surfaces and to boost the electrical conductivity of the sample surface. Two thin 

sections were loaded in the TIMA sample holder at a time, however, due to the size of the thin sections, 

foil paper was used to fit the sample in the holder which resulted in missing some part of the sample 

edges (e.g., sample 4/4135). The machine calibrations were done before the measurements. These 

calibrations are performed on a Faraday cup and a platinum standard in the system, and these are 

automated checks that are performed before each analysis (Hrstka et al., 2018). Thereafter, the samples 

were focused on the beams. The electron beams operated at a voltage of 25.00 kilovolts. 

3.4.2. Bright phase search 

 

The first step of data acquisition was to search for bright phases (i.e., high density minerals) which would 

be areas of interest to map in detail for platinum group elements. The bright phase search was acquired 

with a pixel spacing of 1 micron, minimum brightness of 48, and maximum brightness of 100 under high 

resolution mapping. This mode is optimised to search for phases with a specfic BSE signal and chemical 

composition. The bright phase search was completed across the whole thin section.  

3.4.3. Mapping of Platinum Group Minerals  

 

After the bright spots/phases were identified on the BSE image, the spots were then analysed with 

liberation analysis under high-resolution mapping. The identified bright phases or points of measurement 

were then delineated as regions of interest for each grain. The liberation analyses were conducted under 

set parameters of 1-micron pixel spacing, minimum brightness of 10, and a maximum brightness of 100 

under high-resolution mapping. The PGMs were mapped using elemental map association for the PGMs 

family. 

3.4.4. BSE data processing  

 

The BSE images produced by TIMA were used for data processing to determine the composition of 

magmatic sulphides/oxides/silicates associated with the PGMs using phase maps and elemental maps to 
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identify the platinum group elements association. The identification of all unclassified minerals was 

accomplished through spectral analysis, which involved the spectral data and quantification to determine 

the elemental composition of each unclassified mineral. This elemental composition facilitated the 

identification of the most closely matching mineral, and the corresponding mineral spectra were 

subsequently incorporated into the mineral library. Some of the minerals available in the mineral library 

were not recognised by TIMA because of different chemistry. In this case, any unknown spectra collected 

was used to find the best or closest match to the records in the database providing mineral phase 

identification. The match is a combination of mineral name, TIMA mineral classification rules and this is 

determined automatically from a standard spectra.  
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CHAPTER 4: RESULTS 
 

4.1. Petrography 

 

A total of 12 thin sections from Ombuku North intrusion were used for petrographic analysis. The samples 

used are summarised in Table 4 below. 

Table 4: Summary of the thin sections that were studied using petrographic microscope.  

Sample ID Borehole 

ID 

Corresponding sample 

depth and whole rock 

sample interval (m) 

Rock type Palladium (ppb) Platinum 

(ppb) 

4/2802 KNBD002 279.52 m to 282.98 m Serpentinite 201 160 

4/2833 KNBD002 279.52 m to 282.98 m Serpentinite  201 160 

4/2827 KNBD002 279.52 m to 282.98 m Serpentinite 201 160 

4/3426 KNBD002 341.93 m to 342.86 m Harzburgite 239 166 

4/4489 KNBD002 445.42 m to 449.33 m Serpentinite 653 409 

4/4135 KNDB002 413.29 m to 413.67 m Serpentinite 362 250 

4/4400 KNBD002 441.85 m to 440.26 m Serpentinite 460 337 

5/595 KNBD004 594.50 m to 595.00 m Serpentinite 625 444 

4/2360 KNBD002 234.99 m to 239.00 m Serpentinite 306 253 

KSAT280/159 KNBD003 234.51 m to 236. 00 m Serpentinite 301 273 

KSAT280/160 KNBD003 236.00 m to 238.30 m Serpentinite 399 340 

KSAT/166 KNDB001 455.25 m to 458.49 m Harzburgite 11 7 

The number after the forward slash for samples 4/2802 to 4/2360 represent the sample depth in decimetres (e.g., 2802mm = 280.20 m).  

 

The Ombuku North intrusion is primarily composed of serpentinite (altered dunite) and harzburgite, with 

smaller amounts of norite and orthopyroxenite. In the selected thin sections, the serpentinite contains 

coarse-grained altered olivine crystals that are anhedral and subhedral. Secondary oxides are also present 

within olivine. The process of serpentinisation creates a series of irregular veinlets that cut through the 

sulphide mineral assemblage (Fig. 24). In the serpentinite, most of the grains are fully altered, exhibiting 

a relict mesh texture with irregular veins containing interstitial oxides (Fig. 19). Few larger zircons 

xenocrysts have been found in one sample and appear as large anhedral grains associated with altered 

olivine (Fig. 25).  
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The harzburgite displays an equigranular texture, consisting of 45 vol % olivines, 40ς45 vol % 

orthopyroxenes, and a minor clinopyroxenes (15 vol %). The olivines are coarse-grained with alteration 

phases and contains lesser magnetite (Fig. 18). 

The Ombuku North intrusion is characterised by altered rocks that generally retain their primary sulphide 

mineralogy. These rocks are predominantly serpentinite, consisting of disseminated, fine-grained blebby 

inclusions of pyrrhotite (Po) and pentlandite (Pn). Both fine and coarse-grained Pn and Po are commonly 

found at the grain boundaries of silicates. Additionally, anhedral grains of bornite (Bn) are present in 

serpentinite (Fig. 20), occurring alongside irregularly shaped oxides. Magnetite (Mgt) appears as discrete, 

irregularly shaped crystals and fine-grained veinlets within the silicates. Pentlandite and chalcopyrite (Ccp) 

are characterised by anhedral and subhedral crystal faces. Olivine exhibits anhedral shapes with alteration 

to serpentine along fractures. Aggregates of Po, Pn and Ccp are anhedral to subhedral, with Mgt primarily 

observed as discrete grains within the olivine (Fig. 15 and Fig. 16). The sulphide assemblage (Ccp, Po) 

abundance is җ 10 vol %, while the oxide (Mgt) abundance is low, around 3 vol % in the samples. 

Sample 4/2802, Ombuku North Intrusion (borehole KNBD002 core sample depth 279.52 m to 282.98 m), 

serpentinite (altered dunite). Pd and Pt concentrations of 201 ppb and 160 ppb, respectively.   

  

(a) (b) 

Mgt 

Ccp 

Pn 

 Ol 

Sulphide-oxide 
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Fig. 15: Photomicrographs of sample 4/2802 (a) and (c) sulphide assemblage in a highly altered olivine megacryst (10X magnification, cross 
polarised light), (b) and (d) Mgt replacing Pn and Po, with some secondary mineralisation of Ccp overprinting Pn (10X magnification, reflected 
light), (e) and (f) discrete grains of sulphide and sulphide-oxide intergrowths, Mgt replacing sulphide, and occurring as veinlets. (10X magnification, 
e is plane polarised light, and f is reflected light). 
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Sample 4/2833, Ombuku North Intrusion (borehole KNBD002 core sample depth 279.52 m to 282.98 m), 

serpentinite (altered dunite). Pd and Pt concentrations of 201 ppb and 160 ppb respectively.   

  

   

Fig. 16: Photomicrographs of sample 4/2833 (a) discrete grains of sulphide-oxide hosted by altered olivine grain (10x magnification, plane 
polarised light), (b) rounded sulphide-oxide assemblage, Pn and Po. Mgt occurs as discrete grains, veinlets and locally replaces Pn. Some sulphides, 
predominantly Pn are disseminated. Mgt-vein cutting through sulphides-oxides mineralisation, (10x magnification, reflected light), (c) 
predominant Mgt also filling interstitial spaces (10x magnification, reflected light), and (d) secondary mineralisation of Ccp overprinting Po (4x 
magnification, reflected light). 
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Sample 4/2827, Ombuku North Intrusion (borehole KNBD002 core sample depth 279.52 m to 282.98 m), 

serpentinite (altered dunite). Pd and Pt concentrations of 201 ppb 160 ppb respectively.  

  

  

Fig. 17: Photomicrographs of sample 4/2827 (a) silicate (altered olivine) and sulphides assemblage (10x magnification, plane polarised light), (b) 
Ccp, Po aggregates. Late Ccp has developed inside Po together with Mgt (10x magnification reflected light), (c) sulphide assemblage in silicates 
(anhedral grains of olivine) (10x magnification, cross polarised light), and (d) Mgt replacing Pn and Po (10x magnification, reflected light). 
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Sample 4/3426, Ombuku North intrusion (borehole KNBD002 core sample depth 341.93 m to 342.86 m), 

altered harzburgite with discrete grains of sulphides and highly altered olivines and orthopyroxenes. Pd 

and Pt concentrations of 239 ppb and 166 ppb respectively. 

  

  

Fig. 18: Photomicrographs of sample 4/3426 (a) predominantly disseminated sulphides (4X magnification, plane polarised light, (b) interstitial 
Mgt in planar veins (4X magnification, reflected light), (c) sulphide mineralisation at the grain boundaries of altered orthopyroxene (Opx). 
Sulphides also occur as discrete grains (4X magnification, cross polarised light), and (d) secondary mineralisation, Mgt replacing Pn and Po, also 
as discrete grains (10X magnification, reflected light). 
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Sample 4/4489, Ombuku North intrusion (borehole KNBD002 core sample depth 445.42 m to 449.33m), 

serpentinite (altered dunite). Pd and Pt concentrations of 653 ppb and 409 ppb respectively. 

  

  

Fig. 19: Photomicrographs of sample 4/4489 (a) and (b), blebs of sulphides (10X magnification, a is plane polarised light and b is cross polarised 
light), (c) and (d) Mgt replaces sulphide (Pn) irregular and tiny Mgt veinlets and serpentine veins crosscutting the sulphide assemblage (10x 
magnification, reflected light). 
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Sample 4/4135, Ombuku North intrusion (borehole KNBD002 core sample depth 413.29 m to 413.67 m), 

serpentinite (altered dunite), Pd and Pt concentrations of 362 ppb and 250 ppb respectively. 

  

   

Fig. 20: Photomicrographs of sample 4/4135 (a) opaque minerals (appearing as black), predominantly Mgt replacing Pn, (4x magnification, plane 
polarised light), (b) and (d) zoned sulphide aggregate with (Ccp), (Pn), and Bn located close to the contact with Mgt. Secondary mineralisation of 
cubanite (Cub) overprinting Pn (4x magnification, reflected light), and (c) sulphide assemblage in silicates (predominantly clinopyroxene (Cpx) 
with serpentine alteration) (10x magnification, cross polarised light). 
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Sample 4/4400, Ombuku North intrusion (borehole KNBD002 core sample depth 440.26 m to 441.85 m), 

serpentinite (altered dunite). Pd and Pt concentrations of 460 ppb of 337 ppb respectively.   

  

  

Fig. 21: Photomicrographs of sample 4/4400 (a) and (b) sulphide-oxide with serpentine vein (10x magnification a is plane polarised b is cross 
polarised light), (c) and (d) disseminated large anhedral grains of sulphide. Sulphide-oxide mineralisation occurs together, with Mgt replacing the 
sulphide assemblage. Some Pn replacing Po (10x magnification c is cross polarised light d is reflected light). 
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Sample 4/595 Ombuku North intrusion (borehole KNBD004 core sample depth 594.50 m to 595.00 m), 

serpentinite (altered dunite). Pd and Pt concentrations of 625 ppb and 444 ppb respectively.  

   

   

Fig. 22: Photomicrographs of sample 5/595: (a) sulphide-oxide assemblage (10x magnification, plane polarised light), (b) sulphide-oxide 
mineralisation, Pn replaced by secondary mineralisation of Mgt, almost completely replacing the sulphide. Interstitial Mgt filling in tiny veinlets 
(10x magnification, reflected light), (c) sulphide-oxide mineralisation hosted in highly altered olivine megacryst (10x magnification cross polarised 
light) and (d) Mgt secondary mineralisation overprinting Po, Pn (10x magnification reflected light) 
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Sample 4/2360 Ombuku North intrusion (borehole KNBD002 core sample depth 234.99 m to 239.00 m), 

serpentinite (altered dunite). Pd and Pt concentrations of 306 ppb and 253 ppb respectively. 

   

   

Fig. 23: Photomicrographs of sample 4/2360 (a) sulphide-oxide assemblage and serpentine (10x magnification, plane polarised light), (b) 
predominantly oxide, Mgt replacing Pn and Po, Mgt occurs as discrete grains and irregular veinlets (10x magnification reflected light), (c) and (d) 
sulphide-oxide mineralisation set in highly altered olivine, serpentine filling interstitial spaces (4x magnification c is cross polarised light d is 
reflected light). 
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Sample KSAT280/159 Ombuku North intrusion (borehole KNBD003 core sample depth 234.51 m to 

236.00 m), serpentinite (altered dunite). Pd and Pt concentrations of 301 ppb 273 ppb respectively.  

  

   

Fig. 24: Photomicrographs of sample KSAT280/159 (a) opaque minerals appearing as black spots (10x magnification, plane polarised light), (b) 
Ccp-Pn assemblage and discrete Mgt (10x magnification reflected light), (c) and (d) subhedral Mgt replaces Pn crystal (10x magnification c is cross 
polarised light and d is reflected light). 
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