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Abstract:  

The Bushveld Complex is the largest known layered igneous intrusion on Earth and is 

vital for its Ni-Cu-PGEs resources. Recent geophysical studies indicate that the total 

areal extent of the Bushveld is more than 90 000 km2 (Finn et al., 2015). The northern 

limb of the Bushveld Complex in the Limpopo province has a sinuous N-S oriented 

outcrop with an exposed width of around 15 km and an exposed strike length of 

approximately 110 km. The northern truncation of the northern limb has been believed 

to be at the Hout River shear zone, however, exploration to the north of the northern 

limb, led by Platinum Group Metals (PTM) since 2011, revealed the presence of 

mineralised rocks of a Bushveld affinity, beneath the Waterberg Group sediments 

(Huthmann et al., 2016; Kinnaird et al., 2017). The Waterberg Project succession hosts 

world class mineralisation and McDonald et al., (2017) suggested that this succession 

continues southwards to the Aurora Project area, for up to 40 km. Sylvania Resources 

Limited, (2012) initiated drilling on the Harrietôs Wish farm located between the 

Waterberg Project to the north, and the Aurora Project to the south, with the Hout River 

shear zone cross-cutting the farm. The location of this study site is therefore, important 

in establishing the suggested continuation of the Waterberg Project mineralisation. 

Three drillcores looked at in this study are located to the north-, and one drillcore is 

located within the Hout River shear zone.  

 

To understand the Harrietôs Wish sequence, the following approaches were used: core 

logging to establish the lithologies; magnetic susceptibility profiles were obtained to 

define a boundary between the lower and upper lithologic units; petrographic study was 

undertaken to confirm lithologies and to identify the mineral assemblages; an ore 

mineralogical study was carried out to understand mineralisation distribution and 

controls; major and trace element geochemical study, CIPW norms and PGE tenor 

calculations were done to confirm stratigraphic subdivision and more fully understand 

the processes involved in the formation of the sequence. The results were compared to 

the known characteristics of the Waterberg Project and the Aurora Project successions 

as well as certain Platreef localities.  

 

Two lithologic units and two mineralised zones occur on Harrietôs Wish. The lower 

lithologic unit is composed of gabbronorite, gabbro, troctolite, olivine gabbronorite, 

pyroxenite and anorthosite, similar to the TGA sequence on the Waterberg Project. The 

upper lithologic unit is analogous to the Upper Zone on the Waterberg Project and 

comprises gabbronorite, gabbro, anorthosite, minor olivine-rich varieties as well as 

magnetite-bearing varieties and magnetitites. There is no equivalent to the Ultramafic 

Sequence found on Harrietôs Wish as harzburgite is absent on Harrietôs Wish. However, 

this unit may be present deeper in the sequence, or it may have been reworked during 

the emplacement of later gabbroic melts. The scarce chromite grains within the basal 



iv 
 

part of the lower lithologic unit, the relic olivine chadacrysts and the semi-dissolved 

olivine-rich fragments within troctolite and olivine gabbronorite could be remnants of 

earlier ultramafic cumulates.  

 

The lower mineralised zone is found within the lower lithologic unit of the Harrietôs Wish 

succession and shows some similarities to the F Zone of the Waterberg Project in terms 

of ore mineralisation style and base metal concentrations, although the petrographic 

and chemical compositions of host rock are different. The upper mineralised zone on 

Harrietôs Wish is geochemically analogous to the T Zone on the Waterberg Project, and 

the mineralisation on the Aurora Project. However, the Harrietôs Wish upper mineralised 

zone is distinguished by notably higher Au proportions than the Waterberg Project T 

Zone and the Aurora Project succession and carries the indicative quartz-chlorite-

amphibole-pyrite assemblage, which is common in the T Zone on the Waterberg 

Project, but absent on the Aurora Project.  

 

It is, therefore, suggested that the T Zone does indeed continue southwards from the 

proximal Waterberg facies to Harriet Wish and finally to the distal Aurora facies as 

suggested by Kinnaird et al., (2017) and McDonald et al., (2017). Furthermore, the 

lithology, geochemistry, ore mineralisation and petrography suggest that there are 

definitive differences in the magmatic stratigraphy across the Hout River shear zone. 

The idea that a separate magmatic basin or sub-chamber exists north of the Hout River 

shear zone is, therefore, supported by this study.  

 

It is envisaged that different processes related to the proximity to the footwall may have 

triggered the deposition of the lower mineralised zone. These processes include magma 

mixing and mingling, assimilation of xenoliths and hydrothermal fluid circulation that 

involves sediment-derived volatiles. The upper mineralised zone is suggested to be 

formed due to mixing of the resident S- and PGE-poor Main Zone-type magmas with the 

later influxes of the PGE- and S-rich fertile Upper Zone magma entering the chamber.  
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succession (right; Figure modified after McDonald and Holwell 2011). TGA=Troctolite-

gabbronorite-anorthosite sequence..ééééééééééééé.éééééééééééé95 

 

Figure 5.1: Magnetic susceptibility values (SI units) plotted against the depth of the WB027 

(left) and WB099 (right) drillcores on the Waterberg Project (Kinnaird et al., 2017). The thin 

black line through the T Zone represents the boundary between the T1 and T2 zones 

ééé.ééééééééééééééééééééééééééééééééé..ééé...105 

 

Figure 5.2: Magnetic susceptibility (SI units) profile of the HW024 drillcore on Harrietôs Wish. 

The log on the left shows the lower lithologic unit and the lower mineralised zone based on 

visual observation of sulphides and the log on the right shows lithologies as logged in Chapter 

4. LLU=lower lithologic unit, LMZ=lower mineralised zoneééééééééééééééé.108 

 

Figure 5.3: Magnetic susceptibility (SI units) profile of the HW025 drillcore on Harrietôs Wish. 

The log on the left shows the lower lithologic unit and the lower mineralised zone based on 

visual observation of sulphides, the log on the right shows lithologies as logged in Chapter 4. 

LLU=lower lithologic unit, LMZ=lower mineralised zoneéééééééééééééééé.109 

 

Figure 5.4: Magnetic susceptibility (SI units) profile of the HW029 drillcore on Harrietôs Wish. 

The log on the left shows lower and upper lithologic units and the upper mineralised zone based 

on visual observation of sulphides, the log on the right shows lithologies as logged in Chapter 4. 

LLU=lower lithologic unit, ULU=upper lithologic unit, UMZ=upper mineralised zoneéééé.111 

 

Figure 6.1: Rock textures of the lower lithologic unit on Harrietôs Wish under transmitted light. A: 

Olivine and plagioclase in troctolite from HW024 at a depth of 306 m. B: Altered olivine and 

plagioclase chadacrysts in pigeonite in olivine melagabbronorite from HW024 at a depth of 

314.5 m. C: Olivine with orthopyroxene rim, orthopyroxene and plagioclase laths in 

orthopyroxene in troctolite from HW024 at a depth of 306 m. D: Orthopyroxene in olivine and 

olivine in plagioclase in olivine feldspathic pyroxenite from HW024 at a depth of 348.4. E: 

Plagioclase inclusion in olivine pyroxenite of HW024 at a depth of 314.5 m. Abbreviations: 

Plag= plagioclase, Cpx= clinopyroxene, Opx= orthopyroxene, Ol= olivineéééééééé..118 

 

Figure 6.2: Rock textures of the lower lithologic unit on Harrietôs Wish under transmitted light 

(A, B, D) and reflected light (C). A: Intercumulus clinopyroxene and orthopyroxene with 

plagioclase grains forming around them. Plagioclase grains are also included in some  altered 

pyroxene grains in bearing gabbronorite of HW025 at a depth of 602.1 m. B: Altered plagioclase 

with exsolutions and inclusions of magnetite micrograins, olivine, clinopyroxene and 

orthopyroxene in olivine pyroxenite of HW024 at a depth of 347.9 m. C: Magnetite-ilmenite 
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symplectites in and some minor magnetite grains in troctolite of HW024 at a depth of 306.1 m. 

D: Olivine inside orthopyroxene in olivine gabbronorite of HW024 at a depth of 332.65 m. 

Abbreviations: Plag= plagioclase, Cpx= clinopyroxene, Opx= orthopyroxene, Ol= olivine, Mt= 

magnetiteéééééééééééééééééééééééééééééééééééé.119 

 

Figure 6.3: Rock textures of the upper lithologic unit on Harrietôs Wish under cross-polarised 

transmitted light. A: Plagioclase and clinopyroxene showing the same orientation in lineated 

gabbro of HW029 at a depth of 378.5 m. B: Magnetite symplectites in olivine-bearing 

gabbronorite of HW029 at a depth of 470.2 m. C: Inverted pigeonite, clinopyroxene and 

plagioclase with exsolutions of clinopyroxene in pigeonite and stressed tapered twins of 

plagioclase in in lineated gabbro of HW029 at a depth of 378.5 m. D: An interstitial magnetite 

grain and exsolutions of clinopyroxene in orthopyroxene with altered plagioclase and 

clinopyroxene in gabbronorite of HW029 at a depth of 457.8 m. Abbreviations: Plag= 

plagioclase, Cpx= clinopyroxene, Opx= orthopyroxene, Ol= olivine, Mt= Magnetiteéééé..124 

 

Figure 6.4: Rock textures of the upper lithologic unit on Harrietôs Wish under cross-polarised 

transmitted light (A, B, D) and reflected light (C). A: Inverted pigeonite in plagioclase and altered 

clinopyroxene in melagabbronorite of HW029 at a depth of 608.1 m. B: Intercumulus altered 

olivine and plagioclase in olivine bearing gabbronorite of HW029 at a depth of 470.2 m. C: 

Interstitial ilmenite and magnetite between plagioclase grains in mottled leucogabbro of HW029 

at a depth of 389.4 m. D: Altered olivine (iddingsite) and phologopite in orthopyroxene in olivine-

bearing gabbronorite of HW029 at a depth of 470.2 m. Abbreviations: Plag= plagioclase, Cpx= 

clinopyroxene, Opx= orthopyroxene, Ol= olivine, Mt= Magnetite, Ilm= Ilmeniteéééééé..125 

 

Figure 6.5: Mineral associations of base metal sulphides of the lower mineralised zone on 

Harrietôs Wish under reflected light. A: Magnetite, pentlandite, pyrite and chalcopyrite in olivine 

gabbronorite of HW024 at a depth of 347.9 m. B: Pentlandite and chalcopyrite replaced by 

pyrite showing secondary chlorite is developed as veinlets through the sulphides and along the 

margins in olivine gabbronorite of HW024 at a depth of 347.9 m. C: Chromium spinel relic with 

chromium spinel core in sulphides in olivine gabbronorite of HW024 at a depth of 347.9 m. 

Abbreviations: Ccp= chalcopyrite, Ilm= ilmenite, Pn= pentlandite, Py= pyrite, Cr-spinel= 

chromite to Cr-spinel, Ol=olivine, Mt = magnetiteééééééééééééééééééé.129 

 

Figure 6.6: Ore minerals of the upper mineralised zone on Harrietôs Wish under reflected light 

(A, B) and transmitted light (C, D). A: Flame textured pentlandite and chalcopyrite in pyrrhotite in 

pegmatoidal gabbronorite in HW029 at a depth of 614.8 m. B: Amphibole replacing pyrrhotite 

and pyrite in pegmatoidal gabbronorite in HW029 at a depth of 614.8 m. C: Sulphides (mostly 

pyrite) with quartz rim in gabbronorite in HW029 at a depth of 651.9 m. D: Interstitial sulphide 

between pyroxene grains in pegmatoidal gabbronorite in HW029 at a depth of 614.8 m. 

Abbreviations: Ccp= chalcopyrite, Ilm= ilmenite, Pn= pentlandite, Po= pyrrhotite, Py= pyrite, 

Plag= plagioclaseééééééééééééééééééééééééééééééééé131 
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Figure 6.7: Rocks of the lower lithologic unit that differ from core logging on Harrietôs Wish. A: 

Orthopyroxene in gabbro of HW024 at a depth of 268.2 m. B: Clinopyroxene in norite of HW024 

at a depth of 391.2 m. Abbreviations: Cpx= clinopyroxene, Opx= orthopyroxeneééééé..132 

 

Figure 6.8: Disseminated magnetite in 20 m interval above the boundary between the lower 

and upper lithologic units as defined by magnetic susceptibility. A: Magnetite specks in 

clinopyroxene-pigeonite intergrowth of HW029 at a depth of 608.1 m. B: Magnetite specks 

interstitially present between clinopyroxene and orthopyroxene grains of HW029 at a depth of 

608.1 m. Abbreviations: Mt= magnetite, Cpx= clinopyroxene, Opx= 

orthopyroxene............................................................................................................................135 

 

Figure 6.9: Pigeonite textures under transmitted light of the upper lithologic unit on Harrietôs 

Wish. A: Cumulus inverted pigeonite with blebs of clinopyroxene in pigeonite in lineated gabbro 

of HW029 at a depth of 421.45 m. B: Cumulus orthopyroxene with an inverted pigeonite core in 

gabbronorite of HW029 at a depth of 516 m. Abbreviations: Opx=orthopyroxeneééééé..138 

 

Figure 7.1: PGE grade, S, Cu and Cr contents and metal ratios plotted against depth of the 

various units as observed in the HW024 drillcore. The column on the left shows the stratigraphy, 

while the column on the right shows the stratigraphic affiliation of the units. LLU= lower lithologic 

unit, LMH= lower mineralised zone ééééééééééééééééééééééééé149   

 

Figure 7.2: PGE grade, S, Cu and Cr contents and metal ratios plotted against depth of the 

various units as observed in the HW025 drillcore. The column on the left shows the stratigraphy, 

while the column on the right shows the stratigraphic affiliation of the units. LLU= lower lithologic 

unit, LMH= lower mineralised zone ééééééééééééééééééééééééé150 

 

Figure 7.3: PGE grade, S, Cu and Cr contents and metal ratios plotted against depth of the 

various units as observed in the HW029 drillcore. The column on the left shows the stratigraphy, 

while the column on the right shows the stratigraphic affiliation of the units. LLU= lower lithologic 

unit, ULU= upper lithologic unit, UMZ= upper mineralised zone ...éééééééééééé152 

 

Figure 7.4: Pt and Pd tenors (ppb) and total sulphide content (wt %) plotted against depth of the 

HW024 drillcore. Reference line is based on an observation by Naldrett et al., (2009) that the 

Merensky Reef tenors are generally above 100 ppm, and no tenor data is available for the 

Aurora and Waterberg projects. The tenors in the upper section of the Platreef in the central 

sector on Turfspruit plot at or to the right of this reference line (Yudovskaya et al., 2017). The 

shaded bar on the diagrams indicates a zone which corresponds to the amount of sulphide that 

would be contributed by 10 ï 40 % of trapped, sulphide-saturated intercumulus silicate liquid 

(Naldrett et al., 2009). LLU= lower lithologic unit, LMH= lower mineralised zone. Arrows indicate 

upward trends in tenors...ééééééééééééééééééééééééééééé.154 

 

Figure 7.5: Pt and Pd tenors (ppb) and total sulphide content (wt %) plotted against depth of the 

HW025 drillcore. Reference line is based on an observation by Naldrett et al., (2009) that 

Merensky Reef tenors are generally above 100 ppm, and no tenor data is available for the 
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Aurora and Waterberg projects. The tenors in the upper section of the Platreef in the southern 

sector, on Turfspruit reaches up to 600 ppm and plot at or to the right of this reference line 

(Yudovskaya et al., 2017). The shaded bar on the diagrams indicates a zone which corresponds 

to the amount of sulphide that would be contributed by 10 ï 40 % of trapped, sulphide-saturated 

intercumulus silicate liquid (Naldrett et al., 2009). LLU= lower lithologic unit, LMH= lower 

mineralised zone. Arrows indicate upward trends in tenorsééééééééééééééé155 

 

Figure 7.6: Pt, and Pd tenors and total sulphide content (wt %) plotted against depth of the 

HW029 drillcore. Reference line is based on an observation by Naldrett et al., (2009) that 

Merensky Reef tenors are generally above 100 ppm, and no tenor data is available for the 

Aurora and Waterberg projects. The tenors in the upper section of the Platreef in the southern 

sector, on Turfspruit reaches up to 600 ppm and plot at or to the right of this reference line 

(Yudovskaya et al., 2017). The shaded bar on the diagrams indicates a zone which corresponds 

to the amount of sulphide that would be contributed by 10 ï 40 % of trapped, sulphide-saturated 

intercumulus silicate liquid (Naldrett et al., 2009). LLU= lower lithologic unit, ULU= upper 

lithologic unit, UMH= upper mineralised zone. Arrows indicate upward trends in tenorséé...157 

 

Figure 7.7: Ni/Cu values versus (Pt+Pd)/Au of the Harrietôs Wish farm, the Aurora Project, the 

Waterberg Project and various Platreef localities (modified after McDonald and Holwell 2011). 

LMH=lower mineralised zone, UMH=upper mineralised zoneéééééééééééééé161 

 

Figure 7.8: Chromium versus combined Pt+ Pd+ Au for A: different Platreef- Flatreef deposits 

B: Aurora drillcores LAP029 and LAP031 C: Harrietôs Wish lower (LMH) and upper (UMH) 

mineralised zones from the HW024, HW025 and HW029 drillcores, D: Waterberg T and F zones 

from the WB099 drillcore, E: Rooipoort LMF and MANO, and Moorddrift. (Image A and B from 

McDonald et al., 2017). Sandsloot- Overysel Platreef data from Holwell, (2006); Turfspruit 

Flatreef data from Smart, (2013); Townlands Platreef data from Manyeruke et al., (2005); 

Aurora data from McDonald et al., (2017); Lower Mafic Unit and Mottled Anorthosite Unit at 

Rooipoort (Maier et al., 2008; Smith et al., 2014) and Moorddrift (Maier and Barnes, 2010) 
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Figure 7.9: A comparison of the noble metal abundances of the Harrietôs Wish lower and upper 

mineralised zones with the T and F mineralised zones on the Waterberg Project, the 

mineralisation on the Aurora Project, Platreef mineralisation, Merensky Reef mineralisation and 

UG2 mineralisation. This figure illustrates the dominance of Pd in the F Zone on the Waterberg 

Project and the lower mineralised zone on Harrietôs Wish. Data for the Merensky Reef and UG2 

from Barker, (2012), data for the Platreef based on Sandsloot from the Anglo Platinum annual 

report, (2011), data for the Waterberg Project from (Kinnaird et al., 2017), data for Harrietôs 

Wish from Sylvania Resources Limited, (2012) and data for Aurora from McDonald et al., 
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Figure 8.1: Major oxide contents plotted against depth of the lower lithologic unit and lower 

mineralised zone observed in the HW024 drillcore. The column on the left shows the lithology, 

while the column on the right shows the stratigraphic affiliation of the units. The red arrows 
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indicate trends observed upward in the sequence and the black ellipses indicate correlations 

between the FeO and TiO2 coupled peaks. LLU= lower lithologic unit, LMH= lower mineralised 
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Figure 8.3: Major oxide ratios plotted against depth of the lower lithologic unit and mineralised 
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observed upward in the sequence LLU= lower lithologic unit, LMH= lower mineralised 

zoneéééééééééééééééééééééééééééééééééééééé..181 

 

Figure 8.4: The major oxide ratios plotted against depth of the upper and lower lithologic units 

and upper mineralised zone observed in the HW029 drillcore. The column on the left shows the 

lithology, while the column to the right shows the stratigraphic affiliation of the various units. The 
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Figure 8.5: Whole rock major oxide bivariate plots of the lithologic units and the mineralised 

zones on Harrietôs Wish. A: MgO wt% versus NiO wt%, B: MgO wt% versus TiO2 wt%, C: MgO 

wt% versus CaO wt% and D: MgO wt% vs Cr (ppm). The major oxide variations show that the 
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Figure 8.6: Major oxide plot showing MgO wt % versus Al2O3 wt % of all samples against 

different end member minerals. The end member mineral compositions are of the Waterberg 
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depth (m). A: the lower lithologic unit of the HW024 drillcore, B: the lower lithologic unit of the 
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xix 
 

LLU=lower lithologic unit, ULU= upper lithologic unit, LMZ=lower mineralised zone, UMZ= upper 

mineralised zoneééééééééééééééééééééééééééééééééé.189 

 

Figure 8.9: Whole rock Mg# and normative plagioclase An# for the lower lithologic unit and the 

lower mineralised zone of the HW024 drillcore on Harrietôs Wish. The column on the left shows 

the lithology, while the column on the right shows the stratigraphic affiliation of the units. The red 

arrow indicates an upward increasing trend in Mg# and An#. Mg#= whole rock magnesium 

number [100*Mg/(Mg+Fe²ϕ) mol%], An#= normative plagioclase anorthite number 

[100*Ca/(Ca+Na) mol%], LLU= lower lithologic unit, LMZ= lower mineralised zoneéééé..191 

 

Figure 8.10: Whole rock Mg# and normative plagioclase An# for the upper lithologic unit and 

upper mineralised zone of the HW029 drillcore on Harrietôs Wish. Mg#= magnesium number 

[100*Mg/(Mg+Fe²ϕ) mol%], An#= normative plagioclase anorthite number [(100*Ca/(Ca+Na) 

mol%], LLU= lower lithologic unit, ULU= upper lithologic unit, UMZ= upper mineralised 

zoneéééééééééééééééééééééééééééééééééééééé..192 

 

Figure 8.11: Trace element ratios and Cr content (ppm) plotted against depth (m) of the lower 

lithologic unit and the lower mineralised zone observed in the HW024 drillcore. The column on 

the left shows the lithology, while the column on the right shows the stratigraphic affiliation of the 

units. The red arrows indicate trends observed upward in the sequence. LLU= lower lithologic 

unit, LMZ= lower mineralised zoneééééééééééééééééééééééééé..196 

 

Figure 8.12: Trace element ratios and Cr content (ppm) plotted against depth (m) of the upper 

and the top of the lower lithologic units, as well as the upper mineralised zone observed in the 

HW029 drillcore. The column on the left shows the lithology, while the column on the right 

shows the stratigraphic affiliation of the units. The red arrows indicate trends observed upward 

in the sequence. LLU= lower lithologic unit, ULU= upper lithologic unit, UMZ= upper mineralised 

zoneéééééééééééééééééééééééééééééééééééééé..197 

 

Figure 8.13: Major oxide plot showing MgO wt % versus Al2O3 wt % for all samples against 

different end member minerals. The end member mineral compositions are from the WB099 

drillcore of the Waterberg area (unpublished data from M. Yudovskaya). The Waterberg data 

are from Kinnaird et al., (2017), the Aurora data are from McDonald et al., (2017) 

ééééééééééééééééééééééééééééééééé.ééé.éééé.204 

 

Figure 8.14: Major oxide plot showing MgO wt % versus CaO wt % of all samples against the 

different end member minerals. The end member mineral proportions are from the WB099 

drillcore of the Waterberg area (unpublished data from M. Yudovskaya). Waterberg data are 

from Kinnaird et al., (2017), Aurora data are from McDonald et al., (2017)..éééé...ééé205 

 

Figure 8.15: Ni (ppm) and Cu (ppm) log scaled values of the lower lithologic unit in the HW024 

and HW025 drillcores at the Harrietôs Wish, the TGA sequence in the drillcore WB099 from the 

Waterberg Project (McCreesh et al., 2018), and the Main Zone of the Aurora LAP29 drillcore 



xx 
 

(McDonald et al., 2017). The Waterberg Project samples, the Aurora Project samples and the 

Harrietôs wish samples include mineralised rocksééééééééééééééééééé.207 

 

Figure 9.1: Average Ni/Cu values versus (Pt+Pd)/Au of Harrietôs Wish, Aurora, Waterberg and 

various Platreef localities (modified after McDonald and Holwell 2011). The red circle on the 

right shows similarities between the Harrietôs Wish lower mineralised zone and the Waterberg F 

Zone as well as some Platreef localities. The red circle on the left shows similarities between 

the upper mineralise zone on Harrietôs Wish and the T Zone on Waterberg. (LMH=lower 

mineralised zone, UMH=upper mineralised zone).éééééééééééééééééé...216 

 

Figure 9.2: Chromium versus combined Pt+ Pd+ Au for samples of A) different Platreef- 

Flatreef deposits B) the LAP029 and LAP031 drillcores of Aurora C) the upper (UMH) and lower 

mineralised zones (LMH) from the HW024, HW025 and HW029 drillcores on Harrietôs Wish, D) 

the T and F zones in the WB099 drillcore on the Waterberg Project and E) Rooipoort LMF and 

MANO, and Moordrift drillcores. (Image A and B from McDonald et al., 2017). Sandsloot- 

Overysel Platreef data from Holwell, (2006), Turfspruit Flatreef data from Smart, (2013), 

Townlands Platreef data from Manyeruke et al., (2005), Aurora data from McDonald et al., 

(2017)ééééééééééééééééééééééééééééééééé...éééé217 

Figure 9.3: Schematic comparison of the positions of stratigraphic units of the northern limb 

(left), the Aurora succession (middle left), Harrietôs Wish (middle right) and the Waterberg 

succession (right; Figure modified after McDonald and Holwell, 2011). TGA=Troctolite-

gabbronorite-anorthosite sequenceééééééééééééééééé..ééééééé..219  

 

Figure 9.4: Ore metals, Cr and S content as well as the metal ratios plotted against depth of the 

units in the HW025 drillcore. The column on the left shows the stratigraphy, while the column on 

the right shows the stratigraphic affiliation of the units. The red arrows higlight the miscorrelation 

between the peakes of the elements. LLU= lower lithologic unit, LMH= lower mineralised zone. 

Confidential data was provided courtesy of the Sylvania Resources Limited, (2012), and to 

protect the sensitive nature of the data, the PGE grade values are not shown on the 

plotsééééééééééééééééééééééééééééééééééééé..é221   

 

Figure 9.5: Ore metals, Cr and S content as well as the metal ratios plotted against depth of the 

various units in the HW029 drillcore. The column on the left shows the stratigraphy, while the 

column on the right shows the stratigraphic affiliation of the units. The red circles indicate 

correlated peaks of elements. LLU= lower lithologic unit, ULU= upper lithologic unit, UMZ= 

upper mineralised zone. Confidential data was provided courtesy of Sylvania Resources 

Limited, (2012), and to protect the sensitive nature of the data, the PGE grade values are not 

shown on the plotsééééééééééééééééééééééé..éééééééé...223 

 

 

 

 

 



xxi 
 

Table of tables 
 

Table 3.1: Mineral resource estimate of the Waterberg Project (Lomberg, 2012; Lomberg, 

2013)..éééééééééééééééééééééééééééééééééééééé.51 

 

Table 3.2: Stratigraphy of the Waterberg Group. Green= Waterberg Group sedimentary rocks 

that are encountered on the Waterberg Project (form McCreesh, 2016, modified from Callaghan 

et al., 1991 and Woods, 2012) ééééééééééééééééééééééééééé..52 

 

Table 7.1: PGE and base metal mineralisation intervals found in Harrietôs drillcores HW024 and 

HW025 (Sylvania Resources Limited, 2012)ééééééé.éééééééééé.ééé...147 

 

Table 7.2: Ore metal ratios and ranges of assay data for the drill cores HW024, HW025 and 

HW029 on Harrietôs Wish (data from Sylvania Resources Limited). LMZ= lower mineralised 

zone, UMZ= upper mineralised zone. For ratios, average values were obtained first, and then 

ratios were made based on the averageséééééééééééééééééééééé..148 

 

Table 7.3: Average inferred mineralisation data of various Bushveld localities. The values here 

may be skewed as an average of the Harrietôs Wish data was taken from only 3 drillcores 

(HW024, HW025 and HW029), with the upper mineralised zone data only being taken from one 

drillcore (HW029). The Harrietôs Wish values are for the mineralised zones only, and not for the 

entire lithologic units. The Waterberg Project data are from Lomberg, (2012); the Aurora Project 

data are adapted from McDonald et al., (2017); the Harrietôs Wish data are from the Sylvania 

Resources Limited, (2012) exploration report; the Merensky Reef data are from Venmyn-Rand, 

(2010); the Platreef data are from Ivanhoe mines, (2018)éééééééééééé..ééé159 

 

Table 8.1: Major oxide data by the lithologic units and mineralised zones on Harrietôs Wish. 

ULU= upper lithologic unit, UMZ= upper mineralised zone, LLU= lower lithologic unit, LMZ= 

lower mineralised zoneéééééééééééééééééééééééééééééé..175 

 

Table 8.2: CIPW normative mineralogy data by lithologic and mineralised units shown. ULU= 

upper lithologic unit, UMZ= upper mineralised zone, LLU= lower lithologic unit, LMZ= lower 

mineralised zoneééééééééééééééééééééééééééééééééé186 

 

Table 8.3: Trace element data by the lithologic units and the mineralised zones. ULU= upper 

lithologic unit, UMZ= upper mineralised zone, LLU= lower lithologic unit, LMZ= lower 

mineralised zoneééééééééééééééééééééééééééééééééé.193 

 



1 
 

 

 Chapter 1                                                                     1

Geology of the Bushveld Complex 

 

 Introduction to the Bushveld Complex 1.1

The Palaeoproterozoic Bushveld Complex is the largest known layered igneous 

intrusion on Earth (Hatch and Corstorphine, 1905; SACS 1980; Kinnaird et al., 2002; 

Scoates and Friedman 2008) and is considered to have formed from multiple injections 

of magma (Kruger, 1990; Barnes et al., 2017). According to Armitage, (2011), the most 

widely accepted description of the Bushveld Complex is a concentric set of 7-8 km thick 

mafic and ultramafic cumulate units that intruded mostly through the Transvaal 

Supergroup lithologies (Buchanan, 1988; Kinnaird et al., 2002). The Chuniespoort 

Group and the Pretoria Group sedimentary successions occur at the base and share 

unconformable boundaries with the Bushveld Complex (Cheney and Twist, 1991; 

Kinnaird, 2005). The felsic volcanics of the Rooiberg Group are the predominant roof-

rocks of the complex (Hall, 1932; Kinnaird, 2005). Until recently, the complex was 

thought to cover an area of 65 000 km2 with approximate dimensions of 240 km x 300 

km (Figure 1.1; Tankard et al., 1982; Eales et al., 1993; Eales and Cawthorn, 1996; 

Kinnaird et al., 2005), and a total volume of >370 000 km3 (Zeh et al., 2015). However, 

intersected mafic-ultramafic rocks to the north of the northern limb (Huthmann et al., 

2016) and recent geophysical studies reveal that the total areal extent is more than 90 

000 km2 (Finn et al., 2015; Kinnaird et al., 2017). The Bushveld Complex has been 

dated multiple times (e.g. Walraven et al., 1990; Harmer and Armstrong, 2000; Buick et 

al., 2001; Dorland et al., 2006; Scoates and Friedman, 2008). However, more recently, 

a zircon in quenched Marginal Zone rocks shows an age date of 2055.91 ± 0.26 Ma 

(Zeh et al., 2015). The emplacement and cooling of Bushveld magma occurred in less 

than 1 million years with the Bushveld magma chamber being accreted with a flux of > 5 

km3/ year (Zeh et al., 2015).  
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Figure 1.1: Generalised geology and stratigraphy of the Bushveld Igneous Complex (from 

Webb et al, 2006). 

 

The Bushveld Complex is hosted in the northern portion of the Kaapvaal Craton (de Wit 

et al., 1992), which is an assembly of crustal blocks that joined together around 3700-

2700 Ma (de Wit et al., 1992). Between 3700-3100 Ma, continental lithosphere 

separated from the mantle during intraoceanic obduction and the amalgamation of the 

Kaapvaal Craton then commenced due to within-shield melting, granite formation and 

chemical differentiation of the upper lithosphere (de Wit et al., 1992). A possible 

unknown orogeny involving the Zimbabwean Craton occurred prior to 2900 Ma, as 

seismic anisotropy reveal a mantle fabric consistent with this age on the Zimbabwean 

Craton (Silver et al., 2004). Around 2900 Ma the collision of the Pietersburg and 
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Kimberley blocks with the Kaapvaal shield occurred, which resulted in the formation of 

the Thabazimbi-Murchison Lineament (Silver et al., 2004). At ~2700-2600 Ma, the 

Limpopo orogeny started, which resulted in the formation of the Limpopo Belt between 

the Kaapvaal Craton and the Zimbabwean Craton (de Wit et al., 1992; Silver et al., 

2004). This occurred roughly at around the same time as the intrusion of the Great Dyke 

and the Ventersdorp Supergroup (de Wit et al., 1992; Silver et al., 2004). At ~2000 Ma, 

during the Magondi orogeny, the reactivation of shear zones in the Limpopo Belt 

occurred and the Bushveld Complex was intruded along the Thabazimbi-Murchison 

Lineament. The last major rift in the area, known as the Soutpansberg rift, occurred 

between 1900-1800 Ma in the Kheis orogeny (Cornel et al., 1998).  

 

During the Late Archaean to early Proterozoic, after the Kaapvaal Craton stabilised, 

large volcano-sedimentary intracratonic basins, such as the Witwatersrand basin 

(3074± 6 Ma), developed on this stable cratonic platform (Armstrong et al., 1991; 

Kinnaird, 2005). The Witwatersrand sequence was deposited either on the granite-

greenstone basement or on older sediments and lavas of the Dominion Group, which 

intruded 3047 Ma (Armstrong et al., 1991; Kinnaird, 2005). The intercalated volcanics 

were intruded next at ~2917-2780 Ma, followed by the intrusion of Ventersdorp lavas at 

~2714 ± 8 Ma, which overlie the Witwatersrand sequence (Armstrong et al., 1991). The 

nearly 2 km thick, 160 000 km2 Klipriviersberg Group flood basalts then poured out into 

the Witwatersrand Basin at ~2718 ± 8 (Armstrong et al., 1991; Stanistreet and McCarthy 

1991). The deposition of the Transvaal Supergroup then started towards the end of the 

Ventersdorp rifting (2670-2100 Ma; Walraven and Martini, 1995; Eriksson et al., 2001). 

The Transvaal Supergroup comprises a >15 km thick supracrustal volcanosedimentary 

sequence and includes the protobasinal Wolkberg Group and the Buffelsfontein Group, 

the carbonaceous Chuniespoort Group, and the predominantly pelitic Pretoria Group 

(SACS 1980). The Transvaal Supergroup and Archean granite basement lithology form 

the footwall to the Large Igneous Province of the Bushveld Complex, which was then 

deposited (2055.91 ± 0.26 Ma; Zeh et al., 2015). The Bushveld Complex is almost 

completely bound by rocks of the Transvaal sedimentary Basin (SACS 1980).  
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 Geology of the Bushveld Complex 1.2

There are five major limbs or lobes in the Large Igneous Province of the Bushveld 

Complex namely: 1) the eastern limb, 2) the western limb, 3) the far western limb, 4) the 

northern limb and 5) the south-eastern Bethal limb, which is covered by younger 

sediments (Figure 1.1; Von Gruenewaldt, 1970; Van der Merwe, 1976; Kruger 1990; 

Cawthorn et al., 2002; Kinnaird et al., 2005). The overall shape and the interrelations 

between the various limbs of the Bushveld Complex are still debated, with some authors 

suggesting that the limbs represent separate intrusions (Cousins, 1959; Sharpe et al., 

1981), or dipping sheets (Biesheuvel, 1970; Van der Merwe, 1976; Meyer and De Beer 

1987). Hall (1932) and du Toit (1954), however, suggested that the Bushveld western 

and eastern limbs are connected and suggested it to be a lopolith. Cawthorn and Webb, 

(2001), with the aid of gravity data, also suggested that eastern and western limbs have 

been connected throughout much of the evolution of the complex, with similar magmas 

forming both limbs and that mineral processes operated contemporaneously to produce 

the mineralised horizons that broadly correlate across these limbs (Lee, 1996; Barnes 

and Maier, 2002). To support this idea, Webb et al., (2004) present geophysical gravity 

modelling to illustrate a downwarp in the Moho below the Bushveld Complex in order to 

achieve isostatic balance. 

 

The Bushveld Complex is divided into the following stratigraphic subdivisions as 

suggested by the South African Committee on Stratigraphy, or SACS (1980) and 

revised by Hatton and Schweitzer (1995): 1) the Rooiberg Group, 2) the Rustenburg 

Layered Suite, 3) the Lebowa Granite Suite, and 4) the Rashoop Granophyre Suite 

(Figure 1.2).  

 

The stratigraphic units that are associated with the Bushveld Complex are outlined and 

described in more detail below:  
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Figure 1.2: Stratigraphic column depicting the broad components of the Bushveld Complex 

(from Scoon et al., 2018, simplified from Von Gruenewaldt et al., 1985). 

 

 Rooiberg Group 1.3

The Rooiberg Group is a sequence of volcanic rocks, which represent the first phase of 

magmatic activity associated with the Bushveld Complex (Buchanan et al., 2004). The 

Rooiberg group is ~6 km thick and consists of more than 50 000 km2 of preserved 

volcanics (Schweitzer et al., 1995; Buchanan et al., 2004). These volcanic rocks 

unconformably overly the Transvaal Supergroup (Figure 1.2; Cheney and Twist, 1991) 

and comprises extrusive rhyolitic pyroclastics that are approximately the same age as 

the Bushveld (Harmer and Armstrong, 2000; Buchanan et al., 2004). Many areas show 
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significant thinning and erosion (Buchanan et al., 2002), which suggests that it may 

even have exceeded a volume of 300 000 km3 (Twist and French, 1983; Schweitzer et 

al., 1995).  

 

The Rooiberg Group felsites are encountered predominantly above the Upper Zone in 

the Bushveld stratigraphy and are comprised of several formations, distinguished on the 

basis of colour, texture, phenocryst content and chemistry (Figure 1.3; Hatton and 

Schweitzer, 1995; Schweitzer et al., 1995; Buchanan et al., 2002). These formations 

include the Dullstroom, Damwal, Kwaggasnek and Schrikkloof Formations (Hatton and 

Schweitzer, 1995; Schweitzer et al., 1995).  

 

The oldest of these formations is the Dullstrom Formation, which consists of basaltic 

andesite, basalt and basalt rhyolite (Hatton and Schweitzer, 1995; Schweitzer et al., 

1995; Buchanan et al., 1999). The lower parts of the Dullstroom Formation occur mostly 

as the footwall of the Rustenburg Layered Suite whereas the upper part may locally 

comprise the hanging wall of the mafic-ultramafic intrusion (Schweitzer et al., 1995; 

Buchanan et al., 1999). The Damwal Formation overlies the Dullstroom Formation and 

is comprised predominantly of massive dacites and rhyolite (Schweitzer et al., 1995; 

Buchanan et al., 1999). This is followed by the Kwaggasnek Formation, which consists 

of shale/tuff, agglomerate and massive rhyolite, and finally the Schrikkloof Formation, 

which includes flow-banded rhyolite, rare quartzite lenses and occasional quartzite 

xenoliths towards the base (Schweitzer et al., 1995). The approximate age of the 

Rooiberg Group taken from zircons of the Kwaggasnek Formation which yielded a 

crystallisation age of 2057.3 ± 2.8 Ma (Harmer and Armstrong, 2000), whereas Rb-Sr 

isotopic data for units of the Dullstroom and Damwal Formations suggest a 

crystallisation age of 2071± 94/-65 Ma (Buchanan et al., 2004). 
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Figure 1.3: Regional stratigraphic subdivision of the Rooiberg Group (from Schweitzer and 

Hatton, 1995). 
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 Rustenburg Layered Suite 1.4

The conventional, approximately 7-8 km thick (Cameron, 1978; Eales and Cawthorn, 

1996) stratigraphy of the Rustenburg Layered Suite of the Bushveld Complex is divided 

into the following layers or zones: 1) a Marginal Zone that is largely fine- to medium 

grained, 2) an ultramafic Basal Ultramafic Sequence (Wilson 2012) and Lower Zone, 3) 

an Ultramafic to mafic Critical Zone displaying significant pyroxenite layering, 4) a 

predominantly gabbronoritic Main Zone, and 5) a gabbroic to ferrodioritic Upper Zone 

(Figure 1.1 and 1.2; SACS 1980; Cawthorn et al., 2006). Over its entirety, the 

composition of the Rustenburg Layered Suite ranges from ultramafic rocks of the Lower 

Zone to felsic rocks of the Upper Zone (Kruger, 1990; Cawthorn et al., 2006). The full 

Rustenburg Layered Suite stratigraphic suite occurs only in the northern sectors of the 

eastern and western limbs of the complex, with the southern parts of the eastern and 

western limbs showing terminations of the Lower Critical Zone and the Main Zone 

against the sedimentary footwall (Van der Merwe, 1976; Armitage, 2012; Cawthorn et 

al., 2002). The northern limb shows a similar trend with the Lower Zone not being 

extensively developed and the stratigraphic correlation of the Critical Zone showing 

various differences (Kinnaird et al., 2005; McDonald et al., 2012). The properties of the 

stratigraphic zones are summarised below (ranging in stratigraphy from bottom to top; 

outlined in Figure 1.2): 

 

 Marginal Zone 1.4.1

The Marginal Zone is sporadically present in the Bushveld Complex and varies vastly in 

thickness and mineralogy (Eales and Cawthorn, 1996). Eales and Costin, (2012) 

suggest that the Marginal Zone formed from a crustally contaminated komatiite magma 

from the high SiO2 cap of the staging chamber beneath the complex injected into the 

Transvaal Supergroup sedimentary rocks. However, according to Cawthorn et al., 

(1981), this zone may signify the distal facies of evolved magmas or composite sills. 

The rocks in this zone are genetically related to the immediate adjacent cumulate rocks, 

however, disruptions in the lithology suggests partial digestion by later injections of 

magma (Eales, 2003). The Marginal Zone consists mainly of up to 880 m 

heterogeneous noritic rocks with accessory clinopyroxene, quartz, biotite and 
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hornblende that display contamination signatures from the underlying sediments 

(Cawthorn et al., 1981; Eales and Cawthorn, 1996; Kruger, 2004). 

 

 Lower Zone 1.4.2

The Lower Zone is formed by the lowermost cumulates at the base of the Bushveld 

magma chamber and is 880-1700 m thick (Cameron, 1978; Kinnaird et al., 2005). The 

thickest sections of this zone are present in the Oliphants River Trough in the eastern 

limb of the complex (Cameron, 1978) and in the northern limb on the Grasvally farm 

(Hulbert and Von Gruenewaldt, 1983). The Lower Zone comprises ultramafic dunites, 

harzburgites and pyroxenites (bronzitites; Van der Merwe, 1976; Eales and Cawthorn, 

1996; Cawthorn et al., 2006). There are three subdivisions of the Lower Zone. These 

include 1) a Lower Pyroxenite, 2) a middle unit of Harzburgite, and 3) an Upper 

Pyroxenite (Cameron, 1978; Kinnaird et al., 2002; Cawthorn et al., 2006). In the far 

western limb, nine cyclic units comprised of dunite, harzburgite and pyroxenite have 

been recognised (Cawthorn et al., 2006) and in the northern limb, 37 cyclic units 

comprised of olivine-bearing, chromite-bearing and orthopyroxenite-bearing cumulus 

packages (Hulbert and Von Gruenewaldt, 1985). The Lower Zone is not continuous 

throughout the complex and shows limited lateral extent (de Villiers, 1970; Van der 

Merwe, 1976; Kinnaird, 2005). The Lower Zone is best developed in the northern parts 

of the eastern and western limbs and in the southern and central parts of the northern 

limb (Eales and Cawthorn, 1996; Cawthorn et al., 2006; Clarke et al., 2009). The 

distribution and thickness of the Lower Zone is controlled by the basement topography 

and structure (Eales and Cawthorn 1996; Cawthorn et al., 2002). The Lower Zone 

cumulates overlie sills and intrusive feeders to the Complex (Cameron, 1978; Eales and 

Cawthorn, 1996 Naldrett, 2004; Ashwal et al., 2005; Kinnaird et al., 2005). Recently, an 

unexposed kilometre-thick ultramafic sequence that forms part of the Lower Zone on 

Clapham was discovered (Wilson 2012). This has been termed the Basal Ultramafic 

Sequence and have olivine compositions of Mg# <92 (Wilson, 2012). 
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 Lower Zone- Critical Zone boundary 1.4.3

The boundary between the Lower Zone and the Critical Zone is a laterally extensive 

transition across the Bushveld Complex from ultramafic harzburgite and pyroxenite in 

the Lower Zone to increasingly plagioclase-rich pyroxenites and norites in the Critical 

Zone (Boorman et al., 2004). Cameron, (1978) suggested that there is no break 

between the Lower and Critical zones. However, in the northern limb, a sedimentary 

interlayer <300 m thick separates the Lower Zone and overlying magmatic sequences 

(Kinnaird et al., 2005). 

 

 Critical Zone 1.4.4

The Critical Zone is approximately 1200 m thick and contains world class PGE 

(platinum group elements) layers including the Merensky Reef and the UG2 chromitite 

layer (Wagner, 1929; Cameron, 1978; White, 1994; Cawthorn et al., 2010; Scoon and 

Costin, 2018). Along with the PGE-bearing Merensky Reef and the UG2 chromitites the 

Critical Zone hosts ~13 other stratiform chromitite layers, which are grouped into the 

Lower Group (LG), Middle Group (MG) and Upper Group (UG) chromitites (Figure 1.4; 

Eales and Cawthorn, 1996; Cawthorn et al., 2010).  

 

The boundary between the Critical Zone and the Main Zone is still debated. Some have 

suggested that the boundary is not distinct (Mitchell and Manthree, 2002), whereas 

SACS (1980) defined the boundary due to petrographic studies, immediately above the 

Giant Mottle Anorthosite. Furthermore, Kruger, (1992) suggested that the boundary 

should be placed at the base of the Merensky Reef based on Rb-Sr isotopic data and a 

major unconformity at the base of the Merensky Reef, therefore placing the Merensky 

Reef in the Main Zone (Von Gruenewaldt, 1973; Kinnaird, 2005; Cawthorn et al., 2006). 

This idea however is not universally accepted (Wagner, 1929; Eales et al., 1986; 

Viljoen, et al., 1986). The Critical Zone is sub-divided into two compositionally 

contrasting zones namely the lower (lCZ) and the upper Critical Zone (uCZ; Figure 1.4; 

Cameron, 1980; Cameron, 1982; Kruger, 1992; White, 1994). These are outlined below: 
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 Lower Critical Zone 1.4.4.1

The lower Critical Zone is ~800 m thick and is marked by the onset of cumulus chromite 

and comprises bronzitite layers interrupted by layers of chromitite, chromitic bronzitite, 

and minor harzburgite (Cameron, 1978, 1980; Cawthorn et al., 2010). The Critical Zone 

chromitites are grouped in the Lower Group (LG), Middle Group (MG) and Upper Group 

(UG) chromitites (Cawthorn et al., 2006; Scoon et al., 2014). The chromitite layers LG1-

7 occur in the Lower Critical Zone, with the thickest being the LG6 layer, also known as 

the Steelpoort seam, with a thickness of ~1 m (Cawthorn et al., 2006; Scoon et al., 

2014).  

 

The contact between the lower Critical Zone and the upper Critical Zone is at the first 

appearance of cumulus plagioclase at the base of the first anorthositic layer, which is 

between the MG2 and MG3 chromitite layers (Eales and Cawthorn, 1996; Naldrett, 

2004; Kinnaird et al., 2005; Cawthorn et al., 2010). 

 

 Upper Critical Zone 1.4.4.2

The Upper Critical Zone consists of eight cyclic units, which consist of basal ultramafic 

cumulates (chromitite, harzburgite, pyroxenite); and dominant norites and anorthosites 

towards the top (Cameron 1982; Cawthorn and Spies 2003; Cawthorn et al., 2006). The 

top two cyclic units are known as the Bastard Unit and the Merensky Unit and these 

define the transition in to the Main Zone (Figure 1.4; Wagner, 1929; Cameron, 1978; 

White, 1994; Cawthorn et al., 2006). These two stratiform units host the largest known 

PGE reserves in the Bushveld Complex (Eales and Cawthorn, 1996; Naldrett, 2004; 

Mungal and Naldrett, 2008; Cawthorn et al., 2010). Recently, Hunt et al., (2018) 

contested the validity of the term ñcyclic unitò and suggest that this term is misleading 

due to various proofs presented for in-situ formation of the units in the upper Critical 

Zone.  
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Figure 1.4: Stratigraphic column for part of the Upper Critical Zone and Lower Main Zone at 

Winnaarshoek based on borehole WH-1 (Scoon et al., 2018, modified from Mitchell and Scoon 

2007). 

 

 Main Zone  1.4.5

The Main Zone ranges from 1200-3500 m in thickness and is the thickest lithologic unit 

in the Rustenburg Layered Suite (Kruger, 1990; Eales and Cawthorn, 1996; Nex et al., 

1998; Cawthorn et al., 2006). The Main Zone is comprised of gabbronorites, gabbros, 
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norites, and anorthosites (Eales and Cawthorn, 1996; Barnes et al., 2004). Discrete 

packages of modally layered rocks can be identified in the Main Zone, although the 

layering is not as distinct as that of the Critical Zone (Molyneux, 1974; Mitchell, 1990; 

Nex et al., 2002). These layers alternate in colour and are sharp at the base and planar 

at the top and are composed of orthopyroxene, clinopyroxene, plagioclase and inverted 

pigeonite (Mitchell, 1986; Kinnaird, 2005). The lighter layers (leucogabbronorite) contain 

~70% plagioclase and the darker layers (melagabbronorite) contain 30-40% plagioclase 

and vary from 2-10 cm in thickness (Mitchell, 1986). The layering is suggested to occur 

due to mechanical re-distribution of crystals (Kinnaird, 2005; Cawthorn et al., 2006). The 

Main Zone of the western and eastern limbs does not contain olivine and Cr-spinel, 

which contrasts with the Main Zone of the northern limb, where olivine is present (Von 

Gruenewaldt,  1970; Kruger et al., 1987; Kinnaird et al., 2005). The Main Zone is 

economically important for various quarries of dimension stone, quarrying the dark-

coloured inverted-pigeonite-bearing gabbronorite known as coloured Pyramid 

Gabbronorite (Kinnaird, 2005). 

 

Von Gruenewaldt, (1973) subdivided the eastern limb Main Zone into three subzones; 

1) Subzone A comprised of low Ca pyroxene, 2) Subzone B comprising inverted 

pigeonite bearing lithologies and 3) Subzone C comprising primary orthopyroxene 

bearing lithologies (Nex et al., 1998). Von Gruenewaldt, (1973) placed the boundary 

between Subzones B and C at the Pyroxenite Marker, which demarcates the injection of 

a new magma into the Bushveld magma chamber (Kruger et al., 1987; Cawthorn et al., 

1991; Kruger, 1994; Eales and Cawthorn, 1996; Naldrett, 2004). SACS, (1980) then 

accepted this classification for the western limb of the Bushveld Complex. Mitchell, 

(1990) suggested that Subzones A and B of the western limb should be termed the 

Lower Main Zone, collectively, and Subzone C should be termed the Upper Main Zone. 

However, Nex et al., (1998) divided the Main Zone in the Marikana area into five 

subzones based on the presence of certain indicator minerals, textures and field 

characteristics. Subzone A occurs at the base and comprises cumulus plagioclase and 

primary orthopyroxene (Nex et al., 1998). Subzone B comprises cumulus plagioclase, 

augite, and discrete primary orthopyroxene (Nex et al., 1998). Subzone C consists of 
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three units namely the Zebra Unit, Springbok Unit and the Hexrivier Unit (Nex et al., 

1998; Nex et al., 2002). The Zebra unit comprises rhythmically layered cumulus 

clinopyroxene, orthopyroxene and augite, whereas the Springbok and Hexrivier units 

contain no cumulus orthopyroxene but contains oikocrysts of inverted pigeonite (Nex et 

al., 1998). Subzone D comprises cumulus plagioclase, orthopyroxene and augite, with 

no inverted pigeonite (Nex et al., 1998). Subzone E occurs at the top and comprises 

cumulus plagioclase, augite and inverted pigeonite, with no primary orthopyroxene 

being present (Nex et al., 1998). Occasional interstitial magnetite is also present in 

Subzone C (Nex et al., 1998).  

 

 Upper Zone 1.4.6

The Upper Zone is approximately 1000-2000 m thick and is marked by the first 

appearance of cumulus magnetite (Cawthorn and McCarthy, 1980). The Upper Zone is 

the most laterally extensive lithologic unit in the Bushveld Complex (Molyneux, 1974). 

The most impressive feature of the Upper Zone is the presence of ~25 magnetite layers 

that are divided into four groups (Molyneux, 1974; Cawthorn and McCarthy, 1980). 

These magnetite layers generally have sharp bases and gradational tops and get up to 

6 m in thickness (Molyneux, 1974; Kinnaird, 2005). The main magnetite layer is up to 2 

m thick and occurs near the base (Molyneux, 1974; Cawthorn and McCarthy, 1980). 

The Upper Zone consists of ~8 % magnetite in total volume and towards the top; 

ilmenite may surpass magnetite abundance (Reynolds, 1985). Overall, the magnetite 

layers comprise almost half of the vanadium reserves on Earth (Kinnaird, 2005). The 

main rock types present in the Upper Zone are gabbros, anorthosites and 

gabbrodiorites (Molyneux, 1974). Xenoliths and crosscutting intrusions are common 

near the top (Wagner and Brown, 1968; Kruger et al., 1987). 

 

Conventionally, the base of the Upper Zone has been defined by the Main Magnetite 

Layer (Willemse, 1969) or the appearance of cumulus magnetite (Von Gruenewaldt 

1973; Ashwal et al., 2005). However, petrological and Sr isotopic data places the base 

of the combined Upper Zone at the Pyroxenite Marker (Von Gruenewaldt, 1970; Kruger 

et al., 1987; Kruger, 1990; Cawthorn et al., 1991; Nex et al., 1998; Scoon et al., 2012), 
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which occurs below this level. The Pyroxenite Marker is a massive orthopyroxenite 

cumulate that is approximately 2-3 m thick and is present in both the eastern and 

western limbs of the Bushveld Complex (Eales, 2002; Vantongeren and Mathez, 2013).  

 

Scoon, (2012) observed that the Upper Zone is transgressive in relation to the Critical 

Zone and the Main Zone, and may have formed by a completely new intrusive phase, 

that differentiated in situ without any further addition of magma (Cawthorn et al., 1991). 

Scoon et al., (2012) argued against a closed system and suggest five subdivisions of 

the Upper Zone on the basis of the cumulus mineralogy and whole-rock geochemistry. 

These units are said to be formed by various processes including separate pulses of 

magma (Scoon et al., 2012). 

 

 Rashoop Granophyre Suite 1.5

The Rashoop Granophyre Suite occurs above the Rustenburg Layered Suite and below 

the Rooiberg volcanic rocks and comprises metamorphosed sediments and intrusive 

acidic rocks (Harmer and Armstrong, 2000). These include: 1) the Stavoren and 

Diepkloof Granophyres, 2) the Rooikop Porphyritic Granite and 3) the Zwartbank 

Pseudogranophyre (Walraven, 1987; Harmer and Armstrong, 2000). The age of the 

Rashoop Granophyre Suite was determined at ~2061.8 ± 5.5 Ma, taken from the 

Rooikoppies porphyry, which coincides with the age of the mafic sequences within 

uncertainty (Harmer and Armstrong, 2000).  

 

 Lebowa Granite Suite 1.6

The Lebowa Granite suite is one of the largest (60 000 km2) of A-type granite provinces 

on Earth (Harmer and Von Gruenewaldt, 1991). The Lebowa Granite Suite comprises 

sheet-like bodies that are 1.5-3.5 km thick and cover an area of approximately 30 000 

km2 (Molyneux and Klinkert, 1978; Harmer and Von Gruenewaldt, 1991; Kinnaird, 

2005). These granites intruded close to the top contact of the Rustenburg Layered Suite 

and are overlain by the felsic volcanic rocks of the Rooiberg Group and Rashoop 

Granophyre Suite (Lenthall, 1973; Hatton and Schweitzer, 1995; McNaughton et al., 
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1993; Kinnaird, 2005) and post-date the mafic Bushveld rocks with intrusion ages of 

2061-2054 Ma (Walraven, 1988; Walraven and Hattingh, 1993). The Lebowa Granite 

Suite comprises seven types of granite, which include the following: 1) the Nebo 

Granite, 2) the Lease Granite, 3) the Makhutso Granite, 4) the Klipkloof Granite, 5) the 

Bobbejaankop Granite, 6) the Balmoral Granite and 7) the Verena Granite (SACS, 

1980; Eales and Cawthorn, 1996; Cawthorn et al., 2006). The age of the Lebowa 

Granite Suite is within 2053.4-2057.5 ± 4, taken from Makhutso, Nebo and Steelpoort 

Park granites (Walraven, 1988; Walraven and Hattingh, 1993; Harmer and Armstrong, 

2000). 

 

 Discordant bodies and Satellite Intrusions 1.7

A number of discordant and satellite bodies occur in the Bushveld Complex. These 

include the Uitkomst (Nkomati) Complex (Gauert, 2001); the Molopo Farms Igneous 

Complex (MFIC; Cawthorn and Walraven, 1998) as well as the Mashaneng Complex 

(Eales and Cawthorn, 1996; Kinnaird, 2005), which falls in the same age range as the 

Bushveld Complex (Eales and Cawthorn, 1996). Some satellite bodies may be of 

economic importance, with significant mineralisation being present in the Uitkomst 

(Nkomati) Complex (Gauert, 2001). 

 

Discordant pipe-like bodies of <1.5 km wide cross-cut the layers of the Bushveld 

Complex and are generally comprised of magnesium-rich dunites and iron-rich 

pegmatites and may have been formed due to hydrothermal processes (Eales and 

Cawthorn 1996).  

 

 Bushveld mineralisation 1.8

The Bushveld Complex hosts approximately 75% of the platinum group elements (PGE) 

resources on Earth (Kendall, 2006), as well as one of the largest known deposits of Cr 

and V on Earth (Kruger, 2005; Naldrett et al., 2009). Accessory minerals of Cu, Ni, Au, 

Sn, fluorite, Fe as well as andalusite and dimension stone are also prominent in the 
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complex (Wilson and Anhaeusser, 1998; Oosterhuis, 1998) with the Bushveld felsics 

hosting noteworthy Sn and F deposits (Bailie and Robb, 2004).  

 

Most of the PGE mineralisation in the eastern and western limbs occurs in three main 

deposits namely, the Upper Group 2 (UG2) chromitite, the Merensky Reef, and the 

deposits of the Platreef in the northern limb (Hall and Humphrey, 1908; Wagner, 1929; 

Van der Merwe 1976; Von Gruenewaldt 1979; Cawthorn 1999; Kinnaird et al., 2005; 

Barnes et al., 2017). Generally, all the chromitites in the Bushveld Complex are 

enriched in PGEôs, relative to the host rocks; however, the UG2 chromitites show the 

highest concentration of PGEôs (Naldrett et al., 2012). The UG2 chromitites and the 

Merensky Reef rocks are conventional stratiform reef deposits, with PGE-rich sulphides 

associated with the chromite (Hall and Humphrey, 1908, Von Gruenewaldt, 1979).  

 

Furthermore, at the base of the northern limb, the lithologically variable, broadly 

pyroxenitic Platreef (Kinnaird et al., 2005; McDonald and Holwell, 2011), has become 

increasingly important as a mineral resource over the last few decades (McDonald et 

al., 2005; Barnes et al., 2017). Ivanhoeôs Platreef Project, which focusses on mining in 

the ñFlatreefò, is one of these recent and exciting projects (www.Ivanhoemines.com). 

Further north, just south of the Hout River shear zone, possible economic mineralisation 

was discovered in the upper Main Zone as part of the Aurora Project (McDonald et al., 

2017). In addition to this, in 2011 Platinum Group Metals (PTM) discovered mineralised 

Bushveld rocks (T- and F-mineralised zones) north of the northern limb, which is 

overlain by the thick succession of Waterberg Group sedimentary rocks (Lomberg, 

2012; Kinnaird et al., 2017). 

 

 Location and research area 1.9

The study site for this project is north of the exposed northern limb of the Bushveld 

Complex, on the Sylvania Resources Limited-owned Harrietôs Wish farm located in the 

Capricorn District Municipality, Limpopo Province, South Africa (Figure 1.5; Sylvania 

Resources Limited, 2012). The study site is ~70 km north of the town of Mokopane 

(Potgietersrus). The Harrietôs Wish Farm was chosen for this study due to the setting 
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between the Waterberg Project to the north and the Aurora Project to the south (Figure 

1.5). The drillcores in this study lie to the north of the Hout River shear zone. And the 

coordinates to the farm is 23°25'25.21" south latitude and 28°52'26.58" east longitude.  

 

Figure 1.5: Geology of the northern limb of the Bushveld Complex. A) A map showing locations 

of the Waterberg Project, Aurora Project and Harrietôs Wish. HRSZ = Hout River shear zone; 

PYF = Planknek-Ysterberg Fault, TML = Thabazimbi-Murchison Lineament. B) The stratigraphy 

of the Waterberg Project area (from Kinnaird et al., 2017). 
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  Aims and objectives 1.10

According to the exploration results published by Sylvania Resources Limited, (2012), 

the study site of Harrietôs Wish farm has economic potential due to its promising 

concentrations of platinum group elements and Au. McDonald et al., (2017) suggests 

that PGE-sulphide mineralisation encountered on the Waterberg Project could extend 

up to 40 km south through to the Aurora Project area, just south of the Hout River shear 

zone. Kinnaird et al., (2017) and McCreesh et al., (2018) suggest that the Waterberg 

Project forms part of a new basin that exists north of the Hout River shear zone. The 

Harrietôs Wish drillcores are located just to the north of the Hout River shear zone 

between the Waterberg and Aurora projects.  

 

Therefore, this project has the following aims:  

 

¶ To understanding the magmatic stratigraphy, petrography, ore mineralogy of 

host sequences and geochemistry on the Harrietôs Wish farm. 

¶ To establish possible connectivity with the surrounding areas such as the 

Waterberg Project to the north of the Hout River shear zone, the Aurora Project 

and certain Platreef localities to the south of the Hout River shear zone. 

¶ To provide evidence for or against the idea that a separate basin exists to the 

north of the northern limb of the Bushveld Complex.  

 

This study investigates the mineralisation and stratigraphy on the Harrietôs Wish farm, 

using the research objectives outlined below: 

  

¶ Field observations and detailed core logs are used to determine the general 

stratigraphy and to understand the host rocks of the mineralisation on Harrietôs 

Wish. 

¶ Magnetic susceptibility surveys of the drillcore are used to determine the 

boundary between the lower and upper lithologic units, similar to the Upper 

Zone and troctolite-gabbronorite-anorthosite (TGA) sequence on the Waterberg 
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Project to the north (Kinnaird et al., 2017). This is important because the T Zone 

mineralisation on the Waterberg Project is confined to the Main Zone-Upper 

Zone boundary (Kinnaird et al., 2017).  

¶ Sampling was carried out on drillcores HW024, HW025 and HW029 stored on 

the Sylvania Resources Limited core yard outside Mokopane. A total of 117 

samples were collected for petrologic and whole rock major and trace 

geochemical studies to assist in characterising and distinguishing between 

geological units and also to establish variation within individual units. These 

data are compared with the data from the Waterberg and Aurora projects to test 

whether the lithologic units from the studied area correlate with the northern 

limb and the areas north of the Hout River shear zone (Kinnaird et al., 2017; 

McDonald et al., 2017; McDonald and Holwell, 2011).  

¶ Assay data from Sylvania Platinum Limited were obtained to determine the 

nature of the ore mineralisation and to establish possible links between Harrietôs 

Wish mineralisation and the mineralisation on the Waterberg and Aurora 

projects, and the Platreef (Kinnaird et al., 2017; McDonald et al., 2017; 

McDonald and Holwell, 2011). Tenor calculations were also made and plots 

were drawn to identify individual magmatic sills or pulses in the mineralised 

zones. 

 

The fundamental research questions, therefore, are: 1) is the Harrietôs Wish geology a 

southward extension of the Waterberg Project geology to the north?, 2) does Harrietôs 

Wish serve as a link between the Waterberg and Aurora projects?, 3) does a basin, 

separate to the northern limb occur to the north of the Hout River shear zone? 

 

  Methodology 1.11

Several geological techniques were used to achieve the aims and objectives of this 

study. These include core logging, sampling for mineralogical studies, magnetic 

susceptibility, polished thin section for mineralogical studies and whole rock major and 

trace geochemical analyses (XRF). The methods for each of these techniques are 

outlined in the relevant chapters.  
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 Chapter 2                                                                   2

Geology of the northern limb 

 

 Introduction 2.1

The northern limb of the Bushveld Complex is situated in the province of Limpopo. It 

has a sinuous outcrop that is N-S oriented (Figure 2.1). The exposed width of the 

northern limb is around 15 km and the exposed strike length is approximately 110 km 

(Wagner, 1929; Van der Merwe, 1976; Gain and Mostert, 1982). This extends from the 

Zebediela Fault in the south, to the Hout River shear zone in the north (Figure 1.5; Van 

der Merwe, 1976; Gain and Mostert, 1982; Kinnaird et al., 2017). The Zebediela Fault in 

the south forms a branch of the Thabazimbi-Murchison Lineament, which separates and 

compartmentalises the northern limb from the eastern and western limbs (Good and de 

Wit, 1997). The Thabazimbi-Murchison Lineament is approximately 500 km in length 

and 25 km in width (Good and de Wit, 1997). The Thabazimbi-Murchison Lineament is 

an ENE-WSW striking (Good and de Wit, 1997) large, old tectonic boundary that was 

formed when the Pietersburg and Kaapvaal terranes collided at around 2.7 Ga (Truter, 

1947; de Wit et al., 1992; Good and de Wit, 1997; Griffin et al., 2004). The Thabazimbi-

Murchison Lineament also serves as the marker between significant differences in 

stratigraphy between the northern limb and the eastern and western limbs of the 

Bushveld Complex, in particular, the occurrence of the unique Platreef and an unusual 

Lower Zone (Kinnaird et al., 2005; Armitage et al., 2007). According to Kinnaird et al., 

(2005) it is still not clear whether there was any connection between the northern limb 

and the main Bushveld Complex during its emplacement. 

 

 Aims 2.1.1

The aim of this chapter is to provide detail on, and to outline the stratigraphic units of, 

the northern limb of the Bushveld Complex and to elaborate on the structures and 

controls that influence the mineralisation in the northern limb. This chapter will also 

provide a backdrop for comparing the stratigraphy and geology of Harrietôs Wish to the 

northern limb, south of the Hout River shear zone.  
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 Geology of the northern limb 2.2

Previous work describes the northern limb geology on the farms on which it occurs. 

These farm localities are outlined in Figure 2.1. Note that the geology described in this 

section is south of the Hout River shear zone.  

 

 

Figure 2.1: Geological map of the northern limb of the Bushveld Complex south of the Hout 

River shear zone showing the localities and faults described in the text (McDonald et al., 2005). 
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 Footwall Lithologies 2.2.1

The footwall rocks vary along the northern limb N-S strike (Figure 2.1; Van der Merwe, 

2008). The footwall is composed of progressively older sedimentary units of the 

Transvaal Supergroup from south to north with eventually Archean granite-gneisses 

serving as a footwall of the northern lime magmatic sequence north of farm 

Zwartfontein. The rocks of the Transvaal Supergroup that occur in the northern limb 

beneath the Platreef are synthesised in Figure 2.2 

 

Figure 2.2: Lithostratigraphy of Transvaal Supergroup floor rocks underneath the northern limb 

(from Kinnaird and Nex, 2012, with data from Button, 1973; Martini, 1979; Catuneanu and 

Eriksson, 1999; Bekker et al., 2001). 

 

In the southern parts of the northern limb, on the Grasvally farm, the Platreef is 

underlain by the Lower Zone (Hulbert, 1983; Maier et al., 2007). On Townlands and 

Macalacaskop the footwall comprises shales of the Timeball Hill Formation (Manyeruke 

et al., 2005; Kinnaird et al., 2005). On Turfspruit and Tweefontein, sulphidic shales and 

limestones of Duitschland Formation form the footwall to the thick Lower Zone, which is 

separated from the overlying Platreef by the same Duitschland metamorphosed shales 
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(Kinnaird et al., 2005). The footwall in the northern parts of Tweefontein consists of 

Penge Iron Formation lithology (Buchanan et al., 1981; Kinnaird and Nex, 2012). 

Between Rooipoort and Zwartfontein it is underlain by progressively older Transvaal 

Supergroup rocks such as Silverton- and Timeball Hill Formation quartzites and shales, 

Duitschland Formation shales; Penge Banded Iron Formation (BIFôs) and Malmani 

Subgroup dolomites (Maier, 2002; Kinnaird et al., 2005; Manyeruke et al., 2005; 

Manyeruke, 2007; Yudovskaya and Kinnaird, 2010; McDonald and Holwell, 2011). The 

Platreef is a basal unit and underlain by Archaean granite gneiss from Zwartfontein 

(including Drenthe and Overysel) to the northern edge of the limb (Figure 2.1; Cawthorn 

et al., 1985; White, 1994; Kinnaird et al., 2005; Holwell and McDonald, 2006; McDonald 

and Holwell, 2011). The hanging wall of the Platreef comprises Main Zone norites 

gabbronorites (Figure 2.1; Kinnaird et al., 2005; McDonald and Holwell, 2011). 

 

 Footwall mineralisation 2.2.1.1

Mineralisation is present in some of the contact-metamorphosed wallrocks in the 

northern limb (Viljoen and Schürmann, 1998; Kinnaird et al., 2005; Maier et al., 2008; 

Nex et al., 2008; McDonald and Holwell, 2011). This is highlighted in the immediate 

footwall to the Platreef north of Turfspruit, on Tweefontein Hill, which comprises 

aluminous argillaceous shales of the Duitschland Formation and contains xenoliths of 

ironstone and shale (Wagner 1929; Bekker et al., 2001). The Banded Ironstone of the 

Penge Formation on Tweefontein Hill shows contact metamorphism to magnetite-

bearing hornfels (White, 1994), which contains hydrothermal veins with Cu and PGE 

(platinum group element) mineralisation (Wagner, 1929; Nex et al., 2008).  

 

 Northern limb magmatic stratigraphy 2.2.2

In Figure 2.3 the magmatic Rustenburg Layered Suite stratigraphy of the northern limb, 

south of the Hout River shear zone is outlined. The northern limb, similar to the eastern 

and western limbs, comprises a Lower Zone, a unit known as the Platreef, a Main Zone 

and an Upper Zone (Figure 2.3; Van der Merwe, 1976).  
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Figure 2.3: Generalised stratigraphy of the northern limb on Grasvally showing the positions of 

the principal mineral deposits (from Kinnaird and McDonald, 2005, modified after Von 

Gruenewaldt et al., 1989, and McDonald et al., 2005). 

 

However, there are some differences in the northern limb stratigraphy. This includes the 

presence of the Platreef instead of the Critical Zone (Figure 2.4; Wagner 1929; Van der 

Merwe, 1976; White, 1994; Kinnaird et al., 2005; McDonald et al., 2005; Pronost et al., 

2008; McDonald and Holwell, 2011). The northern limb Rustenburg Layered Suite 

stratigraphy is described in more detail below: 
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Figure 2.4: Correlation of the stratigraphy of the eastern and western limbs of the Bushveld 

Complex, with the northern limb stratigraphy (from McDonald and Holwell, 2011). 

 

 Marginal Zone 2.2.2.1

The exposure of the Marginal Zone in the northern limb is generally poorer than in the 

eastern and western limbs, however, when it is visible in outcrops; it ranges from a few 

centimetres to tens of metres in thickness and displays intrusive characteristics (Van 

der Merwe, 1976). It comprises noritic to gabbroic rocks, which occur sporadically within 

the succession (Van der Merwe, 1976; Eales and Cawthorn, 1996). Inclusions of 

calcsilicate, hornfels, quartzite, and granite are also found in this zone (Van der Merwe 

1976; Kinnaird et al., 2005; Kinnaird and McDonald 2018). An olivine-bearing chilled 

margin can be seen along the contact with the Lower Zone at the base of the Uitloop 

satellite, close to Mokopane (Van der Merwe, 1976). 
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 Lower Zone 2.2.2.2

The Lower Zone also differs from the traditional Lower Zone in the eastern and western 

limbs, and occurs as satellite bodies within the footwall (de Villiers, 1970; Van der 

Merwe, 1976) as well as a thick package locally underlying the Platreef The Lower Zone 

also occurs as a thick package locally underlying the Platreef (Figure 2.4; Yudovskaya 

and Kinnaird, 2010; McDonald and Holwell, 2011) and the Grasvally NoriteïPyroxeniteï

Anorthosite (GNPA) member (Hulbert and Von Gruenewaldt, 1983). Thick and 

chemically primitive accumulations of the Lower Zone known are found on Grasvally 

close to the major fault array of the Thabazimbi-Murchison Lineament (Figure 2.1, 

Hulbert and Von Gruenewaldt, 1983). The Grasvally Lower Zone mainly consists of 

bronzitites and harzburgites with a magnesium-rich lower section, due to the presence 

of fractionated orthopyroxene and olivine, and an iron-rich upper section (de Villiers, 

1970; Hulbert and Von Gruenewaldt, 1983). South of Mokopane, the Lower and Critical 

zones of the northern limb are heavily faulted (Barrett et al., 1978). South of the 

Planknek-Ysterberg fault, stratigraphic relationships of the Lower Zone are unclear, but 

to the north of this fault, the Lower Zone occurs as an approximately 1 km thick 

sequence beneath the Platreef, or as bodies or offshoots at the base of the intrusion 

(De Villiers, 1970; Van der Merwe, 1976; McDonald and Holwell, 2011). The Grasvally 

Lower Zone lithology to the north of Thabazimbi-Murchison Lineament contain two well-

developed chromitite layers that outcrop over an approximately 5 km strike length on 

Grasvally, with high Cr/(Cr+Al) ratios (Hulbert and Von Gruenewaldt, 1983), whereas 

chromitites are not developed in the Lower Zone elsewhere in the eastern or western 

limbs of the Bushveld Complex (Hulbert and Von Gruenewaldt, 1983). The Grasvally 

succession of the Lower Zone in the northern limb can be correlated with the Basal 

Ultramafic sequence on Clapham in the western Bushveld based on mineralogy and 

geochemistry (Wilson, 2012; Yudovskaya et al., 2013; Maier and Barnes, 2016). On 

Turfspruit, the Lower Zone is at least 800 m thick and comprises layers of high-Mg 

cumulates (Smart, 2013; Mayer, 2018). PGE sulphide mineralisation is established in 

the Lower Zone on Grasvally and on Turfspruit (Hulbert and Von Gruenewaldt, 1983, 

1985; Yudovskaya et al., 2013) which is not present in the eastern and western limbs. 
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 Platreef 2.2.2.3

The Lower Critical Zone appears to be completely missing from the northern limb (Van 

der Merwe, 1976; Ashwal et al., 2005) and instead of the traditional Critical Zone, the 

unique Platreef exists (Figure 2.4; Van der Merwe, 1976; Kinnaird et al., 2005; 

McDonald and Holwell, 2011; Kinnaird and McDonald, 2018). More details on the 

Platreef are given in a later section.  

 

 Main Zone 2.2.2.4

The Main Zone in the northern limb is ~2000 m thick and is comprised of gabbro, 

anorthosite, pyroxenite, a prominent layer of troctolite to olivine norite, harzburgite and 

lherzolite in a layered sequence (Van der Merwe, 1976; Van der Merwe 1978; Barton et 

al., 1986; Eales and Cawthorn, 1996; Ashwal et al., 2005; Kruger, 2005). The troctolite 

to olivine norite unit, which is approximately 200 m thick, occurs at about 1100 m above 

the top of the Platreef (Van der Merwe, 1976; Ashwal et al., 2005). This contrasts with 

the Main Zone in rest of the Bushveld Complex, which reaches a thickness of up to 

4000 m and does not contain Ol-bearing lithologies (Van der Merwe, 1976; Ashwal et 

al., 2005; Kinnaird et al., 2017).  

 

The Main Zone and the Platreef of the northern limb seem to be absent for about 10 km 

between the farms Elberfeld and Altona, just to the south of Nonnenwerth, and instead, 

the Archean basement footwall in this area is directly overlain by Upper Zone rocks 

(Kinnaird et al., 2005; McDonald and Holwell, 2011). In the northern limb there has also 

been no equivalent found to the extensively developed orthopyroxene-rich Pyroxenite 

Marker (Van der Merwe, 1976; Ashwal et al., 2005; Kruger, 2005; Tanner et al., 2014), 

which is met in the Main Zone in the eastern and western limbs (Ashwal et al., 2005; 

Kruger 2005). The boundary between the Main- and Upper Zone has been 

distinguished by the presence of cumulus magnetite (SACS 1980). However, Ashwal et 

al., (2005) suggested that magnetic susceptibility readings reveal unseen magnetite 

considerably below the visible cumulus magnetite, and proposed this method to be used 

to distinguish the boundary.  
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 Upper Zone-Main Zone boundary 2.2.2.5

As noted in Chapter 1, the Pyroxenite Marker (Von Gruenewaldt, 1973; Cawthorn et al., 

1991; Nex et al., 2002; Ashwal et al., 2005) has been suggested as the base of the 

Upper Zone, therefore forming the boundary between the Main- and Upper Zone 

(Kruger, 1990, 1994) although this suggestion was not approved by SACS, (1980). In 

the Bellevue drillcore, in the northern limb, there are two distinct pyroxenite horizons 

present (Ashwal et al., 2005). The lower horizon is 2.3 m thick and occurs at a depth of 

2,806.80 m and the upper horizon is 1.88 m thick and occurs at a depth of 1,971.80 m 

(Ashwal et al., 2005). Although the lower pyroxenite horizon occurs at the same 

stratigraphic position as the Pyroxenite Marker elsewhere in the Bushveld Complex 

(Von Gruenewaldt, 1973; Cawthorn et al., 1991: Nex et al., 2002), Ashwal et al., (2005) 

did not equate this to the Pyroxenite Marker in the eastern and western limbs due to it 

being clinopyroxene-rich rather than orthopyroxene-rich. SACS, (1980) suggest the 

Upper Zone-Main Zone boundary is marked by the appearance of cumulus magnetite, 

and Ashwal et al., (2005) suggests magnetic susceptibility readings should be used to 

define this boundary, as magnetic susceptibility indicate the presence of magnetite well 

below the visible magnetite in the Bellevue drillcore.  

 

 Upper Zone 2.2.2.6

This Upper Zone overlies the Main Zone and is ~1400 m thick in the Bellevue core 

(Ashwal et al., 2005; McDonald et al., 2005) and is characterised by cyclic units with 

magnetitite layers at the base, followed by magnetite gabbro, gabbro, olivine diorite and 

anorthosite (Eales and Cawthorn 1996; Ashwal et al., 2005; Kinnaird et al., 2005; 

Kruger 2005). There are 20 distinct magnetitite seams with different titanium and 

vanadium contents, which are comparable to the Upper Zone magnetitites in the 

eastern and western limbs (Van der Merwe, 1976). 
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 The Platreef 2.3

 Platreef definition 2.3.1

The Platreef has been defined as a ñlithologically variable unit, dominated by pyroxenite, 

which is irregularly mineralised with PGE, Cu and Ni, between the Transvaal 

metasedimentary footwall or Archaean basement and the overlying Main Zone 

gabbronoriteò (Kinnaird, 2005). Kinnaird and McDonald, (2005) added boundary 

constraints to this and defined the Platreef (sensu stricto) as ñMafic units enriched in Ni-

Cu-PGE that occur between the Archaean granite-gneiss basement or the Transvaal 

Supergroup and the gabbros and gabbronorites of the Main Zone, north of the Planknek 

Fault.ò However, the new exploration projects showed that the Platreef and its 

equivalent on Grasvally are underlain by the thick Lower Zone and the Marginal Zone 

(Yudovskaya et al., 2013).  

 

The Platreef definition does not include the mineralisation on the Aurora Project 

(Harmer et al., 2004; McDonald and Harmer, 2010; McDonald et al., 2017) or any 

mineralisation north of the Hout River shear zone (Kinnaird et al., 2017; McCreesh et 

al., 2018), or any Ni-Cu-PGE mineralisation to the south of Mokopane (Hulbert 1983; 

Von Gruenewaldt et al., 1989; de Klerk, 2005). This revised definition by Kinnaird and 

McDonald, (2005) will be followed in this study. 

 

 Platreef geology 2.3.2

The Platreef is unique to the northern limb of the Bushveld Complex (Figure 1.1; 

Kinnaird et al., 2005). Kinnaird et al., (2005) divided the Platreef into sectors, assigning 

farms to each of these sectors based on shared characteristics. These sectors include: 

1) the Southern Sector which extends from Townlands 44KS in the south to 

Tweefontein 238KR, 2) the Central Sector includes the farms Zwartfontein 818LR, 

Sandsloot 236KR, Vaalkop 819LR and Tweefontein 238KR and 3) the Northern Sector 

includes the farms Overysel 815LR, Drenthe 778LR, Witrivier 777LR and northwards. A 

summary of the geological and stratigraphic aspects related to each farm locality is 

outlined in Figure 2.5 (McDonald and Holwell 2011).  
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Figure 2.5: A summary of the key aspects of the geology and mineralogy of the Platreef 

developed on the various farms north of Mokopane, from Townlands to Drenthe (from 

McDonald and Holwell, 2011). 
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The footwall of the Platreef, where it comprises the base of the northern limb, is outlined 

in section 2.2.1 and illustrated in Figure 2.6. The Platreef footwall comprises Transvaal 

Supergroup sedimentary rocks in the south and Archean granite basement in the north 

(Figure 2.6; Kinnaird et al., 2005).  

 

 
Figure 2.6: Schematic cross-section through the Platreef showing the different lithologies of the 

footwall and the variations of the thickness of the Platreef from the south to the north of the 

northern limb of the Bushveld Complex (from Kinnaird et al., 2005). 

 

According to McDonald and Holwell, (2011), the Platreef is a very complex zone of 

igneous and hybrid lithologic units that vary along strike. The overall Platreef consists 

mainly of medium- to coarse-grained pyroxenites and feldspathic pyroxenites, 

peridotites and norite cycles with anorthosite present in the Central-Northern sectors of 

the Platreef in the south (Gain and Mostert, 1982; White, 1994; Kinnaird et al., 2005). 

The Platreef contains floor rock xenoliths such as quartzites, hornfelsed banded 

ironstones, shales, mudstones or siltstones in the Southern Sector, and calcsilicates 

and dolomites in the Northern Sector (Gain and Mostert, 1982; Kinnaird et al., 2005; 

Manyeruke 2007). The xenoliths are variable in size and range from a few centimetres 

to ~1500 m in length (Gain and Mostert, 1982; Kinnaird et al., 2005). 
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The Platreef orientation changes from south to north with an overall strike of N-NW 

(Kinnaird et al., 2005). In the south, the Platreef strikes NW with an approximate dip of 

15º-27º NW and in the north the Platreef strikes N with an approximate dip of 45º W 

which flattens with depth to approximately 20º (White, 1994; Bullen et al., 1995; Kinnaird 

et al., 2005). The average surface dip across the Platreef is 40-45º W; however, this 

becomes gentler down-dip (Viljoen and Schürmann, 1998; Kinnaird et al., 2005; Barnes 

et al., 2017) and the strike extent is approximately 30 km (Kinnaird et al., 2005). 

 

The Platreef differs significantly in thickness from the Critical Zone, which is an 

approved equivalent, with a thickness that ranges from ~10ī400 m over its strike length 

(Van der Merwe, 1976; White, 1994; Kinnaird et al., 2005; McDonald and Holwell, 

2011). The thickness and geometry of the Platreef seems to have been controlled by 

irregular floor topography from south to north (Kinnaird et al., 2005; Yudovskaya and 

Kinnaird, 2010; Armitage et al., 2011). Various episodes of pre- and syn-Bushveld 

regional and local folding and faulting within the Archean basement, Transvaal 

Supergroup and the Rustenburg Layered Suite have been identified (Friese, 2004), 

which may have had a profound impact on the formation and morphology of the Platreef 

and the northern limb as a whole. This is evident as the thickest parts of the Platreef 

coincide with sinusoidal troughs in the basement on the southern farms of Turfspruit 

and Macalacaskop (Figure 2.6; Kinnaird et al., 2005; Hutchinson and McDonald, 2008; 

Yudovskaya and Kinnaird, 2010). Basement highs also occur to the south of 

Macalacaskop and on the southern Turfspruit farm areas with thinned sections of 

Platreef on the flanks (Figure 1.5; Kinnaird et al., 2005). On Turfspruit, the Platreef is up 

to 400 m thick and dips 40° inwards (Kinnaird et al., 2005; Hutchinson and McDonald, 

2008; Yudovskaya and Kinnaird, 2010) and on Macalacaskop, the Platreef is up to 300 

m thick (Kinnaird et al., 2005; Hutchinson et al., 2004; Yudovskaya and Kinnaird, 2010). 

In the Central Sector, on the farm Sandsloot, the Platreef is up to 300 m thick (Armitage 

et al., 2002; Kinnaird et al., 2005; McDonald and Holwell, 2011). 
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On Townlands, in the south, Manyeruke and Maier, (2004) describe a lower, a middle 

and an upper subdivision of the Platreef based on geochemical data. These layers 

consist of gabbronorite and feldspathic pyroxenites and are interlayered by hornfelses 

(Manyeruke et al., 2005). Kinnaird et al., (2005) suggested that the Platreef comprises a 

sequence of sills that intruded through the Transvaal Supergroup. These sills can be 

distinguished based on geochemical variations, such as Pt/Pd and Ni/Cu ratios, Mg# 

and Pt+Pd concentrations (Kinnaird et al., 2005; Manyeruke et al., 2005; Maier et al., 

2008; Yudovskaya and Kinnaird, 2010) as well as certain mineralogical and lithological 

variations.  

 

 Platreef mineralisation 2.3.3

Although the strike extent of the Platreef (sensu stricto) is approximately 30 km long, 

what is referred to as ñPlatreef-styleò mineralisation occurs up to 110 km in strike length 

between the Zebediela Fault in the south to the Melinda Fault in the north (Kinnaird et 

al., 2005). No Platreef mineralisation occurs between Elberfeld and Altona, just to the 

south of Nonnenwerth (Figure 2.6). This ~10 km portion of the Platreef is suggested to 

be barren due to the footwall being Archean granite basement, rather than rocks of the 

Transvaal Supergroup, which may prevent the development of basal contact-style PGE 

mineralisation (Kinnaird et al., 2005; McDonald and Holwell, 2011). It is also suggested 

that this section could be barren due the parental magma being too PGE depleted to 

form this mineralisation (Barnes et al., 2004).  

 

The Platreef hosts the largest primary deposits of PGE in the world (Von Gruenewaldt 

et al., 1989; Kinnaird et al., 2005; Kinnaird and McDonald, 2005; McDonald and Holwell, 

2011), and it has substantial economic reserves of Ni and Cu associated with it 

(Kinnaird et al., 2005; Naldrett, 2010). The mineralisation in the Platreef is hosted in 

both base metal sulphides (Kinnaird et al., 2005; McDonald and Holwell, 2011) and 

PGMs (Yudovskaya et al., 2011; Klemd et al., 2016). A majority of the Platreef 

mineralisation may be amenable to open-pit mining (Bye, 2001; Bye and Bell, 2001), 

which reduces mining costs when compared to underground mining operations. In 

addition to ongoing exploration and various potential sites that have been identified for 
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possible production over the next 25 years (McDonald and Holwell, 2011), one of the 

worldôs largest open-pit mines on the farms of Sandsloot, Zwartfontein and Overysel, 

together known as Anglo owned Mogalakwena platinum mine is currently operational 

(McDonald and Holwell, 2011; Klemd et al., 2016). 

 
The whole Platreef sequence is non-uniformly mineralised and carries three types of 

PGE mineralisation: reef style sulphide ores, as well as massive and disseminated 

contact style PGE-rich sulphide mineralisation (McDonald and Holwell et al., 2011; 

Yudovskaya et al., 2017). Concentrations of PGE may be bottom loaded (e.g. at 

Tweefontein; Nex, 2005), middle loaded (Kinnaird et al., 2005), top loaded (e.g. at 

Drenthe; Gain and Mostert, 1982), or dispersed evenly throughout (e.g. at Overysel; 

Holwell and McDonald, 2006). The mineralisation styles include the following: 

 

The contact style mineralisation of the Platreef has lower overall PGE grades than that 

of the reef-style mineralisation in the Merensky Reef and UG-2 chromitite layer (~7 g/t, 

Ivanhoe mines, 2018). The overall Pt:Pd ratio of the Platreef is ~1 (Kinnaird et al., 2005; 

Naldrett et al., 2009). Kinnaird, (2005) demonstrated that the highest Pt+Pd 

concentration and lowest Pt/Pd ratio occur in the basal pyroxenites (association with 

sulphides), with the Platreef showing an overall upward increase of Pt/Pd and Ni/Cu 

ratios with the basal Pt/Pd ratios being ~2 and Ni/Cu being >3 and upper Pt/Pd being ~1 

and Ni/Cu being <2. Modal abundances of sulphides commonly range between 0.5-

18%, but can reach up to 30% in some pyroxenites (Kinnaird et al., 2005). 

Mineralisation mainly occurs as disseminated and net-textured ores, but sub-massive or 

massive ores may also be present at the footwall metasedimentary rocks, and less 

commonly present elsewhere (Kinnaird et al., 2005). PGEs may be associated with 

base metal sulphides, more so at lower grades (Kinnaird et al., 2005). The major base 

metal sulphide minerals in the Platreef, in order of abundance, are pyrrhotite, 

pentlandite, and chalcopyrite, with accessory pyrite, galena, bornite, gersdorffite, 

tetrahedrite, marcasite, stibnite and molybdenite (Kinnaird et al., 2005; McDonald and 

Holwell, 2011). PGEs may also be associated with various platinum group minerals 

(PGM) such as Pd or Pt-tellurides, bismuthides, arsenides, antimonides, 
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bismuthoantimonides and complex bismuthotellurides, which occur as micron-sized 

ñsatellite grainsò around composite sulphides or dispersed within the primary silicate 

(Hutchinson and Kinnaird, 2005; Kinnaird et al., 2005; Holwell et al., 2006; Klemd et al., 

2016).  

 

Deep drilling on two recent exploration projects on Akanani and Turfspruit indicates that 

with increasing depth in a favourable structural setting, contamination is much less, 

such that the Platreef sequence becomes a more typical Critical Zone cyclic sequence 

with PGE reefs at the top (Grobler et al., 2012; Yudovskaya et al., 2017). These 

discoveries open new Merensky-style horizons for the further exploration in the Central 

Platreef down dip, westward of the shallow contaminated margins.  

 

The following exploration drilling for the underground mine project by Ivanhoe Mines 

discovered a sub-horizontal portion of the Platreef below 700 m vertical depth that was 

termed the ñFlatreefò. The Flatreef is named after its gentle, or ñflatò dip, of between 10↔ 

to 15↔ SW (Grobler et al., 2012) and is characterised by fundamental changes in 

geology and contains a spectacular regular PGE-bearing layer with the average 

thickness of 19 m along with other reserves that comprises a world-class PGE 

deposit. The strike length of the Flatreef is approximately 6 km and it occurs between 

approximately 700-1100 m depth (Grobler et al., 2012, 2018). The Flatreef structure has 

much more in common with the Critical Zone than with the Platreef structure up dip 

although the PGE reefs at the boundary with the Main Zone are much thicker than any 

known Merensky Reef facies. A key feature that marks the conversion of the Platreef 

style mineralization into the Merensky style is the regular appearance of chromite 

seams, which become more persistent with decreasing contamination westward and 

down dip (Grobler et al., 2018; Yudovskaya et al., 2017). The typical Merensky style ore 

assemblages of predominant Pt sulphides and alloys are developed within ~1-m thick 

intervals, which correspond to the highest-temperature mixing zones between two 

magmas, whereas the rest of the reefs host Pt-Pd bismuthotellurides and arsenides. 

PGE content and tenor, as well as Cu/Pd in major base metal sulphides in the Turfspruit 

reefs are within the range of the typical high-grade Merensky values of 4.5 g/t Pt+ Pd+ 
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Rh+ Au over 90 m in drill core suggesting the same enrichment process (Yudovskaya et 

al., 2017; Grobler et al., 2018). 

 

 Correlations between the Platreef and the correlative units in the eastern 2.3.4

and western limbs 

There have been varying thoughts about the interrelations of the Platreef and the Main 

Zone and the Platreef and the Critical Zone. It has been suggested that the Platreef 

shows a Main Zone affinity (Wagner, 1929; Van der Merwe, 1976; Kruger, 2005) and a 

Critical Zone affinity (Buchanan et al., 1981; Von Gruenewaldt et al., 1989; White, 1994; 

Kruger, 2005). It has also been suggested that a combination of Lower- and Main Zone 

magmas formed the Platreef (McDonald et al., 2005). Some these thoughts are outlined 

below.  

 

 Platreef and the Main Zone 2.3.4.1

Initially the gabbronorites of the Main Zone were thought to be younger, but comagmatic 

to the Platreef (Wagner, 1929; Van der Merwe, 1976; Kruger, 2005). Friese, (2004) 

suggested that a separate magma formed the Platreef, proposing that the Platreef 

represents a syntectonic sheet-like intrusion that intruded along a thrust zone that 

developed between the Main Zone and the floor rocks, after the deposition of the Main 

and Lower Zones. Holwell et al., (2005), however, suggested that the Platreef was 

deposited prior to the Main Zone. Holwell and Jordaan, (2006) built on this idea, using 

3D relationships between the Platreef and the Main Zone and showed that the Platreef 

is clearly intruded by fingers of Main Zone gabbronorites, therefore refuting the idea that 

the Platreef is of Main Zone affinity.   

 

 Platreef and the Critical Zone 2.3.4.2

Most of the earlier correlations between the Critical Zone, (including the Merensky Reef 

and the UG2 chromitites) and the Platreef have been made based on mineralisation 

grade and lithology. However, the recent studies provide sufficient independent 
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petrographic data, mineral chemistry, or isotopic data to confirm the proposed 

correlations. Some of these correlations are outlined below.  

 

The Platreef occupies the stratigraphic position of the Critical Zone between the Lower 

and Main zones in the northern limb north of Ysterberg-Planknek major fault (Maier et 

al., 2008). The Platreef internal structure and lithologies are highly variable and its 

morphology and characteristics greatly depend on changing footwall composition and 

the degree of contamination. However, with depth and decreasing contamination the 

Platreef becomes very similar to the Critical Zone (Yudovskaya et al., 2017; Grobler et 

al., 2018). The recognizable Bastard, Merensky and UG2 cyclic units are reported to be 

intersected by the deep boreholes on Turfspruit. The PGE reefs of the Platreef shows a 

pristine magmatic character strongly resembling the Merensky Reef by silicate 

composition, PGE grade, PGE ratios and S isotope characteristics (Holwell et al., 2007; 

Maier et al., 2008; Sharman et al., 2013; Mayer et al., 2018) as well as by stratigraphic 

position near the boundary with the Main Zone. 

 

Mayer, (2018) used strontium isotope stratigraphy across drillcore from Turfspruit and 

upheld the correlation between Turfspruit reefs and the Merensky Reef. This study 

documented an isotopic shift in the Platreef reef horizons correlative with the isotopic 

shift in the Merensky and Bastard Cyclic units in the eastern and western limbs of the 

Bushveld Complex (Kruger, 2005). 

 

The southern extension of the Platreef, beyond Mokopane, that does not form part of 

the Platreef (sensu stricto), and that is controlled by the Grasvally fault, has been 

divided into a Lower Mafic Unit and a Mottled Anorthosite Unit (Hulbert and Von 

Gruenewaldt, 1986; de Klerk, 2005). The pyroxenitic and chromitite-gabbronorite Lower 

Mafic Unit has been equated with the UG2 chromitite in the rest of the Bushveld 

Complex on the basis of Pt/Pd and Cr/Fe ratios (Hulbert, 1983; de Klerk, 2005; Maier et 

al., 2008; Van der Merwe, 2008), although some differences in Mg/Fe ratios, and Ti and 

sulphide concentrations have been noted (Maier et al., 2008; McDonald and Holwell, 

2011). PGE mineralisation that occurs in the Mottled Anorthosite Unit and a sulphide-
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enriched pyroxenite in the Lower Mafic Unit, south of Grasvally, have also been equated 

with the Merensky Reef based on similar geochemistry (Van der Merwe, 2008; Maier et 

al., 2008). In addition to this, a mafic-ultramafic sequence that was intersected to the 

west of the Grasvally Fault that hosts a PGE-bearing chromitite and an overlying PGE 

rich pyroxenite has also been equated with the UG2 chromitite and the Merensky Reef, 

respectively, based on stratigraphic correlation, lithologic similarity and grade (Maier et 

al., 2008).  

 

Furthermore, McDonald and Holwell, (2011) state that correlating the Platreef and the 

Critical Zone has served as a keystone of the inferred relationship between the 

stratigraphy of the eastern and western limbs with the northern limb (Figure 2.4). 

 

Despite the similarities between Platreef and the Critical Zone, correlation across the 

Thabazimbi-Murchison Lineament has been shown to be problematic (Cameron, 1982; 

Hulbert and Von Gruenewaldt, 1985; Maier and Barnes, 1998; Ashwal et al., 2005; 

McDonald et al., 2005). Some important stratigraphic horizons that correlate across the 

eastern and western limbs of the Bushveld Complex are not present in the northern limb 

(e.g. Van der Merwe, 1976; Buchanan et al., 1981; Eales and Cawthorn, 1996). The 

Platreef differs from the Critical Zone in many aspects, among which the most important 

is a high degree of contamination with Transvaal footwall rocks (Kinnaird et al., 2005). 

The digestion of sedimentary material led to changes in the conditions of magmatic 

crystallisation and the formation of various hybrid rocks, endo- and exo-skarns, 

hornfelses and metasomatites (Armitage et al., 2002; Appiah-Nimoh, 2004), Kinnaird et 

al., 2005). 

  

The structure of this complex intrusion differs from the conventional Critical Zone in the 

following important features (from Yudovskaya et al., 2017): 1) It lacks the typical 

Critical Zone cyclicity and contains fewer chromitites and anorthosites, 2) the Platreef 

thickness increases because of physical incorporation as well as chemical assimilation 

and melting of sedimentary material resulting in formation of hybrid rocks along with 

skarns and metasomatites, 3) the whole Platreef sequence is non-uniformly mineralised 
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and carries three types of PGE mineralisation: reef style sulphide ores, massive, and 

disseminated PGE-rich sulphides. The two latter types of mineralisation are not found 

anywhere in the Critical Zone.  

 

 Structural events in the northern limb  2.4

Structural information is important because it can assist in the interpretation of the 

mineralisation and ore deposition and elucidate on possible hydrothermal pathways that 

may have assisted in the formation of zones in the northern limb, and north of the 

northern limb of the Bushveld Complex. The exposed northern limb displays numerous 

structural features (Figure 2.7; Van der Merwe, 1976) such as the Thabazimbi-

Murchison Lineament, which separates the northern limb from the eastern and western 

limbs of the Bushveld Complex (Good and de Wit, 1997) and the Hout River shear 

zone, which occurs at the north of the northern limb (Van der Merwe, 1976; Gain and 

Mostert, 1982). The exposed Transvaal sedimentary rocks also seem to be structurally 

controlled and are faulted by the Zebediela fault in the south, the Ysterberg-Planknek 

fault northward, the Rooisloot fault in the north, the transcurrent fault and various other 

smaller faults (Figure 2.7; Van der Merwe, 2008). 

 

Truter, (1947), Van Rooyen, (1954) and de Villiers, (1967) identified three sets of major 

faults in the northern limb. These include (from oldest to youngest): 1) N and NNW 

striking faults, 2) NE to ENE striking faults and 3) NW trending faults. Hulbert, (1983) 

identified four major sets of faults. These include (from oldest to youngest): 1) N-S 

trending reverse faulting, 2) WNW to west trending extensional fractures and joints, 3) 

NE striking faults, assumed to be post-Waterberg Group and 4) Post-Karoo faulting, 

such as the near EW striking Zebediela fault. The NE to ENE faults are most prominent 

(White, 1994), and are responsible for the displacement of major lithological units, and 

setting of the northern limb (Kinnaird et al., 2005). Most of the faults towards the north 

strike in a NE direction with normal displacement and a downthrow to the south (White, 

1994). Two phases of ductile deformation that pre-dates the Bushveld intrusion have 

been noted on Tweefontein Hill (Nex, 2005).  
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Figure 2.7: A map and legend of the geology and structure of the northern limb at Mokopane, 

Van der Merwe, (2008). Note the change in thickness in Transvaal Sediments south of the 

Ysterberg-Planknek fault.  

 

Friese, (2004) also identified structures in the northern limb; this study was extensive 

and included the Villa Nora section. These include (from oldest to youngest): 1) Shallow 

NW dipping, SE verging thrusts, and associated ENE trending, subhorizontal, low 
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amplitude regional folds within the Archean basement, Transvaal Supergroup and the 

Rustenburg Layered Suite. 2) Moderate to steeply dipping extensional faults, trending 

NW to WNW, within the Transvaal Supergroup which was formed by the reactivation of 

structures that were similarly oriented, which formed during the Murchison Orogeny in 

the Archean basement. 3) Steep to subvertical, often SE dipping and ENE to NNE 

trending, dextral strike-slip shear zones with associated NE verging, layer-parallel 

thrusts. The ENE dipping shear zone is interpreted as a lateral ramp and the ENE to 

NNE trending shear zone is interpreted as an oblique/frontal ramp. The reactivation of 

the upper section of a Neoarchean sinistral strike-slip system caused these shears to 

develop in the Transvaal Supergroup. 4) Moderately W dipping, N to S striking, 

extensional faults with imbricate, normal dip-slip and sinistral strike-slip duplexes in their 

adjacent hanging wall. These faults are present in the Archaean basement, Transvaal 

Supergroup and the Rustenburg Layered Suite. 5) NW dipping, SE-verging thrust faults 

with associated ENE trending, subhorizontal, low-amplitude regional folds. These are of 

pre- to syn-Rustenburg Layered Suite age and were formed by mild SE directed stress 

within the northern Kaapvaal craton at an early stage of the Magondi Orogeny at around 

2.1 to 2.058 Ga. 6) WNW to WSW trending extensional fractures and joints with minor 

displacement that cut all other structural features. 

 

 Conclusion 2.5

This chapter provided detail on- and outlined the stratigraphic units of the northern limb 

of the Bushveld Complex. The structures and controls that influenced the mineralisation 

in the northern limb were also outlined. The northern limb of the Bushveld Complex 

north of the Zebediela fault and south of the Hout River shear zone contains the 

Rustenburg Layered Suite, similar to the eastern and western limbs; however, there are 

key differences to consider. The setting and the structure of the northern limb, including 

the footwall composition, the floor topography and the faulting and folding associated 

with the northern limb structure all assist in making the northern limb unique. This 

chapter also provided detail on the world class mineralised horizons of the Platreef, 

which will assist in comparing Harrietôs Wish mineralisation in the far northern limb, 

south of the Hout River shear zone to the Platreef mineralisation.  
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 Chapter 3                                                                         3

Local geology 

 

 Introduction 3.1

The Hout River shear zone has been considered to be responsible for the northern 

truncation of the northern limb (Grobler and Whitfield, 1970). However, a possible 

extension of the northern limb beneath cover rocks and a possible linkage to the Villa 

Nora section (Figure 1.1) have been suggested (Van der Merwe, 1976; Kinnaird et al., 

2005; Armitage, 2011). Aeromagnetic and gravity data suggest the dimensions of the 

northern limb to be <160 x 125 km in size (Finn et al., 2015; Kinnaird, et al., 2017).  

 

Some exploration projects have focussed on the northern end- and northern extension 

of the northern limb, and these include the Aurora Project (Figure 1.5; McDonald et al., 

2017) and the Platinum Group Metals (PTM) owned Waterberg Platinum Project (Figure 

1.5; Huthmann et al., 2016; Kinnaird et al., 2017; Huthmann et al., 2018; McCreesh et 

al., 2018). The Aurora project was originally operated by Pan Palladium and included 

exploration on the Harrietôs Wish farm, but since 2012 it has been owned by Sylvania 

Resources Limited.  

 

 Aims 3.1.1

The aim of this chapter is to provide detail on the Waterberg Project and the Aurora 

Project, which occur to the north and south of the Hout River shear zone, and to place 

into context the geology immediately north and south of the study site of Harrietôs Wish.  

 

 Waterberg Project 3.2

The Waterberg Platinum Project is located 85 km north of Mokopane in the Limpopo 

Province of South Africa (Figure 2.3), and lies north of the Hout River shear zone 

(Kinnaird et al., 2017). Huthmann et al., (2016) presented geochronological data on the 

igneous intrusion of the Waterberg Project area. These data were obtained using U/Pb 
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dating on zircons that were extracted from both mineralised reefs as well as on detrital 

zircons of the Waterberg Group which overlie the mafic rocks (Huthmann et al., 2016). 

An excellent correlation was found between the ages of the 2055 Ma old Bushveld 

rocks (Zeh et al., 2015) and the Waterberg Project mafic rocks with the U-Pb isotope 

ages of 2059 ± 3 to 2053 ± 5 Ma (Huthmann et al., 2016). It was also found that these 

isotope ages are only slightly older than the ages of the Waterberg Group rocks, which 

has a maximum depositional age of 2045 Ma, based on the age of the youngest detrital 

zircon (Huthmann et al., 2016). Huthmann et al., (2016) used the combination of these 

new age dates, local geology and existing literature to argue the following:  

 

¶ The ultramaficïmafic succession intersected by drilling on the Waterberg Project 

area is related to the Bushveld Complex. 

¶ A significant unconformity is present between igneous rocks and the overlying 

Waterberg Group sediments. 

¶ The area was exposed to a level of Paleoproterozoic tectonism not previously 

observed in the Bushveld Complex.  

 

 Geology of the Waterberg Project Area 3.2.1

The results of the recent studies on the Waterberg Project geology have been reported 

in Huthmann et al., (2016, 2017, 2018), Kinnaird et al., (2017) and McCreesh et al., 

(2013, 2016, 2018). Due to the lack of other published information on this area, these 

papers, and citations therein were the main sources for the geological description of the 

Waterberg Project. 

 

 Waterberg stratigraphy 3.2.2

The general stratigraphy of the drill cores on the Waterberg Project is outlined in Figure 

3.1, and includes, the following above the footwall: 1) a harzburgitic and pyroxenitic 

Ultramafic Sequence, 2) a putative Main Zone, or a troctolite-gabbronorite-anorthosite 

(TGA) succession, 3) an Upper Zone and 4) Waterberg Group sediments (Figure 3.1; 

McCreesh, 2016).  
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Figure 3.1: Schematic stratigraphic column for the southern part of the mafic succession on the 

Waterberg Project area. Stars represent sample locations in the stratigraphy with sample IDs in 

italic font (McCreesh 2016 in Huthmann et al., 2016). 

 

 

There are notable differences seen in the thicknesses of the stratigraphy between the 

Waterberg Project igneous succession and that of the northern limb of the Bushveld 

Complex (Figures 2.2 and 2.3; McCreesh, 2016; Kinnaird et al., 2017). This observation 

especially holds true for the Main Zone and the Upper Zone, where the thicknesses in 

the northern limb south of the Hout River Shear Zone are 1000-2000 m for the Upper 

Zone and 1200-2200 m for the Main Zone (Van der Merwe, 1976; Ashwal et al., 2005 

McDonald and Holwell, 2011). The dip of the succession is generally 34ϊ-38ϊ W, 

however, some blocks, depending on structural and / or tectonic controls may be tilted 
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away from this dip (McCreesh 2016; Kinnaird et al., 2017). The Waterberg Project 

stratigraphy is outlined in detail below:  

 

 Footwall 3.2.2.1

Archaean granite or granite gneiss forms the majority of the footwall to the igneous 

sequence (McCreesh, 2013; Kinnaird et al., 2017; McCreesh et al., 2018). Interfingered 

between the igneous succession and the footwall, a banded agmatite is encountered, 

which formed in response to the interaction between the mafic-ultramafic magmas and 

floor rocks (Huthmann et al., 2016; Kinnaird et al., 2017). This agmatite commonly 

shows distinct banding of alternating felsic-rich layers and pyroxenitic layers (McCreesh, 

2016; Kinnaird et al., 2017). Within the granite gneiss footwall and the agmatite, 

chalcopyrite and pyrrhotite may be present (Kinnaird et al., 2017). Calcsilicate xenoliths, 

similar to the Northern Sector of the Platreef (Gain and Mostert, 1982; Kinnaird et al., 

2005; Manyeruke, 2007) are encountered in the pyroxenite at the base of the intrusive 

package and sporadically throughout the rest of the succession, which suggests a 

possible local dolomitic footwall (Kinnaird et al., 2017). 

 

 Ultramafic Sequences 3.2.2.2

The Ultramafic Sequence is unique to the Waterberg Project geology and occurs at the 

base of the Waterberg Project igneous succession (Kinnaird et al., 2017). The 

Ultramafic Sequence was separated from the overlying units by PTM geologists and 

academics working on the Waterberg Project due to its distinct lithology and mineralogy 

(Huthmann et al., 2016; McCreesh, 2016; Kinnaird et al., 2017). The succession has a 

maximum thickness of 100 m thick and trends northeast from the Hout River shear zone 

with a moderate NW dip (Huthmann et al., 2016; Kinnaird et al., 2017). The Ultramafic 

Sequences comprises troctolite, harzburgite, feldspathic harzburgite, feldspathic 

pyroxenite and pyroxenite (Woods, 2012; McCreesh, 2013; Kinnaird et al., 2017). This 

basal unit consists of two parts, 1) a ~60 m thick lower feldspathic orthopyroxenite unit, 

and 2) an overlying harzburgite unit (Huthmann et al., 2016; Kinnaird et al., 2017).  
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The texture of the pyroxenites is generally ophitic to equigranular, with a medium grain 

size overall (McCreesh, 2016). The pyroxenites comprise <90 % cumulus 

orthopyroxene with a high Mg# (>84), 10-15 % clinopyroxene and 2-5 % sulphides (in 

the upper section; chalcopyrite, pentlandite and pyrrhotite) with <15 % of the upper 

section containing semi-massive sulphides (McCreesh, 2016; Kinnaird et al., 2017; 

Huthmann et al., 2018; McCreesh et al., 2018). Chromitite stringers have been identified 

in some of the cores, but these are rare (McCreesh, 2016; Kinnaird et al., 2017). The 

pyroxenites are inter-fingered with Marginal Zone fine-grained equigranular 

gabbronorite sills, interpreted to have been the first magma to have intruded in the area 

(McCreesh, 2016; Kinnaird et al., 2017). This inter-fingering in some cores resulted in 

gabbronorite being the basal lithology (Kinnaird et al., 2017).  

 

The 80-100 m thick harzburgite package in the Ultramafic Sequences is locally 

pegmatoidal closer towards the base, with lesser olivine-bearing gabbronorite, olivine-

bearing norite, pyroxenite, feldspathic pyroxenite, and altered units that have been 

chloritised and serpentinised extensively (Huthmann et al., 2016; Kinnaird et al., 2017). 

The harzburgites have <65 % olivine with orthopyroxene and minor interstitial 

plagioclase and clinopyroxene, with a general high degree of alteration showing 

fractures in olivine filled with secondary magnetite and serpentine (McCreesh, 2016; 

Kinnaird et al., 2017). Small intercumulus grains of clinopyroxene occur in this zone and 

the orthopyroxene often forms large oikocrysts (McCreesh, 2016; Kinnaird et al., 2017). 

In some samples the rims or the edges of orthopyroxene surround olivine crystals 

completely (McCreesh, 2016). The medium-grained feldspathic pyroxenites have <30 % 

interstitial plagioclase and <45 % cumulus orthopyroxene, although some samples 

contain up to 50 % clinopyroxene that vary from 1 mm to 5 mm in size (McCreesh, 

2016; Kinnaird et al., 2017). About 2-5 % of chalcopyrite, pentlandite and pyrrhotite are 

found within this unit, and are associated with PGE mineralisation (Huthmann et al., 

2018; Kinnaird et al., 2017). 
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 Troctolite-gabbronorite-anorthosite (TGA) sequence 3.2.2.3

The TGA is up to 850 m in thickness, and varies in lithology throughout the unit (Figure 

3.1; McCreesh, 2016; Kinnaird et al., 2017). At the base of this unit a 40-100 m thick 

troctolite layer exists, which varies in composition from melatroctolite to olivine norite 

and leucotroctolite (McCreesh, 2016; Kinnaird et al., 2017). This troctolite unit is 

medium-coarse grained and has an equigranular texture (McCreesh, 2016; Kinnaird et 

al., 2017). Lenses of pyroxenite up to one metre thick are also found in the troctolite 

layer (Kinnaird et al., 2017). The troctolite comprises 50-80 % olivine with <40 % 

sericitised plagioclase and <10 % orthopyroxene with chromite crystals often present in 

both olivine and pyroxene grains (McCreesh, 2016; Kinnaird et al., 2017). The upper 

troctolite is heterogeneous and grades upward into olivine-bearing gabbros (McCreesh, 

2016; Kinnaird et al., 2017). The gabbronorites are medium-coarse grained 

melanocratic to leucocratic rocks that are locally altered and are composed of variable 

proportions of orthopyroxene, plagioclase, subordinate clinopyroxene and inverted 

pigeonite (McCreesh, 2016; Kinnaird et al., 2017). The anorthosite is generally medium-

grained and may be pegmatitic and the anorthosite is often a light greenish-grey in 

colour due to the alteration of the plagioclase (McCreesh, 2016; Kinnaird et al., 2017). 

 

 TGA sequence- Upper Zone boundary 3.2.2.4

SACS, (1980) and Ashwal et al., (2005) suggested that the presence of primary 

cumulus magnetite is a distinguishing feature of the Upper Zone. The boundary 

between the Upper Zone and the TGA sequence is defined by magnetic susceptibility 

readings (McCreesh, 2016; Kinnaird et al., 2017) that identify the presence of magnetite 

well below the visible cumulus magnetite grains. 

 

 Upper Zone 3.2.2.5

This Upper Zone is ~350 m thick in the SW of the Waterberg Project, close to the Hout 

River shear zone (Kinnaird et al., 2017). This zone comprises magnetite-gabbronorite 

and gabbronorite with a ferrogabbro at the top (Kinnaird et al., McCreesh, 2013); 

however, the ferrogabbro does not occur in all drillcores (McCreesh, 2016). Magnetitite 
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layers are not present, as seen in the rest of the northern limb (Eales and Cawthorn, 

1996), except in one borehole, south of the Hout River shear zone (McCreesh, 2016). 

The Upper Zone may dissipate northward, or even be completely absent, due to erosion 

prior to the deposition of the Waterberg Group sedimentary rocks (Kinnaird et al., 2017). 

The Upper Zone reappears even further north and can be 70-500 m thick (McCreesh, 

2016). The gabbros show an inequigranular texture with coarse-grained plagioclases in 

a finer-grained groundmass of orthopyroxene, clinopyroxene and magnetite (McCreesh, 

2016). The magnetite is also intergrown with some pyroxene crystals (McCreesh, 2016; 

Kinnaird et al., 2017). The olivine-bearing gabbronorite and the magnetite-bearing 

gabbronorite are similar in composition, with the exception of additional olivine and 

magnetite, and the olivine bearing gabbronorite being more altered than the magnetite-

bearing gabbronorite (McCreesh, 2016; Kinnaird et al., 2017). Brick red alteration and a 

highly sheared contact zone are seen in the uppermost sections of the Upper Zone and 

is composed of the Paleoproterozoic paleosol (Engela, 2014; McCreesh, 2016). 

Waterberg Group sedimentary rocks overlie the Upper Zone with a dip of 20-50°, with 

these packages varying in thickness from 120-760 m (Kinnaird et al., 2017).  

 

The upper contact of the Waterberg Project igneous succession is often very sharp and 

mylonitised (Engela, 2014; Kinnaird et al., 2017). This contact is distinguished by red 

siltstone or by a prominent fine-grained white-grey tuffaceous layer (Engela, 2014; 

McCreesh et al., 2016; Huthmann et al., 2016; Kinnaird et al., 2017). Dolerite sills or 

dykes are often present at the contact between the Bushveld- and Waterberg Group 

rocks, with an average thickness of 80-200 m (McCreesh, 2016; Huthmann et al., 

2016).  

 

 Mineralisation of the Waterberg Project 3.2.3

The mineralisation is concentrated in two zones, namely the F-Zone of the Ultramafic 

Sequences and the T-Zone, confined to the contact between the TGA sequence and 

the Upper Zone (Lomberg, 2012; Huthmann et al., 2016; McDonald et al., 2017).  These 

are outlined below: 
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 F-Zone mineralisation 3.2.3.1

The F-Zone mineralisation is hosted by troctolites, harzburgites and pyroxenites of the 

Ultramafic Sequences (Figure 3.1; McCreesh, 2016; Kinnaird et al., 2017). The major 

sulphides include pyrrhotite, chalcopyrite and pentlandite, which are associated with 

platinum group minerals (Huthmann et al., 2016; Kinnaird et al., 2017). McCreesh et al., 

(2018) presented a detailed platinum group element study asserting that F-Zone  

comprises mainly sperrylite (up to 82 area %) with minor Pt-Pd bismuthotellurides, Pd-

Ni arsenides, Au-Ag alloy, Rh-Pt sulpharsenides and rare Pt-Fe alloys. The F-Zone 

inferred resource has a Ni/Cu ratio of >1, a Pt/Pd ratio of ~0.5, being Pd dominated and 

a (Pt+Pd)/Au ratio of >20 (Table 3.1; Lomberg, 2012; Kinnaird et al., 2017). These 

characteristics are similar to some Platreef localities (Kinnaird et al., 2005; Naldrett, 

2010; Kinnaird et al., 2017), although it is not clear how much of the total Ni reported for 

the F-Zone is hosted by olivine as opposed to sulphides (Kinnaird et al., 2017). 

 

 T-Zone Mineralisation 3.2.3.2

The T-Zone occurs at the Upper-Main Zone boundary of the Waterberg Project, with 

some mineralisation being present in the Upper Zone and some in the TGA sequence 

(Kinnaird et al., 2017). The T-Zone occurs mainly towards the south of the Waterberg 

Project, being either poorly developed or missing in the northern parts of the area 

(Kinnaird et al., 2017). The mineralisation is divided into a lower and an upper 

component, namely the T2- and T1 zones, respectively (McCreesh, 2016; Kinnaird et 

al., 2017). The T2 Zone mineralisation is predominantly hosted in gabbros and 

gabbronorites and occurs as disseminated and blebby pyrrhotite, pentlandite, 

chalcopyrite, and pyrite with minor millerite, sphalerite, and bornite (McCreesh et al., 

2018; Kinnaird et al., 2017). The T1 zone is predominantly hosted in pyroxenite, 

feldspathic pyroxenite, troctolite, harzburgite and gabbronorites (McCreesh, 2016; 

Kinnaird et al., 2017). The T1 Zone has sulphides commonly occurring as blebby to net-

textured chalcopyrite and pentlandite, with minor disseminated pyrrhotite, as flame-

textured pentlandite in pyrrhotite, as pyrite replacing magnetite and pyrrhotite, or 

rimming earlier sulphides (Kinnaird et al., 2017; McCreesh et al., 2018). The platinum 

group elements in the T-Zone are dominated by PtïPd bismuthotellurides (> 90 area 
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%), Pd tellurides and AuïAg alloy and include rare sperrylite, braggite, Pd stannides 

and antimonides (McCreesh et al., 2018). Overall, the T-Zone is Pd-dominated and 

shows an unusually high concentration of Au (Lomberg, 2012; Huthmann et al., 2016). 

The T-Zone inferred resource has Ni/Cu <1, a higher Pt/Pd ratio of ~0.6, is richer in Au 

((Pt+Pd)/Au~4) and falls in the same range as the Aurora Project mineralisation 

(Lomberg, 2012; Kinnaird et al., 2017; McCreesh et al., 2018).  

 

Table 3.1: Mineral resource estimate of the Waterberg Project (Lomberg, 2012; Lomberg, 

2013). 

 

 

The combined (T- and F- Zone) resource on the Waterberg Project comprise 246 Mt at 

3.25 g/t 3E (Pt+Pd+Au) inferred and 121 M/t at 3.24 g/t indicated (Lomberg, 2012; 

Lomberg, 2013). High-grade zones with <14 g/t 3E over >10 m may occur (Lomberg, 

2012; Lomberg, 2013; Huthmann et al., 2016). The inferred mineral resources for the T-

and F- zones are based on samples taken from the properties of Ketting 368LR and 

Goedetrouw 366LR farms on the Waterberg Project (Lomberg, 2012). These data are 

presented in Table 3.1. The data used to estimate the resources are comprised of 

PTMôs drill cores, company geological logs, borehole collars, downhole surveys and 

assay data taken from intersections of 111 boreholes (Lomberg, 2012). The drillcores 

were analysed for Pt, Pd, Au, Cu and Ni concentrations (Lomberg, 2012 and Lomberg, 

2013). 
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 Cover rocks 3.2.3.3

The sedimentary rocks that unconformably overlie the igneous succession of the 

Waterberg Project have been identified as belonging to the Setlaole (at the base) and 

Makgabeng (gradationally overlying the Setlaole Formation) Formations (Table 3.2; 

Callaghan et al., 1991; Engela, 2014; Roberts et al., 2014; McCreesh, 2016). In the 

north and northeastern parts of the Waterberg basin, these Formations also 

unconformably overlie the Limpopo Metamorphic Province and the Kaapvaal Craton 

(Callaghan et al., 1991). The age of the Waterberg Group sedimentary rocks has been 

under debate (e.g. Von Gruenewaldt et al., 1985; Cheney et al., 1991; Dorland et al., 

2006); however, detrital zircons with a U-Pb isotope age of Ḑ2045 Ma have been found 

in the basal layer of the Setlaole Formation (Huthmann et al., 2016). This suggests that 

the roof and the upper parts of the Bushveld sequence were removed within a short 

space of time before the Waterberg Group sedimentary rocks were deposited 

(Huthmann et al., 2016). 

 
Table 3.2: Stratigraphy of the Waterberg Group. Green= Waterberg Group sedimentary rocks 

that are encountered on the Waterberg Project (from McCreesh, 2016, modified from Callaghan 

et al., 1991 and Woods, 2012). 
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The Setlaole Formation is mainly comprised of coarse-grained siliciclastic rocks, with 

evident upward fining sequences and channel flow structures (0.5-2 m thick; Jansen, 

1982; Callaghan, 1987; Callaghan et al., 1991). The Makgabeng Formation comprises 

gritty sandstone and banded arkose, with evident cross-trough bedding, ripple marks 

and dune structures (Jansen, 1982; Callaghan et al., 1991; Dorland, 2006). 

 

 Aurora Project 3.3

The Aurora Project is situated immediately south of the Harrietôs Wish project area 

(Figure 2.3). The Aurora Project is located on the area of a group of 7 farms namely: 

Altona 696LR, Kransplaats 422LR, La Pucella 69LR, Luge 697LR, Nonnenwerth 

421LR, Non-Plus Ultra 683LR and Schaffhausen 698LR (McDonald et al., 2017). On 

the Aurora Project the mineralisation occurs in a narrow zone of mineralisation near the 

major transgression where Upper Zone cumulates cross-cut the Main Zone, and where 

these are in contact with the granite-gneiss basement (Van der Merwe, 1976; McDonald 

et al., 2017). The detection of Cu and Ni anomalies in soil initiated the exploration on 

the Aurora Project area between 1974 and 1992, which was later confirmed by drilling 

on Nonnenwerth by Union Corporation and Genmin (Venmyn-Rand, 2010; McDonald et 

al., 2017). Between 2002 and 2010, Pan Palladium Limited furthered the drilling 

operations on the project by targeting the farms Kransplaats, Nonnenwerth, Altona and 

La Pucella (McDonald et al., 2017). Sylvania Resources Limited took over this Project 

and added it as part of their northern Bushveld PGE projects (Venmyn-Rand, 2010). 

 

 Aurora Geology 3.3.1

Regional geological maps suggest that gabbronorites of the Main Zone dominate the 

Aurora Project area (Van der Merwe, 1976; McDonald et al., 2017). Harmer et al., 

(2004) described the mineralisation to be hosted by anorthosites and 

leucogabbronorites. Manyeruke, (2007) divided the Nonnenwerth stratigraphy into 

Platreef and Main Zone, separated by a calcsilicate xenolith. Maier et al., (2008) also 

suggested that the Aurora Project geology forms part of the Platreef (sensu-stricto; 

Kinnaird and McDonald, 2005). McDonald and Harmer, (2010), however, suggested 
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that this mineralisation is hosted in the Main Zone. McDonald et al., (2017), also 

suggests that this mineralisation is hosted in the Main Zone, more specifically the upper 

Main Zone, and divided the Aurora Project geology into three major units. Unit 1, which 

comprises olivine-bearing clinopyroxenite to olivine free orthopyroxenite, Unit 2, which 

comprises gabbronorites and leucogabbronorites with rare troctolites and magnetite 

gabbros, and Unit 3, which comprises pigeonite gabbronorite (Figure 3.2; McDonald et 

al., 2017). The mineral assemblages and lithologies found on the Aurora Project can be 

encountered both within the Main Zone and the Upper Zone of the Waterberg Project 

(McDonald et al., 2017; Kinnaird et al., 2017). 

 

 

 

Figure 3.2: Stratigraphy of the Aurora Project of the LAP-29 drillcore plotted against depth (m; 

from McDonald et al., 2017). 
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 Aurora Mineralisation 3.3.2

The major host rocks of the mineralisation on the Aurora Project are gabbronorites and 

leucogabbronorites (McDonald et al., 2017). The mineralisation is present as interstitial 

aggregates, irregular inclusions and small stringers of base metal sulphides (pyrrhotite, 

pentlandite and chalcopyrite) and range between 0.1-5 % in modal abundance 

(Venmyn-Rand, 2010; McDonald et al., 2017). The base metal sulphide mineralisation 

is confined to the ultramafic rocks of Unit 1 and gabbronorites and leucogabbronorites 

of Unit 2, and no mineralisation is found in unit 3 (McDonald et al., 2017). The Aurora 

Project is suggested to contain an inferred resource of 125 Mt of sulphide ore at 1.34 g/t 

Pt+Pd+Au, 0.08 % Cu and 0.05 % Ni (Venmyn-Rand, 2010). Target zones were 

identified within this resource where higher grades were found (McDonald et al., 2017). 

The Target zone with the highest average PGE grade, and that has the most likely 

mining potential is Target zone 1 which is found in the northern part of the farm of La 

Pucella, with local enrichments of up to 4 g/t sporadically present in drillcores LAP 29 

and LAP 31 (McDonald et al., 2017). This zone unites three sub-zones of mineralisation 

that can be traced along strike and down-dip, and is broadly stratiform (Venmyn-Rand, 

2010; McDonald et al., 2017). 

 

  Linkages between the Aurora Project and Adjacent Areas 3.3.3

McDonald et al., (2017) disagrees with the notion that the Aurora Project forms part of 

the Platreef (Maier et al., 2008), and suggests that there could be a link between the 

Aurora Project mineralisation and the T-Zone mineralisation on the Waterberg Project 

(Figure 3.3; Kinnaird et al., 2017). This is argued based on geochemical signatures of 

the mineralisation, which is Cu-rich (Ni/Cu <1) and Au-rich in contrast to the Platreef 

(Kinnaird et al., 2005; Lomberg, 2012; McDonald and Holwell, 2010; McDonald et al., 

2017). In addition to this, McDonald and Harmer, (2010) noted that the Aurora Project is 

overall Cu-rich and Au-rich which significantly contrasts with the Platreef mineralisation 

(Chapter 2.3.3; McDonald and Harmer, 2010; McDonald and Holwell, 2010).  

 

There may also be linkages between the Aurora Projectôs style of mineralisation and the 

upper Main Zone of the northern limb of the Bushveld Complex (McDonald et al., 2017). 
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This was suggested as the pigeonite gabbronorites above the Aurora Project 

mineralisation, which are characterised by high Cu/Pd ratios (>50,000), show removal of 

Pd over Cu from the sulphides beneath (Kinnaird et al., 2017), are similar to the high 

Cu/Pd ratios that characterises the Upper Main Zone above the pigeonite- and 

orthopyroxene-bearing interval (Cawthorn et al., 1991; Scoon et al., 2012; McDonald et 

al., 2017).  

 

Figure 3.3: Schematic model showing the potential connectivity between the T-Zone on the 

Waterberg Project and the Aurora Project (McDonald et al., 2017). 

 

McDonald et al., (2017) states that if the links between the Waterberg (Kinnaird et al., 

2017) and Aurora (McDonald et al., 2017) projects are proved, a potential for a 

previously unsuspected zone of Cu-Ni-PGE mineralisation extending for over 40 km 

may exist.  

 

 Conclusion 3.4

This chapter provided detail on the Waterberg and the Aurora projects that show 

promising mineralisation grades, with mining potential. This chapter also provided a 

backdrop for a comparison to Harrietôs Wish geology and mineralisation, as Harrietôs 

Wish provides a possible link between these two areas.  



57 
 

 Chapter 4                                                               4

Stratigraphy and core logging 

 

 Introduction 4.1

The Harrietôs Wish farm is located in the northern part of the northern limb of the 

Bushveld Complex and lies between the Waterberg Project to the north, and the Aurora 

Project to the south and immediately east of the Cracouw farm (Figure 4.1). The east-

west Hout River shear zone cross-cuts the Harrietôs Wish farm area and the boreholes 

that are utilised in this study lie to the north of, or within, the Hout River shear zone 

(Figure 4.1). Although there are some correlations to the northern limb, the overall 

stratigraphy to the north of the Hout River shear zone is unique, with noteworthy 

variations from the traditional Rustenburg Layered Suite (Kinnaird et al., 2017). Kinnaird 

et al., (2017) and Huthmann et al., (2018) suggest that a separate igneous basin exists 

to the north of the Hout River shear zone. A shear zone, however, is not confined to a 

singular line, but rather to a zone of at least one km wide with lateral extension (Fossen 

and Cavalcante, 2017). According to Fossen and Cavalcante, (2017), mature shear 

zones are heterogeneous, and they are composite zones characterised by 

anastomosing patterns and local variations in thickness and finite strain. Therefore, the 

Hout River Shear Zone can affect the expected regularity of the Harrietôs Wish 

stratigraphy when comparing it to adjacent areas, especially in drillcores that are 

located within closer proximity to the shear zone.   

 

From the studies that have been done on the Waterberg Project, no cumulus magnetite 

layers are found in the Upper Zone, except for in a single borehole, the location of which 

is described as being south of the Hout River shear zone (McCreesh, 2016; Kinnaird et 

al., 2017). McDonald et al., (2017) describes the presence of cumulus and disseminated 

magnetite throughout the drillcores in the Aurora Project drillcores and suggests that 

this magnetite gabbro layers belong to the upper Main Zone. However, no magnetitite 

layering is found in these drillcores because they are collared at the lower levels of the 

magmatic stratigraphy (McDonald et al., 2017). Massive magnetitites are exposed on 
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the surface through the entire Aurora Project area. On the Harrietôs Wish farm, the 

drillcores are all located to the north of the Hout River shear zone (HW024, HW025 and 

HW029); however, one drillcore (HW030) is located within the shear zone. It is therefore 

expected that this particular drillcore may display differences to the drillcores further 

north.  

 

 

Figure 4.1: Map showing the location of the Project area of Harriet's Wish and other 

surrounding farms. The red line indicates the HRSZ (Hout River Shear Zone). The green line 

represents the Aurora mineralisation. The names of the farms are labelled 1-12 on the right-

hand side of the map (unpublished figure from F. Huthmann). 

 

The Aurora Project to the south of the study site failed to maintain interest with 

investors; however, recently Sylvania Resources Limited, (2012-2016) has discovered 

mineralisation on the farm of Harrietôs Wish. It is hypothesised, based on the 

observations made by Sylvania, and due to the location of the area, that the succession 
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on Harrietôs Wish could serve as the continuation of the Waterberg Project 

mineralisation southwards (Kinnaird et al., 2017), with possible linkages to the Aurora 

Project (McDonald et al., 2017). The lithologic units, the mineralised zones and rock 

types on Harrietôs Wish are expected, therefore, to be similar to the Waterberg and 

Aurora successions. 

 

 Aims 4.1.1

This chapter is aimed at outlining the stratigraphic units (including lithologic units and 

mineralised zones) and to provide detail on the rock types and various geological 

features of the Harrietôs Wish farm area. This has been done through core logging and 

field observations, including the determining of the visual boundary between the upper 

and lower lithologic units by the first visual appearance of cumulus magnetite (SACS, 

1980). This chapter is also aimed at providing a broad lithologic correlation between 

Harrietôs Wish and the Waterberg Project, the Aurora Project and certain northern limb 

localities. 

 

 Methodology 4.2

Little has been known about the geology and economic potential of the farm of Harrietôs 

Wish. In 2012, however, Sylvania Resources Limited announced exploration results 

from this area, conducted by the Hacra Mining and Exploration (Pty) Ltd, a Sylvania 

Group Company. The exploration method used was diamond drilling and resultant core. 

The drill holes are located to the north of the Hout River shear zone, immediately south 

of the Waterberg Project area (Figure 4.1; Figure 4.2).  

 

Sylvania implemented core logging, and based on their observations, it was suggested 

that this area shows similar characteristics to that of the Waterberg Project area (data 

from Sylvania Resources Limited, 2012; Kinnaird et al., 2017). Two main lithologic units 

and two mineralised zones were described (data from Sylvania Resources Limited, 

2012). The upper lithologic unit was described as being similar to the Upper Zone 

extension of the Bushveld Complex, found on the Waterberg Project, and the lower 
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lithologic unit was described as being similar to the Main Zone of the Bushveld Complex 

(Kinnaird et al., 2017; Sylvania Resources Limited, 2012). The upper and lower 

mineralised zones that were intercepted were described as being similar to the 

Waterberg Project T Zone and the F Zone, respectively (Sylvania Resources Limited, 

2012; Kinnaird et al., 2017). 

 

 

Figure 4.2: Location of drill holes relative to the Hout River Shear Zone. The black dotted line 

represents the Hout River Shear Zone, black solid lines represent farm boundaries and a fault, 

and the other dotted lines represent Waterberg-reef and granite contacts (unpublished Figure 

provided by R. Steen). 

 

The drill cores of Harrietôs Wish are housed at Sylvaniaôs core shed just outside the 

town of Mokopane, Limpopo, South Africa. The boreholes of interest for this Project are: 

HW024, HW025, HW029, HW030. The boreholes were selected based on the 

exploration results by Sylvania Resources Limited, (2012). These all lie to the north of 

the Hout River shear zone, with drillcore HW030 being immediately adjacent to the Hout 
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River shear zone (Figure 4.2). The core was analysed and described, and detailed logs 

of drill cores HW024, HW025 and HW029 were made using these observations 

(Appendix A). Observations used in this study on drill core HW030 were made and 

provided by Sylvania Resources Limited (2012). The general textures, grain sizes, 

visible mineralogy, visible mineral associations, mineral proportions, rock types and 

contacts were recorded in a field note book and these were used to create a digital core 

log using Golden Softwareôs StrataÈ version 5 software package. Smaller, less 

significant rock units were amalgamated with larger units to avoid over cluttering of core 

logs. Smaller important features that are not visible on the core logs are outlined in the 

detailed descriptions of this chapter.  

 

 Rock nomenclature 4.2.1

The nomenclature used to describe rocks on Harrietôs Wish generally follows the IUGS 

standard for igneous rock classification (Figure 4.3; Le Bas and Streckeisen, 1991). The 

naming of rocks in this classification scheme relies on modal percentage of minerals. 

There are, however, certain local Bushveld rock names as used by mining geologists, 

that might differ from the conventional rock names and some of these are included in 

the rock classification. Some of these rock names are used in Kinnaird et al., (2005), 

such as the term ñfeldspathic pyroxeniteò, which describes a rock comprising cumulus 

orthopyroxene with significant intercumulus feldspar. Certain prefixes for rocks are also 

used to more accurately describe the rock in terms of its modal mineralogy. These 

include the prefixes:  

 

¶ ñmela- ñ: which indicates that a rock contains ñdarkerò or melanocratic minerals 

(such as pyroxenes) than their average proportion.  

¶ ñleuco- ñ: which indicates that a rock contains more ñlightò or leucocratic minerals 

(such as plagioclase) than the average proportion.  

¶ ñOlivine bearing- ñ: which indicates that a rock contains less than 10 % of olivine.  

¶ ñOlivine- ñ: which indicates that a rock contains more than 10 % of olivine.  
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¶ ñMottled- ñ: which indicates a texture that shows irregular spots, blotches or 

patches of different shades or colours as well as interstitial to poikilitic and 

dendritic crystals such as pyroxeneôs mottles in mottled anorthosite. 

 

 

Figure 4.3: Streckeisen diagram (IUGS classification) of (a) Gabbroic rocks, (b) Ultramafic 

rocks (Le Bas and Streckeisen, 1991). 

 

The above classification including the described prefixes is used in the entire thesis. 

This classification scheme including the prefixes is also used in the Waterberg Project 

described in McCreesh, (2016) and Kinnaird et al., (2017). 

 

 Results 4.3

The stratigraphic units of the Harrietôs Wish succession are presented below, starting 

from the base to the top as presented in the HW024, HW025, HW029, and HW030 

drillcores (Figure 4.4).  
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Figure 4.4: Logged stratigraphic drillcores of HW024, HW025, HW029 and HW030 drilled on 

Harrietôs Wish. Rock types are identified based on visual estimations. HW030 data were 

provided by Sylvania Resources Limited, (2012). 
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 Basement 4.3.1

The basement is not intersected in the studied drillcores on the Harrietôs Wish farm.  

 

 Lower lithologic unit 4.3.2

The entire drillcores of HW024, HW025 and the lower portion of HW029 contain 

lithologies of the lower lithologic unit (Figure 4.4). The thickness of this unit is > 200 m; 

however, it is incomplete, due to the shallow depth of the drillcores. The lower lithologic 

unit comprises the following rock types: gabbronorites (including gabbronorite, 

melagabbronorite, leucogabbronorite, olivine- and olivine bearing gabbronorite and 

pegmatoidal gabbronorite), troctolite, pyroxenite and gabbro, olivine norite, minor 

anorthosite and a calcsilicate xenolith. These lithologies are detailed below: 

 

 Gabbronorites 4.3.2.1

The different varieties of gabbronorite are the major rock type throughout the lower 

lithologic unit and occur in HW024, HW025 and HW029. The total thickness of 

gabbronorite is approximately 76 m, with intervals ranging from approximately 1-43 m. 

Melanocratic and leucocratic varieties of gabbronorite are also present. Sporadic 

intervals of olivine rich gabbronorites, including olivine gabbronorite and olivine-bearing 

melagabbronorite are also present in the lower lithologic unit (Figure 4.5 a and b).  

 

Overall, the amount of plagioclase increases upward with the gabbronorite towards the 

base being more melanocratic than the top. Orthopyroxene increases and 

clinopyroxene decreases from the base to the top of HW029, thus becoming more 

noritic at the top. Darker, or melanocratic gabbronorite is more common towards the 

base of this lithologic unit. The different varieties of gabbronorite area outlined below.  

 

 Gabbronorite  4.3.2.2

Gabbronorite colour varies from greenish-grey to brownish-grey. Orthopyroxene shows 

a brown to grey colour, clinopyroxene shows a greenish yellow colour and plagioclase 

shows milky white colour. The overall texture is equigranular, with some intervals being 
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inequigranular in texture. Gabbronorites are generally medium-grained (3-5 mm; Figure 

4.5 c). Gabbronorites comprise ~50 % plagioclase, ~45 % pyroxenes, and variable 

concentrations of sulphides (<2 %), mainly as interstitial and sometimes pinhead sized 

disseminated grains. Pigeonite is also present sporadically throughout the gabbronorite, 

with a total concentration of ~2 %, and some intervals being locally enriched with 

concentrations of <10 %. Plagioclase, clinopyroxene and orthopyroxene may be 

cumulus or interstitial. 

 

 Melagabbronorite 4.3.2.3

Melagabbronorite is similar to the gabbronorites described above; however, some 

differences are outlined. Melagabbronorite is dark green/brownish to blackish in colour. 

Pyroxenes are generally dark green to black when finer grained. The overall texture is 

equigranular. Melagabbronorites are generally medium-grained (3-5 mm). 

Melagabbronorites comprise ~20 % plagioclase, ~50 % clinopyroxene and 25 % 

orthopyroxene.  

 

 Leucogabbronorite 4.3.2.4

Leucogabbronorite is also the same as the gabbronorite described above; however, the 

colour is light-green or light-brown, with some intervals appearing light grey. Plagioclase 

concentration increased to <70 % and clinopyroxene and orthopyroxene is decreased to 

<30 % and 20 %, respectively. Leucogabbro is largely present in drillcore HW025 in 

between the upper and lower troctolite horizons.  

 

 Olivine-bearing to olivine gabbronorite  4.3.2.5

Olivine and olivine-bearing gabbronorites occur sporadically throughout the lower 

lithologic unit in drillcores HW024 and HW025 and at the base of HW029 and the 

thickness ranges from a few cm to 35 m (Figure 4.4). This lithology occurs in leucocratic 

and melanocratic varieties in all three drillcores. The colour ranges from dark green to 

brownish green overall, with greenish black melanocratic varieties also being present. 

The texture of olivine-bearing and olivine gabbronorites is generally equigranular. 
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Figure 4.5: Gabbronorites of the lower lithologic unit. A) Olivine gabbronorite from HW029 at a 

depth of 601.45 m. B) Patches of olivine norite among olivine-bearing melagabbronorite from 

HW025 at a depth of 525.24. C) Pegmatoidal gabbronorite and leucogabbronorite from HW029 

at a depth of 604.4-609.4 m. D) Pegmatoidal gabbronorite with chalcopyrite and pentlandite 

from HW029 at a depth of 614.25 m. 
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The overall grain size of olivine- and olivine bearing gabbronorites is medium grained 

(3-5 mm), with minor fine-grained (0.5-3 mm) intervals present sporadically. These 

rocks comprise 15-70 % clinopyroxene, 10-40 % orthopyroxene (although pyroxenes 

can be hard to distinguish from each another in certain intervals), 2-20 % olivine and >5 

% pigeonite seen throughout these rocks. A 15 m thick package of olivine 

melagabbronorite that alternates with vein-like olivine-bearing leucogabbronorite is seen 

in HW024. Olivine proportion is often higher at the top of the olivine lithologies and 

olivine relics are sometimes present in altered rocks. Olivine is often seen inside 

orthopyroxene grains and inverted pigeonite often displays lamellae. Oikocrysts of 

pigeonite are also visible, and sometimes envelop grains of olivine. Pigeonite oikocrysts 

show an adamantine lustre when tilted in the sun. Overall, grains of olivine are slightly 

serpentinised, and the overall rock is locally magnetic. Poikilitic feldspathic harzburgite 

of <5 cm is present in the large interval of olivine leucogabbronorite in HW025. Certain 

intervals of this rock type are highly brecciated. Sulphides appear reduced in altered 

varieties of this rock type.  

 

 Pegmatoidal Gabbronorite  4.3.2.6

Pegmatoidal gabbronorites occur as vein-like bodies locally alternating with 

gabbronorite mainly at the possible boundaries between the two lithologic units in 

drillcore HW029 (Figure 4.4) and is <2 m thick. The colour is overall dark green to 

blackish grey. The texture is inequigranular to equigranular. The grain sizes of minerals 

vary from 0.5 mm (interstitial sulphides and other mineral grains) up to 4 cm (pyroxenes 

and plagioclase). The sulphide blebs can get up to 3 cm in length in pegmatoidal 

gabbronorite (Figure 4.5 d). This rock type comprises 65-80 % pyroxenes, <30 % 

plagioclase, ~2 % sulphides (<10 % locally), ~2 % magnetite locally, ~1 % phlogopite, 

<1 % olivine (<3 % locally). The amount of sulphides decrease upward from <10 % 

between 613.5-615 m in HW029, to <8 % between 612.5-612.6 m in HW029, and then 

to <0.2 % in the upper pegmatoidal gabbronorite. Olivine proportion shows an upward 

decrease through vein-like pegmatoidal gabbronorite, from 3 % olivine at the base, to 

~0 % in the upper pegmatoidal gabbronorite package. The proportion of magnetite 

increases upward, with the rock being magnetic even with a small proportion of 
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magnetite. Saussuritised plagioclase is seen as sugar-white grains enclosed by other 

minerals such as pyroxenes and olivine. 

 

 Troctolite  4.3.2.7

There are two major packages of medium-grained troctolite in the lower lithologic unit, 

both of which occur in HW024 and HW025. The upper package ranges from 10.5-13 m 

in total thickness and the lower troctolite ranges from approximately 6.5-16.5 m in total 

thickness. Troctolite is represented by leucotroctolite and occurs adjacent to other 

olivine- and olivine bearing lithologies (Figure 4.4). The colour ranges from milky green 

and black to white and black. The texture is equigranular. The overall grain size is 

medium- (3-5 mm) to coarse-grained (<1.2 cm) with olivine crystals ranging from 1-8 

mm in size and plagioclase <1.2 cm. Plagioclase and olivine proportions are generally 

proportionate, with a range of 35-45 %. Pyroxenes proportions range between 5-15 %. 

The lower troctolite package in HW024 has <55 % plagioclase, ~40 % olivine and ~5 % 

pyroxenes, and is referred to as leucotroctolite in this study (Figure 4.6 a). Only the 

lower troctolite package hosts visible mineralisation with <1 % sulphides. The upper 

troctolite interval transitions from a true troctolite at the base (Figure 4.6 b) into an 

altered olivine-bearing lithology at the top. Overall troctolite packages are more 

leucocratic towards the base. On a small scale, troctolite can sometimes be 

heterogeneous, with localised patches of olivine norite and leucocratic rock varieties 

seen in some places (Figure 4.6 a).  

 

 Pyroxenite 4.3.2.8

Pyroxenite in the lower lithologic unit only occurs in HW024 and HW025. Pyroxenite 

ranges from ~0.2-15 m in thickness. The colour is dark green to greyish green. The 

overall grain size is medium (2-6 mm). Olivine is sometimes present in pyroxenites and 

proportions of pyroxenes and plagioclase vary considerably throughout the lower 

lithologic unit. Pyroxenite comprises 40-80 % orthopyroxene, 30-60 % clinopyroxene, 

and 5-40 % plagioclase with up to 15 % interstitial plagioclase present in feldspathic 

pyroxenites (towards the base of HW024). 
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Figure 4.6: Troctolites of the lower lithologic unit. A) Leucotroctolite and olivine norite in 

troctolite from HW024 at a depth of approximately 308-312 m. B) True troctolite from HW24 at a 

depth of 311.80 m. 

 

Sulphide contents are <5 % (mainly pyrite, with chalcopyrite and possibly bornite), <1 % 

of magnetite specks present in mineralised intervals. The different varieties of 

pyroxenite in the lower lithologic unit include feldspathic pyroxenite, olivine pyroxenite 

and olivine-bearing feldspathic pyroxenite. Pyroxenites are situated in close proximity, 

or adjacent to olivine-rich lithologies such as troctolite and olivine-bearing 

gabbronorites. Orthopyroxene is generally the cumulus mineral, with clinopyroxene only 

occasionally being the cumulus mineral. Plagioclase grains are found interstially 

throughout the pyroxenites. Overall, sulphides occur in most pyroxenites; however, 

sulphides are more prominent in olivine pyroxenites (Figure 4.7). The overall alteration 

intensity is low, with some olivine grains showing serpentinisation.  

 

Leucotroctolite Olivine norite 

A 
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True troctolite 
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Figure 4.7: Olivine feldspathic pyroxenite of the lower lithologic unit, showing sulphides from 

HW024 at a depth of 347.94. 

 

 Gabbro 4.3.2.9

Gabbro is not as widespread as gabbronorite in the lower lithologic unit and occurs in 

HW024, HW025 and HW029. The thickest occurrence of 15 m occurs at the base of 

HW029 (Figures 4.4 and 4.8 a). In HW024 and HW025, gabbro is found at, or close to 

the contact between Bushveld rocks and Waterberg Group sedimentary rocks. In 

HW024, a 4.5 m interval of leucogabbro occurs close to this contact (Figure 4.8 b) and 

in HW025 a 7 m altered gabbro interval occurs at the contact. The colour is greenish 

grey to light greenish grey. The overall texture is equigranular. The overall grain size is 

medium (1-6 mm). Gabbro comprises 35-85 % plagioclase (<85 % in leucogabbro), 15-

55 % clinopyroxene and <10 % orthopyroxene. This gabbro is altered more intensely at 

the contact between the Bushveld rocks and the Waterberg sedimentary rocks, and is 

less altered downward. Clinopyroxene is often replaced by chlorite in gabbros of the 

lower lithologic unit. 

Olivine 

Sulphides 

Cumulus orthopyroxene 
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Figure 4.8: Gabbros of the lower lithologic unit. A) Gabbro from HW029 at a depth of 709.2-716 

m. B) Leucogabbro from HW029 at a depth of approximately 265-271 m. 

 

 Norite 4.3.2.10

Norite occurs in small packages of between 0.2-2.8 m thick and is present only in 

drillcore HW024. The colour ranges from brownish grey to grey. Norite varieties present 

include norite and olivine norite. The texture is equigranular. The grain size is medium 

(1-4 mm), with a fine grained (0.1-2mm) interval present in HW029 at a depth of at 371 

m. Norite comprises 30-40% orthopyroxene, 30-40% plagioclase and <10% 

clinopyroxene. Semi-dissolved fragments of olivine norite with up to 30% olivine are 

found in olivine-bearing melagabbronorite and troctolite (Figures 4.5 b and 4.6 a).  

B 

A 
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 Anorthosite 4.3.2.11

Anorthosite is not prominent in the lower lithologic unit and occurs only in the HW025 

drillcore of this sequence. Anorthosite packages are <1.5 m thick and appear as vein-

like intrusions or veins with sharp contacts with the host lithologies. The colour ranges 

from milky white to milky green. Anorthosite normally shows an equigranular texture. 

The grain size is medium-grained (4-5 mm) but pegmatoidal (>3 cm) close to the top 

contact of the lower lithologic unit (Figure 4.9). Anorthosite comprises ~90% plagioclase 

and <10% pyroxenes and <5% magnetite locally.  

 

 

Figure 4.9: Anorthosite of the lower lithologic unit of HW029 at a depth of 592.4. Note the 

interstitial magnetite and coarse-grained plagioclase grains.  

 

 Calcsilicate xenolith 4.3.2.12

A xenolith occurs in HW029 at the base of the succession only and has a thickness of 

~40 m (Figure 4.10). The colour is greenish-yellow with white quartz-feldspar veins 

cross-cutting the xenolith. The texture is equigranular to inequigranular. The grain size 

is medium overall (2-6 mm), with some larger grains (1 cm) of quartz and calcite seen 

sporadically throughout the drillcore. The contact between the host rock and the xenolith 

is sharp, with the thin veins of xenolithic material being present in the host rocks. The 

composition of the xenolith is predominantly calcsilicate, with calcite, quartz and 

feldspar crystals visible in some sections. Quartz and quartz-feldspar veins are also 

seen in drillcore close to contact with hornfels being prominent at the top contact.  
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Figure 4.10: Calcsilicate xenolith of the lower lithologic unit from HW029 at depth of 686-696 m. 

Note quartz-feldspar veins.  

 

 Boundary between the upper and lower lithologic units 4.3.3

The boundary between the lower and upper lithologic unit is ambiguous when visually 

analysing the core. There were two possible boundaries that were visually identified. 

The first is at 590.2 m and the second is at 592 m in the drillcore HW029. These 

boundaries were identified based on the first appearance of magnetite cumulates 

(SACS, 1980) and the lack of magnetism picked up by a magnetic pen in the lithology 

(Ashwal et al., 2005). Certain sulphides also exert a magnetic field, so using the 

magnetic pen may have skewed the placement of these possible boundaries. The 

occurrence of the upper mineralised zone also served as a reference in defining the 

location of this boundary due to the similarity of the upper mineralised zone on Harrietôs 

Wish to the T Zone on the Waterberg Project (Sylvania Resources Limited, 2012), as 

the T Zone occurs at the contact between the Upper Zone and the troctolite-

gabbronorite-anorthosite (TGA) sequence on the Waterberg Project (Kinnaird et al., 

2017). 

 

 Upper lithologic unit  4.3.4

This unit is ~220 m thick in the HW029 drillcore and ~800 m thick in the HW030 drillcore 

(Figure 4.4); however, the drill core HW030 was found very close to the Hout River 

Shear Zone, and it can be expected that results of this drill core may vary from what is 

expected of the other drillcores further north (HW024, HW025, HW029; McCreesh, 

2016; Fossen and Cavalcante, 2017). The upper lithologic unit is identified by the 

Quartz-feldspar vein 
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appearance of cumulus magnetite crystals. The upper lithologic unit comprises 

gabbronorites (including melagabbronorite and olivine and olivine bearing gabbronorite), 

gabbros (including magnetite gabbro) and minor anorthosites. These lithologies are 

detailed below: 

 

 Gabbronorite 4.3.4.1

Gabbronorite is the dominant rock type in the upper lithologic unit on Harrietôs Wish and 

occurs in drillcore HW029. The thickness ranges from 1-58 m (Figure 4.4). A small (1 

m) package of melagabbronorite is seen towards the base of the upper lithologic unit 

and no leucogabbro is present in the upper lithologic unit. A 58 m package of lineated 

gabbronorite is present between 497 m to 555 m in HW029 with orthopyroxene and 

clinopyroxene showing a preferred lineation of ~30° and plagioclase showing slightly 

more uniform orientation than other gabbronorite layers. The colour is greenish grey to 

brownish grey, with some intervals being dark green-grey. The texture is equigranular to 

lineated. The overall grain size is fine (0.5-3 mm; melagabbronorite) to medium (3-5 

mm). Gabbronorites comprise 40-70 % plagioclase, 30-40 % clinopyroxene, 20-30 % 

orthopyroxene, <5 % phlogopite, <4 % chlorite and 1-2 % magnetite overall, with 

concentrations of <10 % magnetite locally. Magnetite may occur as seen and unseen 

interstitial specks (Figure 4.11 a; which may be identified using a magnetic pen) or as 

mottles. Towards the base of, sugar textured, fine grained plagioclase is common. 

 

 Olivine-bearing and olivine gabbronorite 4.3.4.2

Olivine-bearing gabbronorite and minor olivine gabbronorite (Figure 4.11 c) can be seen 

in HW029 towards the base of the upper lithologic unit (Figure 4.11 b). The colour is 

deep green to dark greyish green. The texture varies from being cumulate with 

equigranular grains in some sections, to inequigranular in other sections. The grain size 

is medium-coarse grained (3-9 mm) with olivine grains <7 mm in size. Olivine 

gabbronorite comprises 40-60% plagioclase, 25-40% clinopyroxene, 20-30% 

orthopyroxene, 15% olivine, <2% magnetite and <0.2% fine-grained sulphides (Figure 

4.11 a). Olivine dissipates gradually upward until only rare relics of olivine are present, 
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with a reappearance of olivine seen between 470 and 500 m (Figure 4.4). The upper 

gabbronorites show a sudden disappearance of olivine crystals. A lot of olivine grains 

are serpentinised.  

 

 

 

 

Figure 4.11: Gabbronorites of the upper lithologic unit. A) Fine grained melagabbronorite with 

interstitial magnetite and sulphides from HW029 at a depth of 590 m. B) Olivine-bearing 

gabbronorite from HW029 at a depth of 474 m. C) Olivine gabbronorite from HW029 at a depth 

of 578.8 m. 
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 Gabbro 4.3.4.3

Gabbros in the upper lithologic unit occur at the top of the sequence in HW029 and 

HW030 and vary in thickness from a few cm to ~43 m in HW029 and <200 m in HW030. 

Lineated gabbro, with ~30° oriented plagioclase grains, occurs in packages from 9 m to 

20 m in HW029. Lineated gabbro is separated by thin interlayers of gabbronorite or 

mottled leucogabbro (Figure 4.4). Mottled leucogabbro is also present in HW029 with a 

thickness of ~5 m (Figure 4.4) and shows <3 cm mottles consisting of mostly 

clinopyroxene, magnetite and minor pigeonite oikocrysts (Figure 4.12 c). Gabbro may 

also occur as leucogabbro or melagabbro sporadically. The colour of the gabbro is 

greenish grey to dark green and grey. The overall texture varies from equigranular to 

lineated-equigranular to inequigranular. The grain size overall is medium (2-6 mm). 

Oikocrysts of pigeonite with adamantine lustre (<3 cm) are visible in mottled 

leucogabbro over an interval of ~9 m (HW029). Magnetite occurs as interstitial grains 

and mottles (<2 cm), as well as cumulus magnetite crystals (<0.5 cm; Figure 4.12 c). 

Gabbro comprises 40-60% plagioclase, 20-35% clinopyroxene, <10% orthopyroxene 

with <3% pigeonite and <2% magnetite. Overall gabbro is relatively fresh (Figure 4.12 

a), although it can be epidotised or chloritised at the Bushveld-Waterberg contact in all 

four drillcores. Plagioclase in the upper portions of HW029 is chloritised and shows a 

greenish colour. 

 

   Magnetitite and magnetite-rich gabbro  4.3.4.4

Magnetite gabbro <10 m thick and massive magnetitite is seen in HW030 (Figure 4.4). 

Magnetite ranges from massive (0.1-0.4 m) to disseminated specks (Figure 4.11 a). 

Magnetitite seems to form layering in HW030 at a depth of ~440 m.  
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Figure 4.12: Gabbros of the upper lithologic unit on Harrietôs Wish. A) Lineated gabbro from 

HW029 at a depth of 402-410 m, lineation of gabbro is typical of the Upper Zone of the 

Bushveld Complex (Eales and Cawthorn et al., 1996). B) Lineated gabbro from HW029 at a 

depth of 421.45 m. C) Mottled leucogabbro from HW029 at a depth of 389.4 m. Mottles that are 

<3 cm comprise dominant clinopyroxene, magnetite, minor olivine and rare pigeonite oikocrysts. 

D) Mottled leucogabbro from HW029 at a depth of approximately 380- 389 m. 
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 Anorthosite 4.3.4.5

Anorthosite occurs in HW029 and ranges in thickness from 0.2-6.5 m in thickness. A 1.6 

m interval of anorthosite is present at the Bushveld-Waterberg contact which can be 

seen in HW029 at a depth of 370 m, and at a depth of 593 m at the boundary between 

the upper and lower lithologic units (Figure 4.4). A 12 m thick anorthosite layer is 

present in HW030 at a depth of 650 m. The colour ranges from milky white to milky 

green with some portions being dark green. The texture varies from equigranular to 

cumulate to massive pegmatoidal (Figure 4.13). Anorthosite comprises 70-90% 

plagioclase, 5-10% clinopyroxene, and 3-8% orthopyroxene, >5% chlorite, >1% 

interstitial clinopyroxene and >1% sulphides are seen within pegmatoidal anorthosite. 

The contact between anorthosite packages and surrounding lithology is generally sharp 

(i.e. anorthosite appears to be vein-like). Anorthosites can be strongly chloritised 

(showing a green to dark green appearance; Figure 4.13).  

 

 
Figure 4.13: Pegmatoidal anorthosite of the upper lithologic unit on Harrietôs Wish from HW029 

at a depth of 593.2 m. Note the discrete sulphides and interstitial clinopyroxene. 

 

 Cover rocks/ sediments 4.3.5

Sedimentary rocks of the Waterberg Group overlie the magmatic sequence. The 

thickness of this package differs from drillcore to drillcore. In HW029 the sedimentary 

rocks have a thickness of 364 m, in HW025 these have a thickness of 412 m and in 

HW024 these have a thickness of 261 m. There is an erosional unconformity between 

the sedimentary rocks and igneous rocks below (Figure 4.14).  
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Figure 4.14: Contact between the Bushveld rocks and the overlying Waterberg Group 

sedimentary rocks on Harrietôs Wish from HW029 at a depth of 364.2 m. Note the epidotisation 

(green) of Bushveld rocks and hematisation (reddish brown) of the Waterberg Group sediments.  

 

The sedimentary rocks above the magmatic succession on Harrietôs Wish consist of 

medium- to coarse-grained red-bed arenites showing hematisation, chloritisation and 

epidotisation close to the contact (Figure 4.14). Dark brown arkose and very fine 

grained, dark brown mudstones are also present. Sandstones and mudstones display 

trough-cross bedding. Towards the sedimentary-igneous contact (Figure 4.14), 

conglomerate and clay are present and are outlined in more detail below:  
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