
i 

 

UNIVERSITY OF THE WI TWATERSRAND, JOHANNE SBURG, 

SCHOOL OF GEOSCIENCES 

 

 

AN INVESTIGATION OF THE MINERALISATION AND 

ASSOCIATED STRUCTURES WITHIN THE GRASVALLY 

AREA, SOUTH AFRICA.  
 

By: Kofi Osei Acheampong 

571056 

Supervisors: Prof. Judith A Kinnaird 

       Prof. Paul Nex 

  



ii  

 

Declaration 

I, Kofi Osei Acheampong, declare that this dissertation is my own, unaided work. It is being 

submitted for the Degree of Master of Science at the University of the Witwatersrand, 

Johannesburg. It has not been submitted before for any degree or examination at any other 

University. 

 

_______________________________________ 

K.O Acheampong 

 

 

02 day of January 2020 at The University of the Witwatersrand 

  

 



iii  

 

Abstract 

The mafic rocks of the Bushveld Complex differ to the north and south of the Ysterberg-Planknek 

Fault, part of the array that is the Thabazimbi-Murchison Lineament. To the north, there is sporadic 

Lower Zone, succeeded by a PGE-Cu-Ni-bearing Platreef, Main Zone and Upper Zone 

successions. To the south is Lower Zone, the Grasvally Norite-Pyroxenite-Anorthosite (GNPA) 

member and Main Zone. This investigation on the farm of Grasvally aims to provide a better 

understanding of the mafic rocks south of Mokopane, in order to provide an improved 

understanding of the relationship between the geology and mineralisation of this region.  

The farm Grasvally is situated approximately 20 km south of Mokopane. The geology of the 

Grasvally area comprises mainly mafic to ultramafic Bushveld rocks of Lower Zone to Main Zone 

affinity which were within sedimentary rocks of the Pretoria Group. The GNPA member was 

originally divided into two major sub-units but more recently it has been divided into the Lower 

Mafic Unit (LMF), the Lower Gabbronorite Unit (LGN) and the Mottled Anorthosite Unit 

(MANO). The GNPA member may be the equivalent to the Platreef to the north of the Ysterberg-

Planknek Fault.  

The Lower Zone displays little to no variation in Mg# indicative of no fractionation and continuous 

replenishment of magma. Two well-developed chromitites ~60 - 90 cm in thickness are intersected 

within the Lower Zone (LZ). These chromitite layers display the highest Cr2O3 within the Bushveld 

Complex and are not nearly as thick within the LZ anywhere else. The chromitites, disseminated 

chromite, pyrrhotite, chalcopyrite and minor pentlandite mineralisation are hosted within the 

harzburgites and pyroxenites of the LZ. The kink banding in olivine of the Lower Zone is 

indicative of high-pressure solid-state deformation. The Lower Zone also displays 

serpentinisation, which increases from east to west, possibly having occurred along fractures 

associated with this high-pressure high-temperature system. 

Three-dimensional modelling of the area with the use of borehole logs, existing surface mapping 

and structural data proves the existence of a 70°W dipping fault which has brought the Transvaal 

sedimentary rocks, the marginal member and Critical Zone to the east of the fault in contact with 

the LZ. To the west of the fault the Lower Zone, LMF, MANO, and Upper Zone form a 

conformable sequence, shallowly dipping to the west. The Thabazimbi-Murchison Lineament may 
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have acted as a barrier to the flow of magma causing the GNPA member to be compartmentalised 

and to follow a different evolution from the Critical Zone magma in the eastern or western limbs 

or to the Platreef to the north. 

Core logging indicated that the GNPA member overlies the Magaliesberg quartzites of the Pretoria 

Group and the Lower Zone to the east and the west of the farm respectively. Previous work (Smith 

et al., 2014) suggests PGE mineralisation is associated with sulphides and is not restricted to one 

lithological unit within the GNPA member. Within the LGN blebs (<1 cm) of fine-grained cumulus 

magnetite within norite have not been previously documented. Additionally, below this unit, 

within the LMF are disseminated to well-developed layers of chromite, as well as isolated pods of 

chromitite within norite and gabbronorite which are not easily correlated with the known 

stratigraphy. The boreholes also intersect a pyroxenite unit within the LMF that has visual 

similarities to the mineralisation and the same hanging and footwall as the UG 2 chromitite layer. 

This pyroxenite comprising orthopyroxene, interstitial plagioclase and clinopyroxene, hosts 

disseminations and a well-developed chromitite layer with associated disseminated to blebby 

pyrrhotite and chalcopyrite. The Pt/Pd ratios associated with chromitiferous pyroxenites and 

chromitites within the pyroxenites are similar to that of the UG2 whereas the Pt/Pd variation within 

the GNPA member is indicative of multiple influxes of magma. 
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Motivation for Research 

Molengraaff (1901) together with other geologists of the Geological Survey were the first to map the 

Mokopane area in 1901. The discovery of PGEs in 1924 increased interest in the area and 

subsequently triggered widespread exploration and mining (Merensky, 1925) The most detailed 

study that included the mafic rocks and associated platinum mineralisation was carried out by 

Wagner (1929). In 1960 Mr S.P. Rautenbach discovered encouraging chromite mineralisation on the 

farms of Grasvally 293KR and Zoetveld 194KR which promoted further study of the area by De 

Villiers (1967). The discovery of some of the highest grade chromitite ore in the country led to the 

mining of the Grasvally area under Amcor and later Samancor until its closure in 1988. 

A great contribution towards the understanding of the regional setting and stratigraphy of the 

northern limb was made by van der Merwe (1976, 1978) through detailed mapping of the entire 

northern limb. Van de Merwe (1978) further subdivided the layered sequence of mafic and ultramafic 

rocks into a Lower, Critical, Main and Upper Zone. Combining the available geological and 

geophysical data, van der Merwe (1978) concluded that the northern limb shares no physical 

connection to the eastern or western limbs of the Bushveld Complex. Furthermore, van der Merwe 

(1976, 1978) proposed that the Platreef continued south of Mokopane. This was later disproved by 

the discovery of the Kleinmeid Syncline in the mafic rocks on the northern part of the farm of 

Grasvally (Blaine, 1973). 

An investigation was undertaken by Hulbert (1983) in order to determine the relationship between 

the ultramafic rocks of the Grasvally area and those of the Rustenburg Layered Suite (RLS), from 

both a structural as well as petrological perspective. Hulbert (1983) postulated the origin of the 

Grasvally body being the result of a horst structure flanked by two N-S-striking faults. In previous 

studies by Von Gruenewaldt et al. (1989); van der Merwe (1976, 2008) and Maier et al. (2008), the 

GNPA (Grasvally Norite-Pyroxenite Anorthosite) member had been assumed to correlate with the 

Platreef. The GNPA member has been further correlated with the Critical Zone of the eastern and 

western limbs (Von Gruenewaldt et al., 1989; van der Merwe 2008; Dunnett et al., 2012; Grobler et 

al., 2012). This correlation has recently been challenged by McDonald et al., (2005) based on the 

differences observed in lithologies, mineral textures, rare earth elements (REE), platinum group 

elements (PGE) and differences in the Mg# of orthopyroxene and olivine. The findings have opened 

discussion on the precise correlation on the GNPA member.  
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The GNPA member and its stratigraphy are still largely poorly understood due to the lack of surface 

outcrop, the structural complexity of the area as well as the lack of marker horizons. Re-evaluation 

of this deposit through current drilling and exploration by Sylvania Platinum Limited has provided 

the opportunity to further investigate the geology of this enigmatic area.   
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CHAPTER 1 

General Geology of the Bushveld Complex 

1.1 Introduction  

The Bushveld Complex is located in South Africa (Figure 1.1) and contains the largest known 

ultramafic to mafic layered intrusion in the world (Rustenburg Layered Suite or RLS) (Eales and 

Cawthorn, 1996). The Complex is situated on the Kaapvaal craton and intruded a succession of 

sedimentary to metasedimentary rocks of the Transvaal Supergroup (Walraven et al., 1990; Barton 

et al., 1994; Cawthorn and Walraven, 1998). Recent geophysical studies using pre-existing gravity 

and magnetic data in conjunction with seismic and magnetotellurics have identified ultramafic to 

mafic rocks to the north of the Hout River Shear Zone increasing the areal extent from 65 000 km2 

to >90 000 km2 (Finn et al., 2015).  

 

 

Figure 1.1: Simplified geological map of the Bushveld Complex, which includes the Rustenburg Layered 

Suite, the Rooiberg Volcanics and the Lebowa Granite Suite adapted from McCreesh, 2018. Major structural 

features such as the Thabazimbi -Murchison Lineament and the Hout River Shear Zone (HRSZ) are included.  
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An age of ~2.06 Ga was assigned by Walraven et al., (1990), but more recently, Scoates and 

Friedman (2008) reported a U-Pb zircon age of 2054.4 ±1.3 Ma based on studies on the Merensky 

Reef. This was supported by the work of Zeh et al., (2015) who analysed zircons located throughout 

the RLS and determined that final crystallisation from the floor (Marginal Zone) to the centre of the 

RLS (Upper Critical Zone and lower Main Zone) took place between 2055.91 ±0.26 and 2054.9 

±0.37 Ma and concluded that emplacement took place within 1.02 ±0.63 Ma.  

1.2 Magmatic Stratigraphy and Subdivisions of the Rustenburg Layered Suite 

The Bushveld Complex crops out as 4 limbs namely the far western, western, eastern and northern 

or Potgietersrus limbs (Figure 1.1). The fifth lobe, the south eastern or Bethal limb has no surface 

exposure as it is covered by younger sedimentary rocks (Eales and Cawthorn, 1996). The western 

limb and the, better exposed, eastern limb both show similarities in terms of rock types, mineral 

compositions, isotopic ratios and dip towards the centre of the complex (Cawthorn and Webb, 2001). 

Taking into account stratigraphic, petrologic and gravity models, Cawthorn and Webb (2001) and 

Finn et al., (2015) concluded that these two limbs are probably connected at depth.  

The RLS in the eastern and western limbs has been divided into five zones namely the Marginal 

(MaZ), Lower (LZ), Critical (CZ), Main (MZ) and Upper (UZ), based on traceable lithological 

markers as well as the disappearance and appearance of certain cumulus mineral phases (van der 

Merwe, 1976). The precise boundaries between these zones, however, are a topic of much debate 

(e.g. Kruger, 1990). Application of this zonal classification to the northern limb has met with much 

difficulty and so has been traditionally treated separately. 

1.2.1 Marginal Zone 

The Marginal Zone (MaZ) is a ~ 880 m thick sequence comprising predominantly medium-grained 

poorly layered noritic rocks (Eales and Cawthorn, 1996). This heterogeneous sequence forms the 

bottom contact of the Rustenburg Layered Suite (RLS) in some localities and is not always present 

(Kinnaird et al., 2002). Although the Marginal Zone (MaZ) is the lowest unit of the RLS, it displays 

no chill margin and was thus interpreted by Eales and Cawthorn (1996) to suggest that the RLS 

formed as a series of multiple injections of magma. 
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1.2.2 Lower Zone 

The Marginal Zone is overlain by an 800-1300 m thick package named the Lower Zone (LZ). The 

LZ comprises 3 subdivisions; Lower Pyroxenite subzone, the Harzburgite subzone, and the Upper 

pyroxenite subzone.  

The maximum thickness of the Lower Zone is yet to be determined however recent work on the 

Clapham trough section of the Eastern limb has revealed over 900 m of ultramafic rocks, extending 

the maximum thickness to 2 400 m (Wilson and Chunnett, 2010; Wilson, 2012; Yudovskaya et al., 

2013). The LZ is an olivine-rich succession comprising dunite, harzburgite and pyroxenite 

lithologies, interpreted to be emplaced as a series of up to 37 cyclic units (Maier and Barnes, 1999; 

Kinnaird et al., 2002; Naldrett et al., 2009). These lithologies exist in the southern part of the northern 

limb (Hulbert and Von Gruenewaldt, 1982), with the thickest and most primitive succession of LZ 

located on the farms Grasvally, Volspruit and Zoetveld. This succession reaches a thickness of 1600 

m. 

1.2.3 Critical Zone 

A 1300-1800 m thick package, the Critical Zone (CZ), overlies the Lower Zone. The CZ is 

subdivided into the lower (CLZ) and upper (CuZ) (Cawthorn and Webb, 2001). The lower Critical 

Zone comprises ultramafic orthopyroxenitic lithologies and hosts several chromitite seams (Lower 

Group) (Maier and Barnes, 1999; Kinnaird et al., 2002). 

However, within the Grasvally area, the Lower Zone hosts two well-developed chromitite seams. 

The transition from the LZ into the CuZ is demarcated by the appearance of mafic plagioclase-bearing 

lithologies associated with the Middle Group of chromitite seams (MG). The precise boundary is 

placed at the occurrence of the lowermost anorthosite layer sandwiched between the MG 2 and 3 

seams (Maier and Barnes, 1999; Kinnaird et al., 2002). Above the MG the CuZ contains a sequence 

of plagioclase ïorthopyroxene cumulates capped by the Upper Group chromitite seams (UG), with 

the UG2 being the most significant in terms of economic Cr-Ni-Cu-PGE mineralization. Above the 

UG2, the Merensky and Bastard cyclic units are pyroxenitic rocks with significant chromitite, norite 

and anorthosite (Eales and Cawthorn, 1996). The Merensky Reef is mined for PGE and is roughly 1 

m thick and yields grades of 4-6 g/ton, whereas the Bastard Reef has very low-grade PGE and is not 

mined (Eales and Cawthorn, 1996).The UG2 comprises chromitite layers which contain up to 
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approximately 5 ppm PGE. It is becoming more economically significant than the Merensky Reef as 

the Merensky Reef is being mined out (McLaren and De Villiers, 1982). 

1.2.4 Main Zone 

The Main Zone is the thickest unit within the Rustenburg Layered Suite reaching thicknesses of 3940 

m in the Roossenekal area (Von Gruenewaldt, 1973). The MZ is made up predominantly of norites 

and gabbronorite characterised by low olivine-content and scarcity of anorthosite (Kinnaird et al., 

2002). The Main Zone is poorly layered in comparison to the Critical Zone possibly due to 

fluctuations in magma compositions. Major changes in mineral composition trends occur in 

proximity to a marker horizon, a thin layer of orthopyroxenite termed the Pyroxenite Marker (PM) 

(Von Gruenewaldt,1973; Molyneux, 1974; Klemm et al., 1985; Sharpe, 1985; Kruger et al., 1987). 

The PM has been suggested to represent the transition from MZ to Upper Zone (Kruger, 1990), 

however the appearance of cumulus magnetite is widely accepted to represent the base of the UZ 

(Eales and Cawthorn, 1996) even though this boundary is not accompanied by changes in mineral 

composition trends (Von Gruenewaldt, 1973; Molyneux, 1974). 

1.2.5 Upper Zone 

The Upper Zone which overlies the MZ is approximately 2500 m thick and is the uppermost unit of 

the RLS. It comprises ferrogabbro, ferrodiorite, anorthosite and troctolite lithologies and is 

characterised by a high magnetic susceptibility due to the 25 magnetitite layers hosted within the unit 

(Wager and Brown, 1967). Individual magnetitite layers range in thickness from 0.1 m to 10 m, with 

a cumulative thickness of ~20.4 m (Harney and Von Gruenewaldt, 1995). The Main Magnetite layer 

which occurs near the base of the UZ is ~ 2 m thick and it is mined for its vanadium content (~1.3 % 

V2O3) (Kinnaird, 2005a). These titaniferous magnetite layers are of economic importance as they 

host just about half of the worldôs vanadium reserves (Kinnaird, 2005a). 

1.3 Location and Research Area 

The area of focus is within the Limpopo province of South Africa, on the farm of Grasvally about 

20 km south of the town of Mokopane and the NE-striking sinistral Ysterberg-Planknek Fault (Figure 

1.2). The farm and mineral rights are currently under the ownership of Sylvania Platinum Ltd. The 

Ysterberg-Planknek Fault is part of the fault array associated with the Thabazimbi-Murchison 

Lineament and is of significance as the Platreef has only been recognised north of the fault and is 
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absent to the south. To the south of the fault, is a body termed the Grasvally Norite-Pyroxenite-

Anorthosite member (GNPA member), at a similar stratigraphic position to the Platreef, although 

they differ geochemically. 

 

Figure 1.2: Geological map of the northern limb of the Rustenburg Layered Suite (RLS), showing the 

location of the research area on the farm of Grasvally. Adapted from Smith et al. (2014). 

1.4 Aims 

This research project aims to: 

Å create a sound stratigraphy through detailed analysis of the rock types on the farm Grasvally. 

Å find potential marker horizons within the sequence in order to correlate the geology of the 

area across boreholes and to enable the identification of structural features. 
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Å determine if there are any relationships between structural features and mineralisation in the 

area. 

Å correlate the stratigraphy of the area with that of the northern limb north of Mokopane as well 

as the eastern and western limbs of the Bushveld Complex. 

1.5 Methodology 

In order to meet the requirements to accomplish the aims and objective of this project the following 

geological techniques were used: borehole core logging (mineralogy), measuring the magnetic 

susceptibility of lithologies downhole, polished thin section study (petrography), geochemical 

analysis (geochemistry) and three-dimensional implicit modelling. Using these different parameters 

within the methodology it was expected that it should be possible to make certain suggestions and 

conclusions that can be used to test the hypothesis that the GNPA is the equivalent to the Platreef 

across the Ysterberg-Planknek fault. 

1.5.1 Core Logging 

Twenty of the original borehole cores drilled on the farm of Grasvally were analysed over three field 

visits from the August 2015 to June 2017. The core was drilled by the contractor Geoserve and access 

to these cores was provided by Sylvania Platinum Limited. The core was logged in order to determine 

the lithological units and further to constrain lithological packages to an appropriate zone (or 

stratigraphic unit) based on the rock types present. This will aid in correlating the stratigraphy to that 

of the rest of the northern limb and the eastern and western limbs. 

The structural aspects of the core have been analysed in order to aid in the interpretation of the 

structural history of the area and the relationship of the structures to the mineralisation. 

Over one hundred 30 cm quarter-core samples were taken from the drill cores provided. The samples 

were taken from lithological units in which there was a visible change in lithology. Rock types that 

were difficult to identify in hand sample were also sampled in order to determine the lithology. The 

samples have been used for petrological and chemical analyses. 

1.5.2 Petrography 

From the samples collected, 133 polished thin sections were obtained and examined. The thin 

sections are representative of the various lithological units found in the area. In order to classify the 
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samples according to the exact mineralogy and to further correlate these with the greater northern 

limb stratigraphy, microstructures were also observed in order to add to the understanding of the 

structural implications. 

1.5.3 Geochemical Analysis  

The same samples that were selected for polished thin sections were used for bulk rock chemical 

analysis by X-Ray Fluorescence (XRF) of both major and trace elements. The geochemical data from 

the study area were used to compare with known geochemical signatures established for the RLS, 

for the purposes of lithological classification and correlation. In addition, certain elements provided 

information about mineralisation (e.g. Ni, Cu, Cr, Co, S), and backed up further assay data for PGE 

provided by Sylvania Platinum Ltd. 

1.5.4 Magnetic Susceptibility 

Magnetic susceptibility data was analysed on selected cores that displayed the most complete 

stratigraphy. Magnetic susceptibility measurements were taken at fixed 1 m intervals down the core. 

These measurements have been used to identify where there is a significant change in the magnetic 

susceptibility as this may indicate a change in lithological units. This method may also identify 

certain marker horizons that may be used to correlate lithological units across the boreholes.  

1.5.5 Three-Dimensional Modelling  

A three-dimensional geological model was created using integrated core log data undertaken in the 

field, data provided by the company and data from geological maps of the area. Leapfrog Geo® was 

used to create three-dimensional conceptual models from drillhole data and GIS data without the use 

of manual digitisation. The three-dimensional model was used to gain a better understanding of the 

GNPA member and its structures and possibly any correlation between the geological units and the 

structures. 
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CHAPTER 2 

Geological Setting of the northern limb 

The northern limb stratigraphy has traditionally followed the zonal subdivision established for the 

eastern and western limbs of the RLS (e.g. Van Der Merwe, 1979) but it has become clear from 

recent work that significant differences occur. Moreover, the Ysterberg-Planknek Fault (Figure 2.1) 

marks a major change in stratigraphy within the northern limb itself (Figure 2.2). 

.  

Figure 2.1: The general geology of the northern limb of the Bushveld Complex showing the different 

stratigraphic units, surrounding rocks and structural features. Original map by van der Merwe (1979); colour 

map generated by Ashwal et al. (2005); from Kinnaird and McDonald (2005). 
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Figure 2.2: Differences between northern limb stratigraphy to the north and south of the Ysterberg-

Planknek Fault Adapted from Smith et al. (2011). 

2.1 Lower Zone 

The Lower Zone south of the Y-P fault, is an 800-1600 m thick package of harzburgites and 

pyroxenites comprising up to 37 cyclic units (Hulbert and Von Gruenewaldt, 1982). In this area it 

has been subdivided into three subzones namely the Volspruit pyroxenite, Drummondlea harzburgite 

chromitite and the Moorddrift harzburgite pyroxenite (Figure 2.3). The Drummondlea subzone 

contains two chromitite seams that have the highest Cr# and Cr2O3 content in the RLS (Hulbert, 

1983; Maier et al., 2013). Horizons with significant PGE mineralisation have been reported by 

Hulbert and Von Gruenewaldt (1982) in both the Volspruit and Drummondlea subzones. 
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To the north of the Ysterberg-Planknek Fault, the Lower Zone crops out as satellite bodies, (brown 

in Figure 2.1). Lower Zone of considerable thickness has been intersected in drill cores from the 

Sandsloot and Turfspruit area and has been further interpreted by Yudovskaya et al. (2013) as 

possibly extending deep beneath the Marginal Zone which is an irregular unit in this area. The Lower 

Zone is thought to have been emplaced before the Platreef as multiple magma batches which 

differentiated in the chamber, forming cyclic units of dunite, harzburgite and pyroxenite with 

compositional reversals at their bases (Yudovskaya et al., 2013). 

  

The Drummondlea harzburgite chromitite contains two chromitite seams of a higher grade in 

comparison to the rest of the Bushveld Complex (Hulbert and Von Gruenewaldt 1985). The Upper 

Chromitite and Lower Chromitite seam appear at 620 m and 690 m (Figure 2.3) respectively within 

the intersection studied by Hulbert (1983). The chromitite layers have the highest Cr# and Cr2O3 

content in the Bushveld Complex (Hulbert, 1983; Maier et al., 2013). 

 

Figure 2.3: Stratigraphic column of the northern limb Lower Zone south of the Ysterberg-Planknek 

Fault. Adapted from Hulbert (1983). 



11 

 

2.2 The Grasvally Norite-Pyroxenite-Anorthosite (GNPA) member  

The Grasvally Norite-Pyroxenite-Anorthosite or GNPA member is a package of PGE-bearing mafic 

cumulates that is only present between the Ysterberg-Planknek Fault in the north and the Zebediela 

Fault to the south (Hulbert, 1983) (Figure 2.5).  

The GNPA forms a NE-striking body that extends for 30 km along strike and consists of 

gabbronorite, norite, anorthosite, pyroxenite and PGE-bearing chromitite and is cut by the north-

south trending Grasvally Fault (Figure 2.5). To the east of the Grasvally Fault the GNPA member 

forms a syncline plunging to the south overlying the shales and quartzites of the Magaliesberg 

Quartzite Formation. To the west of the Grasvally Fault the GNPA member overlies gabbronorite, 

anorthosite, norite and pyroxenite of the Lower Zone (van der Merwe, 1976). The contact between 

the Lower Zone and the GNPA member is characterised by calc-silicate xenoliths which are of 

irregular occurrence and exhibit a chill margin of up to 7 m in thickness (de Klerk, 2005; Maier et 

al., 2008). 
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Figure 2.4: Differences in magmatic stratigraphy of Critical Zone, and its equivalents across the 

Bushveld Complex. Adapted from Smith et al. (2011). 
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Figure 2.5: Geological map of the lower portion of the northern limb. Adapted from McDonald et al. (2005). 

Idealised stratigraphic sections for key localities along the strike of the northern limb displaying the 

successively younger footwall rocks to the south, Lower Zone intersections as well as variations in the Critical 

Zone equivalent.  

 

The GNPA member has been subdivided into three subzones by de Klerk (2005) based on the 

appearance and disappearance of diagnostic cumulate phases. These are; the Lower Mafic Unit 

(LMF); the Lower Gabbronorite Unit (LGN); and the Mottled Anorthosite Unit (MANO) (Figure 

2.6). 

2.3.1 Marginal Zone  

The Marginal Zone (MaZ) comprises fine to medium-grained gabbronorites and quartz-bearing 

gabbronorites ranging in thickness from a few centimetres to tens of metres (Hulbert 1983). The MaZ 
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is present where the overlying mafic package is in contact with the ultramafic and sedimentary floor 

rocks however exposure of the zone is very poor in the area. The MaZ is best exposed where the 

intrusion is in contact with the GNPA member from the northern boundary of farm Grasvally to the 

northern boundary of farm Zoetveld (van der Merwe, 2008). Rocks of the MaZ host xenoliths of 

carbonate rock, hornfels and quartzite, alluding to an intrusive nature (Hulbert, 1983). de Klerk 

(2005) postulated three stages in the development of the MaZ from borehole data where mafic rocks 

of the Grasvally Norite-Pyroxenite-Anorthosite member are in contact with the underlying 

ultramafics of the Grasvally body or sedimentary rocks of the Pretoria Group (van der Merwe, 2008). 

The first stage, which is close to the margin of the intrusion, displays a fine-grained chill over several 

metres (<40 m); the second is defined by a thin chill margin a few centimetres thick; while the third 

scenario, which is representative of deeper within the chamber, comprises a hybridised zone and is 

characterised by a brecciated zone with xenoliths of sedimentary rocks and ultramafic Bushveld 

rocks (van der Merwe, 2008). 

2.3.2 Lower Mafic Unit 

The LMF is dominated by fine to coarse-grained norites, gabbronorites, pyroxenites, feldspathic 

pyroxenites and less common pegmatitic feldspathic pyroxenites. The base of the LMF is marked by 

a fine-grained chilled margin irrespective of the underlying lithology (Hulbert, 1983; de Klerk, 

2005). This chilled margin, ranging from a few centimetres to 20 m thick, is indicative of the Lower 

Zone cumulates having cooled significantly before the emplacement of the LMF (Smith et al., 2011). 

The LMF hosts two PGE and base metal sulphide (BMS) bearing chromitites that are traceable along 

strike on the farms of Grasvally and the adjacent Rooipoort (Smith et al., 2011). The chromitites are 

found near the basal contact of the LMF in the area of Grasvally studied by Hulbert (1983) and over 

100 m above the LMF basal contact in the north on Rooipoort. 

2.3.3 Lower Gabbronorite Unit 

The LGN is characterised by homogeneous fine to medium-grained mela to leuco-gabbronorites. 

These gabbronorites contain xenoliths of pyroxenitic material entrained from the MANO and LMF 

with some sheared contacts also present. Due to the homogeneity of this unit and the petrographic 

similarities with the Main Zone, de Klerk (2005) postulated that the LGN represents a sill related to 

the Main Zone that intruded along the LMF-MANO contact.  
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2.3.4 Mottled Anorthosite Unit 

The transition from the LGN to the MANO is marked by an increase in the proportion of plagioclase 

cumulates (Hulbert, 1983). The MANO is distinguished by occurrence of mottled, smottled (equally 

spotted and mottled texture) and spotted anorthosites with the orthopyroxene oikocrysts ranging in 

size from 20 to 60 mm (Hulbert, 1983). 

 

Figure 2.6: Stratigraphic column of the Rooipoort-Grasvally area. Adapted from Maier et al. (2008).  
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2.3 The Platreef 

The Platreef appears to be restricted to the north of the Ysterberg-Planknek Fault and forms the 

lowest stratigraphic unit of the RLS for the most part of the northern limb (Kinnaird et al., 2005). It 

has been interpreted as the equivalent to the upper Critical Zone of the eastern and western limbs 

based on its stratigraphic position below the Main Zone (Figure 2.4) and the silicate geochemistry 

(van der Merwe, 1978; Kinnaird, 2005a; Maier et al., 2008; van der Merwe, 2008; Yudovskaya and 

Kinnaird, 2010), although this is disputed by McDonald et al., (2005). Mineralogically the unit is 

dominantly pyroxenitic and is irregularly mineralised in PGE, Cu and Ni. It was initially divided into 

A, B and C reefs (White, 1983; Barton et al., 1986). More recently the Platreef has been divided into 

four compositionally and chemically distinct feldspathic pyroxenite units with metasedimentary 

rocks and serpentinised peridotites interlayered between them (Kinnaird, 2005b). The complex 

structure and geochemical diversity of the Platreef points towards multiple discrete magmatic 

influxes (Kinnaird, 2005b), with metasedimentary material detached from the floor as pulses of 

magma flowed in and subsequently formed the layers that divide the feldspathic pyroxenite that 

dominate this package (Kinnaird, 2005b). As the Platreef is traced north, the basal contact rests on a 

transitional footwall, first on successively older strata of the Transvaal Supergroup and ultimately 

granitic basement in the north (Figure 2.5). 

2.4 Structural deformation of the northern limb  

The Kaapvaal Craton, into which the Bushveld Complex intruded, spans approximately 1.2 x 106 

km2 of Mid-Late Archaean rocks comprising mostly granitoids with intermingled greenstone belts, 

overlain by Late Archaean to Mesoproterozoic sedimentary as well as volcano-sedimentary basins 

(Good and De Wit, 1997). The Kaapvaal craton is subdivided into various terranes by tectonic 

contacts characterised by thrusts and strike-slip faults (Figure 2.7) (De Wit et al., 1992; Good and 

De Wit, 1997). The prominent terrane boundaries associated with the terranes intruded by the 

Bushveld Complex are characterised by ENE-WSW trending structural lineaments such as the 

Thabazimbi-Murchison Lineament (TML) (Figure 2.7) (Good and De Wit, 1997). 
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Figure 2.7: Granite-greenstone terrains of the Kaapvaal Craton displaying outline of the Bushveld Complex 

and Thabazimbi-Murchison Lineament modified after de Wit and Hart (1993). 

The northern limb is structurally complicated by its proximity to the Thabazimbi-Murchison 

Lineament, which extends east-northeast west-southwest for more than 500 km (Figure 2.7) and has 

been active since 2960 Ma (Good and de Wit, 1997) to the present day. The northern limb can be 

subdivided into three sections based on such major structures and mineralisation; a northern section, 

central Platreef section and a southern GNPA section. The Platreef sensu stricto is bound by the Hout 

River shear zone to the north (Grobler and Whitfield, 1970), and the Ysterberg-Planknek Fault to the 

south (van der Merwe, 1976). To the north of the Hout River shear zone, Bushveld rocks have been 

intersected below a thick succession of Waterberg sediments. Drilling and further research in the 

area has revealed two mineralised packages, one with Main Zone affinity and one with lower Critical 

Zone or LZ affinity (Kinnaird et al., 2017). The delineation of the structures within the northern limb 

and more locally to the south of Mokopane aims to draw a link between the structures in the area and 

the genesis of the ore bodies. For the scope of this study the northern section has been omitted. 
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2.4.1 General structural deformation of the central section of the northern limb  

The structural deformation of the northern limb is well documented from work done on Tweefontein 

Hill  ( Figure 2.8) by Nex (2005). The mapping in the area delineated a major structure in the area 

noted in the Platreef, which sits unconformably on top of the Duitschland and the Penge Formation 

as part of the Chuniespoort Group of the Transvaal Supergroup (Figure 2.9). In the north, the Platreef 

generally strikes north-northwest with a dip of approximately 40° southwest with the strike shifting 

drastically to the south, striking north-south with the dip remaining constant (Nex, 2005). Massive 

to semi-massive base-metal sulphide mineralisation occurring towards the base of the Platreef within 

this structure, suggests that it formed in a footwall basin or downwarp during emplacement of the 

Platreef. The change in strike of the rocks is an expression of a south-west plunging synformal 

structure (Nex, 2005). The Malmani dolomites and the banded ironstones display different styles of 

folding due to the contrast in competencies. These folds are interpreted as two phases of ductile 

deformation; an early phase which resulted in upright folds with penetrative cleavage and a later 

phase of folding resulting in dominantly south-west plunging folds related to the major structure. 

Both sets of folding are overprinted by metamorphic textures attributed to the emplacement of the 

Bushveld Complex. Brittle deformation in the area is also observed in the form of north-northeast 

trending sub-vertical faults which offset contacts between the dolomites and the younger granite ( 

Figure 2.8). The faults offsetting the granite is evidence that the brittle deformation postdates the 

emplacement of the Bushveld Complex (Nex, 2005). Minor granitic veins form a minor matrix to an 

ironstone breccia within the BIF. These are observed within the axial regions of some folds and are 

also in a north-south orientation. 
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Figure 2.8: Geological map of Tweefontein Hill showing the distribution of lithologies, faults and adits. 

Stippled lines show inferred geological contacts and solid lines are observed contacts (Nex, 2005). 
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Figure 2.9: Schematic lithostratigraphic column of the lower part of the Transvaal Supergroup in the 

Mokopane Area after SACS,Greer (1983) and Nex (2005). 

2.4.2 Structural Deformation within the Grasvally Area  

The ultramafic to mafic body on the farm of Grasvally is bound to the north and the south by the 

Ysterberg-Planknek Fault and the Zebediela Fault (Figure 2.5). The Zebediela Fault is a surface 

expression of the Thabazimbi-Murchison Lineament which is thought to have acted as a boundary, 

compartmentalising the magma which formed the Bushveld Complex, allowing it to evolve 

separately to the north (Kruger, 2005; Yudovskaya et al., 2013).  

Hulbert (1983) noted four episodes of brittle deformation on the Grasvally farm which occurred after 

the emplacement and consolidation of the Rustenburg Layered Suite. This interpretation incorporates 

initial mapping on this area undertaken by Kynaston et al. (1911) and later improved by De Villiers 

(1967,1970) and van der Merwe (1976). Barret et al. (1978) conducted a gravity survey in order to 

further outline the structural events in the area.  

The first generation of faulting was an episode of north-south trending reverse faults. This resulted 

in the horst-like block of Lower Zone (LZ) rocks being vertically displaced upwards by up to 800 m 

into the Critical Zone (Figure 2.10). Focusing on the distribution of the LZ chromitite layers, which 
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are confined to the horst-like block, reveals that the block was emplaced as a sequence of imbricate 

faults (Hulbert, 1983). The shear planes bounding and within the horst-like block are of variable 

orientation due to its imbricate nature, however they generally dip at ~70°W. The chromitites within 

the block display decreasing dip from 55°W in the north to 35°W in the south (Hulbert, 1983). The 

minimum collective vertical displacement across the studied area was calculated to be 1 350 m. van 

der Merwe (2008) disputed the presence of these bounding faults and noted the presence of one 

north-south trending fault, the Grasvally fault, along which the Lower Zone has been brought into 

contact with the Critical Zone. To the east of this fault a synformal structure, expressed on surface 

as a wedge-shaped outcrop, has been described (Blaine, 1973; Johnson, 1984a; Johnson, 1984b; de 

Klerk, 2005; van der Merwe, 2008).The axis of this syncline is orientated NNE and plunges 15°N 

(van der Merwe, 2008). The eastern limb of the syncline dips 25°W to 40°W and flattens out to 5°E 

towards the Grasvally fault (van der Merwe, 2008). The western limb of the syncline was noted by 

Hulbert (1983) towards the northern boundary of the farm Grasvally with Johnson (1984, 1984b) 

noting the same feature expressed by the dipping UG 2 layer on the eastern limits of the Grasvally 

Chrome Mine (van der Merwe, 2008). 

The second generation of faulting is a WNW-ESE reverse block faulting system, resulting in a step-

like displacement of the RLS (Figure 2.10). Tracing of the chromitites was used to determine the 

displacement of the different blocks (Figure 2.10). The reverse faulting in the south, noted on the 

farms of Zoetveld, Volspruit, and Vaalkop, exposed LZ lithologies from stratigraphic levels deeper 

than the chromitite layers (Hulbert, 1983). 

The third generation of fault episodes is expressed by NE-SW striking faults. This resulted in the 

upfaulting of segments of Pretoria Group quartzites into the RLS (Figure 2.10). Similarly trending 

faults are present in the Waterberg Group to the southwest of Grasvally thus this generation is 

assumed to be post-Waterberg (Hulbert, 1983). 

The final generation of faulting happened post-Karoo when Karoo basalts were brought into contact 

with LZ rocks along the Zebediela Fault (Figure 2.10). 
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Figure 2.10: Generalised geological map of the Grasvally-Zoetveld-Volspruit area showing the four 

generations of faults, modified after Hulbert (1983). Map of general geology of the northern limb after Ashwal 

et al. (2005). 

2.5 Summary 

The northern limb to the south of the Ysterberg-Planknek Fault comprises similar stratigraphic units 

to that of the north. The LZ to the south is distinct due to the two chromitite layers as well as the 

PGE mineralisation. The GNPA member is correlated with the Platreef due to their similar 

stratigraphic position between the LZ and MZ. The GNPA member is distinct due to a UG2 like 

chromitite layer which occurs within the LMF. The Grasvally area is structurally complicated by 

four generations of brittle deformation which hinders correlation across the area. 
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CHAPTER 3 

Geology of the Grasvally Area 

The geology of the Grasvally area comprises mainly mafic to ultramafic rocks of the RLS, which 

were emplaced into sedimentary rocks of the Pretoria Group. Predictably, there has been extensive 

mineral exploration activity over the years, including 20 boreholes cores drilled in 2004 by Samancor 

on the farm of Grasvally and which were made available for this study by Sylvania Platinum Ltd. 

(Figure 3.1). The main objective of the core logging is to describe and classify each rock type based 

on distinctive features, textures, mineralogy, as well as physical properties. Such characterisation of 

the RLS in the study area will enable a correlation exercise with the known stratigraphy across the 

Ysterberg-Planknek Fault to the northern limb and also with the eastern and western limbs.  

3.1 Core Logging  

Sylvania Platinum Ltd made available 20 boreholes (GVL 1-GVL 20) whose localities define a 

north-south and an east-west array (Figure 3.1). These boreholes were collared in different lithologies 

and are relatively short, with a maximum depth of 641 m. 

 

The boreholes were logged using a standardised logging system and were recorded in a field book, 

then subsequently transferred into an Excel spreadsheet. The lithological units were classified based 

on variations in mineral modes in accordance with IUGS classifications (Le Bas and Streckeisen, 

1991) (Figure 3.2). Textural features, degree of alteration, deformation, the presence of xenoliths and 

enclaves, distinctive marker horizons (eg. chromitites) and mineralisation were also recorded. Since 

there were often cm scale subtle variations in mineralogy, texture, alteration throughout all the cores, 

some simplification and grouping was necessary to avoid small scale lithologic proliferation. The 

simplified lithological logs are presented in a west-east section (Figure 3.3) and a south-north section 

(Figure 3.4). 
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Figure 3.1: Borehole distribution on the farm Grasvally drilled by Samancor in 2004. Map modified after 

Hulbert (1983). 
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Figure 3.2: IUGS classification scheme for mafic rocks. The Grasvally rock types fall mainly in the 

orthopyroxenite, olivine orthopyroxenite and harzburgite fields (le Bas and Streckeisen, 1991). 

3.1.1 Floor Rocks 

The floor rocks comprise mainly quartzites and granofels formed by thermal metamorphism of the 

Pretoria Group (the former) and also early intrusives that are often contaminated with country rock 

(the latter). The equigranular quartzites are fine to medium-grained, pinkish-grey to reddish-brown 

in colour and are highly altered near the contact with the RLS. The reddish considered to be due to 

hematite.   
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Figure 3.3: Simplified geological logs of representative boreholes arranged in order from west to east. The 

brown line at the top of the boreholes represents the relative topographic elevation of the collars. 
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Figure 3.4: Simplified geological logs of representative boreholes arranged in order from south to north. The 

brown line at the top of the boreholes represents the relative topographic elevation of the collars. 
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There is no clear contact between the quartzites and the overlying RLS, rather an interfingering 

between metaigneous and metasedimentary material forming granofels, which can range in thickness 

from a few metres to tens of metres.  

Quartzites are in contact with ultramafic rocks in boreholes GVL 1 and GVL 5 and also occur as 

xenoliths within ultramafics as seen in borehole GVL 1 (Figure 3.3). Boreholes GVL 2 and GVL 7 

intersect quartzite at the base of norites (Figure 3.3). The holes to the north and northeast of the 

aforementioned boreholes do not intersect the quartzite but intersect a package of ultramafic rocks 

at depth (Figure 3.3 and Figure 3.4). 

3.1.2 Ultramafic Package 

Holes GVL 5, 6, 8, 9, 12, 17 and GVL 19 intersect an ultramafic package at depth comprising mainly 

variants of serpentinites, serpentinised harzburgites, dunites, serpentinised dunites and pyroxenites 

(Figure 3.3 and Figure 3.4). The package reaches apparent thicknesses of over 600 m. The thickness 

is interpreted as apparent as the strata is inclined, strata intersected perpendicular to the strike would 

be considered the true thickness. 

Dunite: 

Dunites encountered at the base of GVL 9 and GVL 5 are unusually fresh overall, despite several 

thin intercalations of serpentinised dunite, extremely serpentinised harzburgite and altered 

pyroxenites. These dunites are apple to army-green in colour, medium-grained and are extremely 

friable (Figure 3.5). The dunite consists of approximately 90 % cumulus olivine with disseminated 

chromite. The chromite also occurs as stringers to more developed layers as seen in borehole GVL 

9 which displays two well-developed chromitite layers each with an apparent thickness of ~0.75 m.  
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Figure 3.5: Fresh dunite with disseminated chromite intersected in GVL 9 (a) in quarter core and (b) in full 

core. 

Harzburgite:  

The harzburgites comprise cumulus olivine and orthopyroxene and are black to dark-grey in colour, 

fine- to medium-grained and are extensively serpentinised (Figure 3.6 and Figure 3.7). The 

harzburgites are differentiated based on the textural variations caused by the degree of 

serpentinisation as well as the size and distribution of the orthopyroxene oikocrysts (Figure 3.7), 

giving rise to a distinctive poikilitic texture. The oikocrysts vary in size, from 1 cm in diameter 

(Figure 3.7 a) to 5 cm (Figure 3.7 d). The harzburgites are mineralised in places with interstitially 

disseminated to net-textured pyrrhotite and minor chalcopyrite visible (Figure 3.6). The greatest 

variation within the harzburgites is observed in borehole GVL 4. 

At 571.93 m to 594.20 m in borehole GVL 4 the harzburgite comprises evenly distributed 

orthopyroxene and olivine with interstitially disseminated chromite (Figure 3.7 c). The harzburgites 

also host well-developed chromitite layers as seen at 461.93 m to 462.86 m with an apparent 

thickness of 0.93 m. 

The harzburgite grades upwards into a massive, entirely serpentinised harzburgite logged simply as 

a serpentinite (Figure 3.7 d). The serpentinite is completely black displaying relict olivine grains and 

interstitially disseminated pyrrhotite and chalcopyrite. The serpentinite units decrease in thickness 

from the west to the east (Figure 3.3). 
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Figure 3.6: Serpentinised harzburgite with net-textured pyrrhotite and specks of interstitially disseminated 

chalcopyrite. 

Poikilitic serpentinised harzburgites also occur within this ultramafic sequence. These harzburgites 

are characterised by oikocrysts of orthopyroxene ranging in size from 5 mm to 30 mm in diameter 

with olivine chadacrysts. The variety with smaller oikocrysts is seen in Figure 3.7 a. The oikocrysts 

of orthopyroxene also vary in colour from a light greenish-grey to very dark green. The dark green 

oikocrysts of orthopyroxene are made visible by the surrounding interstitial feldspar that occurs in 

some of the harzburgites with abundances of up to 15 %. Where the harzburgites have been 

serpentinised the presence of magnetite is noted by with the use of the magnetic pen. The magnetite 

is disseminated, however it forms centimetre thick bands in places. The relationship between 

serpentinisation and magnetite is not constant as some heavily serpentinised units have no magnetite 

present. 
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Figure 3.7: Various harzburgites. (a) Poikilitic harzburgite with 1 cm oikocrysts of orthopyroxene and olivine 

chadacrysts. (b) Serpentinised harzburgite with interstitially disseminated pyrrhotite. (c) Harzburgite with 

even proportions of orthopyroxene and olivine. (d) Extremely serpentinised harzburgite with widely spaced 

orthopyroxene oikocrysts. 

Pyroxenite: 

A variety of pyroxenites are intersected in this area ranging from fine-grained to pegmatoidal in 

texture (Figure 3.8). The pyroxenites are orthopyroxene dominated with feldspar abundances from 

10 % in equigranular pyroxenites to 35 % in feldspathic and pegmatoidal feldspathic pyroxenites. 

Borehole GVL 9 intersects a pyroxenite unit with 10 % extremely altered olivine. The olivine-

bearing pyroxenites are darker green in colour and are possibly chloritised as well as being 

serpentinised. The pyroxenites are often mineralised with up to 8 % interstitially disseminated specks 

and blebs of pyrrhotite with lesser chalcopyrite rimming the pyrrhotite. Chromite mineralisation is 

present as interstitially disseminated grains as well as well-developed stringers and layers as seen in 

GVL 4 at 540.88 m to 541.48 m which intersects a 0.60 m thick chromitite developed in pyroxenite. 

GVL 4 intersects pegmatoidal feldspathic pyroxenites mineralised in pyrrhotite, chalcopyrite as well 

as chromite at 103.08 m to 103.28 m and 105.48 m to 106.68 m. 
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3.1.3 Norite Package 

The ultramafic unit transitions into fine- to coarse-grained mafic lithologies comprising feldspathic 

pyroxenites, gabbronorites, norites and pyroxenites (Figure 3.9).  

Gabbronorite:  

GVL 1 intersects a fine-grained gabbronorite with quartzite xenoliths; this unit is similar to the fine-

grained gabbronorite unit intersected at the base of borehole GVL 2. The gabbronorites are dark grey 

in colour and grade upwards into more medium-grained units with disseminated sulphide specks. At 

74.97 m to 91.85 m there is a visibly sharp contact between the underlying gabbronorite and a shear 

zone characterised by recrystallised gabbronorite with flow textures and gabbronorite blocks within 

Figure 3.8: Various pyroxenites. (a) Coarse-grained feldspathic pyroxenite. (b) Altered coarse-grained 

feldspathic pyroxenite. (c) Fine-grained feldspathic pyroxenite with weathered mineralised sulphides. (d) 

Fine-grained pyroxenite with sulphide specks. 
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it. GVL 2 intersects a gabbronorite unit at 222.00 m to 253.00 m with heavily disseminated chromite, 

pyrrhotite and chalcopyrite specks. This unit is also characterised by >1-3 cm chromitite pods with 

associated interstitial sulphides (Figure 3.10 a), fine to medium-grained pyroxenite xenoliths (Figure 

3.10 b) with associated interstitially disseminated pyrrhotite and chalcopyrite as well as anorthosite 

fragments (Figure 3.10 c). The xenoliths are distributed about a metre apart. The gabbronorites are 

also characterised by the presence of phlogopite in proportions of up to 15 %. 

 

Figure 3.9: Norite package intersected in borehole GVL 2 cut by several quartzofeldspathic veins. 

Norite:  

The norite units are classified as leuconorite, norite and melanorite based on the proportion of 

feldspar to pyroxene. The norites are fine to medium-grained with variable pyrrhotite and lesser 

chalcopyrite mineralisation. The norites are variably textured, and grade into melanorite and 

leuconorite (Figure 3.9). The norite displays similar mineralisation to that observed within other 

lithological units, dominated by interstitially disseminated pyrrhotite with associated less abundant 

chalcopyrite. The norite is altered in places with the feldspars displaying a light green tinge, possibly 

due to chloritisation.  
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Figure 3.10: various xenoliths observed within the norites and gabbronorites in core GVL 2. (a) Chromitite 

pod with associated sulphides within gabbronorite. (b) Pyroxenite xenolith with interstitially disseminated 

sulphide specks. (c) Anorthosite xenolith within gabbronorite. All Samples are intersected in GVL 2. 

GVL 2 intersects a 160 m thick medium to coarse-grained norite package intercalated with 

gabbronorite that is characterised by lightly disseminated as well as lenses of fine-grained cumulus 

magnetite or chromite (Figure 3.10). The grains are too fine-grained and oxidised to be identified on 

a millimetre scale, however, are visible when aggregated as laths or pods as seen in some norite 

intersections (Figure 3.11). The oxidation of the magnetite gives the norite a reddish colour in 

irregular patches. The magnetic pen was able to pick up the faint presence of magnetic minerals in 

places where the minerals were too fine-grained to identify on a millimetre scale. 

 

Figure 3.11: Fine-grained magnetite bleb within norite intersected in borehole GVL 2. 

3.1.4 Leucocratic unit 

This unit comprises mostly spotted, smottled and mottled anorthosites (Figure 3.12) and is only 

intersected in the boreholes on the west of the farm (Figure 3.3). The spots and mottles of these 
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anorthosites are orthopyroxene oikocrysts ranging in diameter from 1 cm to 7 cm and the feldspar 

has a light greenish tinge possibly due to chloritisation. These anorthosites grade into norite, 

pyroxenite and back into mottled anorthosite units on a scale of tens of metres with less common 

feldspathic pyroxenite units and are commonly variably textured (Figure 3.12).The anorthosite units 

are cut by sharp, multiple, irregular quartzofeldspathic veins as well as quartz veins varying in 

thickness from a millimetre to a few centimetres. The mottled anorthosites are also mineralised, with 

specks of interstitial pyrrhotite present up to 4 % in places. 

 

Figure 3.12: variably textured mottled anorthosite unit grading from spotted to mottled to feldspathic 

pyroxenite back into mottled anorthosite intersected in borehole GVL 9. 

3.1.5 Quartzofeldspathic veins 

All the rock types in the area are cut by quartzofeldspathic veins ranging in thickness from 1 mm to 

a few metres, brecciating the intruded rock type in places (Figure 3.13). These veins are white to 

milky white in colour and comprise equal proportions of quartz and feldspar. The quartzofeldspathic 

veins are mostly fine-grained but are locally pegmatoidal in a few places. The intrusion of this unit 

forms brecciated zones (Figure 3.13).  
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Figure 3.13: Pyroxenite brecciated by quartzofeldspathic veins. 

3.2 Petrography 

Sections of core described previously at the hand specimen scale were used to prepare thin sections 

for optical microscopy under transmitted and reflected light. Microscopic analysis helps considerably 

in clearing up ambiguities encountered with hand sample examination, both in terms of mineral 

identification and the integration of textural features, such as intercumulus and cumulus textures. 

Where cumulus plagioclase is seen within a pyroxene-bearing rock it is termed a norite, and where 

it is an intercumulus phase, a feldspathic pyroxenite (Hutchinson and Kinnaird, 2005). The detailed 

descriptions of samples K1-133 are found in Appendix D. The samples presented in this chapter 

represent key features in individual rock types. 

3.2.1 Harzburgite  

The harzburgite samples are moderately to extremely serpentinised. The olivine grains, roughly 3 

mm in diameter, are highly fractured with serpentine veins within the fractures (Figure 3.14). The 

completely serpentinised samples comprise mostly serpentine veins and relict olivine cores. The 

alteration of these harzburgites has resulted in the growth of interstitially disseminated magnetite 

grains and veinlets within fractures and at the grain boundaries (Figure 3.14 c). Interstitial secondary 

biotite occurs associated with the alteration and magnetite (K-53). In some samples that have been 

completely serpentinised, there is no magnetite present. 
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Figure 3.14: Photomicrographs of a serpentinised chromite-bearing harzburgite in both transmitted and 

reflected light. (a) serpentinised harzburgite in PPL with opaque chained chromite. (b) Serpentinised 

harzburgite in XPL dominated by secondary serpentine veins. (c) Serpentinised harzburgite in RL with 

chained chromite, chromite displaying atoll textures and interstitially disseminated pyrrhotite, chalcopyrite 

and magnetite. 

3.2.2 Dunite 

The dunite samples range from extremely pristine to completely serpentinised. Fresh unaltered dunite 

contains adcumulate annealed olivine crystals with triple junction boundaries (Figure 3.15 a), some 

showing kink-banding in crossed polars (Figure 3.15 b). The extremely serpentinised olivine crystals 

are very fractured and riddled with serpentine veins (Figure 3.15 f). The fresh dunites shows 

chromite, pyrrhotite and magnetite interstitially disseminated within the fractures (K-24) (K-73) 

(Figure 3.15 c). The minor interstitial orthopyroxene has been extremely altered (sericitisation) with 

> 1 % secondary biotite. The more altered biotite is dominated by interstitially disseminated 

pyrrhotite blebs with specks and veinlets of magnetite (Figure 3.15 d). 
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Figure 3.15: Photomicrographs of a serpentinised dunite in both transmitted and reflected light. (a) Dunite in 

PPL with olivine and interstitially disseminated opaques. (b) Dunite in XPL with annealed olivine crystals 

displaying kink banding. (c) Dunite in RL with interstitially disseminated pyrrhotite and chromite (d) 

Serpentinised dunite in RL displaying interstitially disseminated blebs of pyrrhotite. (e) Serpentinised dunite 

in PPL with altered olivine and secondary biotite associated with pyrrhotite (opaque). (f) Serpentinised dunite 

in XPL displaying serpentinised and highly fractured olivine grains with secondary biotite associated with 

pyrrhotite (Opaque). 
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3.2.3 Pyroxenite 

The pyroxenites comprise dominantly cumulus orthopyroxene, with lower proportions of cumulus 

and intercumulus clinopyroxene and intercumulus feldspar (Figure 3.16). The proportion of feldspar 

ranges from 5 % to 35 %, samples with higher proportion of feldspar are termed feldspathic 

pyroxenite. The feldspar crystals are variably altered displaying patches of sericitisation to complete 

sericitisation in extremely altered samples. The cumulus orthopyroxene ranges in size from 1 mm to 

13 mm and displays moderate alteration with blebby exsolution textures (Figure 3.16). The 

pyroxenite samples contain minor secondary biotite and chlorite (> 1 %). Some samples contain 

olivine (5 - 15 %) and have been termed olivine-bearing pyroxenites in Appendix D. 

 

Figure 3.16: Photomicrographs of a mineralised pyroxenite in both transmitted and reflected light. (a) 

Pyroxenite in PPL displaying clinopyroxene with exsolution lamellae and annealed olivine and altered 

orthopyroxenes. (b) Pyroxenite with clinopyroxene displaying exsolution lamellae, olivine and 

orthopyroxene. (c) Pyroxenite in RL displaying chromite, interstitially disseminated pyrrhotite with lesser 

specks of disseminated chalcopyrite. 
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3.2.4 Gabbronorite 

The gabbronorites are extremely altered in most cases with the samples displaying a grungy 

appearance. The feldspars are moderately to completely sericitised with secondary biotite forming 

in association with > 1 mm magnetite (Figure 3.17). The intercumulus clinopyroxene within the 

gabbronorites are > 1 mm to 8 mm in length and display patchy to well-developed exsolution 

lamellae (Figure 3.17 b). The < 2 mm orthopyroxene crystals are highly fractured and have a modal 

abundance of between 40 to 70 %. 

 

Figure 3.17: Photomicrographs of an altered gabbronorite in both transmitted and reflected light. (a) 

Gabbronorite in PPL with biotite associated with opaque magnetite. (b) gabbronorite in XPL with highly 

altered and fractured opx and cpx displaying exsolution lamellae. Sericitisation of feldspars is visible in places. 

(c) Gabbronorite in reflected light displaying grains of magnetite. 
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3.2.5 Norite 

The norites differ in ratio of plagioclase to orthopyroxene ranging from leuco- to mela-norite. The 

cumulate feldspar crystals range in size from >1 mm to 3 mm along the short axis and display minor 

to extensive sericitisation. The orthopyroxenes display clinopyroxene exsolution blebs and more 

well-developed lamellae (Figure 3.18). Minor interstitial blebs of clinopyroxene also occur within 

the norite samples (K-01) (Figure 3.18). 

 

Figure 3.18: Photomicrographs of a norite in both transmitted and reflected light. (a) Highly fractured norite 

dominated by orthopyroxene in PPL. (b) Norite dominated by orthopyroxene, plagioclase with minor 

intercumulus clinopyroxene in XPL. (c) Blebby pyrrhotite with associated chalcopyrite and lesser interstitially 

disseminated chalcopyrite and pyrite specks. 

3.2.6 Anorthosite 

The anorthosites consist mainly of annealed, euhedral to subhedral feldspar crystals ranging from 1 

mm to 4 mm crystals of which some display concentric compositional zoning (Sample K-29). The 
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mottled anorthosite samples comprise oikocrysts of clinopyroxene with exsolution lamellae and 

extensive chloritisation and sericitisation (Figure 3.19).  

 

Figure 3.19: Photomicrographs of an altered anorthosite in both transmitted and reflected light. (a) 

Anorthosite in PPL with dominant plagioclase crystals as well as darker coloured areas of alteration. (b) 

Anorthosite displaying dominant plagioclase crystals heavily altered to sericite, interstitial clinopyroxene as 

well as orthopyroxene. (c) Secondary veinlets of magnetite as well as interstitial magnetite is present 

associated with the sericitised zone.  

3.2.7 Granofels 

In thin section the complex multi-component nature of the granofels contact zone confirms the hand 

specimen descriptions. Darker patches consist of brecciated mafic blocks that vary from 1 - 14 cm, 

while patches and lenses of lighter granitic material comprise equal parts of quartz and feldspar, the 

latter displaying moderate to extensive alteration to sericite. Grain sizes vary greatly and granophyric 

texture is common (Figure 3.20). Multiple milky-white veins cross cut the entire mixed assemblage. 




















































































































































































