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Abstract

The mafic rocks of the Bushveld Complex differ to tloetim and south of the YsterbeRianknek

Fault, part of the array that is the Thabazuhirchison Lineament. To the north, there is sporadic
Lower Zone, succeeded by a PGHE-Ni-bearing Platreef, Main Zone and Upper Zone
successions. To the south is Lovideme, the Grasvally NoritByroxeniteAnorthosite (GNPA)
member and Main Zone. This investigation thie 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 legionship between the geology and mineralisation of this region.

The farm Grasvally is situated approximately 20 km saitiMokopane. Thegeology of the
Grasvally area comprises mainly mafic to ultramafic Bushveld rocks of Lower Zone to Main Zone
affinity which werewithin sedimentary rockef the Pretoria Group. The GNPA member was
originally divided into two major suhnits but more recently it has been divided ititeLower

Mafic Unit (LMF), the Lower Gabbronorite Unit (LGN) and the Mottled Anortt®dunit
(MANO). The GNPA member may be the equivalerthe 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 magmawo well-develged chromitites ~6090 cmin thicknessare intersected
within the Lower Zone (LZ)These chromitite layers display the highestdzwithin the Bushveld
Complex and are not nearly as thick within the LZ anywhere &lse chromitites, disseminated
chromie, pyrrhotite, chalcopyrite and minor pentlandite mineralisation are hosted within the
harzburgites and pyroxenites of the LFhe kink banding in olivine of the Lower Zone is
indicative of highpressure soligtate deformation. The Lower Zone also digpla
serpentinisation, which increases from east to west, poss#aviyg occurred along fractures

associated with thisigh-pressurénigh-temperaturesystem

Threedimensional modelling of the area with the use of borehole logs, existing surface mapping
andstructural data proves the existence of a 70°W dipping fault which has broudhatissaal
sedimentary rocksthemarginal member and CriticZbne to the east of the fault in contact with

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

conformable sequence, shallowly dipping to the widst. ThabazimbMurchison Lineament may



have acted as a barrier to the flow of magma causing the GNPA member to be compartmentalised
andto follow a different evolution fronthe 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 respectivelyu$vemik(Smith

et al, 2019 suggests PGE mineralisation is associated with sulphides and is not restricted to one
lithological unit within the GNPA member. Within th€&IN blebs (<1 cm) of fingrained cumulus
magnetite within norite have not been previoudbcumented Additionally, below this unit,

within the LMF are disseminated to welkveloped layers of chromite, as well as isolated pods of
chromitite within noriteand gabbronorite which are not easily correlated with the known
stratigraphy. The boreholes also intersect a pyroxenite unit within the LMF that has visual
similaritiesto themineralisatiorandthe same hanging and footwall as the UG 2 chromitite layer.
This pyroxenite comprising orthopyroxene, interstitial plagioclase and clinopyrokeses
dissemingions and awell-developed chromitite layer with associated disseminated to blebby
pyrrhotite and chalcopyriteThe Pt/Pd ratios associated with chromitigs pyroxenites and
chromitites withinthepyroxenitesaresimilar to that of the UG®&hereashe Pt/Pd variation within

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

Molengraaff (1901jogether with other geologists of the Geological Survey were the first to map the
Mokopane area in 190IThe discovery of PGEs in 1924 increased interestha area and
subsequently triggered widespread exploration and mining (Merensky, TB25nost detailed

study that included the mafic rocks and associated platinum mineralisation was carried out by
Wagner (1929). In 1960 Mr S.Rautenbach discovered encaging chromitenineralisatioron the

farms of Grasvally 293KR and Zoetveld 194KR which promoted further study of the ai2a by
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 artgéd&amancor until its closure in 1988.

A great contribution towards the understanding of the regional setting and stratigraphy of the
northern limbwas made by van der Merwe (1976, 1978) through detailed mapping of the entire
northern limb Van de MerweX978) 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 thatritvthern limbshares no physical
connection to the eastern or westimbs ofthe Bushveld Complexi-urthermoreyan der Merwe
(1976, 1978) proposed that theafPéef continued south of Mokopane. This was later disproved by
the discovery of th&leinmeid Syncline in the mafic rocks on the northern part of the farm of
Grasvally Blaine, 1973.

An investigation wasindertaken byHulbert (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 perspectiudbert (1983) postulated ehorigin of the
Grasvally body being the result of a horst structure flanked by t8esiiking faults.In previous
studies byvon Gruenewaldet al. (1989); van der Merwe (1976, 2008) and Matal (2008), the

GNPA (Grasvally NoritePyroxenite Anorthsite) member hd been assumed to correlate with the
Platreef. The GNPA member has been further correlated with the Critical Zone of the eastern and
westernimbs (Von Gruenewaldet al, 1989; van der Merwe 2008; Dunnettal, 2012; Grobleet

al., 2012) This correlation has recently been challenged by McDogiadd, (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 ollhedindings have opened

discussion on the precise correlation on the GNPA member.



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 laclkddemhorizons. Revaluation
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.



CHAPTER 1

General Geology of theBushveld Complex

1.1Introduction

The Bushveld Complex is located ioBh Africa (Figure 1.1)and containghe largest known
ultramafic to mafidayered intrusion in the worldRustenburg Layered Suite or RL¥ales and
Cawthorn, 1996). The Complex is situated on the Kaapvaal craton and intruded a succession of
sedimentaryo metasedimentary rocks of the Transvaal Supergroup (Waled\an1990; Barton

et al, 1994; Cawthorn and Walraven, 199Becent geophysical studies using-pxesting gravity

and magnetic data in conjunction with seismic and magnetotellurics thengfied ultramafic to

mafic rocks to the north of the Hout River Shear Zone increasing the areal extent from 65000 km
to >90 000 kr (Finn et al, 2015).
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Figure 1.1: Simplified geological map of the Bushveld Compledxieh includes the Rustenburg Layered
Suite, the Rooiberg Volcanics and the Lebowa Granite Suite adaptetfrGneesh, 2018. Major structural
features such as the ThabazirMurchison Lineament and the Hout River Shear Zone (HRSZ) are included.
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An age of~2.06 Ga wasassignedoy Walravenet al, (1990) but more recently, Scoates and
Friedman (2008) reportedWPb zirconage of 2054.4 +1.3 Ma based on studies on the Merensky
Reef. This was supported by the work of Ztlal, (2015) who analysed zircofscated throughout

the RLS and determined tHatal crystallisation from the floor (Marginal Zone) to the centre of the
RLS (Upper Critical Zone and lower Main Zorepk place betweef055.91 +0.2Gand 2054.9
+0.37Ma and concluded that emplacement tptdce within 1.02 +0.63 Ma.

1.2 Magmatic Stratigraphy and Subdivisions of theRustenburg L ayered Suite

The BushveldComplex crops out aslinbs namely théar western, western, eastern avathern

or Potgietersruimbs (Figure 1.1). The fifth lobe, the soutkastern or Bethdimb has no surface
exposure as it is covered by younger sediamgnitocks(Eales and Cawthorn, 1996The western
limb and the better exposecdeasternimb both show similarities in terms of rock types, mineral
compositions, isotopic ratios and dip towards the centre of the cof@ad@ithorn and Weiy 200).
Taking into account stratigraphic, petrologic and gravity modgdsvthorn and Webb (200&8nd
Finnet al, (2015)concluded that these tWionbs areprobablyconnected at depth.

The RLS in the eastern and western limhas been divided into five zones namely the Marginal
(Maz), Lower (LZ), Critical (CZ) Main (MZ) and Upper (UZ), based on traceabtkological

markers as well as the disappearance and appearance of certain cumetas 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 traditionathgatedseparatky.

1.2.1 Marginal Zone

The Marginal Zone (MaZ) is a ~ 880 m thick sequence comprising predominantly megdiumad

poorly layered noritic rock¢Eales and Cawthorn, 19P6This heterogeneougguence 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 ZonfMaZ) is the lowest unit of the RLS, it displays

no chill margin andvasthus interpreted byales and Cawthorn (1996) suggest that the RLS

formed as a series of multiple injections of magma



1.2.2 Lower Zone
The Marginal Zone is overlain by a00-1300 m thick package named the Lower Zdn&)(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 deterntineever recent work othe
Clapham trougtsection of the Eastern liorhas revealed over 900 m of ultramafic rocks, extending
the maximum thickness to4D0 m(Wilson and Chunnett, 20180Vilson, 2012 Yudovskayeet al,

2013. The LZ is an olivinerich succession comprising dunite, harzburgite and pyroxenite
lithologies, interpreted to be emplaced as a series of up to 37 cyiti¢Maier and Barnes, 1999;
Kinnairdet al, 2002; Naldretet 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 @svally, Volspruit and Zoetveld. This succession reaches a thickness of 1600

m.

1.2.3 Critical Zone

A 13001800 m thick package, the Critical Zone (CZ), overlies the Lower Zone. The CZ is
subdivided into the lower (&) and upper (¢Z) (Cawthorn and Webt2001). The lower Critical

Zone comprises ultramafic orthopyroxenitic lithologies and hosts several chromitite seams (Lower
Group) (Maier and Barnes, 1999; Kinnagdal., 2002).

However,within the Grasvally area, the Lower Zone hosts two “delteloped kromitite seams.

The transitiorfrom the LZ intothe G.Z is demarcated by the appearance of mafic plagiotiaagng
lithologies associated with the Middle Group of chromitite seams (MG). The precise boundary is
placed at the occurrence of the lowermosirthosite layer sandwiched between the MG 2 and 3
seams (Maier and Barnes, 1999; Kinnatdl, 2002). Above the MG the Z contains a sequence

of plagioclasé orthopyroxene cumulates capped by the Upper Group chromitite seams (UG), with
the UG2 beingle most significant in terms of economiciFCu-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 mifg8Eand is roughly 1

m thick and yields grades of@lg/ton, whereas the Bastard Reef has verydoade PGE and is not

mined (Eales and Cawthorn, 1998)e UG2 comprises chromitite layers which contain up to



approximately ppmPGE It is becomingnore eonomically significant than the Merensky Reef as
the Merensky Rea$ beingmined out (McLaren and De Villiers, 1982

1.2.4 Main Zone

The Main Zone is the thickest umitthin the Rustenburg Layered Suieachinghicknesses of 3940

m in the Rooserekal area(Von Gruuenewaldt, 1973 The MZ ismade up predominantly aoforites
andgabbronorite characterised by low olivinentent and scarcity of anorthosite (Kinnagtdal,
2002). The Main Zone is poorly layered in comparison to the Critical Zone possiblytadue
fluctuatiors in magma compositions.Major changes in mineral compositidrends occur in
proximity toa marker horizon, a thin layer of orthopyroxenite termed the Pyroxenite Marker (PM)
(Von Gruenewaldt,1973; Molyneux, 1974; Klenahal, 1985; Sharpe, 198Krugeret al, 1987)

The PM has been suggested to represent the transition from MZ to Uppe(KZoger, 1990)
however the appearance of cumulus magnetite is widely accepted to represent the base of the UZ
(Edes and Cawthorn, 199@ven though this boundary is not accompanied by changes in mineral

composition trendévon Gruenewaldt, 1973Molyneux, 1974.

1.25 Upper Zone

The Upper Zone which overlies the MZ is approximately 2500 m thick and is the uppaniio$t

the RLS. It compses ferrogabbro, ferrodiorite, anorthosite and troctolite lithologies and is
characterised by a high magnetic susceptibility due to the 25 magriatiers hosted within the unit
(Wager and Brown, 1967Individual magnetititdayers range in thickneg®m 0.1 m to 10 mwith

a cumulative thickness of ~20.4(iarney and Von Gruenewaldt, 1995The Main Magnetite layer
which occurs near the base of th& is ~ 2 m thick and it is minefr its vanadium conter{t-1.3 %
V203) (Kinnaird, 2005a These itaniferous magnetite layers are of economic importance as they

host just about hal f ofinndrth 20050r | dés vanadium r

1.3Location and Researb Area

The area of focus within the Limpopo province of South Africa, on the farmGasvallyabout

20 km south of the town of Mokopane and the $liking sinistralY sterbergPlanknek~ault(Figure
1.2). The fam and mineral rightsrecurrently under the ownership of Sylvania Platinum Ltd. The
YsterbergPlanknekFault is part of the fault array associated with the Thabazikhbichison

Lineament and is of significance e Platreefhas only been recognisedrth of the fault ands
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absentto the southTo the south of the faults a bodytermed theGrasvallyNorite-Pyroxenite

Anorthosite membe(GNPA member)at a similar stratigraphigositionto the Platreef although
they differ geochemically.
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Figure 1.2: Geological map of theorthern limbof theRustenburg Layered Suite (RLShowing the
location of the research area on the farm of Grasvally. Adapted from &nait§2014).

1.4 Aims

This research project aims to:

A createa sound stratigraphy through detailed analgtthe rock types on the far@rasvally

A find potential marker horizonsithin the sequence order to correlate the geology of the

areaacross boreholes and to enable the identificatiatrattural featres.



A determine if there are any relationships between structural features and mineralisation in the

area.

A correlate the stratigraphy of the area with that ofittr¢hern limbnorth of Mokopane as well

as the eastern and westémbs of theBushveldComplex

1.5Methodology

In order to meet the requirements to accomplish the aims and objective of this project the following
geological techniques were usdibreholecore logging (mineralogy)measuring themagnetic
susceptibility of lithologies downholge polished thin section study (petrographyeachemical
analysis (geochemistry) amicireedimensionalmplicit modelling.Using these different parameters
within the methodology itvas expected that it shoute possible to make certain suggestions and
corclusions that can be used to test the hypothesis that the GNPA is the equovtiemtlatreef

across thé/'sterbergPlanknek fault.

1.5.1Core Logging

Twenty of the originaboreholecores drilled on the farm @rasvallywere analysed over three field

visits from the August 2015 to June Z0The core was drilled the contractoGeoserve 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 lithaley packages to an appropriate zdoe
stratigraphic unitpased on the rock types present. This will aid in correlating the stratigraphy to that

of the rest of th@orthern limband the eastern and westémbs.

The structural aspects of the cdrave beenanalysed in order to aid in the interpretation of the

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

Over one hundred 30 cm quartare samples were taken from the drill cores provided. The samples
were Biken 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

sampledhave beemised for petrological and chemical anab/se

1.52 Petrography
From the samples collected, 133 polished thin sections alewned and examinedhe thin
sections are representative of the various lithological units found in thdraceder to classify the
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samples according to the exact mihegg and to further correlate these with the greatethern
limb stratigraphy microstructures were also observed in order to add to the understaricing

structural implications.

1.5.3 Geochemical Analysis

The same samples that were selected faslpedl thin sections were used for bulk rock chemical
analysis by XRay 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 puposes of lithological classification and correlation. In addition, certain elements provided
information about mineradation (e.g. Ni, Cu, Cr, Co, S), and backed up further assay data for PGE

provided by Sylvania Platinum Ltd.

1.54 Magnetic Susceptibility

Magnetic susceptibilitydatawas analysed on selected cores that diggldlile most complete
stratigraphy. Magnetic susceptibility measurements were taken at fixed 1 m intervals down the core.
These measurements have been used to identify where thesgsficant 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

1.55 Three-Dimensional Modelling

A threedimensional 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. Leap®ogaSeo

used to create threimensional conceptual moddtem drillhole data and GIS data without the use

of manual digitisation. The threimensional modelasused to gain a better understanding of the
GNPA member and its structures and possibly any correlation betwegedlogical units and the

structures



CHAPTER 2

Geologial 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 wok that significant differences occur. Moreover, the Ysterdidagmknek Fault (Figure 2.1)

marks a major change in stratigraphy within the northern limb itself (Figure 2.2).
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Figure 2.1: The general geology of theorthern imb of the Bushveld Complex showing the different
stratigraphic units, surrounding rocks and structural featmginal map byan der Merwd1979; colour
map generated by Ashwet al (2005; from Kinnaird and McDonal¢2005).
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Figure 2.2: Differences betweenorthern limbstratigraphy to the north and south of the Ysterberg
Planknek Fault Adapted from Smigh al (2011).

2.1 Lower Zone

The Lower Zone south of the-F fault, is an 80600 m thick package of harzburgitand
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 pyroxenitég(ffe 2.3). The Drummondlea subzone
contains two chromitite seams that have the highest Cr# a Content in the RLS (Hulbert,

1983; Maieret al, 2013). Horizons with significant PGE mineralisation have been reported by
Hulbert and Von Gruenewaldt (89) in both the Volspruit and Drummondlea subzones



To the north of the/'sterbergPlanknekFault, the Lower Zone crops out as satellite bodigswn

in Figure2.1). Lower Zone of considerable thickness has be&rsected in drill cores from the
Sandsloot and Turfspruit area and has been further interpret®didpyvskayaet al (2013) as
possbly extending deep beneath the Margidahe which is an irregular unit this area. The Lower
Zone is thought to have beamplaced before thPlatreefas multiple magma batches which
differentiated in the chamber, forming cyclic units diinite, harzbigite and pyroxenite with

compositional reversals at their bagéadovskayeet al, 2013.

The Drummondlea harzburgite chromitite contains tweoowtitite seams of a higher grade in
comparison to the rest of tiBashveldComplex (Hulbert andvon Gruenewaldt 198§5The Upper
Chromitite and bwer Chromitite seam appear at 620 m and 696igufe2.3) respectivelywithin
the intersection studied by Hulbert (1988he chronitite layers have the highe€r# andCr.O3
content in the Bushveld Complédulbert, 1983; Maieet al, 2013)
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Figure 2.3: Stratigraphic column of theorthern limbLower Zone south of the YsterlgePlanknek
Fault. Adapted from Hulbe(i983).
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2.2 The Grasvally Norite-Pyroxenite-Anorthosite (GNPA) member

The Grasvally NoritePyroxeniteAnorthositeor GNPA member is a package of P®Earing mafic
cumulates that is only present between the YsterBngknek Fault in the north and the Zebediela
Fault to the soutfHulbert, 1983 (Figure2.5).

The GNPA forms a Nistriking body that extends for 3Rm along strike and consists of
gabbronorite norite, anorthosite, pyroxenite and PG&aring chromitite and is cut by timerth
southtrending Grasvally Fault<jgure2.5). To the east of the Grasvally Fault t6&IPA 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, noriteandpyroxenite of the Lower Zon@zan der Merwe, 1976 The contact between

the Lower Zone and the GNPA member is characterised bysitialte xenoliths which are of
irregular occurrence and exhibitchill margin of up to 7 m in thickness (de Klerk, 2005; Mader

al., 2008).
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Figure 2.5: Geological map of the lower portion of therthern limb Adapted fromMcDonaldet 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 subzonds Byerk (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 Mottl&dorthosite Unit (MANO) Figure

2.6).

2.3.1 Marginal Zone
The MarginalZone (MaZzZ)comprises fine to mediwgrained gabbronorites and quabaring

gabbronorites ranging in thickness from a few centimetres tofengres (Hulbert 1983). The MaZ
13



is present where the overlying mafic package is in contact with the ultramafic and sedimentary floor
rocks however exposure tife zone is very poor in the area. TRRZ is best exposed where the
intrusion is in contact wh theGNPA membefrom the northern boundary of farm Grasvally to the
northern boundary of farm Zoetveld (van der Merwe, 2008). Rocks d¥i#zehost xenoliths of
carbonate rock, hornfels and quartzite, alluding to an intrusive n@tuleert, 1983) de Klerk

(2005) postulated three stages in the development MaZefrom borehole data where mafic rocks

of the Grasvally NoritdPyroxeniteAnorthosite member are in contact with the underlying
ultramafics of the Grasvally body or sedimentary rocks of te®Ra Group (van der Merwe, 2008).

The firststage which is close to the margin of the intrusion, displays adnaned chill over several
metres (<40 m); the secorid defined by ahin chill margin a few centimetres thick; while the third
scenariowhich is representative of deeper within the chamber, comprises a hybridised zone and is
charactesed 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 dominatedy fine to coarsgrained norites, gabbronorites, pyroxenites, feldspathic
pyroxenites and less common pegmatitic feldspathic pyroxenites. The base of the LMF is marked by
a finegrained chilled margin irrespective of the underlying lithology (Hulberg3i%le Klerk,

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

Zone cumulates having cooled significantly before the emplacement of thérimthet al, 20117).

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 Rooifg8anithet al, 201]). The chromitites are

found neathe basal contact of the LMF in the area of Grasvally studiétuliyert (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 mediwimed mela to leuegabbronorites.

These gabbronorites contain xenoliths of pyroxemitaterial 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 ZonaJe Klerk (2005)postulated that the LGN represents a sill related to

the Main Zone that intruded along the LNWMFAN O 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
cumulategHulbert, 1983. The MANO is distinguished by occurrence of mottled, smo(éegdally
spotted and mottled texturahd spotted anorthosites with the orthopyroxene oikocrysts ranging in
sizefrom 20 to 60 mn{Hulbert, 1983.

Main Zone
Mottled
Anorthosite Unit
3)
e
&
(0]
g Lower
é Gabbronorite Unit
©
Lower
Mafic Unit
Marginal Zone
Lower Zone

Magaliesberg Quartzite Fm.

Figure 2.6: Stratigraphiccolumn oftheRooipoortGrasvallyarea Adapted from Maieet al (2008).

15



2.3 The Platreef

The Platreef appears to be restricted to the north of the YsteRlangnek Fault and forms the
lowest stratigraphic unit of the RLS for the most parhefmorthern limb (Kinnairét 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; Maiet al, 2008; van der Merwe, 2008; Yudovskaya and
Kinnaird, 2010), although this is disputed by McDoneldl, (2005). Mineralogically the unit is
dominantly pyroxenitic and is irregularly mineralised in PGE, Cu anét Wasinitially divided into

A, B and C reefs (White, 1983; Bartehal, 1986). More recently the Platreef has been divided into
four compositionally and chemically distinct feldspathic pyroxenite units with metasedimentary
rocks and serpentinised perides 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
magmaflowed in and subsequently foed the layers that divide the feldspathic pyroxenite that
dominate this package (Kinnaird, 2005b). As the Platreef is traced tharthasal contact rests on a
transitional footwall, first on successively older strata ef Thansvaal Supergroup and ultimately

granitic basement in the north (Figure 2.5).

24 Structural deformation of the northern limb

The Kaapvaal Craton, into which the Bushveld Complex intruded, spans approximately £.2 x 10
km? of Mid-Late Archaean rocksomprising mostly granitoids with intermingled greenstone belts,
overlain by Late Archaean to Mesoproterozoic sedimentary as well as wsedimoentary basins
(Good and De Wit, 1997 The Kaapvaal craton is subdivided into various tersdy tectonic
contacts characterised by thrusts and sikefaults Figure2.7) (De Wit et al, 1992 Good and

De Wit, 1997. The prominent terree boundaries associated with the tanesintruded by the
Bushveld Complex are characterised by EWBW trending structural lineaments such as the
ThabazimbiMurchison Lineament (TML)Rigure2.7) (Good and De Wit, 1997
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Figure 2.7: Granitegreenstone terrains of the Kaapl&raton displaying outline of tHgushveldComplex
and ThabazimbMurchison Lineament modified aftde Wit and Hart (1993)

The northern limb is structurally complicated by its proximity to the Thabazifvhirchison
Lineament, which extends eamirtheastvestsouthwest for more than 500 kfFigure 2.7 and has

been active since 2960 Ma (Good and de Wit, 1997) to the preserftgagothern limbcan be
subdivided into three sections based on such major structures and mineralisation; a northern section,
central Platreef section and a southern GNPA section. The Pkeresef strictas bound by the Hout

River shear zone to the noff@robler and Whitfield, 1970and the YsterberBlanknek 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 packageswih Main Zone affinityand one with lower Critical

Zone or LZ affinity(Kinnairdet al, 2017). The delineation of the structures within tieethernlimb
andmore 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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24.1General structural deformation of the central section of thenorthern limb

The structural deformation of tm@rthern limbis well documented from work done on Tweefontein

Hill ( Figure2.8) 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 Chuniesprt Group of the Transvaal Supergrd&mure 2.9) In the north, the Platreef
generally strikes northorthwest with a dip of approximately 40° southwest with the strike shifting
drastically to the south, striking noriouth with the dip remaining coastt (Nex, 2009. Massive

to semimassive baseetal sulphide mineralisation occurringiardsthe base of the Platreef within

this structure, suggés thatit formedin afootwall basin or downwarp during emplacement of the
Platreef. The change in strike of the rocks is an expression of awestiplunging synformal
structure(Nex, 2009. 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 whiobsulted in upright folds with penetrative cleavage and a later
phase of folding resulting in dominantly sowtlest plunging folds related to the major structure.
Both sets of folding are overprinted by metamorphic textures attributed to the emplackthent o
Bushveld Complex. Brittle deformation in the area is also observed in the form oihoditieast
trending subvertical faults which offset contacts between the dolomites angoilneger granite (

Figure 2.8). Thefaults offsetting the granite is evidence that the brittle deformation postdates the
emplacement of the Bushveld Comp(&lex, 2009. 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 nortksouth orientation.
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| Duitschland Fm. Granite

Penge Fm. Main Zone

Frisco Fm. Platreef

Eccles Fm. Adits

Figure 2.8: Geological map of Tweefontein Hill slwing the distribution of lithologies, faults and adits.
Stippled lines show inferred geological contacts and solid lines are observed qiNeac?905.
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Duitschland Fm Dominantly shale with significant dolomites, minor quartzite
and conglomerates

Pretoria Group

Penge Fm. Dominantly banded ironstone with ferruginous shale and
quartzite at the base
Frisco Fm. Chert-poor dolomite becoming more chert-rich towards the

to. Thin layers of carbonaceous mudstone thoughout, more
arenaceous towards the top

= == Eccles Fm. Chert-rich dolomite interbedded with chert-poor dolomite
= = and minor siltstones and mudstones

Chert-poor dolomite with infrequent minor quartzites and
Lyttelton Fm. mudstones

Transvaal Supergroup

. Chert-rich dolomite with abundant chert layers, minor
Monte Christo FmM.  qyartzites and mudstones

Malmani Subgroup

Chuniespoort Group

Chert-poor carbonate with this quartzite and mudstone units,
Oaktree Fm. ubiquitous laminated chert

Black Reef Fm Coarse-grained quartzite interbedded with pebble beds, sandy
' shale and minor andesitic lava

Figure 2.9: Schematic lithostratigraphic column of the lower part of the Transvaal Supergroup in the
Mokopane Area after SACSreer (1983and 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 nodhhe south by the
YsterbergPlanknek Fauland the Zebediel&ault (Figure2.5). The Zebedieldault is a surface
expression of the ThabazimbiurchisonLineament which is thought to have acted as a boundary,
compartmentaking the magma which formed the Bushveld Complex, allowing it to evolve

separatelyo the north(Kruger, 2005 Yudovskayaet al, 2013.

Hulbert (1983) noted four episodeduittle deformation on the Grasvally farm which occurred after
the emplacement and consolidation of the Rustenburg LayeredBustenterpretationcorporates
initial mappingon this area undertaken by Kynastdral (1911) and later improved by De Villiers
(1967,1970) andan der Merwe (1976Barretet al (1978) conducted a gravity survey in order to
further outline the structural eventsthe area.
The first generation of faulting was an episode of nedtth trending reverse faults. This resulted
in the horstlike block of Lower Zone (LZ) rocks being vertically displaced upwards by up to 800 m
into the Critical ZoneKigure2.10). Focusing on the distribution of the LZ chromitite layers, which
20



are confined to the horike block, revealshatthe block was emplaced as a sequence of imbricate
faults (Hulbert, 1983. The shear planes bounding and within the Hikstblock areof variable
orientationdue to its imbricate natey howevethey generally dip at70°W. The chromitites within

the block display decreasing dip from 55°W in the north to 35°W in the éiduthert, 1983. The
minimum collective vertical displacement across the studied area was calculated to be ¥&850 m.
der Merwe (2008Y{isputed the presence of these bounding faults and noted the presence of one
north-southtrending fault, the Grasvally fault, along which the Lower Zone has been brought into
contact with the Critical Zone. To thest®f this fault a synformal structure, expressed on surface
as a wedgshaped outcrop, has been descrifiédine, 1973 Johnson, 198% Johnson, 1984kie

Klerk, 2005 van der Merwe, 2008The 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 faufan der Merwe, 2008The western limb of the synclirveas noted by
Hulbert (1983) towards the northern boundary of the farm Grasvally with Johnson (1984, 1984b)
noting the same feature expressed bydipping UG 2 layer on the eastelimits of the Grasvally
Chrome Minglvan der Merwe, 2008

The second generation of faulting is a WNBBE reverse block faulting system, resulting in a-step
like displacement of the RLS-igure2.10). Tracing of the chromitites was used to determine the
displacement of the different blocksigure2.10). The reverse faulting in the south, noted on the
farms of Zoetveld, Volspruit, and Vaalkop, expdd_Z lithologies from stratigraphic levels deeper

than the chromitite layers (Hulbert, 1983).

The third generation of fault episodes is expressed bWESstriking faults. This resulted in the
upfaulting of segments of Pretoria Group quartzites into e ®igure2.10). Similarly trending

faults are present in the Waterberg Group to the southwest of Grasvally thus this generation is
assumed to bpostWaterbergHulbert, 1983.

The final generation of faulting happened pidatoo when Karoo basalts were brought into contact
with LZ rocks along te Zebedieldault (Figure2.10).
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Figure 2.10. Generalised geological map of the Grasva@lbetveldVolspruit area showing the four
generations of faults, modified after Hulbert (1283ap of general geology of timerthern limbafter Ashwal
et al (2005).

2.5 Summary

The northern limb to the south of the YsterbBtgnknek Fault comprises similar stratigraphic units

to that of the north. TheZ to the south is distinct due to the twbromitite 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 tHeMF. 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 theGrasvally Area

The geology of the Grasvally area comprises mainly mafic to ultramafic abcke 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 reemade 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 chatiacterfis

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

YsterbergPlanknek Fault to the northern limb and also with the eastern and western limbs.

3.1 Core Logging
Sylvania Platinum Ltd made availab®® boreholes (GVL IGVL 20) whose localities define a
north-south and an eastest 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 statidad 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 misegtiah were also recorded. Since

there were often cm scale subtle variations in nailogy, 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 weast section (Figure 3.3) and a sentiith 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.eTkrasvally rock types fall mainly in the
orthopyroxenite, olivine orthopyroxenite and harzburgite fields (le Bas and Streckeisen, 1991).

3.1.1Floor Rocks

The floor rocks comprise mainly quartzites and granofels formed by thermal metamorphism of the
Pretaia Group (the former) and also early intrusives that are often contaminated with country rock
(the latter). The equigranular quartzites are fine to medjtaimed, pinkiskgrey to reddistbrown

in colour and are highly altered near the contact with th®.Rlhe reddish considered to be due to
hematite
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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 twkke 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).

3.1.2Ultramafic Package

Holes GVLS5, 6, 8, 9, 12, 17 and GV19intersect amltramafic package at depttomprising mainly
variantsof serpentinitesserpentinisecharzburgitesdunites serpentinised dunitesdpyroxenites
(Figure3.3 andFigure3.4). The package reachespparenthicknesses of over 600 fhe 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 G%knd GVL 5 are unusually fresh overall, despite several

thin intercalations of serpentinised dunite, extremely serpentinised harzburgite and altered
pyroxenites. These dunites are apple to agmgen in colour, mediurgrained and are extremely
friable (Fgure 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 weltleveloped chromitite layeesachwith an appaent thicknessf ~0.75 m
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Figure 3.5: Fresh dunite with disseminated chromite intersected in GY&) @& quarter core an¢b) in full
core.

Harzburgite:

The harzburgites comprise cumulus olivine and orthopyroxene aibtbaketo darkgrey in colour,

fine- to mediumgrained 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 ithistion 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 ndéxtured 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 nin borehole GVL 4the harzburgitecomprises evenly distributed
orthopyroxeneand olivine withinterstitially disseminated chromi{€igure3.7 c). The haeburgites
also host weldeveloped chromitite layers as se&n46193 m to 46286 m with an apparent

thickness 00.93 m

The hazburgite grades upwards into a massergirelyserpentinised harzburgite logged simply as
a serpentinit¢Figure3.7 d). The serpentinite is completely black displaying relict olivgnagins and
interstitially disseminated pyrrhotitand chalcopyte. The serpentinite units decrease in thickness
from the west to the ea@tigure3.3).
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Figure 3.6: Seapentinised harzburgite with tiexturedpyrrhotiteand specks of interstitially disseminated
chalcopyrite

Poikilitic serpentinisedharzburgites alsoccur withinthis ultramafic sequence. These harzburgites

are characterised lyikocrysts of orthopyroxene ranging in size from 5 mm to 30 mniaimeker

with olivine chadacrystsThe variety with smalleoikocrysts is seen iRigure3.7 a. The oikocrysts

of orthopyroxene also vary in colour fraanlight greenistgrey tovery dark greenThe dark green
oikocrysts of orthopyroxene areade visible by the surrounding interstitial feldspar that occurs in
some of the harzburgites with abundances of up t®13Where the harzburgites have been
serpentinised the presence of magnetiteoted bywith the use of thenagnetic pen. The magnetite

is disseminatedhoweverit forms centimetrethick 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 harzburgitesa) Poikilitic harzburgite with 1 cm oikocrysts of orthopyroxemal olivine
chadacrysts(b) Serpentinised harzburgite with interstitially dissemingtgdhotite (c) Harzburgite with
even proportions of orthopyxene and oliving(d) Extremely serpentinised harzburgite with widely spaced
orthopyroxene oikocrysts.

Pyroxenite:

A variety of pyroxenites are intersected in this area ranfymg fine-grained to pegmatoidah
texture(Figure3.8). The pyroxenites are orthopyroxene dominated with feldspar abundances from
10 % in equigranular pyroxenites to 3b in feldspathic and pegmatoidal feldspathic pyroxenites.
Borehole GVL9 intersects gyroxenite unit with 10% extremelyaltered olivine. The olivine
bearing pyroxenites are darker green in colour and are possibly chbbrias well as being
serpentinisedl'he pyroxenites are often mineralised with up to 8 % interstitially disseminated specks
and blebs of pyrrhotite witrekser chalcopyrite rimming the pyrrhotite.r@inite mineralisation is
presenmsinterstitially disseminated grains as well as wadlveloped stringers and kg as seen in

GVL 4 at 540.88 m t641.48 m which intersects a 0.80thick chromitie developedh pyroxenite.

GVL 4 intersects pegmatoidal éispathic 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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Figure 3.8: Various pyroxenites.a Coarsegrained feldspathic pyroxeniteb)(Altered carsegrainec
feldspathic pyroxenite.c] Finegrained feldspathic pyroxenite with weathered mineralised sulphidl
Fine-graired pyroxenite with sulphide ggks.

3.1.3 Norite Package
The ultramafic unit transitions infine- to coarsegrained mafic lithologies comprisirfgldspathic

pyroxenitesgabbronoritesnoritesand pyroxenitegFigure3.9).

Gabbronorite:

GVL 1 intersecta finegrainedgabbronoritavith quartzitexenoliths;this unitis similar to thefine-
grained gabbronoritenitintersected at the baseladrenole GVL2. The gabbronorites are dark grey
in colour and grade upwards into more medigiained units with disseminated sulphide spe&ks.
74.97 mto 91.85m there is a vigly sharp contact between the underlygapbronoriteand a shear
zone characterised logcrystallisedyabbronorite with flow textures and gabbronorite blocksiwith
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it. GVL 2 intersects a gabbronorite unit at 222.00 m to 253.00 m with heavily disseminateiteh
pyrrhotite and chalcopyrite specks. This unit is also characterised-Bycrilchromitite pods with
associated interstitial sulphides (Figure 3.10 a), fine to medmamned pyroxenite xenoliths (Figure

3.10 b) with associated interstitially disseated 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 GVtu? 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 amefito mediungrained with variable pyrrhotite and lesser
chalcopyrite mineralisation. The norites aneariably textured and gradeinto melanorite and
leuconorite(Figure 3.9). The noritedisplayssimilar mireralisation to that observed within other
lithological units, dominated by terstitially disseminated pyrriite with associated less abundant
chalcopyriteThe norites altered in places with the feldspdisplaying a light greetinge, possibly

due to chlotisation
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Figure 3.10: various xenoliths observed within the norites and gabbronorites in core G¥LChromitite
pod with associated sulphides within gabbronoritg.Ryroxenite xenolith with interstitially dissemiealt
sulphide specksc) Anorthositexenolith withingabbronorite. All Samples are intersected in GVL 2.

GVL 2 intersectsa 160 m thick medium to coarsgrained norite packagetercalated with
gabbronoritehat ischaracterisedy lightly disseminateds well aslenses ofine-grainedcumulus
magnetiteor chromite(Figure3.10). The grains are too fingrained and oxidised to be identified on

a millimetre scale however, are visible when aggregated as laths or possesisin some norite
intersections (Figure 3.11The oxidation of the magnetite gives the norite a reddish colour in
irregular patchesThe magnetic pen was able to pick up thietfpresence of magnetic minesal

places where the minerals were too {fgrained to identifyon amillimetre scale.

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

3.1.4Leucocratic unit
This unit comprises mostlgpotted, smottled and mottled anorthosi(Egyure 3.12) and is only

intersected in the boreholes on the west of the f#igure 3.3). The spots and mottles of these
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anorthosites are orthopyroxene oikocrysts rangindiameter from 1 cm to 7 cand the feldspar
has a light greenish tinggossibly due to chloritisation These anorthositegrade into norite,
pyroxeniteand kack into mottled anorthositenits on a scale of tens of metrwith less comion
feldspathic pyrgeniteunits andare commonlyariably texturedFigure3.12).The anorthosite units
are cut by sharp,multiple, irregular quartzofeldspathic veins as well as quartz veiasying in

thickness from anillimetreto a ewcentimetresThe mottled anorthosites are also mineralised, with

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

Figure 3.12 variably texturedmottled anorthosite unit grading from spotted to mottled tdsfmthic
pyroxenite back into mottled anorthosite intersected in borehole &VL

3.1.5Quartzofeldspathic veins

All the rock types in the area are cut by quartzofeldspathic veins ranging in thicknessifionol
a fewmetres, brecciating the intruded rkaypein places(Figure3.13). These veingrewhite to
milky white in colour and comprise equal proportions of quartz and feldBpaiquartzofeldspathic
veins are mostly fingrained but ee locally pegmatoidain a few placesThe intrusion of this unit

forms brecciated zongBigure3.13).
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Figure 3.13: Pyroxenite brecciad by quartzofeldspathic veins.

3.2 Petrography

Sections of coreakcribed 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 examinatidnjrbtgrms of mineral
identification and the integration of textural features, such as intercumulus and cumulus textures.
Where cumulus plagioclasessenwithin a pyroxenebearing rock it is termed a norite, and where

it is an intercumulus phase, a fgddshic pyroxenite (Hutchinson and Kinnaird, 2005). The detailed
descriptions of samples Kil33 are found in Appendix D. The samples presented in this chapter

represent key features in individual rock types.

3.2.1Harzburgite

The harzburgite samples are reoately 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 olivinélkeres.
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 alterat@oa magnetite (63). In some samples that have been

completely serpentinisethere is no magnetite present
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Figure 3.14: Photomicrograph®f a serpentinised chromiteearing harzburgite in both transmitted and
reflected ight. (a) serpentinised harzburgite in PPL with opaque chained chrorbiteSdrpentinised
harzburgite in XPL dominatedy secondary serpentine veing) Serpentinisecharzburgite in RLwith
chained chromite, chromite displaying atoll textures and iitiatiyt disseminated pyrrhotite, chalcopyrite

and magnetite.

3.2.2Dunite

The dunite samples range from extremely pristine to completely serpentinised. Fresh unaltered dunite
contains adcumulate annealed olivine crystals with triple junction boundagesgf.15 a), some
showing kinkbanding 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 dshotes
chromite, pyrrhotite and magnetite intératly disseminated within the fractures @4) (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 veitd®f magnetite (Figure 3.15.d)
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Figure 3.15: Photomicrographef a serpentinised dunite in both transmitted and reflected (@Hdunite in

PPL with olivine and irgrstitially dissemiated opague () Dunite in XPL with annealed olivine crystals
displaying kink banding.d) Dunite in RL with interstitially disseminated pyrrhotite and chromdg (
Serpentinised dunite in RL displaying interstitially disseminated blebs of pyrrhejierpentinised dunite
in PPL with altered olivine and secondary biotite associated with pyrrhotite (opdyj&exgentinised dunite

in XPL displaying serpentinised and highly fractured olivine grains with secondary biotite associated with
pyrrhotite (Opgue).
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3.2.3Pyroxenite

The pyroxenites comprisdominantlycumulus orthopyroxenayith lower proportions oEumulus
and intercumuluslinopyroxene and intercumuld@sidspar(Figure3.16). The proportion of feldspar
ranges from 5 % to 356, samples withhigher proportion of feldspar are termed feldspathic
pyroxenite. The feldspar crystalse variably altered displaying patches of sericitisatiocomplete
sericitisation in extremely altered samplé€se cumulus orthmyroxene ranges in size from 1 mm to
13 mm and displasy moderatealteration with blebbyexsolution textures (Figure 3.16). The

pyroxenite samples contain minor secondary biotite and chigrite %). Some samples dam

olivine (5- 15%) and have been termed olivibearing pyroxenites iAppendixD.

Figure 3.16: Photomicrograph®f a mineralised pyroxenite in both transmitted and reflected light.
Pyroxenite in PPL displayinglinopyroxenewith exsolution lamellaeand annealed olivinand altered
orthopyroxenes. (b) Pyroxenite with clinopyroxene displaying exsolution lamellae, oliviaed
orthopyroxene (c) Pyroxenite in RL displaying chromite, interstitially dissemingtgthotite with lesser
speds of disseminated chalcopyrite.
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3.2.4Gabbronorite

The gabbronorites are extremely altered in most cases with the samples displaying a grungy
appearance. The feldspare moderately to completely sericitised with secondary biotite fgrmi

In association with > 1 mm magnetit€igure 3.17). The intercumulus clinopyroxene within the
gabbronorites are > 1 mm to 8 mm in length and dispktghy to weldevelopedexsolution
lamellag(Figure3.17 b). The < 2 mm orthopyroxene crystals are highly fractured and have a modal
abundance of between 40 to 70 %.

Figure 3.17. Photomicrograph®of an altered gabbronorite in both transmiti@ad reflected light(a)
Gabbronorite in PPL with biotite associated with opaque magndi)tgabbromrite in XPL with highly
altered and fractured opx and cpx displaying exsolution lam&8é&atitisation of feldspars is visible in places.
(c) Gabbronadte in reflected light displaying grains of magnetite
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3.2.5Norite

The norites differ in ratio of plagioclase to orthopyroxene ranging from i¢éaamelanorite. The
cumulatefeldsparcrystals range in size from >1 mm3onm along the short axis andsglay minor
to extensive sericitisation. The orthopyroxenes displayopyroxeneexsolutionblebs and more
well-developedamellae(Figure 3.18). Minor interstitial blebs of clinopyroxene also occur within
the norie samples (K01) (Figure3.18).

Figure 3.18: Photomicrographef a norite in both transmitted and reflected ligh}.Highly fractured norite
dominated by orthopyroxene in PP[b) Norite dominated by orthopyroxene, plagioclase with minor
intercumulus clinopyroxene in XP[c) Blebby pyrrhotite with associated chalcopyrite and lesser interstitially
disseminated chalcopyrite and pyrite specks

3.2.6Anorthosite

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

mm to 4 mm crystals of which some disptEyncentric compositional zoninGédmpleK-29). The
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mottled anorthosite samples comprise oikocrysts of clinopyroxetine exsolution lamella and

extensive chloritisatioand sericitisatiorfFigure3.19).

Figure 3.19: Photomicrographof an altered anorthosite in both transmitted and reflected light. (a)
Anorthosite in PB with dominant plagioclase crystals as well as darker coloured areas of altedgtion. (
Anorthositedisplaying dominant plagioclase crystals heavily altered to sericite, interstitial clinopyroxene as
well as orthopyroxene.c Secondary veinlets of magitetas well as interstitial magnetite is present
associated with the sericitised zone

3.2.7Granofels

In thin section the complex multiomponent nature of the granofels contact zone confirms the hand
specimen descriptions. Darker patches consist otiated mafic blocks that vary from-114 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 millyhite veins cross cut the entire mixed assemblage.
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