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ABSTRACT

Geochemical, mineragical and tenor variation studies were carried out on the cores from UMTO040,
UMTO064 and UMTO063, located in the Flatreef on Turfspruit, in the southern sector of the Platreef.
The investigation comprised three objectives (1) to idemtifiytrols onmineralsation in the upper
section of the Platreef, (2) to construct a BGE tenormodel, and (3) to test whether the new
geological interpretation on Turfspruit correlates with the eastern and western limbs of the Bushveld
Complex. The aboveentioned holes we used for geochemical analyses of major and trace
elementsandUMTO064 wasalsoused fororthopyroxene microprobenalysesFor construction of the

tenor model a total of Z6 drill holes were used. The distance betwdgh holes for geochemical

studiesis 145m and 175n respectivelyand for the tenor model &pproximately 100n.

The outcomes of the study have demonstratedthieatipper section of the Platreef comprise at least
four lithological units i.e. the topmost portion of T1, lowermost partxd T1, T2 Upper and T2
Lower that can be interpreted to have been formed by four separate pulses of Gagsigering the
possibility of the T2 Lower being metamorphosed &iicates, this reduces the humber of magma
pulses to thre€This is supportedy the mineralogy, geochemical content and tenor variatitimes.

T1 is made up of an orthopyroxenite (feldspathic in places), the T2 Upper comprised a pegmatoidal
orthopyroxenite (also feldspathic in places) and the T2 Lisverade up of a harzburgitdigh grade

PGE, Ni and Cumineralisationwas found to occuwithin two zones in the upper section of the

Platreef i.ethe T1m and T2 (Upper and Lower).

Mineralisation occws in the form of base metal sulphides such as pyrrhotite, pentlandite and
chalcopyite; and PGEs are dominated by amphoteriB&GEarsenides, tellurides, antimonides and
bismuthinides These amphoterics are associated with base metal sulphidesulphidesn both the

Tim and T2are interstitih PGE mineralssuch asmichenerite, speylite, hollingworthite and

cooperie are present in the study artathe T2, an increase in sulphide content and PGE grades are
generally associated with the presence of the @l
a feldspathic pyroxerét(T1) and the coarggained to pegmatoidal pyroxenite (T2 Upper). Several

other chromitites might be present above and below this contact, and it has been noted that not all of
those chromitites are associated with an increase in sulphide content hed P@E grades. PGE
gradeswere found to béigher in T2 Upper than in T2 Lower, whereas, the base metals (particularly

Ni) are generally higher in T2 Lower.

In the T1m, nmeralisation occurs close to the contact betwdenfeldspathic pyroxenite and
orthopyroxenite, but only the orthopyroxenite hosts the sulphides. Chromitite stringers rarely occur in
the T1m. Where present, they generally occur at the top of the mineralisedlbensulphides in

both the T1m and T2 are thought to have resulted fromratpand different processes. Those in the
i



T1m are thought to have resulted from a fractional segregation process, whereas the sulphides in the

T2 were thoughto have been emplaced in bulkesra mush.

The 3D PGE tenormodel has demonstrated that thaarein both the T1 and T2 are higher than
previously thoughfor the northern limb of the Bushveld@plex Tenors in the T1 reach up 760

ppm, whereas tenors about1000 ppm were recorded in the TEhese tenors are comparable to the
tenors measureddm the sulphide melt inclusions elsewhere in the northern lirehors are the
highest in the northwestern part of Turfspruit and they gradually decrease towards the s@&dtieast.

the T1 and T2 are dominated by a tenor of ad€0tppm. In the T1, a tem of 250 ppm is dominant

in the northwestern and southeastern parts of the study area, whereas in the T2 it is only dominant in
the northwestern par¥ertical variation in tenors Bashown that the tenors are the highest in the

topmost portion of the Tand at the top of T2 Upper (below the-T2 contact).

The T1 has been found to be comparable with the Merensky Reef due to the following: (a) similarities
with respect to mjor and traceelement compositions of whole rock analys@y Cr/MgO ratis

which are greater than 80 and (c) similarities in the pyroxene content excluding the
MgO/((MgO)+FeO) ratio and CaO contendsid in thePGE tenoof the sulphides. In addition, the T1

has many of the characteristics of the model proposéthlijrett et al (2000for the formation of the
Merensky Reef in the western Bushvditbwever, the differences between the T1 and the Merensky
Reef were also noted i.dhvet MgO/((MgO)+FeQ) ratios in this study are lower (averaging 0.71) than
the Mg# reported for the Merensieef (Mg#sss), the upper Critical Zone (Mg#ss) and elsewhere

in the Platreef north of Turfspruit. The CaO levels (representing the wollastonite component of the
orthopyroxene) at Turfspruit are higher (>2 wt %) compared to the Merensky Cyclic Urotleerd

parts of the northern limb where the CaO levels are below 2 wt %. This is an indication that the

pyroxene composition at Turfspruit is more evolved compared to the Merensky Reef.
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Chapter 1

General introduction of the Bushveld Complex and aims dfhe study

1.1 General introduction of the Bushveld
1.11 Introduction

The mafic rocks of the Bushveld Complex constitute the most voluminous preserved mafic layered
intrusion in the world. They underlie an area of088 km*from Zeerust in the west touBgersfort in

the east, and from Bethal in the south to Villa Nora in the northasrekposed for over 1200 km?

(Figure 11). The Bushveld Complex is famous for its magmatic ore deposits of chromite, platinum
group elements (PGEs) and vanadium. Hu(i875), considered the Bushveld Complex to have a
cruciform outline and to consist of five lobes: western, far western, eastern;esstehn and
northern lobes (Figure.l). The Bushveld Complex contains the world's three largest platinum
bearing horizas: the UG2 Chromitite, Merensky Reef and Platr€efnthorn, 1999
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= . " | e
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Figure1.1. Geology of the Bushveld complex (Cawthatral, 2005)



The subdivisior of the Bushveld Complekave been suggested by SACS (1980) and revised by
Hatton and Schweitzer 995), into the mafic rocks of the Rustenburg Layered Suite, the Lebowa
Granite Suite, the Rashoop Granophyre Suite and the Rooiberg @rahip 11). Table1.2 shows

the formal lithostratigraphic classification of the Rustenburg Layered Suite adopte&dCiS/($980),

as subsequently modified, compared with the standard zonal nomenclature. Note that the use of
"bronzite" and "bronzitite" (mineral and rock name respectively) is no longer recommended; the rocks

are referred to as pyroxenites.

Tablell. Currenty accepted subdivisions and nomenclature of the Bushveld Complex

LEBOWA GRANITE SUITE Nebo, Lease, Makhutso, Klipkloof, Bobbejaankop, Balmoral and Verena Granites
RASHOOP GRANOPHYRE Stavoren and Diepkloof Granophyres, Rooikop Porphyritic Graniteytbank
SUITE Pseudogranophyre

Subzone C (GAp diorite)

Upper Zone | Subzone B (OMt gabbronorite)

Subzone C (Mt gabbronorite)

Upper Subzone (gabbronorite)

Main Zone
Lower Subzone (gabbronorite, norite)
RUSTENBURG LAYERED . . .
SUITE Critical UpperSubzone (norite, anorthosite, pyroxenite)
Zone Lower Subzone (pyroxenite)
Upper Pyroxenite Subzone
Lower .
Zone Harzburgite Subzone

Lower Pyroxenite Subzone

Marginal Zone (norite)

Schrikkloof Formation (flowbanded rhyolite)

Kwagganek Formation (massive rhyolite)

ROOIBERG GROUP
Damwal Formation (dacite, rhyolite)

Dullstroom Formation (basaltic andesite)




Table 1.2. Subsequently modified formal lithostratigraphic classification of the Rustenburg Layered Suite,
compared with the standhrzonal nomenclaturéWalraven (1986)2Hulbert and Von Gruenewaldt (1982),
*Teigler and Eales (1996) suggested that the top of the Lower Zone be taken at the top of the Harzburgite
Subzone®Kruger (1994) proposed, on the basis of initial Sr isotopiosathat the Upper Subzone of the Main

Zone should be included in the Upper Zone

Standard zonal . . -,
subdivision (informal) Nomenclature recommenced by SACS (1980), including subsequent additions
All areas Eastern limb Western limb Northern limb
@ . -
£ Luipershoek Olivine
Subzone C 2 Diorite
@ Qo
s 7
N Subzone B § Ironstone Magnetite Bierkraal Magnetite Molendraai Magnetite
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g 3
> g
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1.1.2 Rooiberg Group

The Rooiberg Group occurs mainly above the Rustenburg Layered Suite and can be digided in
several formations based on lithology and chemistry (Taldlg It consists of basalt and basaltic
andesite near the base and erratically becomes more felsic upwards, with various pyroclastic and
arenaceous layers (Schweitzer al, 1995a). The bulk fothe Rooiberg succession comprises
generally siliceous volcanic rocks, with sandstone and shale intercalations present in places- The high
Mg felsite magma type occurs at the roof and the floor of the Bushveld mafic sequence, establishing
that the volcari rocks in the roof and the floor are part of the same succession. This is supported by
trace element abundances of both the Rooiberg Group and the Lebowa Granite Suite, which display
chemical similarity with average upper crust. The Rooiberg volcanis ralsk host minor epigenetic

cassiterite and fluorite mineralisation (Schweitzeal,, 1995h).

The Rustenburg Layered Sultasbeen subdivided into 5 zones, the Marginal, Lower, Critical, Main

and Upper zones.
1.1.3 Marginal Zone

The Marginal Zone coprises mediungrained, unlayered rocks which encircle most, but not all of
the Bushveld Complex. These are mainly norite with minor pyroxenite, containing variable amounts
of quartz and biotite, reflecting assimilation of shale. The sequence may reaoh80p tn and
probably results from multipléntrusionsof magmas, and hence it is not a true chill of the entire
intrusion(Cawthornet al,. 2006)

1.1.4 Lower Zone

In the Olifants River trough (Figure1) in the eastern limiCameron (1978) divided the @r Zone

into a Basal subzone (mainly feldspathic pyroxenite), a Lower Bronzitite, a Harzburgite subzone and
an Upper Bronzitite. This was subsequently superseded by a threefold subdivision comprising the
Lower Pyroxenite, Harzburgite and Upper PyroxeStédzones (Table.1), all with less than 26
chromite. In the western limb the lower division contains pyroxenites and ebeaeng rocks in

equal proportions, while the overlying division contains a smaller proportion of pyroxenite (Teigler
and Eales1996). Structural complexities in the sedimentary floor result in local attenuation of the
ultramafic rocks (Sharpe and Chadwick, 1982; Uken and Watkeys, 1997), and also propagate into
overlying zones. In the far western ligBngelbrecht (1985) identifiedine cyclic units of dunite
harzburgitepyroxenite attaining a thickness of 1050 m in the Lower Zone. The Lower and Ciritical
Zone sequences of the northern limb, south of Mokopane (formerly Potgietersrus), are heavily faulted
(Barrett et al., 1978). Hulbeand Von Gruenewaldt (1985), assigned a succession of 1700 m of

olivine, chromite and orthopyroxe#iearing cumulates, representing 37 cyclic units, to the Lower
4



Zone in this arealThey also reported the occurrence of two chromitite layers (the uppdowwed

chromitite layers) within the Volspruit subzone o thower Zone
1.1.5 Critical Zone

The Critical Zone carries the world's largest platidogaring ore bodies (UG2 Chromitite and
Merensky Reefs) and huge deposits of chromite within the Lower (M@dle (MG) and Upper

(UG) Group chromitite layers (Schurmann et al., 1998). This zone displays spectacular layering of
chromitite, pyroxenite, norite and anorthosite on all scales from millimeters to tens of meters
(Cameron, 1980, 1982).

Thelower Critical Zone contains an 800 m thick succession of pyroxenitic cumulates, with an-olivine
bearing interval on¢hird of the way up. Up to seven chromitite layers, referred to asd,@&iay be
present, individually reaching up tan in thicknesgCawthornet d,. 2006. Nearly all rocks contain

minor disseminated chromite. The Middle Group (MG) comprises a cluster of four chromitites, MG1
4 with MG1 and MG2 in the lower Critical Zone and MG3 and MG4 in the upper Critical Zone. The
Upper Critical Zone successi@momprises eight cyclic unit€Cawthornet al,. 2006) consisting of

partial or complete sequences from a base of ultramafic cumulates (chromitite, harzburgite,
pyroxenite) through norite to anorthosite. The top two cyclic units of this sequence aretloalled
Merensky and Bastard cyclic units and have only extremely thin basal chromitite layers. These two
cyclic units define a transition to the Main Zdi@awthornet al,. 2006)

Economic PGE mineralisation occurs wotlayers within the Bushveld Complethe Merensky Reef

and Upper Group 2 (UG2) chromitite in the Critical Zone of both the eastern and western limbs. In the
Merensky Reef mineralisation occurs near the base of the Merensky Cyclic Unit, the thinnest of all
cyclic units (Cawthornet al,. 2005 The reef has a very thin (millimetthick) chromitite layer,
overlain by a feldspathic pyroxenite that may be pegmatitic. A second chromitite layer may occur at
the top. The reef contains a heavy dissemination of sulphides that carry ab8uf/ttPGE,0.15%

Cu and 0.3% Ni (Lee, 1996). Most of the mineralisation is concentrated close to the chromitite layers,
especially the upper one. The UG2 chromitite reef, which may be up o thizk, contains minimal
sulphides, but still carries similar PGE deato the Merensky ReqiCawthornet al,. 2005

Mineralisation occurrences in the Platreef are discuss€tapter 2

Chromite mineralisation occurs entirely in the Critical Zone in both the eastern and western limbs and
also occurs in the LZ of the Gawally area in the northern limb. Chromitite layers contain between 50
and 85% chromite, the remainder being pyroxene and plagioclase. The highest Cr/Fe values occur in
the lowest chromitite layers in the Critical Zone. Chromite mineralisation is alsg bened in the

Lower Group 6 (LG6), Middle Group 1 (MG1) and (MG®awthornet al,. 2006)
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1.1.6 Main Zone

In the eastern limb, Von Gruenewaldt (1973) subdivided the Main Zone into three subzones (subzone
A, subzone B and subzone C). These subdivisioase vbased on the nature of the {oalcium
pyroxene, whereby an inverted pigeosbaring subzone (subzone B) separated a lower subzone
(subzone A) and upper subzone (subzone C) from primary orthopyrbranieg gabbronorite (Nex

et al,. 1998). Von Gruenwa | dt (1973) pl aced a major marker
between subzone B and subzone C and interpreted it as an injection of undifferentiated magma in the
Main Zone. This subdivision was adopted by SACS (1980) as an informal nhomenctatuhe f
western Bushveld. Michell (1990) suggested that in the western Bushveld subzone A and subzone B
collectively is regarded as the Lower Main Zone and subzone C the Upper Main Zone. However, Nex
et al,. (1998), suggested that subzones A and C couigriher subdivided into two, leading to five
subdivisions of the Main Zone. These subdivisions were based on the variation in relative abundance
of different pyroxenes.

Ashwal et al,. (2005) reported a prominent ~4 m thick pyroxenitic horizon about 3&tom the
Upper ZoneMain Zone contact. Based on mineralogical data, they suggested that this layer could not
be equated to the Pyroxenite Marker of the eastern and western limbs. They concluded that the

Pyroxenite Marker could be missing in the northembli
1.1.7 Upper Zone

The Upper Zone is the most laterally extensive zone. Its base is defined by the appearance of cumulus
magnetite, only a few meters below the lowest magnetite layer in the eastern limb (Molyneux, 1974).
It attains a thickness of 2000 amd contains up to 24 magniétlayers, one of which is 6 m thick;

others range from a few centimeters to 2 m in thickness. In the Bellevuaarthe northern limb,

the thickness of the Upper Zone is 1500 m (Ashetahl, 2005). It is dominated bycks ranging

from gabbronorite to anorthosite, with variable amounts of cumuluickeyroxenes and olivine,
magnetite and apatite. Magnetite comprisés By volume of the Upper Zone and towards the top of

the zone ilmenite may exceed magnetite in abood (Reynolds, 1985).

On Gezondin the northern limpthe outcrop decreases in width from >1,000 m to <@00@n
Jaagbaan in theouth (van der Merwe 1978). The base of the Jaagbaan magnetite gabbronorite
consists of an 8 m thick anorthosite layer thatdgranto a magnetite gabbro. All layers dip at
approximately 10to the west. The number 1 or Main Magnetite Layer (a massive magnetite layer
with a 30 cm disseminated sulphidearing basal portion) occurs 10 m higher up in the sequence.
Three magnetite {eers (numbers 2, 3 and 4) have been recorded above the Main Magnetite Layer in

this area. The ¥Os content of theMain Magnetite layer over a thickness of 1 m is 2@ (van der
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Merwe 1976). There are no further indications on surface of matmegiabbromagnetite gabbro or
mottled anorthosite aiin Upper Zone sequence further south. A lateral variation is recognised when
the Jaagbaan zone is compared with the lower Upper Zone sequence on Gezond in the north. On
Gezond, a lower magnetite layer is develdfpelow the Main Magnetite Layer, a mottled anorthosite
occurs at the base of the Main Magnetite Layer, and at least seven thin magnetite layers occur in the
magnetite gabbro directly above the Main Magnetite Layer. Lateral variations in the layers of the
Upper Zone in the rest of the Bushveld Complex are common (Molyneux 1974).

All Bushveld Complex magnetite layers contain vanadium. Vanadium grageg @écreases from 2

% at the base to 0% at the top of the Upper Zone. The 2 m thick Main Magnetititger occurs 130

m above the base of the Upper Zone and is being mined in both the eastern and western limbs
(Cawthornet al,. 2006)

1.2 Aims of the study

The aims of thirojectare thredold, (1) to investigate mineralisation controls in the uppestion
of the Platreef(2) to produce a 30PGE tenor(Pt and Pdmodel on Turfspruit farmand (3) to test
whether the new geological interpretation for the TurfspRaef correlates with theeastern and

westernimbs of the Bushveld Complex

There havdeen two exploration projects within Turfspruit and Macalacaskop famarea that was
identified as being suitable for opencast mining, terthed?000- 2006 open pjtand the 2007 2012
(on-going) deep drilling projecté~igure 1.2). This study focses on thaipper section of the Platreef
in the deep drilling project in Turfspruit. Referencasmgiven to work conducted on the open pit
project due to the amount of research conducted on this project. The study inwegtigate
mineralisation controlsni different host rocks/rock units, andasvconducted usinghe research

methodology outlined below:

9 Detailed logging of drillcore, followed by logging of geological mididg packages, along
strike and dip. Geological moldieg packages are a unique litbgical grouping developed

by the project team thareused to build a geological model.
1 Sampling for analytical assayigd mineral chemistry

1 Analytical assaying as conducted on every metsampled through the mineralised zone.
Cores vereanalysedfor Pt, Pd, Rh, Au, Ni, Cu, Cr and S.

1 Sampling for XRF geochemical analysisamples wee collected in the different geological

units within theupper section of the Platreeffo distinguish the characteristics between



geological units and also to indicateetvariation within individual unitsThis data was
compared with the data from tlastern andvesternlimbs to test whether there-bearing

units from these areas are similar to the Northern Limb

I Qemscan data analysiBata from the metallurgical testork conducted in thapper section
of the Platreefvasused to evaluate the mineralogy, sulphides and PGE composition of the
geological units.

9 Calculation of tenors in eadtrill hole and construction of tHeGE tenomodel throughout
the upper section ofhe Platreefvas completed fonorthern Turfspruit The resultingtenor
patterns wee used to identify individual magmatic sills or pulses.

Results from the above weintegrated to determine the mineralisation controls in the orebody and

also identify aras where there is geological continuity of the high grade ore.

lEXPLORATION PROJECTS

TWEEFONTEIN 238 KR

RIETFONTEIN 2 KS

> 5 et
3,

.....

TURFSPRUIT 241 KR

.....

..........
............
...........

MACALACASKOP 243 KR

2 4
— — Kilometers

Figurel.2. Location of exploration projects and study asbawing the two exploration areas:

the open pit and deep drilling project with locatafrdrillholes in the project
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Chapter 2

General geology of theNorthern Limb

2.1 Geological setting

The northern limbof the Bushveld Complex intruded Transvaal Supergroup metasediments and
Archaean basement at ~208054 Ma (Walraven, 1987, Walraven al., 1990, Buick et al., 2001).
Structurdly, the northern limb is separated from the eastern and western limbs by th&VENE
trending ThabazimbMurchison lineament (TML), a major tectonic boundary formed by the collision
of the Pietersburg and Kaapvaal terranes around 2.7 Ga (Griffin eD@d., Pruter, 1947; de Wit

al., 1992; Good and de Wit, 1997; Silatral, 2004). In Mokopane, the TML is marked by the-NE
striking Zebediela and YsterbeRjanknek faults (Figur2.l).

The northern limbof the Bushveld Complex forms a sinuous outcarm has a total areaxtent of

about 7275 ki It is <15 km in width andhasa strike length of 11@m from the north, where it is
covered by younger Waterberg sediments, to the Zebediela fault south of Mokopane, where Karoo
sediments are juxtaposed againhe layered mafic rocks (Van der Merwe, 1978yuth of the
PlanknekYsterberg fault (Figure 2.1he stratigraphic relationships remain unclegnereas north of
Mokopane, the Lower Zone occurs as satellite bodies and as a thick package locallyingntrexly

Platreef, with Platreef pyroxenites forming the footwall for more than 30 km.
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Figure 2.1 Locations of the YsterberBlanknek and Zebediela Faults (Holwetlal, 2005)
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In relation to both the eastern and western limbs, the Platreef hasdwesdnd to the Critical Zone of
the Bushveld Complex (Wagner 1929 and White 1994), but several differences have been noted (Van
der Merwe 1978 and McDonadd al. 2005),as shown irFigure2.2.

Bushwveld NT_?”';'EF"'
Complax (White, 1904) Mariharn
' Limb
o i (Kinnaird at al,, 2005)
e Upper Zona \
A it g -
Main Zane
S (V=) .
Critical Zane T | B Snalesigesen T
(L L o 0 e
Lowear Fona e e e
e Sl arckann Basernant |0 Le
e e s
""" Transvaal Sedimeniary LR e A e e e e e e
Saguanca

Figure 2.2. Stratigraphic position of the Platreef inatbn to the Main Bushveld Complé&innaird et al.,
(2005)

McDonald et al (2005) reported the following differences:

(i) The primary Platreef has different mineral textures than those commonly found in the
Merensky Reef. They reported that in the Merensky Réed liquidus order is
orthopyroxeneplagioclaseclinopyroxene, whereas in the mafic units of the Platreef,
clinopyroxene either follows orthopyroxene or crystallises concurrently with it, and

generally precedes plagioclase.

(i) Chromite in the Merensky Reebnsistently occurs as the earliest phase, forming layers and

inclusions in pyroxenes, whereas in the Platreef it is most commonlgymsius.

(i) The Platreef silicates appear systematically moreidfe than their equivalents in the
Merensky Reef i.e. Plieeef orthopyroxene (Mg#), olivine (Mg#e) and Merensky Reef
orthopyroxene (Mg#ss) and olivine (Mg#g.go).

(iv) The rare earth element geochemistry in the melanorites of the Merensky Reef at Union

Section displayed a much broader range of Lafatios (28-5.7) and a more pronounced
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negative Eu anomaly (Eu/Eu* = 0-4280) compared to the reef samples from the
Platreef which showed a narrow range of La/katios (1.33.3) and small Eu negative
Euanomalies (Eu/Eu* 0.7Q.93).

(v) In the Platreef there is aagter fractionation of loemperature PGE (Pt and Pd) from high
temperature PGE (Ir and Ru), and all of them arei¢tdcompared with reefs between
the UG2 and the MerensiBeef in the eastern and western lobesaddition, the Platreef
silicate rocks \ith total PGE contents as low as fijib show a lower and more restricted
Pt/Pd ratios than in the Upper Critical Zone, where Pt/Pd ratios may exceed those in the

northern lobe until well above the level of the BestReef.
2.2 Structural events in the Nothern Limb

After the emplacement and consolidation of the Bushveld Complex, the northern limb was subjected
to various episodes of faulting. Truter (1947) and de Villiers (1967) recognised the following fault
patterns: E to ENE, N to NNW, and NW. Hulbet983) recognised four episodes of fault
deformation. The earliest generation was an episode-8fti¢nding reverse faulting. The second
generation is portrayed by WNW striking faults. Third generation faults strike NE and are assumed to
be postWaterberg.The fourth and final period of faulting occurred in pKstroo times and is best
demonstrated by the almost EW striking Zebediela f@igiure 2.3. Northwards, most of the faults

strike NE and have a normal displacement with a down throw to the soutite(\1094).
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Nex, (2005) noted two phases of ductile deformation on Tweefontein Hill. The early phase produced
upright folds and the later phase pnodd dominantly souttvest plunging minor folds which reflect

the major structure. This ductile deformation-geges the intrusion of the Bushveld Complex in the
Northern Limb (Nex2005).

2.3 Geologyof the Platreef in the Northern Limb

The Platreef is avell-known PGENI-Cu rich deposit, located at the base of the northern limb. This
pyroxenitedominated package occurs between the Transvaal metasediments, forming the footwall,
and the Main Zone rocks, forming the hangingwall. The Platreef comprisesatiyxheterogeneous

and variably altered pyroxenites with harzburgites, norites and rare anorthosites which onlap onto
successively older Transvaal metasedimentary footwall units northwards and eventually transgresses
onto Archaean granite. The Platreefiga in thickness from <56 in the north to ~60én locally in

the south Kinnaird and Nex, 2012 in presspenerally, the outcrop strikes NNW and dips4&)

west at surface.

Kinnaird and McDonald, (2005) defined the Platreef as the "mafic units eniicididlCu-PGE that

occur between the Archaean grafjteeiss or the Transvaal Supergroup and the gabbronorites of the
Main Zone, north of the Planknek Fault. This definition excludes mineralisation developed in the
Main Zone norites and gabbronorites nattarm Drenthe. Mineralisation north of Drenthe has been
referred to as "Platrestyle" by Kinnairdet al (2005).

Following Merensky (1925), the Platreef can be subdivided into three sectors, according to the
footwall lithology and stratigraphic zong&igure 24). The northern sector has a footwall of
Archaean granite on farms Overysel 815LR, Drenthe 778LR, Witrivier 777LR and northwards. The
central sector is characterised by a dolomitic footwall of the Malmani Subgroup and occurs on farms
Zwartfontén 818LR, Sandsloot 236KR, Vaalkop 819LR and Tweefontein 238KR. The southern
sector has a footwall composed of Duitschland Formation shales, banded ironstorslicatals,
mudstones and siltstones; and extends from Townlands 44KS in the south tonfeiref88KR in

the north. The Platreef occurs in both the central and southern sectors only (as defined by Merensky),
and extends from Mokopane northwards at least 30 km along strike (Kimtbakd2005),as shown

in Figure2 4.
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2.3.1Footwall lithologies

The Archaean basement consists of tdicaljneiss intruded by heterogeneous potassic granites
(Cawthornet al, 1985) similar to other Archaean exposures on the Kaapvaal craton. The Transvaal
Supergroup sediments were deposited on the Archaean basement during the per2tD@avia
(Erikssonet al., 2001) and comprise a thin basal clastic unit (Black Reef Formation) followed by a
sequence of dolomites, ironstones and minor shales (Malmani Subgroup, Penge Formation,
Duitschland Formation). These are overlain disconformably by the Pretoria Grouapball Hill
Formation) which is dominantly clastic with minor volcan{€sgure 2.5). This Supergroup attains a
maximum thickness of 12 km within the Transvaal Basin (Erikssp@l, 2001). Examples of

footwall lithologies are shown in Figug6.
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Smelterskop Fm. Andesitic lavas, arenites and intercalated shales

Magaliesberg Fm. Sandstone with minor mudstone lenses

Silverton Fm. Shales with intercalated pyroclastic volcanics.

Daspoort Fm. Sandstones, quartzites and minor mudstones

Strubenskop Fm. Shales with subordinate sandstones

-Eaalheuwel Fm. Sandstones

" . Clastic sediments (mudstones, quartzites, conglomerates)
Timeball Hill Fm.  \yith minor volcanics. [Re-Os pyrite age 2316 +/- 7 Ma]
; Shale with significant dolomites, minor quartzite
Duitschland Fm. and conglomerates.

Penge Fm. Banded ironstone with ferruginous shale and quartzite at the base
[SHRIMP U-Pb zircon age 2480 +/- 6 Ma]

Chert-poor dolomite becoming more chert-rich towards the top.
Frisco Fm. Thin layers of carbonaceous mudstone throughout, more
arenaceous towards the top

Pretoria Group

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

Chert-poor dolomite with infrequent minor quartzites and
mudstones.

Eccles Fm.

Transvaal Supergroup

Lyttelton Fm.

Monte Christo Fm Chert-rich dolomite with abundant chert layers, minor
" quartzites and mudstones.

Chuniespoort Group
Malmani Subgroup

Chert- poor carbonate with thin quartzite and mudstone units,
Oaktree Fm. ubiquitous laminated chert. [SHRIMP U-Pb zircon ages 2583
+/- 5 Ma and 2588 +/- 7 Ma]

‘ Black Reef Fm Coarse- grained quartzite, interbedded with pebble beds, sandy
| | A | = jasitic |

Figure 2.5. Lithostratigraphy of Transvaal Supergroup floor rocks beneath the PlaweeKinnaird and Nex
(2012, with data fromButton, (1973); Martini, (1979); Catuneanu and Eriksson (1999); Bektkak, (2001).
Age dating from Hannaét al, (2004);Nelsonet al, (1999); Martiniet al., (1998)

(a) A basement graniteore showing variation ipotassium contemtithin the basemer{iNQ core size)
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(b) Hornfelsdisplayingporphyroblasts of cordieritandalusitepyroxene in a very fine grained groundss of

cordieritespinetplagioclasén drill hole ITS097 at a depth of 515.50 (@5 cm sampleNQ core sizg

= e - - SR Pk b TR e A b o]

(c) Varied textureddolomite withinterbedded chein drill hole ATS129, at a depth of 185.60 m (25 cm sample
NQ core sizg

Figure2.6. Foowall lithologies(Basement granite and Transvaadsedimentaryocks)

2.3.2Lower Zone lithologies

In the central and southern sectors of the Northern Limb the Lower Zone pyroxenites, harzburgites
and dunites, which are texturally distinct from thetifelef may form as sills up to 80@ thick
between the Platreef and footwall lithologies. They may also form as entirely separate sills and fingers
into the footwall metasediments or gneiss that appear isolated on surface, but may be interconnected
at depth such as at Uitloop, Zwartfontein or Bultongfontein (Kinnaird and 12642 in press). These
bodies are erratically serpentinised and occasionally contain thin chromitite seams (Gain and Mostert,
1982). The dunites are remarkably fresh compared to tHidee ®latreef. They are characterised by
rounded cumulus olivines, with minor orthopyroxene with-tegtured sulphide blebs or/and
chromite; and sometimes by a thin chromitite that grades upward into a chromitiferous dunite and
then into a pure dunite. dizburgites which are also fresh, have varying proportions of olivine,
pyroxene and feldspar. Some are Iherzolites with minor cumulus clinopyroxene, although generally
logged as harzburgites. Feldspathic harzburgites are olidinewith intercumulus felspar,
accessory spinel and oikocrysts of clinopyroxene. Pyroxenites of Lower Zone affinity are medium
grained daricoloured rocks with prismatic medidgnained orthopyroxenes aligned parallel to
"layering" and a low percentage of interstitial feldsg@igure 2.7). On Townlands, pyroxenites,
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harzburgites and serpentinites with associated high grade chromitites are associated with the Lower
Zone (Hulbert and Von Gruenewaldt 1982; Harmer 2004).

South of Mokopane, in the GrasvaWplspruit area, the Lower Z® consists of >1600 m thick
sequence comprising the lower and upper Volspruit Pyroxenite subzone. This subzone is succeeded
by harzburgite with chromitites of the Drummondlea subzone and an upper harzpyrgitenite

unit known as the Moordrift subzofidulbert and Von Gruenewaldt 1982).

ol L e s S s b Ll - { z L e

(a) Pyroxenitewith elongated ortbpyroxene showing fabric in drill hole UMTO006, at a depth of 1599.17 m (31
cm sampleBQ core size Oxidised pyrrhotite and pentlandite shown by oraligevn colour

(b) Fine- to mediumgrained dunite with > 90% rounded cumulus olivine in drill hole UMT333, at a depth of
1589.20 m (25 cm sample Ncore size)

(c) A magnetitebearingharzburgitewith oikocrysts of orthopyroxene in UMT333, at a depth of 1303.15 m
(22.5 cm sample, NQ core siz&)agnetite occurs in the form of veinlets

Figure2.7. Lower Zone lithologiedelow the Platreef

2.3.3 Marginal Zone lithologies

Van der Merwe (1976) reported thgénerally, exposures of the Marginal Zone are poor in the
northern limb, but wherever theract between the main mass (comprising the Upper, Main, Critical

and Lower Zones) and its floor crops out, the Marginal Zone has manifested itself as a zone of noritic
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to doleritic rock a few centimetres to tens of metres in thickness displaying anvamtnasure. He
further reported that the Marginal Zone comprised inclusions of carbonate rock, hornfels, quartzite

and ganite.

In the southern sector, Kinnaird et al,. (2005) reported a common occurrence of the Marginal Zone
norite resting on the hornfels areas where the hornfels forms the floor to the Plafféely further
reported that this norite occassionally intruded xenoliths of hortfeterthern Turfspruitwhere the

Lower Zone forms the floor to the Platreafew metres of Marginal Zoneorite occur at the contact
between the Platreef andcks of the Lower Zonayhereasin southern Turfspruitvhere the hornfels

forms the floor to the Platreethe Marginal Zone norites range in thickness frafiew metres to
several tens of metrellere the norites appear to have intruded the hornfelses, resulting in repetitive

cycles of norite and hornfe{§igure 2.8)
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Figure 28. Marginal Zone lithologies
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2.34 Platreef lithologies

Early interpretation of the Platreef classified the rocks mtd and C reefs (White, 1994). The
heterogeneous package at the base was referred to as the A reef, whilst theed® regarded as a
uniformly textured pyroxenite generally carrying good grades and the C reef as a frequently barren,
fine-grained clinogroxenebearing feldspathic pyroxenite at the tdfowever, more recent work
(Armitage et al, 2002; McDonald et al, 2005; Kinnaird et al, 20@8)ch has shown the complexities

of the multiphase intrusive nature of the Platreef, has discarded thisicdissifscheme.
2.34.1 Pyroxenite and feldspathic pyroxenite

Pyroxenites within the Platreef package vary in grain size from iimeugh coarseto pegmatoidal
(Figure 29). Pyroxenites and feldspathic pyroxeniiesmediately below the Main Zone Platfee
contactare mediungranedto pegmatoidal in texture, whereas those close to the base of the Platreef
are generallyine-grained. Accessory minerals occur in the form of biotite, base metal sulphides and
chromite. Biotite is generally dominant in the gyenites near the base of the Platr8dfe main

mineralised zone in the central and northern sectors occurs in these pyroxenites.

(a) Fine-grained clinopyroxene dominant, porphyrifigroxenitein drill hole UMTO063, at a depth of 817.15 m

(17.5 cm sample, ® core size)

(b) Medium- to coarsegrainedfeldspathicorthopyroxenite in drill hole UMT064, at a depth of 833.38 m (17 cm
sample, BQ core size)
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(c) Medium to coarsegrained divine feldspathic pyroxenitin drill hole ITS004, at a depth of 391.50 (NQ
core size)

(d) Very coarsegrained divine, biotite, pegmatoidal orthopyroxenite drill hole UMT312D1, at a depth of
772.75 m (25 cm sample, NQ core size)

Figure2.9. Pyroxenitesin the upper section of the Platreef

2.34.2 Norite

Norites occur bdt within the Platreef package and as chilled micronorite sills often at the base of the
package between the Platreef and the floor, or between the Platreef and the Lower Zone; or more
rarely within the Platreef package well away from the floor. Some ohdhniges aredescribed as

fingers of Main Zone cutting down into the Platr¢eiblwell and Jordaan, 2006)vhile some are

certainly part of the Platreef package. They range from leuconorite 4656 plagioclase) through
norite to melanorite with 6590 % orthopyroxengFigure2.10).

(a) Fine- to mediumgrainednorite with variable amounts of plagioclase in drill hole UMT063, at a depth of
811.68 m (19 cm sample, BQ core size)
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(b) Medium-grained olivinenorite with interstitial sulphidesn drill hole PA002 at a depth of 647.3% (29 cm
sample NQ core sizg Base metal sulphides are pyrrhotite, pentlandite and chalcopyrite

e

(c) Fine-grained norite with fine-grained sulphides in drill hol&dMTO060, at a depth of 1198.48 (20 cm
sample, BQ core sizepase metbsulphides are mainly pyrrhotite and pentlandite

Figure2.10. Norites within thePlatreef

On Turfspruit, cyclesonsisting of anafic-rich layergrading into felsic layer upwards, followed by a
sharp mafic contact overlying the felsic laytrmed nori cycles occur in the mid to upper Platreef

package (Kinnairét al, 2005), but have not been recorded elsewhere.

2.34.3 Metamorphosed sedimentary footwall and xenoliths in the Platreef

Xenoliths of calesilicate (Figure 2.1) and hornfels occur thrghout the Platreef and also in the
overlying Main Zone.Armitage et al (2002) indicated that at Sandsloot, these xenoliths occur as
irregular shaped bodies of variable size from a few decimeters to tens of metres, and are often
elongate parallel to the fotwall layering while Gain and Mostert (1982) indicated that the <alc
silicates on Drenthare up t090 m in diameter. These calidicates comprised mineral assemblages

of forsterite, diopside and monticellitBuchanan (1981%uggested that during thenplacement of

the Bushveld Complex gabbroic magma intruded, iatal reacted withthe floor rocks of dolomite,
banded ironstone, argillaceous sediments and micronorite sills giving rise to the 120 m thick Platreef
sequence of contaminated pyroxenitic galb He also indicated that considerable amounts of
dolomite incorporated into the Platreef magma gave rise to xenoliths efiliedte and carbonate

silicate hornfels.
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Parapyroxenite, a term first used by Wagner (1929) to describe clinopyroxeniteqiorttinern limb,
are common in the central sector of the Platreef package. They vary from a greenidie- diopsi
hornblendephlogopite to a pinkyprown diopsie-grossularite assemblag@Eigure 2.1). Armitage et

al (2002) noted that at Sandloot, these climopgnites occur as elongated lenses and -semi

continuous bands concordantly interlayered with-sdicate hornfels.

(a) Fine grainedtalc-silicate(metamorphosed dolomite) in drill hole UMT158, at a depth of 521.62 m (19 cm
sample, NQ core size)

(b) Fine-grained parapyroxenite showingassimiated sediments in an olivine rich magma in drill hole
UMT158, at a depth of 738.22 m (24 cm sample, NQ core size). A zone of olivine (serpentinised) and
plagioclase on the lefiand side of the diagram represents a maignmairzburgite. Preserved sedimentary
layering is shown on the righand side of the diagram

Figure2.11. Metamorphosed footwall litholags

2.34.4 Granofelslithology

On the farms Overysel and Drenthe, the contact between the Platreef and Archakamsgrarked

by an agmatite (locally termed granofelsigure 2.12), comprising pyroxend amphibolite and
granite gneissragments within a granitic matrix, and developed from the interaction of the Platreef
with the footwall (Cawthorret al,, 1985; Baton et al., 1986).Similar rocks have now been identified

in core from Turfspruit.
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Figure2.12. Granofelscore with chlorite alteration in drill hole UMTO088, at a depth of 1509.57 m (28 cm
sample, BQ core size)

2.34.5Felsic veinlithologies

There & a wide variety of granite veins cressiting the Platreef. They vary from aplitfEigure

2.11), through graphic textured, and from firle very coarsgrained (Hutchinsoet al, 2004). They

also vary in colour. They may be pinkish where alkali feddiggredominates; white or grey where
plagioclase is dominant; to cream, greenish or brown, depending on the accessory mineralogy which
may include amphibole, titanite, ilmenite, pyrite, zircpatches and veinlets of purple fluorite; and

the degree of atation to sericite, chlorite, carbonate or clay minerals (Hutchiesaal, 2004)

(Figure2.13). In one white, quartpoor vein from Turfspruit, accessory zircon, sulphides, monazite,

graphite, iridiumosmium alloys (10 um in size) have been identifiddt¢hinsoret al, 2004).

(a) Mediumgrained granite vein with pyroxenes and biotite forming a spotted texture in drill hole UMT239, at
a depth of 859.31 m (17 cm sample, NQ core size)

(b) Graphictextured granite vein with orthoclase and quartz in drill héN&T158, at a depth of 403.35 m (27
cm sample, NQ core size). Magnetite inclusions are shown by dagk spot

Figure2.13. Mediumgrainedto pegmatiticgraniticveins
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2.34.6 Olivine-rich lithologies

Most olivinebearing lithologies in the Platreef are setpered. Serpentinizationis variable
throughoutthe Platreef i.e. the rocks can be serpentinised to a degree where original rekteras
are destroyed or to a lesser degree where mineral textures are dilisabte(Figure 2.4). Olivine
may occums an early mineral phase or as a-$atgje mineral in the rocks of the Platreef. In the latter,
McDonald et al (2005) reported the replacement of orthopyroxene-tigh-elivine in the southwest
corner of theopen pit atSandsloot. They also reporteladetreplacement of plagioclase by-fieh
clinopyroxenite which led to the development of-riedn wehrlites, olivindherzolites and
harzburgites; and an overall darkening of the radkrris and Chaumba (2001) reported the

occurrence of olivine in the pgrgroxenite at Sandsloot, which they attributed to a metamorphic

origin. High grade mineralisation occurs in harzburgites.

(a) Fine-grained serpentinitein drill hole 1TS011, at a depth of 132.05 m (14 cm sample, NQ core. size)
Original texture of mineralis completely destroyed by alteration

(b) Medium- to coarsegrained feldspathicespentinisecharzburgite with orthopyroxene oikocrystsdrill hole
UMT239, at a depth of 807.27 m (25 cm sample, NQ core. e metal sulphides occur in the form of
intersttial pyrrhotite, pentlandite and chalcopyrite

Figure2.14. Olivine-rich lithologiesoccurring within the uppesection of thePlatreef

2.35 Main Zone lithologies

Outcrops of Main Zone rocks ithe Mokopane area are best developed on Macalacaskop. On
Townlands, outcrops are scarce and occur alondattme boundary with Macalacaskop, and to the
west and south of town. Main Zone rocks consist of gabbronorite, gabbro and mottled anorthosite

layers(Figure 2.15), with a dip of 20 to 26 to thewestandnorthwest The Main Zone thins from a
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width of >2,400m in the central sector on Gezond where it is fully develpfed1,200m in the

south on Moorddrift.

The subdivision of Main Zone rocks is based on schemes proposed by van der Merwe (1976, 1978)
for the catral sector and Hulbert (1983) and de Klerk (2005) for the southern sector. In the central
sector, the upper Main Zone comprises seven mottled anorthosite layers with interlayeredvgabbro

der Merwe, 208). The middle Main Zone consists of gabbronoaitel a 110 m thick troctolite unit.

The lower Main Zone consists of gabbronorite and norite with four mottled anorthosites and
pyroxenite layers. The interlayered gabbro and two of the seven mottled anorthosite layers of the
upper Main Zone occupy the aréf@am Gezond in the central sectop to Macalacaskofn the
southern sectoLower down in thaniddle Main Zone sequence, the troctolite unit occupies the area

to the south onhas far north aRietfontein 240KR. The lower Main Zone consisting of units of
norite, mottled anorthosite and pyroxenite can be traced in outcrop ssutAras Townlands. The
abovementioned marker layers were not traced south of Mokopane in either outcrop or deep
exploration borehole intersections. Instead, on Moorddrift, Raoip®orlogsfontein, Jaagbaan, and
further south, the Main Zone is characted by a 1,200 m thick sequence of gabbronorite and gabbro
with three to four mottled anorthosite layers. Hulbert (1983) called it the Rooipoort Gabbronorite
zone. Van der Merwe20Q08) concluded that the Rooipoort Gabbronorite zertendsnorth of the
YsterbergPlanknek fault, and it imgdid thatthe lateral change of the Rooipoort gabbronorite zone to

the zones further north has taken place to the west of Mokopaneder Merwepostulated thathis

lateral change occurred closeatpotentiafeeder.

The contact between the Main Zone and Platreef may be sharp, and is commonly marked by a mottled
anorthosite. It may be transitional such that lithologies are interfin@/bide, 1994, Wiese, 2010)
The lowermost part of the Main Zone overlying the Platreef is commonly a norite. With increasing
height above the Platreef, the Main Zone becomes a meduooarsegrained gabbronorite. The
Main Zone gabbronorite commonly hosts xerdiof hornfels (rafts), especially towards the base.
This has been cited as evidence for the Main Zongatiag the Platreef, as these were considered to
be the fragments of floor caught up by Main Zone magma. However, often near the base of the Main
Zonre there is a thick "disturbed zone" for tens of meters above the contact with layers of pyroxenite,
norite, gabbronorite, anorthosite and metasedimentary xenoliths. Pyroxene chemistry in the
pyroxenites of this disturbed Main Zone is identical to Platnegioxenes (Wiese, peansal
communication 2010, and contrasts with the mineral chemistry of the "host" Main Zone norite.
Kinnaird and Nex (2012, in press) indicated that this suggested that the pigeges xenoliths of
Platreef pyroxenite caught up the Main Zone, supporting the mapping of Holwell and Jordaan
(2006) in Zwartfontein pit; and observations of Holwell al, (2005), that the Platreef pdated
intrusion of the Main Zone. Thus Kinnaird and Nex (2012, in press) suggested that the Transvaa
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metasedimentary rocks originally formed a roof to the Platreef, and as the Main Zone magma invaded

the Platreef, it incorporated xenoliths of hornfels from the roof.

(a) Fine- to mediumgrained spottedanorthosite with subrounded cumulus orthopyroxenes drill hole
UMT336, at a depth of 1156.20 m (25 cm sample, NQ core size)

e

(b) Poikilitic inequigranularmottled anorthositein drill hole UMT335D1, at a depth of 1464.30 m (25 cm
sample, NQ core size)

(c) Mediumgrainedgabbronoritewith rounded cumulus ortipyroxenes in drill hole UMT334, at a depth of
1170.70 m (23.5 cm sample, NQ core size)

Figure2.15. Main Zone lithologies

2.36 Upper Zone lithologies

The only outcrops of the Upper Zone (gabbro, magnetite gabbro, magreetd mottled anorthosite)

in the southern sectasf the northern limboccur in the southwestern portion of Townlands and
western portion of Jaagbaan, and these appear to represent the lower portions of the Upper Zone. The
presence of the zone in this area has been derived mainlyualitatiye basis byecognsing images

of anomaly patterns bearing Upper Zone signatures, using aeromagnetic survey maps (Geological
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Survey of South Africa 1973; Bell 2001Figure 2.5 below shows a sample of the Upper Zone

gabbro at depth.

Figure2.16. Fine- to mediumgrainedgabbro of theUpper Zondrom the Waterberg ProjefPlatreef workshop
2012)

2.4 Mineralisation in the Northern Limb

On Grasvally, south of the TML, the Miu-PGE mineralisation occurs within the Drummondlea
harzburgitechromitite subzone and the Volspruit pyroxenite subzone in the Lower Zone rocks
(Hulbert and Von Gruenewaldt, 1982). Sulphide mineralisation in the Drummondlea harzburgite
chromitite subzone is enriched in cycles 24 and 26. These cycles represent chromitiiecldiiers

lower chromitite is called cycle 24 and upper chromitite cyclex®@reas in the Volspruit pyroxenite
subzonesignificant sulphide and PGE mineralisation occur in cyclic unit 11 (20 m thick). The highest
grade ofNi-Cu-PGE occus in the basal 6n of the mineralised zone where sulphides constitute about

3 wt percent of the rock. Average grades are 0.24 % Ni, 0.11 % Cu, 1.39 ppm Pt and 1.73 ppm Pd.
The sulphide assemblage consists, in decreasing order, of pyrrhotite, pentlandite, chalcopyrite and
cubanite (Hulbert and Von Gruenewaldt, 1982). Anottmere ofPGE mineralisation occurs in a thin
sequence of rocks known as the Grasvally ngyt@xeniteanorthosite (GNPA) member, which is
developed over Lower Zone rocks and sediments of the Pretarigp Gouth of Mokopane (Hulbert

1983; Hulbert and Von Gruenewaldt 1985, 1986). This sequence contains layered norites,
gabbronorites and anorthosites along with a chromitite layer and is termed the "Critical Zone".
Hulbert (1983) named this chromitite laye the GNPA member the "UG@ke" chromitite and it has

been correlated with the UG2 chromitite by some authors (e.g. Van der Merwe 1998). The top of the

GNPA member is xenolithich and hosts PGE mineralisation.

Mineralisation within the Platreef is damated by disseminated sulphides and associated platinum
group minerals (PGMs), although massive sulphides infrequently occur associated with structural
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downwarps in the footwallWhite, 1994;Kinnaird et al, 2005).Mineralisation is bottontoaded in

the southern sector and tépaded in the central and northern sectors (White, 1994). Where the floor
comprises quartzite, as at Townlands, or anhydrous gneiss, such as at Overysel, there is limited fluid
activity and PGE distribution is controlled by the bébar of sulphide liquids producing an intimate
PGEBMS association (Manyeruket al, 2005; Holwell and McDonald, 2006), with high BMS
content producing high PGE grades. More commonly, floor rocks are reactive shales or dolomites,
and fluid activity relaed to metamorphism, assimilation and serpentinisation has decoupled PGE from
BMS. This has locally transported PGE into footwall alteration zones withrsetal (Te, Sb, Se, Bi

and Ge)- bearing platinum group minerals that are typical of many-tlEwperéure PGE deposits
(Armitage et al., 2002). This suggests sya postmagmatic crystallisation or redistribution of
magmatic PGE by hydrothermal fluids (Hutchinson and Kinnaird, 2005; Zhibab, 2008). In the

south, where dolomite of the Duitschlandrfation forms the floor, mineralisation is bottéoaded

in serpentinised peridotite, feldspathic pyroxenite, serpentinised dolomite xenoliths or footwall
dolomite (Kinnaird et al, 2005). Elsewhere, where the floor is Lower Zone, hornfels or quartzite, the
grade is lower and mineralisation is usually associated with xenoliths of hornfels or with norite and

leuconorite, although cyclic norite is selectively mineralised (Kinretil., 2005).

The main base metal sulphides present in the Platreef are, én ofdabundance, pyrrhotite
(sometimes pyrite), pentlandite and chalcopyrite. Minor cubanite, sphalerite, bornite, millerite,
cuprite, galena and alabandite also occur (Gain and Mostert, M8Rg (2008) indicated that the

PGE grade in the Platreef iften less than 4 g/t although on Sandsloot a thick Platreef zone had a
grade (Pt+Pd+Rh+Au) in excess of 10 g/t, and on Akanani a grade of 7.82 g/t occurs over 29 m, with

an included higher grade zone of >17 g/t over 6.74 m.

In the southern sector, there & wide variety of PGE phases, mainly as tellurides, arsenides and
antimonides of Pd, Pt, Rh, Ag and variable amounts of Bi occuring as bismuthoantimonides and
complex bismuthotellurides (Kinnairet al.,2005).Armitage et al (2002)eported the occurrep of
tellurides and bismuthotelluridés the Platreef and the footwall caddicates at Sandsloot. They have

also reported that theGMs are associated with primary silicates, metamorphic silicates, alteration

silicates, primary and remobilised sulptsdend oxides.

On Tweefontein Hill, massive and Aeixtured sulphide mineralisation witcumulative thickness of
greater than 0.5 m was intersected inb@Beholeswith an average thickness of 1.74 Rex (2005)
reported thatater vein style minerali§an containing large sperrylite crystals was hosted by €ross
cutting breccia zones within the banded ironstoimethis area He then concluded thahe pre-
existing fold structure which acted a trap for themassive sulphide mineralisatige-dated tle

Platreef intrusion
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In the central sector, on Tweefontein north, theCNiPGE mineralisationis top loaded(White,
1994). Kinnaird et al., (2005) noted persistent chromitite with sulphides including pyrite, which
occurs within 10m below the hangingvlacontactin this areaThey further indicated thatypoxenites

a few meters below this chromitite are enriched in P@#EsSandsloot where the Platreef varies in
thickness from a few meters to 30 m in the central and southwestern parts of the ¢penitzigeet

al.,, 2002), discontinuous chromitite lenses occur (Marland, 19%&sociated with top loaded

mineralisation.

Naldrett (2008) recorded that the tenors (Pt and Pd) in the Platreef sulphides are typically less than
100 ppm, except in the upperlgin Sandsloot where tenors >100 ppm are similar to those of the
Merensky Reef. Tenors in the sulphides of the Merensky Reef are at their highest close to the top of
the chromite in the northwest of the complex and just south of the Pilanesberg, whesendhe
sulphides reach >3000 ppm (Naldrettal.,2009).

Beyond the exposed part of the northern limb, northHefriets Wish farm high gradePGE
mineralisation was repted in the Main Zone rockswhich are overlain by the Waterberg sediments.
Mineralisation occurs within the T1 reef (harzburgite), T2 reef (no(Ré&gtinum Group Metals press
release November 9, 2014hd the F laye(Platinum Group Metals press release May 23, 20h2)

the deeper sectiof660.0 m)of the propertyboth T1 and T2 remted 3.47 g/t B, Pd andAu (2
PGE+Au) over 3.5 m and 7.00 g/t 2PGE +Au over 5.teapectively. Whereas, high grades of 6.32

g/t (2 PGE + Au)over 7.0 m were reported within T2 in the shallower sec{8#2.0 m)of the
property.Gradethickness of up td6.0 m at 6.41 g/t (2 PGE + Au) weeported within the F layer.

This layer is located near the bottom of the Bushveld Complex and has metal ratios similar to the
Platreef to the souttiPlatinum Group Metals press release May 23, 2012).

2.5Discussion

Mineralisation in the northern limb occurs in different stratigraphic levels from the south to the north.
On Grasvally, mineralisation occurs in the Lower Zooeks, in the southern sector it is reported to
occur in lithologies near the base of the Platrieethe central and northern sectors it occurs closer to
the Main ZonePlatreef contact, whereas further north of the Platreef, it is reported to occur in the
Main Zone rocksThe association of base metal sulphides with the presence of chromitites has been
reported on Grasvally, and the central and northern sectdrsgeneral, mineralisation was reported

to be bottom loaded in the southern sector and top loaded in the central and northern sectors.

The base metal sulphides occur in the form of pyrrhqtiéatlandite and chalcopyrite, while the PGE
minerals are dominated hgllurides, arsenides and antimonidesthe south, where dolomite of the

Duitschland Formation forms the floor, mineralisation is reported to be bottom loaded in serpentinised
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periddites, feldspathic pyroxenite, serpentinised dolomite xenoliths or footwall doldmitentrast

in Overysel and Townlands where the floor rocks are anhydrous gneiss and quartzite respectively, the
PGE distribution is thought to be controlled by the béha of sulphide liquidsHowever, in the

central and northern sectorthe highest gradenineralisation(>30 g/t PGE)is reported to be

associated with a persistent chromitite near the Main -Bbaeeef contact.
2.6 Summary and conclusions

Previous stu@s have differentiated the northern and central sectors from the southern sector in that
the former comprise top loaded mineralisation and the latter bottom loaded mineralisasidhe
intention of this study to demonstrate that the southern sefdtioe morthern limb on Turfspruit is not

only bottom loaded, but also top loaded in mineralisation.
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Chapter 3

Geology of Turfspruit

3.1 General geology

A wealth of geologicainformation has beergathered from neaurface resourcesn Turfspruit
focussed along the Platreef sututcrop, where the Platreef abuts Transvaal sedinfEigare 3.1).
Here, the reef dips at 2@ thesouthwes(Kinnaird et al, 2005) The intermixing of Platreef magma
with the sedimentary floofmainly the Duitschland doloites andshales)prohibited researchers from
obtaininga detailedstratigraphy on TurfspruifThe drilling conducted orthe deeper portions of the
Platreef, to thesouthwestbf the Platreef sulbutcrop provided crucial information that enabléke

identification of stratigraphy omurfspruit.

Based on the information from nesurface resourcegathered prior to the start of this workwas
believed that the reefips continuously at 40to the southwediFigure 3.2 position ofsection shown

in figure 3.1). However, the information gathered from the deep drilling project indicated that the dip
of the reef becomes shallof@0’ i 15°) to the southwest(Figure 3.3). This area which has been
chosen for study in thithesis,i s r ef er r ed t ©he Blareet ihaharabtérited hye e e f 0 .

following distinguishing factors:
(1) Well-defined geological units that can be correlated for kilometiasy dip and strike;
(2) Increased thicknesses of high grade mineralisation with high tenors;
(3) Persistent chromitiseassociated with the main high grade mineralised zone;

(4) Less contamination in high grade mineralised zonedelssmixing of different magmas or

mixing of the magma with sediments;

32



LOCAL GEOLOGY

TURFSPRUIT 241 KR
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Figure3.1 Generalted surface geology on Turfsprishowing the sectiolines which were used for this study.
Map courtesy of lvanplats
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