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Abstract

The Eersterling Gold Mingas{ 2 dzii K ! F N&A O e@@meTcialdal minefahdNR sithERd |

in the Pietersburg Greenstone Belt (PGB). The gold mineralisation in this Archaean greenstone belt is
sediment and skar zone hostedBorehole samples wer taken frommultiple gold reefsPienaar,
Girlieg¢ Pienaar, Maltz and ZandrivierArsenopyrite.The material was described, documenieahd
analysed todetermine the occurrences of gold mineralisation and associated sulphidhesresults
collected fromthe variousmethodologies illustrated that the different reefs experienced multiple
phases of deformation and mineralisation which was associated with a hydrothermal syshern
producedquartz and carbonate veinThe different sulphides found withingse reefsncludepyrite,
chalcopyrite, galena, sphalerite, pyrrhotite, and arsenopyrite. These sulpb@es inmassive, net
textured and disseminatefbrms andindicate phases of remobilisatioWisiblegold was noted using
petrological techniques fronZ01 samples taken from the Zandrivier Redéntental mapsfrom
TESCAIScanning Electron Microscoff®EM mineralogical analysis ttie Pienaar and GirliePienaar

Reefs indicate enrichment of invisible gold within pyrite, pyrrhotite and chalcopyriteekier, this

may be an analytical artifact because the traces of gold are far too uniform to be real. This observation
requires further analysis which is beyond the scope of this research project. In cogohistnthe
Zandrivier Reahainly occurs as glusions on the margins of these sulphidébe Zandrivier Reef also
containsinsignificant traces of native gold in arsenopyrite. The traces of gold from these reefs are also
associated with high traces of bismuth, which is a common gold pathfinder etefem goldfire

assay results provided by tI&GS laboratoryhe Pienaar and Zandrivier Reefs have the highest gold
grades at an average of 4 to 7 ppm Au. However lithited petrographicresults collected in this
research report do nonecessarily support this resulherefore it is recommended that more
research shuld beundertakento determine the enrichment of gold within these sulphides.
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with anhedral elongated pyrrhotite (Po) and serpentine (SFpe arsenopyrite (Apy) has a different
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Figure 43: Photomicrograph of a sample from the Zandrivier Reef illustrating a more brittle regime

with anhedral elongated pyrrhotite (Po) and serpentine (Srp). The arsenopyrite (Apy) still has its
euhedral crystal shape and occursrest textured, fractured, and massive grains. The serpentine in
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Figure 44: Primary Phase Map of P411A illustrating a mineral assemblage that comprises
chalcopyrite, sphalerite, and pyrite. The ore minerals only occur within the calcite and the host rock is
rich in anorthite and berthierine a serpentine leration mineral (Borehole P11 at 130.871.31.07

Figure 45: Element Maps for the R11A Primary Phase Map showindield view of 2mm. The
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bismuth concentrations are closely associated with gold mineralisation. Both elements are structurally
hosted in pyrite (BoreholP11 at 130.8€ 131.07 M)areeeiiiiiiiiiiieeeiiiiiireeee e s e e e e e 61

Figure 46: Stratigraphic view of the Pienaar Reefs borehole core log (P06c) which indicated the
different lithologies that make up the reef. The dominant rock type is metabasalt which is crosscut by
thin layers of chlorite, quartz, and granite as you move down the stratigraphic column. Sample P06c
was extracted from a depth of 91.7992.0 m and the quartand metabasalt along this depth
exhibited a gradational contact at Z075°. In comparison to the host rock, the quartz is coarser and
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Figure 47: Stratigraphic view of the Pienaar Reefs borehole core log (P11) that comprises of different
lithologies. The dominant rock type is metabasalt which is crosscut by thin layers of chlorite, quartz
and breccias as you movewn the stratigraphic column. The reef also experienced some shearing at
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Figure 48: Stratigraphic view of the Girdi®ienaar Reefs borehole core log (GP0O) that comprises
different lithologies. The dominant réidype is metabasalt that covered by chlorite overburden and
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Figure 49: Stratigraphic view of the Zandrivier Readsehole core log (Z01) that comprises
metabasalts and interbedded carbonates within the metasedimerts you go down stratigraphy.
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1. INTRODUCTION
¢tKS 9SNBRGSNIAY3 D2fR aAy$S K mmndaadnfinhgziak iniiadNik O Qa
1874 until the late 1980s when the mine was shut down (Eersterling Gold Mining, 2007). In 1987, the
Eersterling Gold Mining Company acquired prospectigltsi over the project area but in 2004 the
Caledonia Mining Company bought shares and now has full ownership of the gold mine (Eersterling
Gold Mining, 2007). Explorati@@asedn 1997 because there were inconsistencies in gold production
and gold priceswvere low (Eersterling Gold Mining, 2007). Three years (£9B297) before closing,
the old Eersterling and newer Zandrivier operational sections contributed toYiley $dia
production. Since 1997 the mine has been undergoing care and maintenance, drpwiscoveries
andrenewedinteresthas resulted in recergxploration.

The geological areaf the projectis situated in the Pietersburg Greenstone Belt (PGB) a ndtasw

Northeast;, trending geological structure that covers an estimated strike len§tt2é km, a width of

25 km andadepth extent of 47 km (Stettler and du Plessis, 1988; Kroner et al., 2060 and Gerdes,

2012. The PGB is located between Mokopane and Polokwane (Figure tpamutises thevolcanic

(Basal Simatic Unit) and sedimentd@over Unit) rock sequences$ the Pietersburg Grouypwhich
haveundergone deformation and metamorphism (de Wit, 1991; de Wit et al., 1992; Zeh and Gerdes,

2012). Tonalitetrondhjemite-granodiorites6 ¢ ¢ DQa 0 YR 3INI YA UiI2ARA & dzZNNER d:
regpectively, and regional scateastNortheastand EstSoutheastirending shear zones crosscut it

(Stettler and du Plessis, 1988; Byron and Barton, 1990; Barton et al., 1990; de Wit, 1991).
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Figurel: Map showing the Pietersburg Greenstone Belts extension and location of the Eersterling Project area where
samples were collected. The map is modified from Kalpfskod Barton (2003).

ThePGBsalow to medium grademetamorphicgreenstone belt thats preserved in theNorthern ¢
Northeasternarea of theKaapvaal Crato(KC) [Foster and Piper, 1993; Zeh and Gerdes, 2012



According to Kramers et al., (201hg greenstone beltghat surround the K€an be interpreted as
suture zones that formed during terrane accretion when the W& assembled.This spatial
association between the different blocks to the PGB is shown in Figure 2 below.
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Figure2: Image showing the assemblage of the subratonic blocks that make up the Kaapvaal Craton. The blocks are
subdivided by regional lineaments and the locality of the greenstone terranes is shown (Zeh and Gerdes, 2012).

After the discovery of the EerstertiiGoldfield in 1871, the PGB only received attention in geological
literature at a later stagec@. 1970). The research papers published at the time coveegibnal
geology, geochemistry, agand structureof the PGB using geophysical methods. Accomglito de

Wit et al., (1992), the PGB is a significant gold producer in South Africa and contains similar features
to Archean greenstone belts worldwidelost of the previous work related to gold production rates
GAGKAY (GKS tD. Qa 32 Wwikmde@I8H.Thigsd bacauReShele yiak Begriia la2ky”
of research on gold production in the area over the last 3 decades and data being either inaccessible
or unreliable at the time (Saager and Muff, 1986; Byron and Barton, 1990). Work done by Franey
(1987) focuses on the general occurrence of gold mineralisation within the PGB and suggested that
gold mineralisation is associated with primary and secondary systems. The gold mineralisation in these
systems occurs as: (1) Fine disseminated grains in qurz or shear zones; (2) Impregnated gold
bearing schists; and (3) Secondary supergene enrichment grains hosted in banded iron formation (BIF)

(Saager and Muff, 1986; Foster and Piper, 1993).

Even thougltertain scientific asped of the PGBhavebeen researched. There has been less work
done on the sulphide mineral assemblages and gold occurrences of each goldfield in detail. Hence,

2



this research project is important because the informatiortadied from the petrographicand
TESCANhtegrated Mineral Analyser (TIMA) can help determine the potential and occurrence of gold
mineralisation and associated sulphides from the gold reefs in the Eersterling and Marabastad (Mount
Maré) goldfields (Figer 3). The petrographic data collectednd interpretations presented by
(Willemse 1983)suggestdhat mineralisation in the PGB is structurally controlled. In addition, this
research projecaddsY 2 NB A Y F2NX I GA 2y NB I NRA ySruciurkl SonttoD . Q &
on mineralisation and the sulphide mineral assemblages found imdhieusgold reefs.



P
WILLEMSE SHEAR
ZONE {~10km)

MOUNT MARE -

COAR‘S:S‘?E!-RASTI UIKYK F M
SIMATIC aaseneu'r:] b '::;3“53)
D GRANITOIDS
S THAUST

L = LUNSKLIP GRANITE
U = UITLOOP GRANITE

Figure3: A detailed tectona; stratigraphic map showing the locality of the Pietersburg Greenstone B8tiuthAfrica and the Eersteling and Marabastaitount Maré areas (de Wit et al.,

1993).



1.1Aim
To determine and describe the sulphide assemblages and ocwarref gold mineralisation in the
various reefs of th&ersteling Gold Mine by using sevem¢ oriented borehole cores from thiarms:
Eerstelingl7 KS and Zandrivier 742. 0%he borehole samples available for this research project
intersect the PienaaGirlie¢ Pienaar, Maltz and ZandrivielArsenopyritereefs.

1.2 Hypothesis
The occurrence of gold mineralisation and its sulphide assemblages are different in the Eersteling and
Zandrivierfarms but mineralisationfrom both areasis structurally controlledand remobilisedby
multiple crosscutting quartz veins

1.3Researcl@Questions

1 What is the distribution of gold in the different litholgigs?

1 What is the morphology of the microstructures associated with sulphide and gold
mineralisation?

1 What are the structual controls on gold mineralisation?

1 Arethere any quartz veinthat areassociated with gold mineralisation since t@Bis mainly
defined as a shedrnosted hydrothermal system?

1 What are the comparable characteristics observed betweerintexsected gold reefs?

9 Are there any indications for sulphide remobilisation?

91 Did the wallrock alteration and metamorphic grade affect the quantity and quality of gold
mineralisation?

1 What is the relationship between the gold grade, sulphide assemblagésstructures (if
any)?

1.4 Researclimitatiors
The geology and mineralisation represented in the research prajectependent on the information
and observations gathered from previous literature and the drilled core. Therefore, the concluding
remarks maynot apply to the whold?GBout arerather focused on a local scala addition,Covid 19
restrictions in 2020 ruled out the possibility of any fieldwork, such as going to the siian and
personally logging the core.

2. PREVIOUS WORK

2.1 RegionaGeology
The PGBcomprises two major stratigraphic sequences from the Pietersburg Group, these are the
Simaticand CoverUnits (Franey, 1987; Zeh and Gerdes, 20T2e stratigraphic sequencesn be
further subdivided into five formation@able }. TheSimatic Uniis the oldestand contains volcanic
rocks (greenstones) from the Mothiba, Ysterberg, Eersteling and Vrischawaanyations Gtettler
and du Plessis, 1988; de Wit et, dl992 Zeh and Gerdes, 20)2The Simatic Units rocks have a
tholeiitic affinity that is represented by dunite, peridotite and pyroxefde Wit, 1991; Kroner et al.,
2000. This rock sequencs overlain by the Cover Uritat comprisescoarsegrained sedimentary
rocksof the Uitkyk FormationKramers et al., 2094



Tablel: Detailed Lithostratigraphic subdivision of the Pietersburg Group, with detailed descriptions of the rock sequences
found in all the differenformations: Mothiba, Ysterberg, Eersteling, Zandrivierspoort, Vrischawaaryd and Uitkyk (Zeh and
Gerdes, 2012).

Formation Stratigraphic| Lithology Pietersberg Group) | Lithology (MountMaré)
Sequence
Uitkyk Cover Quarzites, conglomerates, Conglometrates, shales, no

shales, quartz, mica schists BIF maximum thickness: 1k

Vrischgewaagd Chloritic and quartzitic shales | Various schist zones

e Unconformity----------------------p-------------~------ -

Zandrivierspoort Mafic metalava with Metaperidodites,

Simatic interlayered magnetic quartzite metagabbros (massive and
layered), and pillowed
massive metatholeiites
Amphibole spinifexexture

Eersteling Mafic metalava with
subordinate ultramafics, quartz
¢ feldspar porphyry and salic
lava

Ysterberg Felsic lavas and tuffs, shale, | Hollandrift and KuschkBIF
interbedded quartzite schist, | and shales
banded chert/ironstone
quartzite

Mothiba Ultramafics with minor
amphibole, quartzitic schist,
quartzg feldspar porphyry, BIF

The Mothiba Formation isituatedunderneath the Marabastad Goldfield and is made up of cearse
grained ultramafic lavas which are richsierpentine and interbedded with alternating layers of chert
and banded iron formationSaager and Muff, 1986; Franey, 1987; Stettler and du Plessis, 1988; de
Wit et al, 1992 (Table ). In comparison to the Mothiba Formation, tHavas of theoverlying
Ysterberg Formatiorare more aluminiunrich and interbedded with bands of volcanic material
(Stettler and du Plessis, 198&\s you move towards thidorthern area of the Ysterberg Formati

the lithology changes into the Zandrivierspoort Formatibs stratigraphic equivaler{Stettler and du
Plessis, 1988 However, he Zandrivierspoort Formatiocontains amphiboles that are interbedded
with magnetite rich quartzitegStettler and du Plesis, 1988 Tlere is a similarity between the
Eerstelingand Zandrivierspoortformation, but the amphiboles from the Eersteling Formation are
massive to finggrained and have a schistose textugtditler and du Plessis, 1988

The Eersteling Formation forms thdominant lithology of theEersteling Goldfieldand is also
associated with minor iron formations, largeale volcanic remnants and metabasa$sadger and
Muff, 1986; Foster and Piper, 1993 he greenstones from the EB#gling Formatiorhave anEast
West strike and dip towards th&uth with a mineral assemblage of chloritoid, carbonate, chlorite,
guartz, and serpentie (Franey, 1987;Saager and Muff, 1986; Byron and Barton, 1)990he



stratigraphic units from the Eerdirg Formation are also crosscut by dolerite dykes that haverth
to South strike Byron and Barton, 1990

InTable 1 an unconformity is illustrated between the Vrischawaaryd and Zandrivierspoort Formation.
The Vrischawaaryd Formatianainly comprises coarsgrained quartzarbonate rocks which are
crosscut by numerousjuartz veinslt isolatesthe underlying ultramafie mafic rock lenses frorthe
underlying formations and exhibits a gradational contact with the mafic sequeSeegiér and Muff,
1986; Franey, 198de Wit et al., 199 The ultramafic rocks of th&imatic Unitsire highly resistant
andcontainpreserved pillow structuresTherock compositionof these unitggradually changes from
albite-actinolite-chlorite mafic rocks to albitbornblendechlorite amphibolesrom the outer to the

inner areas of the PGBYron and Barton, 199@e Wit et al., 199).

The Uitkyk Formatioof the Cover Unitomprises grit®ones conglomerates, breccias, siltstones and
sandstonesde Wit et al., 1992; Zeh and Gerdes, 2DIhe sandstones are immature and contain
sedimentary structurecludingtrough crossbeds, faests, and planar crodseds Franey, 1987; de

Wit 1991). The lower Uitkyk Formations contact boundary is erosional and hosts greenstone remnants
from the basement rocks of th&imatic Unit{Stettler and du Plessis, 1988; Zeh and Gerdes,)2012
Thisrelationship is also observed between the upper Cover Unit and intruding graniésgisanitoid

clasts and fragmentare found in theconglomerates and breccias of ti@over Unitgde Wit et al.,

1992; Zeh and Gerdes, 2Q1R has been suggested thatdke conglomerates care correlated with

the Witwatersrand Basins Central Rand Group (de Wit et al., 28&2purt, 199%.

The difference in lithology between the Simatic and Cover Wigislightsa distinctiveunconformity
(Table }, and the units havermupward coarsening relationshipraney, 1987; de Wit, 1991; Kramers
et al., 2014; Vezinet et al., 20)8This subdivision is also illustrated by tectonically induced thrusts
that formed during the second deformation evedig(Wit et al, 1992 Zeh and &rdes, 2012; Kramers

et al., 2012. According tovan Schalkwyk et al., (1998eposition of the Uitkyk Formation occurred
right after the Simatic Units underwent metamorphissith the Simatic and Cover Unitsaving an
approximatedage of 3450Ma and 296B700Marespectively Sieber, 1991; de Wit et al., 1992; van
Schalkwyk et al., 1993; Zeh and Gerdes, 2012

2.2lgneous Intrusions
The PGB is surrounded kynalite-trondhjemite-granodiorites 6 ¢ ¢ Dof dt) Northern flank
(Bavlaansklooind Goudplaas gneiss) and intruded by granitoids oi&itghern margin (Geysers
Granite, TurfloopBatholith, Hout RiveGneiss and Roodepoaitunsklipand Uitloop Rutons) (Stettler
and du Plessis, 1988; Byron and Barton, 1990; Barton et al., 19901,dE9%4i).More detail on each
granitoid and gneiss @ivenfurther below.

2.2.1 Bavlaanskloof Gneiss

The Bavlaanskloof Gnei@Sgure4) comprises the oldest unit of rocks that surround the Pietersburg
Granite- Greenstone Terrane (Byron and Barton, 1988rton et al., 1990; Sieber, 1991; Beattie and
Barton, 1992). These rocks agrey bnalitetrondhjemite-granodiorites (¢ ¢ ) @hat have a
dismembered contact with the greenstone rocks of the PGB (Kroner et al., 20@0)ofitact was
obscuredby pegmatitc granite intrusions that were emplaced around 2688 (Byron and Barton,

1990; Anhaeusser, 1992; Kroner et al., 2000; Zeh and Gerdes, 2012). The lithological units that have a
trondhjemite and tonalite affinity are concentrated along tBauthern margin ad Northern flank of

the PGB (Kréner et al., 2000; Zeh and Gerdes, 2012; Rajesh et al., 2020). The contact between the

7
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0 KS dsalusatesadiNgpas- it ZelatbnsBpaand contains migmatite or

mylonitic foliation zones (Bea# and Barton, 1992jan Reenen et al., 1992; Kroner et al., 2000). The
Bavlaanskloof Gneiss is considered a result of a Mesoarchean magmatic event that was emplaced
between 3000; 2900Ma (Barton et al., 1990, Zeh and Gerdes, 2012; Rajesh et al., 2020).
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Figured: Localities of the different Archean Grang&neiss found within the Pietersburg Greenstone Belt. The figure shows
the spatial relationship between the granitgggneiss complex and the greenstone successions in therfeirg Greenstone

Belt (Barton et al., 1990).

According to Rajesh et al., (2020 Bavlaanskloof Gneiss represeatggion of low to higkpressure

¢¢DQa | yR
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deformed closer to theHRSZ. The Bavlaanskloof Gneissassists ofpredominantly plagioclase,
biotite and quartz with minor potassium feldspar that has undergone exsoluftoe maficminerals
arehornblende, magnetite, and pyroxeneah Reenen et al., 199Rajesh et al., 2020). Roering et al.,
(1992) suggest the Bavlaanskloof Gneiss textarke derived from highlgrade metamorphism and

intense tectonism.

2.2.2 Goudplaas Gneiss
The Goudplaas Gneiss is suggested to form the basement of the PGB which comprisaiazagm
banded gneisses of a trondhjemite and tonalite affinity (Anthony and Flanders, I988)gneisss
located beneath theSouth Marginal Zone of theimpopo Belt and is spatially associated with the
Bavlaanskloof Gneiss and HRSgure7 (Robbet al., 2006; Rajesh et al., 2020he Goudplaas Gneiss
isfoundin thelow-grade cratonic domaiof the HRSZRajesh et al., 2020}.is a highly peraluminous
syenogranite that comprises plagioclase, quartz, and minor alkali feldspar (Robb et a).,I2ak®
exhibits leucocratic, melanocratic, and pegmatitic alternating layérish occur as flat dipping, sub
horizontal and foliated pegmatitic sheets that have a temporal relationship with the leucocratic
gneisses (Anhaeusser, 19%9bb et al., 2006_aurent et al., 2013). The leucocratic composition is
believed to havébeen generatedduring anatexis with the gneissic texture indid¢ang an earlypost
tectonic lineation with a 050° azimuth and 45° ENE plunge (Anhaeusser, 1992).

| 2 dz



T T T
29°E I0°E I°E

o 20 100 km
L I 1 1 1 | 1 1 I 1 |
<~ F
- 23°S Makhado + 1
7 & (Louis Trichardt) + o+
+ + o+ + o+ + + + + 23S+
z0
SOUTHERN MARG1N-"‘-L+ .
+ + + L ' + =r =r + SCHIEL L
T T T % Bandelierkop *  SOMPLEX ek
“t + 4+ + + + L @& + o+ o+ *xox %
— - x X X
S + +
s ot ATOK GRANITE * »
+ + +> ot eh TP + + + - +
+ o+ e+ =
Kalkbank @ ~~_ ~+ “ @y 0.~
~4 __Hout T0—" 4
- + o+ ﬁyﬂ"'
UTRECHT + Pietersburg
GRANITE =
= _ : e S ,f,\ POMPEY, GRANITE |
- rieol, 3 e =
( o > s \%ﬁ&« S @Phalaborwa {
o < o = 4
MASHISHIMALE SUITE 7, 24°S
AT A T L N bt

GRANITE

MEINHARDSKRAAL
GRANITE

o,
T f = = ﬂ

& PR
Y A - ! LT o
SRR SN R Ry
AN E AN S NS S s SR HARMONY ~ o s o S s
1Yoy 1 J Iy 1 eoa i TE o~ ey 75

= “

LY

Cover rocks

A et

LAE AN

‘AN ;a\f"—"\lf:,l,’
i e
Roociwater Compl
- anwstar Lomplex B Goudplaats-Hout i
Monzogranite River Gneiss Suite P
Neo- 2] el
haean = k: '}Dg ran_lt id
e S LS Falaeo- Klaserie Gneiss
archaean
|:| Tonalite =
by Makhutswi Gneiss
Biotite-muscovite __
granite Pietersburg/Giyani/ CUNNING MOOR
Meso- = Gravelotte Groups TONALITE 0
archaean D Porphyritic granitoid A Thrust .
Hazyview
& | —
m Groot-Letaba Gneiss 31°E . NELSPRUIT SUITE 255
1

| === Shear zone
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Belt (Robb et al., 2006).

The Goudplaas Gneiss illustrates tgemerational phasesnearlyphase of deformational stictures

which intersecs thelight grey gneisses arah older phase of darker amphibolite gneisses (Robb et

al., 2006). According to Robb et al., (2008 Goudplaas Gneiss is considered a Paleoarchean
intrusion that was emplaced between 33@2900Ma The gneiss also contains debris fragments of
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2.2.3 Geysers Granite
The Geysers Granite comprises a biotite granite gneiss that hosts large tourmaline veins and was
emplaced between 2909 2800Ma (Franey, 1987; Anthony and Flanders, 1992; Byron and Barton,
1990).1t is located along thd&astern margin of the Mount Maré are@Marabastad Goldfieldand
contains sheahosted gold deposits (Franey, 1987). According totoBaet al., (1990) the
emplacement of the Geysers Granite is related to the teitteventrelated to the deposition othe
Witwatersrand Supergroup sediments



2.2.4 Hout River Gneiss
The Hout River Gneiss is located onMuogthern flank of the PGB and was elaged around 280a
(Byron and Barton, 1990; Anthony and Flanders, 1992). It is similar in composition to the Goudplaas
Gneiss(Figure5) and contains a range of granodioritic, pegmatitic and tonalitic rocks with minor
leucocratic biotite gneisses (Stettland du Plessis, 1988; Anthony and Flanders, 1992). The granites
associated with the Hout River Gneiss comprise a hornblende and biotite mineralogy which form a
planar fabric whose orientation is parallel to the S2 fabrics of the PGB (Anthony and E)draft;
de Wit et al., 1993).

2.2.5 Turfloop Batholith
The Turfloop Batholith is located on tH#uthern margin of the PGBFigure4) and is spatially
F3a20AF0SR ¢6A0GK (GKS Notie® NGurgiayBar©n elzl. (1999; Hendekséh t D. Q2
et al., 2000)Onthe Eerstelindgarm, the batholith exhibits amtrusiverelationshipto the greenstone
lithologies of the PGBDrect offshoots of multiple granite dykefsom the batholith crosscut the
greenstones (Franey, 1987; Stettler and du Plessis, 1988; Byron and Barton, 1990). The granite dykes
have afelsic composition andexhibit sericitization and chloritizatior{Byron and Barton]1990;
Henderson et al., 20001 hesedykes are not sheared and easigathered, forming a flat surface
outcrop that surrounds the PGB (Franey, 1987; Byron and Barton, 1990). The Turfloop Biatlaolith
Neoarchean intrusion (27002650Ma) that forms a\orth-Easttrending elongated structuréhat is
similar in ageo the Limpopo Orogen{Byron and Barton, 1990; Barton et al., 1990; Robb et al., 2006).
Previous workindicates that theTurfloop Batholith comprisesultiple phases of imuding plutons
that formedconcurrentlyfrom a similar magmatic source (Beattie and Barton, 1992; Henderson et al.,
2000; Robb et al., 2006).

Duringthe Turfloop Batholit2 & A Y, ind\R@BeXperigncedrogradecontact metamorphisnfrom

greenschist to amphibolite faciesThe batholith ¢ & SYLJX I OSR | Figatw GKS t
metamorphism,Northward thrusting, and regional deformation (Henderson et al., 200Mas a
metaluminousaffinity of monzogranite and granodiorite (Anthony and Flanders, 1898ner et al.,

2000; Robb et al., 2006). Thgeanitoidsthat make up the Turfloop Batholitrege medium to coarse

grained and hava grey-green, light pink and grey appearance (Henderson et al., 2000). Tradse is

an increase in gold mineralisation @K S O2y Gl O o0SG6SSy (GKS ¢dzNFf 22
granites and greenstonesThe gold mineralisationwas caused byhydrothermal shearing and

alteration (Byron and Barton]199Q0 Anthony and Flanderd,992. The various gold deposits that are

spatially associated with the Turfloop Batholith are of Archaean(bigmderson et al., 2000Some of

these deposits are hosted in the batholiths shear zones, namely the Palmietfontein and
Wildebeesfontein depositswhile the Waterval deposit occeralong thecontact of the Turfloop

Batholiths withthe greenstones (Anthony and Flanders, 1992).

2.2.6 Roodepoort Pluton
The Roodepoort Pluton is located 3060to the South of the Turfloop Batholith (Beattie and Barton,
1992).According td~raney(1987), the pluton is a product of the evolution of the Turfloop Batholiths
magma.The Roodepoort Pluton is a massive, tabular, shigetand albitised granitoid that extends
over a strike length of km (Barton et al., 1990; Beattie and Barton, 1992). The rock types hosted
within the pluton have a leucocratic composition and can be structurally subdivided into two phases
(Barton et al., 1990). The Roodepoort Plut@s ashearedcg (i  OG ¢ A (1 K §( K&ndth®. Qa 3N
minerallineations plunge steeplyowards theNorth (Barton et al., 1990). The pluton is not deformed
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but rather exhibits intense alteration with the quartbearing sericite schist it is in contact with
(Beattie andBarton, 1992). These areas of alteration are associated with gold mineralisation.

According to Barton et al., (199@he outcrop appearance of the Roodepoort Pluton follows a folded
pattern of the KnightdRietersburdine. The linamentcontains three different gold occurrences: (1)
Within the Roodepoort Pluton, (2) Between chlorgenagnesite talc schists and Roodepoort albite
contact and (3Within the dolomite rock$n massive chromdearingmicas thatare associated with
chlorite, quartz, and magnesite (Beattie and Barton, 199Phe Roodepoort Pluton intrudedMorth
(N70°)trending shear zonghat hosts pyritewith gold inclusionghat predate the pyritegrowth
(Barton et al., 1990; Foster and Piper, 1993). The shear zone alsonsantartz filledextensioral
fractures with the same orientation (Barton et al., 1990). Other minerals found withirpltien
includetourmaline, carbonates, and chromiurith muscovite (Barton et al., 1990).

2.2.7 Lunsklip Pluton
The Lunsklip Pluton is loeat on the Western and Southern margins of the PGB-igure4) and
comprises granites with a caddkaline affinity (Stettler et al., 1990; Beattie and Barton, 1992). These
granitoids are medium to coarggrained have a grey to pingrey appearance, metaluminous
composition and a porphyritic texture (Stettler et al., 1990; Anthony and Flanders, 1992; Robb et al.,
2006).According tcStettler et al. (1990, the Lunsklip Pluton intrudkA y i 2 ( K StheTwfbo@a | Y R
Batholith around 260Ma. It can also beecognisedin the field because othe presence oblue
opaline quartz (Robb et al., 2006).

2.2.8 Uitloop Pluton
The Uitloop Pluton is a medium to coageined biotitebearing granite with a porphyritic texture
(Frarey, 1987; Anthony and Flanders, 1992). It has a reddish to pink colour appeagance
peraluminous alkali granite compositiamd was emplacedround 2545+55 2687+2Ma (Robb et al.,
2006). TheUitloop pluton can also be found agiartzfeldsparbearing dykesntruding into older
¢ ¢ OMadsurroundthe PGB (Robb et al., 2006). The pluton exhibits two magma phases that have a
distinct transitional contact between them (Franey, 198We occurrence of theUitloop Plutors
could be associated witithe Bushveld Complex, however, there is no substantial evidenpeove
this (Byron and Bartonl990.

2.3 Deformation Events
The PGB haaxperiencediour deformation eventswith the seconddeformation (D2)event having
the greatest impactThethird andfourth deformation (D3 and D4gvents can be combined into a
single event that only affected theo@er Unit (Anthony and Flander4,992). The regional and local
structures that represent these deformational events fugher detailedbelow.

2.3.1 First Deformabnal Event
Thefirst deformational (D1)event occurred beforaghe deposition of thesediments of theUitkyk
Formationand the Cover Unit was not affected by D1 (Franey, 1987; de Wit et al.,, 1992). The
controlling mechanisms that initiated D1 are unknowibwever, ts exstence is supported by1)
Deformed chlorite and magnetite planar fabrics hostadhie serpentinites of theSimatic Unit;(2)
Folded clasts that comprise banded iron formations fromlihsement of theSimatic Unitand (3) A
well preservel angular unconformity between the Simatic and Cover Unilsch indicates tht the
Simatic Uniwvasdisplaced before theeposition of theCover Units (Franey, 1987; van Schalkwyk et
al., 1993; Kramers et al., 2014). Thbrics andeastWesttrending inclined folds associated with D1
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are located along th&Vestern area of the&Kuschke Shear Zone aBduth-Western areaof the PGB
(Franey, 1987van Schalkwyk et al., 1993). These inclined folds also produced open ahintin
syncliral structures in theSouthwestern areaof the PGB.The same structuresccurin the North-
Eastern area othe PGB andexhibit a pervasivélorth ¢ Easttrending foliation along their axial plane
(Kroner et al., 2000).

Thefirst deformationalevent (D1)is observed on a local scale within the PGB greenstones and only
affected specific localities (Anthony and Flanders, 1982¢ording to Siebe(1991), D1 can be

tempordly related to the formation of the Limpopo Belts fabric due to crustal thickening, which
occurred before the first major peak in metamorphic events associated with the PGB (Sieber, 1991,
Beattie and Barton, 1992; Laurent et al013). D1 is also spatially associated with low dipping shear

zones Northward thrusting (2700; 2760Ma) within the PGBnd5 H Q& & GSSLJX & LJ dzy 3 A\
(Franey, 1987; Laurent et al., 20¥X3amers et al., 2034

2.3.2 Second Deformational Event
Theseconddeformational (D2gvent is the most dominantf the four deformational event, affecting
both the Simatic and Cover Units rock (Franey, 1987; de Wit et al., 1992, Kramers et al., 2014). The D2
event is observed on a regional scaled i K S  tN@rth-Endtern areacontainsa welldefined
stretching mineral lineation (L2) and schistosity (S2) (Franey, 1987; Anthony and Flanders, 1992; de
Wit et al., 1992; van Schalkwyk et al., 1993). DuringnD&erousSouthward dipping,Northwest¢
Southeas(N 110°Yrending shear zonedeveloped which hosi pervasive lineation with a 90°pluag
(Franey, 1987; Anthony and Flanders, 1992; van Schalkwyk et al., 1993). The shear zonethare also
host of highgradegold mineralisationthat occurs withirPGBreins(de Wit et al., 1992). According to
Franey (1987Yhere aremajor folds associated with2 and the schistosity (S2) preserved within the
folds forms their axial planar cleavage. This foliation hddogstheast¢ Southwesttrend that is
subparalletothet D. Q& YIF 22NJ aKSI NJ T 2ySa8 6CNIySeés mohpytood

High strain zones are more prevalent close to the D2 shear zonesZastiuctures are preserved

these areagFraney, 1987)This observatiorhelpsexplain why theD2event isthoughtto be aperiod

of progressie compressional deformation (de Wit, 1991; Anthony and Flanders, 19@8ep crustal

areas, the D2 shear zones were intruded by granitoids that werplaced during activeectonism,

whereas syntectonic sedimentatiomccurredin higher crustalregions(de Wit, 1991; Anthony and

Flanders, 1992)TheD2event is also accompanied lgmplacementofthet ¢ DQ& 06 S0 6-SSyYy Hy
2882+3Ma (van Schalkwyk et al., 1993). It can be assumed thatghef theT TG & rresponds with

D2, which is suggested to have occurred beforeSbaethMarginal Zoneof the Limpopo Belthrust

Southwards over the Northern marginof the Kaapvaal Cratofvan Schalkwyk et al., 1993). The D2
Northward thrusting also produced an extensiMorthwest verging foreland which resulted in the
F2NXYIFGAZ2Y 2F | RSO2ftftSYSyid ftFr&SNJ Fft2y3a (KS tD.
comprises an imbricate fan thrust complex and tbeks of theSimatic Unitsare displaced over the

Cover UnitsAnthony and Flanders, 1992; Zeh and Gerdes, 2012). According to Beattie and Barton
(1992), the D2vent can bdinkedto a series of events that occurred in the PGB during the Limpopo
Orogeny; (1) Gold deposits that formedncurrently withpostpeak metanorphism, (2) Carbonate

alteration and (3) Granitoid intrusions.
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2.3.3 Third- Fourth Deformational Events
Thethird deformational (D3) reactivated the structural features formed during @2ulting inD3
isoclinal folds refolding D2 structures within the PGB (Franey, 1987; Sieber, 193hjrd hadfourth
deformationalevents (D3¢ D4) are both associated with swiertical to vertically orientated shear
zones (Anthony and Flanders, 1992; de Witletl®92; van Schalkwyk et al., 1993). During D3 and D4
pre-existing D2 shear zones were horizontally and vertically displaced8i@km and 310km,
respectively (Anthony and Flanders, 1992; de Wit et al., 1992). The folds that developed during D2 and
D3have a common axis, however, the axial plane for D3 folds has an offset orientatic20@T ibien
compared to the D2 folds (Franey, 1987).

According to Beattie and Barton (1992), the D3 anei@hts occurredefore thecarbonatizatiorof

the PGBHoweer, during D3; D4 the PGB granite and greenstone terrane was disrupted (de Wit et
al., 1992). Only the cover rocks were affected during;D3. This is observed on a regional scale and
considered to have a sygpostdeformationalage of 2687+Ma (van 8halkwyk et al., 1993). The D3
event is also associated with ductile deformation and formation of numeraushNN709) trending
strike-slip shear zones that are separated atktf (Sieber, 1991; Kroner et al., 2000). These shear
zones also indicate a Idfiteral displacement of 045&hich displaced the Transvaal rock sequence
(Anthony and Flanders, 1992; Kroner et al., 206@ney {987, suggestedhat the D3D4 events
accompanied the intrusion of granitoid plutons as a structural cheaation.

2.4Major Shear Zones
The PGB is crosscut bggional BstNortheastand EstSoutheasttrending shear zonesSome of
these structuresnight have acted as structural control conduits for hydrothermal mineralizing fluids
and are namelythe Snymansdrif Hout River,Kuschke Hollandsdriftand WillemseShear Zones
Figuress and6 (Franey, 1987; Barton et al., 1990).

2.4.1 Snymansdrift Shear Zone
The Snymansdrift Shear Zone (SSZDi2event shear zone that forms tHarecciated lower contact
to the Cover Uniand crosscuts the basal greenstoneggures (Franey, 1987; Kalbskopf and Barton,
2003). It is observed on a regional scale and extends alongttike of thePGBwith a measured
length of 5km and 100m thickness (Franey, 1987; Kalbskopf &mton, 2003). The breccia rocks
associated with the SSZ indicate a conformable transition zone into the overlying sediments (Franey,
1987). The Snymansdrift Shear Zone comprises metabasic schists thaéxidlbibed an intense
foliation, with its tectonic ¢ sedimentary mélange zone comtitig chaotic breccia clasts (Franey,
1987). These clasts are situated at a higher angle than the shear zones general fabric and indicate no
internal deformation. According to d&it (1991) this mélange zone can be relatidan earlier period
of bulk shortening and simple shear within the PGB. The supporting evidence includes pervasive D2
thrusts and S2 structures being distributed over the mélange zone area (Jones, 1990; de Wit, 1991).

The Snymansdrift Shear Zone has e8\¥trend and dipsotthe SEwith a50-80° dip angle and a down
dip plunging orientation (Jones, 1990; de Wit, 1991)s better exposed irthe South marginal
boundary of the centraMount Maré area and is considered a high strain zone that forms the
allochthonous unitof the Simatic rock sequences (Jones, 199be Zandrivier Deposit acts as the
central point for the deformation associated with the S8ifl the intensity of the deformations
decreases away from the deposit toward the 8kd NE (Jones, 109
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Figure6: Detailed geology of the Mount Maré area including (1) Locality of the Zandrivier Deposit, (2) Major regional shear
zones that go through the area and (3) Surrounding gragnéenstone terrane (Anthony arfdlanders, 1992).

Within the Zandrivier Deposit, the Snymansdrift Shelsiélange Zone can be spatially relatedatb2
imbricate fan thrust complexThe relationship between the twastructurescan either be strained,
gradational or conformable across itgike length(Jones, 1990; Kalbskopf and Barton, 2003). The
lithologies associated with the shear zone in the deposit comprises (1) Tourmaline antbeteny
white quartz¢ mica schists, (2) Chloritequartz phyllonites and (3) Quarmgen schists wih exhibit

a sharp contact with the overlying SSZ (Jones, 1990; Kalbskopf and Barton, 2003). The Snymansdrift
Shear Zone contains gold mineralisationth some of the goldhosted in he breccia and
conglomerate of thePortberg Min€ @e Wit, 1991). This gold occurs as buckshot inclusions in pyrite
grains. Kalbskopf ariflarton (2003) suggest that the Zandrivier Deposit was a resultant of stlige
movement in the SSZ which created episodes of metasomatism and hydraulic fractinesg. T
processes later produced a mineral assembly of chrbeering micas, carbonates, and quartz within
the mélange zone (Kalbskopf and Barton, 2008 gold mineralisation discovered in the Zandrivier
Deposit is structurally controlled and related taitonalisation or quartz veins (Jones, 1990).

2.4.2 Hout River Shear Zone
The Hout River Shear Zone (HRSZ) is defined on a regional scale as the boundary between the low
grade granitegreenstone terranes of the Kaapvaal Craton and Jgigide Limpopo Belt granulite
terranes Figure5 (Roering et al., 1992; Kramers et al., 2014has a steeply dipping orientatidn
the North, but it tendsto flatten further North (Roering et al., 1992; Ruygrok, 199)e HRSHas a
W-E strike length of 20250 km along theSoutrern Marginof the Limpopo Belt and an estimated
width of 4km (Anhaeusser, 1992; Smit et al., 1992). However, its orientation changesdarttral
areaof the Limpopo BeltsSouthMarginswith the developmentof lateral andfrontal ramps These
structuresare respectively oblique and subparaliglarallel to theregional foliatiorof the shear zone
(Smit et al., 1992). The Hout River Shear Zesrgpatiallyassociated with thed2 NE¢ SW thrust
complex (Figure 7) and t is suggested to have been superimposed over the thrust complex
(Anhaeusser, 1992; Roering et al., 1992). According to Roering et al., (1992) the HRSZ was structurally
responsible for the emplacement of hot granulite magma by acting as a conduit@oamtl Corich
fluids.
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Figure7: Crosssectional view showing the Hout River Shear Zone acting as a terrane boundary between the Kaapvaal Craton
and Limpopo Belt South Marginal Zone. Northward and Southward thrusting that occurreel Rigtersburg Greenstone

belt during the regions deformational events is also indicated, including the direction of lithologies (van Schalkwyk et al.,
1993).

The Hout River Shear Zowan also beaempordly related to D2 because of decompression and
upliftment which indicate ductile movemerst(Sieber, 1991; Smit et al., 199%)reactivatedearlier
formed D1 NE¢ SW shear zones and resulted in changes in the regions metamorphic grade and
mylonitic fabrics (Smit et al., 1992). During 2¢a669 Ga theNorthern area of the HRSZ experienced
SW thrustingand thehost rocks were transposed over the Pietersburg Block (Zeh and Gerdes, 2012).
According tdSmit et al.(1992), the HRSK better exposed along the Hout Riaerdvarious lithologies
occur along the HRSZ at different localitiekhese include (1) Greenstone xenoliths with an
amphibolite grade, (2)Granitoids with strong planar fabrics that developed during intense
deformation and (3) WstNorthwest to EastSoutheasttrending granulites thathave undergone
retrogression.Thel w{ Mofitéern boundary also comprises a largeale fault zone the Hout River
Shear Plan¢hat exhibits D1 foldsvith variable orientationand formingboudinrod structures and
sheath foldgSmit et al., 1992).

2.4.3 Kuschke Shear Zone

The Kuschke Shear Zone (KSZ) is a high strain shear zoalsdldat/eloped durind2(Jones, 1990).

It comprisesphyllonite which experienced chemical and mechanical weathering, these features are
also evident in the Hollandsdrift Shear Zone (Jones, 1990). The KSZ is orientated parallel to the
Snymansdrift Shear Zoifeigure6) and dips steeply towards the SE (Jones, 199@)rddk sequences
associated with this shear zone are predominantly volcanic and intrusive with minor banded iron
formation (BIF) xenolith@Franey, 1987). The upper boundarythe shear zonesiwell defined and
located abruptly below the BIF xenolithEe lower boundary on the other handis less apparent but
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can be identified by an increasethre shear zones strain gradient measurements which are indicated

by elongated and flattened pillow lavas that form a foliation (Jones, 1990)grébastone segences

of the Simatic Unitanalsobe foundas shear lenseshichare isoclinal foldsvithin the KSZFraney,
1987).Certain rocks were faulted during the formation of the KSZ, includihg@hloritec quartz

ankerite, (2) Talc and chlorideearing carbonate phyllonite cherts and (3) Fuchsdarbonate quartz

gneisses (Franey, 1987; Jones, 1990). The Kuschke Shear Zone also contains internal D2 fabrics and
crenulation structures that fiom a horizontal lineation (Jones, 1990). This crenulation foliation formed
during the D3vent and is concentrated along tenge zoneof the KSZ (Franey, 1987).

2.4.4 Hollandsdrift Shear Zone
In comparison to the KSZ, thollandsdrift Shear Zone (HSZ) is aderate to highangleD2 shear
zone. It has a st-Northwestto EastSoutheaststrike and dips towards theo8th-Southwestwith a
moderate to steep angleFigure6 (Jones, 1990). Within the Mount Maré area, the HSZ forms the
tectonic transition zone betweethe greenstone rocks and cover sequence from the Snymansdrift
No. 3 Hill (Franey, 1987). The HSZ aldordeed the rock sequencesf the Uitkyk Formation in the
centralWestarea of Mount Maré, making it hard to determine ttreie thickness of théormationin
the region (Jones, 1990). The shear zone comprised of undeformed greenstones and Uitkyk sediments
that hosted pillow structures and cross beddingsspectively (Frangyl987; Jones, 1990). These
fAGK2f 23AS48 NBLINBASYGSR | LA3IIeéolO1 olaiAy FFESN
and quartzbearing phyllonites and gneissic fuchsite quardzbonate tectonics from theobtheastto
the Northwestregion of he shear zone (Franey, 1987; Jones, 1990). The shear zone is also associated
with a sinistral sense of rotation that is suggested to form a lateral ramp structure for the adjacent SSZ
and KSZ structures in the Mount Maré area (Franey, 1987; Jones, 1990).

2.4.5 Willemse Shear Zone
The Willemse Shear Zone (WSZ) forms part af D®vents andsalsoknownas the Ysterberg Shear
Zone Figure6 (Byron and Barton, 1990). During the{ %4 de\Mtlopment, the shear zone truncated
the D2 thrusts in the Mount Maré area @dican be associated with an extensive crustal tectonic break
in the region (Jones, 1990; de Wit, 1991; de Wit et al. 1992). The Willdmse Zone illustrates
vertical and horizontal displacement as a product of extensional and compressional processes (de Wit,
1991; de Wit et al. 1992). Within this shear zone, crenulation structures with various orientations
occur on a much smaller and losalale.Thestructures that formed during D2 were refolded ona 1
10 m scale when the WSZ developed (de Wit et al. 1992). According to Byron and Barton (1990), the
shear zone hosts minor to no gold mineralisation. The time of formation for the WSZ islirsioa
with respect tothe Transvaal Supergroup rock sequences. In certain regions, the Willemse Shear Zone
indicates movements thanayhave developed after the deposition of the Transvaal rock sequences
destroyingthe Uitkyk sedimentgFraney, 1987; Gml and de Wit, 1997). However, in other areas, the
WSZ is found beneath the Transvaal rock sequences.

The Willemse Shear Zone displaces the RGB dinistral sense and contains a general stsilje
displacementof 10 km (Jones, 1990). The [@8ents earler movement altered the D2 imbricated

thrust fan complex and later reactivated the WSZ (Zeh and Gerdes, 2012). The WSZ can also be
identified as a schist zone that is weakly exposethatsurface over a width of km. The granites

hosted within this sclst zone created a chain reaction of faulting which postdates the granite
intrusions (Jones, 1990). The WSahiBastNortheasttrending regional scale shear zone with a steep

dip angle towards thé&outh and is situated along the ThabazingoMurchison Lineament&astern
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1991).The WSZ also separates théout River Gneiss from the Turfloop Batholith in therthwest

region The WSHdeformationis hosted in the greenstone lithologies as anatomising shear strugtures
with some of these rock sequences experiagéntense carbonatization (Beattie, 1991; Good and de
Wit, 1997). The Willemse Shear Zone asgbibitsa flower structure, this is quite evidem high
crustalregionswhere it outcrops (de Wit, 1991; Good and de Wit, 1997).

2.5Metamorphism
There are four memorphic peaks observed in the P@Bd every period is temporarily correlated
with the individual deformation eventsAccording tale Wit (1991), the intensity of metamorphism
decreags as one moves across the PGB fNorth to South.

2.5.1 First Metamorphic Ent
The first metamorphicevent (M1) affected the Simatic greenstone rocks and occurred before the
development of the unconformity between the Simatic and Cover Units (Jones, 1990; de Wit et al.,
1992; Ruygrok, 1992). It can be described as an sgstem event that is related to metasomatic
processes (Franey, 1987; de Wit et al., 1992). M1 is synchronous witimBZctonically induced
fabrics are absent in association with M1 (de Wit et al., 1992; Ruygrok, 1992). This excludes places
that containD1 shear zones. According Foaney, {987) the evidence that the Cover Unit was not
affected by Mlincludesgreenstone clasts hosted in the conglomerates of the Uitkyk Formation. These
greenstones underwent metamorphism bilitere isno other change reted to M1. During M1 the
Simaticrock sequencs experienced altangefrom greenschist to amphibolite facies (Franey, 1987,
de Wit et al., 1992; Ruygrok, 199Zhesaockswerealsoaltered bycarbonation and hydratiofwhich
occurred simultaneouslwith large scale movements of elements hosted in these rock sequences,
including gold (de Wit et al., 1992; Ruygrok, 1992). These fluid and rock interaction phases are
indicated by the presence of pillow lavas (Anthony and Flanders, 1992).

During M1a modern md-ocean ridge environmenprevailed with periods of maficultramafic
igneous activityandgranitic plutons related to hydrothermal and contact metamorphism respectively
(Franey, 1987; Anthony and Flanders, 1992). M1 also affected the Limpop8®&stsrn Marginand
isassociated with prograde metamorphism due to progressive crustal thickening (Laurent et al., 2013).
This phase of metamorphism is temporarily related to D1 and can be regarded as a period where
metamorphism reached its peak of granulite itcatca. 2691Mawere P-T conditionswere 800 ¢

850°C and 8.5kbar (Smit et al., 19Baurent et al., 201)3

2.5.2 Second Metamorphic Event
Thesecondmetamorphic event (M2)s adynamothermal metamorphic event thatéxpressedvithin
the D2 shear zones (Anthony and Flanders, 1992; de Wit et al., 1992; Ruygrok, 1992). The
metamorphic event wasaused byower to upper greenschist facies thfarmedafter the PGB region
underwentgreenschist static metamorphism (de Wit et al., 29Ruygrok, 1992). According to Smit
et al., (1992)M2 was a period of isothermal decompression that resulted afterSbathern Margin
of the Limpopo Belt rapidly overrode the Kaapvaal Craton along the Hout River SheaHdwewer,
M2 and D2 peaks a@dso suggested to have been resultaotsieat expelled during the emplacement
of syntectonic granite sheethat deformed and crosscut the D2 shear zo(&sthony and Flanders,
1992:de Wit et al., 199p
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The M2 affected the whole PGB aexhibitsthe following mineral assemblage: tremolite, actinolite,
mica (biotite and muscovite), hornblende and chlorite (Franey, 1987; Anthony and Flanders, 1992).
These minerals are associated with the S2 foliationfilvemed during D2 and subsequently destroyed

the M1 texture that had developed at certain localities in the PGB (Franey, 1987).

2.5.3 Third Metamorphic Event
Thethird metamorphicevent (M3) is a latestage metamorphic peak that is related to the thermal
activity createdby the Bushveld Compleixtrusion, which is located on D . Weétern area (de Wit
et al., 1992; Ruygrok, 1992). Ni8sometimesconsidered to comprise two separate peaks that are
relatedto shearing during B- D4andwhenthe goldduring M4wasmobilised into associated shear
zones (Anthony and Flanders, 1992; Laurent et al., 281&)g theNorthern margin of the Hout River
Shear Zone retrograde isograd processes are observed and isobaric cooling produced a fluid phase
(Smit et al., 1992). The-T conditions related to M3 are 68&820°C and &bar (Smit et al., 1992).
According to Ruygrok (1992M3 can be regarded as a period of static greenschist facies
metamorphism. The mineral assemblage associated with M3 comprises D2 brittle mica Hsiteph
or margarite that occurs as porphyroblasts (Franey, 1987).

2.6 Goldfields
Gold mineralisation in the PGB can be sediment or sheae hosted ands situated in the
Suthwestern region of Pietersburg (Franey, 1987). The gold mineralisation is assedtatpdmary
and secondary systems and mainly produced by the Eersteling, Roodepoort and Marabastad
Goldfields (Franey, 1987).

2.6.1 Eersteling Goldfield
The Eersteling Goldfield is located along the SW margin of the PGB and underlaimgimetistones
of the Eersteling FormatioriByron and Barton, 1990; Sieber, 1991, Foster and Piper, 1993). These rock
sequences are intruded yastWesttrending, - elongated granitoids whose orientation is parallel to
the regional S2 foliation within the goldfield (Franey, 1P8Ihe lithologies in the goldfield can be
groupedinto: (1)Northern andSouthern extremities that comprise albitgactinolite ¢ chlorite schists
and (2) Central massive plagiocldsmsaring amphiboles (Byron and Barton, 1990). The schists are later
crosscut by calcite and quartz veins and the amphiboles indicate less deformttaionhe schists
These greenstones contain gold mineralisation that is structurally controlled and confined to the: (1)
Regional N70° tdthwesttrending Shear Zones and (2)calSouth-dipping Pienaar and Doreem$
to West Shear Zones (Byron and Barton, 1990; Foster and Piper, 1993). The local shear zones are
productsof shearing and deformation that occurred at the contact between the central amphibole
and outer mafic rock from either side. Other local shear zones that developed in the Eersteling
Goldfield are the Dog and Maltz Shear Zones, which crosscut the central amphiboles at an oblique
angle and later extend into the Pienaar and Doreen Shear Zones (Byron and Ba8@n,

The Eersteling Goldfield is also spatiadiiatedto the regional Nuw Smitsdorp and Willemse Shear

zones (Byron and Barton, 1990). As a result of the Eersteling Goldfields structural complexity, the gold
deposits that occur in the goldfield areegnstone shearone hosted. These depositgre inthe

Pienaar, DoreerGirlie, Maltz, Dog and Unnamedefs (Franey, 1987; Byron and Barton, 1990). The

gold occurs in (1) Brecciated or boudin schists, (2) Sheared quartz veins, (3)y-8akimgBIF (4)

Pay shoots and (5) Alluvial deposits (Saager and Muff, 1986; Foster and Piper, 1993). The quartz veins
and deformed schists are surrounded by volcanic country rocks that have an actinolite, albite and
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epidote mineral assemblage due to regional metamorph{§aager and Muff, 1986; Sieber, 1991).
Thesulphur-bearingBIF depositsn the Eersterling Goldfieldre stratiform and gold mineralisation

was caused by supergenenrichment during weathering (Saager and Muff, 1986). The gold
mineralisationis also associated with stages of potassic metasomatism, which was suggested to have
produced carbonate veins and pyrrhotitechalcopyrite mineralisation (Sieber, 1991).

The haizons associated with gold mineralisation and greenstones sequences in the Eersteling
Goldfield are displaced by oxheast trending faults which contain 10m thick metamorphosed
gabbroic dykes (Byron and Barton, 1990). The areas where gabbroic dykestdiusgwoldfields pay
shootsare also associated with high gradegold mineralisation (Byron and Barton, 1990). These
gabbroic dykes experienced metamorphism when the Turfloop Batholith was emplaced (Saager and
Muff, 1986; Beattie, 1991). Other structurésund in the goldfield are right lateraldgh to South
trending faults whiclare intruded bydolerite dykes (Byron and Barton, 1990). In comparison to other
goldfields in the PGB, the Eersteling Goldfield has produced the largest amount of gold arsdacover

much bigger surface area, TaléFraney, 1987).

Table2: Approximation of Gold produced in the Pietersburg Greenstone Belt indicating that the Eerstelingréaiuceqxl

the highest amount of goldzarms listed in descending order of gold ounces recovéredtable recordingsvere compiled
by Willemse1938 (Saager and Muff, 1986).

Farm Period Tons of Ore|l Fine ounces
Crushed recovered
Eersterling 17KS 1906¢ 1937 54024 10302*
Snymansdrift 738 LS 1907¢ 1910 24071 8948
Roodepoort 744 LS | 1905¢ 1937 28415 4935
Palmietfontein 24 KY 1907¢ 1936 11097 2293
Zandrivier 742 LS 1907¢ 1937 5055 1809
Vrischgewaagd 33 K 1905¢ 1937 4712 544
Waterval 18 KS 1913¢ 1935 1887 140

2.6.2 Marabastad Goldfield

¢t KS

alNIFoladlR D2t RFASt R Aa Shuthdrhilissirisdliearlg sh@vn i K S
along the Kuschke Shear Zone (Franey, 1987). The goldfield comprises the Zandrivier Deposit that is
situated in the PGB Cover Unigure 6 (Franey, 1987). The deposits in the Marabastad Goldfield

exhibit a conformable and crogsitting relationship with the surrounding chloritoi¢l ephesite

bearing schists (Kalbskopf and Barton, 2003). The goldéieldedimenthosted shear zone deposit
(Franey, 1987 and drike-slip EastNortheasttrending brittle-ductile shear zones host the gold and
sulphide mineralisation (Foster and Piper, 1993). These shear zones also illustrate a revslipe dip

displacement movement.

2.7 Gold reefsn the Eersteling &dfield

Gold mineralisation in the Eersteling Goldfield is found in 6-gekiting reefsFigure8 illustrates 5 of

these These arssituated in theEastern region of theEersteling Gold Mine Eersterling Farnand

include the Girlie, Pienaar, Doreen, kaDog andJnnamedReef (Saager and Muff, 1986; Byron and

Barton, 1990.
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Figure8: Map showing the different gold reefs within the Eersterling Goldfield and their locations. The also indicates the
different lithologies with each reef (Hancox, pers comm., 2021).

2.7.1 Girlie Reef
The Girlie Reeadccursin the Eersteling Goldfieldg/estern area (Figur8) and hasa strike length of
3km, an average width of 0.6m aadnean dip of 60° towards th&uth, (FigureB) (Saager and Muff,
1986; Byron and Barton, 1990). The reef igsastto Westtrending shear zone that comprises iron
rich quartz, carbonates and sericibearing schists (Byron and Barton, 1990). Asnjoue Eastwards
from the Girlie Reefthereefencounterghe Pienaar Reef and ultimately terminates (Saager and Muff,
1986). The shear zone also contains quartz and tourmaline infill structures which are associated with
arsenopyrite and gold mineralisation (Byron and Barton, 19@psequentlythe schists in the shear
zone only host pyrrhotite and pyrite mineralisation. Tdguwd mineralisationn the Girlie Reef mainly
occurs in the reefs pay sbts, which cover atrikelength of 640m (Franey, 1987; Byron and Barton,
1990). The wall rock in the Girlie Reef also exhibits alteration thabassciated withmetasomatism
which later resulted in a change in mineralogy from plagioclase and hornblende to quartz, tremolite,
actinolite, and tay (Franey, 1987).

2.7.2 Pienaar Reef
The Pienaar Reef extends over kné EastWeststrike length, with a width of 0.8n andanaverage
dip angle of 60° in th&uth, Figure8 (Saager and Muff, 1986; Byron and Barton, 198@se are the
orientation and measrements observed for the Doreen Reef because both reefs emerge from the
Pienaar and Doreen Complex. The gold mineralisation in the Pienads Rebé Pienaar Shear Zone
and hosted in quartz veins which exhibit boudin structures, brecciation and ecatonate
alteration (Byron and Barton, 1990). The boudin structures are related to pay shoots which occur
along the reef at intervals of 100300 m (Byron and Barton, 1990). These pay shoots are steeply
dipping toward theEast and contain mineralisatio of arsenopyrite, pyrite and chalcopyrite (Byron
and Barton, 1990). According to Saager and MWL#86) the Pienaar Reef illustrates complete
oxidation and comprises fragmented greenschists that have no mineralisation.

2.7.3 Doreen Reef
The Doreen Reef displays a parallel orientation to the ultramafic sills that are found on the Eersteling
Goldfields Southern area, (Figure8) (Saager and Muff, 1986). The reebn-rich schistscontain
chalcopyrite, pyrrhotite, minor pyrite and no gold mineralisation (Byron and Barton, 1TH8$e are
also120m thick downplunging pay shoots in the reef that contain arsenopygield and minor pyrite
grains which occur in fragmented quartz and chert clasts (Byron and Barton, 1990).
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2.7.4 Maltz Reef
The Maltz Reef is araB:-Northeasttrending reef that extends over a strike length of 1.6km and has
a dip angle of 55° towards theolthwest, (Figure8) (Byron and Barton, 1990; Sieber, 1991). The reef
is inthe local Maltz Shear Zone that comprises altered amphibole rock sequences and a preserved
schistosity that is formed by actinolite and chlorite (Sieber, 1991). The Maltz Reef reprasents
hydrothermal quartzcarbonatevein system that contains gold minglisation with an average width
of 1.3m (Byron and Barton, 1990; Sieber, 1991). Gold mineralisation in the reef is concentrated in the
pay shoots which are distributed over its length at intervaksggfroximatelyLOOm (Byron and Barton,
1990). These pashoots illustrate a pay shoot within pay shoot relationshith increasingyold grade.
The pay shoot compris€$) Brecciated fragmea that are enclosed by calcité?) Reef contacts that
indicate external fractures that arelétl with coarsegrainedcalcite;and (3) Chalcopyrite and Pyrite
mineralisation (Byron and Barton, 1990). There are alem 3ong tourmaline crystals that are found
in the Maltz Reef. The gold grains in the reef occurs as free gold or gold inclusions within pyrrhotite
and quartzZByron and Barton, 1990). The gold is suggested to have developed before the Maltz Shear
Zone experienced any shearing or brecciation.

2.7.5 Dog and Unnamed Reef
The Dog Reef is located on the Eersteling Goldfleddiern area(Figure8), along with the Unnant
Reef¢ 700m away from the goldfield (Byron and Barton, 1990). The Dog Reef extends over an average
width of 0.7m and has a 60° dip angle towards the NW direction (Byron and Barton, 1990). This reef
is located within the local Dog Shear Zone that exhibits-@s8uctural relationship with the Pienaar
and Doreen Shear Zone (Saager and Muff, 1986; Byron and BE&0), The Dog Shear Zone is only
associated with gold mineralisation when they occur as inclusion within quartz fragments and boudin
structures (Byron and Barton, 1990). The Unnamed Reef is not fully explored but it intersects the
Pienaar Reef. It is ongated parallel to the Dog Reef and contains gulderalisationin quartz boudin
structures as well (Byron and Barton, 1990).

2.8 Gold reefsn the Marabastad Goldfield
Gold mineralisation in thMarabastard Goldfield Mount Maré areds hosted irthe Zandwier Reef.
Depending on the host roskand mineral assemblagéle Zandrivier Ref can be subdivided into the
Arsenopyrite and Quartz Vein Re@&saney, 1987; Kalbskopf and Barton, 2003).

2.8.1 Zandrivier DeposiReef
The Zandrivier Deposit is situatédthe central portion of the Snymansdrift Shear Zone (SSZ) along a
zoneof low strain Figureé (Franey, 1987; Jones, 1990). The host rock lithologies do not exhibit any
intense wall rock alteration and compriggecciatedmetasedimentary rockschert bars oibands,
mudstones, sandstones, quaithlorite schists,and quartzmica schists (Jones, 1990, Kalbskopf and
Barton, 2003 (Figure9). The predominant mineralogy assemblage in the deposit is quartz, carbonates,
tourmaline, arsenopyrite, chlorite, gold amtinor pyrite and chalcopyrite (Franey, 1987; Jones, 1990,
Kalbskopf and Barton, 2003). The gold and arsenopyrite mineralisation in the deposit is suggested to
haveformedduring periods of brittle and ductile deformation, which can be temporally relatda2o
tectonism along the SSZ when the shear zones strain intensity decreased (Kalbskopf and Barton, 2003).
There are also pay shoots that occur in the deposits central section, \ahedike the ones that
developed in the Maltz Reef. These pay shoots l@vESE strike trend, plunge towards theSSW
with a dip angle of 45° and form part of the britilieictile regime (Kalbskopf and Barton, 2003). The
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Zandrivier Deposit can be subdivided into aid reefsnamely: (1) Deep crustal layered Arsenopyrite
Red and (2) Surface QuartzVein Reef (Franey, 1987; Jones, 1990).

NW Zandrivier Quartz Reef SE

LEGEND

Uitkyk Formation,
arenacious Sediments

D Quartz Mica Schist

Chlorite Schist

l:] Quartz Chlorite Phyllonite

n Melange
/ Gold-bearing Quartz

0 50 100m / Gold-bearing Tourmalinite

Figure9: Schematic crossection of the Zandrivier Deposit showing the geological sequences and the two different workings
that host goldmineralisation, upper quartz veins and basal tourmalg@d-bearing contact between the chlorite schist and
quartzchlorite phyllonite (Kalbskopf, and Barton, 2003).

2.8.1.1 Arsenopyrite Reef
The Arsenopyrite Reef can be identified by a network of concordantzjoarbonate stockworks and
tourmalinerich quartzmica schist, with high amounts of arsenopyrite (Franey, 1987; Jones, 1990). In
most cases, the quartz and carbonate (dolomieguras (1) Intergrowttsor granoblastic layers that
are enclosed by chldg; or (2) Veins that crosscut the country rocks and create fluid conduits for
arsenopyrite and tourmaline mineralisation (Franey, 1987). mMbephologyof the arsenopyrites in
the reef is either disseminated grains, undeformed euhedral crystals orgfaieed stringers or
inclusions hosted in silicate veins that tend to cut across the larger fractured crystals (Jones, 1990;
Kalbskopf and Barton, 2003). In some cases, the undeformed arsenopyrite grains contain inclusions of
pyrite, ironrich sphalerite, psrhotite and gold (Franey, 1987; Jones, 1990). The gold grade in the
Arsenopyrite Reef illustrates an inverse proportionality to the strain intensity. A gradational contact is
observed in the wall rock between areas enriched with tourmaline and the origuratzsericite
phyllonite country rock (Jones, 1990). This contact can be defined by surrounding wall rocks brown
colour due to its tourmaline compositiarf approximately 9100%.
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2.8.1.2 Quartz Vein Reef
Thecountry rocks to th&uartz Vein Reefremetasedinentary rocks from th&Jitkyk Formationwith
somepreservingsoft sedimentary deformation structures (Jones, 19Q@albskopf and Barton, 2003).
Other rock sequences found in this reef are chert bar lenses and brecciated rock fragments that have
undergone intense ductile processes (Jones, 1990) Evidentids includeg1) A shear contact zone
between greerbrown ard knotted grey schists and (2) A regional foliation formed by brecciated clasts
in a fault zone (Franey, 1987; Jones, 1990). The foliation has a similar orientation to the one observed
in the SSZ but has a lower dip Bngetween 3040° (Jones, 1990). Thalphide mineralisation found
along and within the sheared contact comprises pyrite and chalcopyrite (Franey, 1987). These
sulphides are hosted in smokyey quartz veins or between the schists and quartz veins contacts
(Kalbskopf and Barton, 2003). Theadz veins are highly fracturednd comprise latestage gold
mineralisation and minor tourmaline grains (Jones, 1990).

3. METHODOLOGY

The methods used to satisflie aim, andresearch questionsf this research reports include hand
sample descriptions, petgyaphic analysjsise of aTESCAN Integrated Mineral AnalySEMA)and
Strater 5 Borehole Core Logging Software.

3.1Hand Sample Descriptions
A total of 18 samples were collected fraavendifferent borehoks (201, Z02, Z1GP02, P11, PO6¢
and M03).Z01,202 and Z11 were collared on the farm Zandrivier 742 LS&02, PO6¢c, P11 and
MO3 on the farm Eersteling 17 KEach sample wadescribed basedn its physicalcharacteristics
with the intent to provide therock name mineral assemblagesnd general featureseen with the
naked eye

3.2 Petrographic Analysis
Specific areasf intereston the 18 hand samples werihen marked and cut to make polished thin
sectionsfor further petrographic analysisThese thin sectionsvere used toidentify the mineral
assemblages ore minerals, ¢éxtural variationand microstructuresissociated with the different rock
typeson a microscopic scal@he analysis as completedusingan Olympus 841 microscope from
GKS | YAGSNBEAGE 27F 2 A ¢ ksars MEuNddytiRtQEsmifted &nd reffecte® T DS 2 &
light analysis There were also photomicroscopmagesand full section scans of the polished thin
sections taken using the Olympus Stream Basic and Olympus Stream Essential software applications,
respectively.

3.3TESCAN Integrated Mineral Analyser (TIMA)
TIMAhelps inunderstandng and quantifying thetextural relationship between minerals by mapping
the distribution of minerad and minerainclusions or th& occurrencewith one another. For this
project, the focusvas onthe occurrence ofoldwith different sulphide minerabhssemblageéHrstka
et al., 2018). The methods that were useddetermine the elemental composition of thepecific
sections in thepolished thin sectionand to illustrate any gold grains found in association with
arsenopyrite or polysulphide assemblaged a micrescale arePrimary Phase anddéinent Mapping
The samples chosen eithead (1) Gld grain inclusions hosted in sulphidekich could be seeunsing
a microscope or (2)dNgold grain®bserved whermsing a microscopeven thoughAu fire assaydone
by the SGS laboratory in Randfonteidicated high gold grades in that specific samplee gold fire
assays were performed with an Atomic Absorpt®pectroscopy (AAS) finish.
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and the instrument used was VEGA3Icanning Electron Microsco®EN. Themineral phase and
element maps areguantified by energydispersive Xay spectroscopy (EDSEM is a method that
was used to define the chemical composition and microstructure morphology of the polished thin
section or samples surfaces (Zhou et al., 2006). The images taken during thixinetie used to
determine the distribution of grains and second phase particles (Suryanarayana, 0E7).
microscope uses th& EGA3 X64 TESCAN TIMA 1.7.0 softappfication The beam condition
specifications employed for quantitativanalysisvere (1) Accelerating voltag®f 25kV ;(2) Working
distance of 21.33mm; (3) Emission currehtd3y; (4) Absorption current less than 1pA; (5) Spot size
of 590.00 nm and (6 gecimen beam current of 17.68nAhe filament live time duration weaset at

431 hours andhe scanningvason resolution mode. The heat and pressure settings were 47% for
heat, 1.6<103 Pa (gun pressure) and %5Pa ¢olumn pressure).

3.5 Stater 5 Borehole Core Logging Software

This is a geological interpretation method that is used to portray dtiatigraphic column of the
different borehole logérom the differentgold reefsThe data to construct the different borehole logs
was provided by thdcerstelingGold Mine and include the lithology, specificationg dimensions,
lithological contacts mineralistion, contact angles and alterations. The successions were then
correlated were applicable anased to check if there are any geological or petrological similarities
between thereefs, considering the depth of the succession.

4. RESULTS

The results collected from the various methodologies provided informationtren lithology,
mineralogy and structural featuresf the different reefs and sampleim addition, themineralogy was
alsoanalysedusing primary phase and elemental maps.

4.1Lithology and Mineralogy
The host rocksof the Maltz Reefare finegrained chlorite rich metabasalts that have undergone
alteration and metamorphism (SampMO03 - A, B). The mineral assemblagé the metabasalts
comprisescalcite, quartz, biotite, and crosstting amphbole veins (Figure DA). The rocks are
foliated with chlorite and quartz alternating veins exhibiting a mylonitic texture. The quartz in these
metabasalts occurs in two morphologies: (1) Veins and veinlets that crosscut one another and (2)
Medium to coarsegrained granoblasti@ polygonal grains that arerdctured and recrystallised.
Chlorite is the dominant groundmassmineral and enclosesaround biotite crystal boundaries
However, some of the biotite occurs as stringers and chlorite inclusions. Sericitization is indicated
the hand samples with fingrained white mica formingThe metabasalts armineralised, and the
sulphides are concentrated in chlorite rich areas, specifically as interstitial material or along the
OKf 2 NR U S Q asulghiids are shéwd ifi ®igut®Bahd occur as anhedral disserated pyrite
grains with minor chalcopyrite.
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Figurel0: Photomicrographs of samples from the Maltz R@@fThemineral assemblage of metabasalts with image showing
Qz- quartz groundmass beingasscut by Amp amphibole veins (Borehole M03 at 75.60/5.91 m). (BDisseminated
anhedral sulphidem the Maltz Reeére predominantly Py pyrite with minor Ccp chalcopyrite.

The footwall (FWj)o the Pienaar Reeis highly metamorphosed, and its host rocks areefgrained
metabasaltwith aserpentine, quartz, and carbonatesneral assemblagé&amples P14 1A, 1B, 2A,
2B). The metabasalts are crosscut by a network of highly fractured fine to egraiised quartz veins
that contain thin stringeiinclusions of serpentine undergoing serpigization. In thin sectionthe
serpentine stringers indicate a spatial relationship with the carbonates as shown in Elgurée
serpentine enclogs carbonate lensesThe quartz vein hosts patches of carbormtéhat are
mineralised withsporadic- disseminated galena, chalcopyrite, pyrite, and sphalgfigure 1 B, C
and D. Insome areashe galenacleavage is observed on the carbonate surféieégure 1 O. Parallel
deformation lamellaein the carbonatessuggest that lhie metabasalts have also experienced
deformation
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Figurell: Photomicrographs of samples from tRéenaaiReef(A) Mineral lens that occurs within metabasalts and comprises
aChg Carbonatgcalcite)that is enclosed by SHserpentine. The mineral lens is in contact with a large qu&rtz vein that
crosguts the host rock. In (B) the quartz contains mineraisatof Sp- sphaleritewhich is concentrated on top of the
carbonates in the quartz vein. (C) Carbonate exhibiting deformational lamellae and illustrating a cleavage normally seen in
Gng¢ galena even though there mineral has not crystallised complete(p) Ore mineral assemblage found in the Pienaar
Rees quartz veins which comprise Pyyrite, Ccp chalcopyrite and Sg sphalerite(Borehole P11 at 130.87131.07 m)

Thee isa sharp andheared contact between the quartz veins andtabasalts (Figure 2). In thin
section the contact area is een as quartz veins that contain mediwgrained fragments of the
country-rock (metabasalts) closer to the contact between the two lithologies.ditzetz veinshave

also undergae sericitizaton shown byfine-grained white mica, this is clearly shown in the hand
samples The quartz from the Pienaar Reef samples occur as: (1) Interstitial granoblastic material that
surrounds the carbonates(2) Multiple crosscutting networls of veins and (3) hin veins with micro
faulting and successive displacement in a boudin manner
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Figurel2: Photograph ofhe Pienaar Reé&$ hand samplevith an observed sharphearedcontact between the quartz veins
and metabasaltsindicated bya rectangle The area enriched in quartz also contains sulphide mineralisé@iorehole P11
at 130.84¢ 131.07 m)

Footwall (FW mineraligtion to the Pienaar Reefoenprisesfine to mediumgrained disseminated
sulphides |pyrite and chalcopyrite) that areoncentrated within the quartz veingigure BA). The
pyriteshave a euhedral to subhedral crystal shape and form aggregatesheittameorientation as

the serpentine stringer inclusions within the quartz véinsome areashe chalcopyrite crystals are
anhedral and enclosed by pyrit€he galena is anhedral akfts perfect triangular cleavage (Figure
13B). In the hand sampleit is also observethat some of the areas where mineralisation occurs
created a browrg rust discolouration athe quartz veins. The petrographic and TIMA analysis for this
sample clearlghowed that these discolouration areas are associated with anhedral sphalerite crystals
which contain minor inclusions of chalcopyrite and pyrite.

Figure 13: Photomicrographs of samples from the Pienaar R@efFootwall mineralisation of the Pienaar Reef with
disseminated Ccpchalcopyrite and Py pyrite thatis hosted in quartz veins. (B) Anhedral Ggelena crystalith perfect
triangular cleavage, the galena only occurs in the carbon@eschole P11 at 1387¢ 131.07 m)

At greater depths ithe borehole corethe FW changes into a coargeained brecia(Figure 4). The
breccia contains angular fragments of quartz, carbonates, metabasalts (FWrdined- tabular
shaped amphibole aggregates and a baghdock that contains alternating layers of metabasalts and
smoky quartz (Sample PX13). The quartz in this are& fractured and crosscut by latgage
carbonate veins which contain disseminated and interstitial sulphides (pyrite and chalcopyrite).
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Figure 14: Photograph of the Pienaar Reefs footwalls hand sample that comprises @paimsed breccia with angular
fragments of quartz, carbonates, amphiboles and metabasalts. The hand sample also contains fragtiples and cross
cutting quartz veingBorehole P11 at302.34¢ 132.43m).

Hand Samples from th@irlie ¢ Pienaar Reeafepresent both the hanging wall (H@Wigurel5A) and
reef (Figurel5B). The HW comprises fine to meditgrainedmetabasaltsand thereef comprises a
medium to coarsagrained quartz wittrecrystallised smokgrey quartz, sulphide mineralisation and
areas of alteratiorwhich areshown in the TIMA analysis sectidrhe contact between the two rocks
is sheared and the rock sample thaticates thistransitionalboundary is a brecciated mixed zone
between HW and quartz reef.he metabasalts (HW) are highly metamorphosed and their mineral
assemblages comprise amphiboles, carbonates, quartz veins and serpentine. In thin, gbetion
guartz eins that crosscut the metabasalsre associated with minor disseminated sulphide
mineralisation have a granoblastic texturand occuras a network of veing.he sulphides are fine to
mediumgrained anhedral pyrrhotite crystals amagle concentrated in areashowingalteration. The
pyrrhotite is also associated with minor chalcopyrite that occurs as inclusions and aheumadrgins

of the pyrrhotite.

Figure15: Photagraph of hand samples that represent the Gidi®ienaar Reefs hanging wall (A) and quartz reef (B).
Metabaslats andecrystallisedquartz make up the handing wall ardarsegrained quartz with pyrrhotite mineralisation
make up thequartz reef(Borehole GP02: Hanging wall (A) &2.60¢ 62.80m and Reef (B) at 73.6573.82 n).

The quartz grains that make up tti@uartz Reef are coars@rained and highly fracture@Figure BA).
These fractures are mineralised and filled with alteration material and catesnin someareasthe
quartz graindavea granoblastic texture with grain seeangingrom medium to finegrainedwhen

they interact with thecarbonate veins. The carbonate veins also contain inclusions of serpentine.
Sulphide mineralisation in thQuartz Reef occursn the same way as the hanging walbwever, the
pyrrhotite crystals are largemore concentrated and develop within the carbonate veins and quartz
fractures (Figure BA). Other minor ore minerals in the quartz reef are figggined anledral
disseminated crystals of chalcopyrite and pyr{tegure BB).

28



Figurel6: Photomicrographs of samples from tfBirlie- PienaaReef(A) Full scan image of the Giie A Sy I | N & |j dzk NI 1
that comprises highlyractured coarsegrained quartz.The fractures are filled with pyrrhotite, alteration material and
carbonates. (B) Image showing the different sulphides that occur within the quartz reef. These incluBgrRmtite, Py

Pyrite and Ccp chalcopyrite(Borehole GP0O2 - Reefat 73.65¢ 73.82 n).

Theborehole sampledrom the Zandrivier Reefsepresent the reef and footwall (FW) from three
different borehole core logs (Z01,Z@nd Z11)The lithologyof the reeffrom the Z01 and ZDcore
show the samecharacteristicsand the host pck is a finggrained metasedimentary rocthat is
crosscut by multiple quartz and carbonate veifise quartz veins displacthe carbonateshat they
intersect The hand samples also contain medigrained feldspar fragmentnd foliated mafic veins.

In thin section the metabasalts indicate intense recrystallisation and their mineral assemblage
comprises carbonatesyurmaline quartzmuscovite and serpentine. The quartz exhibits a polygonal
granoblastidexture,and thefine-grained carbonate groundmass contains thin stringers of serpentine
and quartz The metabasalts from the0landZ02core logs contaisubhedral columnaelongatedg
needleliketourmalinebut the tourmaline isnore abundant irz02 Thetourmalinefrom the Z02reef
occusas brown fine groundmass and fracture infill material with a mineral fabhiesetourmalines

also exhibit a decussate texture with randomly oriented platy and tabular elongated crystals
interlocking. This texture is clearly shown arduihe edges of the groundmass material in association
with granoblastic quartz.

The Z01and Z02 samples aramineralisedwith abundant sulphidesand ©ntain fine to medium
grained euhedral arsenopyrifa the form of(1) Disseminated crystals, (2) Layered aggregates and (3)
Massive fractured anhedral crystdligure ¥). The arsenopyrités hostedby quartzand serpentine
veins along with tourmaline that exhibitsraineral fabric

Figurel7: Photograph thashowsa hand sample from the Zandrivier ReBb(eholeZ02at 123.07¢ 123.24 n). The hand
sample alsalemonstratesthe different styles ofApy - arsenopyrite mineralisationvhich includesmassive, layeredand
disseminate grains.
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Anhedral arsenopyrite ialsohosted in aveinundergoing serperitization with carbonate developing
and enclosingt (Figure BA). Arsenopyrite is the dominant mineral in the Zandrivier Reef and other
sulphides includalisseminaéd anhedral crystals of pyrite, chalcopyrite, pyrrhotite and iron oxides.
The chalcopyrite mainly occurs as inclusions within the other sulphides and as fracture fill material in
the arsenopyriteThe iron oxides comprideematite, magnetiteandilmenite which occurs (1) Along

the arsenopyrite grain boundarie®r as (2) Inclusions in sulphidesnd (3) Interstitial material
between and within quartz and carbates. Imenite and arsenopyritdave a clear spatial association
(Figure 8B). These ore mineralshoweverare sometimesn equilibrium and occur as polgulphides
instead. The serpentine also occurs along sulphide boundaries or as infill materialfradhges
within the country rocksandcreates what appears to ba myloniictexture. Theamount of pyrrhotite
mineralisation increases with depth in tl#01 core logand the arsenopyrite alscontains micro
inclusions of gold whichra illustrated in Figure&(CandD).

Figurel8: Photomicrographs of samples from tBandrivielReef(A) Occurrence of Apyarsenopyrite mineralisation hosted

in a vein that is undergoing serpémization, Srp- serpentine(Borehole Z02 at 123.07123.24 m) The arsenopyrite mainly
occurs on top of carbonatakat enclose it. (B) Euhedr¢ subhedral fractured arsenopyrites that are spatially associated
with lim - ilmenite (Borehole Z01 at 132.88133.09 m) C and D illustratenassive arsenopyrite crystals that are fractured
and deformed with micro inclusions of Awgold (Borehole Z01 at 184.78185.10 m).

The metasedimentary rockfom the Z11 borehole core log reef also contain the same mineral
assemblage as th#0land Z02samples. HoweverZzm m@I& of mineralisation is net textured and
disseminated vth anhedraleuhedral sulphide grainghich areconcentratedat the contactbetween
serpentine and amphibole veinshe hand samplef Z11is shown in Figur&9A, and the sulpides
differ in occurrence, style, and typghen comparedo the Z01hand sample Figurel?7. The ore
mineralsfor Z11 indicate a polyg sulphide assemblage that comprises pyrite, chalcopyrite, and
pyrrhotite with inclusions of iron oxide&igurel9 (B ard C) The parageetic sequence illustrated by
the sulphides is chalcopyritepyrrhotite + hematite/magnetite. The pyrite and pyrrhotite crystals are
also highly fractured and surround fractured quartz.

30



Figurel9: (A) Photograph that representthe Z11 hand samplérhe sulphides morphologies are shown under thin section
in B and C. These images indicate a godulphide mineral assemblage from the Z11 borehole core log. The sulphides
comprise of Pyg pyrite, Pog pyrrhotite and Ccpg chalcopyrite with inclusions of Hemhematite or Magg magnetite
(Borehole Z11 at 235.41235.81 m)

The fodwall (FW) rock samples from boreha®2 compri® fine-grained metabasaltsvhich are
crosscut bya network of quartz veinsThe metabasalts alsanderwent intense recrystallisation and
alteration. This is supported by granoblastic quartz and tabyklongated serpentine that forms a
mylonitic and decussate texture. The FWhigeralised, and thesuphidespreferentially align along
the mylonitic foliation. The dominant sulphide is pyrrhotite with minor chalcopyrite and pyrite that
contairs inclusions of iron oxides. The sulpé&occur in different morphologiessuch as(1)
Disseminated anhedral arelihedral grains, (2) Thin mineral stringers or véiva develop parallel

to the mylonitic foliation and (3) Interstitial mineral aggregate.

4.2Structural Features
Different structural featuresvere found in the samplesém the Pienaar andandrivier eefsand are
illustrated below Specific sections within the samplesre further analysed for primary phase and
element mapping. It should be noted that the boreholes were not orientated and thexdfoer
orientations for the structural featws illustrated in this section are not precise and based on the
LIA O dzNB Q & TheNudh Sisédiidn is Aldsyated on the lower rightand side for each image.

Sample P1tontainsmultiple veins that have three different orientatiorfgigure B). Quartz vein 1
(QV1) is highlighted in yellow in the image and comprises thin quartz veins withrthebist to
Southwestirend anda micro fault with a North to Southtrend. QV1 is crosscut by a thickeofth to
Southtrending quartz vein (QV2), which is hiighted with red inFigure . QV1 is associated witn
iron-rich serpentinine¢ berthierine and calcite whereas QV2 is associated with disseminated
sphalerite, chalcopyrite, and galena. The (W3 aNorth to Southtrend, highlighted with green
(Fgure 20) and comprise serpentineundergoinghydrothermal alteration In addition, both theQV3
andmicro faulting seen in QWave thesameorientation.
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Figure20: Full scan image of multiple veins with differemtentations. The veins comprise quartz, berthierine and calcite.
Some of the veins are mineralised and contain sphalerite, chalcopyrite, and galena. These ore minerals are highlighted with
purple in the image and hosted in a quartz vein, which is higielébim red(Borehole P11 at30.87¢ 131.07 m)

Afull scan imagef Samplez01¢ 2B illustrateghe properties of two different deformational regimes
and sulphide occurrencd§igure 2). On the lefthand side of the imagehe sample represents a
more ductile regime with disseminated euhedral arsenopyrite antiednal pyrrhotite that is
elongated in a specific directiofhe right;thand side of the image indicates the brittle regime which
comprises (1) Net textured, fractuteand massive euhedrglsubhedral arsenopyrites and (2) Pqly
sulphides that contain pyrrhotite, chalcopyrite and arsenopyritéh associated iron oxidesThe
ductile and brittle regimes are dominantly mineralised with pyrrhotite and arsenopyrite, ctispdy.

A closer look into the different ore minerals within these regimes is shown idgpendix (Figures

42 and 4). The boundary between the two regimékistratesa darpcontact between the minerals.
The host rock for th&@01¢ 2B sample contairan ironrich serpentine; berthierine with two distinct
morphologiesdependingon the regime i which it is found The berthierine occurs around the
arsenopyrite boundaries within the brittle regime and elongates in the direction of pyrrhotite within
the ductile regime.
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Figure21: Full scan image showing two different deformations regimes with different sulphide occurrences. Tanteft
side represents the ductile regime and contains anhedral pyrrhotite mineralisdherighthand side represents the brittle
regime andcontains net texturel, fractured and massive arsenopyrite mineralisation. The brittle regime also contains
pyrrhotite and chalcopyrit@oly - sulphides (Borehole Z01 at 184.78185.10 m)

Sample P1Tontainsboudinagedquartz veins wheraghe quartz pinches ouin different sections
(Figure 2). The boudin structuredn this sampleextend in the same direction and have the same
orientation. Some of the quartz veins also exhibit a curvimgyphology

Figure22: Image showing differendtructural features associated with quartz veins (1) Boudin structures and (2) Curving
quartz veingBorehole P11 at 130.84131.07 m)
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SampleZ01¢ 1B haghe same structural features as sam@l@l¢ 2Bbut illustrates themin different
morphology(Figure 3). The brittle regime is the only deformational phase represente#igure 3.

The arsenopyrite occurs in two different stageake earlier stage isrepresented by anhdral,
fractured, and massive arsenopyrite crystalsd the later stage containdisseminatedc euhedral
arsenopyritesvhichis thought to have beedeposited by a hydrothermal fluid that intersected the
country-rock. This structural feature is highlighted by blue in the image and has@3\'¥Etrend.The
country rockand its associated sulphide mineralisation stages are later -cugsby quartz veins
(highlighted in yellow). The quartz veins contain sulphide inclusions and both structural features
(quartz veins and fractures in the arsenopyrite#ghd in the NW¢ SE direction.

Figure 23: Full scan imge that represents thebrittle regime with different sulplde mineralisation occurrences. The
dominant sulphide is arsenopyrite and occurs as (1) massive, fracamdénhedral crystals and (2) disseminatedhedral
arsenopyrites which were deposited by a hydrothermal fluid that intersectedcthentry rock (highlighted in blue). The
arsenopyrite is later crosscut by quartz veins (highlighted in yellow) whiclhiossrall inclusions of arsenopyrit@orehole
Z01 at 132.88 133.09 m)
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4.3TIMA- Primary Phase Maps
The primary phase majgse used to provide further information about tlsamples from the different
NB S F Q & as¥embyfa§esidftextural occurrencest a greater magnificationThe samples chosen
from each reef contained high amounts of sulphid@eralisationwith a distinctive morphology in
thin section. In addition, these samples indicated high gold grade results which were provitted by
Eersteling Glol Mine.

P11c¢ 1A

Primary phase maps indicatihat P11¢ 1AQ& Y A y S bdntéirds &ghalekite, yhalcopyrite and
pyrite (Figure 2). These ore minerals occur within the large quartz vein (QV2) shown in R@ure
above. However, the TIMé&nalysis indicated that the ore minerals only ocouareas rich irtalcite
(Figures 2 and ). Further element mapping imagary identified sphalerte based on itshemical
composition and identified thelevelopment of micro galena grains along the chalcopyrite and
sphalerite grain boundaries. The chalcopyrite and pyrite grains are in equilibaonmicro
chalcopyriteoccurs as inclusiongithin the sphalerie. In addition, pyrrhotite also occurs as inclusions
in pyrite. The mineral ssemblage also contains an iroich serpentine berthierine, which is confined
to areas of aluminosilicate alteration. This area of alteration is shown in Fijuend t is a
representation of the host rocks composition with albit&oathite and orthoclase developinghe
orthoclaseis alsothe only feldspar that is developing within areas enriched with quartz.

.1

Primary phases
W Quartz Calcite Berthierine Sphalerite Pyrite M Chalcopyrite

M Orthoclase W Alteration Galena W Hematite/Magnetite M Ankerite
Albite W Wollastonite M [Unclassified] Holes
Primary phases

View field: 1.50 mm Date(m/d/y): 02/23/21

Figure24: Primary Phase Map of PL11A illustrating a mineral assemblage that comprises chalcopyrite, sphalerite, and
pyrite with minor pyrrhotie and galena. The ore minerals only occur within the calBiteehole P11 at 130.87131.07 m)

TESCAN TIMA

1 mm
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Figure25: Primary Phase Map of PL11A representing the host rocks composition whicluiglergoing aluminosilicate
alteration. These areas of alteration are also associated thétdevelopment oflbite, orthoclase andreorthite (Borehole
P11 at 130.8¢ 131.07m).

GPOZ; 2B

Ore mineralsfound in theGirlie¢t A Sy RuamkRe®f, including their style omineralsation are
shown in Figure @ According to e primary phase mappyrrhotite is the dominant sulphidevith
minor pyrite and insignificarthematite/ magnetite, rutile and titanite. The sulphides are also seen
under petrographic analysigFigure16). The mineralisation is only concentrated in fractures that
crosscut the quartz host rock and comprise aluminosilicate alteration and calciiagelinese areas
of alteration are also associated with the development of ankerite, berthierine and actinolite.

W Quartz M Pyrrhotite B Alteration Calcite W Actinolite Berthierine
Pyrite B Hematite/Magnetite B Anorthite M Titanite M Ankerite M Rutile
W [Unclassified] Holes
Mosaic Primary phases oo oo o o TESCAN TIMA
View field: 6.00 mm Date(m/d/y): 02/04/21 2mm "'

Figure26: Primary Phase Map @&P02; 2B indicating that the Girlie Pienaar Quartz Reef comprises pyrrhotite with minor
pyrite, hematite/ magnetite, rutile and titanite. The minerals are also concentrated in areas that have altdmatiting
(Borehole GP02 at 62.€062.80m).

36



Z01¢ 1A

In the hand samples, thin sections and primary phasaps from theZandrivier Reeéirsenopyrite is
the dominant sulphide minera However, the primary phase mdpigure 2Z), indicates additional
mineralsthat areassociate with the host rock. These inclednuscovite, albite, actinolite, schorl and
ankerite. h addition, e muscovite cotainsilmenite inclusionsand the carbonate associated with
Z01¢ 1Aismainlyankerite. Other ore minerals that were detected by the TianAlysis include pyrite,
pyrrhotite and hematite/magnetitdout their grain sizes make them insignificafbhe muscovite in this
sample appear$o have been deformed in ductile manner whichcanbe related to the mylonitic
texture seen in hand sample

Primary phases
Ankerite W Arsenopyrite W Muscovite M Schorl M Quartz W Albite
Imenite H Anorthite Calcite M Rutile W Actinolite M Alteration
Pyrite M Berthierine W Hematite/Magnetite M Pyrrhotite Dravite M [Unclassified]
Holes
Mosaic Primary phases | | | | | | | | | TESCAN TIMA
View field: 13.5 mm Date({m/d/y): 01/29/21 3 mm m’

Figure27: Primary Phase map @01¢ 1Athat contains euhedrat subhedral arsenopyrite grains that occur as layers with
associated ilmenite. The map also indicates the host rocks composition which comprises muscovite, albite, actinolite, schorl,
and ankerite(Borehole Z01 at 132.88133.09 m)

Z01¢ 2B

The arsenopyrite occurs as massive, anhedral, and fractured drimsge B8). This primary phase
map indicates equilibriunbetween pyrrhotite, chalcopyrite and pyrite. The pyrrhotite contains
inclusions of chatipyrite and hematite/ magnetitevhile the chalcopyrite contains inclusions of pyrite
whichare not visiblein thin section. The hematite/magnetite also contain berthierine inclusions. The
pyrrhotite and hematite/magnetite also occur as fracture infill material within the arsenopyrite and
the contactbetween the arsenopyrite and pyrrhotite sharp
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Figure28: Primary Phase Map fat01¢ 2B which contains massive, anhedral, and freatuarsenopyrite that has sharp
contact with pyrrhotite. The pyrrhotite also contains inclusions of chalcopyrite, pyrite, and hematite/magiéigteyrite
only occurs as chalcopyrite inclusions and the hematite/magnetite grains are associated with bertimetirgons
(Boreholez01 at184.78¢ 185.10 m)

Z01¢ 2C

TheZ01¢ 1A andZ01- 2C samplewere extractedfrom the same borehole cor@vhere theZandrivier
Reef is located. However, th£01- 2C (184.7& 185.10 m) is found at a lower depth in comparison to
Z01¢ 1A (132.88; 133.09 m).The primary phase map of samp#®1¢ 2Cis shown in Figure® In
compaisonwith Z01¢ 1A (Figure27), the arsenopyrite morphology id01¢ 2C has changed into
massive mineralisation with a few euhedral crystals. The hematite, berthierine and pyrrhotite
concentration has also increased401¢ 2C.In this sample,tie arsenogrite and pyrrhotite are in
equilibrium. The ironrich serpentine¢ berthierine isalso concentrated in eeas of hematite/
magnetitemineralisation.This spatial relation is also shown in Figu28 and 3. The pyrrhotitein
these primary phase maps occurs along arsenopyrite margins (FA§ueandcontairs inclusions of
chalcopyrite and minor ilmenite and ruti{&igure 8).
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Figure29: Primary Phase Map @01¢ 2C representing massive arsenopgrihat is in equilibrium with pyrrhotite and
groundmass ohematite/magnetite that contains berthierine inclusions. The berthierine also surrounds the arsemopyrit
and occurs ainclusions wihin the arsenopyrit€BoreholeZ01 at184.78¢ 185.10 m).

Primary phases

W Hemnatite/Magnetite Pyrrhotite M Berthierine W Quartz Chalcopyrite Imenite
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View field: 3.00 mm Date(m/d/y): 02/03/21 1 mm m’

Figure30: Primary Phase Map 01 ¢ 2C showingmassive anddisseminated pyrrhotitethat containsinclusions of
chalcopyrite, iimenite, berthierine, and rutile. The dominant ore mineral in the image is hematite/magnetite anéheonta
inclusions of berthierine, which also occurs along the pyrrhotite grain bound@aeholeZ01 at184.78¢ 185.10 m).
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Z202¢ 1C

Massive arsenopyriteontainsmicroinclusions of rutile, hematite/magnetite and sch@Rigure 3).

The arsenopyrite is fractured and crosscut by carbonate (calcite and ankerite) and quastZ kiese
veins are associated with sphalerite and pyrite mineralisatiorcomparison td¢he Penaar Ree® a
primary phase maps (Figu2d), sphalerite was only associated with calcite. However, in the Zandrivier
Reef ankeriteis present.

Primary phases
W Arsenopyrite W Quartz Calcite Ankerite M Berthierine Pyrite
| Schorl M Rutile Sphalerite B Hematite/Magnetite B Pyrrhotite M Monazite
M Alteration M [Unclassified] Holes
Mosaic Primary phases RN I TESCAN TIMA
View field: 4.50 mm Date(m/dfy): 02/01/21 2 mm n'

Figure31: Primary Phase Map @0D2¢ 1C with massive arsenopyrite being crosscut by a carbonate (calcite and ankerite) and
quartz vein. The vein contains pyrite mineralisation and minor inclusions ité,rephalerite and pyrrhotitéBoreholeZ02
123.07¢ 123.24m).

4.4TIMA¢ Elemental Maps
Theelementalmapsare used tdry andlocategold grains and possibly any variation in trace element
contents within the sulphides from the different reefthese maps are also used to confirm gold grain
inclusions found in thin sectiomhe samples choseeither had (1)Gold grain inclusions hosted in
sulphides which could be seen using @pticalmicroscope or (2) No gold graiobserved in thin
sectioneven thoughgold fireassaydatareportedbythe SGS laboratory in Randfontémdicated high
goldgrades in that specific sample.

Z01¢ 1A

Theelemental maps ofhe Zandrivier Reefiost rocksexhibittraces ofaluminum and calciunfFigure
32, A and B) whichreflect the presence afmuscovite, schorl and ankeritainerals identifiedn the
primary phas maps(Figure27).
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Figure32: Element Maps showing a field view of 13.5 mm for Z0A. InAandB, the host rocks composition contains traces
of aluminium and calcium which can be associated with muscovite, schorgriwdite (Borehole Z01 at 132.88133.09
m).

Theelement mapsalsoindicatea correlation betweerarsenicand bismuth. However, the bismuth is
not associated with any golaineralisation Instead, he gold ifound as micro inclusions within the
arsenopyite (Figure330). The arsenopyrite iglsoin equilibrium withpyrite which occurs along the
arsenopyrites grain boundaries. In comparison to arsenopytitie pyrite contains severafold
inclusions (Figure3- Cland C2. The gold grade results retrieved from the Eersteling Gold Mines
geochemical assay for tt#01borehole core log is 4.9%m Auat a depth of 132.6@ 133.09 m. This

is the same locatiothe Z01¢ 1A sample was taken
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Bi - M Family

Au - M Family

Figure33: Element MapgA ¢ C)for Z01¢ 1Ashowing a field view of 13.5 mrilement Maps indicate arsenopyrite having

high traces of arsenic (bright grey) and B associates these areas with bismuth. However, the pyrite and pyrrhotite have a
higher bismuthcomposition in comparison to the arsenopyrite. C focuses on the occurrence of gold with traces of gold being
identified as micro inclusions in arsenopyrite and some covering the whole pyrite grains surface area. The different
morphologies for gold are shawin C1 and C2. (Borehole Z01 at 132,883.09 m).
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Z01¢ 2B

Thetrace element mapindicate a poly sulphidemineral assemblage that comprisassenopyrite,
hematite/magnetite, pyrrhotite, chalcopyrite and pyri{€igure 3 - A, Band Q. The gold occws as
isolated inclusionsn arsenopyrite (Figure &D). However, the elemental mapalso suggesthe
presenceof gold inclusionai the chalcopyrite, pyrrhotite and pyrite.

Fe - K Family

‘As - L Family Au - M Family

Figure34: Element Maps for the ZQd2B PrimarfPhase Map showing a field view of 6 mm. In A the poly sulphide mineral
assemblage contains predominantly pyrrhotite with inclusions of chalcopyrite and pyrite. The image indicates that the
sulphides have a high sulphur composition (bright whigrey). Tle sulphides also have a high iron composition which is
shown in B, however, the amount of the traces of iron detected depends on the mineral. The hematite/magnetite has the
highest trace of iron and pyrrhotite and arsenopyrite have the lowest, respectively the arsenopyrite is the only mineral

with traces of arsenic. The traces of gold detected in the mineral assemblage is shown in D. The gold occurs as micro
inclusions within arsenopyrite (red circles) and as inclusions that cover the whole surécéoathe other sulphideg

pyrrhotite (Borehole Z01 at 184.78185.10 m).
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Z01¢ 2C

Theelemental maps indicate traces of galdcurringas micro inclusions in arsenopyritnd within
the pyrrhotite grains(Figure 36E)igure E1 shows the elemental map at a greatagnificationand
coversa fieldof view of 1.5mnm. The gold inclusiorshown in Figur&6 - Elis alsodetectedunder an
optical microscop€Figure19Q. Thegold gradedeterminedby the SGS laboratigs gold ire assay is
7.27ppm Aufor this sample

AP Family”

Au - M Family

Figure35: Element Maps for the Z04 2C Primary Phase Map showing a field view of 6 mm. In A the pyrrhotite and
arsenopyrite represent a poly sulphide and pyrrhotite has &igher trace of sulphur (bright white). However, the
arsenopyrite has a higher trace of arsenic which is shown in C. The element map in B indicates a very high background of iron
composition which is associated with hematite, magnetite, berthierine anchpyite. The arsenopyrite on the other hand

does not contain significant iron that could be detected by the TIMA analysis. In D the iron serpdsgitigerine indicates

an aluminium composition. The gold traces detected are shown in E and E1. Thegoklas micro inclusion within the
arsenopyrite and inclusions that cover the pyrrhotite surface area (red circles). In E1 there is a larger gold inclugiesh dete
(bright white) which can be seen under the microscope. This gold inclusion has a béggeizy in comparison to the other

gold inclusions detected (Borehole Z01 at 184, 285.10 m).
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Z202¢ 1C

Traces of gold arassociated with areas of high sulphur and bismuth concentraibiggire $A and
360). The gold cannot be seen undean optical microscopbut rather occurs as micro inclusions.
comparison to the Z01 samples, thesenopyritefrom the Z02 borehole core does nobntain any
visiblegold inclusios. A gold fireassay performed by th8GS labotary for the Z02 borehole core
log at a depth of 123.06123.51m yielded a gold grade of 4&5m Au With thegold gradencreasing
by approximately 35% at a lower depth of 133¢3633.87 m, reaching 7.1&m Au

S - K Family

Bi - M Family Au - M Family

Figure36: Element Maps for the Z021C Primary Phase Map showing a field view of 4.50 mm. In A the areas that indicate
high traces of sulphuwhich are associated with pyrite and pyrrhotite mineralisation. These sulphides occur only in the
quartz, calcite and amite vein that crosscuts the massive arsenopyiliteB traces of arsenic are showrgirsenopyrite. In

C traces of bismuth are shown in arsenopyrite, pyrite and pyrrhofite.goldtraces in Donly occuras inclusions that cover

the pyrite and pyrrhotié surface areas. Thareas ofgold tracescan be associated with traces of bismuth (Borehole 202
123.07¢ 123.24 m).

45



P11¢ 1A

The elemental map#or this samplendicate high traces of sulphur, zinc, lead, and iron (Figdje 3
which is associated with sallides. However, thieadelemental map isnisleading because there are
no leadbearing mineralobservedin this sample The Pband Auelemental mag represent an
overprintin trace elementwhich could be caused by analytical iss(leigure JE and37F) The gold
inclusionsfound in the sulphidegsphalerite, chalcopyrite, and pyrite€puld not be seen using a
microscope but rather occur as invisible gold grains covering the whole sulgh&tals surface area
(Figure37P.

The thin section that was cut from ti06dborehole core log was not in good conditions to be placed
for further TIMA analysis. However, the gold grade retrieved bySB8& laboratorgold fireassay was
4.03ppm Auat a depth of 91.70¢ 92.03n. ThePO6csample represented the Pienaar Reef, and the
host rock comprisé of quartz and carbonatessiven that the ore minerals only occurred in areas
associated with quartz and carbonatedlihlc 1A, it can only be assumed théte ore minerals found

in PO6c are the same as those foundPitilg 1A

; As- K Family

Figure37: Element Maps for the PX11A Primary Phase Map showing a field view of 1.50 mm. In A the pyrite has the highest
sulphide compositior§bright white), and the composition decreases from chalcopyrite to sphalerite, respectively. In B the
sphalerite has less to no iron, but the other sulphides including an iron serpentieghierine reflect a bright grey colour.

The element map shown i@ indicates an insignificant arsenic composition associated with the sulphides. In D the image
shows areas with a high zinc composition, and these are associated with sphalerite. The element maps E and F represent
lead and gold composition, respectiveljheTgold in F is invisible and covers the whole surface area of the sulphides. The
highest golebearing sulphide is pyrite (bright white) and is followed by chalcopyrite and sphatagitey (Borehole P11 at

130.87¢ 131.07 m).

GPOZ; 2B

The elementmap of a sample fromthe Girlie¢ Pienaar Quartz Reef indicat¢hat the sulphide
mineralisation is associated with an alteration assemblage of iron, magnesium, and iahamin
(Figures 8 A¢ D). Under the microscopéehere are no goldgains or inclusionsbservel. Hovever,
the element maps indicata uniform levelbf gold hosted in the pyrite and pyrrhotiigigures 8E)
These areas of golenrichmentare correlated with bismuth (FigureBB), although this may be an
analytical artifactThe Eersteling GolMinesgoldassay indicated a gold gradeafly 0.23ppm Au
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Figure38: Element Maps showing a field view of 6 mm for the GglRienaar Quartz Reef, sample GR02B. In A the

sulphur composition for pyrite is high@sright white) and pyrrhotite is relatively low (grey). These sulphides contain iron (B)

and the samples areas of alteration are associated with aluminium and magnesium (C and D). The occurrence of gold is
indicated in E and is situated all over the pytiteoand pyrite grains surface area (grey). In F gold mineralisation is associated

with bismuth (Borehole GP02 at 62.62.80 m).
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5. DISCUSSION

5.1Lithology and Mineralogy

The Maltz Reefexhibitsmultiple phases of deformation that are associated with quartz veiamd
late-stageamphiboleveinswith a mylonitic texture The quartz veins represehtydrothermal fluids
and quartz precipitatingvhen temperaturedecrease Kerrich and Fyfel981). The quartz veins are
not associated with any orbearing minerals. However, the amphibole veins contain traces of
sulphide minerals which are concentrated in areaperiencingseritization and serpeimization The
wall rock and fluid interaction resulteith pyrite crystalisation The types of alteratissassociated with
this reefare contolled bya hydrothermal gstem Serpentinizationindicatesthe introduction ofwater
intoaY A y S biysthl téuctureand seritization iscaused by fluid infiltratiomito a permeable rock.
The association ofufphides and serpentine minaisationindicatesa latestage minera$ing ever,
in whichsulphideswere transported and deposited into the county rook hydrothermal fluidsor
precipitationoccurred later when fluidvastrapped as interstitial materisdnd started to cool down

The Pienaar Reef different from the other reef because there is chonate is present ands
associated with latestage quartz veining. The contact between tbheuntry rocks, gartz and
carbonatesillustratesa crosscutting relationship. The carbonates contain deformational lamellae
These structuresare considered to have formed aixtremely lowtemperatures due to a plastic
deformationmechanismandthe intercrystallinekink structures are expressions of straitrégeisen
2021).Therefoer, there might have beemnother deformation stageelated tothe strain that only
affected the carbonateafter the development of quartz veins or the carbonates were introdlic¢o

the system after theyhaveundergone deformation. The second scenario is more likely because the
distribution of the deformational lamellae is only fouirdthe carbonates.

The carbonates and quartz mdave crystallisel under different conditions and environments
becausethey require different conditions for precipitation to occur in a hydrothermal system. For
quartz precipitation the hydrothermal system must experience coolifigst but for carbonate
precipitation coolng solutions must exhibit boiling firsKérrich and Fyfe, 1981In addition,
hydrothermal fluids are required to ascend and cool down faeartg veins to develop Kerrich and
Fyfe (1981), suggesthat carbonates can only form during hydrothermal flaging and cooling when
(1) CQ experiences boiling during an intrusion or @rbonate veins undergo heating due to
convection in a hydrothermal system/henQ0O,is boiled,the carbonate solubilityincrease asthe
temperature dropsand precipitationis encouragedjiven that thesystemsconfining pressure is less
than the vapour pressuréKerrich and Fyfe, 198.1IThis process can only happen atrestrial depths

<< 2km The borehole samples also contain brecoidsich could be theresult of ascending
hydrothermal fluids or intrusions related to the surrounding gramitoHowevertheseobservations

do not fully support the possibility of G®oiling being the leading mechanism behind carbonates
precipitation

High volumes dserpentine are also presein the quartz and carbonate veinghis mineratan be
sourced from ultramafic rockperidotites) or unnetamorphosed sedimentary rodkat is found at
low temperature and pressure conditiomsiring wall rock and fluid interactiofiipkoet al., 2020.
Peridotites containiron, magnesium and silica which can be constituents for carbanateralisation
because a reaction can take place between the Fe, Mg andoG@rm carbonate minerals<errich
and Fyfe 1981) This would explain theclose sptial relationship observed between areas of
alteration, carbonate minerals and serpentimethe Pienaar ReeThe sulphide minerals afeund in
carbonate inclusions within the quartz veins andyrepresenta singlephase mineragation with a
sphalerite¢ chalcopyrite¢ galena- pyrite parageneticsequence These sulphides werenost likely
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precipitated after stages of deformation by hydrothermal fluids becathsy lack deformation
features, andhe pyrite grainsretain their euhedal shape

TheGirlie¢ Pienaar Reef jrimarilyhosted in a quartz reef and there is a spatial relagitipbetween

areas of alteration, quartz fracturing arstilphidemineralisation The country rockexhibit multiple
stages ofdleformation These incluel (1) The fanging walis crosscut by quartz and carbonate veins
that were associated with metamorphism and developmerthefquartz reef, (2rhe qiartz reefhas
experiencedfracturing, (3) Crystallisation of carbonates within fractures associated aftigation

when hydrothermal fluids infiltrated the systemy)(Precipitation of pyrrhotitewith minor pyrite
inclusiors, and 6) Latestage deformational event thatlestroyed thesulphides crystal shape.
Determining the ages of thdeformational eventds not part ofthe scope of this research report
However, Powell et al., (1991) suggested that greenstone belt terranes like the PGB should be
carbonated or intensely hydrated before metamorphisoturs

In contrastto the other reefs, he dominant sulphide in th&Zandrivier Reefis arsenopyriteand it
exhibitsanincrease imuartz veiningand tourmaline, serpentine and poly - sulphidemineralisation
The Zandrivier Reaf mineralisation suggests éixpetienced more hydrothermal fluid interactioim
whichthere is a transition from upper greenschist to lower amphibole faSephide mineralisation
in the Zandrivier Reef can be associated with multiple stages of hydrothermal fluids due to the
presence ofarsenopyrite with varying morphologie$he following is garageneticsequence for
mineralsation that can be derived from the sample§l) Massive, anhedraland fractured
arsenopyrite, (2) Disseminated atayered euhedral pyrite and (Boly- sulphidecontainingarsenic
poor pyrrhotite, sphalerite, chalcopyriteand pyrite. There is also a samplgith sub-microscopic
native goldinclusionswithin arsenopytie. This is commoin gold depositswhere gold occurs as
inclusiorsin arsenopyrite orarsenierich pyrites (Cook and Chryssoulis, 1998kcording tdPokrovski
et al., (2019), metallioative visible gold normally forms in high temperature orogenic oppgry
depositssuch as th&GB.As a resultconditionsmay have beefavourable forthe deposition of gold
into arsenopyrite as inclusiarat an earlier stageThe amount of native gold detected under thin
section is however insignificant for this to tree.

5.2Structural Features
SampleP11 illustrates multiple veins with differentmineral assemblages that suggests different
hydrothermal fluid compositiond/earnombe (1993 suggests thamultiple phases of veiningan be
associatedvith fracturingcaused byydrothermalfluidsthat closedfissures near lithostatic pressures
asfluid pressure and temperature conditions decreasklgdrothermal veiningin the PienaaiReef
can be dividednto threedistinctperiods. Even though thereseme overlap between certain features
and alteration compositions, therarying orientations of theveins suggest differentstages of
formation.

The first phase of veinin@V1, comprisesserpentine enclosingarbonates with minor quartz. The
quartz veins bserved in QVZare classified as modified veins because the quartz crystals are
recystallised and failed in preserving their original crystal textuveagnombe, 093). The
morphology of the quartz veins arideir carbonate constituents suggeshat the quartz vein acted

as a transportation mechanism for the ore mineralgantains The last and final phase QY&
associated witherpentine and micrdaulting. The orientation of the micréaultsfrom QV3 isimilar

to the fracturing inQV1 The boudin structureshownby the quartz veins in Figur@ #lustrate that

the Pienaar Reef also experienced some degree of differential stress during shearing. According to
Goscombeet al., (2004)these boudin structureare classified ashear bandoudins because their
asymmetricnature represens extensional strain processthat develop durindgormation.
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Samplez01¢ 2Billustratestwo different deformations regimes with different sulphide mineralisation
compositions and mofmlogieg(Figure 2). The mineral assembly indicates a britlectile transition
environment wherethe upward ductile strength is equivalent to the downward brittle strength.
According to Craig (2001he differentsulphidetextures and morpholoigscanhelp determine the
conditions responsiblér mineralisation to occur The pyrrhotite is situated within the ductile regime
andthereforeit can be assumed that it was subjected to some form of thermal deformation process
in whichheat exerted on it caushit to react in a plastic manndrecausehermal conditionsnayhave
been unstabldor it to maintain its crystal structureYund and Kullerud966), conducted a thermal
stability experiment in a CgFe system and their resulisdicated that pyrrhoite can only be stable
between334-700'C. KleinandHurlbut(1985), support this by demonstrating thabn-rich pyrrhotite

is stable at temperatures above 25a. Therefore, ductile regime conditiohad toexceed254'C for
pyrrhotite to deform.

The brittle-ductile transition zone of minerals is not confinexa specifictemperature;it is rather
dependat on the minerals ability to withstand certain amount of energwhile remainingstable

without fracturing. Thereforethe conditions that causedpyrrhotite to deform nmay have been
insignificant in causing thearsenopyrite to deform in the same way, resulting in different

morphologies. This can lirie because arsenopyrite is stablewatrious hydrothermal environmeat
either at high(250-500'C)or low (<250- 300'C)temperatures(Pokrovski et al., 2008 othpyrrhotite

and arsenopyrite could have crystalised simultaneouslyls®h subjected tdhermal deformation

causingpyrrhotite to react in a plastic manner and the arsenopyrite to fracture. The $matecould

have beeralate-stage hydrothermal fluid that deposited the anhratipoly - sulphides thatexhibitno

deformational structures.This paragenetic sequence is supported ybFigure 2, which shows
arsenopyrite aguhedraldisseminated grainthat were precipitated by hydrothermal system.

Thedevelopment of serpentine within Z@12B (Figure 2) supports the idea thahe ZandrivieReef
underwent deformation after sulphice mineralisation Serpentinein this samples associated with
elongatedc ductile pyrrhotite andeuhedralarsenopyrite Appendix (FigureZdand 43).

5.3TIMA¢ Primary Phase Maps
The mineral assemblage of thRienaarReefscomprisessphalerite galena, chalcopyriteand pyrite
which occutin areas rich icarbonates. Carbonates are commonly foundgold-bearing vein deposits
hostedby Archaean Greenstone Beland thecarbonate mineral that precipitates is dependent on
the host rock and hydro#rmal fluid compositionKerrich and Fyfel981). Based on the calcite and
ankerite carbonates detected by the primary phase maps the host rocks are suggested to be felsic and
mafic,respectively For carbonation and quartz veining to occur large amourit€@, HO and £,
are required (Kerrich and Fyfe, 1981The primary phase maps for the Pienaar RediCates traces
of orthoclase, aorthite, albite and berthierineThis may imply wall roekuid interaction where the
hydrothermal system containeaisignificant amount 08iQthat allowed the precipitation of felspar.

The primary phase maps illustrate a sphalegitehalcopyriteq galena paragenetic sequence for the
Pienaar Reein which trese sulphidesire inequilibrium (Figure 2). According toAnderson {973,
this mineral assemblage is more likely to form in meréased reduced sulph@nvironment where
galena and sphalerite crystalise with chalcopyrite in the sys#emeducing naturef hydrothermal
fluids for this mineral assemblage is also supportet! thy O bt @J; (2014). The hydrothermal nature
of the deposit is also illustrated by chalcopyrite inclusions within sphalerite (Figliréczording to
Scott (1983)this texture iscommon for hydrothermal Cg Zn sulphide ores.

Thedominant sulphide in th&irlie¢ PienaaiReefis pyrrhotite with minorpyrite. The pyrite igxhibits
oxidation with hematite forming on top of it. The primary phase map illustrates that the mineral
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assemblages are mainly associatdthvareas ohydrothermalalteration. The samples primary phase
map does not provide the specific composition of the aftera minerals; howeverit can be
associated wittberthierine This is shown in the AppendBigure 4). There are also traces of titée
and rutile found as inclusions withpyrrhotite. These are ilmenite replacement minerals found in
metamorphosed roks and represent different pressureonditions irrespective of temperature
(Angiboust and Harlox2017). The rutile and titaniteare associated with higland low pressures,
respectively. The replacement processastrolled by fluid reactionsnplying tha the Girlie¢ Pienaar
Reefunderwent hydrothermal metamorphism. The reacti@iso requireghe presence otalcium
bearingand sulphurbearingminerals¢ especiallypyrite and pyrrhotite to be successfulrigiboust
and Harlov, 201) The Ca and &remore likely sourced from the hydrothermal fluids that resulted in
the formation of calcite, pyrite and pyrrhotite.

The Zandrivier Reeéxhibits similarities in ore petrologgnd mineral assemblages with the Piena
and Girlie ¢ Pienaar Reef Various authors consider the Zandrivier Reefs host rocks to be
metasedimentary instead of metabals. The sulphides associated with the Zandrivikwef ae
arsenopyrite angoly - sulphides which are in equilibrium. Theoly - sulphides paragenetic sequence

is pyrhotite ¢ chalcopyriteg pyrite. The pyrrbtite also contains traces of iimenitnd rutilelike the
minerals found in the Girlie PienaaReef

The asenopyrite mineralisatiomccurs in different morphologies and sizes which could have resulted
from multiple phases of hydrothermal fllsBdThearsenopyritegrains aranassiveguhedral anchave
minor fractures This suggesthat the arsenopyrite experienced lessetamorphism or deformation
during latestage poly - sulphide mineralisation. The development 6 pyrrhotite along the
arsenopyritesgrain boundaries and as inclusiaashown in Figure® meaning pyrrhotitecrystalised
after arsenopyrite The ceexistence ofirsenopyrite angyrrhotite is related to oreforming fluids of

low oxygen and sulphur fagity (Meng et al., 2020)n addition, this is associated with a reduced
sulphur forming systemThe high amounts of arsenopyrite in the reef also indicate an increase in
arsenic fugacity within the hydrothermal system (Meng et al., 2020).

5.4TIMAc¢ Elementd Maps
Within the chalcopyrite and pyrite of the Pienaar Reabkre are traces of arsenic even though
petrographic and primary phase analysis does not indicate any a#iseaitng mineralsThere are
alsotraces of lead within thee sulphides. Cave et al., (2020), suggests that chalcopyrite can only
contain traces of lead either as a micro inclusion of galena or as a lattice bound constituent. In which
galena would crystalise as inclusions in areas of high Cu.

Traces of invisible giblare detected within the pyrite, sphalerite, and chalcopyrite. A primary phase
and elemental map of the same sample from the Pienaar Reef is shown in the Appendixs@gure
and %) where high bismuth concentrations are closely associated with gold alisation. The
concentration of the bismuth decreases from ©Bwards thePb/Zn sulphides. This is shown in Figure
36C wherepyrite contains higher traces of bismuth. Therefore, bismuth is more likgdyetierentially
partition into iron-bearing sulphides The correlation between Au and Bi suggests that gold
enrichment is related to hydrothermal fluids or melts rich in Bi (Wei et al., 2021). For Bi to be
transported in a hydrothermal system, it requires a mixture of a hydroxide andidalmymplex with

low to medium salinity and high temperatures (>4Q) (Cave et al., 2020). These conditions are
suitable for gold to be soluble and transported by a hydrothermal fluid in thegsenschist to upper
amphibolite facies (Anhaeusser, 1976; Mikucki, 1998).

In chloride complexes, gold can be transported as AuCl 2 NJ a ! dz 61 { 0 H AY |
pH values and high.H contents (Mikucki, 1998). Therefore, gold will partition into the sulphides if the
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hydrothermal system has high &d HS fugacity. Lko et al., (2020) compiled a chemical experiment
2y 3A2f R LINIAGA2YAY3a AY RAFTFSNBYyG adzZ LIKARSa dzyR
decrease in gold compatibility from galena to pyrite and later sphalerite. However, the elemental
maps (Figure 37) indicate the opposite degree of compatibility and the result suggest different
conditions may have allowed gold to partition into the sulphidesevious work by (Cook and
Chryssoulis, 1990; Fleet and Mumin, 1997) indicate strong correlations detareenic and pyrite so

that invisible gold can partition into the pyrite. The elemental maps in Figi@ea®d 3F indicate the
opposite because the pyrite is arsenic poor but also contains the highest concentration of invisible
gold. According to Pokrski et al., (2019), this can be explained by a simple reaction of substitution
called chemisorption step in which Au replaces S or Fe on the pyrites crystal stifaenrichment

of gold in these sulphides may however indicate an analytical artifactusedde amount of gold in
these sulphides ifar too uniform.

The gold in tk sample from the Girlier Reeiccurs as invisible gold and is only detected within
pyrrhotite and minor pyrite. The correlation between gold and pyrrhotite is rare becgolsemainly
partitions irto arsenopyrite or pyrite. It can be assumed that gold can patrtition into pyrrhotite because
(1) Pyrrhotite is the only sulphide mineral in the system that can accommodate gold or (2) Pyrrhotite
belongs to the same crystal systerm arsenopyrite, making it possible for gold to partition into its
crystal structure.ln samples fromthe Pienaar Reef, areas containing invisible galkb contain
elevatedconcentrations of bismutlhichare similar to the samples from th&irliec Pienaa Reef.

In the ZandrivierReef gold occurs as native and invisible gdidthe arsenopyrite and pyrrhotit@oly

- sulphide(Figure BE)traces ofgoldare mainly detectedn pyrrhotite. The pyrrhotite is a latetage
mineral in comparison to arsenopy&itThis implies that théate-stage hydrothermal fluids contained
higher amounts of gold bisulphide complexes in compariedhe firstarsenierich ore-forming fluids.
When gold precipitated from arseni@h fluids with low oxygen fugacitgative golddeveloped this
is seen irFgure 3 - E1(Meng et al., 202

Early-stagearsenopyrite grainare euhedral andcontainhigh amounts of arsenic and bismurigure

33, A and B However, the goldcontent in both mineralsis insignificant. The goldccurs as
disseminatednclusions in thearsenopyrite,and invisible gold is concentrated in the pyrites forming
along arsenopyrite grain boundaries. The gold gresilts from thegeochemical essagnd shows

that the Pienaar and Zandrivier Re&fsvethe highest gold grades at an average ab47 ppm Au

These gold concentrations correspond to t& Spdly2 dulphidemineral assemblages and multiple
stages of hydrothermal fluids activity which could have caused enrichment in gold during each
hydrothemal pulse.The Girlie¢ Pienaar Reef contains minor sulphides which explasnlow gold
grade concentrations of 0.3%m Au Even though the Pienaar and Zandrivier Reefs contain high gold
grades the gold mainly occurs as invisible gwlda lower gold recoveryan beexpected.

6. CONCLUSIGNAND RECOMMENDATIONS

All the different reefs experienced multiple phases of deformation and mineralisation. The dominant
deformational event is associated with hydrothermal fluids that deposited eza#sg quatz veins

and carbonate mineralisation. As a result, the hydrothermal fluids interacted with the county rocks
and created areas of serpenimation and seritization. These areas are represented by the
precipitation of berthierine, anorthite, albite and omelase. The different sulphides found within
these reefs are rich in siderophile and chalcophile elements. These include pyrite, chalcopyrite, galena,
sphalerite, pyrrhotite, and arsenopyrite. The Pienaar Reef has a high concentration of carbonate
mineralswith galena and sphalerite mineralisatioklsewherethe Zandrivier Reef contains high
amounts of hematite and arsenopyrite. ™ee sulphides occur imassive, net textured and
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disseminatedorms andindicate phases aemobilisation. This includes (1) Omsamplecontaining a
sulphide occurring in different morphologieand (2) Traces of replacement minerals like rutile and
titanite. For further analysisa study on the geochemistry of these sulphidsen be conducted to
determine whether the sulphides havthe same compositiowhich could suggest the same source
for mineralisation

The sulphides discovered in these gold reefs also indicate a reduced sulphur environment would be
suitable for precipitation. Thelemental mapsf the Pienaar and Girlie Pieraar Reefdndicate
enrichment ofinvisible gold within pyrite, pyrrhotite and chalcopyriteThis may be an analytical
artifact because the traces of gold are far too uniform to be r&dlis alsoimplies that gold is
structurally bonded to theulphides and would result in low gold recovdrycontrast, the Zandrivier

Reefs gold mainly occurs as inclusions on the margins of these sulphides which would make it easily
liberated. Thetraces ofgold from the reefsare associated with high traces bfsmuth and sulphur.

This suggests that gold prefers to partition into minerals with higher sulphur compositions rather than
arsenic.This is supported by the Pienaar and Zandrivier Reefs having the highest gold grades at an
average of 4 to ppm Au Ther are also traces of native gold within the Zandrivier Reefs arsenopyrite.
However, the amount of gold found is insignificant to assume that is how the gold occurs for the whole
reef. Therefore, more researcthould beundertakento determine the enrichmenof gold within

these sulphides.
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APPENDIX
Borehole Samples Localities
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Figure39: Map showing théocalities of the boreholes: GP022; P06c; M03; and P11 from the Eerterling 17KS farm. The map

also indicates the different reefs orientations and permit boundary surrounding the project area (Eersterling Gold Mine,
2020).
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Figure40: Map showing the localities of the boreholes: Z01; Z02; and Z11 from the Zandrivier 742LS farm (Eersterling Gold
Mine, 2020).
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Petrographic Analysis

Figure41: Photomicrograph of a sample from the Gii®ienaar Reef. Occamce of berithierine (Srp) in massive quartz
veins fractures (Borehole GP022: Reef at 78.83.82 m).

Structural Features

Figure42: Photomicrograph of a sample from the Zandrivier Reef illustrating a more ductile regiimenhedral elongated
pyrrhotite (Po) and serpentine (Srp). The arsenopyrite (Apy) has a different morphology even though both ore minerals are
sourced from the same sample (Borehole Z01 at 184 785.10 m).
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Figure43: Photomicrograph of a sample from the Zandrivier Reef illustrating a more brittle regime with anhedral elongated
pyrrhotite (Po) and serpentine (Srp). The arsenopyrite (Apy) still has its euhedral crystal shape and occuexageuht
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Figure44: Primary Phase Map of PL11A illustratinga mineral assemblage that comprises chalcopyrite, sphalerite, and
pyrite. The ore minerals only occur within the calcite and the host rock is rich in anorthite and berthiarserpentine
alteration mineral (Borehole P11 at 130.8731.07 m).
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Figure45: Element Maps for the P§11A Primary Phase Map showing a field view of 2mm. The elemental maps illustrate a
correlation between bismuth and gold. In addition, areas that reflect high bismuth concentrations are closely associated with
goldmineralisation Both elements are structurally hosted in pyrite (Borehole P11 at 130181.07 m).

Borehole Core Logging

This is a geological interpretation method that is used to portray the stratigraphic column of the
different borehole logs from the differemjold reefs The dataised b construct the different borehole

logs was provided by the Eersteling Gold Mine and included the lithology, specificatimmensions,
lithological contacts, mineralition, contact angles and alterations. The successions were then
correlated were applicable and used to check if there are any geological or petrological similarities
between the reefs, considering the depth of the successitwe. localities where the samples arsalg

for this project were taken are also shown below.
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