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ABSTRACT

The project investigatedhe application of geostatigal technique in evaluating a
mechanically deposited platinum tailings resouiidee project was undertaken on one of the
Anglo American Platinum tailings dams, the identity of which cannot be revealed, due to the

agreement in place or permission given.

Remnantunrecovered minerals aéconomicpotential still existin tailings dams.These
unrecovered minerals have influencederal minilg companies to turn their atttion to the
economic potential that still exists in tailings, making them a key gicatemponent of their

resources and reserves.

Geostatistics has been developed and thorouigisiyed or improvedo address challenges
experienced in estimatino situ geological ore bodies. The main aim of this Research
Project is to test whethethesefundamental principles and theories of geostatistics are
relevant and appropriate in evaluating rmaade ore bodiesuch asa Platinum tailings dam,
without any gnificant changes needed oretimderlyingprinciples or estimation algorithms.
The findings on the Case Study tailings resource banapplied inthe evaluation obther
tailings dans, as wellasany other mammade structures such lasv grade rock dumps, muck

piles,with relatedcharacteristics

A standard approach (methodology) widlowed to evaluate the Case Study tailings

resource.Drilling and samplingwas conducted through sonic drilling. It is a dry drilling



technique that is suitable for samplinogconsolidated particles such as tailingsereatfter,
samples were sent to the laboratdoy establish grade (concentration) of Platinum Group
Metals (Platinum, Palladium and Rhodium), Gold and Base Metals (Copper and Nickel).
Density was also measured, and comprehensively analysed as part of vafiaitie®stin

this research

Statisticalanalyses were performed on all variables of interest contained in thendéch

are Platinum (Pt), PalladiurtPd), Gold (Au), 3E (twoPGMs plusGold), Copper (Cu),
Nickel (Ni) and Density The underlyingstatisticaldistributiors of al metals and densgit

were found to benonsymmetrical and slightly positive skewed. The skewnefsghe
distributions wasestablished to be marginal. Differences between raw data (untransformed)
averages and the lagprmal estimates were analysaad foundto be insignificah As such
Ordinary Kriging of untransformed data was concluded to be the appropriate geostatistical
techniqudor Case Study tailings resource

Analysis of mineralisation continuity (viagraphy), a preequisite for geostatistical
techniqus such a®rdinary Kriging appliedon the case studyailings resource, was also
performed Reasonable and sufficient mineralisation continuity @sablishedo existin the
Case Study tailings resource. Although characterisedhidpy nugget effectthesespatial
correlatiors wereestablished to beontinuouswith rangesof influencewell beyond450m in
all variables. Anisotropic variograms were retidd for all variables and anprisedof

nested structuresith two to threespherical models.

Resource estimation waconducted through Ordinary Kriging in Datamiddl. the seven

variables wersuccessfully interpolated into each adlkthe5m x 5m x 5m blockmodel.

Rigorous validation of the resowcmodel was performed to establitie quality and
reliability of the estimation carried ouEstimated resource model was analysed agtiast
original borehole data, through comparison of grade profdegistical analysis, QQ Plots
and histograms.

The gade profile wasecognisedo besimilar betweenboreholegd5 m composite¥y andthe
adjacentcells that have been estimatddurthermore, statistical analyses revealed minimal
differences between means of the estimated model and the original boreholleedaighest
difference beindl.7% realised on 3Hollowed by 11% on Density and Gold (Au).HE rest

of the variable¢Pt, Pd, Cu, and Ni) have differences thatbelow1%.



QQ plots and histogram were plotted from resource medeI5m x 5m x 5m cells and 3n
composited boreholes. Although these data sets ardffefedt (slightly incompatible)
suppors, the intended purpose of comrpg distributions wasachieved QQ plots and
histogramsrevealed approximately identicahapeddistributions of the two data sets, with
some minordeviatiors noticeable ingraphs ofonly two variables (Au and Densityhat are

underlain by two populations.

The \alidation processarriedout gavea compelling assurance dghe quality andeliability
of the resource model produced. Thase Study tailings resourteereforeis successfily
estimatedy Ordinary Kriging

The results achieved on th€ase Study tailings dam has successfully proved that
geostatistical principles and theories can confidently be appiretheir current form or

understandingp anymanmade tailings resource
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CHAPTER ONE: INTRODUCTION

1.1. Location

This researchproject was conducted on aailings Dam owned by Rustenburg Platinum
Mines (RPM), awholly ownedsubsidiaryof Anglo American PlatinunfFigurel). The Case
Study tailings dam has reached its operating life and no pumping of tailisgsurrently
happeningor expected to ever happenthe damin the future The damwas mainly filled
with Merensky Ref ard occasional UG2 &ef.
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Figure 1. Location map of Anglo American Platinum Mines throughout the Bushveld Complex
(Anglo American Platinum, (2012))

1.2. Background

This researchs focusedon the geostatistical evaluatiaf a tailings damgradeestimation
due to the monetaryvalue or economic potential that can be realised if the dam is
reprocessedTailings are comprised afiscarded andinconsolidated mineral paites that
were crushed ahgrinded fromore materialduring processing to extract vahla minerals.

Total extraction(100%recoveryrate)is highly unlikely with the current level @échnology;

1



therefore not all valuable mineralsare currentlyseparatd from the ganguemineralsand
concentrated at the plarithe remaining value or economic potential is inversely proportional
to the recovery rate of the concentrator plaitus the lower the recovery rate (%), the
higher the economic potentiaf the talings derived or sourced from that plant.

The unrecovered value in tailings has influenced strategies of many companies to have
tailings resources as part of their portfolil. considerableportion of reserves of such
companies is derived from retreatitaglings dams. DRDGOLD, Anglo American Platinum,
De Beers and Petra Diamonds are some of the companies that are retreating tailings,

especially from olden dayshenplantprocessingvas less efficient

DRDGOLD is one ofthe world leades in the recoveryof gold through retreatment of
tailings currently retreatinchistoric surface tailingsof gold mines in the Witwatersrand
basin Johannesburglt literally has up to three main plants dedicated specifically to
retreating tailings. Tailings resousceurretly contribute massively to itetal resource base.
Table 1 clearly indicates that tailings contribute over 59% of their measured gold (Moz)
resources, 62% of their indicated and 13% of their inferred gold (Moz) resources. That
works out to be over 23%f their total or combined gold resources (Moz) (DRDGOLD,
(2016)).

Table 1. DRDGOLD Resources published in 2015 Integrated ReporbRDGOLD, (2016))

Surface (tailings) Measured Indicated Inferred Total
Tonnes (Mt) 159.735 569.104 822.121 1 550.960
Gold content (Au tons) 48.068 156.069 164.424 368.561
Gold (Moz) 1.545 5.018 5.2886 11.8516
Total resources (surface + Underground)
Tonnes (Mt) 164.387 581.05 982.742 1728.179
Gold content (Au tons) 81.411 251.932 1244.597 1577.940
Gold (Moz) 2.617 8.100 40.014 50.731
% (Gold Moz) of tailings over total resource owned

| Percentage | 59.04 | 61.95 1322 | 2336 |

In the diamond industry, Ekapa Minerals, an investor consortium comprising Ekapa Mining
and Petra Diamonds, had recently bduimberly Mines, including the tailings mineral
resources (TMR) from De Beers (De Beers, 2016)). The Kimberly tailings operation will

have a resource of 2.8 million carats at a grade of 11 carats per 100 (tpiriE®or the first



three yess, and then mbpping to 6 cphtThere are a further 97 million tonnes of these
deposits containing an estimated 4.4 million carhtstotal tailings resources contain an
estimated 7.2 million cara{8Dlive, (2016)).

Furthermore, inthe Platinum industry, Anglo Amercan Platinum is one of the companies
that are actively involved in retreating tailingsesourcedor additional PGE ounces. The
company has been producing significant platinum ouncesdraitings retreatment plant for

the past five years, result§ which are declarechitheir 2015 annual results. Table 2 is the
production of 4E (Pt, Pd, Rh & Au) metals from tailings retreatment, as sourced from 2015
Annual results (AMPLATS, (2015)).

Table 2: Anglo American Platinum 4E production from tailings (AMPLATS, (2015)).

Year 2015 2014 2013 2012 2011
4E (000 02) 44.8 50.4 59.7 48.3 41.5

It is not only South African companies or operations that are evaluating tadsgsrcesor
potentialretreatment and additional production; miniraybes abroad are also assessing their
tailings deposg SRK nsulting carried outresource estimation on Elsa tailings for
ALEXCO Resairce Corporation in Canad#& June 2010 Elsa Tailings resources were
classified agndicated(Table 3) SRKhald the opinion thatestimation was based on detailed

and reliable exploration data, with boreholes spaced closely enough for geological and grade
continuity to be reasonably assun{&RK Consulting, (2010)).

Table 3: Mineral Resource Statenent* for the Elsa Tailings Project, (SRK Consulting, (2010)).

Category | Quantity Grade Contained Metal
Ag Au Pb Zn Ag Au

[Tonnes] [apt] [gpt] [%0] [%0] [07] [07]

Indicated | 2490000 1190 | 012 | 099 | 0.70 | 9526000/ 9600

* Mineral resources are not meral reserves and do not have demonstrated economic viability. All figures have
been rounded to reflect the relative accuracy of the estimates. Includes all blocks in the block model and
effectively reported at &0 gpt silver cubff grade assuming metatices of US$17 per troy ounce silver and
US$1,000 per troy ounce gold, silvercovery of 85% and gold recovery of 35%. Lead and zinc values are not
considered.

Although Mineral Rsouces in Elsa tailings were nobnverted to reserves at ttme, due
to economicnonviability, it does show that tailings are playing or could @ayucial role in
supplementing main stream ore bodies for companies all over the wadd the
background provided aboyet is obviousthat resourceestimation of tailings a@ms is



becoming more relevant. Therefprihis emerging field of tailings resource estimation
requiresreliabledata and rolst estimation methods and mib& carried out by Eompetent

Person(CP)in the field of resource estimation.

The resultant estintian reports, apart from the eventual short term and long term mine
planning will be the base on whichusiness decisi@on whetherto incorporate tailings
reserves into copany portfolioor not,areanchored. In additiorthe resource report tisted
companiesthat havetailings resources making material contribution to their ovall
resources and reservenust fulfil statutory requirements enforced Iblye stock exchanges
and anyother regulatory bodiesnvestors (Shareholders) and their Advisoses ldeely to do

an indepthreview ofany estimation repodf interestwhen conducting due diligenceirther

promping robust and high quality evaluation report those tailings resources

Grade stimation ¢ tailings dams, although becoming very aoon, is not yet as wide

spread asn situ ore body estimation. Dails of such resource evaluatioage not readily
available or accessible for research and reference purposes. Therefore, any research that
focuses on tailings resource estimation would be aétpral value. An opportunity therefore

exists for this researcteportto highlight challenges associated with mineral estimation

tailings resource

Theaim and focusof this research is tmvestigatethe application offundamental principles

of gewtatisticsin evaluating a mechanically deposited ore body, a tailings mineral resource.

1.3. Literature Review

Estimaion of tailings dams, similar as withny otherin situ ore body estimation is
performed through thapplicationof geostatistical tools (teaigues), of whichthe kriging

approachs widely used by many practitionersresource evaluation

Geostatistcshas evolved from the ATheory of Regi o
French Mathematician and Mining Engineg@eorge Matheron, of the ParSchool of Mines
(Clark, (2001)).

I n the wearly 196060s, Mat heron developed a
estimation that built upon an empirical solution developed by the South African Mining



Engineer Danie G. Kr i gireg.conthibatiorhito theofiald, Matherong e 6 s

named the new techniqgue he developed AKrigin

The application of Geostatistics to the estimation of ore resefvasia situ ore body, in
mining, is probably its most weknown use. However, itds been emphasized time and
again that the estimation technique can be used wherever a m@asopéng)is made on a
continuous variablat a particular location in space (or time); that is, where a sample value is
expected to be affected by its positi@amd its relationships wittthe surrounding or
neighbourgClark, (2001)).

Geostatistics may not be used in situations when there is no meaningful value of a variable at
every point in space, within the region or area of interest. That is, when poirgeples
represent merely the presence of events or a phenomenon (e.g. crime, random people,
volcanoes, buildings etc.). In thesestancesstandardspatial estimatiormethodology of

interpolation (estimation) might not be appropriate (BrusilovsiZ909))

Geostatistichasevolved from statistics and it wagveloped to solve or enhance estimation

of in situgold gradeThe application of statistical methods to ore reserve problems was first
attempted in the 195006s and 6hatofspredicing ®® ut h
grades within an area to be mined from a limited number of peripheral samples in
development drives in the gold min&gitwatersrand gld values are notoriously erratic, and
when plotted in the form of a histograshow highly skewe distribution with a very long

tail into the rich grades. Normal (Gaussian) statistics theory does not handle such
distributions unless a transformation is applied first. H.S. Sichel applied -aotagal
distribution to the gold grades and achieved eraging results. He then published formulae
and tables to enable accurate calculations of local averages foorogl variablesand
confidence limits on those local averages. Three major drawbacks exist in the application of

Sichel 6s 6t6 esti mator :

o T hea kg r o u bildyddistpbutiorbrnaust be lognormal,

0 The samples must be independent,

o There is no consideration taken of the position of the saniplab are equally
important (Clark, (2001)).

However, the technique proved very useful in the goldesjiespecially since some measure

of reliability of the estimator was provided. It also laid the base for further statistical work by
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providing the conceptual framework necessary, that is, by assuming the sample values came
from some probability distribudin. At this stage, it was assumed that all the samples (in a
specific area) came from the sameopability distributioni a lognormal onei and this

assumption is known in ordinary statistics a

Subsequemy, attempts werenade to incorporate positions and spatial relationships into the
estimation procedure. Two things seemed sen
within a deposit; and there should bensosort of relationship between blocks or samples
reasonablyclose to each otheifo be able to deal with this relationship, methods such as
0Trend Surface Analysisdé and O6Pol ynomi al Tr
have one thing in commdnthe basic assumptions about the statistical characteristibg of t
deposit. These assumptions have been extende
sample value is expected to vary from area to area in the deposit. Some areas are expected to
be rich, some to be poor. This expectation can be expressedasonably smooth variation,

either by a smoothed map or a relatively simple equation. Round about this trend there is
expected to be random variation. That is, the value at any point in the deposit is supposed to

comprise:

0 A fixed component of the tren@vhich is probably unknown), and

o A random componeribllowing one specific distribution.

Thus,the stationarity has been shifted one step; the expected grade may vary slowly, but the

random component is stationary (Clark, (2001)).

The twoaspectsdomponets) of the regionalised variable wel@therexplainedgraphically

in Figure 2:

o Structured or regionalised aspécthat accounts for largecale tendencies of the
variable (solid line),

o And a random aspettthat accounts for local, sati-scale irreguldties (dottedliine)
(Vann, (2008)).
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Figure 2: Random and structured aspects of a regionalised variable (Vann, (2008)).

It is evident from the abovéackgroundand literature review thathe development of
estimation techniques geostatisticsvasdirected mainly tan situ ore bodies. Gold reefs in
the Witwatersrand basin (super group) in South Africa were the initial focal. pdary

practitioners still loosely translate or associate resource estimation (geostatisticSsjtuo

resources.

Furthermore, @source estimation idefined asthe process of creating a thve@enensional
reflection ofin situ mineralisation based on sparse sammsswell asunderstanding of the
geological extentin which estimation is being performetbgether with geostatistical

principles (Coombes, (2008))

What goes together with estimating resources ofiransitu ore body is geological
understandingf thatore body. Geological processesathdeposit mineralised reefsipes or
fissures are medm to large scale phenomena that will mostly be consistem¢égional
characterisation dhatspecificore body. Geological modellingn the other hand, deals with
local characterisation and delineatiointhe ore bodynto portionsthat are similar orlosely
related to each othefor accurately estimating grade of the ore hofigme of thecritical

featuresin the characterisation of the ore body ingeological model generally relate to



geometry: stratigraphic contacts, folding, location of faults diadontinuities, identifickon
of vein orientations etc. owledge of a genetic link between assayed elements (Au, Pt, As,

Pb, Ag etc.) magplsobe averyuseful part of the model (Vann, (2008)).

One of the most importanassumptionsmade in the estimath process is that of
0st at i dnngeolagitay odelling, stationaritydecisions involve subetting (or
regrouping) data such that the resultant datassetsorrectly usetbr statistical analysis and
estimation. The practical consequencwibuild geological models for the purposes of grade
estimation by paying attention not only to the geology, but also to the grade distribution. This
is borne from the fact that the continuity of mineralisation maybe quite distinct from

continuity ofitsgeomeyr ( Aigeol ogi cal continuityo) (Vann,

The above explanation of fAstationarityo empl

how critical it is in resource estimation.

It is further alluded that eplogy is thefoundationof any accurate resourcaodel. Itis
viewed to contributeas high a®0% of the accuracy of a resouregtimateby someMineral
Resource Practitioner3he better the geologicatodel, the simpler the resource estimation,
and the simpler the mathematics required to generate rasegpativeresource model
(Coombes, (2008)).

The importance and relevance of geology in resource estimation, ggddas ofablock are
estimatedbased on the gest sample data. If tiggadeof that blockis to be relevantthen

the samples it is bad on must be relevant. In other words, there is a crucial need to identify
the populations of interest that are relevant to the block that needs to be estimated. This
means the population boundaries that constrain the samples need to be understoods(Coombe
(2008)).

Building geological domains means:
O using oneds understanding of the geol ogi
limits of each mineralisation population,
0 using statistical tools to validate interpretation of the mineralised populations,
o and understanding and defining domains before creating three dimensional envelopes

of the populations (Coombes, (2008)).



The understanding of the background and development of geosthstiduatiortechniqus
regardingan in situ ore body, and the ingstance of a good geological model (geological
controls)hasbeen thoroughly assessed gndt into proper contexor the Case Study tailings

damin this research
1.4. Hypothesis

Variography conducted on Elsa Tailings Project revealed that decent spatialitprxiss
in Gold, Silver and Zinc grade€SRK Consulting, (2010)). MoreoveRlatinum ounces
currently being produced by Anglo American Platinum in Tabl&&ction 1.2)are mined
from two tailings dams (different from Case Study tailings dam), wheuesstgtistical
evaluation technigue were used to perform evaluatioof the tailings resourcéAnglo

American Platinum Internal Report, (2010)).

Thereforeit is evident thatompanies that are mining or considering tailings as resources are
evaluating thee tailings dams through geostatistitathnique because mineralisation
continuity (spatial correlation) of a reasonable degree exists in tailings dam

Further nvestigation of this hypothesis willetermineor affirm whether it is appropriate to
asses a platinum tailings resource using geostatistical resource estimation. $thoeld
appropriate,it is anticipated tha measure of the confidence associated with the tailings
resource estimatesan be determined which would assistwith tailings minera resource

classification as with any estimation method conducted on situ ore body

Drilling and sampling to gather relevant grade information is the most practical and
reasonable way to investigate thgpothesisandto determine whether the apmiion of
geostatistical estimation techniquspecifically kriging is an appropriate evaluation method

on tailings resources

Once accepted as appropriaied relevantgrade and tonnage estites of anylow grade
manmade ore body, such aasilings dans, low grade rock dumps and muck pitzn be

derived using the methodology of this research.



1.5. Key Questions

Undertaking this research answethdkey questionselatedto the understandingfdailings
resource estimation;esearchobjectives were also famulated in line withthese key

guestions
1.5.1. Application of the Principles and Theories of Geostatistics oiailings Deposits

To test the hypothesis a primary question i
geostatistics relevant and appropriateditirtgs depossg without significant changes needed

to these pr i nwhatpre the corstraiBta @& freedomn of wpplygegstatistical

estimation techniques on tailings darfrom drilling and sampling to geologicalagelling,

and grade estintian?

1.5.2. Impact of Feeding Selectivity on the Random @mponent of theData

Whatrole does the feeding strategy of plant play in the grade profiling of the tailings deposit?
The feeding strateggan involve: selecting only highrade ore; strategic blending wéry
low-grade and higiyrade ore; feeding similaypesof rocks or mineralogy, or even blending
oxidised (weathered or alteredckswith freshrock orore.lt is preferable to feeglantwith

ore of related metallurgical or geometallurgigaiopertiesat a given time Therefore does

this selective feeding of ore to the plaffect, and to what exterthe random component of
grade distribution of the tailinggam? What level of biagets introduced in the distribution

of tailings Platinum Group Metal (PGMV)?

1.5.3. Impact or Influence of Mechanical Deposition of Tailings on Grade Gntinuity

What impact does mechanical deposition of tailings have on grade contibaty&lings
have sufficient spatial correlation for accurate interpolation of grade®daphy analysis

will provideanswesto thisquestion
1.5.4. Impact of Processing on Grade distribution

Crushing and milling of the ore involves homogenisation of one or more rock types, different
grade profiles and possibly different geological facies. The @idghGM distributios and
small scale (micro) variation of the ore body is smoothed out (eraBeel)resultant grade

profile in the tailings dam would not necessarily reflect the original profile that existed in the
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in situ ore body.The dfferentin situ gradescan possibly balteredduring the metallurgical

extraction process @ new andighly uniform grade profile

Table 4below is an illustration of possible scenario, whareseveral samplesould be
collected from the tailinggnd hawe almost idetical grade of 0.7g/t, even thoughthose
tailingsweresourcedor milled from awide range of geological facies ammdsitu grades. The
similarity in tailings grade being a function of plant recovery. Therefohat is the impact
of that likelihoodi andsignificance of that impadt on the distribution of grade in tailings?

Furthermore, is the grade continuity affected or influenced in anyway by this phenomenon?

Table 4: lllustration of the possibility that different in situ grades can resultsimilar tailings grades.

In situ grade Recovery | Recovered| Tailings grade
(9/t) % (9/t) (9/t)
3.55 80.00 2.84 0.71
4.80 85.40 4.10 0.70
6.02 88.13 5.31 0.71
1.92 63.15 1.21 0.71
1.50 53.33 0.80 0.70
1.22 42.66 0.52 0.70
1.10 36.36 0.40 0.70

1.5.5. Overall Accuracy and Reliability of Estimated Results

Does the accuracy @& geostatistical evaluation of tailings dam compare or even better any
other method of estimating the average grade and tonnage of a tailings dam? Is the accuracy

within reasmable and acceptable statistical margins?

Modern mines have records of average grade and tonnage of their tailings dams as recorded
by metallurgists, in this cagbe question will be to determine which figuremsre reliable

and comprehensive: etallurgical accounting or geostatistical estimated resbi#tsed on

drilling of the tailings dard The ulimate question would be: the geostatistical evaluation

of tailings dars of acceptable quality and accuracy for confident business deaisikimdg?
1.6. ResearchObjectives

This research will specifically address platinum tailings dam estimation; which is essentially
a manmade ore bodyA Tailings Dam from Anglo Platinum has beenestigated as a case
study, but its actualidentity and exact location haveot be@ disclosed due to the
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confidentiality agreed uporConsideration of thisasestudy will enhance the understanding

of the differences (or similaritiesin estimation methodology betweeam in situ platinum
resource ana tailings dam The research will #refore focus on challenges and limitations
experienced during tailings dam estimation, as well as reliability and accuracy of the

estimated results. The objectives will be addressed by the following:

U Identification and confirmation of drilling and samgirbest practices for optimal
estimationand evaluation of tailings dam;

U Analysis of deposition of thematerial within the tailings dam setting and the
subsequent establishmearitgeologicalzones;

U Analysis of the impact or influence of mechanical depasita mineralisation and
grade continuity:
- Variogram ranges,
- Nugget effect and its implicatipand

0 Assessmentas well as ratinghe accuracyquality) and reliability of Geostatistical

estimation on tailings dam; an unconventional and-made ore body.

12



CHAPTER TWO: RESEARCH METHODOLOGY

The methodologyhat wasfollowed to conduct the research wastandard procedut@at is
practicedwhen resource estimation is performed: drilling, sampling, assaying, statistical and

variography aalysis, grade estirmian, and resource (gradejodel validation

Drilling of this case studprojectwassupervised by the author between September 2011 and
April 2012. Sampling was alsoarried out solely by the authaf this research report
Samples wersent to the latwatory then, thusassay resultédata)wereready andavailable

for analysisduring the proposal stage thiis researchChapters on drilling and samplirrgea

reflecion of thesteps taken anfdllowed by the author during data collection.

2.1. SonicDrilling

Sonic drilling was chosen as a suitable technique to conduct the drillingaltigling
technique which is widely used in geotechnical and structural engineering investigations. It
has been adopted successfully as a better exploration tool for tallamgsanalysis or
evaluation. It is a rapid soil penetration technique which relies on the Law of Inertia and

Bi nghamés Law of fluidizing porous and wuncon

Sonic drilling 5 a dry drilling method which waseferred over therdry drilling techniqus,

such as auger, because of its proven ability to provide good coring recovery of a tailing
profile. This drilling method, therefore, can be practised without any drilling fluids as
opposed to the conventional core drilling whéluids are a prerequisite.

In Sonic drilling rods are vibrated at a frequency range of betweerH2G@hd 200Hz to
liquefy soil particles immediately around the rods, thereby reducing friction to allow
penetration of the rods. Vibration motion is suppdmted by a rotation movement to give an

additional cutting power to the rods, when needed (Ewing, (2015)).

In this case study, 3273 metres were drilled from 77 boreholes. The depthdofdimes
(tailings dam thickness) averagedm2and were drillee@n a gridpatternof 100m x 100m. In
cases where 10 couldnot fit, the grid was slightly adjusted or reduced to betweem90
and 95m. All the boreholes we drilled a®0° inclination Furthermore, no deviation was
experiencedn theseshortboreholesTherefore downhole survey was not needed.
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2.2. Logging andSampling

Logging and sampling are closely dependent and related actithié¢sare conducted
instantly and, to a degreeoncurrentlyin sonic drilling Logging and samplingh the Case
study project, as such,were conducted at the sitemmediately after drilling run was
completed and recovereblefore samples were delivered to the core yard for dispatch to the

laboratory,

Drilling was canducted with three metre rqdbusthree metre drilling runs. e core barrel

was slightly longer than three metr@s4.5 m) to accommodate three metres being drilled

and material caving from the side w&tlontamination) The inside diameterof the core

barrel, sane as that of drill bit, was 9.8m. Thediameter ofthe sampling bag or tubing,
however, was required to be bigger than that of the core barrel due to the nature of collecting

tailings in sonic drilling.
2.2.1. Sampling

Sample collection was performed by sliding plastic tubing around the core barrel (Figure 3),

ard then releasing the sample into the bag, with bottom end of the bag sealed. The average

diameter of sampling bags used was I3

Figure 3: Demonstration of sample collection and logging preparations
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The difference in dianter of the sampling bag to that of the core barrel meant that three
metres drilled in each run would be collette make short, thicker sampl€his difference

necessitated the use of a formula to calculate the meythlef the bigger sampling bag

The formula that was used to reconcile (account) for sample recovery is:
wEaoaq ,
Core barrel (insidefliameter 9.9cm,
Radius(r) 4.95cm
“3.14159
Lengthof 3m drill run (L) 300cm

Volume drilled is therefore:
WE QOB “I,
3.14159% (4.95)% x 300
23093 cm

The volume drilled as calculated above was then usedltolate the length expected in a
sample bag with 43.2cm diameter.
Sample bagliameter (d) 13.2cm

Radius(r) 6.6cm

Therefore, fom w i,

L —_—

COTROQ
oPp TP DD
169cm

The calculation confirmed that @ drilled by a core barrel of 9.8m in diameter will be

collected into 162m long sample bag with a diameter of 1812
Thereforetheaverage expectatewlength of one sample wd€9cm/3  56cm

The abovecalculation was crucial amecessary to ascertain recovery perforoes. hat is
material that slidback from the core barrel (loss) and material that were gained due to
previous run lossefecoverediosseggaing, or material that caved in from the side wall

(contamination).
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2.2.2. Logging

Immediatelyafter the sample was extractedo one long sample bathe nextstep was to
establish the amount of contamination, if any, that to be discarded. The Ifowing

guidelines or parameters weassessetb determine theontamination:

o Compaction of material
The in situ material was often found to be highly compacted whereas the
contaminatiorcomprisingmaterial shaved from the sidevsadif the borehole or cad

into thehole wadoose

o Colour contrast betweenin situ and the contaminated material
As the hole progressed deeper, the colour of the tailings was observed to change from
a \ery light grey to a dark greylherefore the actual sample and contamioat

would, from time to time, have different colour contrast.

0 Material distribution
The wilings material was swally homogeneous or layeredhe top most

contaminated portion of each run was often mixed and lacked these properties.

0 Moisture content
As driling progressed deeper, especially in the wet portion of the dam, the moisture
content difference between deepesitu sample and contaminatidrom shallow and
dry material would be visiblg-urthermore, liquefied slurry on top of solid tailings
beingdrilled in a wet zone was often due to water accumulation; as such it was treated

as contamination.
2.3. AssayAnalyses

Assay analysebave beertarried out by th@ppointed dboratorythat met thaequirements
andspecificationsand resultsverereadyandavadlable for analysigluringthe drafting of the

proposafor this research project.

Rh wasonly conditionallyanalysedn casesvhenthe 3E (Pt, Pd and Auyradewas greater
than 1.5g/t. At the lab, samples were homogenized and separated into four(8pligs C,
and D). The latter tweplits were returned for storage or future reference.
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Analyses carried out on the first two sample splits include:
1. Assaying for Platinum group metals (PGMsid Auusingi
(a) Ag prill for Pt, Pd andu;
(b) Pd prill for R.
Base metals (Cu and Ni) using XRF method.
Particle size distribution (PSD).
Moisture content.
Weight measurement: wet and dry

o g bk w DN

And Specific Gravity Density) determined by gas Pychometer

2.4. Data Validation and Statistical Analyses

2.4.1. Data Validation

Data vdidation had beencarried outto establish and remove outliers time data.Collar
positiors werealso validatedo ensure tha#ll boreholes plot on the correpbsition and

within the drilled grid, which in turn promot@gcurate grade estimation.

Data \alidation wasconcluded by confirming the following:
o Collar elevation, inclination and bearing;
o Logging consistency and errors

o Aswell as samplingverlaps andonsistency

2.4.2. Statistical Analyses

Statistical analyses weo®nductedn the grades ofll six variablesof interesti 3E (2PGEs
+ Au), Pt, Pd, Au, Cu and Ni to establish underlying distrition of the grade. Analysis was
alsoextendedo the seventhvariable namelydensity measurementscrucial parameter used

during tonnage estimation.

Samplng wascarried out in 1m intervalsput few samples were slightly longer that 1m,
especially the deepest sample in some boreholes. Bordatdevas composite into 1m
compositesbefore statistical analyses wecarried out to ensure thathosefew sample

longer than 1nare all standardised

It is essential to perform downhole compositing to ensure samples have comparable

influence on the statisticSamplesthat are collectedover variable lengths have a risk of
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introducingbias into the datheing anafsed The effect of compositing is to weight sample

grades according to the corresponding interval le(@tiombes, (2008)).

Histograms, probability plots, and tables with set of statistical parame&zes generated

during sétistical analyseto understad distribution ofeach variable ithe data set

2.5. GeologicalModelling

Geologicalmodelling isa computer aided exerciperformed to try and delinead®ore body
into blocks of similar or identical characteristics. Itaiscritical step before geostattical

analysis and estimatioto improve the accuracy of the estimation.

Three variablesthat can assist with identifyingyeological zonesunderlying the tailings
resource wee analysed namely lithology (talings material), PGE grade K3 and particle
size distribution (PSD)A fourth variable water contentwhichdoes not necessarily have any

relationship with gradeyasalsoanalysedor comparisorand guidanc@urposes

2.6. Analysis of Grade Continuity (Variography)

Experimental semivariograms and sulsequent variogram modelling (models)were
performed through Snowden Visor (Supervissojtwarefor all seven variables (simetab
and density. Variography analysiss one of theprerequisitesteps before grade estimation
can becarried out Moreover the accuracy (margin of error) of estimatiorpatly a function
of varioglam modelThe descriptive data analysis together with taBographyexerciseled

to the understanding of thdistribution and continuity of mineralisation of tléase Study

tailings dam

The fundamentafjuestionof this project was whet her Ami neralisatio
Case Studytallings dam, which is mamade andmechanically deposited, meets the
minimum requirements fayeostatistical evaluati@What is the relationshipdtween values

at sampled locations to values at unsampled locatidfAsste Z(x) is the value of the sample

at location x, des the assumption for stmarity hold for tailing dams?hat is, the

probability distribution of: Z(®, Z(X2), Z(x3), € , Z(x,) similar to the probability
distribution of,Z(x1+h), Z(x+h), Z(xs+h), € , Z(x,+h)?
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To understandspatial correlation of all sevegrade variablest very short ranggin the

tailings dam attention was also given to the nugeiécts ofall thevarialdes of interest.

2.7. Grade (Resourcg Estimation

Descriptive data analysis and variaghy carried out prior to grade estimation confirmed
Ordinary Kriging asthe appropriategeostatisticaimethod toperform estimation because
there was no indication of anyends in the dataGrade estimation was carried out using
Dataminesoftwarepackage. Grades were interpolated mtan x 5m x 5m blockmode| and

all sevengrade variables of interest were interpolated into each cell.

2.8. Grade Model Validation

Model validaton was the finalstep éxercis¢ to answer akey question: whether
geostatistical evaluation ofénCase Studyailings dam would beeliable and accuratsuch

that the final resource model can be used without any reservation

The estimated valudsnodel)werevalidatedagainst known sammdé thatis comparisorof
drillholes (input) versus resultsto determine the accuracy areliability of the grade model
To standardise support sizes, borehole data was composited into 5m confygdered was

loaded, bringing it in line with the m x 5m x 5m resourcenodel.

Validation was performed in 4 steps:

o Crossvalidation T It is a ol to test and optimisparanetersthat areset toconduct
estimation.The process involved removirgachoriginal grade valueone at a time,
and estimating it with the set parametarsl theremaining/neighbouringample.
The difference between thievo set ofvalueswas a forecast or presumptioof the
accuracy achievable from the set parameters.

o Visual validation i Grade profils between boreholes (& composites) and resource
mode]| particularly cells around borehole tragesere visually verified to confirm
similarities between the two data sets

0 QQ Plotsi The behaviour of two datets waslso verifiedthrough QQ Plot graphs

0 Relative Histograms i The similarity in theshapes of theistribution of the

estimated model and origindatawasfurthervalidatedthroughrelativehistograms.
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CHAPTER THREE: TAILINGS DAM SETTING

3.1. General Tailings Dam Overview

Tailings dams aremanmade structures designed as a storage site for tagiraghiced during
processing ofore. Certain safety protocolguided by environmental legisitions and
structural integrity arebservedduring thedesign and constructioof tailings damsPoor
design ad/or construction can lead to failure or bursts of the démch could result in mud
rushes or landslides.o@isequences afhich could vary from environmental contaminations

(pollution), damage to properties aseriousnjuriesor even death

Constructimm of a tailings dam is caed out in a series dbenches (Figure)4which are
pumped over time, in some cases throughout the life of ,rameéare laid on top of one
another The bench belowunderlying)is always strategicallylonger and biggethan the

overlying bench on top.

Figure 4: Cross-sectional view of tailings dam benches, berm and pipes.

Each bench, which codll be as thick as severahetres, represents @ajor pumping
(construction) cycle. A berns constructed at ¢hedge of each bench to contain and direct
tailings to flow inward towards the centre (penstock). Pipes feeding the dam are laid around
the outer edge (berm) of the dam, with several valve openings faced inward to the centre of
the dam. Depending on thesiof the dam or the bench being pumped, another set of pipes
are usually connected and laid transversely to feed the middle portion of thEigara b).
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Figure 5: Plan view of pipe layout pumping abench

3.2. CaseStudy Tailings Dam

The Case Studylrailings dam(Figure § was also corieucted in a series dfenchedaid on

top of onearother, and issimilar to the design described above
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Figure 6: Arial view of the Case Study tailings dam
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The dam has exhed its operational life (designed capacity) and no further pumping of new
benches is occurring @xpectedo ever happen ithe future The average dimensions at the
base of the dam are 1200 m nesthuth(length)and 1050 m eastest(breadth) The tg of

the dam has the shortest span that aver@@® m long and 910 m wide.

The design resulted inthecresee ct i onal view of the dam stron
(Isosceles) shape; two parallel sides of whioé longestcorresponds to the bottoof the
dam (wide base) and the shorter side to the flat top (narrow top). The angled (jagged) lateral

sides repremt retreating benches, deigure 4.

The thickness (height) of tailings varies from 39mthe south to over 46 mm the north.
This variaton can be attributed to the variation in topography of the footprint, with the
overall difference reaching 7 m the north. The elevation varies between 8¥dnd 981 m

above sea level.

3.2.1. Composition

The omposition of tailings mat&l on the Case Studyailings dam wa directly influenced

by the type and lithology of the ore that was milled at the plant. Certain properties (features)
of the dam such as grairsize distribution and layeringa influenced by external factors
such asunderlying design ofite damJayout ofthe pipes, pressure and rate at which tailings

were pumpedt the time of deposition

Layeringexperiencedn the dam occurrebecauseof pumpingcycles and pulses that were
repeatedseveral timesduring construction of the danMoreover, sorting (particle size
distribuion) experiencedis attributed to transportation of tailingsom the plantand
deposited into the dam as mineral partiddasying liquid, whichwas subjeted to natural
laws of physicof separating coarse from fine pel@s. Sorting is therefora direct resulbf
the ability of coarser and heavier particles to resist strongaents thatcarried them
(existed)immediately after discharge, thereby settling quickly and much earlier next to the
dischargingpipes, beforghey could becarried furthemawayto the middle 6the dam. @ the
other hand, finer particles are easily moved by the dissipating and weal@mtsuim hese
remnant currents werable to carryhe finer particlesto the middleof the dam where the
waterbecamestandstill.Drying up overtime then afforddtiese remaining particles to settle

down and get deposited.
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To undestand local setting of Case Studigilings dam, fivecharacterists that relateto

composition and material distributiovhere assesst

Lithology (Tailings Material) T For consistencyLogging was conductedising the

nomenclatureefinedin Table 5as a referenc@Anglo American Platinum, (2011))

Table 5: Logging reference table for tailings material(lithology).

Lithology Type
CH Clay of High Plasticity liquid limit >50%
CL Inorganic clay liquid limit <50%
GC Clayey Gravel >12% fines
GM Silty gravel >12% fines
GP Poorly graded Gravel <12% fines
GRAVEL | Gravel 50% of coarse fraction >4.75mm
GW Well gradedgravel
MH Silt of High Plasticity elastic silt, liquid limit >50%
ML Inorganic silt liquid limit <50%
OL Organic silt, organic clay liquid limit <50%
OTHER Other Inserted QC
PT Highly organic soils
SC Clayey Sand >0.075mm and <4.75mm >12% clay fines
SCREE Loose surface scree
SM Silty sand with >12% silt fines
SP Poorly graded sand <12% fines
SW Well graded fine to coarse sand

From the perimeter of the damhere pipes were dischargingilings were found to be
mostly silty sand material (SM) witmore than 10% silt fines. It gradually increases its clay
content to clayey sand material (SC) or much finer silty sand, with considerable amount made
of clay fines, towards the peosk area (middle) of the dam. Ththblogy distributiondoes

also varyvertically, largely based on the composition of the tailings that was being pumped at

aspecifictime or bench.

Material distribution (sorting) 7 Sorting was loggedccording to the nomenclature defined

in Table 6 The deposition of tailings on differebénches, with each bench made by multiple
discharges of tailings at different times, resulted in the dam composed largely of layers of
tailings with varying thicknesses. Although situ compaction and layering was not always
preserved during drilling ansample collection, individual layers were observed to vary from

millimetres to between &m and 10 cm from different holes at different depth. Tailings
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which were very loose and failed to preserve any layering were often classified as

homogenous.

Table 6: Logging reference table fortailings sorting (Anglo American Platinum, (2011)).

Material Distribution (Sorting)

FINESDOWN Grain size decreases downwards

FINESUP Grain size decreases upwards

HETEROGENEOUS |Large clasts in a finegrained matrix

HOMOGENOUS Homogeneous similar composition and grain size

LAYERED Layered- alternating grain size or composition different.

Colour i Tailings in the danaremostly greyin colour of varying shadedt varies between
light grey, grey ad dark grey. The light grey was usually associatati C material and
often found mn the top 8m to 15m metres, at timeslightly deeper inholes closer to the
centre of the damA slightly different coloured5C materiakexistsat thevery bottom of tte
dam betweer38 m and45 m. It hasa uniqueight greyish-greenishcolour, which could also
be classified ayellowish green. Rare]yvery thin layers of tailings were observed to be
black. This was attributed to the U&lings, whichwere intermittedy and rarely pumped
into Merenskydominated tailings. SM material was usually grey to dark.giteyas also

associatedr commonly found inmoist and wet zones.

Particle size distribution T was found to correlate to the pattern and trend observed on
lithology distribution. Particle size is much coarser on the perimeter and becomes finest
towards the centre of the dam. The reason for this behawasufor lithology, has been
attributed to the ability of the coarser material to resist strong current #istede
immediately after discharge, thereby settling early next to the discharging lpgf@sfiner

particles arearriedaway to the middle of the dam.

Water content The project was conducted over three of the four climate seasons of the
year, and sasonshaveaninfluence orthe level ofthe water tableor moisturecontent of the
tailings in general Drilling started inspring, through summer and ended in autumratgy
contentof tailingsalsovaried slightly from location téocation; holes thatvere drilled next

to the perimetegenerallyhavea thin wet zone and those drilled around the penstockahad

thicker wet zone.
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The water content of the dam was generally divided and classified into three:

1 Dry zone this is the top most zone where no moistrreery little and insignificant
moisture was @sent (less than 15%), it starfeoim surface and end at depth between
11mand 18m, depending on the position of the hole and season of the year.

1 Moist zone this zone starts from depth of betweemiand 18 m and end at depth of
between33 m and 38m. It also depends on the position of the hole and season. The
water content in this zone was measu@ssignedjo be between 26 and 50%. The

highest water content (50%) was fouatddepth approachirtge wet zone.

1 Wet zone this is the zone that existed below the water table and the tailings on this
zone were completely saturated and submerged under water. This zone also varied
from location to location and fluctuated with water table in different seaktarted
from depths of between 38 and 38m and extended to the floor of the dam, which is

up to 47m atthe northern sidef the dam

3.2.2. Dam floor

The bottom of theCase Studyailings dam is primarily lined and protected by darkwn

clayey soil genally referred to aghe fiblack turb. The black turf helpso prevent water

from the tailingspercolating down into the natural water table and, together with drainage
systems, prevent water with floatation chemicals and salts to seep into the surrounded
environment. Whistdrilling, the black turf helped plugng in the tailings, which gave rise to

good recoveryn wet tailings byprevening it from falling (sliding) backinto the hole

Most boreholes that intersectethe full length of the black turfrevealedthat thicknes
generallyvary between @ cm and 180cm, shown as CL in Figur@. Two boreholes TD75
andTD77,in the middle of thesoutheasterrside intersected black turf with thicknesses of
less than 3@m. Two other boreholes, TD37 and TD42 txe horthwestern side, intersected

the thickest portion of the floor lining (Figu8. The thickness of black turf in that area was
more than 2.2m, yet those boreholes were stopped before the bottom contact could be

intersected or exposed.

Black turf is generally underlain by a weathered norite or anorthosite of the bedrock. The
thickness or the depth to which that bedrock is weathered varies beteesand 30 cm.
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Figure 8: An aerial view of boreholes locatiorwith the Black turf thickness areas

There are several holes that did not intersect any black turf or weathered norite but went and
stopped on the hard bedrock. Theciniae could not penetrate any furttercause of the hard
rock, yet the core barrelvas not plugged by any of the materials, black turf or weathered
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norite Thearea where th#oor of only hard bedroclexistedwasobservedn a zoneat the
middle and clos to the edge on the eastern side of the dam, stretching from TO&B®
and TD69 to TD70 (Figur8s).

Some of the boreholes, TD21 and TD20 (Fig8kentersected gravel or very course sand at
the bottom of the tailinggeferred to as scree in FigureThis material has distinct black
colour which did not shine to the extreme of chromitite; it could possibly be road making

gravel and tar, or granulated UG2 which is high in feldspars as internal waste.

The topographyhencethe floor of the damis urdulating and steeping to the north, its
elevation varies from 97Beters above sea levghas) on the southern end to about 981
maslat the northern end. That gave rise to the thickness of tailings to also vary framrg9

the south to over 4 on the orth.
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CHAPTER FOUR: DATA VALIDATION AND ANALYSIS

4.1. Data Validation

Data validation was performed on colfasitiors to verify and confirm thaall boreholes are
plotting on the correqgtosition and witin the drilled grid (Figure P
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Figure 9: Confirmation of borehole collar positionsand drilling pattern.
Validation was also performed to confirm the following:

o Collar elevation, inclination and bearing.

o Gaps in the borehole logs to ensure that they correspond to core losses.

o Straigraphy and lithologywas checked to ensure that tailings are not given to
footwall and black turffootwall) not incorporated into tailings.

0 QAQC standardwereinsertedafterevery10" sampleandtheyall returredwith their
certified expected values awithin acceptable rangesis such samplassay results
have beemertified to berue representative of the tailings resource.

0 Assay datavere alsoverified to ensurghat QAQC standardsvere notincorporated

ard used foigrade estimation.
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Further validabn was performed on all grade and density values to identify outliers that
might impact on lie estimation resultAssay values that are extremely low and possibly
below detection limit were identified and removed. Likewise, density values that arghbo li
to suggest tailings being lighter than water or that imply tailings tslokense as solid rock

was also identified and removed as outliers during the validation prdadss. 7below is a

list of all samples that where flagged and remaa®dutlers

These samples flaggess outliers were of insignificant quantity and therefore were not
returned to the laboratory foe-analysis. These outliergpresent less than 0.5% (10/3225) of
assays on any given grade variable, but their impact on the amghrskewness was
significantly higher. Meagradefor Pt (g/t), for example was noted to chandeom 0.478g/t

to 0.5649/t, which represent close to 20% movemehthe mearby the 0.16% (5/3225)

flagged samples

Table 7(a): PGMs and Gold values flagged as outliers.

Variable BHID | SamplelD | Grade (g/t) Comment
TD14 | TD14/21 2.235| Too high
TD43 | TD43/40 2.755| Too high
S TD55 | TD55/17 2.065| Too high
TD85 | TD85/23 7.175| Too high
TD85 | TD85/24 2.37| Too high
TD14 | TD14/21 1.85| Too high
TD43 | TD43/40 2.11| Too high
a TD54 | TD54/17 1.665| Too high
TD85 | TD85/23 6.165| Too high
TD85 | TD85/24 1.92| Too high
g TD85 | TD85/23 0.76 | Too high
TD36 | TD36/2 0.005| Too small
TD44 | TD44/2 0.0075| Too small
TD44 | TD44/4 0.0075| Too small
TD45 | TD45/3 0.0075| Too small
= TD45 | TD45/4 0.0075| Too small
< TD45 | TD45/5 0.005| Too small
TD50 | TD50/2 0.0075| Too small
TD53 | TD53/12 0.0075| Too small
TD53 | TD53/3 0.0075| Too small
TD56 | TD56/2 0.005| Too small
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Table 7(b): Base Metals values flagged as diers.

Variable BHID | SamplelD Grade (%) Comment
TD14 | TD14/9 0.0047| Too small
TD47 | TD47/30 0.1291| Too high
TD69 | TD69/24 0.0035| Too small
8 TD85 | TD85/23 0.1963| Too high
TD85 | TD85/24 0.0454| Too small
TD87 | TD87/2 0.00485| Too small
TD9 | TD9/13 0.0045 | Too small
TDA47 | TD47/30 0.186| Too high
b TD69 | TD69/24 0.0617| Too small
TD85 | TD85/23 0.1373]| Too high
Table 7(c): Density values flagged as outliers.
BHID Sample ID | Density (g/crm) Comment
TD38 TD38/12 1.008 Too small
TD38 TD38/30 1.006 Too sméd
TD42 TD42/1 0.931 Too small
TD42 TD42/3 0.882 Too small
TD45 TDA45/2 2.621 Too high
TD53 TD53/6 2.683 Too high

4.2. Data (Statistical) Analysis

Statisticalanalyss were performed oall severnvariablesof interestthat wereto beestimated

by geostatitical techniqus (kriging), prior to data being used for variography and estimation
processesThese analyses wemssential to understarithe behaviour of the data, most
importantly to establish the underlying distribution of each varidblalso estalishedthe
number of underlyingpopulations inthe data Three analyses in the forof relative
histograns, summary statistics (taldeand cumulativeless than and greater thaequency
distributiongrapts were performedor plotted resultsof which are dscussed in the sections

below.

4.2.1. Platinum (Pt) Statistical Analysis

The grade dstribution of Pt is nonsymmetrical,and displays a slight positivelskewed

distribution. The weight just slightly shifted to positive distributiondue to the tail that
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intermittently stretches between 0.8 abhd g/t, as can be seen from thelative frequency

plot below (Figurel0).
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Figure 10: Platinum grade (Pt in g/t) Histogram

The classical statistics summary for Pt is presgtnin Table 8below. The lognhormal
estimate is 0.477d@/t, which is close to the average derived from the untransformed data
0.4783g/t. The Skewness of 4 confirms the asymmetry. The kurtosisiati@aokurtic, and
confirms the high peak observed in the histogram; momntlone third of the data is

distributed around the centre.

Table 8: Platinum (Pt) Classical/Summary Statistics.

No of Assays 3225

Min (g/t) 0.25

Max (g/t) 1.565

Range (g/t) 1.315

Average (g/t) 0.4783

Variance (g/8) 0.008

Standard Deviation (g/t) 0.091 The difference between the

Coefficient of Variation(CV)|  0.19 averagePlatinum grade

calculated from the samples

Skewness 4 . .
. and the lognormal estimate ig

Kurtosis 35 | 0.0006 g/t or 0.125% which i

Log Average [In(g/t)] -0.752 considered negligible

Log Variance [In(g/8] 0.026

Lognhormal Estimate (g/t) 0.4777

The Pt cumulative distribution frequeneg shown in Figure 11, confirms the conclusions
reached from the summary statistics and histogram. The narrowcsineet on lower grade

side indicates a shaudil; a single slope in the middle indicates that data possibly comes from
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a single population, and slightly wider or longer curve on the-gigde end corresponds to a

slightly longer tail as reflected by rela frequency histogram.
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Figure 11: Platinum (Pt g/t) Cumulative Less than & Greater thanFrequencycurves.

4.2.2. Palladium (Pd) Statistical Analysis

Thegradedistribution ofthe Pd dt values shown in Figure 12 sgmilar tothat ofPt; it is also
nortsymmetricalhowever, with a higher degree of pos skewness. The tail on higjrade

end is slightly thicker compared to Pt (Figure 10). This tail on Pd comprises roughly 7% of
the data, as opposed to 3% on Pt.
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Figure 12: Palladium (Pd g/t) Relative FrequencyHistogram.
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The classical statistics summgafor Pd is presented in Table &low. The Lognhormal
estimate of 0.25%/t; is 0.00D/t or 0.31% lower than the average 0.2fB8of the raw data.

As expectedthis difference is fractiongl bigger than that observed in Pt because the
Coefficient of Variation(CV) is higher Also, the tail on the highegrade end isslightly
thicker. The skewness of 3 and Kurtosis of 12 confirm the data to have-synonetrica

and Leptekurtic shape, with roughly 34% of the data in the middle (three highest columns in

the histogram).

Table 9: Palladium (Pd) Classical/Summary Statistics.

No of Assay 3225

Min (g/t) 0.125

Max (g/t) 0.695

Range (g/t) 0.570

Average (g/t) 0.253

Variance (g/8} 0.005

Standard Deviation (g/t) 0.068 The difference between the
Coefficien of Variation (CV) 0.27 Palladium average grade calculat
Skewness 3 from the samples and the lognorm
Kurtosis 12 estimate is 0.001 g/t or 0.31%,
Log Average [In(g/t)] -1.402 which is considered negligible
Log Variance [In(g/8] 0.049

Lognormal Estimate (g/t) 0.252

The Pd cumulativeelative frequencylistributionsareshown in Figure 13, as expected these
curves reflet the behaviour observed in the Pd histogram above: The middle section has a

single slope, and therefore it is concluded that the data is coming from a single population.
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4.2.3. Gold (Au) Statistical Analysis

The Au gradedistribution portrays a different shape frdmth Pt and Pd. The histogram
suggests thahe data possibly comes from 2 or 3 populations; see the red, yellow and blue
models drawn iron the Au histogramin Figure14. A tail isalsoobserved on the right, but it

is lesspronounced than for Pt and Pd.
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Figure 14: Gold (Au) Histogram showing possible source population divisions

The distribution is asymmetricandthe skewness (Table }@s 1, because of that tail in the
high-gradeend. Kurtosis shows data to bwaesckurtic. The Log-normal estimate returned
0.053g/t, which is 0.54% above the mean derived from untransformed data. Although the
difference is negligile, it is the highest percentage diffidence of all elements analysed,
possibly due to the combination of populations in the data, as noted in the histogram.

Table 10: Gold (Au) Classical/Summary Statistics.

No of Assay 3225
Min (git) 0.010
Max (g/t) 0.165
Range (g/t) 0.155
Average (g/t) 0.0521
Variance (g/8} 0.0004
Standard Deviation (g/t) 0.021 _
Coefficient of Variation (CV) 0.39 The difference between the averag
SkeWness 1 Au graqle and the lognormal
_ estimate is0.0003 g/t or-0.54%,
Kurtosis 3 which is considered negligible
Log Average [In(g/t)] -3.035
Log Variance [In(g/] 0.173
Lognormal Estimate (g/t) 0.0524
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Moreover, the three black slope lines drawn on the cumulative less than Au frequency
distribution in Figure 15 coincide with the three possible populations revealed by the Au
histogram. The first slope is noted on tbeer 10/ of the data, and the second slope exists
between 1% and 60%, with the third change happening betweéfa &@d 90%.
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Figure 15: Gold (Au) Cumulative Less than & Greater thanFrequency curves.

4.2.4. 3E (Pt+Pd+Au) Statistical Analysis

The 4& gradei a combination of Platinum, Palladium, Rhodium and Goisl an important
grade value (variable) that many fflam companies require fatifferent considerations
(inputs) On the Case Study tailings dam, Rhodium (Rh) has beenighifisant quantity
andonly a few samples were analysed Rir. Rh is only analysed on samples that haSE a
(Pt+Pd+Au) grade greatthan 15 gi. In this case, only 11 out of 3228&amples(0.34%)
triggeredthe Rhanalysis threshold. Thereforieh had been excludddom any analysis, as

such3E wasstatisticallyanalysed instead.

The 3E grade distribution is therefore a combinatibthe three elements that comprised it.
Gold (Au) has the least influence because of its marginal grade vAliebserved on the
individual Pt and Pd, the distribution of 3E (Figure 16) is also-syonmetrical but the
degree of positive skewness is telaly low. Furthermore, the histogram suggests that 3E
distribution is characterised laysingle population, possibly due to subdued influence from

marginal Au grade values, which was particularly noted to have more than one population.
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Figure 16: 3E (Pt, Pd & Au) Relative Histogram.

Table 11below contains the 3E summary statistithe Log-normal estimate is virtually
identical to the average derived from the raw data. The difference of 0.08% is negligible. A
skewness of 2 comims that data is asymmetrical and the kurtosis value of 14 implies it is

lepto-kurtic.

Table 11: 3E (Pt, Pd & Au) Classical/Summary Statistics.

No of Assay 3225

Min (g/t) 0.385

Max (g/t) 2.065

Range (g/t) 1.68

Average (g/t) 0.7833

Variance (g/8} 0.020

Standard Deviation (g/t) 0.143 The difference between the
Coefficient of Variation (CV) 0.18 average 3E grade and the
Skewness 2 lognormal estimate is 0.0006 g/t
Kurtosis 14 or 0.08%, which is considered
Log Average [In(g/t)] -0.258 negligible

Log Variance [In(g/] 0.027

Lognormal Estimate (g/t) 0.7827
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Likewise,cumulativedistribution frequency (Figure )7or 3E resembles that of its two main
underlying elementsPt and Pdit is dominatedy a single sipe, confirmation of @ossible

single population as deducedtire histogram.
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4.2.5. Nickel (% Ni) Statistical Analysis

The Nickel is the first of the two base atals that have beeanalysed The histogram
suggests that the Nrade %) data possibly comes from two populations as shiowfigure

18, even though the second population looks much smaller than the first. The Distribution is
nortsymmetrical, possiblyuk to theexistenceof the small population and the short tail that

exists on thénigh-gradeside.
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The Nickel grade statistichave been summarised in Table b2low. The skewness
parameter @nfirms the asymmetry observed in the histogram. Likewise, the kurtosis value of
4 confirms the leptd&urtic histogram shape. Furthermore, the-tmgmal estimate is

identical to the raw data average at 0.0905%.

Table 12 Nickel (% Ni) Classical/Summary Statistics.

No of Assay 3225

Min (%) 0.0681

Max (%) 0.127

Range (%) 0.0589

Average (%) 0.0905

Variance (%) 0.00006

Standard Deviation (%) 0.0079

Coefficient of Variation (CV)| 0.09 The average Ni % of the raw dat|
Skewness 1 and the lognormal estimate Ni %
Kurtosis 4 are identical

Log Average [In (%)] -2.406

Log Variance [In (95)] 0.007

Lognormal Estimate (%) 0.0905

A closer look at Ni cumulative distribution frequency in Figure 19, highlights the possible
existence of multiple populations, identified by the changes in the slope on the graph. Also,
the curve onthe high-grade end is wider, which correspond to the thicker tail (small

population)observedn histogram
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Figure 19: Nickel (% Ni) Cumulative Less than & Greater Frequencycurves.
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4.2.6. Copper (%Cu) Statistical Analysis

The distribution of Copper, the second of the two base metal elements, has the longest tail on
high grade end of all the elements analysed. The histogram ssjgglésbugh not strongly,

the possibility of at least two populations, as illustrated by distribution models drawn in
Figure 20.
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Figure 20: Copper (% Cu) Histogram.

Cu summary statisticis presentedn Table 13below. The Lognormal estimate is 0.0078%

Cu, and itis virtually the same as the untrémrsned average grade of 0.00%8Zu. The
difference is a negligible 0.26%. The positive skewness of the distribution is confirmed by
the skewness parameter value of 3. The kurtosis wl@é confirms the leptéurtic nature

of the distribution.

Table 13 Copper (% Cu) Classical/Summary Statistics.

No of Assay 3225

Min (%) 0.005

Max (%) 0.0225

Range (%) 0.0175

Average (%) 0.00782

Variance (%) 0.000004

Standard Deviation (%) 0.0019 :

Coefficient of Variation (CV) 0.25 T G EEES SEHEEn

SKewness 3 average C.u grac!e and the
_ lognormal estimate is 0.00002 o

Kurtosis 16 0.26%, which is negligible

Log Average [In (%)] -4.875

Log Variance [Ir96)f 0.042

Lognormal Estimate (%) 0.00780
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The Cumulative Cu Grade Frequency Distribution (FigupecBhfirms multiple slopes in the
middle section, an occurrence being attributed to an existence of a possible second population

from which the data isoming from.

Cu Cumulative Frequency
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Figure 21: Copper (% Cu) Cumulative Less than & Greater Frequency curves

4.2.7. Density Statistical Analysis

The seventh and last variable analysed is density. It is a very important vasatised to
calculate tonnage of the resourceseing evaluated, which in turn is used to calculate
(estimate) the actuahetal conteni through average gradeandfinancial valuationof the
deposit

Data fromin situ tailings density comes from two populations, as indicatethehistogram
shown inFigure 22. The second population is slightly smaller and exists dngherend of
the densitygrade yalue3. The underlying distribution of each individual population is
interpreted to be symmetrical. Visually, these distributiores the closest to a normal

distribution of any variable (elements) analysed.
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Density Histogram
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Figure 22: Density Histogram.

The Density ammary statistics in Table lgkelow clearly shows a skewness parameter of 0
indicating symmetry and a kurtosisf 3, indicating amesekurtic shape, both are
characteristics of a normal distribution. Also, the-tmgmal estimate is a lowly @01g/cn?
(0.00%)abovemean calculated from untransformed data.

Table 14: Density Classical/Summay Statistics.

No of Assay 3225

Min (g/cn?) 1.065

Max (g/cr) 2.575

Range (g/cr 1.510

Average (g/cr) 1.8728

Variance (g/cm) 0.057

Std Dev (g/cr) 0.238 .

Coefficient of Variation (CV)| 0.13 v d|ﬁerenqe SEEE

SKewness 0 average dengty va!ue and the
- lognormal estimate is 0.0001 or

Kurtosis 3 0.00%, which isirtually identical

Log Average [In(g/chi 0.619

Log Variance [In(g/ciHi® 0.016

Lognormal Estimate (g/cf) | 1.8729
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The symmetry around the crossover of the two datiwe frequency plots shown in Figure
23, confirmthe likelihood of a normal distributiofor the density datarhe slight change in
the slope on #right confirms the existenad a second and smaller population on hingh-

gradeside.
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Figure 23: Density Cumulative Less than & Greater Frequencycurves.

4.3. Summary and General Discussionon Statistical Analysis

The dstributions of the grades in the Case Study tailings gaesented byistograms and
cumulative frequency graphappearto be mainly asymmetrical and positively skewed to
varying degrees. Although the data is skewed, it is just a slight positive skelwnabaost

all the variables. Furthermore, distributions of some of these elements (Au, Cu, Ni and
Density) come fromn more than one population, and as such histogesndsaveragesf such
elements alone cannot be used to conclusively deduce the underlying distribution without

turning to other statistical parameters.

Some of the statistical parameters were selected@ngiled into one table (Table L& be

able to draw some additional conclusions. In terms of skewness, density is the only variable
that returns O for this parameter; therefore, it is the only distribution that is outright normal.
Two other variables (Aand Ni) have skewness of 1. The rest of the variables vary between 2

and 4 which correspond theslightly longer tail on théigh-gradeend.
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Table 15: Comparison of some of the parameters from variablé@summary statistics.

. Log-normal | Meanvs Log-nomal | - qficient of
Variable Skewness [Std Dev| Mean Egstimate Estimate Variation
Diff % Diff
3E 2 0.143 | 0.783 0.783 0.0006 0.08 0.18
Pt 4 0.091 | 0.478 0.478 0.0006 0.12 0.19
Pd 3 0.068 | 0.253 0.252 0.0008 0.31 0.27
Au 1 0.021 | 0.052 0.052 -0.0003 -0.54 0.39
Ni 1 0.0079 | 0.091 0.091 0.000005 0.01 0.09
Cu 3 0.0019 | 0.0078 0.0078 0.00002 0.26 0.25
Density 0 0.238 | 1.873 1.873 -0.0001 0.00 0.13

The Coefficient of Variation (CV) was also looked at; this parameter provides an indication
of the variability of the variabléelement)being studied; the higher the CV the greater the
variability and the smaller the less the variation in the data. Vatyalsl concluded to be
minimal in the Case Study tailings dam, as confirmed by the small CVs. For Au the CV =
0.39, the Pd CV is 0.27 and for Cu the CV = 0.25, whilst the Gemnsmalker for the rest

of the variables.

A conclusion can therefore be dmawased on thenterpretation of acombination of
parameters, particularly related toskewnessand the differences (%) betweerthe
untransformed mean and logrmal estimate. Logormal estimates calculated returned

values virtually identical to the aritretic mean in all variables.

The biggest difference i90.54% for Au, followed by 0.31% and 0.26% in Pd and Cu
respectively. The rest of the variables have almost zero differences. Log transformation is
therefore not viewed as a prerequisite before krigsiigce no substantial improvement is
expected to be realised on the accuracy of the estimated results. As such the Case Study

tailings dam was kriged from raw and untransformed data.

Out of interest and for comparison purposes, three variables wereededadtkriged on both
raw and log transformed data. The three variables are: Density, 3E §sdeQthapter)7
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CHAPTER FIVE: GEOLOGICAL MODELLING

Geological modelling i computer aided exercise, aitds a critical stepthat is performed
to try anddelineatethe ore body into aresaof similar or identical characteristics, to improve

the accuracy of the estimation.

The geologicaimodelthat is producedheeds to be geometrically consistent and adequately
capture key geometric factors that influence dmsribution of potential economic grades
Moreover attention must not only be given to geology, grade distribution and profile must
also be considered for building a comprehensive geological nfodehccurategrade
estimation(Vann, (2008)).

Geologicalmodelling of the Case Study tailings resources was also performed to try and
establish gedogical zones or facieshat might have an impact dnfluence on grade
distribution and continuityThe following tireevariablesthat might reveal geological zape

were studiedand assessed: lithology (tailings material), PGE gré8€) and particle size
distribution (PSD). The fourttvariable water content does not necessarily have any
relationship with gradesincePlatinum tailings are not comprised of sd&uminerals that can
dissolve and get mobilised by watétevertheless, water contemas alsoconsideredfor

reference purposes

5.1. Lithology (Tailings Material)

Crushing and grindigp of ore during processindeforms or mixes the petrological and
mineralogi@l signature of each individual rock type. For this reasoatailings lithology
was largely classified based on clayey content and grain sizeefl¥i®physicalparameters
in turn, areconsiderablyinfluenced bythe tailings deposition process. Sandydacoarser
materials are more likely to settle adjacenteedingpipes laid arounthe edg of the dam,
while fine and clayey particlesretransportedurtheraway from the pipes teardsthe centre

of the dam

A 3D view of the lithologies observed inglboreholes is shown in Figure 24 beldle dam
is mainly comprised of two maitailings lithologies namely Silty Sand (SM) and Clayey
Sand(SQO). SM is generally medium to fine graineg®iC materia) in the other hands very

fine to ultrafine grained.
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A lithological trend, although weaknddiscontinwus, exists in the dam. &eraly, the finer
and clayeySC material occurscommonly and in much thicker proportions in boreholes

drilled in andaround the centre of the dgfigure 2).

Figure 24: A 3D view of lithology on all boreholes across the dam.

Silty (sandy) SM materialpn the other hand, is commonly found to comprise boreholes
drilled around the perimeter of the dam. These boreliokdslled around the perimetér
usually only intersect finer SC material, towards the bottom of the dam, although
insignificant SC patches are also found occasionally and erratically spreading throughout
those boreholes. Similarly, the topmost material on SC dominated boreholes dalied ar

the centre of the dam, is often comprised of SM material.

Despite the localised patterns noted above, the continuity and consistency of lithological
distribution is not strong or large enough to facilitate any subdivision of the dam into
geological bnes based on the lithology. In addition, significant interlayering of SC and SM
was noted throughout the dam. The overall impression is that lithology does not have definite
and large scale pattern that can result in the dam being subdivided intoghgeiogical

Zones

Based ortheselithological distributionsthe geological modebf the Case Study tailingdam
was generated comprising ordysinglezone thatovesthe entire dam
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5.2. PGEs (¥) Grade

The 3E grade (Figure 25vas also assessed as anotlarablethat can possibly be used to
establishgeological zonesA relation was found to exist between lithology arBRE grade
distribution Generally,high grade was often found to be associated with finer SC material,
whereas coarseSM material wasoften not as richas SC materialFurthermore, igh 3E
gradei and muchthicker high grade profilei wasoften found in boreholes drilled in and
around tle middle of the damin line with thetrend noticed orSC lithology. Boreholes
drilled around the perimet tend to havgoodgradevalues towards the bottoof the dam
whereSC material is also found

What is unique abouhe grade distribution is thatnterlayeringof low and high grade is
found to bemoreprominentin 3E grade valueshan what wasbseved n lithology. As was
the case itithology, 3E grade donot carryand displayconsistenand large scale treadhat
could be used tdacilitate any practical subdivision of the dam into degical zones
Therefore,a concept of asingle zonghat was created asmentioned undeiithology, is still

applicable sinc8E grade assessment did rffect (introduce)any changesn the zone

Figure 25: A 3D view of spread of 3E grade on all boreholes across the dam.
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5.3. Particle SizeDistribution (PSD)

Particle size distribution (PSD) or grain size vaés0 measured by the lab as parsample
analyses. Seven sieves were used to measure PSD; namely 250 Micron (pm), 212um,
180um, 150pum, 125pum, 75um and 45urSix boreholes on the midestern section
(coloured red in Figure 26Jid not havecomprehensivé®SD resultsand as suckvere not
considered. To perforrBSD analysedn only two sizes250um, 212um, 180um and 150pum
sieveswere combinedo represengreater than (>L50um (Figure 2B Likewise, 125um,

75um and 45um were also combined to reprelsmstthan<) 150um(Figure 27.

The PSD trend observesl that boreholes domired by particle size greater thaBOum are
located on the soutbasten corner of the dam (Figure R@AIso, the last row of boreholes on

the northerrend comprises at least 50% partigjesater thail50um the rest of the borehole

havefewer anderratic spreaidg of particles bigger that50um throughout

PSD>150 (PSD
fie)
| [ABSENT]
W 0125
[ (125285
W (25375
W 37550]
" [s0625]
162.5,75]
W (75875
W (575,100.1]

Figure 26. A 3D view of grain size >150um (%) on all boreholes across the dam.

Particle sizes less than 150pn turn, is the size that is more prominent or dominanhée
dam (Figure 27). Breholes drilled in and around the centre of the dam are overwhelmingly
dominated byparicle sizes <150um. Thereis also asignificantintedayering between the
two PSD sizes (groups)on all the boreholesFurthermore,PSD analysisrevealed that
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correlationexists betweerPSD, lithology and gradeéSmall sized sieves correspond to SC

materia) which in turn is often associated with high grade.

Similar to the 3E and lithology, the PSD trendwas also found to be irconsistentand

discontinwus on a largerscale or along similar elevatiormcross boreholeso warrantthe

establishment of géagical zoneshased on PSD sizes

Figure 27: A 3D view of grain size <150um (%) on all boreholes across the dam.

5.4. Water Content

Moisture content is the onlyariablethat was found to beconsistentthroughoutthe dam
(Figure 28. All boreholes are comprised of three levels (zones) of moisture content: dry,
partly wet (Moist) and wet. Thenoisture content trendés consistent throughoudll the
boreholes, dryis the topnost zone followed by partly wetin the middle, and wet ashe
bottom-most zone of each borehol€he only exceptiowas encounteredt the top when
drilling was conductedoonafter rain. Inwhich case patches of moist andet materialwere

encountered at the top.
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Platinum taiings arenot comprisd of solublemineralsthat can dissolve and get mobilised

by water, thus ater content does not haveyamnpact on grade continuity or lithology.
Consequentlygedogical zones were nanodelled based on water content. Water content
was onlyconsidered as a bemolark or indicabn of what theconsistency and continuity

that could be modelledlooks like It is also a good indicatioan drilling recovery, that is
where or when precaution would need to be exercised to improve recovery, should more

drilling ever decidedhn the futre

Figure 28: A 3D view of moisture content on all boreholes across the dam.

5.5. Summary on geological modelling

The tree main variables analysed abovethat arerelevant to grade distribution and
continuity, were found to be niconsistent and largely discontinuous for any practical
geologcal modellingto beperformedon a tailings dam scale. ®easonableorrelationexists
between lithology, grain size and gradheit this correlation wasiot useful in facilitating
geological mdelling. The correlation acrosthesevariablesis that SC material is the finest
(PSD< 150um) and iis typically where highest grade is found. It is also the material that is
found to have been transported the furtresay from discharging pipes (perigter). The
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opposite is the case with SM material, which is the coarsttively poor in grade and

deposited usually along the perimeter.

Figure 2%, 2% and29c areexample of sectionaused to asses®rrelation betweelithology
and gradse (3E andthe base meta)s In these figures # gring in the middledepictsthe
actualborehole tracand the colour is based on titeology legend The rainbow bar on the
right representsBg/t, thebrownbaron the left iSCopper % and light blue string also dhe
left is Nickel%.

Legend [=3] Legend (8]
Lith Tadngs 4E Ta#ngs
W cu W 5C] [(ABsSENT] Jl [0.8,0.9]
N o sF1 [SCREE] B 023506 Wl 0512 S
W craveL] [l (sM) M w©so7s) W (127275
[0.75,0.8]
TD53
9 TDg
+ TD52 1 TD9 5
!' O TD81 TD82 TD80 TPTQ TP 0 4 +
] (4 1 b4 b 4

9 b
-.l 3

F
U T e e e e SN SRR e,

. .
e ——— e ————————r

HHil

£

|
|
i
|
[
:

Figure 29(a): A crosssection view correlating lithology and grades (3E, Copper and Nickel).
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Figure 29(b): A crosssection view correlating lithology and grades (3E, Copper and Nickel).

50



Legend [2] | Legend (=]
Lith Taiings 4E Taiings
W icu W sC [#8senT] [l [0.8,09]
N B GF] [SCREE] M [0.385,06] [l [09.1.2]
M craver] [l sm W cso7s) M [11.27.275) S
[0.75,0.8]
TD59 D
4 N

TD58 TD61 TD64 TDET TD70 TD12 TD15 TD3
L
«

b 5 q .
-»I - + !,l +*

- 4
b +* ¥

il

Figure 29(c): A crosssection view correlating lithology and grades (3E, Copper and Nickel).
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In summary, the centre of the dam is mostly comprised of SC material and is very fine
grained. It generally has good or thicker high grade (profile) accompanied by thizkneet
Whereas the perimeter is mostly comprised of SM material, fine to medium grained and

grade not as high as in the middle part of the dam.

Furthermore, the topmost portion of several boreholes is generally comprised of SM material,
and grade is oftein the lower ranges. Similarly, the bottom portion of most boreholes is

comprised of the much finer SC material and grade is in the upper ranges.

The inconsistet and small scale continuity tie threevariablesrelevant to gradeontinuity
did not reslt into meaningful subdivision of the dam into geological zones, wieittioonly

a single zondeingmodelled to remsent the entire dam (Figure)30

Figure 30: A 3D view of wireframe model for the whole tailings dam (proportonal scale).
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The area at the top of the dam (810 970m) is more than 20 times the average thickness of
the dam (42m). Forthis reasonthe elevation (z cordinatg was exaggerated0 timesto

allow easier analysis amutesentation (Figure 31

Figure 31: A 3D views of wireframe model with exaggerated z coordinate.

The wireframegenerated from the single geological zoagresenting the Case Study tailings
dam was used toreate a B x 5m x 5m blockmodel (Figure 32) into whit grades were
interpolated for the final resource model.

Figure 32: A 3D viewsof 5m x 5m x 5m block modelwith exaggerated z oordinate.
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CHAPTER SIX: ANALYSIS OF GRADE CONTINUITY
(VARIOGRAPHY)

Variographyis a critical stepin geostatisticsand it is a prerequisite forKriging. It is a
techniquethat isused to analyse spatiebrrelation of thegrades in theore body.Sample

gradevariability is analysedh relationto the distance and orientation betwéssm

A key assumpon being that the grade values of a variabldeing analysed for spatial
correlationcome from the same population and tlme tifferences among the grade values

(samplespepend only on their relative separat{@oombes, (2008)).

Experimental semvariograms are calculated from sample data as part of variography, and
variogram modelsare subsequentlfitted (modelled) from thafragmentary information
gathered from drilling and samplingo draw a meaningful conclusiortoncerning the
unsampled portionfdhe ore body
There ardour commonvariogram modelavailablefor modellingin geostatistics:

1. Spherical

2. Power

3. Exponential

4

. Gaussian

Additional modelsarealso availablen thetwo softwarepackages that were useddonduct
spatial modelling and estimai:

1. De Wijsian(Datamine)

2. Hole effect(Visor)

3. Dampened hole effe¢Visor)

6.1. Case Studytailings dam variography

The Case Study tailings damasiographyi including variogram models was performed
using Snowden Supervisor (Viso®\ lag of 100m, which corespond to drilling grid of
100m x 100m, wasused to calculate experimental serariogramsNormalised ariograms
were generatedand correspondingmodels were fitted on all the variablesof economic
interest All sevenvariableswere foundto have a prefered orienttion and therefore
anisotropic ariogam modelswverefitted. The strikeof the preferredorientation is noted to
be closely relatedamongthe elements;in this case the preferred orientationtypically
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aligned toa NW-SE or NESW directiors, which isgenerdl in line with the drilling pattern
or grid (Figure 33.

Furthermoremineralisation continuity oéll variables revealed an underlying nugget effect,
which has beewgalculated on a downhol#irection where lag distanceas small adm can

be considered

Figure 33: Search ellipse to show preferred orientation of some of the variogram models.

The Nugget effect is a discontious behaviour near the origin and it reflects a highly
irregular behaviour (movement) tife regionalised variable at short distanaesyhich case

variogram[g(h)] does not tend to zero hdends to zergvVann, (2008)).

Variogram models dr the main direction are the onlgnes presented in this section.

Downhole and secondary directions presented in Appendix A for information.
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6.1.1. 3E Variogram

The 3E grade(the combination of 3 metalsPt, Pd & AY has areasonable level dfpatial
correlation(Figure 34) Its normalised semviariogramshows considerable grade continuity
that goescomfortably beyond 300m, which isequivalent tothree rows of drilling (3 X
100m). This continuity reachethe sill at 500m along the prerred main directionThe

nugget effect (variance) eonsideredigh at 0.45

The spatial variancégnormalised)calculatel on the first lag [g(100)] plots just above 0.7.
Nugget (0.45) +0.25 = 0.7 he implication isthatthe actual continuitynodelled fromthe
100m lagonwards only accounts far third of the total variancgsill). It further impliesthat
considerablespatal variability existsbetween 0 and 10@, and it account30% of thetotal
sill. In the100m to 200m rangethe spatialvariability changes from 0.7 to 0.9 (0.2y, 20%
of the total sil) with the remaining 10% of the variability in the 2@0to 500m range
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Figure 34: Anisotropic variogram model for 3E.

The 3E variogram models a nested structure comprisedtiofee spherical modeldlested
structures or intermeshed structures indicate the presence of spatial correlatféareatt d
scales or at different ranges. These different scales of variation are superir(ipased
(2008))
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6.1.2. Platinum (Pt) Variogram

Platinumis the biggest contributor tdE3gradeand for this reasothe semtvariogramof the
two elements behavia asimilar manner(Figure 35. The Pt semivariogram, likewise, has
good spatiatorrelation that extendsp to the third row of drilling (300n). The variogram

model, similarly, is a nested structure comprised of three spherical models.

The nugget variance fdetis 0.52 and it is the highest of all variables. Normalised spatial

variance calculatednthe first lag §(100)] is also the highest approximately0.77.

(Direction 1) 02-->145: Continuity for PT
Domain TAILINGS

- 197500
" o T T5pn(0.15)47m)
07 — - 190000
0.900+ / N
e " —+82500
0.825+ y Sph( 0.12, 320 \
+75000
0.750+
Tsphiozf, 101) 167500
06757
=1 1 160000¢
S0.600+ : . % =
B M?del Pammelters __525003
30'525 ::N( 0.52) Link [Sils = &)
' + 450005
£0.450-1 Nugget: [052 D
00.3?5 + ¥ 2[seh oz [ +37500
0.300+ ¥ 3 |Sph v| 012 (320 430000
0.225-1 V¥ 4: |Sph «| |015 473 122500
0-150—- Coy | Pose| ' s [ 14000
. ™ Lock sile [ Constriain draggers
0.075+ [~ Lock ranges [ Imvent +7500
0.000 1 | I 0

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700
Sample Separation (m)

Figure 35: Anisotropic variogram model for Pt.

6.1.3. Palladium (Pd) Variogram

The Palladiumvariogram model islsoa nested structurd.ikewise, is comprised dhree

spherical models (Figure 36

Pd grade continuity has one of the shortest ranges, and the experimentafrsegnam
reaches the sill by the third row of drillif@00 m). The variogramhas beemmodeled to a
rangeof 390 m. The Nugget variance igonsiderechigh at 0.42, and the spatial variance

calculatedon thefirst lag distanced(100)] is about 0.7.
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(Direction 1) -02-->145: Continuity for PD
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Figure 36: Anisotropic variogram model for Pd.

6.1.4. Gold (Au) Variogram

Gold hasoneof the best spatial correlation ali elements analysed (Figure)3The Nugge
variance is the lowest at 0.Also, the normalisedspatial variancérom thefirst lag [g(100)]
is the lowest at0.38, whichis evenlower than nugget variance ofiost other elements.
Therefore the spatial variancenodelled bythe Au variogramfrom 100m and beyon(lL00

500m) is 0.65, indicating bettespatial correlation than in other elements.

The variogram modeils a nested giicture comprised ofwo spherical models. The total

range of mineralisation continuity is a reasonablerf35
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(Direction 1) 00-->045: Continuity for AU
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Figure 37: Anisotropic variogram model for Au.

6.1.5. Base Metals (Cuand Ni) Variogram
Copper (Cu)

Copper like the PGEs, has reasonablemineralisation continuity (Figure 38). The
experimental semvariogam reaches the sill just aft800 m (equivalent tothree drilling

rows away); the rest of the range is reasonablyeexiedto 428 m by the variogram model
fitted. The fitted nodel is also a nested structure comprised of only two spherical models
Nugget variance is eeasonable 0.44 and the normalispatial variancérom the first pairs

of the selected lapgy100)] is0.65.
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(Direction 1) 00-->135: Continuity for CU
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Figure 38: Anisotropic variogram model for Cu.
Nickel (Ni)

Nickel has a slightly differerttehaviour in thexperimental semiariogramafter 300m; the
variogramdrops off and has sill (roughly at 095) below the normalised totalll (1), see
Figure 39below. The variograniluctuatebelow 1before iteventuallyrises above the total
sill after 750m.

The variogram model is a nested structure and @gomprised of three spherical models. The
nugget variance isomparativelyhigh at 0.49 and the spatial varian@alculated fromhe

first lag [9(100)] is approximatelyD.75.
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(Direction 1) 00-->140: Continuity for NI
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Figure 39: Anisotropic variogram model for Ni.

6.1.6. Density Variogram

Thetailings dam, as expected, does not have constamiformdensity becausef different
compactions intailings materialsthat exist from top to bottom at the darRurthermore,
different rock types with different specific gravibhave beemilled at the plantTherefore
for an accuratestimationof tonnages ithe dam, density would be estimated for eachicell

the blockmodel;as suchvariogram is also calculated for density.

Density produced a variogram closely similathe PGE and Base Metals contained in the
dam (Figure 40. Nugget variancés relativelylow at 0.33 The normalisedspatialvariance
calculaged onthe first lag §(100)], similarly isslightly betterat 0.66.The variogram model is

also a nested structure that is comprised of three spherical models
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(Direction 1) 00-->150: Continuity for Density
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Figure 40: Anisotropic variogram model for Density.

6.2. Variogram Summary and Discussion

Surprisingly, a decentpatial correlatiorhas beerfioundto exist n the Case Studyrailings
Dam. Al sevenvariables haveeasonablespatialgrade continuitywhich translate to the
possibility of using krigingto performestimation ofthe tailings resourcedNugget effects
being realised in the dam are considdredein line with the deposition processes that gave
rise to high lithological variabilityThese nugget variances wederived from downhole

direction.

The experimental servariograms calculatettom sample data acquired from the dane
anisotropic and display a preferred orientatidime impact ofthe data limitation from
undrilled portions in the danpdue to budget constraintis not established, particulanlyith
refererce to the direction of the anisotropic variogranand nugget effect Middle areas
(penstock) of the dam, as well as two rows on the western side of the dam were not drilled
due tothe budget constrainf(Figure 4). The orientation preferred by most Variagrs is

generally &gned to drilling rows,eitherin NE-SW or NWLSE direction It has been noted

61



that all variogram directions do not intersect or approtdehdrilling pattern obliquelyto

maximisedrilling informationavailable

Gaps left
undrilled due
to budget

4500
5000
5400

G000

Figure 41: Undrilled portions as well as garch volume superimposed on drilling grid.

The gatial variance calculated ofirst lag [o(100)] is generally quite higfor most of the
Variograms on average being about OTherefore the variancemocklled from 100m tothe
maximum ranggaccouns for less than 30% (one third) of the total dilue to the spacing of
100m x 100mthere is a level ofinknown behaviouthat exists irthe variogrambeween 0
and 100m, whereup to 70% of the totalvariogram sill existsin that rangelf the level of
accuracy and certainty takes precedence over budget consaaintkng grid of 50n x 50m
would have been ideal for this tailings démconfirm estimated variogram structures at short
ranges which weremodelled without anyactualexperimentalariogramvalueswithin that

range

Variograms presented and discussed abovefaréhe main directioss of all the seven
variables of interestSecondar direction and plunge dpwnhole direction) were also
modelled ad used for estimation, Graphs (Figures) of which are presented in Appendix A.
Variogram models generated on Snowden Supervisor were exported into spreadshatt

three directionsn a Datamineompatible formafTable 16.
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Table 16: Variogram model parameters.

VDESCVREFNUNVANGLEIVANGLEANGLER/AXISIVAXISIVAXISINUGGEJS T STIPARIS T1PARS TIPARBTIPARISTAS T2PARIST2P ARIBT2P ARIB T2P ARIS TAS T3P ARIS T3P ARIS T3PARIG T3PAR
3E 1 100 5 -50 3 1 3 04 | 1] 151 | 100 | 11 ) 017 | 1| 330 | 231 | 21 | 016 [1] 500 | 415 | 25 | 027
PT 2 3b 5 20 3 1 3 1 052 [1] 118 | 97 8 022 | 1| 320 [ 232 | 16 | 011 | 1] 413 | 495 | 25 | 0I5
PD 3 -145 5 -160 [ 3 1 3 04 [ 1] 136 | 120 | 14 | 014 | 1| 277 | 175 | 24 | 021 | 1] 30 | 417 | 35 | 05
AU 4 0 0 -45 3 1 3 01 | 1] 372 | 405 | 19 03 | 1] 5% | 549 | 3 06 [ -] - - - -
CuU 5 0 0 45 3 1 3 | 044 1) 22 | 271 | 17 [ 021 | 1] 428 | 344 [ 30 | 03B | -| - - - -

NI 6 0 0 50 3 1 3 1 049 [1[ 115 | 153 | 10 | 013 1) 305 | 2601 | 17 | 027 [ 1| 487 | 48 | 29 | o1l
Density] 7 0 0 60 3 1 3 1 033 [1] 141 | 199 | 15 | 006 | 1) 333 | 296 | 25 | 042 [ 1] 478 | 442 | 31 | 019

Analysis of grade continuity artie spatial correlations that have baewealeds not only a

prerequisite to kiging estimation that wilbe carried out and discussed shaorityhasalso

answered one of the keyestions of the researabout mineralisation continuity ithe Case

Study tailings dam

Mechanical deposition of tailingmadeit impracticalto modelgeological zonegdomairs).

Brief trends, Bortlenses andhtermixing ofdifferenttailings materiad, as well aslternating

high and low gradereventedthe establishmenbf multiple gedogical zonesin the dam

Regardless of thidifficulty experiencd during geological modelling, grade contityjuhas

been established througlexperimental semivariogam calculations and subsequent

variogram modellingMechanical depositioprocesses thaffected gelmgical subzoning,

togethemwith inherent sampling error, might have given riséheecomparativelyhigh nugget

variance being realisedn the dam

Overnall reasonble spatial correlation exister all the variables considered in tBase 8idy

tailings dam and therefore estimation of grade thrahglgeostatistics techniquérdinary

Kriging in this casewould beperformedandwill be discussedhn thefollowing chapter

The accuacy of the resultant modastimateswould also be established through model

validationshortly, acritical step thatddresedsome of the remaining questions or objectives

of the project.
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CHAPTER SEVEN: GRADE ESTIMATION

7.1. CaseStudy Tailings Dam GradeEstimation

Grade estimatioms the process wherelgrade of avariableof interestis estimatedhrough
Kriging T or any other geostatistica@chnique’ into each cell of the geological block model
created during gdogical modding. The estimated resource modetaken through rigorous

validation process before it ssibsequentlysedfor resource classification and evalwati

Estimation of the Case Study tailings resourcess carried out usingDatamine. An
i nteract AT & 0 i BEr8atarkvinewas used to perforrthe estimation process.
Ordinary Kriging isthe geostatisticatechniqueselected as the appropriate estimation method
i n the fAEST,whidhieguives thefollawing iput filesto run the process
1. Sample(grades file i A de-surveyed and 1rmompositedsamplesvas prepred from
borehole data for thgrocess
2. Block mocel i 5m x 5m x 5m block model file was generated during geological
modelling process5 m block size was selected deliberately to standardisposup
size as close as possible tmomposites folatervalidation purposes.
3. Variogram modelsi Variogram modelling wagerformedusing SnowdenVisor
(Supervisoy and imported as Datamine compatible file
4. Search volume A file that defines search volwmellipsoid (search or kriging
neighbourhood) for eackariablebeing estimated. Axis rotation and spateigeson
this file were imported from Visor Variogram models. A minimum fainpleand a
maximum of 20 samples were also specified on the file.
5. Esimation Parameteris the file that specifiedte estimation methodsnput files and

outputfiles wasreferenced.

Apart from axis rotation and spatial ranges (search radii) imported from Visor Variogram
models, kriging neighbourhood analysis was not cotediitherefore the block size as well

as minimum and maximum number of samples were selected intuitively and on a trial basis.
In retrospect, larger block size, such as 50x50x5, would have been more appropriate, as
elaboratean inthe Conclusion and Reconendatbn section.
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Prior to running final grade estimation processes,gstimation parameters specified (get)
the input files were eistedand assessethrough Crosv al i dat i on, fqr thX VAL 1 D¢

optimal performance and tevealthe possible level oaccuracy of the estimation results

Crossvalidation, also known agck-knifing or point kriging is a statistisbased method
which can be usetb optimise variogram models, as well as search and estimation parameters
(CAE Datamine, (2013)).

In the cros-validation processveryoriginal (actual) valuén the sample file is removed and
an associated new valigestimatedrom the remaining neighbouring samples that the
original and the estimated valuase compared for their differences.

Crossvalidation results for all variables are presented in Figure 42 below: Records 1 to 7 are
the crossvalidationresultsof variablesbased on th&nal estimation parameters/hich are

the parametershat were applied in theactual kriging of the Case Study itangs dam
Records 11 to 17, on the other hand, representithgsvalidation results of the seven
variablesderivedfrom the original(initial) estimation parameters befongnor adjustment

were effected

: File Edit View Add Insert Tools Window Help

DSEI &S S BRBZPFENX|FR Y1 > oA * B DB 28

RECORD |ID/(N)] VALUE IN...|VALUE O... |IMETH... |SRE... |wReF... [P...|num... | wu...| acT vean ... [esT mean oo [orr ) [Pc OFF... [M... [AcT vaR ... [EsT VAR ... | cOR coE... kv vMoD 0 |
1 * = 3 1 1 2 3232 0 0.78439645  0.7843963 0 0 0 0.00942217 0.00942217 1 0.53258836
2 | 201 PT 3 2 2 2 3232 0 047831666 0.47881666 0 0 0 0.00334964 0.00334964 0.999  0.68581669
3 | 3PD PD 3 3 3 2 3232 0 0.25315804 0.25315804 0 0 0 0.00241765 0.00241765 1 0.51529002
s | 4m AU 3 4 4 2 3232 0 00521885 005218859 0 0 0 0.00034812 0.00034812 0.999  0.18550361
§ | scu (a¥] 3 5 5 2 3232 0 0.00784518 0.00784518 0 0 0 0.000002098 0.00000209 1 0.55566658
6 6 NI N 3 6 6 2 3232 0 00905203  0.0905203 0 0 0 0.00003301 0.00003301 1 0.6360239%
77 | 7 density2 density2 3 7 7 2 3232 0 1.87342617 1.87342617 0 ) 0 0.03503354 0.03503354 1 0.43685355
8 ES =6 3 1 1 2 3232 0 0.73439645 101280873 0.22841228 -29.119 1228 0.00942217 0.01455599 0.997  0.2355869
s | sw cuG i s S 2 3232 0 00074518 0.01021987 -0.0023747 -30.269 3747 0.00000209 0.00000316 0.997  0.00002058
10 | 10densty2 densiG 3 7 7 2 3232 0 187342617  2.3312843 0.45785813 -24.439 5813 0.03503354 0,05483616 0998  1.0897235
u_ | u= = 3 1 1 2 3232 0 0.78415%4  0.78415794 0 0 0 0.00914475 0.00914475 1 0.57585239
2 | 12pT PT 3 2 2 2 3232 0 04741277, 04743277 0 0 0 0.003%25 0.0033625 1 0.68570719
3| 1B P 3 3 3 2 3232 0 02517192 0.25317192 0 0 0 0.00234889 0.00234889 1 0.60609235
14| 14au AU 3 4 4 2 3232 0 005210063 0.05210063 0 0 0 0.00034631 0.00034631 0.999 031166338
15 | s <Y 3 s S 2 3232 0 00074148 0.00784148 0 0 0 0.00000208 0.00000208 1 0.60663209
6 | N 3 s 6 2 3232 0 00905395 0.09053959 0 0 0 0.00003568 0.00003568 1 0.5435764
17 17 density2  density2 3 7 7 2 3232 0 187334948 18738998 0 0 0 0.03665105 0.03665105 1 045512109

Figure 42: Cross-validation results.

These results in Figure 42 abosgeggest thathe input parametersrea sufficient and
optimally setfor ordinary kriging oftheraw (untransformed) datah& actual an@stimated
mears of the sevenvariables (first sevenecord$ are idenical. The same hold true for the
variancesactual andestimatedvariances aralso identicafor all seven variableghe first
sevenrecord$. Therefore Ordinary Krigingof this tailings resources generallyexpectedo

be anunbiased and accurate essitionmethod
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The tree variables (3E, Cu and Density) that have been selected fiooriogl testing also
underwent crossalidation process. These variablegould be estimaté twice: raw
(untransformed) as well akwg normal data. Crossvalidation resuts of the three log
transformed variables arpresentedby Record 8 to 10 (Figure 42) There isa huge
difference between the mean calculated from original datatleatdrom logtransformed
grades Lognormal values are considerabigher than the actuahean, which ar@9, 30 and
24%higher in3E, Cu and Densitgespectivelylt was concluded that this is an inappropriate
estimation method.

Final grade estimation into geological block models performed forlbsevenvariables(six
metabk and Density)hrough kriging of untransformed data

A brief review of the estimated resourff#dock) model wascarried outto ascertairwhether
the modeis preliminarilyacceptablelt was also performetb establish whethegapsor cells
with blank estimatesxistin the resource modéFigure 43. 3D view of the model confirmed
that all cells along the perimeter of the resource moedetwstimated because gaps (cells

coloured in greyrould benoted.

Figure 43: Top view and bottom viewof the full resource model.

Furthermoe, 5m composited boreholes wéoadedwith the resource modéb review the
estimatedcells against borehole datSections were cut along the drilled pattern to confirm
that the model is representatiof the sampldata (Figure 4@) to 44(d)).
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Figure 44(a): N-S sectiors cut across the resource model along drilled rows.
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Figure 44(b): N-S sections across the resource model along drilling rows.
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Figure 44(c): N-S sections aapss the resource model along drilling rows.
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Figure 44(d): N-S sectionacross the resource model along drilling rows, with actual grade
values.
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A review of the resource model confirmed that estimation carriedvas successful and all
cells wee esimated for all severvariables of interest. Furthermoigrade profileplotted or
loaded from resource modelatchel that fromthe 5m compositd borehole dataery well.
Therefore, theresourcemodel passed or satisfied thieitial review, and more rigorous

validation processhen followed, whichs discussed in the next chapter
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CHAPTER EIGHT: MODEL VALIDATION

Validation is the process theg undertaken to confirrwhetherthe resource estimatiothat
hasbeen arried out produced resource model thaeasombly reflects and compards the

original data (sample data) that wased in the estimatigorocess

In the Case Study tailingeesource estimatiorthe model validation ighe rigorous and
comprehasive quality assuranddat wascarried outin additionto the two brief reviews
undertaken previously, which are

1 visual inspection of graderofiles betweerresource modeind boreholrofiles;

1 and the preemptive crossvalidation processthat was performed tooptimise

estimationparameterdefore the actuastimationwascarried ait.

The boreholedataused in thevalidation processvas5 m long composites, to bring its

supportsize in line withcells of the 1 x 5m x 5m block modelused for estimation.

Validation was carried out through summary statsticstograns and QQ Plots:

8.1. Summary Satistics.

Statistical validation involvedomparing key statistical parameters of borehole data against
resource model (Table7L Margin of the differences, betweenragmeters of the two data

sets weraised to give amdication on quality of the estimated model.

Table 17: Resource model versus 5m BH composites summary statistics.

VARIABLE TYPE |NSAMPLESMIN | MAX|RANGIEMEAN %MD[;';ZO VAR (STD DENSTD ERL%KEWNESSURTOSI
3E Borehole 681 0.523] 1.458| 0.935] 0.786 -1.668 0.01351] 0.116 | 0.00445 2.0 6.55
RES Modgl 635403 | 0.556| 1.393| 0.837| 0.802 0.01196| 0.109 | 0.00014 1.7 3.88
PT Borehole 681 0.334] 1.037| 0.703] 0.479 -0.805 0.00498| 0.071 | 0.00270f 3.3 19.55
RES Modgl 635403 | 0.352| 0.944( 0.592 | 0.485 0.00360| 0.060 | 0.00008 2.6 11.00
PD Borehole 681 0.172| 0.561| 0.389] 0.254 -0.932 0.00336| 0.058 | 0.00222] 2.3 6.42
RES Modegl 635403 | 0.178| 0.516( 0.338( 0.257 0.00243| 0.049 | 0.00006 1.8 3.49
AU Borehole 681 0.013]0.115| 0.102] 0.053 -1.049 0.00036| 0.019 |0.00073 0.4 -0.46
RES Modegl 634932 |0.014] 0.110{ 0.096 | 0.054 0.00042| 0.021 {0.00003 0.0 -1.17
cu Borehole 681 0.005] 0.018| 0.012] 0.008 -0.755 0.000003] 0.002 | 0.00006 2.4 8.62
RES Modgl 634608 | 0.006| 0.016[ 0.010| 0.008 0.000003 0.002 | 0.00000 2.0 5.28
NI Borehole 681 0.075] 0.113| 0.038| 0.090 -0.233 0.00004| 0.006 | 0.00025 0.7 0.67
RES Modgl 634408 | 0.078| 0.113[ 0.034 | 0.090 0.00003| 0.006 [0.00001 0.8 0.83
density Borehole 681 1.183[ 2.429| 1.246| 1.886 1141 0.04442| 0.211 | 0.00808 0.3 -0.38
RES Modegl 635403 | 1.301| 2.377| 1.075| 1.901 0.04553| 0.213 [0.00027] -0.1 -0.82

The main and critical statistical parametassessets the global averageyradeof the two

data sets forall variades estimated; as suchifférence (in percentage between thee
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averagegmeans)are presented in Table7labove.The highest diffenece (worst value) is

still a very reasonabldl.67% for the 3Edata sets. Negative valu@licates thathe estimated

3E averageis 167% higher than theéorehole datanean The differences between averages

of all grade variables suggest that a good and representative global resource model was

produced from the Case Study tailings dam.

Individually, elements that comprigbe 3E returned even smaller differerszdt estimated
globalaveragds only 0.826 higher tharthe borehole datanean. Pd estimation also returned
a very reasonablglobal average that is onl§.93% higher tharthe borehole data mean
Density has the secorighest difference, yet the average is sdlisonalyl 1.14% higher in
estimated results than in the 5m composited borehalesasthe third highest differencen
these global averages noted from ¢hse study estimatipnomingafter 3EandDensity;it is

1.05% higherin the resource model than the borehole average

The remaining twograde variablegbase meta)s likewise, returned good andomparative
global estimatesThe Cu estimatedaverageis only 0.76% higher than that froborehole
data.Ni is the best estimatd variablethe diffelence between averagefthe two data seis

a mere-0.23%.

Statisticalvalidation through comparisdretween estimated averages from resource nmodel
that ofborehole data ge someassurancef the kiging estimation performedthereforethe
results areonsideredeliableand representative of the resources contained in the Case Study

tailings dam

8.2. QQ Plots andHistograms

QQ-Plot is a graplof the quantiles of a grad# one data set (resource model) againet th
guantiles of aaother data sefboreholes). A quantile is defined as the fraction (or percent) of
the number of data points belowgaven value. If the two data sets come from a population
with the same distribution, the points shofatl approximately bbong the 45degree reference
line (CAE Datamine, (2013)).

It must be notedhat the Q@®plots used for validation purposes in this resedrate been
generated from supports that are not entirely compaslstecore (composites) vs 5xbm x
5m blocks. Thetechnique, however, has practical benefits in establishimgasonable

indication or comparisoaf thedistributiors of the two data sets.
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8.2.1. 3E

3E quantilesplot approximately along the 4%egree line for most data poinfSigure 45.
The only noticeable deviation from the referenceline is noted on points starting
approximatelyat 0.67 g/t and belowwhich accounts fdess tharlL0% of the total data.

QQ Plot (3E)

3E (g/t)in Resource Model
5

o
~
w

4+
0.65 ¥

(0855 T T T
0.55 0.65 0.75 0.85 0.95 1.05 1A% 1.25

3E (g/t) in Drillholes

Figure 45: Reproduced 3E QQ Plot (with aiginal Datamine plot insert).

The dstribution of the two data setexcept forthe deviations at the top and bottom ends
plots close to eacbther The differences at the extreme end beeause othe different
supports which isleading toslightly different variability in those grade vwadsat both ends
Thereforethe conclusiorirom the QQplot aboves that the twalata sets come from similar

shapedopulations.

The hstogramsshown n Figure 46 support the conclusion drawn above concertie3E
estimation. The effect of differensupport sizes ialsoevidentin the figure with the smallest

support size (1m samples) having the biggest st data

The ZE validationconfirms that Ordinary Kriged estimats closely resembldorehole data
from whichestimationwas derivedandtherefore geostatistical technig(@rdinary Kriging)

is a goodestimation methodor a reliableand representativevaluation of the Caseti#ly

tailings dam
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Figure 46. 3E Resource model histogram againdioreholes (1m and 5m) Composites

8.2.2. Platinum (Pt)

ThePlatinum QQPlotresembles B very closely with just some minor differems at the top
quarter (Figure 4)7 Deviation fromthereference 45°) line, likewise, is slightly noticeableat

lower grade valuedt is further notd that a gap exists between 0.62 and @/f%here there
areno data points plotteddnly one point plots after the gap at approximatelygt.8rhe Pt

QQ Plot therefore indicates very similar distribution between 5m composited boreholes data

andblock estimated results (resource model).
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Figure 47: Reproduced Pt QQ Plot (with aiginal Datamine plot insert).
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Individual distributions of the three Pt data sets are plotted on histograms on Figure 48 below.
The 5m composited boreheldata is distributed almost identical to #stimated resource
mode]| the expected effect of the change of support is also evident in the tails of the
distributions. Therefore, th&®@Q plot and histogramgeasonably affirmpositively the

estimationcarried out forPt grade.
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Figure 48. Pt Resource model histogram againdtoreholes (Im and 5m) Composites

8.2.3. Palladium and Gold
Palladium (Pd)

The quantiles on the Palladium Q®lot (Figure 49), like other PGEs, dmt deviate by a
significantmargin from the referendee. The onlynoticeabledeviation is orthe threedata
points at the higher end of the grade spectrwinich accounts for less thafo3of thetotal

data set.
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Figure 49: Reproduced Pd QQ Plot(with original Datamine plot insert).

The Histogram plotsof the Pd daa sets (Figure 50arebehavingas expectedThe resource
modelgradedistributionhas assumedshapevery muchin line with the distributiomoted in

borehole dataAs expectedthe spread irarrower in bigger support sizeand vice versa
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Figure 50: Pd Resource model histogram againgdioreholes (Im and 5m) Composites
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Gold (Au)

The Gold QQplot is oscillating aroundhe referenc€45°) line (Figure 53, which is due to
the possible multiple Au populations in the distributiasidentified earlier in Section 2.4.3.
The minor slump at the bottom quarter, followed llmymp or lifting from thereferencdine

after midpoint, affirms this possibility
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Figure 51: Reproduced Au QQ Plot(with original Datamine plot insert).

Histogram plotted from resource model anch Borehole composites evidently magnifies the
existence of those populations in the data (Figie Thereforethe bgger support size is
clearly replicating the different populations that exist in the data. As such, Au grades from the
Case Study tailings dam can be confidently declared as coming from at least two distribution
populations. Overall, the Au validation coimfns that the original data is reasonably
represented or replicated by the resource model. Therefore, kriged estimates of Au data are

acceptable.
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Figure 52: Au Resource model histogranagainst drillholes (1m and 5m) Composites.

8.2.4. Base metals (Cu and Ni)
Copper (Cu)

The QQplot of Copper as experienced iseveral other grade variables validated soifar,
plotting tightly along theeference (45°)ne (Figure 53. Furthermore, up to 80% of the data
is concentrated at the bottohmrtd of the graph, which is alssherethe data plots perfectly
and toucheshereferencdine. The slight deviation in the tails is due to the change of support

and the possibility of more than one Cu distribuersting in the data
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Figure 53: Reproduced Cu QQ Plot(with original Datamine plot insert).
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Distribution of thethreedaa sets, as plotted Figure 54, is virtuallydentical Theslight and

unusual difference is at the peaiklike most other grades,rb compositedoreholes peaks
slightly higher than the resource model distributi@verall the estimatedresults are
concluded tde a good refleain of the boreholes data used to derive the estimation
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Figure 54: Cu Resource model histogramagainst boreholes (In and 5m) Composites
Nickel (Ni)
Nickel QQ Plot, as with other variables, confirmghe similarity between boreholes

composites and block estimates. Theantiledata plotsvery tighty along thereferencdine
(Figure 5).
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Figure 55: Reproduced Ni QQ Pbt (with original Datamine plot insert).
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The distributional behaviour of the data sets in Figure 56 is viewed as normal or typical of the
Case Study tailings dam. As expected, high dispersion is notedaiwithtsmaller support

size, likewise less dispersed distribution is realised in bigger support sizes. Furthermore,
estimated grades peak slightly higher tharm5composited boreholes data typical

occurrence in other variables
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Figure 56: Ni Resource model histogranagainst boreholes (In and 5m) Composites

8.2.5. Density

Density is the lastariable b be validated. Its Q@lot (Figure 57, is differentin thatthe
graphbarely touches the reference (48fe. Although the graph aes not necessarily plot
exactly on the reference line, the deviation is not severe or a complete turnaround from what
has been witnessed in other variables of the Case Study tailings dam. This deViatgalyis
attributed to the observation that thare possibly more than one density distributions at play

in this tailings damand exacerbated bthe change of support effect between the drill hole
and resourcenodelgrades

80



QQ Plot (Density)
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Figure 57: Reproduced Density QQ Plot with (siginal Datamine plot insert).

The resource modelisdribution plottedin Figure B confirmsthe existents of at leagtvo
populations as is the case with the boreholes dateurthermore, the shapes of the
distributions of the data setslosely resembleeach otlker. Density QQ plot and the
relatiorship between resource model andrbcompositedatain the histogramarereflective

of the quality andeliability of the estimation carried out on density.
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Figure 58: Density Resource model hisgram againstboreholes (1Im and 5m) Composites
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8.3. SUMMARY ON VALIDATION

The threestep comprehensive validation process undertaken in this Sectmmdtusive
regarding the case study projeéss validated bysummary statisticgTable 17 in Section
8.1), differencesin the means of the two data set® minimal on all variableswvith the

highest difference a reasonable 267

Furthermore QQ Plots convincingly confirms that resource model and sample data comes
from similar distributios. The histogramsof all data setsvere furtherplotted together to
confirm the change of support effeeind to assesghe closenessof distribution shapes
particularly between resource model anchomposited boreholel all cases both these

requirements were met aatlowed for conclusion regarding the kriged estimation method.

Difference between samples and estimated grades, although fairly small and within
acceptable ranges as far as the scope of this Research Report is concerned, could possibly be
as a result of seeral factorskriging neighbourhood analysis that was not undertaggpport

size, inherentampling error, nugget effect, other kriging parameters or even knngetgod

itself used to conduct estimation.

Validation of the Case Study tailings resouraaeerall,has revealed a resource model that is
acceptableand that reasonably reflects the amai sample data. It also givesnfidence on

Kriging estimation method and its application on estimating tailings resources.
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CHAPTER NINE: DISCUSSION

The CaseStudy tailingsresource wasuccessfullyevaluated(estimated)using a standard
approach to collegdamplesand analyselata from the laboratoryvhich involved
91 Drilling
Sampling
Assaying
Statistical analysis
Geological modelling
Variography analysis

Grade estimationthrough Ordinary Kriging a geostatistical technique

= =2 4 A4 -4 A -

And Resource (grade) model validation

9.1. Drilling, Sampling and Assaying

Sonic drilling, a specialised drillingechniquethat does not require drillinfuids when
drilling loose particleswas successfullgmployed to extradhe full profile of the tailings
damfor sampling Goodrecovery of tailings was also realised.

Contamination and poor recovery initially encountered on wet samplestiieete/o main
challenges that needed to bledestood and addressed in the early part of the projécs.
contamination is generally a consequence of unconsolidated tailings falling off the side walls
of borehole being drilled, or material that is being shaved off whilst the core barrel and rods

are keing retrieved or returned into the hole to drill the next run.

To establishandbr quantifythe amount of contamination to be discarded from the sample,
several logging factorgparameters)were considered; suchs moisture contentcolour
contrast, taihgs material difference (lithology), and compaction. Contamination orthe
contaminated part was often not consistent withatttaalsample beingecoveredand these

factors were used to separate the taaierials

Theshort fall in identifying contamationis that the process is not vesraight forward and
clear cutasexpectedout it is different from sample to sample foom borehole to boreHe.
Furthermore, there is aelement of subjectivitythat often gets introducedespecially in
projects baig logged by more than orgeologistalternatingone another. The case study

project was samplelly the authothroughout and itis thereforeconcluded thathe effect of
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subjectivity was greatly reducedAs such the component oinconsistencyn the sanpling
processs could only have been minimisebly such practisethereby promoting better

analysis, particularly geological modellimdnich is heavily based on logging

The second challenge was the recovery of tailings in the wet zone of the dam. Tailings
saturated with wateoften slid back into the borehole when core barrel was being pulled up
for sample riieval. This was théiggestproblemwith the first two or three boreholes where

poor reoveryto norecovery was being realised in the deepest@edf the damA device

call ed fACore catcher o was idevicewadinserteddisidé o s ol

the bit to act as a oneay valve that only allows sampheaterialin and not ou{Figure 59.

Figure 59: Core Catcher to improve recovery of wet tailings.

The diametepnf the core barrel used for sonic drilling, as pointed out previously, isr8.9
This in turn impliesthat huge samples were Ingi generated andent to the lab. Smaller
machines ohalf that diameterthat has the capacity and power to penetrate tailiagteap
as 60m could not be supplieh time for thedrilling project The downsidef a big drilling
rig is that samplessabig as 30kg werebeing sent to the lab (Figure 6@he issue is that
mary standardaboratoriesare not often builto handle drilling samples that bigherefore,
proper lomogenisation of suclarge sanples canbe a big challenge Furthermore splitting
or selectinga representative lot from the sample is undoubtedly openmrto. It is a process
that is most probably left tmput from thelab analysist rather than a system automated to
randomly andndependentlgelecta properlynomogenised lot

The problem oflarge samples was partly addressed by sampling per metieathsf the
initial intended 2m long samplesln addition the laboratory contracted to do the analysis

was required to modify their processes to accommodate huge samples being generated.
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Figure 60: Histogram of sample weights ent to the lab.

Although someimprovements can still be made for future prggesampling conducted is
concluded to be the true representation of the Case Study tailingsSaaa. drilling is

therefore one of the best possible waf/drilling and samphg tailings dam.

9.2. Statistical Analysis

Data acquiredrbm the Case Study tailings damwas analysed statistically to reveal the
underlying distribution of each gradeariable to be estimatedHistograms, cumulative
frequencycurvesand summary statisticshigs were generated for a completesrview of
the behaviour of eackariable (Pt, PA3E, Au, Cu,Ni and Density)

Distributions & most variables have been reveal®d be norsymmetrical and slightly
positive skewed The magnitude of the nesymmetry, asdeduced by other statistical

paraméers, was noted to bearginal inmost cases

Critical parameters for allvariables werealso compiled into one table for a holistic
conclusion of theCase Study projedfTable 18). Although most of the data imarginaly
skewed the difference between the mean and-lagmal estimateis negligible The biggest
difference is-0.54% for Au, followed by 0.31% and 0.26% in Pd and Cu respectively. The
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rest of the variables have almost zero differen&¢atistical analyses ¢nefore provedhat

Ordinary Kriging (OK) raw datawould be appropriate foan unbiased estimation

Table 18 Comparison of some of the parameters from variables summary statistics.

. Log-normal | Meanvs Log-normal Coefficient of
Variable Skewness |Std Dev| Mean Egstimate Estimate Variation
Diff % Diff
3E 2 0.143 | 0.783 0.783 0.0006 0.08 0.18
Pt 4 0.091 | 0.478 0.478 0.0006 0.12 0.19
Pd 3 0.068 | 0.253 0.252 0.0008 0.31 0.27
Au 1 0.021 | 0.052 0.052 -0.0003 -0.54 0.39
Ni 1 0.0079| 0.091 0.091 0.000005 0.01 0.09
Cu 3 0.0019 | 0.0078 0.0078 0.00002 0.26 0.25
Density 0 0.238 | 1.873 1.873 -0.0001 0.00 0.13

Neverthelessout of interesthree variables 8E, Cu and Density) werstill selectedand
kriged on both originahs well as logransformed datéor comparison purposes onlyhis
confirmed that OK using original data wié® more reliableapproach

9.3. Geological modelling

Geological modelling to subdile the tailings dam into zones of simildraracteristicsvas
attempted but no tangible zones could be established. Three parameters that are relevant to
grade continuity were assessed: tailings material (lithology), grade content (4E) and patrticle
sizedistribution (PSD).

A very broadand general trend was noticedthe dam. The centre of the dam is generally
very fine grained, with high clayey conterih general,it is also where the grade is at its
highest.It was also discovered thdti$ trend however,doesnot extend the full profile of the
dam that is, from top to bottom or acroai boreholes in and around the centBome
portions or pdr of boreholes in that area were found to contonsiderable amount of

relativelypoor gradeor coarsematerial

Another trend identified was the bottemost portios of boreholes throughout the dam are
often comprised of very fine grained material with high clayey content, albeit in varying
thicknesses, with fairly high grade content. The thickness dinnbeand rich bottom part is
slightly thin on southermost portion of the dajrbut progressively gets thicker towards the
north, with the thickest and richest zone realised onNbeh-westerncorner of the dam
(Figure 61).
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Figure 61: Bottom view of the north-western corner of the model.

Boreholes drilled around the perimeter of the dasre found to begenerally coarser in
comparison to the centre, witdverageto low grade content. Furthermoigporadic lenses

with high gade are also encountered in these boreholes.

The trends from any or combination of thariablesassessedere found to bénconsistent
and very discontinuoutd warrant any meaningful subdivision of geological zones, hence

only a single zone (envelopajes modelled to cover the entitailingsdam.

Intermittent lithological lenseas well as alternatingigh and low grade arease attributed

to mechanically deposition process. It is a process which icaomdistentlycontinuous,
which further depends ahe type of ore being milled as well as ttapacity or volume being
pumpedthrough the systenit often takes years and countless pumping cycles to construct a
tailings dam of a considerable size. These pgtoppump cyclesand tailings settlement

procesesare what give rise to alternating and inconsistent layering encountered in the dam.

9.4. Mineralisation continuity

The Case Study tailings resourcurprisingly revealedsufficient gatial correlationor
reasonable mineralisation continuity be evaluatedy Kriging. All sevengrade variables
analysechave mineralisation continuity with rangemt varies between 83n and 550m. A
100m x 100m patternwas followed to conduct drilling on the Case Study tailings project
thereforetheseranges (330m 1 550m) ealisedcorrespond ttetween 3 and Boreholerows,

as such search ellipse hadbugh sample data for proper estimatiéigure 63.
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3E (Domain TAILINGS)

1.1

1.0
094 ﬁ\ Downhole

\

Main direction

Gamma (0.021)

0.3+

0.2+

0.1+

0.0 T I L L] L] L L] I L L] ]
0 50 100 150 200 250 300 350 400 450 500 550
Sample Separation (m)

Figure 62: Typical variogram ranges (3E) inall 3 directions (blue, green & red)

All expeimental semivariogramscalculatedare anisotropic with vgimg nugget effects. The
nugget variance wageneratedmodelled)from the downhole or verticaldirection where
sample information i®ver the shortesinterval (1 m). Moreover, he nugget variace is
concludedo berelatively high. It hasbeen notedo averaget about 0.4 othe standardised
semtvariogramsill. This implies that it accounts for more thame third(~40%) of the total
sill variancein most grade variablest was further notethatthe spatial variancealculated
or realisedon thefirst lag of 100m [g(100)] averagd 0.7. Therefore between 0 and 100m
another30% or a third(0.3) of the total sillis added to the nugget eff¢t4+0.3= 0.7). As
such the variogram modééd on the actualexperimental semvariogrambeyond the first
100m lag §(100)] accounts fothe last third 080-40% (0.3)of thetotal sill variance(1-0.7 =
0.3), see Figure 62

The effect on geology of depositingtailings dammechanicallywhich renderd subdivision
of the dam into geological zones impractical, is undeisto be one of the reasons that led to

relatively high nugget varianee Although sampling error was not quantified because it is
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beyond the scope of this research, the nature of sagnphilings as well as sample
preparation at the laboratory could possibly have given taser contributedto some

sampling error, whicim turn could have contributed to high nugget variasice

The overall assertion from variography study of the CaséyS3ailings dam is thatariogram
models of all grade variableslequatelyreflect spatialcorrelatiors that exist, ancgare more

than sufficient to produce a resource model.

9.5. Resource Model

The resource model of the Case Study tailings dam was subseqgendsated based on the
mineralisaibn continuity established. Th&eostatisticalestimationwas performed using
Ordinaly Kriging in Datanine. The estimation processnrauccessfully and all seven
variables were estimated into each cell of threx5m x 5m block model.

Parameters used or set to condsptial interpolatiorwere testedthrough crossvalidation
process, which is amdependent process incorporated into Datamine, where each original
sample value is removed and estimated (kriged) by the ptaenpeovidedogether withthe
remaining neighbouringsamples The difference betweelkey parameters (e.g. mean)
calculated fromthe two data setsofiginal data andestimated valugswere analysed to
anticipateor give a prior indication intthereliahlity of the estimation ofhoseareas that are

not sampledbut wouldbe interpolatedThis process confirmed that estimation process input

files were sufficiently optimised.

9.6. Resource Model Validation

Spatialinterpolationresults vere accepted as a trueflection of the resources contained in
the Case Study tailinggdam after undergoingthe final rigorous validation process.

Validation of the esource modelas carried ouas follows

Visual Validation: resource model againsborehole strings (5m composites)

The first validation step was a brief overview of the resource model grade profile against the
known borehole data, in this casenscomposited boreholes, on section cut across all drilled
boreholes. Estimated grade in the caltjacent to borehe traceswere found toclosely
resemblegrade profile inthoseboreholes and no difference could be spofidse sections

revealed thatas expectedll cellswere within the variogram ranges and therefore estimation
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wasaccuratelyperformedinto all the cells.As suchthe model satisfieglisual inspection and

was passed to the next level of validation.

Statistical Validation

The second validation step was an in depth statistical validdflears of the estimated
resource model werompared againshe associatethears of the origind sample dataThe
original 1m sample data wasomposited into 5n long composites to standardise support
size. Thereliability of the resource model wamalysed by assessing the difference in these

averages on a globalae

All the differences retued a negative value which implies estimation figures to be
marginally higher than the original dafhe highest difference in the meansloé two data

sets was anarginall.7% realised on 3Bensity and Au has the secoadd third highest
differences, at 1.2% and 1.1% respectively. The rest of the variables have differences
betweenthar averagesat less than 1%The smallest difference was realised on Ni which
returned a mere 0.2%he gatistical validatiorproces<leaty indicatesa high confidencen

the Ordinary Krigingestimation method of the untransformed raw data.

As pointedout previously three grade variables were selected fortlagsformed kriging.
AESTI MATEO menu i n Dat ami megorlognamat khiggng whert i o n
Ordinary Krigingmethodis selectedln normalkriging, the weights are applied tbesample
grades, whereas for legprmal kriging the weights are applied to thedothmic values of
the gradesandarethenautomaticallybad transformedy the softwareResults of lognormal

estimation of the dected variables are presented’able 19

Table 19: Lognormal summary statistics against resource model and borehole data.

VARIABLE TYPE |NSAMPLESMIN | MAX|RANGEMEAN %I\LIDI;II:\IO VAR |STD DEYSTD ERRSKEWNE$BURTOSISOGVAR. OGESTM

Borehole 681 0.523| 1.458| 0.935| 0.786 -1.668 0.01351| 0.116 | 0.00445 2.0 6.55 0.018 0.786
3E RES Model| 635403 | 0.556| 1.393| 0.837| 0.802 0.01196| 0.109 | 0.00014 1.7 3.88 0.016 0.802
RES Mod log 635403 [0.703| 1.865| 1.163| 1.088| -35.660 | 0.02183| 0.148 | 0.00019 15 3.41 0.016 1.087

Log mod vs borehole difference | -38.352
Borehole 681 0.005/ 0.018| 0.012 | 0.008 -0.755 0.000003 0.002 | 0.00006 2.4 8.62 0.032 0.008
Cu RES Model| 634608 | 0.006| 0.016| 0.010| 0.008 0.000003 0.002 | 0.000002] 2.0 5.28 0.032 0.008
RES Mod log 634608 [0.007| 0.021| 0.014| 0.011| -34.097 | 0.000004] 0.002 | 0.000003 1.9 5.07 0.029 0.011

Log mod vs borehole difference | -35.703
_ Borehole 681 1.183| 2.429| 1.246| 1.886 1141 0.04442| 0.211 | 0.00808 0.3 -0.38 0.012 1.887
Density | RES Model| 635403 |1.301|2.377| 1.075| 1.901 0.04553| 0.213 | 0.00027| -0.1 -0.82 0.013 1.901
RES Mod lofy 635403 | 1.627| 3.396| 1.769| 2.479| -30.418 | 0.082934] 0.288 | 0.000361f 0.1 -0.68 0.014 2.479

Log mod vs borehole difference | -31.401
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Lognormal krigingsignificantly over-estimated thehree selectedariables by quitesome
margirs, 31%, 36% and 38% for Density, Cu and 3E respectivEherefore Ordinary
kriging of the raw data of th€ase Study tailings dam returngte best possible estimates
under the current algdhim andvariogram modelsnjodelled grade continuity

QQ Plots and Histograms

The final rigorous validation of the resource model was performed thrQ@@iPlos and

histograms.

It is imperative to note thate QQ plots were technically generated fromfeliént support
sizes, 5m borehole composites and 5n%m x 5m block model.Furthermore, the change of
support, as expected was evident through deviations from referendedd®) line in the
lower and upper extreme value$ most variablesHowever the graphs werepractically
sufficient for the scope of theproject Therefore distributions of estimated variables in the
resource modelwere ultimately comparablevith distribution from the 5m borehole

compositesto offer valuable insight into the two dasetsregardless of the technicality

QQ plots convincingly confirm that the resource model reasonably reflects borehole data
from which it was derived from and it is well within acceptable marditsstof the quantile

data points plot very tight td¢ referencdine (Figure ). Deviations from theeference

lines worth mentioningre noted in the middle parts thie Density and AuQQ plots, which
arethetwo variables with the confirmed distribution underlainrbyltiple populations.The

rest of thevariablesplot approximately on line, with deviations only noticed from marginal

points at both extreme end6PGES(3E, Pt and Pdjue to the change of support effect

Deviations being observed from the extreme low and high grade values are manifegtatio
different (or partly incompatible) support sizes between resource model Block&m x 5m
andstrings of5 m borehole composites. Therefore, more emphasis is given to the central part
of the QQ (ot for this validation purpose. QQ Plot validatiom&ioms that resource model
reasonably reflects the original sample data. In turn, this gives an assurance to the Ordinary

Kriging methodselectedo conduct estimation

91



QQ Plot (Density, 3E, Pt & Pd)
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Figure 63(a): PGEs, 3E and Density QQ Plat

QQ Plot (Cu, Ni & Au)
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The last validation point was thHastograms to plot thélistribution of the two data sets
There is a reasonabsmilarity in the distribution (spreadand behaviouof resource radel
and 5m compositedorehole dataFurthermore,tie appearance of more than one population
in variables such as Au andebsity areclearly mapped ouand magnifiedoy theresource

model data

The Case Study itangs dam is thereforesuccessfully estimated by Ordinary Kriging,
regardless of its formation as a marade ore bodyalidation processegave a compelling
assuance to the qualitgf the resource model produced. This motledreforeis considered
to be atrue representatiomf sampling data acquired, as well as beimg axceptable
estimation model and goaeflection of mineral resources Bted inthe dam, which can

confidently beused foreconomicevaluationor valuationof the dam.
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CHAPTER TEN:

10.1. Conclusion and ReRcommendations

The main aim of the projectwhich was toprove that geostatistical techniquesuch as
Ordinary Kriging, can be applied in its current form estimating tailinggesourceswas
achieved The Case Study tailingglam wassuccessfull estimatedthrough Kriging, a
geostatisticaltechnique that has ben developed ah thoroughly improvedto address

challenges experienced in estimatingitu geological ore bodies.

Sonic drilling was proverto be an appropriate methad drilling and sampling tailingsot
gathersampleinformation. Some improvements catill be madeon the methodo address
two shortfallsthat have the possittyi to introduce or increase sampliagor, which in turn
can have a bearing onugget effectThe improvements are
1 Reducing thaliameter of the bit and core barrel, thereby o@aly the sample sizes.
This in turnwill improve sample handling, homogenisation amehplified splitting of
representative |adt the lalratory.
1 Drilling can also be carried ouin conjunction with casing the entire length of the
borehole,to alleviate rsk of incorporating contamination into samples or part of
samples being discarded as contamination, particularly whesgu compaction is

highly loosened up during sample recovery.

Furthermore, an opportunity exists to conds&mpling error quantifiteon (exercise)lt is
an area that can be undertaken to understand sample collection and analysis of tailings
resourceandtherelationshipof that sampling and analyss nugget effect

The information gathered from the tailings dand results from thelaboratory, were
subjected tdurtherdataanalysis typically undertaken in mineral evaluation

Statisticalanaly®s of the data collected from the dam reveateeldistributionof almost all
variables tabe nonsymmetricaland slightly positive skewedMoreover, further look at the

rest of statistical parameters revealed the margin of the positive skewness to be insignificant.
Differences between original data means andniognal estimates in all variablesere
negligible, thus no improvament onaccuracyof the estimationwas expected tbe brought

about by logtransformationof the data Statistical analyseghereforeJead to a conclusion

that raw data would be kriged for primary estimation of all grade variables.

94



Nevertheless, 3 grade variables (3H,dhd Densityvere selected to baiged twice,firstly
linear kriging of raw data andhenlognormal kriging.By doing thisan opportunitywas
created to quantifythe actual difference between the twoocedurs, which in turn
establisked magnitude othe effectof the skewnessrothe estimation of the radata

In the end, Ordinary Kriging ofaw data produced estimates that were closest to original
sample data. Grade variables were only overestimated by values varying between 0.2 and
1.7%. Lognormal eshates in the other hand weret successful. It seriously overestimated

the three selected grade variables by margins between 31 and 38%afmle Density was
overestimated from expected amlistic tailingsin situ1.9g/cn?, toa solid rock equiviant

of 2.5g/cnt. Furtherinvestigation of lognormal behaviour othe Case Study tailings dam is

onearea of this researthat can still bénvestigated further

The geological modelling was only attempted from 1m compositedholes. The trends

from any or combination of the variables assessed were found to be inconsistent and very
discontinuous to warrant any meaningful subdivision of geological zones, as such, only a
single zone (envelope) was modelled to cover the entire tailings dam. Howevet;rtietesl

grade model isndicating high grade (PGE) zones that are sliglatger andbetter defined
Therefore, it is recommended that geological modelling should be attempted using 5m

composited boreholes.

Sufficient or reasonable mineralisatioortinuity was found to existin the dam, and its
characterised byigh nugget effectAlso, the mineralisation continuity has got preferred
orientation, therefore, it is anisotropMariogram modelgor 3E, Pt, Pd, Ni and Densigre
nested structures compets of threespherical modelsAu andCu arealso nested structures
but are comprised ofwo spherical modelsBreakdown of thestandardised tgtal) sill
variance, as modelled by the variogram, is noted as follows:

- Nugget variance contribute about30 ta?40

- 0-100m contribute a further 30 to %0

- and the last 30% exist between 100 to 600

It is evidentthat 100m lag distance corresponding to the @08 100m drilling pattern
producedvariogram modelshatare sufficient foresource estimation for all gragariables.
It is still recommended that drilling grid comprisé of one row across the dam and another
along should be drilled on B0x 50m spacingto reveal the underlying variogram structures
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that might exist betweenr and 100m, which account for @6 to 40% of total sill variance

T or 60% to 70%when including the nugget effect

A block model comprising 5m x 5m x 5m cells was generated and used for Case Study grade
estimation, with the initial thought being to standardize the support size as sjosesile

to the 5 m borehole composites used in the validation pradcessdsight, thedrill spacing

of 100m x100mshouldalsohave been consided in the selection of thelock modelsize.
Therefore an estimation block size of 50m x 50m x 5m, whihalf the horizontal diance
between drillholes, woultlavebeen more appropriate, as it woulthvetaken cognisance of

the missing horizontal spatial correlation information betw@smnand 100m.

Nevertheless, theigorous andintensive validation mcessundertakenconfirmed that the
resource model produced #&e@ptable reliable anda good representation of resources
contained in the danTherefore the Case Study tailings dam wasccessfully estimated with
Ordinary Kriging @eostatistical technigg), and the resource model can bsed for any

initial economic decisiomakingregarding thexploitation of thdailings dam.

One of the key questions (Section 1.5.5) alvalith estimate is more accurate aradiable
between metallurgical accounted deaandgeostatistical estimated gradastailings dans

in general could not beansweredor the Case Study tailings daasexplained below

The Case Study tailings dasithe oldest in the complex; therefm@mplete and continuous
metallurgical recorsl of its grade and tonnages are unavailable. As sutigure ofl.1 g/t

for the 4E(Pt+Pd+Rh+A) gradewas provided by the metallurgical team prior to tailings
drilling commenced. The value is not an official metallurgical accounted number and is only
aglobal figure because there are no auditable (verifiable) records to establish accurate grade
and tonnages of the dam from the metallurgical accounting point of view.

Furthermore, amparison between the metallurgical 4E estimate and the Kriged 3E estimate
is deemed impossibléor the Case Study tailings damdue to limited Rbdium (Rh)
information currently availabld&Rh was only analysed on samples that have a 3E (P&thd+
grade greater than 1dit. In this case, only Kamples out of 3228.34%) triggeed the Rh
analysis threshold. Therefore, Rh was excluded ftbenCase Studyesulting in the B
estimationonly. Consequentlypo sensible compans between the two estimates is possible;

with metallurgical estimate being a 4E and kriged estimate a 3E.
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To include Rh in the model, it is recommended that at least0% of the total samples
should be analggl for Rh content.Common regression techniques could thenused to
estimate Rhgrade based on sufficient and acceptable data quaritdyn its linear
relationship with Pt/Pd grades for all the remaining samplesnot analysedfor Rh.
Subsequentlythe regressed Rban then be included in the kriging exercise to produce a 4E
g/t kriged estimatewhich couldbe used to establisbomparisorwith metallurgi@l estimate

In the Case Study tailings dat5-20% would have been 483 to 645 sampméshe 3225
samplesinstead of the current 11 samp{634%) thatvere assayed fdRh grade

Geostatisticatechniqus, primarily developed to estimate mineral reg@grin ann situ ore
body, can be applied ta tailings resource withoutodification of the standard kriging
methodology It is the best possible estimation technique that can derive praetichiable
and traceableesults for economic evaluatioof the valiable minerals that still exish

tailings, whichwerenotrecovered during ore treatment at the processing plant.
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APPENDIX

Appendix A: Variogram Models

(Direction 3) 85-->100: Continuity for 3E
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Figure Al: 3E downhole variogram model
(Direction 2) -03-->050: Continuity for 3E
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Figure A2: 3E variogram modelalong secondary direction
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Figure A3: 3E variogram modek (all three directionsi blue, green& red)

Figure A4: Pt downhole variogram model
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