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ABSTRACT:

The object of this project report 1s to examine how geostatistical me_thods can be apphied tb

ore reservs avaluations In the Archiaean gold deposits of the Barberton area, supported by

a cgse stﬁdy of the Woodbine deposit, Ef-.semlally thers were two inain peoblems identified
when trying to evaluate an Archasan gold deposit; firstly, the presence of extreme values
within the sampling data and secondly, the absence of a ¢lear gealoglcat contacts bet_men

which the oceurrence of gold Is limited,

Tn examining the first of these problems, 4 number of geostatistical evaluation methods were
examined in the light of thelr influence on eiteme values within the sampling data, Three

methods were examined in this project report. The second of the two problems is that of

estimating the total gold content (grammes) within a block of ore when the gold

mineralisation. oveurs over & width th ¢ Is greater than the expectéd mining width, The
approuch adopted was 10 optimise the smﬁpling data to varioys likely mining widths, thereby
creating & number of data seté. one for each uptimised's'tope' widtl, ‘The keiging of the
opthmised data atlowed for the development of a Grade-Stape Width model i-‘ur_ each "block”,
whereby the actoal stope values could be compared to the block estintates gen’erﬂtéﬂ by
varlons geostatistical methods under consideration, This concept of a Grade-Stope Width

model in & "whis veef” has important ramifications to Block Factor caleylations,
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1
CHAPTER 1.

The suceessful application of geostatistical methods tb the evalustion of ore reserves in the
Witwatersrand gold mines Is widely documented. Yet, In South Afeica st least, the
application of these methods to the evaluation .of Archacan gold deposits hag met with
{imited success. This fack of suecess can, i parr, be atteibuted to t_hé fait that each Archaean
gold deposit Is celatively small in sizo, has its own unigna geologleal and geostatistical

characteristics and that the gold minszalisation s often very irvegular,

‘Thie ohjact of Biis project report is to examine how geostatlstical methods can be applied to

 ora reserve evaluations In the Archaean gold deposits of the Barberton aves, These methods
~ were applied to & case study on the Woodbine deposit ar Agnes Mine, which is presently

owned by Basgtern Transvaal Consolidated Mines Ltcl., end I3 situated about eleven

kilometers to the southwest of Barberton,

- Essentially there ara two maln problems encountered when teying to svaluate an Archaean

sold deposit; namely:

{4) The presence of extreme values (or "outliers™) within the sampling data..
{b) The ore body frequently has no clear geologicat contacts hetween which the

oceurrence of gold Is Hmited,
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The first problem, that of extreme values, tends to form & very positively skewed population
disteibution, The occurrence of such extrame values can _catise sérioua pré_bleﬁis when trylng
to generats a meaniﬁ'gful semivariogram model for the evaluation of any' given depbsit.
Further, when evaluating a deposit using lognormal kriging, the presence of a few extréme

values within the sampling data will cause the variance of the transformed values to be

- gvergtated, This has very serious implications' wh'en retrangforming the kriged estimators

back into natural valies as an overstated varlance will result in the overvaluation of any

given point or ore reserve blogk, - _

In the svaluation of :piecious metals, the emg/t value is a measure of the specific mineral
content per unit of aren. Thersfore the second p}oblem causes some difficulty when
évaluating a deposit where the mineralisation occurs over 2 width that is greater than the
expected mining widdh, Thaus, af any g:‘ven point o cbang'e in the stoping width wzk' canse
the emght value, associated with that poins, o éimugé. This hag two imiplications; firstly,
when eviluating an area or ore reserve block the cmg/t vatue, and therefore the total -
contents of tﬁat atea, 4 not ﬂxeﬁ and is depemdent upon.tha astimaied stoping width,
Secondly; whete the estimated stoping width (or block width) ditfers from the actual width
at which the_stdps was later miined, comparisons betweets the actual value (cmg/t) realised |
and. the estiinated value (cmg/t) will lead to arroneous Block Factors, A realistic mmp'arison
will require the block width and actual stops width to be equal when cumparing' Val_ues

(emg/t) and determining Block Fa‘cfars.

The Barberton Mountain Land is a vaguely triangnlar shaped area of rugged topograply in
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the Lowveld of the Eastern Transvaal and Js adjacent to the northwestern border of
Swaziland .(see Figuté L1). Tha B'arbe_non greanémne belt, that forms part;.of the
mbunminous terraiﬁ, is eﬁmpr!sed of & 'wi;fe variety of volcanic, igneous and sedimentary
tack types that are surounded and intruded by gramitic rocks of divergent textures,

compositions and ages, (Anhacusser, 1986),

] 5 7 Baruraok Llnei
HF@rHOHHO '

BADPLAAG 2
Rrincstan-~Montrobe A&

Queans Rlver 4 7 | |
raan | | | |
Hootat] Alver « ~ Y SARBSERTON MUUNTAIN LAND

Valisy - ) L .

- a 20 = 40 km

- Bteyaui AV T pi
Goldtleld "7

| Figure 1.1: A simplified map of the Barberton greenstone bely showing the main regional
structural trends as well a5 the positions of soms of the puid cecurrences, indicated by the . -

small open clrcles (after Anhaeusser 1986).
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Gold has been mined in the Barberton * fountain Land for over 8 éenm;y,' with the first
occutrencs of gold belng recorded in Swaziland_'in 1873, 'Huwevar, mimng operations
stérted with the \éorking.bf atluvial deposits between i’opinyaua Creek and Piggs Peak in
{881 and in tﬁe. Jamestown schist belt in 1832 (ses Figure 1.1}, Also in 1882 Auguste
Robert (French Bob) discovered the Pioneer Reef, the first payable roef deposit, tocated in

the Moodies Hills. Futther exploration in the Moodies Hills during the sacly 1330'5 led to
the .d'iscovery a host of other reefy of which the Woodbine Resf wﬁs one (Danesl, 1987),
The discovety of further reefs within the Baroerton area, such as the Batber Reef in 1884
and Bdwln Bray's Golden Quarry in 1885, started a spectacular gold rush. However, these

discoverles were soon eclipsed by the discovery of ﬂ;a Witwatersrand Goldfield in 1886,

Nevertheless, the Barberton Goldtield has been a small and consistent producer of gold over
the fast century, The output for the period 1884 to 1983 Iy approximately 251 553 kg (or 8

087 429 oz.) of gold and 8 875 kg (285 331 0z.) of silver. OF tho gold produced, the

majority (over 70 percent) has comé from the four currently operating mines; namely, Sheba

and Falrview Mines in the Sheba Hills, New Lunsort Mine in the Jamestown schist belt and

 Agnes Mine in the Moodies Hills, The remaining 30 percent of the gold mined coming from

some 350 other gold ocenrrenuis, that wece only small workings or short-lived prospects

(Anhasusser, 1986),

The Woodbine deposlt, situated in the M_oorlies Hills, was discovered shortly after the
discovfsry of tha Pioneer Reef, along with a host of n&ex deposlfs such as the Tvy R&éf, vy

Resf Extension, Snowden, Highlands and Lesiers Reef (later renamed the Giles Réet). The .
tining of these reefs was started in the earty to middle 18805 by numerous prospectots and |

miners. However, the high royalties demanded by the owner of the surface and mineral



| 5 o |
-rights had driven away the smailer workers from the area by 1886 when the M_oudies Gold
Mining Syndicats was formed, However, by 1808 the Syndicate waé experiencing ﬂrlaﬁciai

diffioulties and ceased operations during the Boer War (Danesl, 1987, o

In 1908 Agnes Mine was started by Mr. A1, Knuckey and worked the Agnes, Ivy and |
Woudﬁlﬁé Reefs unti.l 19184, .In 1915 all the smaﬂel' properties were absorbed into the newiy
created Agnes Gold Mining Company uader the ownership of Mr, W.E, Rowe and M_r.
- O.W.W. Glbson, Operations have continned 1o this day. but ownership of_ Agnes Ming
passed to Eastern Transvaal Consolidated Mines Lid, br_x the 15t Qctober 1949 (Déneel,

1987). Cutrontly, Agnes mina s mining three resfs; namely, the Woodbing, Giles and

Princeton Reefs,

Pr'lor to 1977, the method used to evaluate an Archasan gold depdsit in the Barbertun ares

was to ders weste an ore reserve block and take the arithmetic avarage of the petipheral
samples, Vaclations wpon this basic theme may have been underteken, wherehy “trends"
 withint an ore resarve black wers noted ﬁnd cariain peripheral samples welghted by an area
of Influence, Indeed, sven today the routine mine valuations e t‘reqﬁently undertaken in ﬂils

manner,

In 1977 an experiment was conducted at Agnes Mine to determing If rogression techn_iquea
- ould be applied to the Woodbine and Giles Reafs, Tha éxper!ment was reviewed by Dr,

D.03, Krige, who commented that there was & good correlation between tha block vajues and
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the current sampliog values for the Giles deposit, yet the Woodblne dt}posit did not display

any such correlatlon (Internal Repot, Anglovaal 1977). This experiment, aécnrdlng to the

Records Depactinent of Anglovaal Limited, was 3hi.- first attempt to introduce statistically

-based mine cvsluation techniques to the Arcﬁnean gold deposlts of the Barbetton area,

The: first application of geostatistics in evaiuuting Aréhaean gold dépnslts of the Barbefton
area wis undertaken by Dr, EJ. Magrl and_Mrs. G. Knox in 1984, when botl_l ths
Woodbine and Giles Reefs were ovaluated (Internal Report, Anglovaal 1984), The 1084
evaluation was followed by numerqus. pther geostatistical mine .uvaluations in thé other

Archaean gold deposits of _the Barberton area.

OF the provious geosiatistical evaluations, the problem of extreme values was documented,

Some ovaluations would label these valucs as "population outliers" and remove them from

the data set, whilst others would leave the data sets Intact. The former causes concern, 1o
the pure statisticlan, .in that the samplos discarded may be teuely representative samples from
witiln iha_l: population, However, the iatter has Qerious implications for any mine evaluation,
whereby a smﬁll rurber of "outller” values are allowed to inflats the overall population
variange to an unraalisticatly high ‘lwel. Wﬁen dealing with transformed values (natural

logacithms) this s espectatly problematic as the level of the sill for a semivarlogram has an

influence on the backtransformation process of logarithmic values back

into natwral values. The second problem, that of no clear geological
contasts bekwoeen which the occurrence of gold is limited, has not bean
documenibed or accounted for in previous geostabistical evalvations.
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The figld of investigation undertaken, in this project report, has been limited to' the
application of geostatistical methods 1 evaluating the ore reserves of Archaean gold deposits
in the Barberton Mountala Land, A further limitation is that the sampling data, used in the
ease study of the Woodbine deposit, has besn restricted to the 24 ta 26 lave development
and 25 and 26 level stopes. This was found to be necessaty a3 the data above 24 level was

over fifteen years old and was not readlly available, It also sexved 10 lmit the amount of

“data to be physicaily collected.

There ave, essentially, two problems encountered when evaluating an Archeean gold deposlt,
a5 stated In Section 1.1 above, In examining the fivst of these probiems, thece are a number
of goostatistical evaluation methods that can be used fo deal with extreme values (or
“putflers™) within the sampling data, Three such methods will be examined .in this project

report; namely:

~ Case (a)t To leave (he data sets intact and accept the extrema values as being part
of the overall population and, thereby agreeing in peinciple, that the volatile

semivariogram created Is indicative of the nature of the ore body,
Case (b): To use “Indicators” to fsoiate 'the_eﬂ’ects_ of the extreme vatues, thus
effectively treating them as 8 geparate population, and ylelding a moxe stable

gemivaviogram for the remaining data,

Case (¢): To vxamine _tha comp'arntively_new "Rank Related Uniform Transform”



.
procedure, whereby the emg/t values are replaced by_ a_w:iue equal to their relative

rank within the data set, This approach is not Iufluenced by "outiiers” as such,

‘The second of the two problems eucountered is that of estimating the total gold content
{grammus) wilhiﬁ a E_:Iock of ore when the gold mineralisation occurs over a width _that is
greatee than fhe expected mining width, The appmach adopted was to optimise the sampling
duta to varfous Tikely mining wiiths, thereby creating n number of dats sets, one for euch
oprtmiset e width, Therefore, at any given sample point, u nurmber of values (emglty
no ualons widtns.' Agthe emgvalue is a divent measure of the gold content

- At ares, (o could ostimate the totat gold conten fgrammesj for & range of likely

niining widths, fur any givea sample pint.

To deterstine the total gﬁld content .rgrammes) for an ora regerve bloék.‘ for any given
m ..g width, It was necessary to generate a Separate samlvﬁrlogram model for each
aptimised width and o krige each data set sepacately. This would yleld a number of differant
values and varl.ances for any glven block of ore, dependent upmi the .optlmisod stopa width,
Thus 2 Grade-Stops Width model coutd then be created for eash block of ore to determiné |

the grado (gh) for any given Hkely mining width,

The case study of the Woodbine deposit fllustrates the practical aspects of applylng the
various geostatistlonl methiods and serves as an empirical means of gauging the effectiveness
of « & method conpared 10 another, For thiy c.omparlsun. gleven stoped-out areus, between
24 and 26 level, were domarcated or "blocked” 8 I the ors wero stllf "in sltu,” then
ovaluated gensratii.tiually uging only the development sampling date, The stoped-out areaé.-

used in the svaluation wero as follows:
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Figure 1.2: A near vertical projection, on the plane of the reef, of the stoped areas
between 24 and 26 level Woodbine Deposit,
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A portlon of iﬁe 25 BOB stope was taken fe be "off reef" a# its stope shmpling indicated that
thers was reef In foot or hanging, This *off reef® portion was not included in the evaluation
exerelse {see Figurs 1.2). The resulting “block estimates” were then compared to the stopé _

| sampling values that were actually obtained within the stoped-out areas or "blocks,”

The project repott Is organised into 4 number .nf chapters tha; are acranged into a Jogieal
s'e_quence' of steps, as one would undertaks in any evaluation. The following chapter will
outline the geologieal setting of the region and specifically the Woudbine deposit, in #n
~ attempt to understand the factors that influence the occurences of gold, This is-fuliﬁwed by
a number of chapters that elaborate upon the evaluation methods used; detafling the
_colleétion .and manipulation of the data, the creation _and. 'cro#s velidation “of the
semivariogrmﬁs and the evaluatlon of the "blocks” by the various geostatistieal mathods

outlined above, A final chapter will summarise and conclude the project report.



Before an evalugtion of a mineral deposit I3 undertaken, it.ls advisable for the evainator to '
develop an understanding of the geoiﬂgical processes and conditlons that created the depdsit.
It Is the evaluator's interpretation and understanding of the geologleal processes that will,
to a certain degree, dictate the format {n which the sampliing data Is captured and the manner
in which the subsequent evaluation is undertaken, This chapter is Intended to pmvid‘é an
averview of the reglonal geology of ths Barberton Mountain Land, with pacticular emphasis

on the Moodies Hills, and attempt to identify those factors that have Influenced the gold

inineralisation In the Woodbins deposit,

The Basbetton graenstone belt is comprised of a wide varlety of voicanic; igneous and
sedimentary rock types, that are surrounded and intruded by a host of dli‘fe:ént graniﬂ_c m.ck
types. In the Bastern Transvaa! and Sweziland the vo!cano-sedlmantaiy assemblages of the
OnVerwacht. Fig Trea and Mu’ddies groups constitute the Swazlland Supergroup
(Anhacusser, 1975), Plgure 2.1 shows the disteibutiont of the thres groups of rocks makin.g

up the stratigraphy In the Barberton greenstony belt,
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he Geluk Subgroup consists

togather with volcanoclastics and minor chentical sediments that

Fighre 2.1t A Geologleal map showing the distribution of the three groups of rocks making
'I‘hé lower portion of the Onv_arwacht Group (or the Tjaknsmd 'Subgraup) Is comprised of

a sulte of ultrumatic and mafic flows approximately 7 530 metres thick, The lower portion
horizon, known ag the Middle Marker, occurs at the top of the 'ltiakastﬁd.Subgtoup and

oF this Subgroup is frequently missing, having been assimilated by intrusions of tonalitic and
denotes a marked change in the character of the voleanic assemblages oceurring in the upper
Overlying the Onverwncht succession is tlie sedimentary assemblage of the _Flg Tres Group.

up the stratigraphy of the Barberton graensione belt, (after Wagenéf, 1986),
Tho Onverwachit Group at the bise of the succession constitutes an inita! magmatic phase,
are approximstely 7 685 metres thick (Viljoen and Vitjoen, 1969)

trondhjemitic gneisses ranging in sge from 2 700 to 3 500 Ma.
pottion (or the Geluk Subgroup) of the Onverwaght Grouy,

of mafic and felsic flows,
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Tt is comptised mainly of argillaceous sed'imenfs,_oapped by trachytic flows and pyroclastics,
The sediments of the Fig Tres Group are about 2 150 metres thick and are dominated by -
greywackes, shales and siliceous chemical precipitates, such as banded ferruginous chert and

banded iron- formation,

The Moodi'os Group, which hosts the Woodbine deposit, is the youngest m_embef of the
" Barberton Sequence and consists of _shallow water arenaceous sodimono.- that are
approximately 3 140 metess thick In the area of the Eureka Syncline (Viljoen and .Viljoan,
1969), The Group is subdivided into thres formations; namely, the Clutha, Joe's Luck and
Baviaanskop Formations. This Group oonsis'ts of conglomerates, quarizites, sob-groywackoé,
sand_stones and ghates, together with minor volcanio horizons, jaspi_li_ioc and barded

iron-formations (Anhaeusser, 1986).

The thres Groups In the Barberton Sequance all havs surface outcmps in the general ares
of the Moodies Hills , altlmgh due 1o certgin stmctural events, tho sequence has been
disrupted (ses Figures 2.2 and 2.3). '!-‘ho Woodbine deposkt Is situated in the Moodies Group
and it Is the geology and structute of this Gfoup that _will be examined in this section.

- As stated in Chapter 2.2 obové, the Moodies Group conslsts of three Formations and in the
Moodies Hills ared comprises sixteen Iithostratigmph:c units, a3 opposed to twelvo in the

Eureka Sync}me arca. Thesa have been tabulated in Table 2.1, showlng their possiblo
corvelation with the three formations of the Moodies Group as defined by Anhaeusser in
1975 {Daneel, 1987), Although these lithologies have been subjected to regional low grade

metnmorphism. they ar¢ referred fo by thelr sedimentary names.
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Figure 2.2:  Simmartzed geological map of the Moodies Hills (after Daneel 1987),

Figure 2.3;  Schematic cross section thtbugh part of the Agnes Gold Mins, in the vicinity
of ths Woodbine Shaft, showlng the near vertical orientation of the

" stratigraphy (after Wagener, 1986).



“Tebla 21 Sumemary of the Strstigraphic Column of tha Moodias Group i the Eurka Synclins {efter
* Anhasusser, 1863) and the Moodies Hilly tafter Danaal, 1987,

EURBKA SYNCLINE (ANHAEUSSER, 1968) “MOODIES HILLS {DANEEL, T8¢ N
UNIT NAME SYMBOL | FORMATION NAME | UNIY NAME SYMBOL
o _ _ . | Uppar shala MdSa
Wnpar shala _ Mds3 Baviaanskop Upper gonglomerata { MdG3
Upper quartzite MdQ3 N Uppar arkass MdAS
Middla shala MdS2 ' . o "
Second |aspilite Mdi2 Eogond jaspilite Mdl2
§ Second lava hatkzon Mdi.2 Felale tuff MdL,
: _ Joa's Luak Amygdaloidal lave | Mdl
Middla quartzite Mdaz2 Middie quartzite MdQaz2
] Middla arkose MdA2
Lower siatona Mdsih
o ) Lower shale MdS1h
" Fieat jaspita - Mt : : Mein Jaspilits M
Flrat lava horzon MdL1 Lowsr ghule MdS18
Lower shpla - 1 MdS1 Clutha Lower slitstans | MdSla -
¥ Lowsr gusrizita Md Lower arkasa - MdA1
Calcaroous quartlte MdCq Qritty arkosy. MdGA
Bagal cenglamarate MdB ) ' Basal cohglomerste | MdC1
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Flgure 2.4 Geological map of tha Barberion greensione belt, showing the inferved

- emplacement ages 6f the various units {after Barton, 1983),
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- The nunerous occurrences of gold inineralisution in the Moodies Groﬁp are all.'.:unﬁned to
~ the upper portion of the lower arkose unit (MdA1), the lower +iltstons ahd lower shale tinits
(MdSia ancl MdS14) and tend to be confiried to three distinct she:ir zones, as shown in -
Figure 2 2, One such ncenerence of pold mmeralisation is the Woodbine deposit of Agnes
Mine on the Ivy~Woodbine shear (Daneel 1987),

Much of the tectonic_autivity that reated the present stricture of the Moodies Hills is the
result of three major periods .of magmatic aetivity that ereated the various granitic cock types
that sunbum! :h'é Barberton gfeenstona belt. 'Hie fozmation of the Mpageni Piuton some 25
kilometres to the east of Nelspruit was a fouth and relatively minor period of activity. The
dates attributed to the formation of cgrtain plutons can vary widely, depending on the soures
of reference used, However, for _the purpose of this paper, the sequence and dates of the
magmatic eveuts will be accepted as those given by Barton '(1983) graphlcail'y.shown in

Figure 2.4.

Regional mepping by Daneel (1987), indicated that the Moodies Hitls have heen subjected
to five mo’ ¢ .periods of deformation, The first perfod would appear to be pﬁor to the
-depnsiti»* aof the Maodles Group sediﬁmm, as rounded frugniems (of clasts) of the Fig Tree
Gruap, Onverwacht Group and granites were. noted within the basal conglomerate of the
Moodies Group (MUCH) by Anhaeusser {1963), Wuth (1980} und Denel (19871. This would
suggest the deformation and denudation of the pre-Moodies strata before the formation of

the Moodies Group sediments.

The diapirle emplacerent of the Kaap Valiey Tonalits appears to have ogeurred aiter the
deposition of the Moodies Group sediments aud 1o .be the cause of the second period of

deformation. Dauee] (1987) gives evidenca for the existence of four thrust si. »'s within the
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.Muud.ies Hill.s, inrusting toivards the soutl, that werg vreated at this time, He suggested that
the joﬁnger thrust s.heem wers thrust over the vider she.ets causing the thrast surface and the
sheets of the earlier thrusts ﬁ: be deformed. The thrust fanlts or the boundaties of shear
iqnes tended to be sub-pavallel 1o the steaty, particulacly along a contact between lithologles
of high étampetency_ contfast. These thrust faults can .he explained by the rise of the diaplr
causing an upward arching of the Barberton Sequonce, and gravity sliding or gravitationai
cdllapse giving rise t0 compresslonal t‘orceg nocersacy for thrust taulting 0 ocour, Flgures

2.2 and 2.3 show the unconformable relatlanship hetween the Moodies, Fig Tree and

- Onverwacht Groups clong the Moodies and Sheba Faults,

The finul emplucement of the Kaap Valley Tonalite and the intrusion of the Nelspruit Granite

~ resulted In the third pericd of dut‘urmatidﬁ. These events resulted in the Moodies Hills area

helﬁg’_suhjébred to compression from the northq_mrﬁxwest. Daneel (1987) believed that this
peviod of deformation couid have been responsible tor the steep dips and in some places
overturning of the steatigraphy and structures, Anhueusser (1969) at:sributes the reglonal Jow
grade mesamorphism uod a gold mineralisation event to this phase of deformation, Evidence
for this in the Moodles Hills, and the Woodbine deposit itself, vomes front the fact that
dinbase dykes sut aeross zures of gold mineralisation, indicoting that the gold mineralis_atian
oceurred before the dyke latrusion, The aga of (hese dykes Is belfeved to be post thivd period
deformation a3 these dykes have inteuded through the stesply dipping and deformed

Burberton sequence strata and the consolidated Kaap Valley Tonalits.

The fourils and fifth periods of defarmation caused gentls folding and crenulations within the
Moodieg Hills, These periods of deformation were -prubably the rasult of lithostatie loading

by younger cover racks,



There 1s, essentially, anly one school of thought regarding the genesis of the Woodbine
- deposit. It is believed that the gold was thﬁllécd into the host rdcl:s_ after thefr formation
and this mode of cccurtence I referred to a§ the epigenetic model. Howevar, during the
earl.y 1980", and later with & paper priﬁted in 1986, Wagener proposed 2 syngenetic model
where tha gold mineralisation is sald to -hgva occurred a8 the host rocks were deposited or

formed,

B Wagener (1986) considered that the syngenetic model for the deposition of goid gave the
simplest explanacion for the Woodbine deposit’s strata bound character, He also viewed the
steatlgraphy as the dominant influencs on the orfentation of the 0w body, The gold

minerallsation possibly betng uf voleanogenic exhiaiutive vrlgin,

| Pesrton et ak,, (1984) and Danse} (1987) challenged Wagsner's syngenetic mode! and the
"strata bound. character” of the Woodbine deposit, Peacton et al., (1984) showed that the
vegurrences of minerglisation in the .Moo;llea Hills are testricted to those zénes that have
been swbjected to hnth sheaxing and hydmthemal.al_temiun. One such she__ar zone is th'q
lvy-Woodbiue shear (ses Figure 2.2) and rather than being "strata bound," the shear zone
actually cuts across the strata at un angle of five degrees. Daneel (1987) .pmpoae«d an
gpigenetic gold enrlchuent model controlied by ﬂxe struciural snvironment. The association
of gold mineralisation with zones of shearing and hydrothermal alteratlon was also found to
upply to the ultramafic schists of the Onverwacht Gmﬁp o the north of Agnes Mine (Wuth,
1980). Wuth proposed that the gold mineralisation oceurred as a result of the precipitation
of hydrothermal solutions into suitabls physio- chemical traps, The Mount Morgan, Plonees,

Tiger Trap, Golden Hill, Quadeo and Rossette goid mines are all shuated in the sheaved and
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Afterad ultmniaﬁc sehists of the Onverwacht Group north of the Moodles Fault (see Figuce

2.2),

In thie process of gothering data for this project report,l the matter regarding the origin of the
Woodbine deposit was discussed with. Mr, W.D, Scott and Mr, E, du. Plessis,.tha Chief
Geologist for Eastern Transvaal Consolidated Mines and Senior Geologlst at Agnes Miae,
respecelvely, It was clear, {from thelr collectlve underground experience of the Woodbine
deposit and the strong association of gold mineralisation with zones of shearing and
hydrothermat altsration, that they favour the epigenetic modsl, Thus, for the purposes of this

project report, an epigenctic model is proposed for the genesis of the Woodbine deposit,

The Ivy-Woodbine'shear zone 13 charagterised by intense, but locally inhomogeneﬁﬁs,
shearing and deformation, Uneven_ movement along the shear zone caused localised dilation
~ of the shear and It is thought that this may have created a low pressure reglon that atiracted
hydvothermal sotutions, ar at feast facilitated the movement of such fluids, into and along -.
the shear zone, Ttie shear, Rself, 13 sometimes defined by a single :hylunite {up to 50 em
thick), or by numeus smull sub-parallel sheats creating a mineratised band up to three

metres wids {ses Figure 2.5).

- Pearton et aI_.', (1984) and Daneel (1987) prbposed that the goid mineratisation secompanled -
ths latter stages of hydrothermal alteratian and Is ¢lossly associatgd with pyrits, chalcopyrita
and sphalerits. Daneel (1987) plso regarded the hydrothermal alteration process s a rock
prepnmion phase, prior to minecalisation. The alteration process involved the development
of siderite, the destruction of chjorite (that was fron rich) and dolomite, and the bleaching
of red jasper bands {(where present), Tho slteration front, or "halo” abnﬁt tﬁe mlnerali_sed '

zone, may be sharp or diffuse over a fow metres with complete or only purtial alteration.

This suggests the potential pressure of two pepulations in the minora-
lisabion {(sco later dlscussion).
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Figure 2.5: A typical geological map of the Woodbine Reef, (alter Pearton, et al,, 1984).
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The development of sulphide minerals _within- the jron rich host rocks Is common to all three

" minecalised shear zones in the Moodies Hills, The Ivy-Woodbine shear zong ceeurs within

laminated ferruginous shales with minor lnterbedded Jaspilites and contains the best

development of sulphide mineralisation, For the purpose of this projsct report, it is assumed
 that the the gold precipitated out of solution 25 a result of a fluld to wall rock jutecaction, |

probably In soms form of physio-chemical teap, ‘The fluids containing the gold and sulphide

minerals reacting with fer:ugiﬁous zones, within the host rocks, thereby ndueing ‘the
sulphides (and gold) to be deposited. The close assoelation of sulphide minerals and gold in
the Woodbine deposit was noted by Daneel (1987), amongst others. |

The geological model proposed above has a numbsr of foatures that w_ill influence an
svaluation and these ace:

() . ‘That the mineralisation about the shear i3 not confined to any particular steatiy .;.i;hic

horizon, as happens with the sedimentary Witwatersrand Reafs In the cass of the

Woodbine deposit, the mineralised width is frequently greater tﬁan _ths snticipated

stope width,

() The close association of pyrite and gold mineralisation means, for the Woodbine _

deposit, that ons s usuatly able to visually identify high grade area.

- 'The fiest featurs Is dependent vpon the ability of-thﬁ'hydmthermz:: ‘Hids v saneteate tha host

racks of the shear zone. Such features as the host rovk’s permeac’ity, it's chemical nature

and the density of cross fracturing within any 'glven ares will have an lnfluence on the englt

“value, and hmhaﬁly tha grade (g/t), &t any given point, At Agties Mine, work Is being

undertaken to determing the Influence of specific geologleal structures on the grade

g
Y
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 distributlon of the Woodbine deposit. Unfortunately, this study was not complete at the ame

- that this project report was written. Consaquently, when areas of high gold concenteatlons

arp encountered, it is assumed that these geologloal features are the cause,

'The second feature Is Important to the evaluation in that it enables the miner and geologlst
to visually identify areas of high gold concenteations, This feature also allows the mine |
avaluator to optimise thé mineralised zone to 8 number of likely stoping widths, determining
a cing/t value for each width, in the knowledge that the mineralised zone is usually readily
Identifiable, |
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* CHAPTER 3

The object and scope of this project report, as stated In Chapter 1.4, is to examine the
_ performance of various geostatistical evaluation _methads.ln evaluating an Archaean gold
deposit; namely the Woodbine r.lepqsit. Thus, the format in which the samplirig datn ﬁras
collected had to ba versatils enough ga, that with 2 few modifications, it could be uzed for
any of the geostatistical methods examined. Purthermore, In collecting the data, cognizance
was taken of those evaluation problems ilkely 0 he encountered and the géological
characteristics rhentiune(_l in Chapter Two, The sampling data a\}ailublé- camie from two

primary sources; namely, thy dcvelopment sampling sheots for 24, 25, and 26 levels and i_he ..

~ stope sampling sheats of eleven stoped-out areas between 24 and 26 level {sea Figure 1.2).
3.2 Opllimisgt, ) o the Development Sampling Data:

The problem of the ore body having ﬁo clear geological contact, between which the
oscurrence ~f gold mineralisation s liemived, was dealt with by optimising the developient
data to three mtnlmu_in widths. Such an exerclss cuqld be justified in the Wocdbine deposit,
biecause of the close association between the development of‘ sulphids niineratisation and gold

R values, This association, usuntly, allowing the miner or geolnjist fo vistia]ly identlfy the

mineralised zone,
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Each individual :Iavelopfnént sariple section was examined and 4 emg/t value calcula;ed-t‘qr
three minimum stope widths, namely 120cm, 150cm and 200cm, At the time that the
sampling-data was optimised, a stope width of a 120cm was considered to be # practical
| minimum mining ﬁiﬁﬂl dua to tﬁe size of scraper that was bsing employed in the Woodbina
deposit. Thus 120cm ws chosen as one of the optimised minimum stope widths, The
optimised widths of 150cm and 200cm were chosen a5 being representative, by degrees, of
stoping widths whers mining controls were lax. *n examining each' Individual develépment
Sample, the optifised width was allowed 1w open and closs at a tate of_ one mtre per five -
metres along str_ike when determining the optimised vﬁlue (omg/t) and width, Where values
wacranted it, the optimised stbpe width was sllowed 10 open up beyond the miﬁimum stops
width and a value of 4,0 git was used as a “cut off" grade for such decisions , as being
the currently accepted minesble grades. .
The numbet n't‘. development samples collested for each optiﬁﬂsed width differs slightly; the
120cm, 150cm and 200em optimisation a:cércisw’s having 2183, 2181 #nd 2178 “sam_ple
peints, respectivaly, These differences are dua © the fact that the Woodblins deposit is near
vertieal, with the development saniples bei_ng taken in the hangingwall of the drives or -
| raises, and oceasionally full zeef exposures were obscured by ventilation pipes, Whers the
full rest éxposura wag obscufed, a partial .sample section was cut, However, the redusad
' snmpia width meant that, at those locations, an optimised valne for certaln widths could not

be determined.,
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The optimisation exercise generated three data sets, one :for aaﬁh of the uptimised widths.
Various statisties were determined for each of the data s.ts, Probabllity plots drawn from
these data sets, giving the basle statistics, can be seen In Appendixés A,l B and C for the
120cm, 150cm and 200cm optimisations, respectively. Flgures Al, B and CI yielding
information regarding tﬁe cnigft values, whilst Figures AR, B8 and C8 giving i_nfonngtion

about the vptimised widths, The basle statistles haive'bgen summarized and tabulated below:

Tuble 3,13 The Development Data from the Three Optimised Data Sets,

statiatic Azoem iZ0¢w.  ...200cm
Avithmetic Mean (emg/k) 1 685 709 744
gtd. Daviation (emg/t) . ¢ 1942 1942 1946 °
- Bkewness t 12.3% 19,92 . 19.28

[ vo. of samples r 2183 2181 2178
_Madian {eng/%) ' : 403 440 477
Minigum (emg/t) é B 1 2
Maximum (cme/t) - : 52834 S2844 - 52879
Average Optimised Width (om): 131 156 201
Avarage grade (g/t) ¢ BEi23 0 4.54 3,70
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From Table 1, it i cleat that all of the data sets are vety pqSitively skéwed and have wide
ranges of values. Figurs 3.1 has been drawn ﬁoﬁ the 120cm optimised data and Hlustrates
the degree of skewness that Is present in the Woodbine dats, Indeed, of the 2183 samples
optimised to a 120cm, only 319 have a value greater than 10_00 emgft, Yet those same 319
samples, only 14.6% of the total mumber of samples, account for approximately 52% of the .
arithmetic mean value, Clearly, the few extreme values present within the data set$ ars cause

for concern when reviewing the rtatistics given above,

Where the minecalised channel of a reef is wicer than the expected stoping width, as with
the Woodbine deposit, the cmg_!t Qalue fnr an.y. giveh polint is no# fixed and is depenrient
up_.on the width ot which 1t was optimised, This Is not only trﬁe "fbr sny given point, ™ it aléu' _
holds for Iblock estimates as well, Thus, when determining biock ustlmates_, hoth the cmgft
_ value and aptimised widlﬁ must be determined from exch of the optimized data sets. In thi§
 manner a Grade Stope Width model can be developed for any given ore reserve hl.ock l(sae
Chapters 5 and 6). Figure ‘3.2 Wlustrates the statistical éharaétsristics of the uptimise.d stop-
widths. It should be noted that the majority of development samples (some 70%) could not
justit‘y an optimised stope width of greater than 120cm and consequently the widtlxs are not
normally distributed. This fact has certain ramifications when generating the semlvariograms

to be used in estimating the varfous optimised widths, as explained in the next chapter,

' Wh_en a data set is positively skewed it is, 1 South Africa at least, common ptacttce {0 take
the natural logarlthms of the emg/t values and examine the lognotmal mode!, The results of

this exercise have been shown graphieally in Figures A2, B2 and C2 In Appendixes A, B
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and C, respectivaly The Woadbine: data shows the chacactesitties of having a
thee »-pacameter Iogﬁormal distribut.it.)n, but has two gignificant depsrtu;cs from it. Ligure
3.3 has been drawn from the 120em optimised data to demonstrate these characteristics, The
majority of the Woodbine data has the essentlal features of & three-parameter lognormal
distribution, with the Infeng/t) values plotting as a straight line and the charact_eristic down
twen of the lower tail requiring a Beta (8) additive coustant to correct it. However, & small
proporsion of the Woodbine data do depaxt from this modél n the upper and lower value
ranges (ses A and B in Figure 3.3). Thess deparmfes from the ."model" iagy ba viewed as

*outllers”, which are discussed in Chapter 2. | bejow,

In exﬁmining the geostatistical methods outlined in Cases (2) of Chapter 1.4, fhe data ‘(a]ues
(cmglt) will be transformed _inm nataral loga-.ithtns befﬁre uny study is undertaken, as the '
Waodbine data closely approximates a threa-parameter lognormal' distriburion, Case 1))
dift‘ars frorﬁ the others, it that two types of data transformatioa will need to he undertakén.
Indicator transforms will be preformed on ail of the data, using the upﬁer and lower
"outtiers” as cut-off values, Then the data, less the "outllers”, shel b transformed into
natural logarithins before any analysls, The date values (cmg?t), for Case (c_),.will be -

transformed into rank related values.

Lt Ha

Essentially there are three sources of sampling data inconsistency; namely, an ertreme value

from the same popuiatiou, a value from dnother population and lastly, a value resulting from
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- an erroy in assaying or éampling. Though not steictly entrect, these data inconsistencies will

be reterred to g5 “outliers” for the purpose of this ﬁn- L repott,

The lower valued “outliecs” (see A In Figure 3.3) can be the result of off reef development.
However, beforé the developrtent sampling data was captured, the data ivas roviewed by the
| author and the geologists st Agnes Mine, It Is thersfore assumed that the data .captui:ect is
on reef, Another reason for the existénge of sl\mples valued at 1 emp/t {s the result of 5
historie aésay cut off, where an assay of 0.4 git was recorded as "trace”, Consequently,

there could ba n number of sample sections that recorded only "trace” values and thus have

avaiug of | cmght, However, more recently, this assuy cut off improved 10 0.1 git and this |

mayhe the reason why there are no "trace” values uat 26 lavel or irg the stope data.

~ The removal of the lowsr valued "ottllers” can be Justified ng the}é are, probably; the

product of an assay cut off (or an assay "error). Rurthermore, to leave such values intact

within a data set, when exomining lognormal statistics, Is t0 overstate the vactance of the - _

Togarithmiy values, As the mean vaius (g) of & three-patameter lognormal vaziute s related

to the geomateic mean (1) and the natura! logarithmic variance of the values (7,.%), whers
# = lniexp(q‘.nfz}l“ﬁ lll!l!t'lllil‘!( TdiRasditiintinn ity i‘!!itll’lllt'll(lllilll‘l"ll(l) .
When the logarshmic Jus of the geomerrlc mean is appmximately xix (a5 with the

Woodbine data), a value of 1 emg/t has a similar Influence on the variance of the natural

fogarithms, a8 a vaite of approximately 160 000 emget. The incluslon of the lower valued

Pr
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“outliers® could, therefore, result an over vatuation of the mean vatus (1) and i naturally

of some coficern to the Ming Evaluator,

The cause of the higher vatued “outiiers” (see B in Figurs 3.3), Is lesa easy to define; they

on simply be the "unlikely® ocourrence of extremely rare values, but are part of the same .

population av the rest of the sample data, Alternatively, they may be the result of soms

samples being drawn feom nnothier population; for example, samples intersecting fractures

 filled by quartz veing carrying visible gold and of & completely different geological origin

to the deposit as a whole. As stated in Chapter Two, work is being undsrtaken at Agries
Mins (o determing the influencs of specifle geological structureé on the grads distribution
of the Woodbins deposit. Hﬁwsver, thls work wis incomplats at the tims that this project

report was written and S0 it was not possible to define the higher valuex a2 populstion

- "dutllers" on geological grounds.

Unfortunatsly, testing for *outtiers” on 8 purely statistical basts is unsatlafgctory s the
theory regarding the datection _c.f "muitiple outliers” 15 both complex and inconghustve, From
a practical view point, however, the higher outiers® are Hentifisbls by the fact that they
hoa départed from the 1oguormal Iins. It fs this criteria that wiil be used 0 define the
higher "outliers" an&' a value of 2100 empg/t is used as an uppar cut-off {ses Figure 3.3).
This ew {Jﬁ’ anplies to all threo of the opthmised data sets and not just the 120cm

optimisatlon, This falrly erbivrary decieion was taken for consistency,
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- The manner In which the "outllers” are dealt with is dependent upon the geostefistical
method o be examined. As outlined In Chapter 1.4, thiva geostatistical methods are

“examined in this project repott and wets put forward as Case (1), (b) and (¢).

| 351 C,"uéa (n):

_ In this Case the data set was left intact and the “outliers”, and thelr eﬂ'ects. upon the variance
of the natural logarithms and the semivarlogram model, being accepted as indicative of the
character of the Woodbine deposit. Though the lognoxmal statisties of the data do not fyly
conform to the three-parameter lognormal model, a Beta constant (8) was applled to the data
to redues the degree of skewness fo 2 minimuny; see Flgure.é AL, Bland C3in Appendixes.
' A, B and C, The Beta constants applied were 433, +45 and +.55 crag/t for the 120cmi,

1500t At 200¢m optimisations, respectlvely, |

Figuro 3.4 lllustrates the degree to whicl the data from the 120em optimisation can approash
: -the three-parnmeter lognormal model with the application of 2 Beta constant to reduce -ﬁhe
skewness of the pupulatinn'tllstrihution. The upper and lower "outliers” clearly being
problemutic In their depacture from the lognormal model, However, such data seis could,

and do, arise where the Mine Evaluator s unwilling to remove such "outiior” values,

3.5.2 Cise fb)

Case (i) allows for tho removal of “"outllers® from the date sets and to treat thetm as a
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separate population by nsing "Indlcators, rathar than éutting the "outhion, éolnpleteiy. In
this case two Indicator data sets were formed, 6ne for thte Jow “outliers" and another for the
high "outliers®: The hasie concept Is m be able t0 estimate any given point or ore resseve
block using the development data, wnhou: the Influgncs of the “outllers". Then, by
separating the problematic data Into different classes, giving the "outlier” data point 4 valus
of 1" and all other data points & value of "0", one can determine the probabllity of the

“outlier” dat influencing any given point or ore reserve hluck

Pigures 3.5, 3.6 and 3,7 have been drawn from the 120cm optimisation to illustrate the
progressive stages of remaving the "outlier” data and adding a Beta constant to normalize
the remaining data, so that it conforms to the thfea-paramater lognormat model, In Figore
3.5 the lower “outliers” have been removed and there_hy emphasizing the division betwean

the majorly of the Woodhlne date and the higher “outliers”. Figure '3.6 grophicaliy

Hlusteates how the Woodbine data cosforras to the ﬁlree-p_am:ﬁeter lugﬁorrﬁal model, once

all the "outliers” have been removed. ', Figﬁre 3.7 shows the 120cm optimised data
made -ionmrmﬁl. requiring a small Beta constant of 445 emglt. The otlier optlmisatlbns of .
a 150em and 200em requiring a +60 cmg/t and ++75 cmght Beta constant, respectively, The
anuusmnents rade to the 120em, 150em and 200cm optimisations can be found in |
Appendixes A, B and C, respectively (see Flgures A4, 5 and 6, B4, 5 and 6 and C4, 5 and
6),
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Therefore, for Case (b), the estimated value (emg/t) for any given point or ore reserve biock

is determined vsing the folluwing relationship:

V m {L+p-q).¥m + p.vl + qvh(Z)
whete: |

V = Polnt or Block Bstimata {cmght)

vin = E'.stimated value, less all “ouﬂlers (cmgft}
vl = Arithmetic average of the lower "outiiers® (cmg/t)

vh = Arithmetic average of the higher "outliers” {cmg/t)

p = Probability of influence of inwer “outliers"

= Probubility of influence nf higher "outliers*

Tha use of arlthmetic yverages for defining the influence of the "outliers” on an stimated '
value, may seem crude; however it should be remembered that due o spatsity of “outlier”
 data, local estimates cannot be made. The values for "p* and “q" are derived from the

kriging results of any given point or areu, using the Indioator data sets,

5.3 Case (&) |

The third and finsl cose, examines the éffectlveness of trmformina'ﬂ'na Woodbing data
(emg/t) into its dimansluﬁ; &8 fank related Rorm, The teansformation process Invoives glving
the actusl cmglt value 2 value equal to its ranking withiri the data set, For example,. ir the
120em optimisation, the highest value equals 52834 émgft and therefora recuives a ranking

of 2183, ag there aro only 2133 data points, The second highest velve in the data set
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receiving a ranking of 2182 and so on. - |

Wheré wo or more emglt values dre equal, then the transfbfmatlon process Is slightly mors
complex, Thers ars two methods of dealing with this problem; the Sirst Is to take the equal
omg/t values and glve their rank ("n-#") at tandom, Thus, If there are thres cmgit vilues,
gl of equal value, then thelr ranking "n", “n-1" and “n-2" ate determined at random. In this
manner, one ensures that each emg/t value receives a unique rank related value, However,
the disadvantage of this method lles in the fact th_ﬁt equal values must be given 4 unigue
snk, TIn a sizeable, positively skewed data sets thers i3 the very real likelibood of nuniscous
satuple points belpg of equal value, Thus, in applying this mathod of determining the vank
of equal values., the rank glvett liemmes & functlon of random selectlon, rather than it baing

based on the aetuat cmg/t value,

The altarnative approach Is o take the equal smg/t valoss and apply the average value of

| their ranks (“n-#") to alf of those cmg/t values. For example, thres equal erhg/t values that
would hgve lind ranks of "n”, "n-1" and "n2" are all glven ons rank valus equal to 1t _

: Tﬁa most significant advantage of this method, compared © the first, Is that the rank applied
to each different cght vaive 15 unique and the alloeation of a particnlar ank to 4 sample
location Is niot & funetion of random selection, It I3 fac these reasons shat ths second method

Iy the one used in this project report,

The advantage of such o rank related transform ig that the influence of "outliers" are

essentlally negated. Thus there is no need to treat the “outllers”, us defined above, any
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differently that the rest oaéha data. If one examines Figure 3,8; drawn from the [20em

optimisation, one can see that though the degres of skewnses of the transformed values Is

equal to zero, the probability plot shows the data departing from 2 steaight line, Indicating

that the diata is not formally distributed,

In determining the statistics, given in Table 3.2 below, the natural emg/t values for the first
fwao Casey #rera calculatéd using formuly (1), above. For the third Cage, statistics carnot be
carrled out directly on the transformed values, the statisties will be thoss of the nstural
 values given ln. Chapter 3.3 above, If one were to undettake any sort of statistical amysls
of the transformed values, the median and mean values would be the same and upon
conversion back into natural cmg/t values théy will also yield the same cmght v_a!ue. Yet,

with & positively skewed data set, the median and meat'l'vaiues are not the same,
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Table 3.2: A Summary of the Statistics for the 'Three Optimised Data Sets,

Bota.. Median . Vaiance . Wpan
_ (emg/t)  (emg/e) | {lag}  (emg/t)

case (&): dincludes ' -
:%%c:nggéimiaatinn 438 4G5 0,931 638
150ecwm optimisation +45 440 0.837 . 680
200¢m Optimisation *53 477 0.774 . 693
Casa (bji less all
“outilexah. _
120em Optimisation 45 412 0,671 597
150cm,09timisaﬁian +G0 452 0.593 . 621
2¢7em Optimisation . +75 488 b.544 | 656
casa (@)} -
i20cH Optimisation . www 408 - 885
150cm Optimisation - L 709
200cm Optimlmation = =~-= 477 — 744

If one compares Table 3,1 to Table 3.2, it can be soen that the use of logarithms, in Case
(); to determine the mean value has caused & "smooihing“ of the higher "outliers" thus
yleiding a slightly lower mean value, Any comparisons made for Cases (b) muid not be
valid ué- the “outliers" have been removed from the data before any caleulations wers made,
The most noteworthy comparison that can deawn from the two Tables, 1s the degree to witish
the mean value ﬁ:r Case (¢) differs from the arithmetic mean, given ju Table 3.1, and the
means determined for Cases (a) and (b) In Table 3.2, The r.eas.ons for this discrepancy

buving been discussed in Section 3.5.3, above,
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-‘The stope data was takun from the original stope sampling shests at Agnes Mine, A total of

714 samples wers collected from the eleven stoped-out areas and their positlons coordinated.

Esch sample was examined :.d optimised to 120cm, 150cm and 200cm. As the

development samples were optimised to three w_idths; it was necessary to exami: 3 the stope

samples in the same Fight so thut 3 sorles of cross validation exerclses could be undertaken
to check the validity of the semivariogiam models derived from the optimised developnient
data, The actual .stope width and emg/t valus, realised at that width, were alen noted fbi:_ later

. comparisons between the various "bl c¢" estimates and the "actual® value and width at

which any given stope was milned at. - The statistics, regarding the stops da 4, can be found .

in Appendix D

The stope data set had only one extreme value of 13799 g/t (ses Figure D1, DG, D1 andg'
D16 in Appendix D), This outlier was removed from the daty set when detérmining -the.

"metual" stope values in Chapter Five, To leave such an "outter” in a data set wonld distort

the meatt and variance of the three-parameter Joguormal statistics, Furthersore to leave such

a value in place would also adversely influence the semivariogram used to krige the actﬁsl

block values, However the "outtier” was left intact for the cross validation sxerclses of

Chapter Foue for reasons that will be explained in that Chiapter,

The stope data hag been summarized and tabulated below, In Table 3.3, It is interesting to

nota that the cimg/t values generated by the optimisation model and *aetual" emg/t value. do
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differ slightly. The average cmg/t value for the actual stope widths, with a width of oniy

179em, is g fraction greater than the average cmg/t value determined for _ths 200c¢m
op_ti:hisation. This i a product of the optimisation process, where thers is always a minimum
optlmised' stipe width restriction in place when collecting the data, When collecting the
~ actual slupe data, there is no such restriction, The reSul_t being that where, for any given
point, the minimuin opiimised stope width is greater than that of the actual stope width, the
| diﬂ‘erence. is given a zero geads, 'fhus,. m this case, the emg/t value is the same for tha
actual stope width as the optimised width, However, when the actual stope width is greater
than a particular miniﬁmm stope width, then the optimised cmg/t value is frequently I%s.
than the "actual". value. Thus, on average, the statistics for ths actual stope data Iresult. in ﬁ
latger omg/t vafug over a smaller stope width, when compared to the seatistics from the

optimised data,

Table 3.3: A Statistic~] Analysis of the Woodbine Stope Data.

Beta Variance Mean Width Samples §i
{cmg/t) {log) {emg/t) {em) - (No,)

 Optimised to 120em  + 5 0715 65 132 713
Qptimised fo 150¢m + 10 0.662 677 156 3
Optimised to 200em  + 25  0.617 706 202 713

+ 30 0.610 721 179 713

-Actual Values - -
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From this simple tabulation it 15 reasonable (o assume that the stope data and devatopment
data have bean drawn from the same populatfon; c8Mpare Table 3.2 with Table 3.3, With
the stope data, one would be expect to have & higher mean and lower variance as it fs
assumed that the stopes were inin‘ed selectlvely according to some or other paylimit, Indeed,

glven this, the statistics compars favourably,



The. objective of this Chapter is to define and examing the spatial statistics of the variables

within the Woodbine sampling data, by wéty af 1 semivariogram for each varlable, As there

18 an element of subjectivity inherent in the modeling of 4 semivariogeam, the validity of -

gach semivariogram model chosen s determined by way of a cross vaiidation exerclse, -

In evaluating any given area within a gold mine, fhe Mine Evslusitor usually has at his
disposal a combination of both development aﬁd stope sampling data with which to generate
the necessary semivariograms used in estimating the value (cmg/t) und stope width (em),

However, for the purposes of this project report, an extreme case is taken whereby itis

initially agsumed that ths only. source of data available is the development santpling data.

~ between 24 and 26 levels (sea Figuee 1.2), 3 would_ pechaps bs the case when mining
operations start in a new area, From this assumptldu, & semivariogram model is then

getierated for each varlable and then cross validated, using the same development data, 10

ensure the valldity of the model chosen. Yet this tast only supporis the notion that the

semlivariogram model raprocuces the development data eorrectly. It does not define hiow this
fit might ditfer from the "true® semivariogram model which fits the entlre ared between- 24

 and 26 level, once stoped.

W
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. The ultimate "test" .fur- i semivariogram,_ as 8 predictive tool, is for it to be able tp
accurately forecast the values o be found at an unsampled point or drea, By cross validating

' 6nly the optimised étope data iv_lth the seml;rariégrams generated by solely development data,

. it Is possible to determine ff the spatial statistics of tﬁe stope data conform to thoée of the

 development sampling.

The actﬁal stope data are used in Chapter Five to determine fhe valﬁe (emg/t) and width at
which each stope, or "block”, was mined at, In this manner one wili be able to examine the
Grade-Stops Widih mode! of each "hla_ck",. so as té compire th.e various gevstadstical
evaluation metheds with the "getual" values realised and detefmln'e if the development '
sampiing data yields s_ufﬁcient' information to be gble to aceurately predict the gol.d content

. of any given block.

In ea_ch_ of the geostatistical methods examined, Cases (a), (b) or (¢), the data was oﬁ:tlmised '
0 .threa minlmum widths. Asa r;:sult, i_t was necessary o generété a differant aeniivariogram
for each optimisation for the cmg/t values and widths. For all of the semivariugrams, alag
 of four meires, with 2 tblerane.e of two meires, yieldécl the most stable graphs, Due to tlie’
spatial distributlon of the developmen_t data along drives, raises and winzes, only omni-

directional senﬁ?ariograms were modslled for these exercises (see Appendix E).
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© 4.2.1 Semivariogrem Models Genernted. fro_m Development Data;
N setrivariopram models determined for the In{empg/t+-8) values In Casa (a), where no
“ontilm".are ceagved from thé data set, are graphically illusteated in Figures El, B2 and
E3 of Appencix 3 for the 120cm, 150¢m and 200cm optimisatiﬁns, respectively, All three
semivatiograms have two sttuctures and have a Nugget Effect of appfoximataly thirty -

percent of the semivariogram Sill, Visually, the model chosen fits the data very well,

 However, It mugt be rewembered that In lognormal geastatisties the level of the St
- influerices t.io kriged eétimate (z*) of any give point or area. The kriged estirnator (z*) is -
def aed by: '

Jlogz* = Ladogx + WEaoy® ~ ) + AN wonnaomnncasienandd)
-whé;e: _ _ |
| P kriged estimator of i uhtransformed trus value,
y = actual value of ore biosk to be estimated,
% = velues of data, _
7 = kriging weights for the transformed values x,,
o= the poﬁulaticn varl'anée of the transformed valﬁes,
oy = covatiance between transformed values y and x,, {caleulated £rom gend-varlogren
N = [a Grangs multiplier, .
'ﬁxeréfo;e, the fact that the "outliers", both high and low, have caused an ingrease in &e
pobﬁlétlc.\n variance _(p,f) is likely to result in an overvaluatton of any kriged estimate, Thus,
the keiged estimates of the varfous "blocks”, genersted In Case (8), must be viewed with

. some caution In light of the formula given albuve,
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The gemtivariogeam modeis‘ &eterm_ined for the In{emg/e+p) values in Case (b), where all |
"outliers" ara'_ removed from the data set, are graphically illusteate®in Figutes E4, ES and
ES of Appendix B for the iZOcm‘. 150¢m and 200:m optimisations, resbe&tively. Again, it
can be seen that the shree semivarlograme have.two structures and have a Nugget Effsct of
approximately thirty percent of the sénﬁvariogram $ill and the model chosen, visually, fits
the data wall, Also, in Case (b), it was necessary ic gensrata semivarlogram niodels fmm

the high and low Indicators (see Figures B7 and E8B, in Appendix B, respectively), Botit the

high and low "outliers" have very short ranges' of influence and the semivariogram models

can bo viewed as pure Nugget Bifeot.

The formula given in (3) above also applies to Case (b). Howover, the removal of ail
“outliers” has tedl_u'ad the population variance {ag‘) ang the Sil] of the scmlvariogra:m Thus,
the basis of examining Case (b) s that the use of indicators, ta model the characterlstics of

the "outtlers”, will generate better "block" estimates,

 'The yemivarlogram mode! determlned for the cmg/t values In Case (c), where the values
have been subject to ﬁRank Reluted Uniform Transform, is giaphicatly llustrated in Figure
E9 of Appendix E. One model was chosen for all three opt'imisatinﬁs. 85 ;me varlation in the
transformed values is a result of the mumbet of data polnts, rather than the actusl emght
values, The 120¢m, 150ent-and 200cm optimisations contained 2183, 2181 and 217§ data _
| points, reépeetively, and therefore the population variances and semivarlogram ﬁraphs ofthe
thtee optimisatidns .were almost -idenﬂtical. The stmilaritles between the semivariogram

graphs, for the different optimistaions, are also dus to the et thay the different optimisations
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did not greatty effect the ranks of the. individual samples. The semivariogram has two

structutes and a Nugget Effect of gpproximately thicty percent of the semivariogeam S,

The semivariogram models determined for the optimised stope width values are graphically

{llustrated in Figures EID, El_l and B12of Appendlx E. Upon examination uf these Figures,

it would appear that the range of influence decreases as the optimised width increages; which |
i exactly the apposits of what one would expect, However, tha varlability of the optimised
width decreases as the width of th optimisation increases, fhus  the
8iil nf._ the semiv_atlngram madel decreases, indicating unlfor_mity of -the. variable, For
e:lcample.. t:3 200em optimised stope width has a Sill (aﬁd papulétiou vrlance) of only

Jiem® and thecefore 3 standard etror of plus or minus 5,6cm.

4.2.2'Cross Volidatlon Exercises Generated from Development Dntas

Tach of the semivarioprams genecated from development data, with the exception of the
indicator semivariogeams, were cross validated against that xame data, 50 as to confirm the
.\'alid‘u;y of the models fitted to the data, The eross vn_lid'ation process Involvés the rentoval
of a single snmble (T), whereby & valus (T*) and standard ecsor (o) for that point is
estimated {com the surovading samples. An error statistic is determined for that poiat,
thus:

Ecror Statistic = (T = T*/a, .........J.....'.;...........................‘(4) '

“This process is repemed for all-samples, creating a set of error statlsties, If the

semivariogram model reproduces the data acourately, then the ercor statistics will have a
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mean' of zeto and a standarq deviation of one, ‘The error statisties of these éxerclses have
‘been shown geaphically in Appendix F, (Flgures F1 to Fi2) and summarized in Table 4.1
below: ' '

Table 4.1; Summary of the Cross Validation Exetcises from Development Data.

Case (r): hlciudes all data. |

© 120em Optimisation 0.001 1.022
150cm Optimisation . 6001 . 105
200cm Optimisation 000! ton

Case (1)t Jess alf "outliers”,

{20cm Optimisation ~ =001 1,002
150cin Optimisation 01 0999
_2005111 Optir'nisation. Q_O_OI 0.993
Case (¢ o |

C1%om Optiowion . 0001 L6
150cm. Optimisatibr.l. o 0001 1034
200cm Optimisation 0,000 1019
Optiniised Stope Widths:
Minimum 120cm 001 0.880
Minkmum 1500m w001 0,827

Minimure  Yem =000 1,051
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The degres to which the error statistics from the crass validation exercises can depart from -

the "“ideal", before indleaﬁng that & semivariogram model does not "fit" the datg, is as
's_ubjective as the model fitting prﬁcess it’s_elf. The literature on cross valldation procedures
- provides Htfle guldance a5 to the level of tolerance abont the “ideal” that is acceptable.
However, If ons grarsines Tabls 4.1, itis clear that udne of the semivarlograms produce any

blas, as mean values of the error statisties all approximate zero,

© The standard deviation of the error statletics, for Cages (a), (b and (c), aIl_aﬁproaéh one,
~ The cross validation of the nptiniised' stope widths did produce standard deviations that
departed from the “ideal" of ﬁne,- Ho@ever, It should be remembered that this data 18 not
ﬁormally distributed due'to the data having a minimum value enforced when the data was
captured. Consaquently, the standard devgiatio'n of these error statistics have departed from

zer0, As the mean of these error statistics is close to zero, indi_cating 1o bids, the optimised

stope width semivariogram models wers Jeft unaltered for the kriging exerclses of the niat.

Chapter,

Ag stated above, the ultimat. “test" in Justifying a semivariogram’s validity as a predictive

ool i for it to be able to accurately forecast the values to be found at ax unsampled point -

or area, The somivariograms found in Appendix E, were derived solely from optimised

development data and therefore no account was taken of the stope data in their genafa:ion.
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By cross validating onty the smpé data with the semivariograms generated, it is possible to
'_ predict a valye at a location that was getually sa&npled, yet not used in detagnining tiw .
semivariogram model, Bﬁ‘ecﬁvely, an uﬁsampled point as far the semivariogram modei-' iy
concerned. Thers ate 714 stope vg_h_:es. of which one could be classffied as an "outlier®. The
single "outlier" has beea left in the stope data sets, a3 this exercise is designed to see if the
semivatiograms, found in Appendix E, can acc_urétely forecast gll of the values to be found
 within the stopes. If the error statistics conform to the *ideal", then 1t can be sald that the

spatial statistive of the stope data conform to those of the development sampling,

To aiccummodate this éxefc’ise, the stope' data was o‘ptimiséﬂ to the same three widths as the
development data, thershy allowing a divect comparison to be made between the cross
validation of fhe development data and that of the optimised stoz;e data, for .any _gfvan |
pptimisatibn. The error statistic ¢f the cross validation exercises for the stope data have
been show;vn graphica&iy in Appendix F, (Rigures F13 tﬁ f24) and summarized in Table 4_,2
| below. It is clear that nons of.t'_he sémivariogmns causedd 8 bias in the errér statistics, as the
mean values all appmximate zero. However, the standard deviation of the error statisncs.
for Cases (a), (b) and (c), ave all less than the " ideat"of one. This would suggest that the

- “actual” errors are less than the “theoretical" eITOrS,
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~ 'Table 42 Summary of the Cross Validation Exercises Generated from Stope Data;
‘Mean___ Standard Devigtion

.Case (8): Sewivariograms.

120cm Optimisation ~ ~001 - 0.764
150cm Optimisation =~ ~001 0.776
200¢m Qptimisation 001 0.800

Case th): Semivariograms,

120cm Optimsisation ~* =001  0.83¢
150cm Optimisation =001 0.848
200cm Qptimisation 002 "o.ssa
Case (c): Senﬁvnriegranis.

120em Optimisation ~.002 0.839
 1500m omtmisaﬁon- : 002 0842
200cm ominiisa:iou 002 0841

Stope Width Semivariograms:
Minirmum 120em S -004 1,001

‘Minlmum 150em ~002 1.086
Minimum 200em - s001 t.477

If one examines formula (4), above, there ate two rensdhs why this should occur, The first

is that the (T-T*) compacison was better than anticipated, or secondl}?, the standard erroy

(o), Eenerated by the semivariogram model was too pessimistic for the optirﬁis_ed' stope data

sets, Tha latter is ynilkely if one sxamines how well the semivatiogram model fits the graphs

Lom
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in all ¢ases, However, the most }ikely reason for the error statistics departing frq_m the ideal'
is that the stope data is less varfable due to the selectivity applied to the mining of certain.
districts based. on the wse of pay limits. Therefore the (T-T*) comparisons wers

unchacacteristically small, in comparison to the deposit as a whole.

The cross validation of the 200cm optimised stope widths dlﬂ produce a sttmdard deviation
that deparied from the "idesl" of one. Again, it should bé remembered that the optimised
stope widthis are not normally distributed due to the data having & mintniin v.alua'enfort‘,ed
whe.u the data was captured, Consequently, the standard dev:auon of these error statistics

have departed from zerc.

In both cases, stope value (cmg!t).al‘.’! wiath, the mean of these écror statistics is close to

zero, indicating no bias. Therefors, the optimised development semivariogram models were

left unaltered for the kriging exercises of the next Chapter.

' The semivariograms and cross validation exercises examined above, used optimised data
sets, For the next chapter, the actuai widths at which the stopes were miried at and the et

values reulleed at those widths must bs examined, The eleven stoped out aress are to be

gvaluated using the development data, for each of the three Cases, au if the ore was still "m

sitn" and the results then compared to the actual values at which a given stope was mined_

_atu
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The semiﬁm-iogram models genergted by the actual stope data, cmglt' values and stope

widths, can be found In Appendix E, (see Figure E13 und B14), The semivariogram
- modeling the actual emg/t values hog been transformed into natural logarithms after a Beta
constant was added, as described in Chapter Three, One “ouglier” was removed from the
~ datg vefore modeling the semivariogram. The semivariogram of _the aetual widths can bo
sean in Figure E14, It interesting to note that the Sill s of a lower level Gum any of the
sémivarlogrmns gexecated In Caves (a) and (b), and may _Iaxpiain the poor cross validation

error statisties of Section 4.3 above.

The cross validation exercises undertaken on the actusd stope data can be found in Appendix
F (see Figures F25 and I'26). The error statisties for both semivariogram models (empft
valus snd widths) conform to the “ideal* of a mean of zero and a standard deviation

approaching 6ne.



Tha purpose of this Chapter Is to examine the performance of various geostatistical
evaluation inathods, outlined as Cases (), (b) and (c) in Cliapter Ons, and to determine how
these kriged estimates of the Woodbine Oro Reserves compare with the actual velues
encountered when the *hlocks” have been rained and sampled, Eleven stoped areas between
24 and 26 leve_l ware chosen for .tha evaluation and comparlsoﬁ execrcisys, as thelr stops

sampling sheets were reédily available (ses Figurs 1.2},

Each moped-out aren, referred 1o as simply a "block," will b~ subjected to A number of

svalustions and comparisons. In exunining the performance of the various geostatistieal

evaluation methods, the development sapipling data wlll be used to detertsine the "block®

estimates of the stoped areas, The stops sumpling data baing used to detecmins the “actual”
value {cmg/t) and width at which ssch stope was mined at, In this marner one wifl be abls
to compars the varlovs geostatistical evaluation methods, These comparisons will be shown

i tabalar form and graphically.

The evaluation exarcises will be undertaken to determine & block estimste for its cmgh
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value, stope width and variunee for each df the optimlsatiuns. This pfocsss being repeated
for eéch ﬂf the Cases (@), (), (¢), anc_l the ﬁcmal stope values, A portlon of the 25 EOB stope
- was taken to be "off reef* as lts stops sampling Indicated that thete \#ns tesf in foot or
hauglng. This "off recf" portion was not Includeﬂ in the evaluaﬂon exercise, (seas Figure
AN

5.2.1 The Optlmfsed Stopu Wiﬂlhs: _

"The block estimates for the optimised stope widths were datermined using ordinary kriging
and the semivariogram models determined in the previous Chapter. Cnly the development
datd wore used, thus forecasting the stcﬁawldm to bo mined, ag If the reef were abilll

- sltu”, This execclss ylelded thres estimated block widths for each stoped-out ares, The

estimated stops wldths, for each “block”, will remaln constant irvespective of the Cass under

investigatlon, The resulls of the kriging exercise for tha optimised stope widths have besn

tabulated In Tables 5.1, 5.4 and 5.7 for the 120cm optimisation, in Tables 5,2, 5.5 and 5,8 :

for the 150cm optimisaiion, arid fn Tables 5.3, 5.6 and 5.9 for the 200em optimisation,

§.2.2 The Kriging Exercises for Cose {u)s

The cvaluation of the eleven "blosks” wuder considetation used ali of the optimised .

development data, 55 defined by Cass (8), Each of the three optimisations were kelged
separately, using ordinafy kriging. This exerclse ylelded Usres sstimated block vaiues (emgit)

dependent upon the optimised stope width, Thus foe any given block ana can forsusst the

| estimated block vatue (3/9) for any given "likely” stopa width, Onee an aren has been

stoped, the actual block values ean then He readily compared to the block pstimates to gaugs
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how wall the optimised development data modeled ivhat was sctwally found within the bloek,

"The results of this exerclse weee tabulated in Tables 5,1 5. §.%,

These tables go further than slmply stating the estimated emgit, stope widﬂx and vaciahcs;
they also give an wpper and lower confidence lmit, For thiv exercize n. 80% é&nb:al
confidense imit was vsed assuming a normal distribution for errtrs, Essenw.
tially, this moans thut there is & 1 in 10 chanee of the “actual” valus,
of the given block, belng greater then the upper confidence limit and a
1 in 10 chance of the "actual’ value being less than the lower confdence
limit. '

‘The resulia fabuleted in Tables 5.1 to 5.3 huve aiso been shown graphicqliy in Appendix a.
Each Pigucs shews the stope width along the horlzontal axls and the grads (g/t) along tha
vertleal axls, The cqnltal Iine on each graph Joing {he three estlmated block values for the
n_pt!mised stope widtha of 120em, I50¢m and 200cm (EST.MEAN). So 25 10 .ganga the
rauige of values that the actual values can take, pach disgram has plotted on 1t the upper 90%
confidence fimit (2ST.ULI0Y and the lower 90% confldénce Hmit (BST.LLS0). Thess
Figures constituts a Grade-Stops Width modsl, by which the estimated block grade can be
determined for an}v "likely" mining widths, ranging from approximately 100em to 230em.
Glven that there are eleven stopes ara belhg evaiuﬁtéd, there ls the probabllity, and thys the
expectatibn, that ot leﬁst ons of the block's actunl stops vaiue will oxceed the wpper 90%
confldence Hmit and at Iéa"t ons of the block's actunl stope valus will axcesd the upper 80%
confidence Lmit, | |
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5.2.3 The Kriging Exercises for Case (b}
It the evaluation of the sieven "blocks” wnder consideration, a5 definad by Case (b), each
of the three optimisations wers kriged sepavately, ag wore the lew and high mcam na
similar manner o Chapter 5,2.1 above, this ylelded thres acual block vniues (emgit)
dependent upon it's opti:ﬁiscd stope widths, The only difference being, the necessity of
adjusting the Mean cmg/t value (vm) by the indicator probabitities "p*vl” and “q*vh", (sea

ﬁw formula given on Tables 5.4 lo 5.6), 'i‘he results of the Case (h) kriging hunve been
tabulated In Tables 5.4 to 5.6 and the Grade-Slope Width models have besn shown
gruphically in Appendix H.

5.2.'4_'1‘lm Kriging Exm'clsgs fov Case (¢}
The process of determining 2 block valug, using the Rank Related Uniform ‘Transform is not
. ay straight forwatd ag with the oth ' two Cas_cs. In Cases (8) and (b) it was p.ossibia tﬁ krlée
* uny glven block, ditectly, using the log transformed polnt aampiea. “Then, uslng formula (3) -

in Chapter Four, to convert the transformed estimata (@) back fnto navieal vaus,

However, in dsing the Rank Rnla_tcd Unifo;m Trassform process, -it Is necessary to creats
2 grld of points over the entire area to bo evaluated, For the area of the qudbine depos'lt'.
2 grid of 5 metres by 3 motves was superimposed over the cluveﬁ "blocks" 1o bo evalvated,

' Taking the transformed ﬁata valm_:s and using ordinary krlging, egch-polnt of the grid was ‘
evpluated aeparateljr. With this process complated, the point estimates were then ﬁnnvaned_

“back Into nawural values by linear interpolabion amongst the original data.
o determing an estimated valu. for cach "block", the natural values of
thene grid points that fell within the block boundary were averaged.



This exerelse was conducted for each of the optlmisﬁtions, the results _-of which have been
tabufated In Tables 5.7 to 5.9 and the Grade-Stop Width models have been shown
graphically in Appendix I Given that the "biock® estimates were determined on a point

busis, no confidencs limits were dotermined for the "block” estimates in this exercise,

: . . . v R

* As gach of the elaven "blocks” under conslderatio_n has been stoped-out and was sampled
at regnlar intervals, ii was possible to determine an average width at which the stope was

mined and a emg/t value reallsed ot that width by eimply averaging the stope samples.
These resulis were used for tne purpese of gauging, empirically, how the
various geostatistical methods porformed in evaluating the stopedwout aveas
of the Woodbine deposit. The results of this exerclsa can be found on
Table 5.10 and on all of the Figures in Appendixes G, H and I,

- For Cases (8) and (), the block estimates compara vevy favourably with the actual values,
(se Appendixes G, H é.nd Table.s.loj. There are, however, lwo excepﬂoﬁa to this; the
Stopes 25 E9A and 25 E9B were ovcrvaluﬁted- and undervaluated, respectively, when
compated to the actual values, In these cases the stope vuluss encountered within the block
were fioticenbly different from those found in the development slong thé blnck’s. peripher K

Statistically, two such ocgurrences wers 1o bs .xpected,
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However, thers may be a number of ca.mribatiug fa&om to ihe poor 'estlmaiion of the 25
E9A and 25 E9B stopes. From the 25 E9B stope to the end of 25 level's devglopment, the !
only development sampling data available was at an Interval of five metres instead of the
usugl two metees, Thig fact alons could ascount for the "acwa_l“ velues bel‘ng significantly
differant ftom block estimate, ‘i‘ha 25 E9A peripherat devélopment sampling contained two
- high "outlec* values and one wag in the centrally located ralsa, This has probably given the
*q" factor an unreaistically high weighting, Furthermore, the 25 E9B stope has only #
Hmited amount of develcpment #hove it on 24 level and these va[ﬁ?s were suépiclously low,
~ Miven the values obtained in tie 25 ESB stope, it may be an indication that the eastern

portion of the 24 level development was outside of the main shear zone,

~ The performance of Case (¢) is very disappointing, in that It seriously undervaluates most
of the "blocks™, It is believed, that in kriging the grid points with the transformed data, the
| point estimates have been "smoothed" tao much, The Archaean gold deposits tend to behave
. wery erratically and have Ia wide vange of values, and hence ranked valugs, within. any
defined arca, Thers s 10 uniform change in value distibatlon betwesn areas of high or low
gende, For this .renson, the k_rlged estimate of .any given point will tond towards the mean
ronk value of the sampling data within the range of ihﬂuehca of the semivarlogram used,
_ Thus, the value will tend, upon back transformation, towurds the median value of the

positively skewed data set.

‘This notion, that the Case (¢) volues ate tending towards the median value of the data sots,

is further relnforced upon examination of Tables 5.7 to 5.9 The average estimated value of
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the eleven stoped nrs_as'., for Case (¢) i3 460 emgkt, 493 emg/t and SSllcmg.ft fdr the 120ctn,
150cn and ZOOcni optimisations respectively, The stope data had median values of 442
emgh, 471 crag/t and 503 emgst for the same optimisations (see Appendix D). If one
compares these results to the mean values for the stops data oi 654 cmg/t, 677 cﬁng:’t an&
706 cmg/t, or to the evaluatioﬁs of Cases (a) and (b), then it Is clear that the Rank Related

Uniform Transfores process has seriously undervalued the deposit as a whole.

. Futthérmors, the median and mean vaiues of the deposit as a whols are oily slightly lesé
| than.thnt of the stbpa data for any gliven optimisation (see Table 3.1 and 3.3 above). Thus,'
1t 16 uniikely that the “selectivity" spplied, by mining only certain “blocks" within the
Woediine deposit, has caused o serious bias, Or one that would account for tha. conslstent

undervaluation of all stoped areas (see Tabls 510)

For any comparlson to he made between Gr_ada—Stqps Width models and fhe actual values
reaﬁsed oies the hlo‘cks wers miﬁed. one of the twa variables (stops widlth or grade) must
bo fized, Az explalned sbove, thé emgit vaiue of ﬁny block is inflnenced by its stope wfdﬂi.
Thus, the stope width was kept constant to aflow grade comparisons (o be made and the
- .wldth cho.sen was that at which each “Block"‘ was actually mined at, 'ﬂla block éstlmates and
the actual values were caloulated from the grade-stope width models 'ﬁy using linaar

Interpoiation:

© Two methods of ebmparison were used; firstly the pérc_éntage difference betwesn each of

the caleutated g/t values snd secondly the difference in grade. A cumulative comparison was
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made of all the stopes on 25 level, 26 level and the total of the two lévels. These latter three

| coraparisons wers based on the total tonnages asd . ~tents produced per leve] or both levels,

‘These vailues were then tabalated in Table 5.16.

5.4.1 Actusl Vhlﬁm v's Case {a) Block Estimates [{d) v’s ()]

If one compares the percentage differgncu of the Case (&) block estimates and the actual
values [(@)/(d)], then one notiées that the block estimates tend, with two excéptlom. to ba
within a range of approximately plus or .minus_ 14% of the actual - valugs, The. two
exceptions ace the 25 EOA and 25 E9B stopes, As explained abai_re, thé davelopmeﬁt vaiues_ '
found on the periphery of this block wére noticeably different from those values found in
the stope as Indicated by the stope sumpling, - |

When this compaison is put in tecms of gh, then the block estimates tend to be within g
rasge of appmxlmateiy g or minous 0,59 g/t of the block values. This excludes the 25
| ESA and 25 E9B stopes. '

Howaver fot the whole of the 25 level, the block estimates have -ovmﬁluaied the actuéi_
| value by some 8.9 %' (ot 0.3'6 g/th, A slmilar comparison for ﬂw 26.Ievel show's that the
block stimates have undervaluated the actual value by some 4.9% (or 0,18 g/t), Yet for th§
two levels combined the block estimates have undorvaluated the actual value by only 5.2%
for 0.20 gh). ' |
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5.4.2 Actual Values v's Case (b) Block Estimates [(d) v's (]: |
'The comparison 61’ the percentage differences for Case (b) .'_bloci: extimates and the actual

- values [(B)/()], yields similar resulis to those of Section 5,3.1 where all but two of the

black estimates fall within a range of approximately plus or minug 16% of the actual values,

In terms of grade, the block estimates t2nd to be within a range of approximately plus or

minus 0,63 g/t of the block values, ‘This excludes the 25 E9A and 25 E9B stopes,

In terms of how the block estimates compai-e to actuad values on & level by level bagix; the

block estlmates have overvaluated the actuaf value by soma 5.1% (or 0.21 g/t) on 25 level

and undecvaluated by 0.3% (or 0,01 /) on 26 level, However, for the two fevels combined

the block esfimam have undervaluated the actual value by only 3.6% (or 0.14 g/},

5.4.3 Actunl Values v's Case (¢) Block Estimates [(d) v's (6]

The final comparison, that of Case (¢) against the actual values, is disappointing. Though

the Rarik Related Uniform Trausform process negates the need to worry about "outllers”,

it Fatls to accurafely avaluate any given "block”, The percentagd differsnces of the Case (¢)
block estimates nnd the getual values [{c)/(d)] tend to fall within a range qf approximataly
minus 5% to minus 39% of the ackual valyes, This includes the two stopés that caused
problems in Sections 5,3.1 and 5.3.2 shove. In terms of gra&e. thien the block estimates

have tended 10 undervaluate the "biocks” by between 0.09 g/t and 1,68 git.

"This trend of undecvaluating s seen clearly on a level hjf leve! basls. The block estimates

have undervaluated the actual value by some 26,7% (or 1,09 g/f) on 25 level and
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 undervaluated by 29.5% (or 107 gh) on 26 level, For the two levels combined the block -

 estimates have undervaluated the actual value by 27.4% (or 1.08 g/t),

From an exantination of Table SI. 10, one can determine that Cases (2) and (b) yielded some
very. useful results when deiermining "block" estimates. Cass (i:) yielding marg‘lnaily better
results when viewed on a level by level basis or as a whole. Statistically, the axp’ecte& o
- m_mﬁer of dépaftures_frdm the Grade-Stope Width niodel, “actual” values 'falliﬁg outside of .

the confidence limits, were realised, Thus, for these two Cases the method of evaluat'ion_and

the. concept of a Grade-Stops Width model seems aﬁpmpriata.' However, the method of
_evalvation used in Case (¢) proved to be inappropriate and the block estimates consistently

undemluated the stoped areas. Furthermura, the method used to obtain these .timates did
" not allow for confidence Iimits to be detarmined for thele Grade-Stope wuf., o
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6.1.Y *roductions

A problem cncountered in Chapter 5.4, that of compdring “actual® values and block

 estimates when the cmglt value is dependent upon. stope width, also has ramifications for

Block Factor calwlaﬂons. The term "wide reef* is used to denats a geologieal horizon of |
aeoﬁomic iterest, where the mineralisation oceurs over a width that s greater than the
ekpected taining or stoping width, such zs the Woodbine deposit. Tharefore, the mh_ieral
content that ca‘n_bé expectad from any given ares, or ore reserve block, will be dependent |
upon the width at which the block was actually mined, | |

“The block factor I8 ane of the basie tools in gauging the accuracy of any Ore Resecve

sstimate and has been for_mnuy years, The term "block factor™ needs to be defined clearly |
befors continuing facther, A block factor, us defined by the Instifute of Mine Surveyors, fs
"the ratio, expressed ag a percentage, which the specific mineral content of ths ore broken
from ore veserve blocks as indieated by the current sampling results bears to the content of

this ore comptited from block estimates,” This may be also be expressed as:



B Mineral content of ore Broken, baged on current sampling *100%
Mineral content of ore broken, based on block estimates -

In the precious metal mines the cimg/t value is a measure of the mineral content of ore per

unit area, Thus, #s a generalised case, the block factor may also be eipress:ed (LH

npe  Av sampling emg/t value of ore broken from blocks
BF= Av cogft value of that ore, based to block estimates 100%

The block factor may refer to. a single oré reserve bIoc’ﬁ, io a mine éection, .a- reef iwrimn
orto -ti:e mine as & whola; Tt is an exprossion of the relationship betweeh the specifie mineral
conténf indicated by current sampling, against the estimated content 4 indicatéd by the block
estimates, I i important to note, that from the above definition, it is clear that the "block
factor” is measured in content per unit areﬁ and is not a comparison between ﬁhe"'f:.u.rren't

éampling grade (g/t) and the block grade (g/t), as showri below:

. Av sarhpi!n | /t value of ore broken from blocks at SW
BF= & gh valug'gt’ that ore, based t0 biock estimates af BW * 100%

The reason for this ¢ self evident, the block width and the chrrent stoping width Irnay ndt
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| necessarily be the same, For example, the same emg/t valus for both corrent sampling and
block estimate (in other words, & Block Factor of 100%) would yield two .diﬁ‘erem grades
(g/t) if the stope width did not equal the block width,

3 The Bl j wi :

Problems can atlse iﬁ determining the block factor for a reef that has a wldfh wide: thah the

expected stope width, as can happuen in the Afchaéan gﬁld deposits or whe:\é an optimum cut |
is taken through a eonglomerate paékag'e; Traditionally, each ore reseﬁ*a block iy delineated |
to fix the aroa of the block, then a single blow width 1s determined to enable the *ock tons
io bé calculated. The block is then evalttaled to determine & single block value (in sither git

or emg/t), which is used to determine the block’s total contents (grammies),

Th use of a single block width is acceptable if one can ussume that ﬂ:e full reof width is
 ess than the antieipated stope width, Then the total specific minecal content of the broken
ors as indicated Wy current sampling caﬁ be directly éqmpafed to the total conterts of this -
ore as computed from block estimates, However if the fistl veef width is greater than the
anticipated stope width, then the emght Qalue will vary depéﬁ'diﬁg ot the block wicth chosén,
thus the estimated “total specific mineral content” for the block wiil become 4 varlable,
dépe__ndant up'on block width, Therefore if the total contents of a block is not fixed, then
the traditional Block Factor Is not & valid means of pauging the aceyracy .ofjo'ur block

estimutes,
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Thers are essentally two ways in which this problem can be dealt with; firstly to caleulate

the total specific mineral content of the broken ors as indicated by curcent sampling at the
block width, irrespective'of what the sctaal stope width was, 50 as to miake the compatison
valid. This has certaln disadvantages in that the caleulation has to be made scpﬁrmly from |
those necessary for the “flow of ore,” that require actual stope widths for tonnage and
sontent calcularions. An alternative method is to gendrate & Grade-Stope Width model for
each ore reserve block, Thus, for any glvén "actnal” stope width, a block estimate or block
valus in s/t for that stot:a width could be determined graphicaliy or calculated, {using linear
Inteepolation), "This wil allew for valid compacisons to be made between estimated block

values (cmgft) and “agtual” values (erg/t).

If one examines block 25 E2 in Tables 5.1, 5.2 and 5.3, a Case (a) evaluation would bave
ylelded values of 737, 750 and 777 cmglt at widths of 134, 156 and 200cm, respectively,
A teaditions] evaluation would haves givent only one such value and width to the block.

' Therefore the results of any Block Factor cateulationy would be solely dependent upon o
block width chosen by the Mine Evaluator when calculating the annual Org Reserve, The
*actual” valus of 25 B2 was 853 cmgit, which would have given a Block Factor ranglng
fmﬁi 116% at 134em to 110% at 200¢m, A Block Factor calculation using the Grade-Stope
Width model a¢ the sctuel stope width of 165em would have yielded 8 trus Block Fastor of
1%,

As the Block Factor s frequently used 5 & means of gauging the securscy of the Ore

. Resurve, every effort should ba made to snsure that thy calenlatlons arg correct, Théreforo,
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in a wide reef, some form of Grade-Stope Width model I tecjﬁiml when d'etermining Blogk

Paciots.
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CHAPTER 7
CONCLUSIONS:

The object of this project report was to examing how geostatistical methodé_ can be
applied to ore reserve svaluations In the Archaean gold deposits of ths Barharton areq,
Esgentlally thers were twa-.nmin problems Identifled when trying to evaluate an Acchacan
gold deposis; namely: | '

(M  The presencs of extreme vaiues {or "outliers”) within the

| sampling data, _ '
(b}  Ths ors body frequently has o clear geolagical contaots
- betwesn whﬁ:ﬁ the occurrense of gold is limited, | |

In examining the ficst of these problems, thera are & number of geostatistival svaluation
methods that c&n ha used to d&ﬁi with extreme valnes (or "outliers") within the sn_mpling. ._ |

data, Three sﬁch muethods were examined in this projsct repurt:. namely:

Caso () To leave the data sets lﬁtact und accept the sxtrams
values ﬁs.belng bart of the overall population and,
ther'eﬁy agreelng in principle, that the volatils
semivariogeam sreated 15 Indicative of the nature of the

. ore bady,
Cass (b): To use “Indicators,” 10 Isolats the effects of the axuéma
| - values, thus effectively treating them ag a separste
populesions, and yielding a mora stable seraivariogram
for the remaining data, |

Case (e} To miﬁlnn the comparatively nev "Rank Related
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Uniform Transform® procedure, as this approach 18 not

Influenced by "outliers” as such,

The saéond of the 1wo prablems encountered Is that of estimating thé total gold content
' (grammes) within & block of ose when the gold mineralisation cecurs over a widt.h'that
is g uter than the expested mining width. ‘The approach adopted was to optimise the
sampling dats to varlous ltkely mining widths, thereby creating 2 aumber of data sets,

* one for eush optimized stops width,

The kriging of the optimised data allowed for the development of a Grade-Stope Width
| niodol tbr"eac_h "inek", whereby the actual stope vﬁiuus could be compared to the block
estimates generater] by varlous geostatistical methods under consideration, This conﬁept
of 4 Grade-Stope Width model i a *wide resf* has important ramifications to Block |

Factor saleuiations.

From the cumbaﬁwns made between the vd:inu’_s zéoatatistlcal meihod’s under
conslderation, one can determine that Casas (a) and (b) ylelded some vety useful results
when detarmlnin@g "block" estimates, Cass (b) yielded marginally better rasuliy when
viswed on & Iovel by level basis or a3 & whole. Statistically, the expectes: aumber of
departures from the Grade-5t:% WIdth model, "nctual” values failing outsids of the
confldence limits, were raalléed. Thus, for these two Cases the wmisthod of evaluation and
the concept of & Grade-Stops Width model seems appropriate, Howsver, the method of
evaluation used in Case (c) proved to be inadsquate when dealing with the _f,old values
of th.e Wdodhina depuﬁit. '
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APPENDIX A

Statistics on the L2lem Optim!satian of the Woodbine Tata
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APPENDIX B

Statistics of the 150cm Optimisation of the Woodbine Data
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APPENDIX C

Statistics on the 200cm Optimisation of the W&udbine Data
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APPENDIS D

Statistics on the Woodbine Stopg. Data
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APPENDIX E

Semivariogram Models Generated for the Evaluation
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APPENDIX F

The Error Statistics from the Cross Validatio'n Exefcises '
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APPENDIX G

Grade-Stope Width Graphs for Case (a)
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 APPENDIX H

Grade?Stoiae Width Graphs for Case fb)'
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APPENDIX I

Grade-Stope Width Graphs for Case {©) -
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