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The object of this project report is to examine how geostatlsttca! methods can be applied to

ore reserve evaluations in the Archaean gold deposits of the Barberton area, supported by

a rase study of the Woodbine deposit. E' '>emially there were two main problems identified

when trying to evaluate an Archaean gold deposit; firstly, the presence of extreme values

within the sampling data and secondly, the absence of a clear geological contacts between

which the occurrence of gold is limited.

In examining the first of these problems, II number of geostatlstlcu! evaluatlon methods were

examined in the light of their influence on extreme values within tho 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) witilin a block of ore when the gold

mineralisation occurs over a width tl •• , is greater than the expected mining width. The

approach adopted was to optimise the sampling data. to various likely mining widths, thereby

creating a number of data sets. one for each optimised stope width. The kriging (Jf the

optimised data allowed for the development of 1\ Gl'ade·Stope Width model for each "block",

whereby the actual stope values could be compared t~,the block estimates generated by

venous gcostatlstical methods under consideration. This concept of a Grade-Stope Width

model in II "wide reef" has important ramifications to muck Factol' calculatlons,
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CHAPTER 1.

1.1 An QutljlJ~ of the PrQbll!m;

The successful application of geostatisttcel methods to the evalustlon of ore reserves in the

Witwatersrand gold mines is widely documented. Yet, in South Africa at least, the

application of these methods to the evaluation of Archaean gold deposits has met with

limited success, This lack of success can, ill pare, be attributed to the fa~t that each Archaean

gold deposit is relatively small in size, has its own unlqua geological and geostatistical

characteristics and that the gold mineralisation is often very irregular.

The object of this project report is to examine how geostatistical methods CUll be applied to

ore reserve evaluations In the Archaean gold deposits of the Barberton urea. These methods

were applied to a case study on the Woodbine deposlt at Agnes Mine, which is presently

owned by Eastern Transvaal Consolidated Mines Ltd., and is situated about eleven

kilometers to the southwest of Barberton.

Essentially there are two main problems encountered when trying to evaluate an Archaean

~old deposit; namely:

(u) The presence of extreme values (or "outliers") within the sampling data.

(b) The O1'e body frequently has no clear geological contacts between which the

occurrence of gold is limited.
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The first problem, that of extreme values, tends to form a very positively skewed population

distribution, The occurrence of such extreme values can cause serious problems when trying

to generate a meaningful semivariogram model for the evaluation of any given deposit.

Further, when evaluating a deposit using lognormal kriging, the presence of a few extreme

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

overstated, This has very serious implications when retransforming the kriged estimators

back into natural values as an overstated variance will result in the overvaluation of any

given point 01' ore reserve block.

In the evaluation of precious metals, the cmg/t value is a measure of the specific minerai

content per unit of area. Therefore the second problem causes some difficulty when

evaluating a deposit where the mineralisation occurs over a width that is greater than the

expected minlng width. TItuS, at aftY given point a change itt lite sl()ping width will cause

the cmglt value, associated with tha: point, to cizange. This has two Implicstions; firstly,

when evaluatlng an area or ore reserve block the cmg/t value, and therefore the total

contents of that area, ir: not fixed and is dependent upon the estimated stoping width.

Secondly; where the estimated stoping width (or block width) differs from the actual width

at which the stope was later mined, comparisons between the actual value (cmg/t) realised

and the estimated value (cmg/t) wilt lead to erroneous Block Factors. A realistic comparison

will require the block width and actual stope width to be equal when comparing values

(emg/t) and determining Block Factors.

The Barberton Mountain Land is a vaguely triangular shaped area of rugged topography in
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the Lowveld of the Eastern Transvaal and is adjacent to the northwestern border of

Swaziland (see Figure 1.1). The Barberton greenstone belt, that forms part of the

mountainous terrain, is comprised of a wide variety of volcanic,' igneous and sedimentary

rock types that are surrounded and intruded by granitic rocks of divergent textures,

compositions and ages. (Anhaeusser, 1986).

NE~S"f!U,r
\!)

ok Llnel

T

Kllrl'lati "jv~r
VlIlI.y

eARSEFlTCN MCJUNTAli\! l.ANe

Figure 1.1: A simplified map of the Barberton greenstone bell: snowing the main regional

structnral trends as well as the positions of some of the gotd occurrences, in-:icated by the

small open circles (after Anhaeusser 1986),
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Gold has been mined in the Barberton." fountain Land for over a century, with the first

occurrences of gold being recorded in Swazlland in 1872. However, mlnlng operations

started with the working of alluvial deposits between Popinyana Creek and Plggs Peak in

1881 and in the Jamestown schist belt in 1882 (see Figure l.I). Also in 1882 Auguste

Robert (Ff~nch Bob) discovered the Pioneer Reef, the first payable reef deposit, located in

the Moodles Hills. Further exploration ill the Moodies Hills dllt'lllg the early 1880's led to

the discovery a host of other reefs of which the Woodbine Reef was one (Daneel, 1987),

The discovery of further reefs within the Baroerton area, such as the Barber Reef in 1884

and Edwin Bray's Golden Quarry in 1885, started a spectacular gold rush. However, these

discoveries were soon eclipsed by the discovery of the Witwatersrand Goldfield in 1886,

Nevertheless, the Barberton Goldfield has been a small and consistent producer of gold over

the last century. The output for the period 1884 to 1983 is approximately 251 553 kg (or 8

O~7 429 oz.) of gold and 8 875 kg (285 331 oz.) of silver. Of the gold produced, the

majol'ity (over 70 percent) has come from the four currently operating mines; namely, Sheba

and Fairview Mines in the Sheba HUh., New I..u(lsort Mine in the Jamestown schist belt and

Agnes Mine in the Moodles Hills. the remaining 30 percent of the gold mined coming from

some 350 other gold occurrem ..ca, that were only small workings or snort-lived prospects

(Anhaeusser, 1986),

the Woodbine deposit, situated in the Moodies Hills, was discovered shortly after the

discovery of the Pioneer Reef, along with a host of other deposits such as the Ivy Reef, Ivy

Reef Extension, Snowden, Highlands and Lesiers Reef (later renamed the Giles Reet). The

mining of these reefs was started in the early to middle 1880's by numerous prospectors and

miners, However, the high royalties demanded by the owner of the surface and mineral
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rights had driven away the smaller workers from the area by 1886 when the Moodies Gold

difflculties and ceased operations during the Boer War (Daneel, 1997).

Mining Syndicate was formed. However, by 1898 the Syndicate was experiencing financial..
In 1908 Agnes Mine was started by Mr. A.J. Knuckey and worked the Agnes, Ivy and

Woodbine Reefs until 1915. In 1915 all the smaller properties were absorbed into the newry

created Agnes Gold Mining Company under the ownership of Mr. W.R.. Rowe and Mr.

O.W.W. Gibson. Operations have continued to this day. hut ownership of Agnes Mine

passed to Eastern Transvaal Consolidated Mines Ltd. on the 1st October 1949 (Daneel,

1987). Currently, Agnes mine is mining three reefs; namely, the Woodbine, Giles and

Princeton Reefs.

lhlrberton;

Pdor to 1':>77, the method used to evaluate all Archaean gold deposit In the Barberton urea

was to dem It'cate an ore reserve block and take the arithmetic average of the peripheral

samples. Va:iatiolls upon this baslc theme may have been undertaken, whet'eby "trends"

wlthtn an ore reserve block were noted and cettain peripheral samples weighted by an area

of influence. Indeed, even today the routine mine valuations are t'req\1ently undertaken in this

manner.

In 1977 an experiment was conducted at Agnes Mine to determine if regressfon teehnlque,

could im applied to the Woodbine and Giles Reefs. The experiment was reviewed by Dr.

0, G. K lge, who commented that there was a good correlation between tho block values and
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the CUI'I'O!ltSilm[lling values for the Giles deposit, yet the Woodbine dep0sit did not display

any such correlation (Internal Report, Anglovaul 1977). This experiment, according to the

Records Department of Anglovaa] Limited, was ~h, first attempt to introduce statistically

bused mine cvnluatlon techniques to the Archaean gold deposits of the Harborton area.

The first application of gcostatistics in evaluating Archaean gold deposits of the Barberton

area was undertaken by Dr. E.I. Magri lind Mrs. O. Knox in 1984, when both tile

Woodbine and Giles Reefs were evaluated (Internal Report, Anglovaal 1984). The 1984

evaluation was followed by numerous other geoatatlstlce! mine evaluations in the other

Archaean gold deposits of the Barberton area.

Of tho previous geostatlstleal evaluations, the problem of extrem« values was documented.

Some evaluations would label these valui!S as "population outliers" and remove them from

the data set, whilst others would leave the data sets intact. The former causes concern, to

tho pure stutlatlclan, in that the samples discarded may be tl'uely representative samples f!'of'll

within that population. However, tile latter has serious implications far any mine evaluation,

whereby a small number of "outlier" values are allowed to inflate thn overall population

variance to an unreallstlcally high level. When dealing with transformed values (natural

logarithms) this is especially problematic us the level of tbe sill for a semivariogrnm has an
1.nf1uence Ort the backtransformatioll process of logacithm:ic values back

.:into natm'al values. The second problem, that: of no clear 9t"ological

contacts between \',hio;1 the occurrence of gold is limited, has not: been

dOCUlooHtedor accounted for .:inprev.i.ous gcostat~stica1. cV~11uaUons.
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The field of investigation undertaken, in this project report, has been limited to the

appllcatlon of geostatlstteal methods in evaluating the ore reserves of Archaean gold deposits

in the Barberton Mountain Land. A further limitation is that the sampling data, used in the

case study of the Woodbine deposit. has been restricted to the 24 to 26 level development

and 25 and 261evel stopes, This was found to be necessary as the data above 24 level was

over fifteen years old and was not readily available. It also served to limit the amount of

data to be physically collected.

There are, essentially, two problems encountered when evaluating an Archaean gold deposit,

as stated in Section 1.1 above. In examining the first of these problems, there are It number

of goostatistical evaluation methods that can be used to deal with extreme values (or

. outliers") within the sampling data. Three such methods will be examined in this project

report; namely:

Case (a): To leave the data sets intact and accept the extreme values as being part

of the overall populatlon and, thereby agreeing in prlnclple, that the volatile

semlvarlogram created iii indicative of the nature of tho ore body.

Case (ll): 'fo use "Indicators" to iSOlate the effects of the extreme vnlue$, thus

effectively treating them as a separnte population. and yielding a more stable

semtvarlogram for the remaining datil.

Case (c): To examlne the eomparatlvelynew "Rank Related Uniform Transform"
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procedure, wlJcreby the cmg/t values are replaced by a vv,iue equal to their relative

rank within the data set. 1'h18 approach is not lufluenced by "outliers" as such.

The second of tile two problems encountered is that of estimating the total gold content

(graml11t!s) within a block M ore when the gold mineralisation occurs over a width that Is

greater than (ho expected mining Width. The approach adopted was to optimise the sampling

data to various likely mining widths. thereby creating a number of datu sets, one for each

opf"'\iS!!;(' 11~width. Therefore, at any given sample point, 11number of values (cmg/t)

It vm.'ioull widulS. As the i.lmg/t value is a direct measure of the gold content

,\t un1:~. (.rtf. could estimate the total gold content (grammes) fOt a range of likely

m:nlng widths, hH' Imy give" sample pl'int.

To determine the total gold content (grammes) for an ore reserve block, for any given

m' -"S Width, it was necessary to generate a S(lparate semlvarlogram model for each

optimised width ami to kriae eal!h data set separately. This would yield 1\ number of different

values and varlances thr any iiven block of ore, depeuden; upon the optimised stope width.

Thus a Gr;ule-Stope Width model could then be created for each block. of ore to determine

the Ill'aul.} (g/t) tbr any given likely mining width.

The case study of the Woodbine deposit illustrates the practical aspects of applying the

various gc()statisticnl methods and serves as an '~mpirical means of gauging the effectiveness

uf \.,.e method compared to another, For thls comparison, eleven stop ad-out areas, between

24 anu 26 level. were demarcated or "blocked" (IS if the ore were still "in situ," then

evaluated gl.!tls(llti&ticallyusing only the development sampling dat(l, The stop ed-our areas

used ill the evaluation were us 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 portion of the 25 E9B stope was taken to be "off reef" as its stope sampling Indicated that

there was reef in foot or hanging. This "off reef" portion was not included in the evaluation

exercise (see Figure 1.2). The resulting "block estimates" were then compared to the stope

sampling values that were actually obtained within the stoped-out areas or "blocks."

The project report is organised into a number of chapters that are arranged into II ,logical

sequence of steps, as one would undertake in any evaluation. The following chapter will

outline the geological setting of the region and specifically the Woodbine deposit, In an

attempt to understand the factors that influence the occurrences of gold. This is followed by

a number of chapters that elaborate upon the evaluatlon methods used; detailing the

collection and manipulation of the data. the creation and cross validation of the

semlvarlograms and the evaluation of the "blocks" by the various geustat!stlcal methods

outlined above. A final chapter will summarise and conclude the project report.
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CIIAP'l'ER 2.

GEOLOGY;

2.1 In{mQUction:

Before an evaluation of IImineral deposit is undertaken, it is advisable foJ' the evaluator to

develop an understanding of the geological processes and conditions that created the deposit.

It is the evaluator's interpretation and understanding of the geological processes that will,

to a certain degree, dictate the format in which the sampling data is captured and the manner

In which the subsequent evaluation is undertaken. TIlis chapter is intended to provide an

overview of the regional geology of the Barberton MOllntain Land, with particular emphasis

on the Moodles HUIs. and attempt to identify those factors that have influenced the gold

mineralisation in the Woodbine deposit.

~ener!.ll Geology Qf tbe Ullwerton MQuntnin Lond:

The Barberton greenstone belt is comprised of a wide variety of volcanic. igneolls and

sedimentary rock types, that are surrounded and intruded by a host of different granitic rock

types. In the Eastern Transvaal and Swaziland the volcano-sedimentary assemblages of the

Onverwacht, Fig Tree and Moodles groups constltllte the Swaziland Supergroup

(Anhaeusser! 1975). Figure 2.1 shows the distribution of the three groups of rocks making

up the stratigraphy in the Barberton gl'eenstone belt.
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Figure 2.1: A Geological map showing the distribution of the three groups of rocks making

up the stratigraphy of the Barberton greenstone belt, (after Wagener, 1986).

The Onverwacht Group at the base of the succession constitutes an initial magmatic phase.

The lower portion of the Onverwacht Group (or the Tjnkastad Subgroup) is comprised of

a suite of ultramaflc and mafic flows approximately 7 530 metres thick. The lower portion

of this Subgroup is frequently missing, having been assimilated by intrusions of tonalltic and

trondhjemitic gneisses ranging in age from 2 700 to 3 SOO Mil. A persistent sedimentary

horizon. known as the Middle Marker, occurs at the top of the TJakastnd Subgroup and

denotes a marked change In the character of the volcanic assemblages occurrlIli In the upper

portion (or the GeM: Subgroup) of the Onverwacht Grour, he Gelllk Subgroup consists

of mafic and felsic flows, together with volcanoolasttcs and minor chemical sediments that

are approximately 7 685 metres thick (Viljoen and Viljoen, 19(9).

Overlying the Onverwacht succession is the sedimentary assemblage of the Fig Tree Group.
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It is comprised mainly of argillaceous sediments, capped by trachytlc flows and pyroclastics.

The sediments of the Fig Tree Group are about 2 150 metres thick and are dominated by

greywackes, shales and siliceous chemicai precipitates, such as banded ferruginous chert and

banded iron- formation.

The Mocdles Group, which hosts the Woodbine deposit, is the youngest member of the

Barberton Sequence and consists of shallow water arenaceous sedlments that are

approximately 3 140 metres thick in the area of the Eureka Syncline (Vlljoen and Viljoen,

1969). The Group is subdivided into three formations: namely, the Clutha, Joe's Luck and

Bavlaanskop Formations. This Group consists of conglomerates, quartzites, sub-greywackes,

sandstones and shales, together with minor volcanic horizons, jaspilites and banded

iron-formations (Anhaeusser, 1986).

~evlogy aml..structur~ Qf ihe Moodies Hills:

the three Groups in the Barberton Sequence all have surface outcrops in the general area

of the Moodies Hills , although due to certain structural events, the sequence has been

disrupted (see Plgures 2.2 and 2.3). The Woodbine deposit is situated in the Moodles Group

and it is the geology and structure of this Group that will be examined in this section.

As stated in Chapter 2.2 above, the Moodies Group consists of three Formations and In the

Moodles Hills area comprises sixteen Ilrhcstratlgraphtc units, as opposed to twelve in the

Eureka Syncline area. These have been tabulated In Table 2.1, showing their possible

correlation 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

metamorphism, they arc referred to by their sedimentary names.
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Simmarlzed geological map of the Moodles Hills (after Dance! 1987).

Schematic cross section through part of the Agnes Gold Mine, in the vicinity

of the Woodbine Shaft, ~howing the neat' vertical 'Jrientation of the

stratigraphy (after Wagener, 1986).
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Table 2.1 Summary of the Stratigraphic Column of the Moodles Group In the eureka Syncllna (after
Anhaeusaer, 1969) and the Moodles Hills (after Danael. 1987).

eURr:KA SYNCLINe (ANHAEUSSER. 1969) MOODleS.HllLS (DANeEl'19;~

UNIT NAME SYMBOL FORMATION NAMe UNIT" NAME SYMBOL.

Upper shale MdSs
Upper shale MdS3 Bavlsunskop Upper conglomerate MdCS
Upper quartzite MdQ3 Uppar arkcse MdA3

Middle shale MdS2
Second jespllita Mdl2 second jaspllite Mdl2
Second lava horizon Mdl2 Felsic tuff MdL

Joe'o Luok Amygdllioidallevll Mdl
Mlddla quertzlts MdC2 Middle quartzite MdQ2

Mlt!dla arkose MdA2- -
L.ower siltstone MdSib
l.ower shale MrlSlb

First Jaspillte Mdl Main [asplllte MdiI
First lava horizon Mdll Lower shale MdSla
Lower Shllle MdSl Clutha lower siltstone MdSia
Lower quartzlte MdCl Lower arkose MdAI
calcarecue quartzite MdCq Gritty arkOSe MdGA
Basol conglomQrata MdB Basal conglomerate MdCl

Figure 2.4: Geological map of the Barberton greenstone belt, showing the inferred

emplacement ages of the various units (after Barton, 1983).
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The numerous occurrences of gold mlneralisutlon in the Moodies Group are all confined to

the upper portion of the lower arkose unit (MdAl), the lower .iltetone and lower shale units

(MdSia and MdS 1<t) and tend to be confined to three distinct shear zones, as shown in

Figure 2.2. One such occurrence of gold mineralisation is the Woodbine deposit of Agnes

Mine on the Ivy-Woodbine shear (Daneel, 1987).

Much of the tectonic activity that created the present stn.cture of the Moodies Hills is the

result of three major periods of magmatic activity that created the various granitic cock types

that surround the Barberton greenstone belt. The formation of the Mpagen! Pluton some 25

kilometres to the east of Nclspruit was a fourth and relatively minor period of activity. The

dates attributed to the formation of certain plutons can vary widely j depending on the source

of reference used, However, for the purpose of this paper, the sequence and dates of the

magmatic events wlll be accepted as those given by Barton (1983) graphically shown in

Pigure 2.4.

Regional mapping by Daneel (1987), indicated that the Moodles Hills have neen subjected

to five ml'~ ',1' periods of deformation. The first period would appear to be prior to the

depositl- nof the Moodles Group sediments, as rounded fragments (or clasts) of the Fig Tree

Gn, .p, Onverwacht Group and granites were noted within the basal conglomerate of the

Moodies Group (MdCl) by Anhaeusser (1969), Wuth (1980) and Daneel (1987). This would

suggest the deformation and denudation of the pre-Moodies strata before the formation at

the Moodles Group sediments.

The diapiric emplacement ()f the Kaap Valley Tonalite appears to have occurred after the

deposition of the Moodles Group sediments and to be the cause of the second period of

deformation. Daueel (1987} gives evidence for the existence of four thrust SI. ~:s within tne
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Moodies Hills, (!l1'ustingtowards the south, thut were created at this time, He suggested that

the younger thrust sheets were thrust over the older sheets causing the thrllst surface and the

sheets of the earlier thrusts to be deformed, The thrust faults or the boundaries of shear

zones tended to be sub-parallel to the strata, particularly along a contact between lithologies

of high competency contrast, 'these thrust faults can be explained hy the rise of the dlaplr

causlng an upward arching of the Barberton Sequence, and gravity sliding or gravitational

collapse giving rlse t'J compressional forces necessary for thrust faulting to occar, Figures

2.2 and 2.3 show the unconformable relationship between the Moodles, Fig Tree and

Onverwacht Groups Illong the Moodles lind Sheba11aults.

The final emplacement of the Kaap Valley Tonalite and the intrusion ofilia Nelsprule Granite

resulted In the third perlod (If deti.)rmution. These events I'esult~d in the Mooclies Hills area

being sul~l!ctcu to compression from the north-northwest. Daneel (1987) believed that this

perlod of deformation could have been responsible for the steep dips and in some places

overturning of the stratigraphy and structures. Anhaeusser (1969) attributes the regional low

grllut;l metamorphism lind a gold mineralisation event to this phase of deformation, Evidence

for this in the MO(Juies Hills, nud the Woodbine depOSIt itselt~ comes from the filet that

dlabuse dykes t:\lt across j:;()j1OS l)f gold mineralisntion. indicatlni that the gold mineralisation

occurred before the dyke intrusion. The age of these dykes Is believed to be post third period

deformation ali these dykes have Intruded through the steeply dippini and deformed

J3arhl.lI'tou sequence strata alld the consolidated Kaup V~\ney Tonalite.

Tho t~llIrihAndtifth periods of deformation caused gentl~ t\)lllina and Cl'olllllntionswithin the

Mcodles Hills. 111es~,periods of lIetl)rmlltion were probably the msult of litho static loading

hy younger covet' rocks.
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;wJ.•IIHl Genesis 9tGQld Minel'nlisutiQn In the Woodbine Deposit;

There is, essentially, 'mly one school of thought regarding the genesis of the Woodbine

deposit. It is believed that the gold was introduced into the host rocks lifter their formation

and this moue 1'1' occurrence is referred to as the epigenetic model. However, during the

early 1980's, and later with a paper printed in 1986, Wagener proposed a syngenetic modol

where the gold mineralisation is said to have occurred as the host rocks were deposited or

formed.

Wagener (1986) consldered that the syngenetic model for the deposition of gold gave the

simplest explanation fOl' the Woodbine deposit's strata bound character. He also viewed the

stratigraphy as the dominant Influence on the orientation of the (h,; hody. The gold

nrlnerallsarlon possibly being \If volcanogenic exhalative origin.

Pem:'ton et al., (1984) and Daneel (1987) challenged Wagener's syngel)etic mode! and the

"strata bound character" of the Woodbine deposit, Pearton et at., (1984) showed that the

occurrences of mineralisation In the Moodloo Hills are restricted to those zones that have

been subjected to both cheating and hydrothermal alteration, One such shear zone is the

Ivy-Woodbine sheut' (see I~igure 2.2) and rather than blling "strata bound," the shear zone

acmally cuts across the strata at an angle of five degrees. Daneel (1987) proposed an

I:1I)igeneticgold enrichment model controlled by the structural environment. The assoelatlon

of gold mineralisation with zones of shearing and hydrothermal nlttrlltion was also found to

apply to tho ultramafic schists of the Onverwacht Group to the north of Agnea Mine (Wuth,

1980). Wlith proposed that the gold minerallsartcn occurred as a result of the precipitation

of hydrothermal solutions Into suitable physfo- chemical traps. The Mount MOl'gan, Ploneez,

Tiger Trap, Golden Hill, Quudro and Rossetto gold mines are all situated in the sheared and
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altered ultramafic schists of the Onverwacht Group north of tho Moodles Fault (see Figure

2.2).

In the process ~)fgathel'ing data for this project report, the matter regarding the ()rigin of the

Woodbine deposit was discussed with Mr. w.n. Scott and Mr. E. du Plessis, the Chief

Geologist for Eastern Transvaal Consolidated Mines and S~nior Geologist at Agnes Mine,

respectively. It was cleat, from theit· collective underground experience of the Woodbine

deposit and the strong association of gold mineralisation with zones of shearing and

hydrutherma] alteration, that they favout the epigenetic model. Thus, for the purposes of this

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

The Ivy"Woodbine shear zone is characterised by intense, but locally Inhomogeneous,

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 region tllat attracted

hydrothermal solutions, or at least facilitated th!\ movement of such fluids, into and along

the shear zone. The shear, itself, Is sometimes defined by a single mylonite (up to 1)0 em

thick), or by numerous small sub·parallel shears creating a mineralised band up to three

metres wide (see Fi~re 2.5).

Pearton et al., (1984) and Daneel (1987) proposed that the gold mineralisation accompanied

the latter stages of hydrothermal alteration and Is closely associated with pyrite, chalcopyrite

and sphalerite. Daneel (1987) also rel:nrded the hydrothermal alteration process as a rock

preparation phase, prior to mineraHsalion. The alteratlon process involved the development

of siderite, the destruction of chlorlte (that was iron rich) :1n,\dolomite, and the bleaching

of red jasper bands (where present). 'rho alteration frent, or "halo" about the mineralised

zone. may be sharp or dlffusfA over a fow metres with complete or only partial alteration.
rl'hts sug~Jc,!J~~Sthe };'ot:f1nl:i,11,pressure of t:wo populations in 1:110minoru-
lif3al~j(~ln (:,00 .Later discunoion).
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Figure 2.5: A typical geological map of the Woodbine Reef, (after P~arton, et al., 198.1).
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The development of sulphide minerals within the iron rich host rocks is common to all three

mineralised shear zones in the Moodies Hills, The Ivy-Woodbine shear zone occurs within

laminated ferruginous shales with minor interbedded [aspllltea and contains the best

development of sulphide mineralisation. For the purpose of this project report, it is assumed

that the the gold precipitated out of solution as It result of a fluid to wall rock Interaction,

probably In some form of physlo-chemlcal trap. The fluids containing the gold and sulphide

minerals reacting with fem.lginolls zones, \t. ithin Ute host rooks, thereby inducing Ute

sulphides (and gold) to be deposited. The close association of sulphide minerals and gold in

the Woodbine deposit was noted by Daneel (1987), amongst others.

i'he geological model proposed above has a number of fOllM'es thllt will influence an

evaluation and these are:

(a) That the mineralisation about the shear is nOLconfined to any particular sttlltiloll Aiihic

horizon. as happens with Ute sedimentary Witwatersrand Reefs In UtI!case of the

Woodbine deposit, the mineralised width is frequently greater than the anticipated

stope width.

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

deposit, that one is usually able to visually Identify high grade area.

The tirst feature Is dependent upon the ability of the hydrot!lern'l:1 !lids tel,' -netrate the host

rocks of the shear tone. Such features as the host rock's pl'rmeac ';~1' iCs chemical nature

and the density (if cross fracturing within any given are.' wll! hnvtllln Influence on the cmBlt

value, lind probably tr'a grade (g/t), at any glv~n point. At Agnes Mine, work is being

undertaken to determlne th~ influence of specific geological structlll'es on ilte grade
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distribution of the Woodbine deposit. Unfortunately. this study was not complete at the ame

that this project report was written. Consequently, when areas of high gold concentrations

LIreencountered, it is assumed that these geological features are the cause.

The second feature is important to the evaluation in that it enables the miner and geologist

to visually identify areas of high gold concentrations. This feature also allows the mine

evaluator to optimise the mineralised zone to a number of likely stoplng widths, determining

a cmglt value for each width, in the knowledge that the mineralised zone is usually readily

identifiable.
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CHAPTER. 3

ANAL¥SIS....QF THE SAMPLING DATA;

3.1 IntroductiQn:

The object and scope of this project repo«, as stated in Chapter 1.4, is to examine the

performance of various geostatlstlcal evaluation methods in evaluating an Archaean gold

deposit: namely the Woodbine deposit. Thus, the format in which the sampling data was

collected had to be versatile enough so, that with a few modifications. it could be used for

any of the geostatlsttca; methods examined. Furthermore, in collecting the data, cognleance

was taken of those evaluatlon problems likely to be encountered and the geological

characterlstlcs mentioned in Chapter Two, The sampling data available came from two

primary sources; namely, the development sampling sheets for 24,25, and 261evels and Ule

stope sampling sheets of eleven stoped-out areas between 24 and 26 level (see Figure 1,2).

The problem of tho ore body having no clear geological contact, between which the

occurrence "f gold mineralisation is limited, was dealt with by optimisV'14the development

data to three minimum widths. Such till exercise could be justlfled in the Woedblne depotlit,

because of the close association between the development of sulphide mineralisation and goirJ

values. This assoelatlon, usually, u!lowing the miner 01' geologist to visulIlly j(,ltmtlfy the

min(o:ralisc(izone.
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Each individual development sample section was examined and a cmg/t value calculated for

three minimum stope widths, namely 120cm, 150cm and :lOOcm. At the time that the

sampling data was optimised, a stope width of a 120cm was considered to be a practical

minimum mining wi(ith due to the size of scraper that was being employed in the Woodbine

deposit. Thus 120cm was chosen as one of the optimised minimum stope widths. The

optimised widths of lSOcm and 200cm were chosen as being representative, by degrees, of

stoping widths where mining controls were lax "n examining each individual development

sample, the optimised width was allowed t\J open and close at a rate of one m~tre per five

metres along st~ike when determining the optimised value (cmg/t) and width. Where values

warranted it, the optimised stope width was allowed to open up beyond the minimum stope

width and a value of ·kO g/t was used as u "cut off" grade for such decisions, as being
the currently acceptedmineable grade.

The numbe; of development samples collected for each optimised \'I klth differs slightly; the

120cm, 150C11\and 200cm optimisation exercises having 2183, 2181 and 2r/8 srutlple

points, respectively. These differences are due o the fact that the Woodbin» deposit is near

vertical. with the development samples being taken in the hanglngwall of the drives or

raises, and occusionully r.lll reef exposures were obscured by ventilation pipes. Where the

full reef exposure was obscured, a partial sample section was cut. However. the reduced

sample width meant that, at those locations, nn optimised value for certain widths could not

be determined,
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3.3 An Examination of til!> Dev£lopm£ot Datu:

ThQoptimisation exercise generated three data sets, one for each of the optimised widths.

Various statistics were determined for each of the data s...ts. Probab'llty plots drawn from

these data sets, giving the basic statistics, can be seen In Appendixes A, 13 and C for the

120cm. 150cm and 200cm optimisations. respectively. Figures AI, nt and Cl yielding

information regarding the cmglt values, whilst Figures AS, as and C8 giving information

about the optlmlsed widths. The basic statistics have been summarized and tabulated below:

Table 3.1: The Development Data from the Three Optimised Data Sets.

"'1
QE~IMISEQ wI12~}r

~t~t;Sllli ,U.Q.Qm ~- 2QQ!2111

Arithmetic Mean (c:mg/'t) 685 709 744
Std. Deviation (cmg/t) 1942 1942 1946
Skewness 19.31 19.31 19.2!i
No. of Samples 2:183 2181 217S

Median (omg/t) 405 440 477
14inimum (omg/t) 1 1 l.

l1aximum (cm9'/t) 52834 52844 52879
AVEilrageOptimisad Width (em) : 131 156 201
Average 9:ra.da(g/t) 5.23 4.54 3.70
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From Table 1, it is clear that all of the data sets are very positively skewed and have wide

ranges of values. Figure 3.1 has been drawn from the 120cm optimised data and illustrates

the degree of skewness that is present in the Woodbine data. Indeed, of the 2183 samples

optimised to II 120cm, only 319 have a value greater than 1000 cmg/t. Yet those same 319

samples, only 14.6% of the total number of samples, account for approximately 52 % of the

arithmetic mean value. Clearly, the tew extreme values present within the data sets are cause

for concern when reviewing the statlsttca given above.

Where the mineralised channel of a reef is wider than the expected stoping width, as with

the Woodbine deposit, the cmg/t value for any given point is not rued and is dependent

upon the width lit which it WlIS optimised. This is not only true "for any given point, II it also

holds for block estimates M welt. Thus, when determining block cstlrnates, both the cmg/t

value and optimised width must be determined from each of the optimised data sets. In this

manner a Grade Stope Width model can be developed for any given ore reserve block (see

Chapters 5 and 6). Flgure 3,2 illustrates the statistical characterlsttcs of the optimise! stop .

widths. It should be noted that the majority of development samples (some 70%) could not

justify an optimised stope width of greater than 120cm and consequently the widths are not

normally distributed. This fact bas certain ramifications when generating the semlvarlograms

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

When a data set is positively skewed it is, In South Africa at least, common practice to take

the natural logarithms of' the cmg/t values and examine the lognormal model. The results of

this exercise have been shown graphically in Figures A2, BZ and C2 In Appendlxes A, B
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and C, respectively 1110 Woodbine data shows the cl1aJ.'ac:tcnt~licsof having 1\

thr=s-paramerer lognormal distribution, but has two significant departures from it. Figure

3.3 has been drawn from the 120cm optimised data to demonstrate these characteristics, The

majority of the Woodbine data has the essential features of a three-parameter lognormal

distribution, with the In(cftlJIt) values plotting as a straight line and the characteristic down

turn of the lower tail requiring a Beta «(3) additive constant to correct it. However, a small

proportion of the Woodbine data do depart from this model in the u1'},'orand lower value

ranges (see A and B in Figure 3.3), These departures from the "model" t.1ay be viewed as

"outllers", which are discussed in Chapter 2. ~below.

III examlnlng the geostatistlcal methods outlined in Cases (a) of Chapter 1.4, the datil values

(cmglt) will be transformed into natural loga.hhms before any study is undertaken. as the

Woodbine data closely approximates II three-parameter lognormal distribution. C(1Se (b)

differs from the others. in that two types of data transformation will need to be undertaken,

Indicator transforms will be preformed on all of the data, using the upper and lower

"outliers" as cut-off values, then the data, less the "outliers", sldl be transformed into

natural logarithms before any analysis. The data values (crng/t), for Case (c), will be

transformed into rank related values.

~.4 'I'b£ Idc1ltiljC!ltiOn pf "Qutllcr~

Ess!Jf\tially there are three sources of sampling data luconslstency; namely. an errreme value

from the same population, IIvalue from another population and lastly, a value resulting from
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an error in assaying or sampling. Though not strictly correct, these data inconsistencies will
"t

be referred to as "outliers" for the purpose of this prt ,t report.

The lower valued "outliers" (see A In Figure 3.3) can be the result of off reef development.

However, before the development sampling data was captured, the datu was fQv!eweu hy the

author and the geologists at Agnes Mine. It Is therefore assumed that the data captured is

on reef, Another reason for the existence of samples valued at 1 cmg/t is the result of a

historic assay cut off. where an assay of 0.4 g/t was recorded as "trace". Consequently,

there could ~~ea number of sample sections that recorded only "trace" values and thus have

a value of 1 cmg/t. However, more recently, this assay cut off improved to 0.1 gil and this

maybe the reason why there are no "trace" values on 26 level or. in the stope data.

The removal of the lower valued "outliers" can be jllstified us they are, probably, the

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

within II data set. when examining lognormal statistics, is to overstate the varlance of the

logarithmic values. As the mean value (p.) of II three-parameter lognormal variate Is related

to the geometric mean (Itt) lind the naturallognrlthmlc variance of the values «(/.2), where:

~, ;:; In[exJl(O'fi~12)lnl3 .1'", It .U .. " I."n. t Uft tl HI H It tt IlIt ', H-t' (1)

When the logar.thmic .1ue of the geometric mean is approximately six (a.~with the

Woodbine data), II value of: 1 cmgft has It slmllar lnfluence on the variance of the naturel

logarithms. tlS a vatue of approximntely 160 000 emg/t. TIle lnetuslon of the lower valued



il

31

"outliers" couk', therefore, result an over valuation of the mean value (fl) and is naturaHy

of some concern to the Mine Evaluator.

1'11..~cause of the higher valued "outliers" (see B in Figure 3,3), is less easy to define; they

can simply be the "unlikely" occurrence of extremely rare values, but clre part of the same

popul(ltion as the rest of the sample data. Alternatively, they may be the result of some

samples being drawn from another population; f(lr example. samples Intersecting fractures

filled by quart; veins catrying visible gold and of a complewly different geological origin

to the deposit as a whole. As stated in Chapter Two, work is being undertaken at Agnes

Mine to determine the influence of speci11c geol()gical structures on the grade distributIon

of the Woodbine deposit. However. this work was incomplete at tho time that this project

repllrt was written and so it was not possible to define th~ higher values as· population

"outllers" Oil geological grounds,

Unf(lrtunat~lYI testillil for "outliers" on a purel.y statistical basis Is unsatisfactory M the

theory l't;:garding;the detection of ,Imultiple ()\\tilers" Is boUt complex and inconclusIve, From

II practical view poInt. however, the higher "oull101'5"nrc it\entlfiable by the fact that they

h ~ departed from the lognormal line. It is this criteria that will be used to define !hf,\

higher "outliers" and a value of 8100 ~lmi/t Is used tl.'i. an upper cut-off (sea Flgtlre 3.3),

TIlls cut {1ft' aDplies to all three of th~ optimised data sets and l10t just t]lO 120cm

optimisation. This f('1i.rly arbit:rary decision was t£lk~m for cQnsisl~('nC1'Y.
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~.J...:Illll,Trcl.ltml!nt Qf "QUtll~I'S~;

The manner in which the "outliers" are dealt with is dependent upon the geostatistlcnl

method to be examined. All outlined in Chapter 1.4. th1'1.,3ge(lstutisticnl methods are

examined in this project report and were put forward as Case (a), (b) and (0).

3.5.1 euse (n):

In this Case the data set was left i)ltact and the "outlict's", and their effects upon the variance

of the natural logat'ithms and the semlvadogram model, being accepted as indicativ~ of the

character of tho Woodbine d~~osit. Though the lognormal statistics ()f the data do not truly

conform to the three-parameter ltlilnormal mode], a Beta constant (/:1) was applied to the data

to reduce the degree of skewness to it minimum: see FIgures A3, B3 and C3 in Appendixes

A. B ano C. The Beta constants applied were +35. +45 and +55 cmg/t for the 120cII\,

150cm lind 200cm optimisations, l'cspectively.

Flgurf.)3.4 illustrates the degree to which the data from the 120cm optimisation can !\flprOMh

the three-parameter' lOl6normt\!model with the application of a Beta consrant to l'el.hlce tlle

skewness of the population uistrihution. The \Ippm' and lower "outUel'S" clearly heing

pl'oblemalic in their departure from the log,normallll\)del. However, such data sets could.

nnd do, arise where the Mine Evaluut(1l' is unwilling to remove such "outlier" values.

3.5.2 enSl' (b):

Case (b) allows for the removal of "outliers" from the data sets and to treat them as a
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separate population by using "Indicators", rather than clltting Ute "outlier, completely, In

this case two Indicator diltu sets ware formed. one for the low "outliers" and another for the

high "ontllers". The basic concept 15to be able to estimate any given point or ore reserve

block using tho development data, without the influence of the "outliers". Then, by

separating the problematic data Into different classes, giving the "outlier" data point a value

of "1" and all other data points a value of "0". one can determine the probability of the

"outlier" data influencing any given point or ore reserve block.

r~lgures 3.5. 3.6 and 3.7 have been drawn from the 120cm optimisation to illustrato the

progressive stases of removing the "outlier" data and adding a Beta constant to normalize

the remaining dnta, so that it confol'ms to thl;' three.paraml;!tel' lognormal model. In Figure

3.5 the lower "outlters" have been removed and thereby emphasizing the division between

the majori,,), of the W(lodhine data and the higher "outliers". Fig\lre 3.6 graphically

illustrates how the Woodbine data conforms to the three-parameter lognormal model, once

all the "outliers" have been removed, ". Figure 3.7 shows the 120cm optimised data

made lognormal, requiring a small Beta constant of +45 cmg/t. Tho other optimisations of

a 150crn and 200cm !'cquil'lng a +60 cmg/t and +75 cmg/t Beta constant, respectively. The

adjustments made to the 120CIU, 150cm and 200Clll optimisations can be found in

Appendixes A, 13and C, respectively (see Figures A4, 5 and 6, 134, 5 and 6 and C4, 5 and

6).
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'therefore, for Case (b), the estimated value (cmg/t) for any given point or ore reserve block

is determined using the following relationship:

V == (l-p ..q).vnl + p.vl-l- q.vh.i..« .....•n ~'4., ~.t.~ t•••ua.'tlt(2)

where:

V = Point or Block Estimate (cmg/t)

vm = Estimated value, less all "outliers" (cmg/t)

vi == Arithmetic average \)f the lower "outliers" (cmg/t)

vh = Arithmetic average of the higher "outliers" (amglt;

p := ProbnbHity of Influence of lower "(,utllers"

q := Probability of Influence, Ilfhigher "outliers"

The U'JC of arithmetic averages for defining the !ntluence of the "outliers I on an r,iStimated

value, may seem crude; however it should be remembered that due to sparsity of 'outlier"

data, local estlmates cannot be made. The values for "p" and "q" are derived from the

kriging results of:any given point or area, using the Indicator data sets .

....5.3 Cnse (c):

The third and final case, eXllmines the effectlvel\ess of transformln!: Ute Wuodbine data

(cmg/t) Into its dlmenslom.ss rank related form. The transformation process involves giving

the actual cmg/t value II value equal to its ranking within the d!\tll.set. For example, In the

120cm optimisation. the highest value equals 52834 Cn1a/t and therefore receives a ranking

of 2183, (IS there are only 2183 data points. 'rbe second highest value in the datil s~t
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receiving a ranking of 2182 and so on.

Where two or more cmg/t values are equal, then the transformation process is slightly more

complex. There are two methods of dealing with this problem; the first is to take the equal

omg/t values anu give their rank ("11-#") at random. 111US, if there are three cmg/t values,

all of equal value, then their ranking "n", "n-I" and "n-2" are determined at random. In this

manner, one ensures that each cmg/t value receives a unique rank related value. However,

the disadvantage of this method lies in the fact that equal values must be given a unique

.ank, In a sizeable, positively skewed data sets there is the very real likelihood of numecous

sample poims being of equal value. Thus,!n applying this method of determining the rank

of equal values, the rank given becomes a function of random selection, rather than it being

based on the actual cmg/t value,

The alternative approach Is to tnke the equal ~mg/t values and apply the average value of

their ranks ("n-II") to all of those cmg/t values. POI' example. three equal cmg/t values Utut

would have had ranks of "n", "n-l" and "n-2" are all given one rank value equal to "n-I".

The most significant advantage of this method, compared to the first, is that the rank applied

to each different cmg/t value Is unique and the allocation of a parrlcular rank to a sample

location is not a functIon of random selection. It is for these reasons that th!¢ second method

Is the one used in this project report,

The advantage of such a rank related trnusform is that the influence of "outliers" are

essentially negated. Thus there is no need to treat the "outliers". as defined above, (my
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differently that the rest of the data. If one examines Figure 3.8, drawn from the 120cm

~
optimisation, one can see that though the degree of skewness of the transformed values is

equal to zero, the probability plot shows the data departing from a straight line, indicating

that the data is not normally distributed.

3.6 A Stntistjcal t\nnlysf{! or the Dev!;'9pment Dpta;

In determining the statistics, given in Table 3.2 below, the natural cmg/t values for the first

two Cases were calculated using formula (1), above. For the third Case, statistics cannot be

carried Out directly on the transformed values, the statistics will be those of the natural

values given in Chapter 3.3 above. If one were to undertake any sort of statistical al1:I!~sis

of the transformed values, the median and mean values would be the same and upon

conversion back into natural cmg/t values they will also yield the same cmg/t value. Yet,

with f! !1osit!vely skewed data set, the median and mean values are not the same.



Table 3.2: A Summary of the Statistics for the Three Optimised Data Sets.
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Case (a): includes
all data.
120cm Optimisation
150cm Optimisation
200cm Optimisation
Case (h): less all
Uoutliers".
120cm OPtimisation
lSOcm Optimisation
2uncm Optimisation

Case (0):

120cm Optimisation
lSOcm Optimisation
200cm Optimisation

.IiQ.t~ l:!~gisn v jl t:~W]r;.!iL.............kZ il!".n
(cmg/t) (cmg/t) (log) (cmg/t)

+35 405 0.931 638

+45 440 0.~17 660
+55 477 0.774 693

+45
+60
~·75

4J.::l

452
4sa

0.671
0.593
0.544

597
621
656

405
440
477

6as
709

744

If one compares Table 3.1 to Table 3.2, it can be seen that the use of logarithms. ill Case

(a), to determine the mean value bus caused a "smoothing" of the higher "outliers" thus

ykiding a slightly lower mean value. Any comparisons made for Cases (b) would nor be

valid as the "outliers" have been removed from the data before any calculations were made.

The most noteworthy comparison thnt can drawn from the two Tables, is the degree to which

the mean value fOt' Case (c) dlffers from the adthnietic mean, given in Table 3.1, and the

means determined for Cases (tt) and (b) in Tabl« 3.2. The reasons tor this discrepancy

having been dlscussed In Section 3.5.3. above,
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3,7 A Statistical AnaIY:lit_of' the Stope Datn;

The stope data was tak..n from the original stope sampling sheets at Agnes Mine. A total of

714 samples were collected from the eleven stoped-out areas and their positions coordlnated.

Each sample was examined :' .d optimised to 120c01, 150cm and 200cm. As the

development samples were optimised to three widths, it was necessary to exami ,~the stope

samples in the same light so that a series of cross validation exercises could be undertaken

to check the validity of the semlvarlogram models derived from the optimised development

data. The actual stope width and cmg/t value, realised at that width, were also noted for later

comparisons between the various "bi. .;.(" estimates and the "actual" value and width at

which any given stope was mined at. The statistics, f(,l!arding the stope dl\, .I, can be found

in Appendix. D.

The stope data set had only one extreme value of 13799 c:1g/t (see Figure 01, D6, D1 and

016 in Appendix D). This O\ltlie~was removed from the data set when determining the

"actual" stope values in Chapter Five. 'I\) leave such an "outlier" in a data set wl)111ddistort

the mean and variance of the three-parameter lognormal statistics. Further:t1ore to leave such

a value in place would also adversely influence the sernlvariogram used to krlge the actual

block values, However the "outlier" was left intact for the cross validation exercises of

Chapter Four for reasons that will be explained in that Chapter.

The stope data has been summarized and tabulated below, in Table 3.3. It is interesting: to

note that the cmg/t values generated by the opttmlsattou model and "actual" cmg/t value.. do
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differ slightly. The average cmg/t value for the actual stope widths. with a width of only

179cm. is a fraction greater than the average cmg/t value determined for the 200cm

optimisation. This is a product of the optimisation process, where there is always a minimum

optimised stope width restriction in place when collecting the data. When collecting the

actual stupe data. there is no such restriction. The result being that where, tor any given

point. the mlnlmum optimised stope width is greater than that of the actual stope width, the

difference is given It zero grade. Thus, in this case, the cmg/t value is the same for the

actual stope width as the optimised width. However, when the actual stope width is gl'catet

than a particular minimum stope width. then the optimised crng/t value is frequently less

than the "actual" value. 'TIlUS, on average, the statistics for the actual stope data result in a

larger cmg/t value over a smaller stope width, when compared to the statistics from the

optimised data.

Tuble 3.3: A Statistk"\ Analysis of the Woodbine Stope Data.

- oj

Betn Val'lllnce Mean Width Samples
(crngft) (log) (cmg/t) (em) (No.)

Optimised to 120cm + .5 0.715 654 132 7i3
Optimised to 150cm + 10 0.662 677 156 713
Optimised to 200cm + 25 0.617 706 202 713

+ 30 0.610 721 179 713
Actual Values
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From this simple tabulation it is reasonable to assume that the stl,)pedata and development

data have been drawn from the same population; c~Jpare Table 3.2 with Table 3.3. With

the stope data, one would be expect to have a higher mean and lower variance as it is

assumed that the stopes were mined selectively according to some or other paylimit. Indeed,

given this, the statistics compare favourably.
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CHAPTER Ii

SEMIV&RIOGRt\M MQDE~ Al\ro CROSS VALlDt\TIQN EXJi;RCISES:

1.1 Inttvduction:

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

within the Woodbine sampling data, by way of a semivadogram for each variable. As there

is an element of subjectivity inherent in the modeling of a semivarlogram, the validity of

each semlvarlogram model chosen is determined by way of a cross validation exercise.

In evaluating any given area within a gold mine. the Mine Evaluator usually has at his

disposal a combination of both development and stope sampling data with which to generate

the necessary semlvartcgrams used in estimating the value (cmg/t) and stope width (em).

However. for the purposes of this pl'oject report, an extreme case is taken whereby it is

initially assumed that the only source of data available is the development sampling data

between 24 and 26 levels (see Figure 1.2), as would perhaps be the case when mining

operations start in a new area, From this assumption, a semlvsrlogram model is then

generated for each variable and then cross validated, using the same development data, to

ensure the validity of the model chosen. Yet this test only ~upportR the notion that the

semlvarlogram model reproduces the development data correctly. It does not define how this

fit might differ from the "true" semlvarlogram model which fits the entire area between 24

and 26 level. once stoped.
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the ultimate "test" fllf a semlvarlogram, as a predictive tool, is fer it to be able to

accurately forecast the values to be found at an unsampled point or area. By cross validating

only the optimised stope data with the semlvarlograms generated by solely development data,

it is possible to determine if the spatial statistics of the stope data conform to those of the

development sampling.

the actual stope data are used in Chapter Five to determine the value (cmg/t) and width at

which each stope, or "block", was mined at. In this manner one wili be able to examine the

Grade-Stope Width model of each "block", so as to compare the various geostatistical

evaluation methods with the "actual" values realised and determine if the development

sampling data yields sufficient information to be able to accurately predict the gold content

of any given block.

In each of the g(1ostatisticalmethod» exnmlned, Case (8), (b) 01' (c). the data was optimised

to three minimum widths. As II result, it was necessary to generate IIdifferent semivarlogram

for each optimisation for the cmg/t values and widths. For all of the semtvarlograma, a lag

of four metres, with a tolerance of two metres, yielded the most stable graphs, Due to the

spatial distribution of the development data along drives, raises and wlnzes, only omni-

direc.:tionalsemivarlograms were modelled for these exercises (see Appendix E).



45

4.2.1 Semlvarlogrum Models Generated from Development Data:

'i'hl~st.'!1livariorr:un models determined for the In(cmg/t+{3) values in Case (a), where no

"outilc.s" are w'Juved from the data set, are graphically illustrated in Figures El, E2 and

E3 of Appenc.'ix S for the 120cm, 150cm and 200cm optimisations, respectively. All three

semlvarlograms have two structures and have a Nugget Effect of approximately thirty

percent of the semivarlogram Sill. Visualiy, the model chosen fits the data very well.

However, it must be rell:'ll!mbercd that in lognormal geostatist!c$ the level of the Sill

influences tIC krlged estimate (z*) of any give point or area. The krlged estimator (z*) is

def "led by:

log z* =: tUj.log x, + 'h!:8j.(oi • CTrU + Ih>-' (3)

where:

;z:* ::;; krlged estimator of L... untransformed true value,

y ::;; actual value (If are block to be estimated,

x, := values of data,

11j :;: kriging weights for the transformed values XII

rJ.i::;; the population vanance of the transformed values,

(f~1 ::;; covaclance between transformed values y and XI' (calcul ..ted fl."Cl'n S6n\i .. vnria;p:<3lI1)

>-. == Ia Grahgfl multiplier.

Therefore, thi!; fact that the "outliers", both high and low, have caused an increase in the

pop\llatltln variance «(Ji) Is likely to result In an overvaluatlon of any krlged estimllte. TIltIS,

the kl'l"ged estlmates of the varlous "blocks", geMrLted In Case (a), must be viewed with

some cantlon Iii light of the formula given above.
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The semivarlogram models determined for the In(cmg/t+,B) values in Case (b), where ali

"outliers" are removed from the data set, are graphically i{[ustratea-in Figures E4, E5 and

E6 of Appendix E for the 120cm. 150cm and 200~m optimisations, respectively. Again, it

can be seen that the three semtvarlograms have two structures and have a Nugget Effect of

approximately thirty percent of the semlvarlogram Sill and the model chosen, visually, fits

the data well. Also, in Case (b), it was necessary to generate semivarlogram models from

the high and low indicators (see Figures E7 and E8, in Appendix E, respectively). Both the

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

can be viewed as pure Nugge; Effect.

The formula given In (3) above also applies to Case (b). However, the removal of all

"outliers" has reduced thepopulatlonvarlance (CI,}) and the Sill of the semlvarlogram, Thus,

the basis of examining Case (b) Is that the use of indicator'), to model the characteristics of

the "outliers", wiII generate better "block" estimates.

The semlvarlogram model determined for the cmg/t values in Case (c), where the values

have been subject to a Rank Related Uniform Lransform, is glapltically illustrated in Figure

E9 of Appendix E. One modal was, chosen for all three optimisations, as any variation in the

transformed values is a result of the number of data points, rather than the actual cmg/t

values. The 120cm, lSOcm and 200cm optimisations contained 2183, 2181 and 2178 data

points, respectively, and therefore the population variances and semlvariogram graphs of the

three optimisations were almost identical. The slmllarltles between the semlvarlogram

graphs, tor the different optlmistalons, are also due to the :r.ct that the different optimisations
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did not greatly effect the ranks of the individual samples. The semlvarlogram has two

structcres and a Nugget Effect of approximately thirty percent of the semlvarlogram Sill.

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

illustrated in Figures mo, Ell and E12 of Appendix E. Upon examlnatlon of these Figures,

it would appear that tile range of influence decreases as the optimlsed width Increases; which

i& exactly the opposite of what one would expect. However, the variability of the optlmlsed

wi<lth decreases as the width of the optimisation increases. 'rhus the

Sill of the semlvarlogram model decreases, indicating uniformity of the variable. For

example, tH 200cm optimised stope width has a Sill (and population variance) of only

31cm2 and therefore a standard error of pItIS or minus S.6cm.

4.2.2 Cross Vl'lidlltion Exercises Generated from Development Datar

Each of the sernlvnrlograms generated from development. datn, with the exception ot: the

indicator semlvariogcams, were cross validated against that same data, so as to confirm the

validity of the models fitted to the data. '111C cross validation process involves the removal

of Il single sample (T), whereby a value (T*) and standard error (ute) for that point is

estimated ft'om the su,'rOl1llding snmples. An error statistic is determined for that polnt,

thus:

Error Statistic == ('f 1*)/0'10': '01 ,. tl (4)

This process Is repeated for all, samples, creating a set of errol' statistics. If the

semlvarlogram model reproduces tire data accurately, then the error statistics wlll have a
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mean of zero and a standard deviation of one. The error statistics of these exercises have

been shown graphically In Appendix F, (Figures FI to F12) and summarized in Table 4.1

below:

Table 4.1: Summary of the Cross Validation Exercises from Development Data.

M~an Standard QeviatiQn

Case (a): includes all data.

120cm Optimisation 0.001 1.022

lSOcm Optimisation 0.001 1.01$

200cm Optimisation 0.001 1.011

Case (b): less nil "outliers",

120cm Optimisation -oo; 1.002

150cm Optimisation ~.OOl 0.999

~OO()mOptimisation ~.OO1 0,993

Case (e):

120cm Optimi5ntion 0.001 1.026

150cm Optitnisatiol1 0.001 1,024

200c01 Optimisation 0.000 1.019

Optimised Stope Widths:

Minimum 120cm ·.001 0.880

Minimum lS0cm ·.001 0.927

Mlnlmurr 'Oem ~.OOO 1.051
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The degree to which the error statistics from the cross validation exercises can depart from

the "ideal", before indicating that :l semlvarlogram mode! does not "fit" the data, is as

subjective as the model fitting process itself. The literature on cross validation procedures

provides little guidance as to the level of tolerance about the "ideal" that is acceptable.

However, if one examines Table 4.1, it is clear that none of the semivarlograms produce any

bias, as mean values of the error statistics all approximate zero.

The standard deviation of the error statistics, for Cases (a), (b) and (c), an approach one.

The cross validation of the optimised stope widths did produce standard deviations that

departed from the "ideal" Qf one. However. it should be remembered that this data is not

normally distributed due to the data having a minimum value enforced when the data war.

captured. Consequently, the standard deviation of these error statlstlcs have departed from

zero. As the mean of these error statistics is close to zero, indicating no bias, the optimised

stope width semivariogram models were left unaltered for the kriging exercises of the n ..xt

Chapter.

4.3 Cross VulldntiQn of the Stope pute llsimUlliLSet11ivariQgrnms Gcn!)l'lItcd from

Development Duta:

As stated above, the ultlmar ... "test" in justifying a semlvarlograrn's validity as a predictive

tool, is for it to be able to accurately forecast the values to be found at an unsampled point

01' area. The semlvarlograms found in Appendix E, were derived solely from optimised

development data and therefore no account was taken of the stope data In their generation.
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By cross validating only the stope data with the semivariograms generated, it is possible to

predict a value at a locatlon that was actually sampled, yet not used in detilt'l1ining the

semivariogram model, Effectively, an unsampled point as far the semivarlogram model is

concerned. There are 714 stope ValUE;S, of which one could be classified as an "outlier". The

single "outlier" has been left ill the stope data sets, as this exercise is designed to see if the

semivarlograms, found in Appendix E, can accurately forecast all of the values to be found

within the stopes, If the error statistics conform to the "ideal", then it can be said that the

spatial statistica of the stope data conform to those of the development sampling.

To accommodate this exercise, the stupe data was optfmlser! to the same three widths as the

development data, thereby allowing a direct comparison to be made between the cross

validation of the development data and that of the optimised stope data, for any given

optimisation. The error statistics c-j! the cross validation exercises for the stope data have

been shown graphically in Appendix F, (Figures F13 to F24) and summarizen in Table 4,2

below. It is clear thai none of the semivariograms caused a bias in the error statistics, as the

mean values all approximate zero. However, the standard devlation of the error statistics,

for Cases (a), (b) and (c), are all less than the "idea!"of one. This would suggest that the

"actual" errors are less than the "theoretical" errors.
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Table 4.2: Summary of the Cross VIllidation Exercises Generated from Stope Data:

Mean Standard Deviation

Case (11): Semlvariograms,

120cm Optimisation

150cm Optimisation

200cm Optimisation

Case (b): Semlvarlograms.

120cm Optimisation

150cm Optimisation

200cm Optimisation

Case (c): Semlvarlograms.

120cm Optimisation

lS0cm Optlmlsation

200cm Optimisation

Stope Width Semlvariograrnsr

Minimum 120cm

Minimum 150cm

'Minimum 200em

*.001

~.OOl

-.001

-.001

-.001

-.002

·.002

-,002

-.002

·.004

·.002

·.001

0.764

0.776

O.8{lO

0.834

0.848

0.858

0.839

0.842

0.841

1.001

1.096

1.477

If one examines formula (4), above, there are two reasons why thif>should occur. The first

is that the (T-T*) comparison was better than anticipated, or secondly, the standar~1error

(aJ, generated by the semlvarlogram model WI\S too pessimistic for the optimised st('lj)~data

sets. The latter is unlikely if one examines how well the semlvarlogram model fits the graphs
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in all cases. However, the most likely reason for the error statistics departing from the ideal

is that the stope data is less variable due to the selectivity applied to the mining of certain

districts based on the use of pay limits. Therefore the (T~T*) comparisons were

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

The cross validation of the 200cm optimised stope widths did produce a standard deviation

that departed from the "ideal" of OM. Again, it should be remembered that the optimised

stope widths are not normally distributed due to the data having a minimum value enforced

when the data was captured. Consequently, the standard deviation of these error statistics

have departed from zero,

In both cases, stope value (cmg/t) al"\ wloth, the mean of these error statistics is close to

zero. indicating no bias. Therefore, the optimised development semivarlogram models were

left unaltered for the kriging exercises of the next Chapter.

4.4 Smniv!lrlol:rn~ms nnd CI'OSS VuJid&tion Exer<:is!.!S of thiLMtual Stope Values:

The semtvarlograms and cross validation exercises examined above, used optimised data

sets. PrJ.' the next chapter, the actual widths at which the stopes were mined at and the cmg/t

values realised at those widths must be examined. The eleven stoped out areas are to be

evaluated using the development data, for each of the three Cases, as if the ore was still" in

situ" and the results then compared to the actual values at which a given stope was mined

at.
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'DIG semivarlogram models generated by the actual stope data, cmg/t values and stope

widths, can be found in Appendix E, (see Figure E13 and E14). The semivariogram

modeling the actual cmg/t values has been transformed into natural logarithms after a Beta

constant was added, as described in Chapter Three. One "outlier" was removee from the

data oetore modeling the semivarlogtam. 1110semlvarlogram of the actual widths can be

seen in Figure E14. It interesting to note that the Sill Is of a IOWOl' level Cwn any of the

semlvarlograms generated In Cases (a) and (b), and may explain the poor cross validation

error statistics of Section 4.3 above.

The cross valldatlon exercises undertaken all the actual stope data can be found in Appendix

F (see Figure~ 1725 and F26). The error statistics for both semivarlogl'am models (crns/t

value und widths) conform to the "ideal" of a mean of zero and a. standard deviation

approaching one.



54
CIIAPrER 5

KRIGING QF !'BLQCK". ESTIMATES AND ACTUAL YAtJJf&S1

~IlInlrQductiQnt

The purpose of this Chapter is to examine the perform:mce of vlltious geostatislicru

evaluation methods, outlined as Cases (a), (b) and (0) in Chapter One, and to determine how

these kriged estimates of the Woodbine Ore Reserves compare with the actual vnlues

encountered when the "blocks" have been mined and sampled. Eleven stoped areas between

24 and 26 level were chosen for the evaluation and comparison exorcises. as their stope

samplinsr sheets were readily available (see Figure 1.2).

Each stoped-out area, referred to as simply a "block," will b' subjected to n number of

evaluations and corrmarisol1s. In eXllmlning the performnrlce of th~various geostatlstical

evaluation methods, the deveiopm"llt sampling dllta wIll be used to determine the "block"

estimates of the stoped areas. 'the stope samplins data being used to determine the "actual"

value (cmg/t) and width !It which each stope was mined at, lit this man ncr one wlll be able

to compare the various geostatist!cal evaluation methods. These comparisons will be shown

b tab"ll\t form and graphically.

the evaluation exercises will be undertaken to determine fl block e.stimste for Its cmg/t
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value, stope width and variance for each of the optimisations. '1bis process being repeated

for each of the Cases (a), (b), (c), and the actual stope values. A pcrtlor, of the 25 E913stope

was taken to be "l)!f reef" as Its stope sampling indicated that there was reef in foot at'

hanging. This "off red" portion was not included in the evaluation exercise, (see Figure

1.2.).

S.:U The Optlmised Stope Widths:

The block estimates for the optimised stope widths were determined using ordinary krigina

and the semlvariogram models detecmlned In the previous Cb:'lpter. Only the development

d..,til ""'-:t'E! use-i, thUH fOrlx.a.,tin:r the stO.l,Y!wldt-ll to 00 lllinro, as if the reef tl'etestill "1./\

sltu", TIlis exercise yIelded three estimated block widths for eaclt stoped-out area. The

estimated stope widths, for each "block", will remain constant It~cspective of the Case under

investigation. TIle results of the kJ:i2ing exorcise for t.i.e optimised stope widths have been

tabulated in Tnbte.~5.1, S.4 nnd 5.7 for the 120cm optimisatioll, in Tables 5.2,5.5 and S.~

for the 150cm optimis(hion, arid in Tables 5.3, 5.6 and 5.9 foc tllO 200cm optimisation.

5.2.2 The Kriging ExCl'ciscs for CIlS!}(u):

'Ihe evaluatlcn of the eleven "blocks" under consldecatlon used all of the optimised

development data, as defined by Ca.~~ (n). Each of the three optimisations were kdaed

separately, using ordinary kriging_ '111Isexercise yielded three estimated block values (cmg/t)

dependent upon the optimised stopa wldth, 'Thus for any given block 01\6 can forecast the

estimated block value (glt) for any givclt "likely" stope width. Once an area has b('cn

sroped, the actual block '''II\1I:S can then be readlly compared to the block estimates to ga\lgo
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how well the optimised development data modeled what was actually found within the block.

The results of this exercise were tabulated in Tables 5.1 5.3.

These tables go further than simply stating the estimated cmg/t, stope width and vllS/,\lnce;

Uley also give .\11upper and lower confidence limit. For this exercise a. 80% e'~ntral

confidence limit was used assuminga normal,distribution for errcrs , Essen-
t:ial.ly, 1;his noana th<lt there is a 1 in 10 chance of the "actuall! valuo,
of th(~ given block., being greclt:er nhan th(" upper confidencl" lim:u: and a
1 in 10 chance of tho "actual" value being less thM the lower conf' .J~nce
limit: •

TIte results tabulated in Tables 5.1 to 5.3 have !,lise,)been shown graphically In Appendix Q.

Each Figure shews the stope width along the horiz()ntal axis and the gradli (itt) along the

vertical axis. The central line on each graph joins Ine three estimated block values for the

optimised stope widths of 120cm, 150cm and 200cI11(EST.MEAN). So as to gauge the

range of values that the actual values can take, each diagram has plotted on it the uppeJ:'909;',

confidence limit (EST.UL90) and the lower 90% confldence limit (ESl'.tt90). These

Figure.~ constitute a Grade"Stope Width model, by which the estimated block grade can be

determined for any "likely" mining wldths, ranging from approximately 100cm to 230cm.

Given Ulat there are eleven stopes lire being evaluated, there IIIthe probability, and thus the

expectation, that at least one of the block's actual stope value wlll exceed the UPP(lJ;'90%

confidence limit and at !ea"t one of tho block's actual stope value will exceed Ule upper 90%

confidencl;I limit.
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5.2.3 The lCrigillg l~xcl'ciscs for Case (b):

In the evaluatlon of the eleven "blocks" under consideration, as definerl by Case (b), each

of the three optimisations \\'ere Krigo:1oq:uratcly, as \'I()rethe low and high Indicators. In a

similar manner to Chapter 5.:2..1 above, this yielded three ac.ual block values (emg/t)

dependent upon it's optimised stope widths. The only tliffeccnce being, the necessity of

adjusting the Mean cmg/t value (vm) by the Indicator probabilities "p*vl" and "q*vh" t (see

the formula glvcn on Tables 5.4 to 5.6). 'l11G results of tile Case (b) kriging have been

tabulated in Tables 5.4 to 5.6 and the Graue-Stope Width models have been shown

gr>lphically in Appendix H.

$.2.4 'l'he Kriging Itxl:l'dses Cor Case (c):

'TIle process of determining a block value, using the Rank Related Uniform Transform Is not

as straight forward as with the oih 'r two Cases. In Cases (a) and (1)) it was possible to krlge

any given block, directly, using the log transformed point samples. Then, \lslng formula (3)

In Chapter Four, to convert the tl'Qnsformed estlmate (z*) back into natural vn'lu\'lS.

However, in using UtORank Related t1nifo.m Transform process, it Is nece.~sat'y to create

a grid of points over UIO entire area to be evaluated. For Ute area of Ute Woodbine deposit,

a grid of S metres by S metres was superlmpcsed over the eleven "blocks" to be evaluated,

Taking the transrormed data values lind using ordinllry kriging, each point of the grid was

evaluated separately. With thls process completed, Ule point estimates were then converted

back Into natural values by J.j,near intel.1?Ol~tion amongst the original data ..
~'o dct:ermirle an ('1Stinl<1t;('C:l value fIor each Ilblock", t:}1onanural, values of
t:hor.e grin rJOintG t;lK1.t: f;Q1.1 \'lil:hin nhe blCK:;K );x)\111d,1X'Y W(;)X:C avcl~a9cd.
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This exercise was conducted for each of the optimisations, the results of which have been

tabulated in Tables 5.7 to 5.9 and the Grade-Stop Width models have been shown

graphically in Appendix 1. Given that tho "block" estimates were determined on a point

basis. no confidence limits were determined for the "block" estimates in this exercise.

S.,3Ille ICrieitl~ Qf the Astun! Vn)1J~

As each of the eleven "blocks" under consideration has been stoped-out and was sampled

at regular intervals, it was possible to determine an average width at which the stope was

min~d and a cmg/t value realised at that width by simply averaging the stope samples.

These results were \lsQd for i:m purpose of gaug:Lnq, 0rclP.irj,Co.lly, how l:he
various geostatiljticill rrel:hods ~')c~rformcdin cVClluating the stoped-out areas
of th(~Woodbine deposit. The .rc.~ult:s of this exercise can be found on
Table 5.10 and on all of the Figw:cs in Appendixes GI H and !.

~t~ A CnUlI2UriSQIl UClw~Ojl1~ U1QSilcR~tlmQtcs Dnd thQ Actual Ynl\l§t

For Cases (a) and (b), the block estimates compare very favourably with the actual values,

(see Appendixes G, H amI Table 5,10), There are, however, two exceptions to thls; the

Stapes 25 E9A and 25 :E9a Were overvaluated and undervaluated, respectively, when

compared to the actual values. In these cases the stope values encountered within the block

were noticeably different from U10S!)found in the development along the block's pedphe(I" .
Statistically, two such occurrences were to be ..xpected,
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However, there may be a number of cQlltributing factors to the poor estimation of the 25

E9A and 25 E9B stopes, From the 25 E9B stope to the end of 25 level's development, the

only development sampllng data available was at an interval of five metres 11llstead of the

usual two metres, This fact alone could account for the "actual" values being significantly

different from block estimate. The 25 E9A peripheral development sampling contained two

high "outlier" values and 'Onewas in the centrally located ralae, This has probably given the

"q" factor an unrealistically high weighting. Furthermore, the 25 E9B stope bas only a

limited amount of development above it on 24 level and these values were suspiciously low.

I"':ven the values obtained in the 25 E9B 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 (c) is very dlsappointlng, in that it seriously undervaluates most

of the "blocks". It is believed, that in kdging the grid points with the transformed data, the

point estimates have been "smoothed" too much, The Archaean gold deposits tend to behave

very erratically and have a wide range of values, and hence ranked values. within any

defined area. There Is no uniform change in value distribution between areas of high or low

grade. For this reason, the krlged estimate of allY given point wlll tend towards the mean

rank value of the sampling data within the range of influence of the semlvarlogram used,

Thus, the value will tend, upon back transformation, towards the median value of the

positively Skewed datil set.

This notion, that the Case (c) values ate tending towards tlle median value of the data sew,

is further reinforced upon examination of Tables 5.1 to 5.9, The average estimated value of
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the eleven stoped areas, for Case (c) is 460 cmg/t, 493 cmg/t and 531 cmg/t for the 120cm,

150c:m and :200crn optimisations respectively. The stope data had median values of 442

cmg/t, 471 cmg/t and 503 cmg/t for the same optimisations (see Appendix D). If one

compares these results to the mean values for the stope data 01 654 cmg/t, 677 I.lmg/tand

706 cmg't, or to the evaluations of Cases (a) and (b), then it is clear that the Rank Related

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

Furthermore. the median and mean values of the deposit as a whole are only sllghtly less

than that of the stope data for any given optimisation (see Table ,.1 and 3.3 above). Thus,

it is unlikely that the "selectivity" applied, by mining only certain "blocks" within the

Woodbine deposit, has caused a serlnua bias. Or one that would account fm' the conslstent

undervaluatlcn of all stoped areas (see Table 5,10),

For any comparlson to be made between Grade-Stope WIdth models and the actual values

realised once the blocks were mined, O1\e of the two variables (stope width or grade) must

b~ fixed. As eX!'llainedabove, the cmglt value of any block is influenced by its stope width.

TllUS, the stope width was kept constant to allow grade comparisons to be made and the

wldth chosen was that at which each "block" was actuall,V milled at. The block estimates and

the actual values were calculated from the grade-stope width models by using linear

Interpolatlon,

Two methods of comparison WeN used; firstly the percentage difference between each of

the calculated S/t values and sec()ndly the difference In grade. A cumulative comparison was



61
made of all the stopes on 25 level, 26 level and the total of the two levels. These latter three

comparisons were based on the total tonnages and • "tents produced per level or both levels,

These values were then tabulated ill Table 5.10.

5.4.1 Actual Values v's Case (u) Block Estimates [(d) v's (u)]:

Xf one compares the percentage differences of the Case (a) block estimates and the actual

values [(a)/(d)], then one notices that the block estlmates tend, with two exceptions, to be

within a range of approximately plus or minus 14% of the actual values. The two

exceptions ate the 25 E9A and 2S E9B stopes, As explained above, the development values

found on the periphery of this block were noticeably different from those values found ill

the stope as indicated by the stope sampling,

When this comparison is put in terms of glt, then. the block estimates tend to be within a

range of approximately plus or minus 0.59 g/t of the block values. This excludes the 25

E9A and 25 E9B stopes,

However for the whole of the 25 level, the block estimates have overvaluated the actual

value by some 8.9% (or 0.36 g/t). A similar comparison for the 26 level show's that the

block cstlmatea have undervaluated the actual value by some 4.9% (or 0.18 g/t). Yet for the

two levels combined the block estimates have undcrvalaated the actual value by only 5.2%

(or 0.20 g/t).
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5.4.2 Actual Values VIS Case (b) Block Estimates f(d) v's (b)]:

111e comparison of the percentage differences for Case (b) block estimates and the actual

values [(b)/(d)], yields similar results to those of Section 5.3.1 where all but two of the

block estimates fall within a range of approximately plus or minus 16% of the actual values.

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

minus 0.63 glt of the block values. This excludes the 25 E9A and 25 E9B stopes,

In terms of how the block estimates compare to actual values on a level by level basis; the

block estimates have overvaluated the actual value by some 5.1% (or 0.21 g/t) on 2S level

and undorvaluated by 0.3% (or O.ot g/t) on 261evel. However, for the two levels combined

the block estimates have undervaluated the actual value by only 3.6% (or 0.14 g/t).

5.4.3 Actual Values v's Case (c) Block Estimates [(d) v's (e)]:

The final comparison, that of Case (0) against the actual values, is disappointing. Though

the Rank Related Uniform Trnusform process negates the need to worry about "outliers",

it fails to accurately evaluate any given "block". The percentage differences of the Case (c)

block estimates and the actual values [(c)/(d)] tend to fall within a range of approximately

minus S% to minus 39% of the actual values. This includes the two stopes that caused

problems in Sections 5.3.1 and 5.3.2 above. In terms of grade, then the block estimates

have tended to undervaluate the "blocks" by between 0.09 glt and 1.68 g/t.

This trend of undervaluating is seen clearly on II level by level basis. The block estimates

have undervaluated the actual value by some 26.7% (or 1.09 g/t) on 25 level and
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undervaluated by 29.5% (or 1.07 g/t) on 26 level. For the two levels combined the block

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

5.SSumrnl.l.r:!t

From an examination of Table 5.10. one can determine that Cases (a) and (b) yielded some

very useful results when determining "block" estimates. Case (b) yielding marginally better

results when viewed on a level by level basis or as a whole. Statistically, the expected

number of departures from the Grade-Stope Width model, "actual" values falling outside of

the confidence limits, were realised. Thus, for these two Cases the method of evaluation and

the concept of a Grade-Stope Width model seems appropriate. However, the method of

evaluation used in Case (c) proved to be Inappropriate and the block estimates consistently

undervaluated the stoped areas. Furthermore, the method used to obtain these .timates did

not allow for confldence limits to be determined for their Grade-Stope Wid'.l. ," ·,1s



TABLE 5, J: IIOODBINE BLOCK ESTINATES~ ALL DEVELOPtiENT DATA OPTIMISED TO mem,
(Beta Constant used '" +3~ I.~g/t.)
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I
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'1.0516 I,

I:

I
I

371 1ml
6591
262 I

I
4061

,
I

B5~ !
689 1
1422 :
505 I
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" " I I , , , II I
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wherel V = (l-p-qJ.vm + p.vl + q,vh
vi ~ 1 c~g/tvh = 23q~~ emg/t at 200em OptimIsation.
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CHAPTER 6

mE BLOCK FACTOR CALCUlATIONS IN "WIDE REEFS";

A problem encountered in Chapter 5.4, that of comparing "actual" values and block

estimates when the cmg/t value is dependent upon stope width, also has ramifications for

Block Factor calculations. The term "wide reef" is used to denote a geological horizon of

economic interest, where the mineralisation occurs over a width that is greater than the

expected mining or stoping width, such rs the Woodbine deposit. Therefore, the mineral

content that can be expected from ar.y given area, or ore reserve block, will be dependent

upon the width at Which the block was actually mined.

The block factor is one of the basic tools in gauging the accuracy of any Ore Reserve

estimate and has been for many years. The term "block;factor" needs to be defined clearly

before continuing further. A block factor. a'l defined by the Institute of Mine Surveyors, is

"the ratio. expressed as a percentage, which the specific mineral content of W'.I ore broken

from ore reserve blocks as indicated by the current sampling results bears to the content of

this ore computed from block estimates." This may be also be expressed as:
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BF:= Mineral content of ore broken. based on current sampling__ •••• •• -- ••• ---------. ••• • - •• - :to100%
Mineral content of ore broken, based on block estimates

In the precious metal mines the cmg/t value is a measure of the mineral content of O1'eper

unit area. Thus, as a generalised case, the block factor may also be expressed as:

BF:::;

.
The block factor may refer to a single ore reserve block, to a mine section, a reef horizon

or to the mine as a whole. It is an expression of the relationship between the speciflc mineral

content indicated by current sampling, against the estimated content as indicated by the block

estimates. It is importallt to not«, that from the above definition, it is clear that the "block

factor" is measured in content per unit area and is no: a comparison between the current

sampling grade (g/t) and the block grade (g/t), as shown below:

BF= ~~Y.._~~.P.£!!!:lL~!5_.Y.~!~.~_2I.£~~ft~9_~~_I!_f~9_lE.!?}.29.!St~5_.$..'W* 100%
Av glt value of that ore, based to block estimates at BW .

The reason for this j, self evident, the block width and the current stoplng width may not
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necessarily be the same. For example, the same cmg/t value for both current sampling and

block estimate (in other words, a Block Factor of 100%) would yield two different 8rades

(g/t) if the stope width did not equal the block: width.

6.3 The Block Factor and Wide Reefs;

Problems can arise in determining the block factor for a reef that has a width wider than the

expected stope width, as can happen in the Archaean geld deposits or where an optimum cut

is taken through a conglomerate package. Traditionally, each ore reserve block is delineated

to fix the area of the block, then a single bloc!- width is determined to enable the ":ook tons

to be calculated. The block i<; then evaluated to determine a single block value (in either g/t

Or cmg/t), which is used to determine the block's total contents (grammes),

Th~ use of a single block width is acceptable if one can assume that the full reef width is

tess than the anticipated stope width. Then the total specific mineral content of the broken

ore as indicated by current sampling can be directly compared to the tc.~alcontents of this

ore as computed from block estimates. However if the full reef width is greater than the

anticipated stope width, then the cmg/t value will vary depending on the block: width chosen,

thus the estimated "total specific mineral content" for the block WIll become a variable,

dependent upon block width. Therefore if the total contents of a block is not fixed, then

the traditional Block Factor is not a valid means of gauging the accuracy of YOllr block

estimates.
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There are essentially two ways in which this problem can be dealt with; firstly to calculate

th~ total specit1c mineral content of the broken ore as indicated by current sampling at the

block width. irrespective of what the actual stope width was, so as to make the comparison

valid. ThIS l1a')certain disadvantages in that the calculation has to be made separately from

those necessary for t~e"flow of are." that require actual stope widths for tonnage and

content calculations. An alternative method is tel generate a Grade-Stope Width model for

each ore reserve block. Thus, for any given "actual" stope willth, a block estimate or block

value in pIt for that stope width could be determined graphically or calculated, (using linear

interpolation). This will allow for valid comparisons to be made between eatimated block

values (cmgftJ and "actual" values (cmg/t).

If one examtnea block 25 E2 in Tables 5.1, 5.2 and 5.3. a Case (a) evaluation would have

yielded values of 731, 750 and 777 cmg/t at widths of 134, 156 and 200cm, respectively.

A traditional evaluation would have giw'1 only one such value and width to the block.

Therefore the re:;ults of any Block Fnctor cnlculations would be SOlely dependent upon the

hlock width chosen by the Mille Evaluator when calculating the annual Ore Reserve, The

"actual" value of 25 E2 was 853 cmgit, which would have given a Block Factor ranalng

from 116% at 134cm to 110% lit 200cm. A Dlock Factor ctdculation USing the Grade-Stope

Width model lit the actual stope width of 165cm would have yielded a true Block Factor of

11196.

As the Block Factor Is frequently used as a means of glllliing the accuracy of the Ore

Reserve, every effort should be made to ensure that the calculations are correct. TIlereforot
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In a wide reef, some form of Grade-Stope Width model is requlced when determining Block

Factors.
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CIIAYI'ER 7

'cONCLPSIONS;

'The object of this project report was to examine how geostatistical methods can be

applied to ore reserve evaluations in the Archaean gold deposits ot'the Barberton area.

Essentially there were two main problems identified when trying to evaluate an Archaean

gold deposit; namely;

(a) The presence of extreme values (or "outliers") within the

sampling data.

(b) T111;'1oro body frequently has no clear Soological contacts

between which the occurrence of gold is Iimlt~d.

In examining the first of these problems. thera are It number of geostatistical evaluation

methods that can he used to deal with extreme values (or "outliers") within the sampling

datil. Three such methods were examined in this project report: namely:

Case (n):

Case (b):

Case (c):

To leave the data sets intact and accept t111.~ extreme

values as being part of the overall population and.

thereby Ilgreeing in principle. that the volatile

semlvnl'iogram created Is indicative of the nature of the

ore body.

To lise !'lndicators," to Isolate the effects of the extremo

values. thus ~ffective)y treatlna them all II separato

!,)opul!ltlorIJand yielding a more stable s~rolvnriogram

i~'wthe rqmulning data.

To examine the comparatively nl''' "Runk Related
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Uniform Transform" procedure, as this approach Is not

influenced by "outliers" as such.

The second of the two problems encountered is that of estimating the total gold content

(grammes) within a block of 01'ewhen the gold mineralisation occurs over a width tltat

is gt later than the expected mining width, The approach adopted was to optimise the

sampling data to varlous likely mining widths, thereby creating a number of data sets,

one for eaeh optimised stoP()width.

The kriging of the optimist>(}data allowed for the development of a Grade-Stope Width

model for each "bil)l:k", whereby the actual stope values could be compared to the block

estimates generated by various geo~tatjstical methods under consideration. 1'his concept

of a Grade-Stope Width model in a "wide reef" bas important ramlflcatlons to Block

Factor calculations.

From the comparisons made between the various geostatistlcal meihods under

consideration, one can determine that ClISeil(a) and (b) yielded some ve~y useful results

when determining "block" estimates. Case (b) yielded murglnally better results when

viewed on II level by level basis or as a whole. Statistically, tho expect~ number or

departures from the Grade·M"i!:" Width model, "actual" values falllng out~ide of th~

confldenct\ limits, were realised. Thus, for these two Cases the method of evaluation and

the concept of a Grade-Stope Width model seems nppro;>rlate. However, the method of

evaluation used ill Case (0) proved to be inadequate when dealing with the gold values

of the Woodbine deposit.
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APPENDIX A

Statistics on the 120CUl Optln1isation or the Woodbim' tata
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nata rUe: IlllTI20.llI1T statistics

" Total : 2183
H Hiss 0
"Used · 2193·
lleall IB92.000
ViU'lill1co: 397296.100
Std. De~: 639.315
X C.V. : 57.121
Skewness; • BOO
Ku:rtosis: USB

Hini"un : 38.5119
25th X · 543.000·Hedlan · 11194.800•
7St" X · 1631.375,
NaxlMUII : 21B3.B06

I

~
t-ttl+I-+

II.
I V

!I
I

_)1
SUII.

11.
10 311 50 711 90 99

FiiU!'e A7: Probability Plot of the 120cII1!>plimi$lltion, Transformed Vlllues.

lIoJ'?iill Probllbill t\l Plot for 11111.120
Datil rl1~; IIDDEII.DIII Statistic:;

ZlD3
8

2183

131 414
681.?Z9
Z1.53B !I
1S.fi66
2.4&7
0.816

126.900
12H.ooa
lZl1.eaa '
12ll.800
2bS.OOO

H Total :
H Hiss
H Used :

2Il~

:148

Q 206.
tl,.
:..

!GU.t

120.

as.

I I '";llI+t

J
v

VI
II ~

Nean
Vd~ianctl:
Std. Dllu:
i! C.V. :
SkellllCSS:
)(Ul"tusis:

NlnlMllIl :
25th x :
Hedlan :
'/'lith x :
Haxl~ :

to 30 !ill 711 !IS 99

Fisuro AS: Probnbility Plot of the 120cm Optimised Stope Widths.
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APPENDIXB

Statistics of the 150cm Optimisation of the Woodbine Data
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Figurcl Bl: Probability Plot of the 150cIlJ.Optimisation, Cmg/t.
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Figure B2: Probnbility Plot of the 150Clll Optimislltion. In (cmg/t).
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Flgure B3: Probability Plot of the 150cO\ Optimisation. In (<:oog/t+4S).
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APPENDIX C

Stntistics on the 200cm Optimisation of the Woodbine Data
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Figure (,1: ProbnbiUty Plot of tbe 200cm Optimilllltion. Cllls/t.
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FiaUfO C4: Probllbility Plot of the 200cm OptitniSItUUb, In (emu/t) less low Outlierll.
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APPEND1XD

Statistics on the Woodbine Stope Data
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11111'11.1ProbrmllltlJ riot tor 1l1ll.200
Datil file.>: IIbstope.dat Statistics

714
8

714

281.817
85.146
9.Z2i'
4.57Z
6.597

51.&96

2IIIl.oea
2Il9.68a
2Il8.6B9
2Ila.aao
Z9B.0811

Ii rotal :
Ii Hiss
H Used :

300rn I1
,~

I,
I

I

I IJ
HtHi"' I J II ,

H~an
VlIl'ianccl
Std. Dell:
:t. C.V. :
SkelJl1tl$$:
XUl'tosi$:

27"

&
I'l
N

24U:
'"l:

218.

Hlnlr:lllil :
25th x :
He41all :
75ih x :
naxlllUll :

((lit.
10 311 sa ('a 90 99

Cunuillti .... PtnlltOt

Figure D20: l'robn.biJityPlot of the Stop" Width!' Optimised to 200cm.
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APPEl\'DIX E

Semivariogram Models Generated for the Evuluatinn
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Fiaure BJ2: Semivnriollrarn of the Optimised StOlle Widths (200 em).
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APPENDIXF

The Error Statistics from the Cross Validation Exercises
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APPENDIX G

Grade-Stope Width Graphs for Case (a)
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APPENDIXH

Grade-Stope Width Graphs for Case (b)
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