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o ’I‘o obizua efﬁment grade and tonnage es%amates for g}pbal borehole
. -vaiuauans of new gold mining properties, the appmpna%e spatizl and

SRR dﬁ,fdbuu(mﬂl models for tha mmeralmanon are absolutely @Sﬁﬁnﬂﬂ

- \\ '
.'

. This thes:s proposes some new valuatmn modeis and Pmcedures for.'
| : 8105&1 and local ore roserve estlmatxon o :

: . The three parameﬁer Iognarmai dlstrwuuarx has been pracncally useful
" for modelimg the geld distributions in most of the Witwatersrand reefs | .
L Héwever, the geologlcal complexity of the type of n@efs bamg mined at -
C present in the ‘Witwatersrand ‘basin demands the need far more

applicable distrihutmnal mode]s "he thes:s places the geology of the"

Witwatersrandbasminperspecﬁveanddraws snmeimpartant cunuusmns' o
from the gcncsis of thq,ﬁepnsxtion. Based on these gaalog;cal models wo .

| mdre geqeral models—- the Compound . I.,ognonﬂal and  the Log-_*-' e
Genera;lzsed Inverse Ganssian distributions are proposed. A detaﬂed,
though prehmmaty r:omparatwa smdy of these two new mode!s with the' :
three parameter lognormal modei is done a.nd the efﬁcxencies of - -
 estimates and modeliing mmlysed It fs showa that {ha broad assumpuon o
that gold grades follow a thres parametér lognarmal law m,m always the (-
' case and the need 1o test for departures from Iognormahty shomu be'_ 'f-} e

emphamexﬂ 50 a§ to enaure tha use of appropﬂatﬁ madels. =

(_\M_,Furthefmore, dua 0 the h:gh cost anr‘ nme <d¢1ays in drﬂlmg deep )

boreholes, most gold mines ‘are. bpened on estimates basad on smaﬂ i

numbers of boreholes Takmg c{:gmsance nl? the risk whigh accomp
these mpxtal intensive gold mmmk invastments, the std*ﬁy mvesﬂga

" passibllity of derivmg addiunnal mormanqn fmm neighhourmg rmnes' o
J baﬁﬂd on geolag:éd Sm’lﬂﬁﬁﬁ W improve gl)/”él borehole esﬁmates



W

"I‘.t;e thesm also mtroduces a new concept cf spanal struetures on -
m as a means of dermng addmonal useful mformatmu on grada
- !vanablhtles

| . Uﬂ:ng 4 very Iarge numhar of. c]:llp samples from Hartebeestfontem mme o -
© and aoceptmg these as eqmvalent to borehole values - also 1Km x 1Km

B __based on the three parameter Iagnormal made! are apphed o these_ B
| o ‘mines’. La:ge. undeve‘oped sections of e:ustxng mines are also seen as
{1, equivalent of such ‘mines’. Conclusions are drawn on the relative

S '_prow,dures follawed and nn the signiﬁcance of tha advar;tages gamed.
S Partactﬂary, 1t:sf{mnd that ssvera condltmnal bmsses canbe absa.rvcdnm S
- . onlyat the routine micro (loeal) blcck level but also atamine (global)
| 3 ﬁcale. Macm simple kngmg with spanal stmctum g_mr gmqg_k,ze_s and S
| . grade varighilities will ellmmate these condmonal biasses and reduee" '
e ea;ar varlanﬂes szgmﬁcanﬂy. '

: *” ‘*‘ ‘ﬂm pmﬁadures fax the glohal analy c’s are alsn applied (m p,nnmple) for N

e heg customagy Sichel ‘t’ort" esﬁmatoi'mll notbeuseﬁxl fer@outme fae o
PR j{panez) uatwns. R R R

E-d ) . J"r

2

g

e iv .'

g co e

B _areas as equ,rvalent to ‘mines’- a series of bo::ehole valuation precedares B -

. mpextance of the vanous ;tems of addmonal mfomauun uéeri and =the o

| Taca (panel) valuatmns. 1t is furthter shown t’mt unlike global valuation_' I
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"PRE_B;ACE- -
_The W1matersrand; jave birth tu geostaustms mamly due to the. AU

' ' pmneonng work 0: Professor DG Knge and Professor HS Sachel and ‘

~ the vast amount of data resources avwlable it the Witwatersrand field.
N 'The author deems it a great oppartumty to be able to congribiite to the
-develnpments in this relauvely new field using a data base from the __
B ;ungmal saurce{the Wx*watersrand Basint)and workmg with tlle pioneers g e
'Same of this work Hias 9}"’ ,ady'been subnﬁt:ed ta SAIMM far publicatmn, -
T N R * I{nge.D G., and Amrbeyoﬂarzsu W (1991), Wew devezapmmm_ :
e N = o -barehate mfuzmm of new gold mme.r tmd rmdevelopezisec&ons of .
N T " ?zckel H s, K?emgeld ‘hf ,L and. Aﬁfbe}kﬁbmu w. (1991)
R et -"Compmtwe Study of three distjbutional models: - 3-parameter;
E ﬁ‘aﬁ:pomd Lagncmat cmd Lag—genem{wed Inverse Gaus.ﬁm

."J.{\_ -
S

5 Bat this thesxs prﬁrs&nﬂs a iuglcal sequencg as Wel} 25 a me{aﬂt}staﬂed o
p ?‘ devalapmeﬁt af the msearch than m the relevant bapars SR

o



. ¥ L I . . . o =L R C B .
. i

;" -1;1_'_ .'Statem'iﬂ:oi",ﬂi'e'-l_'réﬁxe;i:.aﬁ& th_{e -onjécave of ﬂie '_Sti;:dj%" |

Dapietmn of mmeral resources is aeeempa.med by Joss of readz!y;
accesszbie reserves resultmg in mcreases in extraction msts over fime.

A o . es&aiatmg mining costs, fow prices of most minerals and the m‘e“s“‘g'f

: ,_i

<o

_ore reserve estimation. Accnrate are__resé_:we estimatel will help to
' 1m;:mv¢ nvcmll proﬁtabﬂ:ty g

,w' :‘-

SRR Whr:n estzmatmg recr.mrahie ore rese 9 tm dxfferent cases must be c
: | ; &udles) and ld’cal blﬁc.a: es;imates. Glgﬁal esnmattﬂn refers te the whule _.:-V B E

- | | depesn ar us%ahy to the: dama.iti uﬁeredby the avazlable dat& Local_r

w T esmnamn howsver, referﬁ 10 s -

i : | blm:k. This ﬁlﬂSIS WO dxsﬁnctive. features of ore

DR waluauan by propcsmg som ' ew vaiuaumlmﬂdels and pmcedm‘%s, -

: (1)'fhmangradg S e e
(n) ﬁ&tﬂdﬂnﬁ'ﬂ limits on the mean grade aad |

(111) f‘*grade tonnage {:m'ves oy

o

a

’[‘hough technoiag*cal mnovaﬁans have apposite cnmpen&aﬁng eﬁecgs,

trend tawarda the explmtanon of lower gg@de orebodies dg:and accurate. ; |

o »s = reduce the vaxyclugh risk mvolved in niast nimmg aperatms and also o
d;stmgu;sheda 'Ig;ese are glg’bai estrﬂ_ tas (e. g,, o roxm tial feaﬁbsllty"-"- S

qf the: deposzt e o face (panal)norf. .



‘Apﬁrﬂpri'ﬁm Lspatiﬂl and diStribuﬁonal models fbr the'mineraiisation' are . .
__':needed for the. optimal esumatas of these unportant elements The 3-
- _.parameter Icgnormal model as suggested by Krige® and its t-estimation
' technique developed by Sichel® has been used extensively for modelling
B the underlying ore value distributions especially in the Wltwatcrsrand -
| _ basm. Though this mofiel has been pramcally usefitl, the apphcatmn of B

the model presents some dlfﬁcultms First, the estimate of the threshald

o parameter (the additive constant) is very difficult when small set of
o borehaie valies are avaﬂabi& Secondly, the need for more apphcable_
o dmtributmnal models hag bem felt dug to the geological complexity of the

) 'gype of reefs bﬁmg nuned at present in the Wltwatersraﬂd basm

. The first nh:ectm of thzs study is thercforc 0 research mta the posmblhty . __
ENRRST § using more appropriate disttibutionat nmdels The study considers the o
. Compound Lognormal (CLIZi)"”) and the Log-Generalﬂsed Inverse |
o _Gausszan (m..GIG) mstnbnuons prﬂpnsed by Sichiel (personal .'

B ) '_mmmumcatmn) C.ompared ‘to the: 3~parmneter model the new
f dtstrélmtmns have the advantage csf possessing dxfferent shapes denending . = |
'. .on the Pearson’s skewness and. kurtosis coefficients (VA; and B,). If B o
o =0 and Ez = 3 the new dmmbutmns cunverge to the 2- or 3~patameter B
L madel ‘The: B»parameter modai is therefore a: Iinnnng case of these mbre .~
| general moxiels Conseque.aﬂv, :he CLD and the I.N-GIG muslels have_'- o |
- _' a greate* range of apphcabﬂmw than the S-parametez»mndel.

el

| ,.:Ah,ermore,; q:lue io. the hxgh cost and nme del,ays in dnlling deep_ _
boreholes, most mmes zire: gpsned '*n esnmates based on bmali numbers o
of/ﬁore.hnles Thnug,h deflection of mdwxdual boreholes have been ve;y R
i useful; one cannot count these deﬂecuons 4s independent abservasmns ‘., 5
| _' '_ “due 1o the lugh correlaunn between ongmal and deflected borehole
- -é_-':values Tn fact, havmg develcped an appropriate distributional model for
o large sm@liﬂg data“sars, when faced with. small number Ezf boreholes
'from % niew property, 1t zs :mpassxble 1o define pmmsely the type of 3

e .



......

 distribution the borehole values originate from. We cannot construct any

~ reliable h1stograms and cumulative frequency plots. Tt is within this

- serious mformauon ccmstramt that tae seoond ob]ecnve of this thesis is |
_._d_eﬁned._ '

o 'The second objectzve is to mvesugate the posmbxhty of dermng
| : mfurmauon from ne1ghbounng mines based on geological similarities to. |
 improve f=stunates for obvigus economic reasons. Such Stutistical
. informatign from any adjdcent existing mines, will help to select:
| appropn,,{te distributional models. Tt will also help to obtain better
E esnmag/ F for stansucal param::bers (e.p., the threshold parameter for the

B-parq’ neter mﬂdel) Gcmtamucal methods ca?mot be apphed when only .

) _smal/ psets 0£ borehnle values are: uﬁder t.onsmeratsﬁn smce it is -
; . nngcsslble; to consiroct vanograms Howevea:, where the paxameters o s
__ be as,tin:(k h dmplay spatxal sirugmes on tﬁe reievant scale of suppm't, o
such siiatial infmmation can aisu be ﬂe.rweﬁ from adjacent mme&

o

- 'Gebstausﬁmltechnlquu have obvmuslyhmughtmgmﬂca&t1mprovemen(g'

B -:m ore valuatlon Hnwever, ore valuauon pmcedures 50 far detive

. ”add:tional informatmn mamly via spatial str@ctures on grade. levels.. As . '_
B _'an mtrccd;,ction of gxpandmg this 1mpartant geastatzstical technique, the T
o _thasas prapases the’ cancept of spanal structures for vanances & & means :

o of denvmg a.ddltmnal useful mfnrmatwn. 'I‘hxs cnncepz has been"

. proposed for vanous statxstmal and geoiagmal reasans. : It has been " o

. observed practically thar varianbes for global and local valuatmns -

- (espec:aﬂy for skew orebadws) are badly astlmated in most cases. For

__ _-'mstance, it is not uncommon that estimates may prOVIdB” minimum B

: _esumauon errors on the basxs of hmited avaﬂable mformatmn, Butthese
'__esumates, however good wﬂl stit be prmr estimates of the vanabﬁity of

" the ‘true’ values unless appropriate outside information is brought into
: eiiminage conditional bidsses. In addition, plants demgned o@feambihty_ o

estunates ofvanabxtzty» 10 receive rmIl feed (even with large supenmposed



o _' conﬁ"lence hmiks of the actual feed), end up in most cases undexgomg_._
_ costly unforseen alterauons (See also Dowd(“)) | : '

K

o Elrthémmife, the geology of the ‘.Witwatersrand basin as 'pres_ente&: By

- Chapter 2) gives rise to the fqllowmg mportant geological expectahons S

o '-_Routme valugtfon nf 1arge undeveloped sections of exxsnng mines far - |
L langterm mine planning is usually based on & few boreho!e valwes and the
* known grade pattern in adjacent developed and/or rmned out. sectmns -

Minter®?, Antrobus®® and Hallbauer®, and detafled in this thesis (See -

" '(See alsc Krlge et gl(‘“’) : .’; v
W ﬁrsﬁy,'tha't inspite of the differences within and between
o  the reefs, simflarities shtmld also be expected. - - _
o . " ) secondly, that because of these expected snnﬂanues, one. .f S
S will further expem that, within 2 sedimentary fan system,
PO . across adjacent fans or even from one such syem to
: a\ | annther, sumlarle_laof gold concentranons and variatmns .
D U w1thu1 these eancentratmns could anse. o -
g 'Ih:rdly, that condltmns within such systems pmbably_' |
e “‘w% ; o changed gradually in space giving tise to spatial stracurgs
o “‘g o for ﬂmﬂi@@lﬁaﬁd als‘i-‘-_=_f°'1‘_ ﬁe&&i@l&!ﬁh&m _' ’
o ---_.Due: tﬂ the abave geologmal expectatmus, considerable mformation con o
- | o be denved from vananceg, (of the grades) ﬂ'om macr&mme to mxc:ra-‘ o
‘panel level i ‘vaﬁance cant be mtroduccd as a spat:ai variable, Asa
: \ / - result of these gealogical aﬁd statxstiqal masnns, sﬁﬁ‘tim”“%tmctures ot |
i onlyfor grade levels but also for grade vanab:htles have been introduced_
o 'm thls theszs as g means of denvmg more iuformat:on. |

“This routine valuation presents 2 common problcm wh:(ch is in plmcxpie
the same as that of the valuation of a new ming. Valuatlon procedvres

28 ;ixsc_:uss_ed above will therefore be _apphcable_. Face (pauel) vaiuations

ﬁ'.

.4.



LAt al’ scales uf valuamon therefore, from: the 1 maicro-mine tu the mmro- |

. can similarly be iﬁ_iprz:_wed. '

pane} level, prope* valuation proccdures and the use of appropriate

| '-f:modals will ensure hetter estimates At the. gl@bal scale & 8, better

conﬁdence hmns con be applzed to mproved estimates of the mean and

fhe eﬁect of seluctmty can be easnmated for ‘the relevant scales of
e operauons "I‘hese will ensm:e better economic valuatmns with mgmﬁcant o
I -raductmn c:af the nskwhmh accompanies most mining mvestment& These . -

o better vamanon techmques wnll also lead to proper praductmn glanmng o

N '_and help: to avmd mproper mill feed. TTle.y will also. assxs '

. \:a;)me

- extent 1:; reducmg the mmdencc of unnecessary@opening and Jos:ﬁg of
-'smpe fam ' : o Ce

s -Orgaqizam of the Thesm

{} - ' 00"0 '

L ;Chaﬁt‘“ff one ﬂeﬁnes !hes groblem and the obmmves of the stndy It aIsn o
o mcludes a mmmﬁi m’“‘"‘“‘ Ofgﬁﬂﬁtahsucs. Chapter twa d&scusses"the 3. .
. parameter as well as the new distribitionial models. This chapter places .,
: . ;hﬁ gen!ogy of the Wmtersrand basm m perspectm and draws some .© N
. mpcrtmtt mnclusmnsframthe geneszsofthedepasiﬁmwmehmtb e [
o '_'Mwamodﬁls mqre applicahle. ‘Mathematical aspects ‘of the dism"buunns o
- _'_-__-___melndmg parameter estlmates ate also gwea. A mmparauve smdy of |
_ 1 -these dxsm‘buﬁam is also mcluﬂed Chapt er three pressnts the study an
. _.'the Tew dﬂvelopments in borehole valuations of new goid mines and o
| - undeveloped sections of existing mines, ?Chapter four applies the
| " 'vaiuatmn procedures andmodels usedfar the horehcle anaiyses atalocal -
= _-=is¢ale for the vamaﬁnn offaces (panw) The ast chapter summarises the" B | B
o '_: | nnpohant ﬁndmgs and conclumons of the smdy o



13 Methodology
' 13.1° Distributional models

. A detailed compagative study of the models wis done in‘chapter 2. Chip
‘ sample dp.ta, from large mined out sections of different reefs within the
Wﬂw..‘,ersrand basm were used. Computer programs wers developcd for
‘the’ varmus madels (fer parameter estimates and. modelhng) Other
reievant computer programs for test of goodness of fit for the
| ﬁ:stn‘buuons ﬁtnng were also develaped D»taﬂs of the pmgrarr hstmgs -
L s fcund in Appendzx C. " - - :

o ___'1,3;;- -.Bﬁ‘f?“_°1¢‘-"?3‘?$¢5 o i‘ SRR

CI”P SamPIfae valups [?tﬂtal of 7276‘?) from largc,,rmned out secnons of thej“_._. e :

Hartebeestfohten) gold mmc {Vaal Reef) pmmdad a database for the :

1 Rmx 1 K blncks to smﬂate 20 ‘mines me e&t}h nf these mmes \'
=J.'9 vaiues were dravin o a strauﬂed random baﬁzs ‘These were accepted-____

oo ‘— : €3

L deﬂéctlons. .The pmcess was repeatad to ymld atatai of 60 borehoie sets ; |
R ; The sets of smmlated borﬁhole vahres were subjacted tu 2 serms ef.
S esnmatian proced.ares outhned in chapter three. - - '

1.3.3 Face (Panﬁl) valnaﬁqps S Vo

fi E

Bore.‘wle analyses m, chapter 3, “The chxp samples ‘were accepted as. c o
equwalent‘ to mdmduai borehsle cora values The area was dmded imo v

i m each case as the eqmvalent of 9 sjngle horeholes, ie. without :

. _ZThe. same database as used fqr the barehule anaiyses zn "hapter 3 was -

_ | ) _also used for these *analyscs m chapter 4, In thxs caiss the areq was
- -_"dmded mta varions block sizes and pattems asshown in Figure 1. 1. The -

- aim was o eaumate Sﬂm x 50m bim:ks The estimation procedures
'adopted are alsn outhned in chapter fou;. - o =



FIGURE 7.1 DATA CONFIGURATIONS FOR FACE (PANEL) VALUATIONS

- X2,X5 = 50 % 50
X1,X3 = 10 x

Y = BLOCK TO BE ESTIMATED, 50 x 50 M

X1,%2,X3,X4,X5 = DATA BLOCKS - '
. O '

‘50M

X4~ 4Q.x 50 M

DATA SET A

g

o

DA

x2 | ¥

.......

&

- B



FIGURE 1.1

DATA SET C
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| H:ii_z‘&rical Backgmmiﬂ. |

};‘_The ﬁrst attempt to model the underlymg gold dxstnhutlon in the o
Witwatersrand basin was made by Hooper and Watermeyer™ in 1919. -

. Watermeyer proposed 2 dual modelling of the observed gold values with

~ two normal distributions Jamed at the mode. He further-proposed that,
in order to obtain a reliable mean estimate for a limited aumber of gotd

~ values, the _bbservé_:d values should be -wei_ghted"by the square of the

frequency Le. (frequency)’. Truscott® favoured Watermeyer's proposal -

. apd made a further suggestion in: 1929 that gold values should be

. weighted not only by (J‘Iireque.nc;»,r)2 but also by the vaiues themselves - _
__ "'I'mscott also nbsm*ed that when gold values were. plotted on & .
. logamhmic scale, the vaiﬁer dlsplayad symimetry about the geomeme

B mean This observanaﬁ ught l'um very clase to S:chel‘s pmposcd '

'.--—-»-“._;/"rj .

. lognormal dxstribuhon whlch emerged two decades late.r R Gt |

e

E -:-Credxt far the hrst s:gmﬁcanz mtroducuon of mathemancal statxstlcs m___ '_ |
~South Afncan gold ore valuation mnst however go to Sichel™ who
. _7.;7ropased the lognonnal frequency dxstnbuhon model, Sichel’s workin R
" 1947 was followed shortly by Ross® and Krige®™, Thisled directly to
I __’.--.:'*the usa of 'l:hls model fer zmpmved est:mates via Sichel’s “w est:mator"_'_ B
o (Sichel®®; Krige®?), “The frequenq? distribution mogel was later
- 'impmved t0 the 3-parameter lagnormal mode] by Krige“’ whmh made 1t_
- Uore fiexxbla |

| Systemanc over- and unﬂer-vamanen of. ore, black grades was a *&%Il |
-' known practical problem in estly SQuth African gold mines. Rassﬁ“) mo
© 1950, for instance, stressed the 1mpnrtance of compensaung for these
- " conditional biasses. It was Krige’s®529 work in 1951 that first pmwded o
. an explanauon and solutmn to the problem of condmanal biasses through '. .
- regression analyses These regressxon proce,dures pmwded the first ue |
of an elemé&tary spatial structure via the correlanor(/ of the penpheral' T

]



o
o

. - variance size of area reiatwmhlp

ch"ip 'Samplé 'v'al'ﬁes with thdsé subsequ'enﬂy available from inside the oré. | |
_ blocks. Regresmon can thus properly he accepted as the ﬁrst and
- elementary simple kriging application.  These - prooedures also-
‘demonstrated that an ore body could be seen as a senes of populatxq\{ls
each with its own type and size of support for its members, e.g- »,..;ip'_
'samples, iarge ore feserve block&etc. 50 that an mdmdual orc black was
eﬁecuvely seen 95'a member of a pcpulauon of such blocks in an ore :

f=b-0'dy' o

o

(i

3]

:’-::3 R - 3 G.n {’j\%l‘_

- I)unng this \gm (1 e.,;m the 19605), techmques Which were pzmmllmy in _
o --use in tha Umted States by Whitten,hnk, Koch and ntlwrs werg mamly o
5 bthe theory and apphcaﬁons ofpnﬁynomial trend surface analyses. Though -
o the development of computers at ﬂ:us fime was_ an advantage, the
' '-'mtractahle computatmns mvoivcd m these techmques made them"
- 'practiéally unattractwe, they were alsc: found to. be unsmtab?e fnr ore': e

blockyaluanons R ﬁ o

e

e,

: r;}J_ s I N

 Krige’ s“"’ 1952 norehoze analysm ef the relatienshxp bemaen i@gm&mc o
"‘vanances’ of gnid values and the sxze of are®’ ﬂed to the variance "
. | additmty relauonship known taday as ‘knges relananshlp De W:jsm’ o
. and Matheronm Iater pnmded the thef?reucal backgmund to erge s -

Knge:s work m 1951 and 1952 together mﬂ:t other eariy work ai‘ chhel o ‘
| ; .'tnggered the mterest QE ovelseas researchers parnmﬂarly Matheran who B
devéioped the gen%ral undwly:;@ theory of geostatistiés apphcable to
" regionalisell variabies. I “his puhhcation in 196¢ for m;,:agce,' v
 Matheron® presentexi mtet.andi. theareucal and pracﬂcal o
: _‘"dewlopnieuts such a5 the now general!y used vasiogram, the de. Wijsian .
" modgl, “ the theory of b{.lgar equwalants, kngng andalognarmal .
';-,_ geoctatlstlcs R N |



- Marachel’s res
“ " lognormal ki

~ Due to the role South Aftica had then played in the blrth of 'the"hubject, .
Johannesburg was chosen as the vanue in 1966 for the ‘Symposium ot -
. Mathematical and Computer apphcatmm in Ore Valuanon Numerous
. papers on the subject were presented during the conference. During this.
- conference, I{ng.- S mevmg average technique’ and Whitten’s polynomial -

trend surface approach emetged as two severely opposmg techniques.

Mathawnssubsequent investigations however favoured Krige's approach |

and Matherons cantnb‘utaonmj appearszm have résolved the controversial

K gument which emerged during the abhvemennoned conference,

. Matheron repl laced what Krige ofiginally called the ‘weighted moving

'-_average bythatermmolng;lg_gmg,thus aclmowledm Kﬁgesmtlmate o
3 :assacﬁmon with ihe Birth and developm»nt of géostatisncs Genei‘al!y, e N

on .geostdﬁst:csgmnmq acceptanceinore rﬁadﬁy mFrench-speahng cauntnes"_'

_ 3;:-' .than m the others, especzauy, the Enghsh—spealung couutr 2§ where it

o _- mitaaify encaunte:red some sionny reoeptions _' T o -

cc'

"t

Lognormal geyst;atlsncshas playedammportant mle ambngst the vartaus | |
j -'technniues which have so far been apphed in the. Bouth Afncan gold
. | '_ ___nnnas In his werk in 1974 Marechalml mads mlgnlficant conm‘aunnn « '. f‘
R inthe d&?&lﬁpmant df theory of Iognormai kﬁgmg. Rendu@ ex?anded,,f,, o
' yf/l‘)owdfm in 1982 presentedta generalised formiof
 Joumnel and Hmjbmgts‘m have also gwsn anadequate k

 treatment of th Sﬁbse% L

. 'ﬁurmg the Ge_ _tatlst:cb Cenferenc&mltalyinlgﬁmore advanca\:\s :Mhe
- theory of regwxqplised vanables was presen&ed by Matheronm parﬂculary
- on non-mesr geostatssucs. Techniques such as tﬁs;unctive keiging, -
S universal k:ngmg,mnditmnat simulation, nonwparamemc genstaustics etc.  _
: have since then appeared in journals and textbooks as & reﬂecl:mn of
3 | ftheoreucai developmentsmtha relatively new field of genstatistiés. Some
L of tiese new techmques have been apphed in South Africa such a5 -
'- unwersal kngmgﬁt Pricska Copper Mme (I€rige and Rendt.(m) and on

1’1'“




S . . .. . ) . L . !.:1,1 F ; - o 7-} - . |
S 'the Carban Leader Reef (Bra,un‘”’) Disjunctive krigmg techmque has g
. " also been appded at Lonane (Krige et @”3) Klelngeld""’ also apphed )

i '_dlsjuﬂcuve kngmg techmqua to deposﬂs with discrete reglomalised B

. f va.riabI -5 and this techmque is currently being apphied for diamond
o appheanons in the Wxtwatersrand deposits

In the meanﬁgﬁe' 'ihe: ‘p'rablcm lolt‘ imj;:mving grade estimates for new
Sows Aﬁ-ica.a gold mines based on smﬁll aumber of borehale . *ults did.
not advanc.e beyond the Smhal’ 't" estimator until Knge‘“} suggested that

S paplﬁaﬁnﬂ of such units. Where this is feas:bi& and sultable o
e 'ixiformaﬂﬂn i avaﬁable on the average variance within such mines, this
"< gan be introduced as g priari mfcrmaum for the " 'estimator, Where
E""J::'redd‘x\:ftmml 1n£0rmatmn is a.vaﬂable en the spaual ¢haracteristics of the

2k

' population of mines, a ‘macro’ kriging esﬁmate can also be made forthe
l __'[mme (Kﬂgﬂﬁ"“‘m’), sumlar in priumple t0 a Bayesmn a?proach T was,, .
RIEIE -'however, not untl recemtly that the role of the vanance in bnrehel* e
B ﬂ |I ”___i_._"‘va“luaticns has aeanmelysed (Kugeg_ai“m’] | _. D

._;}

s ‘deposrts However, very little of this new: wnrk has so far found rouune. R

o _|i oq new miinng prnperty should, hke an ore block, be seen as amember of .

oo v
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CCHAPTERZ .

2 GEOLOGICAL AND DISTRIBUTIONAL MODELS ANALYSES *

2.1 .'Om;line- :

A" fraquancy dnstributmn medel plays 2 fundamentai mle in m'e e

eVaIuatmn e:r.pemally fﬂr the feas;b:hty smdy af new deep gald mines : -

r?
'I‘he gealagical complemy ﬁf the typé nf recks heing mmed at present in - '

the Wztwatersrand hasizi poses some difficulties tegarding the modellmg L
L af the tmderlymg meo valie dlsmbut:on. ‘This geological eomplexity.
_"L}herefore, demands the nged for thore, applicable distribiitional models, © ¢«
n 'I'htschap..erpiaces the geoiogmf :heWtwawrsrand &a§mmperspecme,_}_ L
T and draws some important gonclnswns frnm megem,sm of e depordtion. e
+ - Baded anthese. rgaolagical models, it is shown that the enrichment orlost o
of gﬁld values AY the tail and- upper gnd af the mrﬂauﬁons m gt
arnfacts bm arﬂ geuingeaﬂy re]ated. 'Bwa more general distributmnala'_' '_ o )_}f" '-

 mibdels’ -Compound. Lognormal: (CLD) anlt
Gauss:an (m-ﬁlﬁ}vmfﬁbu tons are th«p e, '_

thh the 3-ps.ramater Ingmrmal madei
eStrmatea and modellxng wﬁgsed. Math" 3 '_ a8 1
dism'buuonsarealsa presented—. ﬂ - / |

o 4_;‘




. o

The premus extensive use of the 3—parameter model as suggested by
o Kngem a.ud xts Jassoclated t-esnmation zechmque devcleped by Smhel“’

. R-;

* was an mdxcatlon of its pracucal usefulness and effimency for the. reefs in

| wh:ch it was bemg used. Though chhelfms) and Lmk and Koch®,

: cammendably aocept tha practxcal &ﬁmency of Knge 5 technique“ yet
] N they‘inchcate that genemlly severe blases cc:uld fesult by the apphuatnm -
o fs E . - of lognnrmal themy if i in fact the underlymg élstribuuon caf the varxable &
of mtérestis ot lugnormal and svefz wﬁ'ere it i n fact mgnarmal abad ;' R \\

. esnnate of the thlrét t:narameter can a}sd mtmp "L\ij’ %;'sae.s ﬂTha':
’ \

. ._ cauuon that there are a mnber ni‘ xheargﬁcalt;

whlch can mmnc the dgnormal nmd\..t "1 ;Ts muc:h as ti‘l;.,y eachibit | v .-

B r, . ummadahty, pnmnve skewness and a Is.’mg ta;lI tﬁ the\*{ght. ‘Smhv"‘ﬁ‘ has |
g R . !'. T o | a0
¢ RTE given denthﬁed theareuczﬁ explananons regardmg \.hese pseudalogam m:»ﬂ e

L !
a
+

L
)

'_ '_.-**S'It sh«auid alsn be nated zhat tha mminm gold sampie valne B /ém g,{'li
| f_ __ :so :ﬁm This 1mp1i:es that, forx ﬂxe\‘%parameter lagﬁnrmai rgﬁ;dei, ttie -
_ - transforsﬁed gald va!ue X (x = lt (z)) fs baunded by a f'mlte luwer s:ze bt' |
- : ln(ﬁ‘h o where B is the addmve constant Any value under tl;e o o
" .n_.mathemﬁtical modefw}:uch is beluw thls ﬁmte luwer size will reSult ina
- ‘hegattve area and will guji neg-mve gald value after back~transformatmn. .

Such negattve gold valu {n reahty, do not exxst Sichel‘“} has shown

Y

ot
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':.""-madels » o |

| _that the mﬂuence of such a negat:ve area can be SIgmﬁcant 1f 1t exceads _

: "2 pei‘ cent.

Two mo:e genaral models - Compound Lagnormal (CLD)"" and Log-

| Gmeralmed Inverse Gaussxan dxstnbutmns proposed by Sichel (personal 3
({/ .

| | . commumcatmn) hava therefore been consldered as alternauves As wﬂl |
| be shuwn later, these new models (CLD and LN-GIG) have 2 gteater o
S _".range of apphr:ablhty compaxed to the Ingnc)nnal model Thls is ih'lanﬂj, o

. because the lognonnal model 8 a Ixmmng case of thesa more general =

o

Dapartures nf gald grade d:stnbunons frem 2~ or 3-pa1ameter: :
\\iognormaizty can wel! b@ observed on the cumulanve frequency'ﬁf"___ B |
e 'distnbutmn p!ot tm Iog—prﬁbabihty paper. | _"I‘he cumulanve frequency._;i o
- ditebision curve wil diplay distinet curvatures bart a the low and high oo
| grade categonas (Sea Figure 2 1) In such s:tuatwns tha éddmgn of a o

SR -'-'ﬁ_.caustant asmsts to elmnnate tha cunrature in the lower grade cate.gary but R

c"_ B ST,

.',“_:':_-__the upper grade curvamre mn psrsxst _: -

| I wxii be shr;wn tha: these curvatures are nnt arntacts but are relamd td;.- ) _

::th" geoiog:cal aompiexxty of the type uf reafs being ﬁ:med at present m{ S B

o :_:the meatersrand basm Tl'ri '5 ggglog{cal mmple;gy 1s a manvatlon fm‘ : L
pmpasmg mom appropnate dlstnbutﬁonzg mndels The geaiogy uf the o

""'_bamnisassetoutbeluw. ;

s
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."LOQNORMAL

.t CUMMULATIVE
" o PROBABILITY DENSITY FUNCTION

LG oM-B/T

SUB LOGNORMAL (LNGIG) -

HYFER LOGNQRMAL (CLD)_ '

©FIGURE 21 - PROBABILITY DENSITY DISTRIBUTION FUNCTIONS

. o o - purpose af this t’hesfs refereme should be made alsa to Knge g: al‘*“’

...“ o

U | fmm the basin nmkes it umque mmpated to s:milar gold furmauous.-' B

- ) Figure 22 shows the basm and the ma;er gald producing aress,

-.'_1 o o

- R = The 801(1 beanng sedlmentary rocks uf the Witwatemand basin were'_-'_ o
o discbvered in 1886 aml the ameunt ef gold tha'e has so far been preduced ) o
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FIIIﬁUHE 22 w:mmznsnmn BASIN AND em.n FIELEJS o

e

. H
L‘

' 'In summary fram the abcve mentioned papers 1t can be concluded that,. '
. the gold and ummmn beanng sechmentary recks of the Wﬂwatersrand -
| _Q . 'basinare f@und mthe: Donuman Reef Group and the Wltwatersran& and S
\ - \.‘Ventersdgrp Supergmups. T.lze Wxtwatersrand Snpergroup consxsts nf the o
,(iower) Wﬁﬁt Rand and the (Uppea') Centrai Rand Groups, 'I‘he. i
| ":.sed:memary mcks whmh are anc.ient placers haive been depamted by

raided rivers on alluwal fans located at the margms of a yoked basm

S ;'Hmta, 'I'hese geoiugwal wmits are bound~d by uncouformmés wmch are'.:_ "

a reﬂectxen of mtermlttem sedimntaﬁon m th. basm _Thls histoncal“- :

‘mi:ermittent sedl.mentatmn has been attnbuted to local and reginnal -

gediogwal a8 weil as geamorphologlcal factors. In addxtion, regresswe

A7

The sedxments jnthe basin can be subthwded into i number oﬁgeologlca‘ .



sedimentation and sediment reworking led to varying gold concentration
in the different. geoldgical units resulting in the development of gravel |

- honzons (reefs) containing relatively -high.concéﬁtrations of gold. |

. Most of the gold in the Witwatersrand basin is of a detrital nature and
. the overall gold mm in a-geef is related to the amount of gold
| i;;iéaseé_in the provenance a_ﬁe?. and to jthe' deigrée; of 'réﬁ'rnrking which
o _.'haé.'tékeh ﬁlasé --'fhe':dis*ﬁ'hﬁﬁﬁﬁ 6f gt:l& within and bét\'#eg:i reefs shews -
. . .varymg degrees of vanabshty On a m:cro scaie (as ubserved in closeiy )
- -_.“'spaced horehoia deﬂecuons) t};w ievel of vanance 1s mgh and thls '-

o _:.variahﬂity mcreases on macro md mega scales asa rssulz of the incluﬂon- -

B of mora dwers:ﬁed feamres ~Furthermﬁra, mthm a reef the geid oantent Fa

NV cmvary ona large scale due to faeles dnfferences related to thé posmons |
. on the allumal fans m' 10 ovexlappmg fans “hlch have dlffe:'ent eutry_;._ |

il

( ‘Pﬂl ints and pmvenance amas o
’I‘he geolog:caf settmg d:scussed abava gives rise to the follomng miost '_ :
o F:rst, the hyaro-dynannc mrcumstances in alluvial enwranment dzctaﬁ .
. that the rzver systems that dxambuted the plac:ers cnuld transport onI;x:_-_:
. "certain slzes uf sedunents a.t dsﬁeren* stages as the nvar systems graduaily |
. __reduced the:rvelocmes downstream. Hence the heamer mmeral parﬁcles -

'_:;woma be deposnted much earher clnser o the. source For ingtance, |

RN



- wnter(m"demonstraied on the Vaal Reef that wherever an optimum

hydrauhc energr existed for deposman of paructﬂar-smcd gold particles
avallable, an anomalously high gold depositlon occurred. He observed

that these trends could be on ndges, chaunels sides, or within channe’.ls

Ha coﬁcluded' that gold ccmtent was Iargely hydrauhcally controlled :

(dependmg on paleosurface condmcns) as detntal parﬂcles 'Iflus is' 5

analogous thh Slchei’s@ ongmal observauan of hydrauhc sorting and

trappmg ef dmmmds and isa ﬁmher confirmanon that hydma-dynamm . |

mz‘cumstances played an mportant role uf' concentraung gold in the

placers. Qnewould therefore, expectarelaﬁonshxp (pmbably lmear) o

" be set betwcen the Iogvmedns and lag-vanances of the geld variable a8 a '_ o

ﬁmctmn of d;s ce fmm the stream source One wuuld further expect_

that 1f gold sauiples are taken frnm d:fferent lucahtzes wuhm the sama - ,

hnrxzon or even from d;ﬁeram overlappmg reefs thhm the same hbrizan, L

the log-mean and iogvvananae pa,:ameters would bﬁ dxfferent, resultmg:_ . B

“1 a mxxmc ﬁf lﬂgnﬂfmal distribuuous which wzll no lohger fﬂllow the Lt

bgnormﬂ law ’I’he Compmmd lugnomal model(CI..D) has been ERAE

develeped to mcﬁel these hyper—»logmrmal 1ypes af dlstrlbutznns
Sec&ndly, due to the prﬁ\@mmant erasmnal fea;ures of certam tg,nms ot- '
r&efs the h:gh grade values appear to be partly unssmg (sub-. :
Iognormahﬂy) Thxs gwes me 10 the gold distn‘bunon being associated
with pockets or trap-mtes aﬁd as. such tha pmbability nf ﬁndmg gold is
" depeﬁdent on the probabﬂxty of finding gold gwen a pocket or trap-sxte:: '

DR

T



whers:

 as well as the way in which the trap%ité#_'are--distn‘but_ed. In statistical

) terms w then have:

Q) = R | DR

P() -—i 'Pmbabiﬁty of finding gold
- Plr| JL) Pmbabihty of findmg gold gwen a trap-site and |
PRy = Prﬁbabmty of findmg a. trap-sue g

C Such type of genettc models have been prewously explored in dxamands@ -
an& gave me to the Compound Po:sson mode] wluch iss s‘ubset of a |

| 'more general modei czﬂled the L-Dg—GeneralISBd Inverse Gaussmn

o _'-distribuuon (1N GIG) dlscussed 111 thrs theszs me these two sahent o

B ”aeelug:cal features it canhe mntended that the curvatures observed on -
S e mmulamre frequency piam are therefore ot artifacts but are o

o de;aosmauai features relatmg to ennchment or 1eachmg

| ; a__Unhke the more gencral models, the lagnurmal models presume the

' bsenc@*of any hnear relatmnshsp betvmn Log-mean and Log-vanance ..
- _parameters Asa resulﬁzof the above dmcussmns, it se.ems advlsable that

' _'-_whenever there. are deparmres fram ingnormahty, one of the. more\

_general madels should be apphed to avmd severe blasses for nbwous

: :\..“

.mmlc reasans



e ff‘\ was ﬁsed'_-as tha relaﬁve effmen:

 sample arithmgtic mean. Bias error défined as:

Tius chapaer tharefare presents among other aspects,acomparanve study _.
of the new and the o;d gcld grade dxstributmn modals in the South

B Aﬂman context. Data from some. of the important reefs of the '_

i

Wxtwatersrand basm have been used T11e reefs wlnch were consxdered

ares Basal Reef, VCR, Vaal R«ef and Kmberley Reef

When dealing with 1ai'ge seis of séinples {as us‘éd for this study), the.

- "anthmetxc mean for the sample:s is a good est:mator of the populatmn
o mean Fnr such Iarge samplas, the sample anthmeuc mean is a good
o refarence pomt for aii pracnzal comparat:ve purposes The mathematlcal

L ‘?-_meanestimates were there.fara compared in eﬁ&h case thh the reSpéctwe o
L N ._"‘_J_ S

o mathemancai mean esumates as ubtained in.the differem dﬂﬁfﬂbuﬁan g -

dels. Where 2z is ihe maxhematwai \?n esumat% and 7 the |

%urrespondzng anthmenc meam of the }g}ggﬁé&ﬁ : }ﬂ@ i % txme o

these more general rnodels Liave beéth g,pphed tcj!cre&'eéent gold grade o

dlstributions and the prehmmary results are very Successfn*l

ey o <,

21

: Qeasurement of the various - .



242 The Comgound Kognormal Distribution (CLD) -~~~ -

24  The Moddls in Perspective
241 The 3-parameter Log;ionnai_})istribntioﬁ'. ;

’IheSparameter d‘ensity function is_’deﬁneéi a5 follows:

T m tz+m°*‘{ R )( -

where z = ohserved ore value in cm, gft (Q < z 5 co)

E a and B a:e. parameters m be eéilmated ,S is the addmve constant, 5

'_'b

u.: 7}" _‘..:?‘ .

cosrespondmg log valu;-as "

R '_\l
: w0

h.
oo

- _'where x= in(z), ( - < x < + egﬂ ), z= Qbservéﬁ\at&valuﬁm-ﬁz g/t
B ;and K,() is the. mndiﬁed Bessel functmn of the secand kl!ld of Grder 'v

el w

'I‘ile four: parame.ters of the dmm’buuon are:

SS
Co \\?: F
. i

v

T
G

Sy

1s the average sf the hl{z+,3) values and 03 1s the vanance Gf the ':_



""a = location parameter, - < a < +5o
§ = spread parameter, § > 0
B

¢ = skewness parameter, 0+ ¢ < 1 v

v = kurtoszs parameter v > -1/2
frix '

@

" 243 ,Estimation of Palfametérs_ for tiie Compound Lognormni Distribution.

P

S / | Mdmbutnon cf gold in the Wztwatcrsrand basin is very skew By |

'. taking a loganthmlc transformation the new d:stnbunans ‘are only o

: moderatelﬁf skew, As a result, the mmem est;mates of the parameters- N

o In(emg/t) distribution should be fairly efficient. Moment estimates .

N el of the!parameters Tiave therefore been used for this study. In exceptional
S '”'_'cases however, where the kurtcszs mvery peaked, the fourth moment of o

©7e the sample will be an unreliable estitmate for the pond’anom This cétrx' T
'ar1§e because of undué influernics of outljers. Sych cases require that chis

L

e -

S _sqqaregnﬁmmlsamn téchmqua stmuld be, used agethex with the momeni , o

]

| -'-'_eesni’nat:on praeeduram ensure more’eff‘cxent parameter esumates, This - |
*«wmff be show ﬁ:erm O

Z.Ut c:pntra% Moments of Compound Lagnarmal D:stribnnﬁn

A detaxled pmcedum forl calculatmg tha maments % pr&semed m

_ry of the flrst four Cemrai moments are as foliéws

T

'l'}._

3(1 C:_') e g T

. B cE . -y ] S e L . . By : - ; R . R




PR w0 W

. . o B S -of

u4(X}~ mv # 1)’ p@ 4t

u N

T}w Pearsuq*s shape coeﬁ'icients are. | 0 |

.@V_tﬂﬁ_f:"‘l

halX) = sz(l c);

e

_22 1

432)}_(2\}4-7){«'.
4(1 gt

il

{//{/.;-

| -{21;-\'«__'1-_)(1 s

By (:r) = "“m
l‘z( )

“ﬂ T - ’ R ¢ " . e

l-'-a( )

thx)“_ 3 6£$2+6¢~i- z
i iia( 3

(Zuﬂ)(hc)gi

’Whera E,,(MU and ﬁz(x) are cﬂe skewness and Purtosm ccet‘f’cnems |

| respectively.|

'I‘he CILD is apphcdhle only zf the faliowmg corldmon is

P . on

satisfied {as'

phawn in Appendle) e s

ﬁa{x) > --13\% ;(x) + 6]
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<245 I’roeedure for estimatnon of Parameters of the Compound Lognormal

: B;smhutinn

5 S
. 232(’9*361(3}“_5-

Parameter ¢ is estimated by iteration from -

(SO ) ) . . : .

Newvelgle .

1-"2(1 5)2

:'o. '.

From the log"arithm of the observed g‘old'valués {crg/t), estimates of the
, Skewmness B, (%) and kurtosis B,(x) eoefficients are calculated, from w“mcﬁ

o : “_‘wgere 112 is the smnple xramance of the natura,l l?sganthms of | the observed B

~ gold valués (Om"ﬂf ) and ﬁ1 ﬁx(x) The fourth parameter i fmally i
. -‘naiculated fmm e . O



\.‘I o

o

. .wheve Ay ds the sample mean of the Iogﬁnthms of the observed gold

yalues (cm«g/t)

| Th,e ccﬁ:gpound“l_ogﬁorma!meaﬁ estimate can then be caloulated using: -

o T [—em———y 4.
e p’_(_)_ [1 (ugw';] @""”

Pl S o o R

o 24}%&3

'-rhe”_m;g'_gﬁeﬁérali.é{ad Iﬂﬁérsg Gﬂiuésisiﬁ Dmihﬂtion(LN.(;m) e

e

| -The feur parameter Log generaglsed' Invers& Ga;lssxan Bxstn‘zmtraa is
-_..def'nezdas e L

| ":Whﬁf'?» x= 1!3{1), (S <‘x < & @ } and 7 ;s th’e: observed ora value in
e g/t., K!'ﬂ(b) is the modifned B&sel_funchonwf the second kmd u{\- e
N .._«-_.ardqr -y ami argumentb T’ﬁe foor paramea;rs are, S

" a{x;-- A

am

ii

Ty = mcatmn parameter (~o'< E + i )
scaleparamei‘ér(s> 8)

.-'-b kut‘tosm parameter { b > (} )

y= skewness parameter( o < y < + o )



Coa .
4
. ]\ _.:s

o 2 4 7 Estlmation of Parameters nf LN-GIG Dlstribution

The moment generatmg functmn for the x~variable (x = 1;;3) i E ;j:-

Mx(f} QEM

/ | (B}

fmm whu;.h tha momemts for the x«-vanahle can be. gsnerated (See
Appendix B). The. standardlsed form is found very onnvemenz _
cmﬂpunng the parameters Make 2 Imear transfnrmanan SR E N

U wX—-&_ R o
o “\5 where & 1 < w, It cin be shnwn that the standard ferm of the LN- o
| GIGi% o T 7

tp(ﬂl

SR T

| 23}(5) i

E w-e-&mm.
! f R ..d" B
ll | " R ) .-'--_'._:0' . () u o

e



by et

Q

':_ Pé(u) = f Ua_mééi‘i.(yu)-_efbmhﬂdu

Kby 4

B o !-13("}“" RN

&(b)

114(!1) = . fu‘cash(?ﬂ) e-*mdu

m |

Frnm which the central moments can be computed As ‘u’ is a Imcax_

transfarmatmn of ‘x’ we have -

:Patu)' |

'. - L.' .
: . I

RO ui&; .grt;_

& Where u,(&:):@ the rth cgntr:-il mnmentv of u

}:3'

et we

From the nﬁtmailogaﬂthm of the t}bserved golci values (cm~g{t) |

‘f’ ﬁ; and ﬁa al’e calﬂulatﬁd

- - 2 Usmg eqnauans &3) to (8) parameters A2 anﬁ b are e.snmated by o
s 0 xtemth,n, Tha va’iues of Y. and b whilich wm ‘give' s:mﬂar values as -
| | | calculated utider 1 sibove are tﬁa reqmred suiutmn. .
- Next, one calculates the other two paxan‘leter esnmates from

. 2]

)
i)

o

28

- u-"s_inh (yu) e=eashigly |

o

@
@

.“("6)' '_ |

@

R _:'2.4.8'_' -Pmcedure ror estimatian of the Parameters ogthe mam Distributmn



e e it s o gy, e i, i i 8 e

and

="ﬁ2(X)' o ._(9)
w0

b= Em-sw

where ﬁﬁx) and 7i,(x) are the mean and variance estimates of the natural _'

Togarithms of the observed gold values (em-g/t); fi{u) is defined io (3)
“and u,(u) is the second central moments of tho standard form. To
o calculate the mean estimate of the untransformed dlstnbutlon, weuse :

T =250

[t :

Rjegl_un;s _'__g_f-Aijgplicabﬂﬂy oftha‘New‘Mn;lels .

Ny Pearson s shapp Caaﬁ"ments ﬁx and B, are used to detanmne the spe&ﬁc' '
o model appﬁcahla fnr a gwsn _

pmcat dismbunon“ﬁ.mchon és shdgm in o

f .

Fzgare 2.3 whele

L g :

E4
':i_ e -

' ;ij&f’hs the skewness coefﬁcient aud gﬂz 1s ;he kurmsis eoe fﬁmgm, pa and .
g are the third sz}d fcmrth centraf moments o the' h aw«"“mmed var able o

o X rasp@cuvely, o' is tha rfesponding Stay;hx oh ﬁeviatmn The ;ue\yr S

 models do overlap in certain regions as mdmatecf‘gn Flgure 2 3 mth ﬁ‘e -

"-_':_'hatchadtarea, DR N

o o . b R
: . d’.. - K . : -. : K

'Fz s w/@‘ L - \‘i | _(12)] B
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26 'ﬁe Case _'éiilﬂy of the 'Tl.:rée _ﬁis:ri_hiiﬁéhs jj'

 Skewness -

N me z.s - SHOWING REGIONS OF APPL mmm OF
~ THE VARIG‘US MODELS - B

' -.u_". S

zg; 'E;Compounﬁ ch,ff:rmal aml Log—Genera}:sed Inverse Gaussian
s Distnbuﬁons -

[ e

B Applyu% the new dzsmbuuon densItY fﬁnﬂﬁbm (wmchgver apphcabl

R . tﬁenreucai moda!s wem ﬁtted to the émpmcal goki data in 21 different o

:.. -CE}_.ﬁES.. ' o ‘{“ .

B One-Sample Kni’"nwgorov—Snurnnv (K-S\ test af gonﬁness of ﬁt, basad

et AR Din) - n® SRR,

N



| oAt éxe 5 'pe,r cent level used for the study, d(p) = 13538 for large n, -
: aﬂplymg that all calculated d(p) values less than 1,358 pa$s the K-S test
/ for goodness af f:z. Chx—square test of goodness of fit wag also used.

 where Fy(x) is the empirical distribution function from a populatioﬁ with
- contimous distribution function F(x;), was used in all the cases. A test of

the hypothesm that thc saraple has arisen from F(x) is provxded by

_ _rejectmg at the P per cent leval if:

n ’ﬂ(t_l}:dp) |

Tip

: ‘I‘ypmal results are showztm F1gures 24 and 3.5 aud mApg)endxxA. In' '
. almost all the cases the hypotheucal models do describe the empmcal *
-_'-_daftaas obsewedbythe’testofthe eye’ (cf Flgure 24 andZS) o

a o Almost all the K—S tests conﬁrmed the above obscrvanon ’by ﬂie eye 5"-8"-’ o

' (ef. Appendix A)." However, Chx-square test rexected the test for -
o gnodness of fit almost in aiI the gases, The latter mdma,tlon 5 not
e '__uuexpected due o the ngarous and super-sensltmt}' Qf - square test
o ’ 'qspec:a}ly wlten deating with large numbers af observatmns Detaxled'
- results of the analyses are tabulated in Ap?em A' | )

oo

AR

= It was obscrved in some cxcepnnn&l cases that the empﬁ‘icaf dlﬁgibutmn.f_ s

" modsls were more Jeptokurtic than- their correspondmg theoretical.
- models (See Flgure 2.6) 'Ihese were the cases where the kurtoses were |
- very pesked. Asa result, the respectrve fourth maments of the sam;:les _' |
o ~ could not be reliable estimates for the corresponmng papulanans ‘I%e

study showed that these cases can arme beca.usea of the- undue inﬂuencg
doten.

3.
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. Such cases reqmred the use e of the ch1~5quare minimisation techmque as
" an altﬂrnanve It is worth nntmg that the use of the ch1~square-

minimisation tevhmque for obtaining popula.tmn parameters is different

from the usial ghznsquare tost of goodness of fit, The skewness estimate o

. for the respectwe populations however, did not suffer from the ahove- a

limitation, “This is'due to the 'thll'd power’ in the skewness definition

N (unlike that_of theé kurtosis) which implies both posihve and ne_ganve |
compensating t:omponents, Equetions 11 ar ! 12 give fhe_ defini_tioﬁs of
.:_.-the'--slcew:les_s_and kﬁ:&osi& meéasurbs, | ' -

In & partzcular modelling process, &1fferent kurtosis vaives are used and

R | the dxstnbutmn is fitted fm* cach of these kurtosis vaIues In edch cas:
. the Pespectwﬂ £1u~sc;uar'e ovalties "are aiso ?!:aiculated ’I‘he resultmg

- efther of the new métnbunons can e used and practicaﬂy s:rmlar Iesulis

L

will bh thap,naﬂ e

Y S
-\k w0 .('. |
B \_ . f

I.F._.

31 Fiirfhermore, the new dnstnbmons hav%roved to’ g:ve 4 mare robust |

estimaw of the pupulatzon mean, Their e%ﬁctent esumate nf the g

fwn m Appendxx A. !

populatxon means, ﬁre
'y bl

i

S

“Fhe chi-square minimisation technique essentially involves the following.

?"aptimai kurtams vaiug corré‘sfmndmg to the ‘nummum ch:—square value is **
§ ﬁnally used 1:0 fit the theorencal ‘model (see F:gurﬁ 27, F:gure 26
 shows jxne oﬂ fhe Tesnlts. and dgmmnstrates 4 signiﬂcant zmprovement in ' _
. "-modt&lling, with g reductmn of 70 per cent in chi-squam va.{ue A ﬁmher s

o

L ’I’h& anaiysis aﬁ tha Kimbe:key reeﬁ dasa mdicated that the. g!istributinn. .
o _falls within *he nveriap reglnn of CLD‘&nd I.NL-,GIG tizstnbutions “The
~two models wete tharefore useri for the ana!ysxs mxlepéndenﬂy “The

_-resuﬂs fm;n the two anal; 'ses were vew”smnlar, This ﬁnding 4lso.
_:.indmates that in case& whexera distnbutmn falls in the overlap r@gmrr,"‘"r

Ao

e i g,

U e e e

| T_.reductmn of tﬁgﬁ frem almﬁst 5 per cent tt; 2 per cent was al n ohtmned ) &_:z B o
’ . S . - . ﬂ . . . l‘l . - ;
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._t

*;_ cent bias in the populanon mean estimate was observed. -Chi-square.
. minimisation approach was adopted to imprave the moment estimates of -

| ’V o | : _13“-.Ithe paxameters in some cases. This approach was not adoptea in other
| iﬁ\ o . '-.pasas since. it was not going to make much difference. The estimated

. sbown in Append:x A, - As indicated in Appen&x A, the location

N ptﬁamaters of the new modeis seem to be siable in the respecnve reefs
i 283 -Tli[e 3~Parameter Lugmmnal model Case Stwd

v "APilPlylng Knge 5 techmque‘” all the o:ng*lﬂ'ﬂ%l "’um'”l distnbutmns were

R \\ : _:.'_-alsdi fitted after es:' Atin gshe respectxve additive constants

L 264 mLﬁs

“ .

P F:guras za and;Z§ zmd z_

3

i\\ . per cent bids-in the estimanqp of the pupqlaﬂon mean I-Iowever, o
e R '_ more than 30 per nent of the fcases E negatwe area under the
e ST d:stn'buuonal cym was more than 1 per ht(cf Appendxx A) |
;_}. . |
e

Combmng the ‘31’1'5(111&1‘3 minim? sai,;mn prooedure, not more than 235 per -

ﬂaamm'eters for the new distributions in the areas’concerned are also

ey pass the ’test of gooclness af fit by the eye o
t aceepted almost all the gondness offit test, - '_
| __j_thnugh chnusquare fest rejet ted almost all-of therm (the reason for thxs hes
- plready been given), Tn the Klersksdorp area H (Vaal Reef) where 6T

R o samples weie ana]yzeﬁ the a-prion adduiv& constant of 50 gave a Iass .
- E o efficent estimate of the population mean yhcugh the bxa&was gracncally o
s . o “not algmflcant The ovérall analysfs using this model §huwed less than 5 -

o F)
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 Summary of the overall results of the Case Study

7

Prom the above amalyses the 3-parameter model for gold grade

distribution gave an efficient estimate of the population mean with less

 than 5 per cent bias, The new distributions showed simitar efficient

estimates with bias of not 1aore than 2.5 per cent (replacing original
#esults with chi-square minimisation results wherever applicable). The 3- o
_,péi'a;netér model showed comparable biasses to those using the new
'models' However, in all the cases where the departure from the 3.
. parameter model was sxgmﬁcant and-also where the additive constant was.
| inefﬁc:ently estimated, the. 3-parameter estlmatas showed sagmﬁcantly | o

o h1gher bzasses

. The theﬁretlcal models of. the thrae distributions pracncally ﬁtl:ed the . |
| . | _-empmcal data though to dﬁerent extents,’ It should be emphasized that- -
 Hue to the bounded finite Jower size of In(g) [md:cated by the bmken o
- 'hnas {n Figures 2.8 aud 2.9], where B is the additive constant, any va_::e o

“ .-under the mathematlcal model which i is below this ﬁnue lower size will

: restilt in a negauve gold value after back-transformaﬂon. Such negatxve.

T _ cases, the S-parameter

notbemm‘e thanzper&nt o N

\

‘\

| -In the Klerksﬂorp area H, (Vaa} Reaf) 72767 gold valnes were analyzed '
_ __'and the mmptmnd lognormal mndel gave hetter 1esults than the 3-
. parameter model. This further ¢onfirms that for large mmmg aress,

yo

- gold valuea in reahty, ! bt exist, For more than 16 per cent of the
ﬁmdel mﬂmatad a negauve gold: pmpamon of
- miore- than 2 per cent thf?ugh as. sgggested by Sicl;elm) ﬂ:us area shauld

where we ara likely 10 deal with rixtures of lognnrmal dxstﬂbutxons, the .

new ﬁlsmbuﬁons will give bettér estimates. However, chang\e of support

o angl small samphng theory is yet to be developed for these new ﬂmdels
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27 Summmy of Operatioml Advantages anﬂ D;sadvantages of the three
| Mod&hs : .

N 2.7.1 : m_s.pmm Lognormal Model

- ADVANTAGES .

o * | No ccmplexmatheﬁlaﬁcs is reqttired for the estimates of the three S

“paramer.ars and the dlstn"buuons are sxmple to handle,

IR Generally less computer time: s reqmred for the estimates of the | -

.. threc parameters. _ o
o . o .Gnly three paxametei‘s are requ:red to ba estimated

- Working permanence is _aceepted for °h‘mge °f S“F’P"“-" |

St e caloulations,
LR RN Ef&cxent estxmate of p(ﬁvulanon meaﬂ

S -data, i such dm exisy -

i

DI’SADVMTAGES
‘,. "_'-‘_‘"Pmblem of truncation and
R - fre.quency ﬂxsmbuuﬁn makes 1t ‘ﬂevo:dofus nataraht’f

_ s Problem t;ffbbtaming nagatzve gold values on back—transformation -:".:
L 'f*-;f%--ﬁ:fﬁmlty in obtaunng an’ estimate’ for the addmve constant o

R aspeeially for small sampie s:zes :
o - - '.._-Possxbility of departure fmm 3-parameter 1ognurmahty

. ()_ -

S e Third’ parameter can usually he acce.pted a~prmn from nearby

_ﬂle squashmg of the.: - R



272 Compound Lognormal and LN-Q}’-G Models

et 2 3

"“x'ﬁe:-mémﬁpﬁmal Motlels and Regularized data

A_DVANTAGES '_

. .The new models have no truncation since the loganthm of the
- actual values ranges from -® <x < + ®, There is ﬂxercfore
no isyae of negative goid value resulis, '

B There is oo inherent theoretical limitation. .
- -7 Sines: e new distributions deal with the logarithm of the

T gold vai’aes themselves the frequency categorieslook very natural,
- Can handle mixtures of lognormal distributions to a better extent. a

L= Efﬁclent esnmates of the populatmn mean.

| .DISAD?ANTAGES '

. --The mathematws 0f the new d:stn‘buuons is mora complzcated. _
o -'Gezmrally more camputer time i required. - "
 Four parameters are required. -

. :_.'-'-‘I'he pmblem of change of support and small samphng themy is -
c\C yet to be devem?ed ancl presently this serves as a hm;tanom D

=

i

. Table 2.1 shows the statlsncs for ‘pomt’ and regulanzed data for the Vaal'.

- Reef (Klerksﬁorp, Areq I-I) wzth additive copstant of zero, The criteria
 for applying the CLD is also given (See Section 2.44). The Table shows
" that the dxstnbunon of such regularised data bave much lower variances o
~and are much less skew than the individual ‘pomt’ values. The Table
*further shows that for large supports the 2-parameter model will even be -

smtable ’Ihus, walike the pomt’ data the advantage gamed by using the

o _ new distributions for the reg:algn_zed data are not likely to be significant

i this case. Tt is for this reason combined with the on going research for

2



BLock. - wmw- VAR | SKEWNESS | KURTOSIS | CRITERIA |
jszE@ - | f'.;..‘"-_;mm:‘ | R S
= 'POIN'!’ 6.244 o ase m‘s&_ ©fases - faess
:aman 5“.?6% SRR £ 7" _-s.osz-' 3o bspen
CJmeee o ever o o jese  |.eo . j3ms o Jawe |
Cfsese o leme. o feass  foow  fams a0
fuwosoo o few o fes  Lao. o fass {300 Sy

| the small sampling theo:y for the new dxstnbutlons that the analyses in chapter o
S 3and4 were done on the 3—parameter Iognonnal model. |

'Table 2.2 alsu shows the statlstzcs for the same data in Table 2.1 but using an

addttwe constant of 25, The results further emphasmes the need to use a good

estimate of & regional a priori additive constant. This is essential since a bad'.
| estimate of the additive constant can introduce skewness for the regula.nzed -
' data whu:h will result with bxasses on the mean est:mates. ' .

: TABLB 2.1 SHGWHWG S'IWI'IS'HCS FOR ‘I’OINT‘ AND REGULARIZED DATA FGR '

VA&L REEF (&DB!TWE CONSTANT G)

._“.),"g.'

N

"

LRy

. .tr_' :
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g . .

s TABLE 2.2 snowms STATIST!CS FOR 'mm'r- AND REGULARISED DATA )
' i FOR VAAL REEF (ADDITIVE CONSTANT &= zs) '

BLOCK | LOGMEAN | LOGVAR- | SKEWNESS | KURTOSIS
sizEQ) | | 1ANCE :

poINT .| 6336|1314 | 0087 . | 2886
qoxe | 6643 » jomo . J o o 39
e jems  fosm v |oom |20t
ama0 o less loas ol oosw o jsom
Ysso  femo  fose i oo lasm
;cﬁﬁ%)o' Cleme foss o joess lasm

L

29 Conclusi S #

' The study showed that, though. the 3~parameter mcclei is a pracdcally

of the gold distributions; the usual assumptmn that gnld grade
& trigixtlons follow a 3~parameter law is not always true. S i-esrzit the

3 '_ &m of the emplriml cumulau.{se frequency distnbnnon is Ver? g;ecassaxy o

R | . _to test deparmres ﬁrom logrmrlﬁalzty
. 'I‘he study hmher shuwed that the new modeIs’ also pmwde goad L
'estsmates of the pepuiatiﬁn means of the gold distnbutmns Another
. .ﬁutstandm,g f&ature whlch matices the new dismbutmns mare attrat:uve is
- the fact that mf} inkerént themetzcal pmblems would be antlmpated ‘The
) _'inew dxstnbununs also seem to nge better esumates when Iarger mimng .
e areas are under consxdaration. It is hwver worrh notmg that, change
'of sup;gnrt and smali sampling theory have io be. resolved for the new -
'models* . ' ' '
This 's_tudy i‘ur:har'shqws that in more than 95 per cent of the cases the -

- reasonable modal especially for tq,a estimation of t!1§ population me;m e



adl

'_..compaund lognormal model could be used for madeﬂmg the gold grade

: dzstnbunons. “This indicates that the compound lognonnal madel is more

- applicable for modelling the goid grade dlstr;'bunons ufi*he
:Wsmatarsrand placers than the 4 N~GIG model '
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o ,BOREHOLE VALUATIONS oF NEw Gom | MI'N__ES___' AND.
R ""'=-:UNDEVELOPE‘D snc*moms OF EXISI‘ING MIN‘ES
L 31 ﬁ.Imrcduction \

i

lmtedagnformatmn

e When a few bbrt‘.hole values ﬁamtiiaw&y danilcd vu'gm
B gmﬁnd have come to hand, the mining engineer ig faced T
S0 Cwith one of themostimportant and-difficult decisions SRR
S, which he'is called upon. 16, makeé during his entire’ -
IR _';:;;professlonal career, . toamne or not to Imne, -
S that is tlm questmn St

Sy

BRI SR °Takmg cngmsauoe of the Iarge capital firvotved fn such deap tevel gomf =
w0 | m'fpstments parucularly m the present difficult period for the gold mining -
mciustry, the need for'; appropnate mgdels and vamanon pl.“'

R S L

‘ :" . _' considers the’ posszblhty nf deriwng ‘addi bﬂﬁ mfcmaum from
RN R ne:ghbeunngminesb
IR esn?ates. ‘These valuatio
S mutine valuation of large undeveloped’secuans bf aib.stmg mines wlueh*
[ EIRE e usua!ly based on similar lmited mfommtm L e s

.‘_‘. . ‘3\ N .

R l-;'.___.,.\ The chapter also inimduce's the cuncept of spatiﬂi structure for
S ) i ’vanances a}’a means nf denvmg adﬂitmna} useﬁﬂ mfnrmatmn

R

T f L '.Dua to tha hlgh {\nst of dnllmg and time delays m dulhng deep'i' '-
TR boreholes, the fe.asibihty study of new gold mmcs (esriemaﬂy m SQ“th* RIS
. Africa) are based am;] ‘will continue'to be based on lintited numbers of
) bnreheles 51&331{391 \;onfv'ms the deﬁculty rcgardmg the use of such:'-' _. _'

SR cedures for
e \ . these é&pitai intensive projects cannof;,ba overep \ﬁzed. This chapter"_'_f'; o

&g on gcalagmal smﬂariué’ to zmprm borchuleli - 3 |
 procedares should, also be applidable to the



T .

e

| . Chip sample data ﬁnm a. Iarge mmed out sectmn of the.

ﬁ. -'..'Hartebeestfoutem Gold mine in the Klerksdﬂrp Gold:ﬁeid (See- Fzgurc g B o
R Z.Z,Chapterz) werﬂfnsed for the serics ofborehole valuauonprocedures e P
. "_.-Conelnsians are d wn-'ragardmg the rclanve advantages ﬂenved frﬂm '. - B
” -..".Such addmonalmf__« S

utm and the vanous procedures used

o . R

T.h& Veal Reef is the most 1mpoxtaz;t reef in the Kierksderp area and I:e.s I
strat'graphxcally neax tha n:uddla of the Ccntral Rand Gmup 'I'fxe vaal o - o
o ;| p!acer covers an area of 268 square km. 53 consists of a narrow';‘f S :
" conglomerdte seldom excseding S0'em in thickness but often 10cm thick
e [ Hawmr, m cerfain areas the closc. contact of the hangng wali pebble L
ged (the Zandpan Marker) can ﬁxaggerate the reef t}ﬁckness m:carﬂmg o s
o Nﬁatcr“‘“ the Eandpan Marker ganeraiiy cantams st gotd andthe
eﬁecﬁvﬁ d Ejmnion n“' the fadicated Va:s.l Reef —grﬁd vaiues, is therefore, ’ e
vegy ﬁinali Goldis usually concenn'atcd at. the base of the rﬁef and h:gh |

. gold eoncentratians are. ofteu fom(d assaczattd with thin carbor § §eams SRR
“and scattared carbor specks. Carhbn in the Vaa! Reef is belbeved tobe - g -~
o aigii :migin (Pmtomua‘“”} The genaral"feamre of the reef is of an- -
inﬁ!led drainage. pattcm with south-cast trending channels lvﬁ:aterf‘“’ 8 3

s ‘Hartebesstfontein mine is based on the Vaai Reef in the Klerksdorp o
ST Goldfield. Figyre 3.1 shaws the area of the mine which PmVldf%d the'_ R
S u: \;databasa for ﬂ‘l& smd}, - o ; | ) . . {'_.,J o @ )

has demonstrated fhat the Vasl Reef was dmvcd from two soums a.n i S

dﬁ-pomtad as twc @apulatmns (tbg W;tkop an'd Snlfuntein facws) wnth B
hmited ammgt of averlap at ithe interface “All the. data‘med for. thisﬂ_ﬁ-'___ |
gtudy q;eur“m a gg,oinglcgjly homogeneoﬁs sectmn nf the: Stxlfontem'% o

facies

e
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- Dist,ﬁbi:ﬁﬁnéa m_yges :

- 'The chip sample data from I—Iartebeestfontem Gold mine prowded the
o mam datahase for the analyses Tha database cons1sted of a toral nf_ |

‘72‘767 samplmg sections on the Vaai Reef measuring some 25 nnlhcn

e squa.re meters ( See Figure 3:1). The surface borehole data found in the |

s " area was aisoused s will be shown later.. The dzsmbutmz_lai pnalysesin -
A ¥ chapter 2shuwa‘*i that these gald values from Hartebeestfonzem mine can

- ._}"'-weﬂ as the SO'Jx 50 m and 1 Km x 1 Km ?‘ﬁ’ﬂ‘ SUPPD“S ( with a threshqld

O -madel represents the dlsmbumm q,f. gold values far these“sup@";;_ : RSN
F. o'_f--Thc 5050 m and 1 Km % }Kmbloclgs were theBlacks used for the fie
S (panel) valiations (m, Cthter 4 and the burehote anaiyses respecnvely el
I addition the. dzstrzbuhon of smg!e sectmn values to estimate the
 aversge of 9 b‘bgchales was used for she Borehile valuatiqns The. 3-_"_"":. S
. ;:"':*;parametcr modei\was uscd fur iaggh yaluatmns Tb&‘fﬂew models were o
' mot nsed for the Hce and borehole valyatfohs. dus to the 'on goivg ..
W research into the small samgimg theury for the new ﬂmmbunons Also, R

o _-J_-_ths dtstm'buuon uﬁsuch regulanzed data‘ﬁs shown in chapterﬂ hdve much s

P B 1owef’ varianﬁes and areﬂmach less skewnthan fur indmdual valuas:"rhus | -

f 34 o JMStatistTcaiaaa yses ot‘the Uydergmund chig Samplesand Rorehola u@,es

L -in theaﬁt“‘”' Am

‘\

- chxp«agmnple values and ’:he surface bareho@lyfound in the study area. _

5_ N th¢ nev? dlstribuuons are ‘uot h’keiy to shmv an}f’s@mhf-’am :_nprovament (\&

L

Smrﬁ dé‘talled stat:sticai a_j_ "_yges were dcne usmg the 72767 underground

i §

o S S : . .
SRR B

- be modelled %ry wall with the compound lugnormal d:stnbutton “The  °
; . analyses further shuwed that ihe 3—parameter lognomal model can also o
: 'be: used without mtroducmg any Slglﬂﬁcant bizisses espemally mth a veljf:- :

- goed estimate of the thrashold pa:amete
i -'*--.'f;_cumulauve frequsncy plotg ot‘ the gnld grades f '

thc Pmnt’ values as
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. The objccnve was to fmd out how the statlstlcai parametars of the

undergtound chip samples campare w1th the surface borehole COTES.
Results of?the analyses are shown in Table 31

) TABLE %1 STATISTICAL ANALYSES OF CHIP snmm,as AND BOREHOLE |
S r-nnss FOR VAAL REEF< |

o

S |[CMBFVAES ~RIERKSOOR? GOLBFELD - VAALFEEE | _
e WMT@ ) UNDERGROUNDCHIPS ~'|" BORE- |-
PSR } ';., =+ . - P4AMNES[100x100m| “ixfkm.] HOLE |
a ~ T F .| BLOGKS| BLOCKS | “CORES |
AT S b MINeY] MNEY [ RED |

S e e g NOQFABEAS . T -
o f I1sizes CJFAREAS{m‘m?) a.»;/azs A4/38 | 929 ] 28.5/455
U4 INO OF VALUES PER ARER. mﬁars“ 213/245 | 166{1423& 28/149 |

o ] BVALu‘estsrde. 10}250 W5 B0 o;ano o

- L AVERAGE ALT 50} B0 fim . )

s S R ANQE“{AVERG] ST S SR BT D

Mo T RANGE S L osaﬂ.ss o._gsn.nh.am.as 085/179¢
RS - AVERAGE . U X~ R R K A DU %1+ A R K- 08

o VAHWCE N -i_ goaa Lo o.c' ez b
. M;E&N_Gﬂéﬂﬁﬁ_ ] S
U mEas Y e e 1002 0L T D
P e U L VARNGE | 018 | .- ¢ oa3 | o |

Table 3 1 shéws that the average vammoes for tl:;e ch:p samples at
O 99/ lﬂig:ompares v@ry well with t‘hat of the burehole cores at 1 06. The
dﬁp sam Sﬁs however hava larger support sfze (co}npared to that nf the o
bere’hole ccﬁ‘cs) and could be expected to have smaller vanances The- '_ _
. AR abserved varihnces of the e}nﬁ samples (whfcb fre: similar to that af the - B
RN bcrehales) canbeaaxpiained by the aq:ampaqymg hxgher nugget effects. - o
e ' ‘The small borehole cofes bemg closé 1o perfect samples have §ma11er' =

Gt ﬁﬁgget “effecis® bt Im;ger vamnces of ‘the. getual grades. The
e mmpensaung ﬂﬂue:;ca betwe‘&n the variances and the nuggsa‘t efiects of ”
 the two® dlffereng data se&s explams tpelr cornpamhle average vamncs% o

' __.;_;:'_ s Tal;le 3, 1 hawever shﬁws that“the varwnces of the’ varmncea of bnre.ha!e'
; " [cores ate higher than that of the ¢hip samples. "Fhis is due to the hmzted |
numbm‘s of borehaie samples compared w1th underground values

LA

st

et



IR i . not be discussed here. Studies by, Knge and Magri® and Braun‘(z“’ o

v

. " _-_.1_'_sem1vamgram an be’; P
. relatmnsth Inall th-s spaual analyses for this stmly, the IOgtransformed e
R -sermvarmgrams were used imﬁ were vahdated using the vanance-size of '_ o

o T In addxtﬁon thie remﬂts in Table 3 1 show that usmg an z przon reg:onai |
mean value for the additive constant will not result in any sigmﬂcant bias. .

Spatia_t Ss;ructure Aifaljréés .

 Similar analyses done on some Witwatersrand reefs fmcluchng the Vaal
 Reef) by Krige et gl(m’ showed similar results Based on these findings
] it was demded 1o use tha chip sample data as the. equxvalent of boréhole
‘ va,lues for thé’ analyses in this chapter. o L

-;.\' .
e

- . | -.:“.Detaﬂs 041 sennvamgmms are v%vell ducumented and can be found &. g,

o i Kngef‘m Matheron®, Journel and Huijbregts@’ and David*® apd will -

| L the Wxtwatcrsrand teefs have shown . that . the. lﬂgtfam‘\fﬁﬂned
:_'-___mvaéﬁogxam Jas 8 s:gmﬁcant advantage of reducing the effect of
" outliers. In uddition Krlgef‘w bas- shown that> the” logﬂ‘aﬂﬁ"fmeﬂ

T : area Tﬁlaﬁonship o'_ . ) ....- . .. . o .:_\ - .. o

y _dated azsmg tha vanance—sxze ot‘ area,

B e ()

WL
- F :

Sﬁatihl -stﬁicturé;hixa!fsfe's._fbt Graele 'I#éve_ls;‘ﬂ:-j R A

- regulaﬁzeti logtransfnmed sehmvamograms Werf} also con;ﬁuted ‘The two

i

methnds of semwariogram caiculatmns gave saml‘iﬁr results as wﬂl be

. {'\.4 .. 53

R o

i

) L ) B

B Bas\ad on the 72767 chip sample. dara Io,gtramfonnad sermvanosrams |

o _were caiculated on the grade Mevels (mth 2 thresholdvparameaer i:)f 50) ) |
. Mud;:ls wea'e fittad to thﬁe expenmentahemwanograms. Based an this: E |
P .:‘pmnt" senuvancgramdavemgﬁ seﬂﬁvanograms within Iargcr blocks were
. gampﬁt&ﬁ usmg numerical mtegranan (descranzauon) Asa check for L
'._-'the semwanogggms mthrn the blgger blocks ubtatne.d via, descmnzauon,'_ e

S

fricy E3



shown later. Two sets of logtransformed sennvarmgrams were calculated
for the grade levels (with B = 50)

(D Semwanogramzr. on the 10ganthm of the anthmetic maan '

within the various block supports, and

- o (11) | semzvanograum on the mean Qf all the Iogvaiues mﬂ:un the .

- various block supports‘

The results for tha above | semvanogram analyses are shown in F:gures

3310311 In ﬁttmg madels 1o these expmmental sen‘;uvanograms, the =

| mtended estimation. was kept well in mind since it i nocuse e. g 10

spe01fy structures o1 the petmgraphlc scale if the objecnve is to esnmate
blocks on a kilmnetm scale Tt was observed that i each case g1 sphencal

- '_ or exponenual maclel with nugget effect can he fitted tﬁ the expeﬁmental

o semivariograms Sﬁma weak geamemc amsatropms were observed but.

on the graﬂe, Ievms are present.

......

smxsmamo vmanm

they were not- relevant at the scalé of the analyses. F:gures 3 3 to 3 11
furthar demonstrate that from the. pomt’ valses thraugh the xrucm~nanel
(50 x SG m blncks) to the macro scale (1 Km x 1 Km) spatxal sn'uctures

The whole mjned out secﬁan was dmded ini Jarmus areas ranglng fmm S

10 i 10 m m 1 Km X 1 Km. In each case. vaﬂhnces within such areas
(bincks) were calctLlated fnr the in(cm-g/t —i- 50) vglues. Following a
§isn1lax pmoedure a5 used fm' calculatmg scmwaﬁagr;ms for grades

(Section 3.5, 2), semlvariogram valuas were comf:ufe,d fer the varianqe,s
\ﬁthm the different blccks sxzes AR S |

- .t"-"- R

: d"" LS - .

Resx.l&? are shown m Figures 3 12 to 3 17 and they demnnstrate the
presenca of spatzai structures on the variances. was founu thas
sphencai or exponantiai seuﬂva@mgrama as used for the gzade Ievels can

B

A .
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FIGURE 3.4 SEMNARIOGRAM FOR LOGMEAN VALU

ES, 50X50 M BLOCKS -
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70Q M BLOCKS

5 SEMVARIOGRAM FOR LOGMEAN VALUES, 200
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 FIGURE 312 SEMNARIOGRAM FOR LOGVARIANCE, 10X10M BLOCKS
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* FIGURE 3.15 SEMVARIOGRAM FOR LOGVARIANCE, 200X200 M BLOCKS

L

PembramAny

.g-. ;..:;.

. " . ] .
* : -
1 3 b g . . b

e e+

PR e T X

.

ey iravadunsiva

N T LI LT L Py Y

e o
i e E Sy - .o #‘ X
- [ s et i o e e Y
x whaa s
. : T, H

o

Spherical Madel . -
Emeoos . oL
| Ronga ;1114798 7 B000Ferer
T oo Nugget-Etfect : 0280 -

&

sartnivaursnsa
R

Pnukeia 6\;":

.,...,.,......
R
k)

§
8
1
-

&

e g

=




i

16 SEMNARIOGRAM FOR' LOGVARIANCE, 500X500 M BLOCKS
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descn'be the expsrmental senuvanograms on the. variances. Fxguxes 3.12

‘to 3, 17 further demoristrate the presence of spat:al structures on the
- varlance Ievels fmm thc mlcra-panzl ta macro~panel scale

’I‘he prescnce af spatzal structres on the vana;mcs irnplxes that addﬂmﬁal

mfonnatmn can tx& denvcd on the vanances to mgrove ore reserve

g o estlmates It should be emphaszzed that esnmatcs based on hmxted

-

e

AT '_ | amoum of mformanon maypmvxde mmimum estimation errors, yet these .

estzmates, hawever good, ¢can stui be poor estxmates of the vanabxhty of

the trqe values unless nutmde. mformauen is brought in to éliminate |
canditlonal ‘biasses. In addmon, it 13 a commnn incidence tt;@ plants...

def:lgned on feasibﬂjty estimates Of vanablhty ta receive mill feed {aven
| with lazge supenmoosed confidence Timits of the actua! feed), end up
S - undargom oostlyuufbrseen alteratmns Thus by mtroduemg the cuncept “
S of spatial structure on the vatiances, not only information on grade values

etin be used, but alsn add:ltxonal mpartant mformation on grade B

- variabil_itie's can efficle; Lj\j be accessed. Such a}gﬁmonal infotmation on
the varianges. :f HHie: _ngy ‘used wﬂl prﬁvxde deﬁmte sigmﬁcant
o 1mpravements m orc reserve valuatzon. LTI :

35 smma nata forthe aorm Analyses e

| " Based on the findmgs in Sectio;t 3 4 tha 72?67 mdwidual samplmg
secunns. Were accepteﬁ as equwaleni to indivi nal borehn!e core,}zalnes.

| Agndof 1Kmx1 measiald onthe wha!ej
’ ta s:muiata &mnes’ On average some 3000 va’iuaa wera avaﬂable in each

I

ninsd out section in orcler S

« of the 20 ‘mines’ and thess vaiues provided the follcw-up ‘actuai’ r"ncan S

g:ade and the mganthmlc mance for each * mine’, From each of these

‘;(niuﬁs 9 valnes wﬁre drawn on a stratlﬁe.d bas;s ‘I’hese were. accepted N

in ach case as tha aqmvatent of § smgle horehole values, Le., without -
deﬂtécnons “The procsss was rapeated twice to yield 2 total nf 60
borehoie sets which were used for tha anallyses. N '



AT ._.niseﬁbuﬁo;;an and spaﬁa;fmdel_s n-_se'a for the _Boreholé va_xua'ﬁoﬁs- S

I analysing the simulated mme values the 3—parameter model was

’ acc:epted asa smtable model as was shown iri section 3.3. The smtab:hty

of this madel ona macto ‘mine’ scale is demonstrﬁted in Flgure 3.2

| (Section 3.3) which shows that the distribution of the 20 actal mide

o gi-ades can ba accepted a5 normai. A test for the suuab;hty of this model
.’ﬁ'fnrthezﬂmmes showed A ' :

| _' (1) alcrw correlatlon b&twceu the ‘acmal lngmeans and . .
BRI logvanances after add;tmn of the threshaicl parameter ef 50 (r2 -
o ey e

R R ) mw | (u} a cﬁfferenc&behveen the overall mea:as for the ?0 mines based

:\

S Qn-- IR \& ey - RN
S (a) ‘ﬁ:e arithmeuc means, ant? o v

{’b) the lvgnermal mean e SN

ef 1.5 per cent, éfnda cnrrelatmn Ie:vel between the two B B

[ sﬁsafmeansﬁof%.s p&r cent. S B

:wc.;_: o

*i’he prcsenc& cﬁspaua! stmemms on the mine’ scale ( i.e, 1Kmix 1 Km
areas} for the grade ievcls aﬁd thie variances have also bce:;;demonstrated
m Secnon 35, Thc sets ?ﬂ? the szmulated barehole values were sqppcted
o to a ssm_s nf estimatmn procedures a outhned belmm R
s ‘i)& Esth%&ation Mdums nsed 2 e o
The ﬁ:s; pmcedur& is that qgf the orthodox arithmehc mean, 1.e., where
~the 9 bdrehoie grades are used at fat:s value, w1th0ut intmducmg any
additionar mfarmatmn. e T : L
'I‘he agggnﬂ pmcedure introduabs the knowiedge of the S-parametfsr o
1ugmrma1 d:stribuuon pattem through the use: yx bnchel’s ' estlrnator. '_: '
: U S p




. ol

a0

L

s

_?-\ .

. 'gs_umated frcm thcs .borehole sets, y;elds the t_'j’ estxmates_as an_ alte_rnat‘.ve '

'Ihizdl‘z. the concept of spatxal strucmre is mtrodut:ed on the eiementary '
- basis of regression, Thc addltmna], ;nformanan used is that of 2 paréht
h . dlstnbutmn ‘of mine. grades with lmown man and variance: plus the'-' .
S '_-knowledge of the ﬁrrer vanances of the anthmetic mean, t ort barchoie -
- _ gradﬁ esnmates W1ﬂ1 th:ts addmonal mformaiion ;he reqmred |

‘=_._-The subsntunon of the average mine vanance for the variances as

o _' correlation madels can be used (Knge“‘” ) to prowde regressed e.sumates' o

. (_‘}-:._

s :--_'fa: the arithmetic mean, Sichels Candt

LAl A g

) Emmhlz, th{e spatwl szmcmres for the popﬂatmm of mine grades t;and
.vanances) are mtroduccci usmg the sem;vamgrams 0bserved Accapung
e\:lagnom:al ‘model, the barehole. esﬂmates

o treated as 5pat1a1 vanables directi)& cr grade can be seen’ asa ﬁmctfbn af _
the mean of the transformed g;ades and the co:mspondmg vasiances, o

.:;' s

mme gmdﬂs can be -

“ L "c; B )‘

SR

e Kugmg, ur@fnary and%imPle, fan therefure be done ont the grades dmactiy
. .. oronthe ﬁansformré*gfsaﬂéé &) and variances (a’) separataly to grrive o ';
@ L stthe com'espandmg grade, ﬁﬁmates via the.appropriate. funcncn. Far o

| ‘o _:a‘ pnpulatiau titis ﬁmc*mn i. ..eﬁned as fnllows {Knge‘:‘"’ ), ‘

: . v-\ )
M@n Grade = '--E'xp(s + a-‘*/:»:) ;3 o

- Lo
CJ D.'

;@0

g . - .

'_ -When ﬁ’ealmg w:th gsﬁmgtes, thxs%lamﬂp wﬁl be. appraac.‘hed oply as '_ = -

- tl\ﬂharva;iances of thc: estimates beéome sma}L There,forc, tha correct : R

- ""-‘re!auonship far small ‘n’ values, similar to that far Slchel’ £ estlmator,. L

' is required. Asa ﬁrst appmxzmatian, the conceﬁ:t of the eqmvalent’_-.- >

:__ number ) of borqholes can be nssd by determmmg m each case the |

_.-_'estmxated (regressed or knged) e:rmf variances for £ and a’ and
o comparing these wnh thpsa c@ﬁespondmg to arthodox esuma:es I rmally )




. P .

i Observed error varianms gwe a measure of :he devaauon of estamates" o
o ._'_'-'ﬁgm ‘actual’ valuas Shouls anyest:matmn prucedure give perfect results_, fee
° the observed error varfance should xdeaily be zero. The obsemct eror ,

o vanances were measured by the vananec of'

.},;range af ea*nma.ted variances 'Iand

. o oS
. r,'.'!' S

Baim Cmm mmmsﬁmﬁ m@aw o

Ce

= R

- \'.‘l R i, - -.'4_.‘»;"'-‘- . Lo . o=y

Ean(%ahmmal

. :'Q

” abont :i maan ofszero. Where ‘E’_ = glven esumamd smde, Y the -
o ..fOHGW-up (af,tual'j grade aﬂd g ]5 ma addznve constant . g \“ o

: 13 L

E Cnndiucnal blasscﬁ in ore valuanon desewe special attenumfsmce their Ry
.,':_Presencé wﬂi always lead tm systematxc aver- and under-valuation u‘i;_'i_ o :
o 'certam grade nategories as demonstrated by Knge“"m The Slﬂpﬂ ﬂf ﬂm;: |
. regrcssinn af actual’ on estunated grades promdes a me.asme ‘of :

aonditinnal bmsses A sIope of zaro mdzcates excessive conditional bia:s . A

TR ’wheraas 2 slope clese 10 one mll enisure candltional unhkiasedness.

[

eqmvalent ‘n vali:es apphcabla m__ e "
- this invesﬂgation, the differen “ between using. the population -

'- relanonshlp as dlstmct from the el ent o approaah are less than 1
per cent and ths popula.uen relati hip was thersfore used. For“_-'___ :
"_"_'_purpmes nf estimatmg cunﬁdence lxrmts \ﬁ\equwalem ‘o approach w11‘i _- B

| '-"ofcoursc, be essennal. }_ I L\ - '

- 'Ihe estimate% wete S*aﬂ‘ﬁcaﬂ? analysad and correlated thh the actual’“ B

o m:navalues in ordm‘ o prmldacompansam of the relahve 1mprnvements'_ _.
o ?shawn by the various pmcedures. Improvaments were measured by the S
. Qb&md erwr variances of the estimaics (inclusive of any small global : S
o 'bxasses), ﬁsm by the Iﬁvel of correlatmn between estlmates and actuals 7
and the extent, if any, of the remaimng condmonal bxasses s reﬂected by o
.'the Siope of the regressmn of actuals on the estimates. .

D

o .
AP



=

| '.'Cqﬁqiﬁmai nonblas re‘lati'an' can be défined st'atistical_ly as:

where?= gzvenesﬁmatedgr&ﬁa L IR \ :

'_‘.'E(Yi?) '_ candmonal expr "tatmn af Y gwen ‘i’

.u.. B
R I .

_.0. .

. “Actual grade and

s It should be neted that the nondinonal non-blas condinog (equatwﬁ (1)) o
' .is more severe than the Blcbai non—hms condition BT =0. In
 addition, sny.éstimationproosdure which is conditionally unbiassed will

. _ proVI ide a deﬁmtB advantage in seleetivcz mmmg (K.nge(“) memei and o
n Hmjbregt&m), it will be shoﬁ’rn tIsa.t thxs alm aPPﬁes to. Sk’bal b"mh"ie'-"_ e .
o .-.vaiuauons of new aings. 0T

4 T t. :
8 iy

bl ’ Candmonal bw.sses were qt)serwed fram the earlf years uf goid m:mﬂg 111: -

" South Africa. 'I‘he valuatmn pmmdures were then based on- th"‘-:‘
| :amhmctic averages of all values on arg hloek pemphenw The reasan for
R _condatinnal biasses was first expiaine‘% by Kngea‘;‘le m 1951 as an

o elemcntal? statistical regression effack This Md to the use of regression

o -"A deta:led correlati_p:_l anﬁlyais based on r.he errots af the borehol& R
_Y_. esﬁmates (without oﬁtsu!t’ mfonnanon) with th& mrrespsadmg w.ranance_ L

'_ B wmcnons basad oa weaghtcd avem‘ges of the pcnpheral block grades: - |
S and the glcbal of Iocal maan value . the arebady Knga s re.gression" o
anal}‘sas was the first elementary fmt cf kr:ging whlch daveloped into .' o
: "the ?msenz sophxsucazac: sﬁging pm dures S |

a0 0' ."'

“_Empirieal Qbservatlon of Conditimml Biasges in Bomhple Valuaﬁ nns__ |
_ﬂms vaiidating the intmduction of Spatiat Stmetures on Varianees for'_"_ -
T Qm Resem Valuations T . :

o

y

t*matesweredone..a- Co L e

Do
S



R CondmonaI ’tnasses stich as were observed by Krige(“'m in 1951,’52 were
. also found on  hine-scals for the orthodox arithmetic mean, Sichel's ¢,
' 1" and for some kriged estimates (particularly for ordmaty kriglng). c
| Smhel’ ‘t’ estamatfgs._ S

. .Flglirt‘ 3 18 shows one of thase analyses for thet

Ll demanstrates dearly that, for estimates based aqx

LN ES

L Ile;?

| f.:v{\abm 32 hlghhghts the main prabtems umﬂt: )
o anthmetlc mean appmach It'vs evidgnt that the &tanance of the ‘actual’ .
L mma grades as 0. 157 is Tower’ thﬁn the emzr variance of the boreho!en
-mzans at 0.478 m the rchonal mean grade, 1f accepted as an esumate
e of a1 mdzviduai mine’s grade, is m this sense; a shghtly better pstamgte
o "_'tha:n that pmvided by the berehu!e maans. Howevcr, for the vq,nance the
. comspondmg W0 ﬁgures are 0. 052 azxd 0.226 mdis:atnng thaz‘the reginnal
o :mean of the “actual’ within inine varzances, {6 a £ar_ supenor estxmate for - -
a few mine than that shown by iile %-horehole
tranéformation, the variaride of the actual faluss rdduces somewhatrom
- i 15‘? ;o 0 12& hut ti:e erzor var:ance. of tha bnrell
. balved from 0,178 to: 0.005; this i is alearly :h» reas
o _' be an merovcman* on the anthmetxc meau, as wi{ll be seen !ater

. . . il R

Similar patterns were founﬁ for the orthodox mean and t" F1gure 3.18 | _- .

a small set of value.s._ L

ie esumates is nearly
n why Sichel’ ‘t’ w:ﬂ

2B

o __ drawn ﬁmm such skew. d:stnbutzons, eyen the moye Sophxstmated © will - .
~ result in serious condmanai ‘biasses, Where sdlch a set gives a low
” Eradejor vanance esnmata, the tendency wﬂl be :b uﬂdervalue ﬂfe mme.--" - _'
 grade and in the case of high ccsugzétes ovewaiuation will tend to-ocenr..
:--rn]e ubsemd savere condinnnal biasses of the’ ;grade esumates ‘which " |
' msulted fmm strong pusmve carrelatmn of the grpde estlmaws thh the E 2o
- _._-_-_-_corrcspundmg vananca estl%nazes isa clear matiivatmn for mtroducmg_ -

outs‘ide‘ infarmatton o the vanance, W*Iudmg r.ha com:ept Df Spaﬂal. -
o Stmcture fofthe varianc& f‘*ﬁ T “i N B

rlying the orthadox ':

L’ahleﬂ.. NSO, UE lﬂga L n-:
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TABLE 3.2

SHDW]NG SOME BASIG STATISTICS FOF! TWENTY "MINES® .

ANALYSEB

@Vanances m-; iug v%ues _ S
wlthln mines '

o078

087 ooame

R -




R 1 P o

'- However, this .ﬂnprovemené is chezfe.ly h"aniper_ed by the very hi'gh- error
- vatiance of the variance (0.226) as estimated from the 9 boreholes and
psed in Sichel’s ‘¢’ estimator together with the mean of the 0 log-grades.

o .These re'sulfs alréé'dy stress the importan'ce of autside information in the

form of regional averages for both grade and variance, This was .
R canﬁrmed by fhe - series of estxmates casried . out on the 60 scts of
R borehole values, the results of whzch are tabuia:ted i ’I‘able 33,

. o Compared to the anthmenc mean (1 in I*able 33) Slchel’s v (No 2)‘ .
- __."shaws an unprovement on all 3 measures of cnrrelauon with acmal o
) o gxades, conditional biasses (regression alopes) and arror vananm 'Hae_fi- o
T =_'t“ astimates (Nn 3) which m‘e based on the regional average ing—vanance o

S (and 1gnore the borehole vanance eshmate) shuws E:% very substantlal _' )
S ﬁuther gam in efﬁczency over the ‘t estimator o S

. .Follovnng the mtroducuon of the further mfmmatmﬂ of the parameters-"é .
._ n for the distrih*aﬁon of the actual mine grades in the region v1a. regression,
 : o elementaﬁ'?s‘mple kngmg, fnmher 1mprovaments are’ cbtained as” -
. shown (No 4f5), mainiy because this process, if afﬁciantly aPPhed will y
N _6hmnsate. the conditional biasses arid thus reduice the errar variances, Up
SR B to this stage, the grror vararics has been reduced pmgmsmvely from 0.18 .
o (amhmenc mean), to 0. 16 (‘t‘), to 0. 11 (f') azid 0, 38/0 :m (:agressian) o

o ?'Further improvaments are shawn whan the macra spaual stmcture fcr o
' Erades is mhﬁoduued together thh the known gpades of ex:stmg adjacant-' -
; - anne& The |b0nﬁguratiohs for ad_;acant mines are shown in Figure 3, 19 .
- If the regmnal mean grade is ignured as ih ordmaw knging, and only one
o outside. mine is nsed, the: error variance remains at 0.10 (No- 7 and
- substantial cnnduional biasses are still present; these disappear only when o

a subsfﬁntlal number of»auts:de mines are ﬁitroduceé {not show:; in Table

SEE B .-3 3), ie when the regional mean is effectlvely used or with simple knging



. TABLE 3.3 SHOWING RESULTS OF SERIES OF ANALYSES FOR *MINES® ANALYSED

- Ccd'es fcir additionil information used:
Three-parameter Jaghormal model ~
* Far borehole values...........' ........ fa .
For mlne grades RRERPER: |
. . o \\ _
SR __Farainetéia fﬁf'hbbu_léﬂon bf-mfﬁas: . . | S o
- - '-Maan N A 2b P
Yo _Meanlogvaﬂanﬁewithmmines - R < « I
P, _..Logvananve nfmlne mean gradas 4w T 4b
. -'”Minemaangrades untransformac”_ o sa S b
- Mine mean grades ~transformed cBa D e
- Witiin Mine varlances transfarméd B IR

.n.-.

Y]



(T ABLE 3.3 CONTINUAT!ON)

e - Addition. - Cdrrslation  Reg. Slopa  Observed |

CCTEGHNIQUE - . Inform. =~ Cosificlent . Achiat/” - Logerror
e oo .Codes. - . . - Eetimate - vatlance ar

S estimate .

N ArithmeﬂcMeartofBoreholes e . o6 .. . 087 . od78
2 Slchels: et . nes . L0490 082 -
st ta%a . -088 . 088 - 0110
M&Egm /)

o -'_s of Stcherat S w»ib 29, 3 065, 100 . 0081

--"'e Oft'

7.Onary -bhathmelomesn 1b,%a,5a 085 08 coger
B Simple - .- B/h arithmelic mean: 10, 25, 4, o6 118 o0
o esmis L LA thgs, 088 . 109 s 008

10 Slmpia b;m

-, 1Sl .w

. Slmﬂiﬁﬂ " Casforte 077

:_’,.,14. 3impla Norma!(ﬁald Parametars) 1a. 10, 21:, ﬁ-_"f.ﬂf.j-:".:"’.': BRI
8b, 4b 52:. B

_15 szmpia-wnmmrna C 0 13, tb3a, .08 _ _ _mm:_'
"!6. S!mple withSM!nes . ta1b,%a, 082 . Lo - -'“:'“0049
3 CoeTa e



“The remaining analyses were, thereforé, confined to simple kriging.

R

¢ Simple kngmg with 6ue ming and using Setiﬁentiany the borehole m’éaﬁ- .
(No' 8), % (No 9y and t" (Na 10) show a pmgrcsswe increase in. |
correlanon, neghgible rema::mng condltmnal bmsics, and a progressive - B
decrease in the error variance fmm 0.09 (borehole means) through 008
(borehole ‘t’ 5) to Ui)‘? (borehale t",s) Introducmg tWo adjacent mines

" with the hurehale t" shows very sm.all further improvements(Na 11),but
when three mmes are used Wlth the borehole " (No 12), the correlauon

S 1mpmves to 0 7'? and the error vanance to 0.06..

o mines (No 12-in Tabie 3.3) was repeated with the same weights on

" almost 1dennca1 1f ﬁ fsmali relatm to the populauan mean, -

o n-.o".'

results thh the pramous twn ana}yses (Nes 12 & 13)

o In order to compare the macro kﬂglﬂé prﬂﬁedm'ﬁ on ﬂlﬂ lﬂgﬂfm‘ﬂﬁl basis, ._
;e on transformed values) with the normal. approaah (le. using
” i'm.11tren:a.~1fm:rr1ecl values) krigmg wzth the borehole 1" and three adjacent

S uﬂmﬂmed valies (No. 13), Almost 1dent1ca% results were. 0b1a1ned'-"”

i ; mth a f-nrrelatmn coefﬁcwnt between the two sats of estimates of over_"_"'
% per f-‘ﬂnt This was fo b& expected because the ‘semivariogram of the .
transfarmed and untmnsfarmed -grades when scaied in upits ‘of the
poPulatmn variauca witl be idantinal i the third pa.ra\metar ﬁ = q and

: The mbustness of such amacro ]cdgmg esumator was also Cremanstrat&d S
R _- \ b}’ substamnng fm‘ the apammgmm n{ the dlsmbutmn of 20 mmes .
S f ~ patameters for the Vaal Reef in the Klerksdcrp field obtsined From o
N - various othcraualyses ( I(ngef“)) these paramegters covered the regional * * .
| grade d:strii:utzons and spatial structures for 1 km x 1 km areas. On - .. N

these regmnal P arameters, the macto SlmPle kﬂgmg with the borehole t*

&nd three nnnes (N° 14 in Tahle 3-3) agam showed wrtuallv 1dent1cal ° ”ﬂ
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| .-.-:Flgura 3 20 demonstrates graphxcally the overall advaatage gamed by
7 'estzmatmg the grade of 4 new mine hy macro kngmg of the transformsad

L _grades anﬁ zhelr va.nances separately {using the l:’:'brehola values, the "
vaiues fer t@re(. adjacent mines, the regxnnai meaiﬁralues, and the

"o - tegional spatial structures) as compared with the ‘orthodox. ‘borehole .
L 'anﬂlmptw mean. ‘The two sets o c.stxmates are shown in terms of umts o
o of thc acﬁmi mean gtades 0f> fhe mlnes and thus provxﬂe a vis:.aal
IR indwaﬁon of the narrowing of ﬂ;le observed aanﬁdence hzzuts T!m
| K ccntmi 80 per pent confidence fimits are reduced fmm about -5@/ +60 per
e ..cent 10" :tsﬂ pv:r cant. In the praczical cgse'b_f a new rhma,ta b& cpened

.

e _ up, such au qnprovemm in the cﬁnﬁden cq af the: grade esﬁmate wﬂl b&\

B ’Ihe results of the analysas done on sunple macro lmgmg of the means O i
_ '.-'_of the transformed grades and their Iog~vananccs separately are shown o
- on Table 3.3 under Nos 15 and 16 for the borehole values with one and”
S - t]ll'eﬂ adlacent mines resper,mv&lr Ris evxdent fhat with one adjacent -
: trine there isno mgmﬁcant d:fference between this appz:oach (No 15) and _
L '_the t" appmach (Na 10) Huwever, with three mines the errcr vanance —
U fusther improved from 0.06 (No 10) 10 005 (No 16). This seems logical. -
_because the macro’ knged vanancc estm:ate used in No- 16 shoﬂld be
- ’supennr to thc regxonal average vanance used fcr tq% t" esnmate ou '
S '.__"fwhzch Nn 10 1sbased. AT o
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: - me thei}e i'esults the followmg wﬁuswns can be drawn far borehole'
o vaiuatm of skew grade data mth vanabﬂmes su,ch as for the '_ o
o :"_._-___.;““Ha:"tebe tfuntezn gold mme ' e o

"_3;12;1_ .Distﬁbutj.ﬂn Modell T '_,””"_ A

N S

o _--'.'._'used in dealing with mdmdual borehulgﬂalues. For this 1burpase fhe k' |

o v T estimator is preﬁ-,md o the anthmetw ‘mean but, given im avérage. of -

7. actual vasiances within mines ir the region the t* estimiator canbebetier.

c Where the departures from this model are 51gm§cant the'more general !
- sub- or hyper-lognoqﬁal model should be considered {Chapte? 2) .

. Hu gve{ rsmall smnpimg theory for these. models is yet to be deveioped 3 .

;:n'zmnes, thers segms to be httle or- 1o advantage in'3 usm,g any of the
SR lagnonnal mndelsmprcference 0 the Normal, except for the estxmatiun o
R '.‘uf ‘éonﬁdmcé Imuts whare some skewness is still present |

‘\, .-._ﬁ s : :

L 'Maci'o simpla ergwg shows defimte advantages over ardmary erging
.. 'The most efficient method appcars mbesxmple. macro keiging of the Iog~
o _tmnsformed boreho!e and mine gracfﬂ and vmances sepamtely azzd zo

o __Icombme these m amve at the. grade estzmata for the new mine.

HE T

L _Whgrever apphcable the three parameter lognurmal mgde]f shouid be.' P

# When dealing with actual mean grades of large :mning units, e, existing S
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“-‘Q. .

R 'I‘he same dat.abase uz,ed in chapter 3 conslsting of 7276? mdmdual e
SRR - sumpling sectmns from Hartebeqstfontein Gold Mine i u;; the Klerksdnrp' o
o 'Goldfzeid was used for this analyses Iu this case the ared was dxvidgd S

 ROUTINE FACE (PAKEL) VALUATIONS

'_nlptmdnc'tiun B

£

CHAPTER 4

P

WL

© Face (panel) vaiuatmu essent:ally presents the same problems as the
_ estimation of the- grade cand tonnage in mmeable ore reserve biogks. -
- Accurate face: (pauel) valuations are therefore essential for optimal
S sel&cuon of payable ore for stnpmg and assist in reducmg wasteful mining ©
of ﬂnnayable ore “The results frmn face (pauel) valuatzons are usad in | _
. production planmng, grade cnntml and for the caleutation of varlous
""-'factors (ex., ‘block factars’) ThFa need for employing proper models and o
”vaiuatzon pmcedures to xmprove ioea’ reserve estamams are thﬁrefure' L
' essennal ' - : |

T

by empwymg the same model and vaiuatmn proceﬂures as used for the o

. horehole analyses in chapter 3, Conelusions are drawn,on the relatwe"_ S
7 importance” of the various’ fiems of informaﬁcn accessed and thef L
:mrresgnnding adfamages gmned for the varicfus prnceduxes uqe& IR

--ED S e . . s joy

\_?.

g _-j inta various block sizes and patterns as shown in F;gura 4.1, The aim wa S_ L

L to estimate the grades of 50x50 m blocks. A total of 97 ore blacks were o

_avazlable for the ann!ysxs In princnpie the estzmaﬁon ﬁmcedures weie the |
L " same @s employed for the bnreh&le analyqes in chantar 3 and am e
o _sanmmnsed below L i '

e
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F'CGURE ‘1 1 DR.’.[‘A GONE‘IGURATIQNB FOR FACE (]?ANEL} VAI-UATIONS

BI:OCK TO BE ES'.I‘IMATED, 50 X 50 ‘M
' X'l X2 X3, X4 , X5 = DATA BLO@K‘?

3 N

R S '_»:9_“"- B e
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3 Estimation Procedures Used

3 'i"he. first prccedUre is that of the orthodox arithmeti¢ means of available

o _penphery values In ﬂ:l ase, the arithmenc mean of the ‘known’ values

'mthm narrew stnps or blocks (eg 10 x50 m bIocks) along the periphery

of the ore %}ocks are used a8 esumates without mtroducmg any

| _'_-_faddmonal’ mfarmatmn. On average sorte 17 values were available in
. "'each of these 10 x SO m blocks These values are close to those norma]ly" o
. ava;!able fmm 8 panel samplin& | o '

e

'I'he mlsi procedure mtr&‘duces the knowledge of the ‘Pafarneter Lo

jlognormal dzstnbunon thmugh thc use af Sichel’s ‘t‘ and the £ estunator S
-r'{Sectmn 3.8 Ch;tpter 3) T e

B 'Il:u,tdlx. the conqept of Spatlal strucruxg. is intmduced on- th¢ eﬁlmentary '_

B ,basxs of regressmn 'I‘he addttmnai mformatmn use‘}d _1s that a‘f:' a parent _ _
. distribution of data block values with known mean and i’ananccs‘ gty _.
. additmﬂ the error variances of the anthmq;m mean, Sichel's © or ¢ oE

" the urthadax blacks are usad for tius pmcedure* S _ 1:.:- e

_..r:= .

: ] v the spatlal structures fgr the.ﬂ pupulauon of data block _ raﬁes

)} (aﬂd varia—,ncq,s) are mtrbduced usmg the semivanograms abserved The

ST is alsp-seeh as a function of thn :nean of t‘he Jtraﬂsformed gr deg and the

- ’"]agnonnal model is. used and the orthodox bioek grades and the other AR

_; _' dawa block grades afe treated firs& as Spattal varinhles du-acth' The graede

<’I. .

e mrrespendmg variances KI‘IEIHEJ' ordinary and simple, can be doue. off ©

the grades dmectly or or the trahsfopied grades (Ec} a,ud‘ vanances 1) i e “

‘- separatzly 10 arsdve at ‘the correspondf‘ng grade. estlmatcs vxa the . R

ap P mpnate ﬁmmi(m Fnr a Pﬂpulatlon this functmn is defined asr’"_':_

s

Mea.n Grade. - Exp(g + 33) ,g : “(1) o

-~ .



. As observed in chapter 3, the range of es'tiz':_iat_ed variances in this case
indicated that the populafibn relationship -éan'be used,

" i Simﬂar to the borehole analyses (Chapter 3), compansons of various.

procedures were based on measured observed error variances (mcluswe '

o of any sma]l glohal blasses), by the 1eve1 of correlatlon between esumates
- and actuals and the extent of (any remaining) condztwnal blasses Inall
: j cases the arithmetic mean of all the qamples available in each of the ore
blocks were used as follow-up actual’ mean grade. Based on dxsperswn . _
o variance caIculatmns (Braun(za)) only blocks with a minimum of 50 o
B .s,amplas were accepted as ore blocks. Only 97 of these ore biocks cuuld'
prowde the data patterns reqmred for the analyms (See F:gure 4. 1) On
average 70 values were avallahle in-each of theSe ore blocks. The follow- |
np values themselvcs w;lI be to some extent m ermr. due to the Jimited
. mimber of samples available in the ore blocks: Thig s demonstrated n
_Fxgurc 4.2 by the accempanying nugget eft‘ect rm the semwanogram nf:-."' e
o the foliaw-ap biacks Hnwever, these fellaw-np values will pmv:de-': _ . '_
- : relanve error vanances of the various estimates used, as the latter wiltip o |
L _all cascs mclude theoermr van&ncc or mlgget effect of the falluw—up‘ S
s acmal? valnes Forall prachcal comparatwe purpases therafbre, the or& R
_hlock:s fallow~up estxmaters,\were acce;itcd as actnal’ mean grades -

o=

N T

__nisfrihut_ionax ang,._spﬁﬁé'Stfrqcmre'miodets_ t:_s'e({-- SRR

Qetaded analyses for the dmtrxbutlanal and spat1al models used for these'

E f_-analyses havz been presented i ehapter 3 (Sections 3 3 and 3. 5) As-' '

_ demonstrated in chapter 3 the 3-paramater model smtablq; for

o modeilmg the gald values,- Figure 4,3 shows the cumulatwe probahlhty '-
s o ptat for values within the 50“:; 50 nfhlacks and confirms zhe applicability :
o of the 3-parameter fodel, Stausncs fm: the 50 x 50 m block values will
' be shown later (Sectmn 4.5), Si%atial structures for hath the grade levels

- and for the variance were used. Fzgums 4.4 and 4, 5 show the

[N
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:semwanograms fﬁr gfx., and variances for the S(} % 50 m blocks._ '
L Semrvanograms based on randem selections of blocks in the \vhole mined ©
| ot se,ction mdxcated that, mcluding the foiIow-ﬁ}: blocks mgumpunng, ) the
semvariogram used for the analy%es shoux@’/not make any mgpificant
_ _ _dxﬁ'erenc:e to the results‘ Thls further canﬁrms the ji‘?ssﬂ'nllty é’f“ usmg
i .' semwanograms Ubi:amed from another sectian mthm 2 geologmal
homegeneous zcme. R ' '
'45 Results

. o - . .
e Y . -
1

o""

- Table 41 demonstra,tes an mpnrtam aspect of spatial carrelaﬁmn o
S rrucro-panel scale, It thr@ws morg hght on why thf: m-thodox amthmeuc

' . befm the birth of geostaustics 'I'abie 41 shows that (umf@@ the macm-
| rmﬁe statzst:cs) the vanance nf the actual’ fnllow-up grades (for 50x50

'- ‘_' m blacks} at 0.384 s kighes thau the eior variance of the orthodex block
|~ ineans at 0:252 (for 10 x 50 t ozshodon ‘blacks) anid 0.184 (for’50 x S0 m

x 5 m blo..ks wheu ac:cepted 48 estimata fnr mdmdual blotk gFade.r,\ S
m ﬁus SENSe WOTSE: Based purely ot expenence aritt oanﬁnnn s&nse, the )
old mmers qccepted the ortHodox ariti:imetw mean ﬁstllﬂﬁtﬁs rather thag
gbg mgmnal mean I‘ur the vananceswthe currespondmg f’gures of 0.13

aud 31149 show that the me;an of the regmnal w;thm bim:k variinces far
50 x SD m foliow»up blocks do nox sigmficantly d;jfer ..ﬁmm th t of the
arthodtvx blncks On log~transformatian, the vana.nce of the actual’
values nnprwes from 6384 to 0284 ‘but ‘the- errcr varlam:e for the
orthodnx blogk estmxates reduces onl:.b fmm 0252 w 0237 Thxs
comblﬁed with the shghtly hlgher crror vanance of the vananc& at 0. 149
‘a8 asnmated tmm the 10 x' 50 m bloclcs Explams why the cusmmarjr
Slchel’s 1 estimator will Bt be an 1mpmvement (un this miuro parnei‘ .
.\,‘cale) dn the nrthodox anthmenc mean. .This 5 shown later in Table 42

W

N
! |" . :

‘I‘ables 4 1 ta 4 3 ?how the rasults obtamed for ;he fa(‘ﬁei panel) gnalyses. o '_ | -

- miean, was mstim;tlvely med a3 an, estimate of mdmdual block grades I

orthodox block) "’,ms shnws that the regmnal méan qf the ‘famﬂy nf 50 = C

.‘,:i;"j o



_ gud 4 3 and emphasmes the necd of accessmg more mformatlon outsid e Y

| '_ the orthodox block 1t‘any xmprovement uaq é:e ensured e

_Tabﬁa 4 2 axplams the codes used for the resul'rs i T abie 4 3 \\Tah!e 4 ‘*'_ o
_' ’ . (No,s 1 }ﬁ) sl*b}y that campared to the ar1thmet;c mean Snchel‘: tshows g : B
" R lmprovement on all rﬁe 3 measuramf ccm}aﬁm with the follow«upg,_ D
' ._:grades, condiuc\gal b:as (regress«lon slope) a\hd ermr vanance. The t* 7 e o
N (based on reg;onal average vanance) ‘also stio vs 110 1mprovemem ‘on the | ‘
DR _' urthedox anthmetm mear even when 50x50m bloek i used as nrthodﬁx S {

'-i.“a-.s'

: - blocks. Thls is because in thls ca*se Grthadox anthmet:lc mean estxmates

- ;_"estu;mtas than theu* con-espcndmg t" %@gimasese(Na I vérﬁus Nn 4 and Nq,

"'_'\.'.baseﬁ‘lgﬁon bath 1(} x 50 m or 50 x 50m r.*rthadox biocks gwe better \\\

ufr’

_.-;;.2 versus No 6 in Tabig 43) These: fiﬂdmgs shﬂw that nenther the -

As a ﬁ,u:ther mtmdimtmn of mfarmaticn, regres:doi: ot‘ t"' "

. cubtomary Smhel’ % ior the. ti,éstamator can pmvche use“fui esnmares for = - |
P rm‘tine fa (panﬂi) valuannns in prefereﬁée to. the arithmetic mean.’ e
_Knge‘“) obtamed simijar resxﬂts onthe B reef at the. Loraing Gold Mme."

. He attnbutéa“these mef’ﬂmenc;ss of tand t" estimattars at the ﬂucm—panel- PR

- _scale tr: aprobab‘fe departure fram stnct lagnar:nahty msmail reef areas. . o

._"' R S u.- M

Co

block valyes,_e T

B which should be seen ns the tiest elementary simple kri‘gl__ g procedure was . S
o 'mtroduced Pﬁther mprovements are thamea thl'ﬁl_ghfaﬁfgnlﬁcant 5 -

igl urdar 1o access mere infomm:on eutsxﬁe the orthado'x' blot,ks. the._ -
L -spatial structuw for the grade is i

&

"Z'_l,,nored asin ordmar} krzgk pfor.

R - S B _ -:o‘_ ’

__oduced It the regmnal meanw.s:_ﬂ

ﬁ

" reduction of conditional biasses and error ;;arzanceg { Nos, ?f@l in Table;”- - o "
A3 Thq condmonal bxas reductifm in thxs sense however refers 10 the_"_' -

. -perfect situation, sinds in a practié‘al sitnatinns the acmal follaw»up
?_i;?i'vamea will?not be avallab{e. Up o thls stage tt-erefare, the error
'vanances have heemeduced fmm 0. 36 (t") to 0 173/0.205 (regressmm :

= fw\ .

.. .. ﬂ!'_ . .

'a_Sets\D and B (Flgnre 4.6), these’ L
= should be seeﬁ as thc mlhudux anthmetm mes\\q&procedure (Nos tand2),



w

o

g since all thg we1g,hts are g:ven to the m'thndox block, aud tl:m ongiual S
* substantial cbpdmonal biasses and error varia.n&es are then maintamed |

o . - . : . [T

- (Nos 1Tand 2). \t is only when the regional mean is effectmly used that

“.\-:\ R

Furthé’r" ixﬁpro{’iiii&ﬁt is Tain'ed it i:i gddititm to the spatial stracture for

- these dnsappear fm- these data conﬂgumnons (an 12°and 13, Data Sets .'
'_"D and E) .-‘1.:_. S : e o

o grades adjacent vlusk gra qs are also introduced. f the gfdinary kriging

" prgcedure 13 used a,nd WO o*@er 10 x 50 m data blocks are mtroduced-. .

ot

cData. Set fy), the correlatian afg‘d the error varxance.: 1mprove, however- o

p3 *

' shbstaz}tlal cnndinonal bzasses ar_

| vai'xance Compared m regressmn therefore, t\&g

o

\still preszm (Nes 14 and 16)

s ®

3 mprovcmenwia the simplas kngmg pr&cedure { wzth I:!ata et (“} has a
3  : very :mpartant beanng on b!ockwaluatmns after puttmg inr uj for nnne,d L

o - deveiopnfeat purposcs These m;esults §’h‘bw that in snch sit

o spaual st:ucture fmr thc grades tagether%f tﬁe. reg:@nal meaumﬂ&de, .
cén be, uséd with mformatwn obtained

71mproqu estxmate&can be. engured e \ a

b

oL “,_ - B . S o o
) e T SR

_' Sxmpie kngmg w1th two other 1{) X 50 b\a data hlocks (Data Set C), usmg o |
--=sequent1aﬂy “§ esumatdr (No 17) and ﬁl\lgodax bfock anthmetic mean ..
L (Nn 15), show . progresswe Igerease. in ‘he correlatmn, neghgtbie' \I
cen&monal "bmsses, as well a8 a prcgresswé\ reduction m the error .
_ procedure pmwdeq .
deﬁmte significant 1mpmvmgn;s m carrelau&\ fevel from 0.63 .
o (regmssiong to 073 (smpte kngmg,,) and a reductmn\{\ -

: et.rrnrvanance":
. _'_imrrb?o 173 (regressmn) to 0.133- (s;mple kﬂgmg) \'Qns sxgmfwant L

Gm the rﬂses, s:gmfi a; |

-"'Intrbldm':t.ibn of g;hrég S0 x S‘G m dasa blnae'ks (Data Set B), shows very
» sumlm: results (compared to Data Set L) mspm of the lasge information o
- ncoessed, Da?a Set A however demonstrates that further im;:mvement
- canbe obtained if one of the thres 50 x 50 m blocks { Data Set B) is §plit
S a simwn in I&mta Set A (Sea Flgure. 46) 'I‘hus whe fbata Set Ais used



e :_"" _' 3&,‘45) In th" case the means. of the trémfunned g,rades and thelr o

 (with simple kngmg) together with orthodox anthme‘ﬁc mean ( No 32)
~ the correlation improves to 0.75 and the error variance to 0127, Flesults -
" based on 50 ¥ 50 m blocks (Data Sets A, and B) show that ordmary -
- kriging and simple keiging prncedurcs shiow smular results only whqn
- 'enough infonnatmnis accessed. SR o
- DataSet Afurther shows an examPie of the. exermses done as acheck for
'3ca1cu1atmg covariances via discretization (numerical integration) and
o regularization for the diferent support sizes. Results forNos 30 and 32
" . are’based on dxscrenzed covanances, whereas Nos 31 and 33 are based T
fte om rﬁgularized covananaesj Both procedures use the orthodox arithmetic ~ ~
g o ° mean for ;gmg 'I'he rgspectwe ordinary kngmg {Nos 30 and 31) and o
S _:' ._simple Keig g (Nos. 32 and 33) results from the. two metgods are
i g :_pracucaliy the same These result[} show that covariances ua}culated via . |
$ o dis::retxzaﬁon or regulanzation will gwe practxcaliy tha same results L

»,Jn crder 0 compafe kriging pmcedu:es on- the 1ogﬂorm;a1 basis (i e, on j__ o o
S _transformeﬁ values) with the norreal appro‘hch (ie, usmg untranst‘ormed e o
- values) lingmg thh thq arthodox arithmetic mean (using Data Set A) was
':'repi.dted with the same kngmg Weights on untransfhrmed values. The .+ -

" xesults (Nos 34 and 35) are almnst identical with that on transfumxed e

o ‘basis (Nos 30, a,nd 32) 'I!ns was not unexpecfzd mnm the senﬁvarmgram -
: of the trausformed and untransformed grades when scaled in anits: of the o : s
o population varlance will-be 1demzca1 if the thres}ibld parameter B =0 .
o _' and very simllar 81 is reiatively small oompamd to the pnpuiation mean. o

S:rmlar rcsults were also obtained usmg data set C \Nﬁs 20 and 21) o

[ T

e -_.-The resﬁits of the analyses Based on vanaus krigmg pmcedures whmh
oo '_'-intrcduce ‘vanance asa spaﬁal vanable ‘%re shown in Table 43 (an_

” varmnces am ! ed i m the populaﬁnn flmcnan as shawa 1n equanon (1) -
igi analy{ies usmg Data seis A}‘B were dnne Very smilar B




.;. &

results as observed for the dzrect approach {(Nos 12/35) were observed

| &[‘able 43 (Nos 36/4:;) show that apply‘ng this procedure leads to an

mm;’a}asa in correlation from 0.63 (crthodox aritbhmetic mean, No 1) to

0 7$ (Nos 42/45), redmtion of error variance from 0.30 ('No4)100.13
(No ). Simﬂarly, neghglble remauung condmtmal biasses are observed L
o only when the regional transformed means of the lng values and their

ks . My vartances are effemvely used {ie wzth sxmple ergmg) In addmon, data .
SetA 5hows How practmaﬂy the same result will be obtamed (under this T

prwedure) whether regularized or dxscret:zed covaria;;ces are used

| These. results show that the covariances via descratlzauuun (Nos 42 andj

o '4';5_.

4&2

44) eompare. verg well with that. of regularization (Nos 43" and 45) for the

i respéctiva ordina*y and simlgle kngmg pmsce:durﬁs -

Consions < e

AT

ﬁ'isii:muuaﬁal "'moaels ‘ami | F.ai:e (Pa:__:el') _.xal‘&a't.ibns} N

#

For nthe purpose cf fac& {panel) valuatums the ar1thmet1c mean IS
pxcfe,rred 0 the Sichel ¢’ or t" estimatol? Thus the customary Sichel ¢ o R
Y T ast;matur will: not be use.ful far rautme face (panel} valuﬁtmns R
- When using the regulanzed inean gradea. asin ﬂns study 1 fur face (pancl) N
: o . vaiuatmn, both the 1agnﬁrmai and Nnrmal modelsseem to gwe practxcally_ o
'-_.-":'.-:'smnlar mswm . R +\ e L

.0 '_

|I:\.

k{l & - L.
Krighg‘at Miqm-Pnnel'ScaIe. Lt e e e

[ . & ’ . T . e I R “
R 2 . . . . -

- | "'Sunple kngmg shows deﬁmte advamage%ver ordinary kﬂgiﬂg espec:ally -
o if timited daza ara avaﬂable. However, 1f more informatien s accassed,: -

o __'very snmﬂar re.;ults are obtmned for both ardmary and Siml-"de kngmg i

- Block estmatm cbtamad wa the grades dxrectly or usmg me tranaformed .

S grades (E) and varignices (cr-) separately seem to gave the same results

. o
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a1 ':Summm and Conc!usiun., hr Geelog:cal anﬂ Dnstributional Analyses_ =

. "}_fmm Cha ﬁer 2

L
__(_-.;ri .

. '."j'-"‘"'ei . . L L. IRUE

e The smdy in Chap;er 2 showed that, though, the 3~Parameter model is a, L _ r;.é;f o

. practically rsaaonabie madé], ‘especiaily for ‘the estimation of the

L :"_:"‘_i;_:_populatmﬁ meat of tha gold dmmbutions, themsuai assumpﬁgn that gold S

L _wuf’the papulatmn meaﬁsw of the. gold ﬂ&mbunons Aépther outstandmgi

J :;_.; are under consz

e campound ?ognnrm

j":,_gxade dxstnbnnnns follow a 3-parameter law is not always tru.. As a‘:‘-_: o
resnlt, the plot o?fhe emplncal cumulatwe frequency dlswbutmn is very o
ngcassary to test dapartures frum Iagnannahty i x
{Tha study a.lsu showed that tha new mcdels alsa proﬁde gnad estxmatas  ' :

. }' featwewhxch makes the g dzsmhutfans mnre aw&«:n els the fact that‘ﬁ_] :
i < 1o \nherant thcorancal "rnblems wqulﬁ' be- ahtlmpa <, The new -
o _disn’ibunons alsg seem g giv‘k\better estnnatea when iarg r mming areas--'? e
' iﬁtm.ﬁ T e \ e

5 tl’iat in mpre« than 95 pcr cent oE lh.‘; cases the.*-;
mod&l cauid be used for mo Iling the gold grade - R
| dstibutions. Thisf"cates that the compuund lugnarma‘l rnodel is miore e:,
apphcabla fm' mode iing the- geld grade dxsmbunons in the Wm«?atersmnd_ \\ - (& =5

B placers than the LN»GIG model : ‘\1\- ol

o m smdy ﬁarﬁmr

_-_:' It is hawever igworth noung :hat, change of support and smaall sampllng o
' theory have to be resaived for the new models. One approach 1o the (k R
 shange of support problem would be to empi;aﬂy verify a working

nypothems of permuname of the nemdmtnbuti -as 1t-_pa1_‘;§§ﬁs_rq:_the_3f. .

e ;;?7; Y S S .
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Summary and Canclusmns t‘or Glabai E’F,rehale Analyses ;L ERT R |
J
A

Intmducing spanal stmct;xres na??‘only'ﬂn gﬂa&'fa Ieveis but als0-0n Jjihde . - -

new mndels it would seein very hkely that the permanence hypotnesg F\i'{} '
an atmbﬁte shared by these other k?:mn::ih.v uf madels The dxﬂera e | i

Varxa‘tsﬁlty anaiysm for the wgew modei parameters can also be of praJ ;
use bcth for bn‘rahole vaiuanan as well as. Incal ore re.sarve estlm
aﬁalys:é T‘hc use of ma:unmm hkehhood or frequency mmr R
approach fnr parémeter esjmnates can a}so be ,rasiearchaé e e e
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- procedures (including the Sichel ). Macro kriging procedures should
. _therefore be- used 10 ‘ensure mimmum error varmm:es as. well as :
'condmonal unbmsed global esnmates TR A

: bistﬁbuﬁbi; mgm for '-Gloh'al_ Val_ilatibns'.f P

e
o

N Wheravcr apphcable the thre-., parameter ingnonnal model should be
- -_-used in dealmg with inﬂwidual borehole values. For this purpose tha v

. ;"est:mator is pxeferred 1o the arxthmenc mean but,- gwen an avarage of
acmal varianges w1thm rmnes m the reglon the t" esnmator can hé hetter. _:.ﬁ -

- '_'Where the departures fmm thzs maﬂei am sigmflcant the. mare general o
“sub- or hyper-iogmrmal (IN-GIG or CID) model sht:uld be comldered e
".'-::If.(ChaPtef 2). However, sman samplmg theory for these mcrdels isyetto. -
“be davcloped. 'When dealing with actual mean grades of large. zmrungi' S
"':"é-'umts, &g, gxisting mmes, tﬂere saems to ‘oe htnle of 1i6 advantage in using o o
: | 'any uf tl:e ingnormai models | in preference to tha Norm@l except for the
: _estamanon of conﬁdence h:mts where surne skewness is s‘nll present. . a

4 Macro Kr:ging - S T

[ = 1|1
'|'

; _.Macm sxmple krigmg shuws defimte advantagesi ovar ordinary knglng o _
o _‘I‘{}e most%fﬁcient method appears to be simplw Macro kngmg of the. log-_ R
transf@rmed borehole and mine graﬁe and vanaxi{:es sepai'aaely and w
S _cnrnhfﬁe tl;xese m arrive at the: srade tasﬁmate F’ “}é new rmne. SR S
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