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i  n m m jc m i

Hough legend says th a t  gold was f i r s t  d iscovered in  the  

W itwatersrand in  1852, th e  o f f i c i a l  Siseovery , th a t  o f  th e  Main 

Beef on che farm L at^ laag te, i s  a t t r ib u te d  to  George H arrison 

e a r ly  in  1886. S ince then  th e  W itwatersrand h a s  w itnessed the  

opening o t  seven g o ld f ie ld s , th e  l a t e s t  toeing th e  Bvandar f ie ld  

i n  d ie  middle 1950 's . From th e  CDimiencerosnt o f  p rcduation  in  

1887, up t i l l  the  en3 o f  1986, these  f ie ld s  have seen the  

e stab lishm ent o f  approxim ately 125 mines, ou tpu t o f  40 851 784 

k i lo y n r a  o f  gold, a t  a  r e a l is e s  value o f  123 229 982 000 rand , 

today  32 mines a re  s t i l l  o p e ra tio n a l.

th e  m a jo rity  o f  e x is tin g  producers were e s tab l ish ed  on reasonably 

h ig h  grade dep o sits  and under r e la t iv e ly  s ta b le  ecorondc 

cow aitions. Ifcwever, they  row fade a  very  d if f e r e n t  scena rio  as 

d iscussed  below.

1 .1  Problems Pacing th e  Industry

D eclining grades arti e s c a la t in g  c o s ts  a re  the  no st se rious 

problems c u rren t ly  fac ing  th e  ir tiu s try .

1 .1 .1  Grade

The reduc tion  in  grade c u rren t ly  being experierced  i n i t i a l l y  

o r ig in a te d  from th e  p o lic y  o f  developing h igh  grade rese rves in  

th e  e a r ly  days o f  a  m ite 's  l i f e .  This was done in  order to  

improve i t s  cash flow  and in te rn a l r a te  o f  re tu rn . Consequently 

th e  s ta g e  has been reached Where th e  m a jo rity  o f  mines have fu l ly  

developed and exp lo ited  th e ir  h ig h  grade re se rv e s . This h as led



to  mines be ing  forced to  extend ope ra tions in tu  e r r a t ic a l ly  

m ineralised  a re as  o f  lower g rade . The r e su l tin g  drop in  grade 

fo r  th e  in d u s try  over the  l a s t  25 ye a rs  i s  i l l u s t r a te d  in  Figure

This tren d  has furthermore been exacerbated by th e  marked 

inc rease  in  m ill throughput over th e  l a s t  te n  y e a rs . This has 

been due mainly to  mining conparries tak ing  advantage o f  th e  lower 

pay lim its ,  re su l tin g  from th e  h igh  rand go ld  p r ic e ,  in  o rder to  

m il l  a d d itio n a l low grade tonnage and so extend th e  l i f e  o f  

mining ope ra tions.

O ccasional re v e rsa ls  to  t h i s  trend  due to  th e  d iscovery o f  new 

g o ld f ie ld s  may occur. The inc rease  i n  grade  in  th e  e a r ly  1960‘s, 

fo r  exaap le, i s  a t t r ib u ta b le  to  th e  coming on stream  o f  bo th  the  

K lerksdorp and Orange Free  S ta te  g o ld f ie ld s . ifcwever, the  

. o v e ra l l  trend  o f  decreasing  grade cannot be d ispu ted .

I t  i s ,  however, not o n ly  e x is tin g  producers Who a re  faced with 

problem s, sew mines in  e x is tin g  g o ld f ie ld s  a re  faced w ith the  

p ro spec t o f  a  lower average grade  p o te n tia l than  th e ir  

contem poraries. This i s  due t o  so p h is t ica te d  la rg e -sca le  

e x p lo ra tio n  programmes, undertaken over the  l a s t  few decades, 

having accounted for th e  th e  g re a t m a jo rity  o f  revenue generating  

p ro je c ts  u n ie r  p resen t economic conditions.

In  th e  now almost defunct g o ld f ie ld s  o f  the  C en tra l, Bast and 

t e s t  Rand the  average grade  can be seen to  have declined  over the
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F IG U R E  1.1  A V E R A G E  G RADE
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F IG U R E  1 .5  E FFE C T O F INFLATIO N  ON TO TAL P R O FIT



some o f  which a re  d iscussed kelow.

1 .3 .1  Economy o f  sca le

terry mines have c ap ita lis e d  on th e ir  a b i l i ty  to  increase  

in s ta l le d  m ill capacity , to  fu rth e r reduce a lready  lower pay 

l im its ,  thus enabling th e  inc lu sion  o f  low grade o re  vMch under 

normal circumstances would have been uneconomical. This mining 

p ra c tic e  generally  leads to  ircreased  grade lo sses through 

excessive d ilu t io n , th e  ne t e ffe c t o f  Which i s  th a t  the savings 

in  u n i t  co sts  are  p a r t i a l l y  countered by increased production 

c o s ts .  . Thus the  scope fo r Improving p r o f i ta b i l i ty  by mining a t 

higher r a te s  i s  lim ited .

Furthermore, i t  can be  seen  from Figure 1.6 th a t  th e  add itiona l 

tonnage m illed has f a ile d  to  compensate fo r i t s  lower grade. 

Gold production has declined  to  605 tons in  1987, a f a l l  o f  

n e a rly  400 to n s since  1970 when th e  c oun try 's  production peaked 

a t  1 000 tons. The industry  to  longer has th e  proven high  grade 

rese rves to  g e t production back to  i t s  former le v e ls .

1 .3 .2  Medianteed mining methods

Mechanised mining in  th e  con tex t o f  the  gold m inim  industry 

im plies the  in troduction  o f  trac k le ss  equipment in  p lace  o f  

conventional labour-in tensive  mining methods. One o f  the  many 

b e n e f its  c ite d  fo r th is  type o f  mining and used fo r  financ ia l 

ju s t i f i c a t io n  i s  the  reduction  in  working c o s ts . The major c o st 

saving i s  derived from th e  s ig n ific an t reduction  in  waste 

development rode broken, as most o f  the  development i s  now on
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The w orkstation i s  a  stand-alone processor, id e a lly  w ith high 

yerfomatree graphics, to  Which i s  a ttached  a  range of 

pe rip h e ra ls . In  the  context o f  the  mining industry  the 

pe riphe ra ls  would commonly be a  d ig i t is in g  ta b le t ,  p lo t te r  and 

p r in te r :  The b e n ef its  o f  such a system a re  th a t i t  provides

computing power Where . i t  i s  needed, th a t  i s  on s i t e .  

Furthermore, as the  system i s  dedicated to  a  p a rticu la r  

ap p lica tio n  area  the  u se r has immediate response.

Networking i s  the  p rocess o f  link ing  hardware a id , a s  a  r e s u l t ,  

softw are in to  a  s in g le  environment. A c e n tra l processor, 

w orkstations, p lo t te r s  and o the r p e rip h e ra ls  linked  toge ther i s  

an example o f  sudi a system. Itiese systems can be connected to  

o th e rs , o r  to  fo re ign  mrinframe oomputers, in  d if fe re n t 

Locations. TMa osncept i s  id e a lly  su ite d  to  the  mining ird u s try  

Where mines a re  widely and o f ten  rea o te ly  located . The b e n e f it  

o f  sueh a  system l i e s  in  th e  sharing  o f  resources. Users.have 

access to  a l l  the  d a ta , softw are and hardware in  the  network as 

i f  t t  were lo c al to  th e ir  system. This con tribu tes  to  the 

Mwiwint u t i l i s a t io n  o f  system resources, improved communications 

and reduced system management functions.

Graphics i n  the  form o f  plana, contours and sec tio n s, to  name but 

a  few, have long been used in  th e  mining industry . The output 

media o f  p r in te rs  and p lo t te r s  a re  w all su ited  to  f in a l 

production d ra f tin g . However, the  r e p e titiv e  nature of

geolog ical modelling o r  mine planning renders them in e ff ic ie n t 

fo r th is  type o f  work due to  th e ir  re la t iv e ly  slow speed. In



add ition , the  two-dimensional nature o f  th e  output i s  ro t 

conducive to  e rro r  de tec tio n . The in troduc tion  o f  in te rac tiv e  

g raphics d isp lays has revo lu tion ised  th i s  a rea  o f  computing, to e  

user i s  now ab le  to  preview and In te rp re t the  r e s u l ts  o f  h is  work 

in  th e  minimum tim e. Furthermore, he  can In terface  d ir e c t ly  with 

th e  inform ation, view i t  in  any o r ien ta tio n  and ned ity  i t  

quickly.

conventional processing takes a  system atic ab ro a ch  towards 

executing ta sk s , the  job  i s  done b u t no t always in  optim al tim e. 

P a ra lle l processing d iv ides th e  ta sk s in to  re la te d  segments and 

procysses them sim ultaneously using m ultiple processors. 

Mathematical modelling and database management opera tions a re  

good examples o f  app lica tio n s which b e n e f it  from th is  

a rc h ite c tu ra l approach.

. 2 .3  A pplication Areas 

computers and th e ir  f i r s t  techn ica l app lica tions in  th e  mining 

ind u stry  can be  traced  back to  the  la te  1950's . These e a r ly  usee 

were mainly confined to  th e  f ie ld s  o f  ore reserve  estim ation  and 

s t a t i s t i c a l  analy sis.

Tbday, ap p lica tio n  a reas cover a  vast spectrum ranging fro*i da ta  

management through orebody sodellira? and planning to  process 

c o n tro l . A ll these  d is c ip lin e s  have a p a r t  to  p lay  in  the  

ov e ra ll  l in in g  ope ra tion , ttowever, i n  the  context o f  mine 

planning, only those o f  d ire c t  sign ificance  a re  considered in  

th i s  rep o rt.
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and the  s e lec tio n  o f  a ssociated  mining techniques an! equipment. 

I t  involves using standard  mining methods to  model ir re g u la r, 

uncertain  and o f ten  changing in te rp re ta t io n s  o f  the  geological 

s tru c tu re  o f  the  oretody and i t s  country rock. I t  i s  therefore  

a  dynamic and constan tly  changing process, demanding ready access 

to  t^ie most recen t da ta  across many d isc ip lin es .

An accurate  3-dimensional rep resen ta tion  o f  the  geological 

s tru c tu re  i s  e s se n t ia l, a s  th is  fo r ire th e  b a s is  o f  urine planning. 

The importance o f  t h is  c a r ro t  tie over emphasised, a s  th e  o retody 

i s  the  on ly  revenue earning a sse t o f  th e  mine. The 3-dimensional 

model must use a l l  a v a ila b le  d a ta , be ab le  to  represen t a l l

• geo log ical surfaces such a s  re e f  and f a u l t  p lanes, and generate 

and d isp lay  l in e s  such a s  r e e f / fa u l t  in te rsec tio n s .

The use o f  in te rac tiv e  g raphics i s  e s se n t ia l in  th e  uodelling 

process. The user must have the  a b i l i ty  to  view any po rtio n  o f

• th e  model in  3-dimensions, ro ta te  i t  to  any desired  angle and 

in te ra c tiv e ly  modify i t  t o  s u i t  the  human concept w ith immediate 

response, in te rac tiv e  graphics purely  rep resen ts  an extension o f  

th e  u s e r 's  in te rp re tiv e  c a p a b ilitie s .

A wide v a rie ty  o f  sp a t ia l  da ta  an aly sis  techniques a re  in  use, 

some w ith a th e o re tic a l b a s is , o th e rs  ju s t i f i e d  on em pirical 

grounds and some w ith no apparent v ind ica tion . Methods p rac ticed  

a re  the  simple polygonal method, weighted moving averages and 

trend  surface  a naly sis , to  name b u t a  few. There a re  a  h o s t o f



o th e r  methods in  use, th e  most im portant o f  whi<3i a re  the  

g e o s ta t i s t ic a l  methods.

G eo s ta tis tic e  became p ossib le  with th e  advent o f  the  oonp ite r . 

I t  has g a ite d  widespread acceptance and i s  employed fo r o re  

rese rv e  e stim a tion  in  a l l  th e  major South A frican  mining houses, 

tow evet, the  exac t g e o s ta t ia t ic a l  nethods used d i f f e r  fro® o ra  

mining house to  another deperding on th e  p rev a ilin g  edxxsi o f  

thought. I rre sp ec tiv e  o f  th e  technique, th e  successfu l 

a p p lica tio n  w il l  depend on cognisance o f  th e  geo log ica l model and 

p a r t ic u la r ly  on such fea tu res  as s tru c tu re  and sedimentolcgy.

2 .3 .4  Mine p lan td n j

T his i s  the  major a re a  in  whitih th e  c o s t b e n e f i t  o f  e ffe c tiv e  

mine planning systems w i l l  be seen . Planning and scheduling i s  

i n  general an i te r a t i v e  process ana i f  done by hand can never 

exp lo re  a l l  th e  p o s s ib i l i t i e s .  The r e s u l t  i s  th a t th e  standard 

r u le  o f  thumb a $ p ro a *  i s  t r a d i t io n a l ly  adapted. With the  

a b i l i t y  t o  consider i te r a t i v e ly  a  range o f  o p tions , th e  mining 

engineer i s  freed  o f  the  tedium o f  bookkeeping ta sk s  and can make 

th e  judgmental decisions so im portant In  production  o p tim isa tion .

The d e fic ie n c ie s  o f  manual methods need l i t t l e  e lab o ra tio n . In  

th e  planning and scheduling environment th e  importance of 

g raph ics f a c i l i t i e s  i s  o f  paramount in p o rta  race. N isssrical ou tpu t 

alone  cannot equal a p ic to r ia l  rep rese n ta tio n  o f  the  Inform ation.

At a  glance th e  user i s  ab le  to  r e la te  to  th e  Inform ation, form a



good u n te ts tand ing  o f  th e  s p a t ia l  re la tio n sh ip s  and qu ick ly  coos 

to  meaningful conclusions.

V ia in te ra c tiv e  g raph ics th e  user can d e fin e , design , e n te r  o r 

modify th e  inform ation and o b ta in  an immediate g rap h ica l response 

e*iidh can be viewed and evaluated  qu ick ly . These f a c i l i t i e s  must 

be f le x ib le  arxi function  w ith in  the  c o n s tra in ts  imposed ty  

g eo log ica l ooirplexity and mining methods. System lim ita tio n s  

must no t fo rce  th e  u se r to  follow  unfam ilia r  o r  im practicable  

design  procedures, r a th e r  they  must promote innovative problem 

so lv ing .

tton -g ra jh ica l inform ation i s  a ls o  o f  importance to  th e  u se r in  

th e  evalua tion  o f  h i s  va rious a lte rn a t iv e  s t r a te g ie s .  Data on 

c o s ts  and r a te s  o f  advarce fo r example, have a  v i t a l  bearing  on 

th e  u ltim ate  op tio n  chosen.

2 .3 .5  Economic an aly sis

A d e ta ile d  mine p lan  depends on th e  i t jw t  o f  va rious d is c ip lin e s , 

however, ecc m aic  an aly sis  i s  th e  cornerstone  upon Which th e  plan  

succeeds o r  f a i l s .  I t  i s  the  y a rd stick  t y  Which th e  proposed 

p la n  and a lte rn a t iv e s  a re  measured.

ha w ell a s  th e  standard f in a n c ia l c r i t e r i a  o f  r a te  o f  r e tu rn  and 

n e t p resen t value, the  f a c i l i t y  to  c a te r  fo r  un c erta in ty  and r isk  

i s  o f  extreme importance. P r io r  to  th e  advent o f  th e  computer , 

was d i f f i c u l t  i f  no t in fe a s ib le  to  consider more than  a  few 

a l te r n a t iv e s .  This i s  row cate red  fo r  t y  s e n s i t iv i ty  and r is k





i n  th e  m inerals ind u stry

w ell known

3 .1  Q uality , Q uantity  and 

Expatried in te rp re ta t io n  cap

in te ra c tiv e ly  a

o f  thuab,
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surge o f  in te r e s t  in  th e  use  o f  g e o s ta t is t ic a l  techniques in  

the  mining industry .

G eo s ta tis tic s  had i t s  o r ig in s  in  th e  e a r ly  work c a r rie d  ou t 

t y  Slehel. (1949) and Krige (1951) in to  the  a p p lica tio n  o f  

xa th en a tic a l s t a t i s t i c s  to  gold o re  va lu atio n . Since then 

the  ' mathematical and s t a t i s t i c a l  foundations o f  

g e o s ta t is t ic s  have been developed and e stab lish ed  i n  France 

by a research  teem under the  leade rsh ip  o f  G. Matheron.

The b a s ic  concept in  g e o s ta t is t ic s  i s  th a t  the  v a ria tio n  in  

grade o f  an tvefcody i s  no t u sua lly  random, b u t e x h ib its  a  

sp a t ia l  s tru c tu re . T h is  physical and s t a t i s t i c a l  s tru c tu re  

o f  th e  otebody i s  defined  by a  aenri-variogram, Which 

describes the  degree o f  c o rre la tio n  between aaaple values a t  

varying d is tances a p a r t .  Following th e  construction  o f  the 

serai-variogram the  de p o sit evalua tion  i s  performed using the  

estim a tion  method o f  k r ig in g . This technique involves 

assign ing  weighting fa c to r s  to  sample values based on th e  

semi -varlogram and th e  geometry o f  th e  sample p o in ts  

re la t iv e  to  the  a rea  being  estim ated .

The major b e n e f it  o f  g e o s ta t is t ic s  i s  t iia t th e  technique o f  

k rig in g  provides th e  b e s t  unbiased l in e a r  e s tim a to r. That 

i s ,  the  computed value  should be , on average, equal to  the  

a c tu a l value and no t sy stem a tica lly  h ighe r o r  lower. 

Further so re  th is  technique a llow s a  determ ination o f  the 

r e l i a b i l i t y  o f  the  e stim a te  by providing a  measure o f  e rro r
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a n rm l ly  on education and t r a in in g . In  to d a y 's  h ig h ly  c c a F e titiv e  

environment th e  on ly  way to  s ta y  in  th e  fo re fro n t o f  te ch n ic a l 

developments, and b e n e f it  from th e i r  inrovafcions, i s  to  ensure 

th a t  s t a f f  have access to  th e  l a te s t  to o ls  and s ta te  o f  th e  a r t  

technology.

In th e  f ie ld  o f  -education computers provide an id e a l learn ing  

Medium. With Had te d  keyb iard a b iliu y  a can gLxlckly begin 

to  rea p  th e  te n e t!  t s  o f  computer based  a.^Caf.ion syatsros. A 

major a rea  wr. . thi_, techro logy  can  be evyloyed i s  i n  the  

tr a in in g  o f  unsk ill«}  on th e  mines. At th e  end o f  19B6

th e  unakill&S labour f»tcc i n  Sr.iuth A frican gold wines was in  

excess o£ 100 0W1.

today many edtir.BV.Jcwi E^'stojcs ore  conm eroially iw a ilab lp . Ttiese 

systems rep lace  ti'ra t r a d i t i n a l  irethod o f  In a tru c tto n , chrough 

th e  use  o f  isbriul;/*!/1 ie s igned  .irograms So gxiicte th e  u se r in  a 

s tru c tu re d  ManW .through the  va rious in  the learn ing

p rocess . Coursea 'tanging from th e  a ia p le  basic,.' o f  edi>cafcion 

through to  more sp e c if ic  irork re la te d  areas, auui- i.s  mine sa fe ty  

can  be taugh t in  t h i s  environment.

Inadequate tra in in g  i s  one o f  t t o  main reasons Why mitiVrui 

coepam es/ who having invested  heav ily  in  th e  l a t e s t  computer 

technology, have fa i le d  to  see i t  r e a l is e  i t s  f u l l  p s ts n t ia l -  

T raining ir r .v lv i-q  th e  c o irs c t  clioice o f  s t a f f  must r o t  be view.-?, 

a s  a  ainrV.e rpcaration. I t  must oe seen  a s  an ongoing devetogtiei;'. 

throughout th e  IVfe o f  th e  rystem . New s t a f f  reed  to  g a in  a

-i\ VlM .T. ^  .jj



u t i l i s a t io n

no tiva ted  workforce.

d ic ta te d  toy

i s  given in  th e  follow ing chap ter.



4 A CASE S tu m  -  GBOeBOTSnCAL ANALYSIS OF TOE WHITE

REEF IN THE BATTERY SHAFT AREA AT WEST RAND 

Q8I9X.IDATED HUES LIMITED 

This s ta Jy  focuses on  a  s in g le  a p p lica tio n  a rea  se lec te d  from 

rhose o u tlin ed  in  chapter 2 , se c tio n  2 .3 . The a n a ly s is  involves 

a  te ch n ic al in v e s tig a tio n  coupled w ith  an  assessment o f  i t s  

economic and tech n ic a l b e n e f i ts .  The l a t t e r  form th e  b a s is  o f 

t h i s  p ro jec t rep o r t.

4 .1  O bjective

The o b je c t of. t h i s  case  s tudy  i s  to  i l l u s t r a t e  and q uan tify  the  

te ch n ic a l and fin a n c ia l b e n e f its  t o  be de rived  from th e  

a p p lica tio n  o f  a  computer based technique in  th e  gold mining 

in d u s try , namely g e o s ta t is t ic s .

With th e  emphasis on the  a p p lica tio n  o f  a  technique ra th e r  than 

an  in v e s tig a tiv e  study , a d e ta ile d  g e o s ta t i s t lc a l  t r e a t i s e  i s  not 

w arranted. A s tra igh tfo rw ard  geo s t a t i s t i c a l  approach h a s  been 

adopted fo r th is  in v e s tig a tio n .

I t  i s  re a lis e d  th a t  more so p h is tica te d  g e o s ta t i s t lc a l  techniques 

e x is t  today, each  w ith  i t s  own school o f  thought. However, 

p rovided th e  b a s ic  underlying g e o s ta t is t lc a l  assumptions are

c o rre c t and th e  tedtriique p rcpe rly  a pp lied , the  r e su l ts

ir r e sp e c tiv e  o f  the  procedure w ill be s im ila r  and superio r to  

t r a d i t io n a l  methods. Indeed i t  has been shewn (David, 1977) th a t 

marry o f  the  more coupler methods show l i t t l e  o r  no advantage over 

th e  s tra igh tforw ard  approach.



4 .2  Study o u tlin e

T his study can be div ided  in to  tvo  d is t in c t  p a r ts .  Sec tions 4.3

-  4 .6  involve a b r ie f  review and s t a t i s t i c a l  a n aly sis  o f  the

d a ta ,  followed by the  con stru ctio n  o f  semi-variotpram models 

rep resen ting  the  Fein  fea tu res  o f  the  d e p o s it. The remaining 

. s e c tio n s  e re  p rim a rily  concerned w ith th e  estim a tion  process, 

namely k r ig tn g , and an assessment o f  th e  te ch n ic a l a id  f in an c ia l 

b e n e f its  to  be  derived  from g e o s ta t i s t ic s .

4 .3  Data to r  Analysis

The da ta  which was supplied i n  typed form by th e  mine consisted  

o f  1013 underground ra is e  arri a  tope samples, th e  lo catio n  o f  

t h i s  da ta  which covers an a rea  o f  approxim ately 22 h e c ta re s  i s  

shown in  Figure 4 .1 .

The d a ta  c onsis ted  o f  p lane  o f  r e e f  co -o rd ina tes Whidi were 

sca led  from 1:200 slope assay  Sheets toge ther w ith  tvo  v a ria b le s , 

gram per ton  (g / t)  gold grade ana channel w id th . P r io r  t o  any 

m anipulation o f  th e  d a ta , the  r e e f  sample co-o rd ina tes  were 

p lo t te d  ar>; superinposed on th e  stope assay  sheets  to  v e rify  

th e i r  p o s it io n a l accuracy.

The da ta  was then changed in to  the  format requ ired  fo r use i n  th e  

estim a tio n  procedures. T h is e n ta ile d  th e  follow ing step s:

F e ta tion  o f  th e  sample p o s it io n s  from plane  o f  r e e f  to  th e  

h o rizo n ta l using  a g iven  d ip  and azimuth r e la t iv e  to  a  p o in t 

o f  zero p ro jec tio n . Though th e re  were s l i g h t  v a ria tio n s  in  

d ip  and s tr ik e  between th e  th ree  le v e ls , i t  d id  no t warrant



FIG U RE 4.1  L O C A L IT Y  P L A N



th e  ro ta t io n  o f  sheets  on art ind iv idual b a s is .

C a lcu lation  o f  cen tim etre  gram p e r  to n  {cmg/t) va lues fo r 

each sample based on channel width and associa ted  g / t  gold 

va lue . This was done to  s a t i s f y  the  requirem ents o f  support 

a s  discussed  in  se c tio n  4 .4  below.

-  . The Id e n tif ic a t io n  o f  ind iv idual samples by numeric code to  

enable th e ir  c o rrec t usage in  th e  estim a tion  procedures.

This d a ta , which i s  h e re a f te r  r e fe r re d  to  a s  the  Base Data, 

formed th e  b a s is  fo r fu tu re  g e o s ta t is t lc a l  estim a tes .

4 .4  Support

The b a s is  fo r g e o s ta t is t lc a l  a n aly sis  in  a t  le a s t  the  

senri-variogram computation i s  one o f  equal support le n g th s . In  

th e  W itwatersrand geo log ica l environment one i s  faced w ith  a  

s e r i e s  o f  grade in te rs e c tio n s  a t  v a ria b le  th ick  re  s s .  This 

problem can be obvia ted  by applying th e  sim ple technique of 

accum ulation, whereby a new v a ria b le  i s  c re a te d  from th e  product 

o f  th e  grade tim es th e  th ickness, namely cm g/t. Since bo th  grade 

and th ickness a re  reg iona lized  v a ria b le s , so  a ls o  i s  th e ir  

accumulation, which thus can  be used i n  th e  eeari-z/ariogram 

a n a ly s is .

4 .5  S t a t i s t ic a l  A nalysis

The f i r s t  s te p  p r io r  t o  an e ffe c tiv e  g e o s ta t is t lc a l  a n a ly s is  i s  a 

standard  s t a t i s t i c a l  a n a ly s is  o f  th e  d a ta . The s t a t i s t i c a l  

techniques o f  frequency d is t r ib u t io n  and c o rre la tio n  are  

considered s u f f ic ie n t fo r th i s  p a r t  o f  th e  study . The an aly sis



using  a  standard s t a t i s t i c a l  package was performed on th e  th ree  

v a ria b le s  cmg/t, channel w idth and g / t .

4 .5 .1  Frequency d is t r ib u t io n  an aly sis

T his a n a ly s is  provides a  c le a r  o v e ra ll p ic tu re  o f  the  da ta  and 

i t s  inheren t relation*-’"’.ps.

4 .5 .1 .1  Centimetre gram pe r to n  (cmg/t)

T his a n a ly s is  was c a r rie d  ou t using bo th  th e  untransformed and 

transform ed (n a tu ra l logarithm ) d a ta . The b a s ic  s t a t i s t i c s  a re  

shown in  Table 4 .1  ’ency d is t r ib u t io n s  being

rep resen ted  g rap h ic a lly  tr  ,_ s  in  Figures 4 .2  and 4 .3 .

Table 4 .1  Summary o f  s t a t i s t i c s  fo r 

cen tim etre  gram per ton

Husber o f  values 

Variance

Standard dev iation

Minimum

toxieum

627.4545

303750.6

4460.00

Examination o f  the  histogram s rev e a l two im portant po in ts :
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in  th ickness. This ia  c o n s is te n t w ith geo log ica l observation  

which has shown th a t  la rg e  v a ria tio n s  in  r e e f  th ickness occur, 

o f te n  over sho rt d is tan c es . Whereas, c n q /t was c lea rly  

laqnormally d is tr ik u te d , channel width can be  seen to  approximate 

a  normal d is t r ib u t io n  as shown by the  histogram s in  Figures 4 .4  

and 4 .5 . U nfortunately, one cannot accept t h i s  obse rvation  a s  a 

h is to g ram 's  appearance i s  s e n s itiv e  to  the  choice o f  c la s s  lim its  

an3 in te rv a ls .

ttowever, th e  s t a t i s t i c a l  Chi-square t e s t  can b e  used to  determine 

i f  ■ th e  values a re  fo rm ally d is t r ib u te d . This c la s s ic  t e s t  

in v e s tig a te s  th e  degree to  whidi an em p irica lly  determined 

d is t r ib u t io n  f i t s  a  p a r t ic u la r  th e o re tic a l d is t r ib u t io n  such as 

the  rormal d is t r ib u t io n . R iia  i s  achieved by  combining th e  d a ta  

In to  groups and measuring the  discrepancy between th e  observed 

and expected frequencies, t'-ia l a t t e r  determined by th e  ru le s  o f  

. p ro b ab il ity .

I f  th e  d isc tep arcy  i s  zero  b?tih the  observed and expected 

frequencies agree ex ac tly , w hile the  g re a te r  the  value  from aero 

th e  la rg e r  i s  the  discrepancy between the  te c  frequencies. This 

d iscrepancy i s  compared a g a in s t a  c r i t i c a l  va lue . I f  the  

computed discrepancy exceeds th e  c r i t i c a l  value  i t  i s  concluded 

th a t  th e  frequencies d i f f e r  s ig n ific a n t ly  and they do not belong 

to  th e  same d is t r ib u t io n .

Based on a  grouping o f  e ig h t c la ss es  arti th e  g enera lly  accepted 

f iv e  percen t le v e l o f  s ig n ific an se  a s  th e  c r i t i c a l  value the
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channel width a re  contoired to  form th e  new c o g /t d is t r ib u t io n , i t  

w i l l  r e f le c t  th e  c h a ra c te r is t ic s  o f  th e  dominant g / t  v a ria b le .

4 .5 .2  C o rre la tion  a n a ly s is

This ro u tin e  a n a ly s is  was done to  determine i f  any s ig n i fic a n t 

c o rre la t io n  ex iste d  between channel width and gold g rade . A 

scattergram  provides a v isu a l q u a lita tiv e  measure o f  the  degree 

o f  c o rre la tio n . From the  scattergram  shewn in  Figure 4 .8  i t  is  

c le a r  th a t  the  two v a ria b le s  a re  uncorrelated .

B x e v er , de fensib le  conclusions cannot be drawn fcy merely 

examining a  rep resen ta tio n  o f  th e  s a ip le  obse rva tions. A 

numerical quan tity  th a t  measures th e  degree o f  re la tio n sh ip  

between th e  v a riab les  i s  requ ired . The tr a d i t io n a l  c o rre la tio n  

c o e f f ic ie n t p rovides such a  s t a t i s t i c .

The ooaputed value fo r channel width and go ld  grade i s  -0 .17 . 

T his f ig u re , which im plies very  low c o rre la tio n , su b s ta n tia te s  

th e  v isu a l In te rp re ta tio n  o f  no re la tio n sh ip  e x is tin g  between the  

two v a ria b le s . This r e s u l t  se rves to  confirm  th e  s im ila r ity  o f  

th e  White Reef w ith o th e r  W itwatersrand go ld  re e fs  in  th is  

r e sp e c t .

4 .6  S tru c tu ra l Analysis

In  a  g e o s ta t is t lc a l  e s tim a tion , th e  fundamental to o l o f  

s t ru c tu ra l  an aly sis  i s  th e  semi-variogram. A sent-variogram  i s  a 

graph o f  th e  variance o f  th e  d ifferen c e  in  Bangle grades between 

p o in ts  separ-'-"d fcy a  given  d is tance  and ca lc u la ted  a t  m ultip les
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o f  th a t  d is tan c e . I t  q u a n tif ie s  the  sp a t ia l  c o rre la tio n  th a t

e x is ts  between s ta p le s  w ith in  a contimrous o retody . The

sen i-variogram  provides th ree  isp a r ta n t ge o log ica l concepts fo r 

use  i n  fu tu re  e stim a tion  procedures, namely:

Kwacire o f  c o n tin u ity  (Sugget e f f e c t ) .

The nugget e f f e c t  c h a ra c te r ise s  th e  magnitude o f  th e  random 

element o f  samples a t  d is tan c es  s ig n i f ic a n t ly  le s s  than  

those  av ailab le  fo r  obse rva tion . The presence o f  a  nugget 

e f f e c t  may occur fo r a  nuaber o f  reasons, such a s  sampling

arri assaying e rro rs  o r  th e  e r r a t ic  • na ture  o f  the

m ine ra lisa tion  on a  m icroscale . In  genera l i t  i s  due t o  a 

combination o f  bo th  th e  above fa c to r s .  The nugget e f fe c t  

appears on th e  sesd -variograa  a s  an apparent d isc o n tin u ity  

a t  th e  o r ig in .

Measure o f  in fluence  ( S i l l  and totige)

The measure o f  independence between samples i s  q u a n tif ied  by 

th e  s i l l  and th e  range . The s i l l  i s  th e  value  a t  Which the  

sesd-vartogram reaches i t s  p la teau  and th e  d is tan c e  a t  which 

t h i s  occurs i s  the  range. A u se fu l c h a r a c te r is t ic  o f  th e  

s i l l  i s  th a t  i t  should equal the  o rd inary  sample variance o f  

th e  values w ith in  th e  d e p o s it. The nugget e f f e c t ,  i f  

p re se n t, i s  included in  th e  estim ate  o f  th e  s i l l .  I f  t»  

c o rre la tio n  e x is ts  between saap le  va lues, th e  s i l l  w ill  

equal the  sample va riance  fo r  a l l  la g  d is tan c es.

Measure o f  tren d  (Anisotropy)

A nisotropy in  the  d a ta  i s  ind ica ted  by th e  semi-variogram 

param eters changing w ith  respect t o  d ire c t io n . These changes
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FIG U R E  4 .9  E X P E R IM E N T A L  S E M I—V A R IO G R A M S  O F
C M G /T  IN T H E  FO U R  M A JO R  D IR E C T IO N S
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With no anisotropy having "'oing estab lished  through the  use o f  

logarithm s the  area  under inve stig a tio n  can be  considered to  be 

iso t ro p ic .  The four searf-varicgraes based on th e  untransformed 

sample values can thus be averaged to  form a  s in g le  osnbined 

seo l-variograE . This semi-variogram. Which was constructed fcy. 

u s ir^  a  90 degree toltirance angle, i s  shown in  Figure 4.11. I t  

formed th e  b a s is  o f  the  g e o s ta t ie t ic a l  e stim a tion  process.

4 .6 .1 .2  Channel width

The channel width eeai-variograais were computed over th e  same lag 

and d irec tio n s  as those used fo r  the  cm g/t. Bowever, th e  distance  

was increased to  300 metres to  ensure th e  itro rp o ra tio n  o f  

m u ltip le  channels in  to e  semi-varicgra® c onfu ta tion . The re su l ts  

a re  Shown in  Figure 4.12.

The North-South semi-variogram shows a  zonal a n iso tropy  (expected 

from p r io r  geolog ica l knowledge) a s  ind ica ted  by i t s  lower 

variance and c le a rly  definab le  s i l l .  A no ticeab le  fea tu re  o f  the 

o th e r  semi-variograms p a rtic u la rly  th e  B a s t- to s t semi-variogram 

i s  th e  pronounced ho le  e f f e c t .  G enerally th is  can be explained 

by one o f  th e  fbllow ings-

in o u ff lc ie n t p a irs  o f  p o in ts  fo r c a lc u la t io n  purposes 

n a tu ra l semi-variogram fluctuations 

physical depositional fea tu res

In  th i s  case  study the  f i r s t  two options can be quickly 

d iscounted. When one considers th e  depositiona l nature o f  the
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FIG U R E  4 .1  2  E X P E R IM E N TA L  S E M I—V AR IO G R A M S  OF 
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Witwatersrand gold bearing  re e fs  th e  ho le  e f f e c t  can be rea d ily  

explained . The s tru c tu ra l c o n tin u ity  shown t y  the  Iforth-South 

semi-variogram in d ic a tes  th i s  a s  the  channel d ire c tio n . 

A ccepting th i s ,  th e  B ast-tiest semi-variogram a rd  to  a  leeaer 

e x ten t the  o the r semi-variograms w u ld  be  expected to  e x h ib it a  

p e rio d ic  p s o f i l  a s  th e  semi - va ri ccrram computation passes from 

channel to  inler-dhannel f ac ie s .

H iia  i s  because in  the  flow d ire c tio n  th e  semi-variogram w ill in  

genera l use homogenous d a ta  in  i t s  computation, e i th e r  dhannel or 

in te r-channe l va lues, towever, a t  r ig h t angles to  th is  d irec tio n  

th e  con fu ta tion  w il l  u se , in  a d d itio n  to  e i th e r  the  channel o r 

in te r-channe l va lues, a  contoination o f  bo th  da ta  types. The 

r e s u l t  o f  th i s  i s  a  semi-variogram co n s is tin g  o f  a reas o f  low ana 

h igh  variance , the  l a t t e r  occurring  when a  CD*toination o f  both 

d a ta  types a re  used in  the  computation. Ih ia  hypothesis 

s a t is f a c to r i ly  exp la in s  th e  th e o re tic a l semi-variogram behaviour.

This thaory can only b e  accepted when su b stan tia ted  t y  local 

geo log ica l evidence. The only in v e s tig a tio n  on th e  White Reef a t  

West Rand Consolidated Mines was th a t repo rted  by  Steyn in  1975 

ana summarised by Briggs (1986). This was undertaken on a f u l l  

tim e b a s if  between 1963 and 1965 and in te rm itte n tly  th e re a f te r  

u n t i l  1975 when a f in a l  rep o r t was ptcduced. Ihe  ob jective  o f  

th a t  study was to  determ ine the  co n tro ls  o f  m in e ra lisa tio n  in  the 

W t e  Reef.

Steyn c la s s i f i e s  th e  White Reef a s  a braided  f lu v ia l  fan  deposit



conpased predamlnantly o f  long itud inal b a re . Figure 4.13 adapted 

Ezob Steyn shows th e  paleoflow  d irec tio n s  in  th e  v ic in i ty  o f  the  

a rea  under in v e s tig a tio n . Prom th is  p lan  i t  can be c le a r ly  seen 

th a t  the  paleoflow d ire c tio n  i s  estim ated to  be  approxim ately 

South-South E as t. This i s  in  good agreement w ith  th e  r e s u l ts  of 

th e  seai-variografl a n a ly s is , e sp e c ia l ly  when i t  i s  rensriiered 

th a t  a  to le rance  o f  22.5 degrees was used in  i t s  computation.

The nature  o f  th i s  study  d id  r e t  w arrant th e  fu tu re  use o f  

channel width in  th e  e stim a tio n  p rocess. Itowever, had i t  been 

requ ired  a more accura te  d e f in i tio n  o f  th e  an iso tropy  eould have 

been a ttem pted. This would have involved the  re-com putation o f  

th e  send-variogram a t  va rious d ire c tio n s  arounS th e  an iso tropy  

contoinad w ith a  sm aller to le ra m e  on th e  search  ang le.

4 .6 .2  Semi-variogram sed ellin g

An experim ental send-variogram i s  purely  a d a ta  summery 

technique. I t  i s  used a s  an a id  in  determ ining th e  v a r ia b i l i ty  

o f  th e  m ine ra lisa tion  and the  s tru c tu re  o f  th e  dep o sit.

Conclusions about the  deposit must be  made by a  p rocess o f  

in ference . In  order to  uce the  send-variogram in  the  estim ation 

procedure i t  must be r e la te d  to  a th e o re tic a l model. This

process i s  analagous to  th a t  o f  om structiiK r a h isb ig ra n  ieem a 

s e t  o f  da ta  values and in fe rr in g  from i t  a  th e o re tic a l 

d is tr ib u t io n  for the  popula tion .

4 .6 .3  Sesd-variogram models

A nusrfoer o f  models e x is t  fo r send-variogram a n a ly s is . They can
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Tfh) = sami-variogram

(X = constan t, krown a s  the  abso lu te  d ispe rsion

h  » d is tance  between samples

Figure 4.15 shows th e  general form o f  these  two 

semi-variograins.

4 .6 .4  Dtodel s e lec tio n

ftodels were se lec ted  for bo th  c m j/t and channel width based on 

thooe described in  se c tio n  4 .6 .3 .

4 .6 .4 .1  Centimetre g ra s  p e r to n  (emg/t)

As was seen from Figure 4.11 th e  o n j / t  semi-variogram has a 

c le a r ly  defined  s i l l  and ruggst e f f e c t .  Because the 

semi-variogram reaches a  s i l l  e i th e r  a  sphe rica l o r  exponential 

model must be used. As mentioned e a r l ie r  rec en t g e o s ta t is t ic a l  

research  (tetheron , 1988) favours th e  use  o f  the 

model fo r skew d is t r ib u t io n s . In  keeping w ith th is  tre« 3  an 

exponential model was used fo r th i s  procedure.

The model was f i t t e d  i te r a t i v e ly  using an IBM PC AT computer a id  

softw are developed by th e  Mining Department o f  th e  U niversity  o f  

th e  Witwatersrand urtier Professor D.G. Krige. % e  irodel 

rep resen ts  a  b e s t v isu a l f i t  o f  th e  d a ta  based on e stim a tes fo r 

th e  nugget e f fe c t,  s i l l  and range. Figure 4.16 shows the  f i t te d  

exponentia l model, th e  param eters o f  which a re :

Nugget e f fe c t (Cb) = 170 000



FIGURE4.14 SEMI-VARIOGRAMS WlTH SILL
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S i l l  (C * Oo) = ."V 000

Barge (metres) = 5b

Examination o f  tooth th e  eodel parameters aixi th e  f i t te d  mxtel 

rev e a l two a reas o f  concern.

Hie nugget e ffe c t 

The s i l l

B d h  o f  these  a re  d iscussed separately  belows- 

The tugget e ffe c t

The behaviour a t  th e  o r ig in , namely th e  nugget e f fe c t,  p lays 

a  c ru c ia l ro le  in  the  eemi-variograa f i t t i n g  a s  i t  h as  a 

marked e ffe c t  on the  k rig ing  estim a tion . Figure 4.16 Shows 

th e  nugget e f fe c t  to  be based on p a irs  Showing a  f a i r ly  

sc a tte red  behaviour. Depending on th e  view taken in  

ex trapo la ting  th e  f i r s t  few seoi-variogram  values back to  

the  o r ig in , d if f e re n t nugget e f fe c ts  can be obtained.

The on ly  way to  isprove th e  e stim a tion  o f  the  rugget e ffe c t 

and reduce perecoal b ia s  i s  to  use a d d itio n a l da ta  a t  c loser 

d is tan c es . This was achieved toy re-ocmpating the  eemi- 

variograzn based on a  2  metre la g  d is tan c e . Though th is  

reduced the  number o f  p a irs  a t  th e  sh o rte r  d is tance , 

su b s ta n tia lly  more than  the  30 considered s u f f ic ie n t toy 

jo u rn a l and Huijtoregts (1961) to  enable a  confident 

reassessment o f  th e  nugget e f fe c t  were av ailab le  fo r 

computational purposes. The r e s u l ts  o f  th i s  seimi-variograa 

a re  shown on Figure 4.17 and tabu la ted  in  Table 4 .4  below.
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th e  above serai-vartograo reccanpitatlons the  following

g e o s ta t is t ic a l  e stim a tion  procedures. The model parameters

tUgget e f fe c t  (to)

Though, as previously s ta te d , channel width was a 

estim a tion  procedure a  model was f i t t e d  t o  fu rther 

technique o f  experimental seoi-variogram a o d e lll rq .

th e  experience gained from f i t t i n g  the  cmg/t model, the

experimental aeni-variograin. I t
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in s is ted  of

o f  the  inv e stig a tio n  

D urirq th is  period a

th e  d ig i t a l l y  captured gold 

va lues, c a lc u la tio n  o f  the  a

from Which



;
r - '  -..V



FIG U R E  4 .2 0  P LA N  MAP S HO W ING  THE LOCATION. OF 
S A M P L E  V A LU E S  A N D  STOPE P A N E LS

' ^ 8 2
' ”  ! .. "1

1/

. A ’

H-vv;--”: 
•. •

f,
2  - -

r

!
1 !

• t



.=  ^

it



th e  a v a ila b le  and re le v an t da ta  based on th e  semi-variogram. The 

main advantages o i the  technique a re  th e  avoidance o f  system atic 

b ia s  e rro rs  and the  minimisation o f  the  e rro r  o f  estim ation.

4.11 am pu tation  o f  G eo s ta tis tic a l and Actual values 

% e  technique o f  Ordinary Rriging (k rig lrq  w ithout th e  mean) was 

used to  compute the  hrtged  axti ac tua l va lues. This was due to  

tiie  u n a v a ila b ili ty  o f  a  computer program fo r Simple Krlging 

(k rig ing  w ith the  lo c al mean) a t  the  time o f  the  investiga tion . 

The exponential semi-varlogram model determined in  Section

4 .6 .4 .1  formed the  b a s is  o f  th e  estim ating  procedure. The 

softw are -used i n  th e  k rig ing  e stim a tion  was th e  Geostokos System, 

Which I s  th e  p ro p rie ta ry  o f  Geostokos Limited, tendon.

Cue to  th e  small time frame and number o f  stops panel samples i t

was decided not to  re-model the  eeroi-variogram on a  q ua rte rly

b a s is ,  b u t ra the r -use th e  exponential semd-varicgram model as 

f i t t e d  to  th e  Base Data a s  the  b a s is  fo r th e  k r ig in g  procedure. 

The v a l id i ty  o f  th is  approach i s  discussed la te r .

4 .11 .1  G eo s ta tis tic a l values

T his procedure was used to  estim ate  th e  value o f  a  s tops panel 

p r io r  to  mining. Only Base Data values and a d d itio n a l values 

a v ailab le  p r io r  to  th e  mining o f  a  panel were used. This was 

achieved by flagging each value and panel by a numeric code. 

\h luee  w ith in  a  panel were assigned a  code o f  one g rea te r than 

th e  panel. In  the estim ation  procedure on ly  values w ith a

raanarlo code o f  le s s  than  or equal to  the  panel code were used .
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FIG U R E  4 .2 2  SCATTER G R AM  O F  A C TU A L  A N D  K R IG ED V A LU E S



FIG U R E  4 .2 3  SCATTERGRAM  O F A C TU A L  A N D  M IN E  V A LU E S
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guide to  s e le c t ! js mining. When mining s e le c tiv e ly  the  aim i s  to  

Sine only those panels which have been estim ated  above the  pay 

l im it ,  i t  must be accepted however, th a t whatever estim ation  

.. ./.rdure  i s  employed p a re ls  w il l  be mined th a t  a re  i n  f a c t below 

th e  pay lim it ,  w h ils t o th e rs  atove  th e  pay l im it w ill  be l e f t  

uranined.

th e  .  ■ isn ta tion  o f  g e o a ta t is t ic s  would lead  to  b e t te r  mining

a s  the  e f f e c t  o f  k r ig in g , being  a superio r estim ating  tedhnique, 

i s  to  mini mi se th e  m isc la ss if ic a tio n  o f  p a n els . This i s  

i l l u s t r a te d  g raph ically  fo r  s e lec te d  pay lim its  in  f ig u res  4.27 

and 4 .26 , where i t  can be seen  th a t  k rig io g  minimises bo th  the  

pay o re  r o t  mined and the  unpay ove mined, w h ils t maximising the  

e c o rm ic a lly  mineable o re .

In  th e  contex t o r  th is  itudy the  changes in  ore  c la s s if ic a t io n  a t  

th e  mine pay l im it o f  400 cngr/fc a re  the most re le v an t . The 

r e c la s s if ic a tio n  o f  panels a t  th  pay l im it by changing from the  

mine e stim a tion  method to  th e  geostafc ietica l technique o f  Jcriging 

i s  shown i n  Table 4.13 below.

Reference t o  Table 4 .7  shows th a t  panels 7, 10 and 24 were 

c o rrec tly  r e c la s s if ie d  and panel 15 wrongly re c la s s if ie d  by 

lodging . Thus the  net e f fe c t  o f  dhanglng estim a tion  methods was 

th e  a b i l i ty  to  increase  the  number o f  pay panels mineable by two, 

namely numbers 7 and 24, from 30 to  32 ou t o f  a  maxi gum o f  33 

a c tu a lly  a v a ila b le . This represen ts  an increase  o f  6,06 per cent 

in  pay mired.
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estim ation , as they provide .a measure o£ th e  p ro b ab il ity  o f  tho 

a c tu a l value occurring in  p ra c tic e , to r  example, th e  lower 90 

percen t osnfidence l im it g ives the  value above which one can be 

90 p e r cent sure  o f  th e  a c tu a l mean occurring .

As was the  case  with the  k riqed  e stim a tes th e  e rro rs  can likew ise 

bs contoured. Thus each kriged  contour map can be acconpanied by 

a k r ig in g  e rro r  map, which can be used as a  t e s t  o f  i t s  

r e l i a b i l i t y .  Figure 4.9il i s  the  accompanying e rro r  map fo r the  

value contour map.

These sajss <% - i s t  in  the  c o n tro l o f  sh o r t term

planning a s  tin  3  w i l l  enable management to  view the

ex ten t o f  p lan tin g  in  r e la tio n  to  the  l a t e s t  d a ta . With t h i s  a id  

problem a reas can be  detec ted ,, thus enabling advance planning 

sove?, t o  b e  in i t ia t e d  w ith a minimum e ffe c t  on production.

4 .15 .1 .5  . Improved eaqgle spacing

Standard mine procedure i s  to  earp le  a t  3 metre in te rv a ls  in  

development ends and ra is e s  and a t  6 metre spacings In  stopes. 

So prov ision  i s  node for the  v a r ia b i l i ty  o f  th e  m ine ralisation  

re su l tin g  from th e  a l lu v ia l  na ture  c f  the deposition . This 

v a r ia b i l i ty  i s  o f 1 importance a s  i t  a f fe c ts  th e  le v e l o f  

confidence in  grade p red ic tio n , in  areas c l  low v a r ia b i l i ty  the 

le v e l o f  confidence in  grade p red ic tion  i s  high , w h ils t the  

reve rse  i s  t ru e  in  a reas o f  high  v a r ia b i l i ty .



FIG U R E  4 .3 1  K R iG E D  ERRO R M AP O F C M G / T



d e tec ted  in  the  channel width eeml-variograa by the  an iso trop ic  

s tru c tu re  w ith lower variance in  the  North-South d ire c tio n  and 

su h se ^ e n tly  confirmed by geo log ica l evidence. This stru c tu re  

has im portant in d ic a t io n s  fo r eanple spacing. In  order to  

achieve  the  h ighest s a n d in g  e ff ic ien c y / aanple spacing should be 

c lo se r  in  the  East-West d ire c tio n  to  ensure th a t  th e  b e s t 

e stim a te  o f  grade fo r  th e  s tops o r  development end i s  obtained.

This i s  i l l u s tr a te d  in  Figure 4.32 fo r  stopes mining in  an up-dip 

d ire c tio n , I t  shows how samples taken a t  regu la r in te rv a ls  vary 

according to  the  channel d ire c tio n . B reast sampling has been 

included in  th e  p lan  fo r i l l u s t r a t i o n  purposes.

I t  i s  c lea r  th a t  sample value v a ria tio n  i s  lower in  the  d irec tio n  

o f  the  channel than ro rn a i to  i t .  consequently the  stoping w ill 

have a  g rea te r  v a ria tio n  o f  values across th e  face  o f  the  up-dip 

panels (Section ArB and samples 1 to  7) than  those taken as 

b re a s t samples (Section C-D and samples 7 to  12). Thus w ith a  

g rea te r  value v a ria tio n  a s  th e  face  advances th e  sample d is ta ie e  

Should be reduced. An optimum sample spacing may be obtained by 

undertaking a  d e ta iled  g e o s ta t is t ic a l  study  sim ila r to  th a t 

c a rried  o u t by Rendu (1976).

A nisotropic semi-variograms f a c i l i t a te  th e  determ ination o f  an 

op tim al sampling scheme. However, where sampling i s  s t i l l  

conducted on a reg u la r in te rv a l b a s is  th e  panel estim ate i s  

g re a tly  improved by using k r ig in g . This i s  because th e  weighting 

fac to rs  used in  k rig ing  a re  c a lcu la ted  tak ing  in to  account the
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Table 4.14 Pay H a l t s  app licab le  da ring  the period 

o f  the  inve stig a tio n

Pay l im it (cm j/t)

Cperatlng Marginal

Oct -  Dec 1986 400

Jan  -  Mar 1987

A pril -  June 1967

Ju ly  -  Sept 1987

T b ta l working expenaea incur red  in  m inify can be s p l i t  in to  

v a ria b le  aaS f ix ed , to e  m arginal pay l im it i s  based on the  

v a ria b le  c o s t component. Thia inc ludes the  c o st o f  stoping, 

tramrdng, h o is t in g  and m il lin g . Development and punping costs 

a re  excluded. Fixed c o s ts  (overheads) which a re  ro t  included 

must be c a rried  rega rd less  o f  th e  volume o f  production.

The marginal pay l im it thue comes In to  e f f e c t  When the  m il l  i s  

running under capacity  and a  mining face h as reached an unpayable 

block o f  ground th a t  can be l e f t  a s  a p i l l a r .  This pay lim it 

defines whether th e  u(payable o re  can be mined and make a 

con trib u tio n  to  .overheads. As any cure adzed a t  th e  marginal pay 

U n it  makes to  con trib u tio n  to  o f f s e t  overheads th e  p rac tic e  must 

on ly  bo followed on a  lim ite d  sc a le .



The follow ing c r i t e r ia ,  a s  supplied t y  th e  mine, were used as 

g u ide lines  to r  se le c tiv e  mining in  t h is  exerc ise ;

a l l  panels w ith estim ated values above th e  opera ting  pay 

lim it a re  to  Be mined.

-  th e  mini tag o f  panels w ith estim ated values atove the  

m argirel pay l im it Should be re s t r ic te d  to  15 per cen t (six  

panels in  th e  case  o f  th i s  in v e s tig a tio n ] . 

th e  mining o f  panels w ith  estim ated  values below the  

marginal pay l im it should be oanfined to  5 per cen t (two 

panels in  the  case  o f  th is  in v e s tig a tio n ) .

Thsafc1 conditions a re  sub jective  and depend on th e  techn ica l arri 

. .a a n c ia l Conditions e x is tin g  a t  the  tim e o f  mining.

The a rea  o f  the  study can be d ivided in to  two d is t i iK t  Fining 

environments in  terms o f  p a y ab ility , namely a  northern and a 

southern po rtion . These a reas  were 67 per cen t ao j 100 p e r cen t 

ja y , resp e ctiv e ly . A ll panels in  th e  southern a rea  were 

e stim ated as pay t y  k rig ing  and would have been mined. I n  the  

case  o f  the  mine estim a tion  technique, only panel 24 was 

estim ated ae unpsy. However, i t s  estim ated  value (368 cm j/t) 

was on ly  m arginally below th e  opera ting  pay l im it tif 380 cm j/t. 

T h is, coupled w ith  the  f a c t th a t  a l l  th e  ad jacen t mined panels 

were pay would have ensured th a t i t  was mined. I n  summary a l l  

panels would have been stoped rega rd less  o f  th e  estim ation  

technique used.

A d if fe re n t s itu a tio n  e x is te d  in  th e  northern a rea  due to  i t s
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Table 4.15 Baals fo r panel se le c tio n  using mine estim ation

a v a ila b le
Basis fo r mint rag decision

—

December 1 panel estim ate  { 512 cm j/t)  pay. Proceeding four panels had pay values o f  507,574, 
654 a id  942 cm j/t resp e ctiv e ly . See Figure 4 .33 . Improving ja y  value ind icated .11 Panel estim ate  { 725 c ir j / t )  pay. Preceeding two mined panels had pay values o f  
775 'and 725 c n g /t, resp ectiv e ly . See Figure 4 .33 . Improving pay value ind icated .

8 Panel e stim a te  ( 266 c e g /t)  unpay and below marginal pay lim it .  Adjacent mined 
-panels on e i th e r  s id e  and in  d ire c tio n  o f  mining pay. See Figure 4 .33 . Development 
in  p o s it io n  to  com erae mining.

v .„

January Panel estim ate  (1346 cmg/t) pay. Preceeding pansl (1) pay (658 cm g/t).
to n e l estim ate  ( 866 c sq /t)  pny. Preceeding panel (11) pay (910 cm g/t).

7 Pansl estim ate  ( 350 cmg/t) unpay, b u t atove th e  marginal pay l im i t .  Preceeding 
p a w l (8) pay ( 563 c m j/t) . Adjacent panels on e ith e r  s id e  and ahead pay. See 
Figure 4.33.

Y"

February to n e l estim ate  ( 929 cmg/t) pay. Preceeding panel (2) pay (491 cm g/t).
Panel estim ate  ( 556 cmg/t) pay. Preceeding panel (12) pay (554 cm g/t).
Panel.estimate; ( 521 cmg/t) pay. Preceeding panel (7) pay U044 cm g/t).
Panel estim ate  { 841 cmg/t) pay. Preceeding panel (6) fay  (1012 cmg/t) -9 Panel estim ate  ( 289 cmg/t) unpay and below th e  marginal pay l im it .  Adjacent mined 
panels  ( 67 cmg/t and 266 cmg/t) urpay. See Figure 4.33.

14 to n a l e stim a te  ( 323 cmg/t) unpay b u t atove the  marginal pay l im it .  Preceeding 
pansl (13) unfay ( 204 cm g /t). Unpay value ind icated .
Panel estim ate  (1119 cmg/t) pay. Preceeding panel (5) pay (742 cm g/t).
P a te l estim ate  ( 707 cmg/t) pay. Preceeding panel (8) pay (583 cm g/t). Ajacent 
unmined panel (9) an3 mined panel had estim ated and a c tu a l urpay values o f  289 cmg/t 
and 329 cmg/t, resp e ctiv e ly . See Figure 4.33.

P a r tly

Panel e s t is a te  ( 343 cmg/t) unpay b u t atove the  marginal pay l im it .  A djacent mined 
panels had pay values o f  725 cmg/t arti 775crag/t. See Figure 4.33
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T&ble 4,16 Basis fo r panel s e lec tio n  using k rig ing  estim ation

a v ailab le
Resi-" fo r mining decision Wine

December 1 Parel estim ate  { 843 cmg/t) pay. Preceeding four panels had pay values o f  507,574, 
654 an3 942 cmg/t re sp e c tiv e ly . See Figure 4 .33 . Improving pay value ind icated .

Ye*

Panel estim ate  ( 667 cmg/t) pay. Preceeding two mined panels had pay values o f  ' • 
775 a n i 725 cmg/t, resp e ctiv e ly . See Figure 4 .33 . Improving pey value  ind icated .

8 Panel estim ate ( 379 cmg/t) m arginally uipay. Adjacent mined panels on e ith e r  side  
and in  d ire c tio n  o f  mining pay. See Figure 4 .33 . Development in  positio n  to

January
commence mi ni ng.
Panel estim ate  ( 929 cmg/t) pay. Preceeding panel (1) pay (658 cm g/t).
Panel e stim a te  { 579 cmg/t) pay. Preceeding panel (11) pay (910 cm g/t).

7 Panel estim ate  ( 639 cmg/t) pay. Preceeding panel (8) pay (583 cm g/t).
February ' 3 Panel estim ate  (6 4 6  cmg/t) pay. Preceeding panel (2) pay (491 cm g/t).

Panel estim ate .( 474 cmg/t) pay. Preceeding panel (12) pay (554 cmg/t.
panel estim ate  (1061 cmg/t) pay. Preceeding panel (7) pay (1044 cm g/t).
Panel estim ate  ( 649 cmg/t) pay. Preceeding panel (6) pay (1012 cm g/t).
Panel estim ate  ( 289 cmg/t) unpay and below th e  marginal.pay lim it .  Adjacent mined 
panels ( 67 cmg/t and 266 cmg/t) unpay. See Figure  4.33.

So

Panel ’atim ate ( 238 cmg/t) urpay and below th e  marginal pay lim it .  Preceeding 
panel (13) unpay ( 204 cm g/t).

S3

W U Panel estim ate  ( 483 cmg/t) pay. Preceeding panel (5) pay (742 cm g /t) .
Panel estim ate  ( 305 cmg/t) unpay and below th e  marginal pay lim it .  Adjacent 
unmined panel (9) and mined panel had estim ated and a c tu a l unpay values o f  289 cmg/t 
and 329 cmg/t, resp e ctiv e ly . See Figure 4.33.
Panel estim ate ( 565 cmg/t) pay. Adjacent mined panels had a c tu a l pay values o f 
725 cmg/t a n i 775 cmg/t, resp e ctiv e ly . See Figure 4.33.



Baaed on the  r e s u l ts  o f  mining, cashflow statem ents were 

generated fo r each mining scena rio . The key elements o f  the 

cashflows a re  ou tlined  below:

Square metres mined

The square metres mined were ob tained by p lan! me ta rin g  o?tch 

p a re l vising an automatic d ig i t a l  p la n in eter.

to n s m illed

Ihe  m ill tonnage was c a lcu la ted  on a panel by panel b a s is  

using th e ir  respective  ' i  w idths and a  ree f density  o f 

2 .7 t/n 3.

Individual panel y ie ld s  were "obtained from th e  ac tua l va lu ta  

by app lica tion  o f  the  nine c a l l  fac to r  end th e  percentage 

m e tallu rg ica l recovery.

Gold p rice

The gold p rice  used in  th e  revenue c a lc u la t io n  was the  p rice  

re a lis e d  by the  mine fo r each qua rte r .

Cbst per metre squared

The costs  used wore those for the  B attery  Shaft <irea. They 

were supplied t y  the  mine on the  same q u a rte rly  b a s is  as the 

gold p r ic e .  Development o a s ts  wet a excluded a s  the  main, 

developemenf was w ell in  Advance o f  mining.
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approach wheroby a l l  th e  conpufcirq power re s id es  w ith  th e  user a t 

th e  mine. I n p l i c i t ' i n  t h i s  i s  the  concept o f  the  microtw tpater 

w orkstation co ip ria ing  c e n tra l processing u n it ,  slave  term inals, 

d ig i t i s e r  ta b le t ,  p lo t t e r ,  p r in te r  and a ssocia ted  p e rip h e ra ls . A 

breakdown o f  th e  to ta l  co sta  a re  d e ta iled  in  Appendix 5.

t o r  the  purpose o f  measuring p r o f i ta b i l i ty  the  t o t a l  c a p ita l 

ou tla y  i s  assumed to  have been made a t  th e  o u tse t o f  th e  p ro je c t. 

While th is  approach may r o t  be s t r i c t l y  c o rrec t th e  e ffe c ts  on 

the  cashflow a re  minimal. lb  p r o f i ts  a re  considered to  be 

generated during th e  f i r s t  th ree  aonths o f  th e  p ro je c t.  This 

period i s  considered necessary to  ensure th a t  bo th  tra in in g  and 

da ta  cap ture  have reached a  p o s it io n  Whereby th e  system can be 

operated to  i t s  f u l l  p o te n tia l.  Shereaf>'5r p r o f i ts  a re  

considered to  be generated n r-  ,y w ith  th e  optim al

b e n e f its  being achieved one ye&i . is ta lla tio n .

In  view o f  th e  r e la tiv e  magnitude o f  th e  re tu rn s , compered with 

the  investment, in f la t io n  a rd  e sca la tio n  have been disregarded. 

Ttiio i s  equ ivalen t to  assuming a  zero p e r cen t r e a l  growth ra te  

• the  rand gold p r ic e , a  scenario Which i s  in  l in e  w ith  curren t 

,ke t perception.

P r o f i ta b i l i t y  has been measured by the  Bet P resent value 

(N .p.V .), In te rn a l Bate o f  E e t o i  (I.R .R .) and Payback' Period. 

While th e  l a t t e r  i s  a  measure o f  liq u id i ty  o r  exposure to  r is k  

r a th e r  than  p r o f i ta b i l i ty ,  i t  ioea provide in  conditions o f



scarce c a p ita l a  ya rd stick  by which investm ents can be ccepared.

A two year time frame has been used to  i l l u s t r a t e  these  measures. 

Hie r e s u l ts  o f  th e  cashflow «hich i s  s e t  ou t i n  Annexure 6 are  

given  below.

t o t  P resent Value (M ) = f t  043 140 

Interval’ /Rate o f  Return -  251%

Payback Period = 10 aonths

The above measures demonstrate very c le a r ly  th e  fin an c ia l 

b e n e f its  to  be gained by th e  implementation o f  g e o s ta t is tic e  i n  a 

se le c tiv e  mining environment. In  th e  case  o f  t h i s  mine these 

r e s u l ts  would have con tribu ted  to .o f f s e t t in g  th e  c u rren t working



5 eaKmszoi

The o b jec tive  o£ th is  p ro jec t rep o rt waa to  deuonatrate how the  

Intplenientation o f  techn ica l computing could b e n ef it  th e  South 

A frican gold mining industry . I h is  was shown by a  case study 

involving the  ap p lica tio n  o f  geo s t a t i s t i c s  to  a  po rtion  o t  the 

White Reef a t  West Rarri Consolidated Hines L im ited. Ihe major 

conclusion to .  be drawn from th is  in v e s tig a tio n  i s  th a t 

g e o e ta t is t ic a l  estim ation  i s  superior to  th e  method cu rren tly  

topAcyed an the  mine.

'file areas c.i improvement h igh ligh ted  in  vh is study were:

-inproved o re  reserve  estim ation 

inproved b lo c k 'fac to rs  

isproved se le c tiv e  mining op tions 

inproved sh o rt term planning " 

improved sa ip le  spacing

In  f in an c ia l terms the , b e n e f it  o f  superio r e stim a tion  in  a 

se le c tiv e  mining environment was to  iepzovs working p r o f i t  by 2 

per c en t. In  th e  contex t o f  th e  t o ta l  mining opera tion  on the  

White Reef th is  could amount to  R1.0 m illion  per annum.

th e  confu ta tions necessary to  derive  these  b e n ef its  were 

processed on an IBM PC AT microcomputer and required  the  minimum 

o f  confu ter ex p e rtise . Likewise, the  g e o s ta t is t ic a l  techniques 

employed were re la t iv e ly  straigh tforw ard  and should be  e a s ily  

applied by those w ith a sound s t a t i s t i c a l  background.
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