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The l in e  o f regression  o f the true values on the 

Indicated  va lu es i s  required. The average o f a l l  the in d ica t­

ed va lu es  (?) I s  equal to  the average o f a l l  the true values 

(x) -  4 .9 0  d w ts/ton .

Parameter for d is tr ib u tio n  of x ® ax = 1.648 

Parameter fo r  d is tr ib u tio n  of

the array of x ’s 3 axy a 3 . 6?2 

Parameter fo r  d is tr ib u tio n  of y = ay ° 1.503*
a 2 a 2

lo g  x “ -^ *]og  y + (log * + - 1 “* )(1  - -£* ) _
4ax ax2

and ,".loge ( t ’ue value) = .8323  lo g e (indicated  value) ♦ .28195 

and lo g ^ ( t r u e  value) * .8323  lo g 1()(indicated value) + .12245 

Solv in g  th is  equation for the indicated values in  

row IB o f  Table 17 y ie ld s  the figu res in  row (11) below.

TABLE 16

Values in  dwt s/tor 1

(1 )
Ind icated  value 12.76 3.45 4.43 5.42 6.41 7.41 8.41 1 1 .2 0

(1 1 ) -  - 
True value  
(c a lc u la te d )

2.41 3.09 3.72 4.58 5.41 6 .2 2 7.02 7 .8 0 9.90

( i l l )
True value  
from Table 17

2.42 3.19 3.70 4.57 5.40 6.17 6.97 7.89 9.73

( iv )
True value from 
current stope  
sampling (Mine £'

_** 3.21 3.73 4.78 5.69 6.49 7 .2 1 7.76 9.11

The . l i g h t  d if fe r e n c e , between the f ig u r e , in  rvw.

. .  (1 1 , and ( 1 1 1 , are due t= the fa c t  that t h .  f ig u r . .  in
Table 1 / / • • •

* From No. ( 4 0 ) i -

.*. ay2 ■ 2 .2 6 0 4  
av » 1.503

.3682  > .6742 -  .4424

**Below pay l im it ,
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Table 17 were p r a c t i c a l l y  e n t i r e ly  obtained g ra p h ic a l ly  and 

ca n n o t ,  t h e r e f o r e ,  be accepted  as exact.

The fig u res  In  rows (1) and (11) above are depicted  

on Diagram No. 5* In the form of the smooth curve ab (th is  

curve p lo t t in g  as a s tra ig h t lin e  on double logarithm ic paper). 

The va lu es in  row ( iv )  are shown as small c ir c le s  on th is  

diagram and in d ica te  that the p ractica l r e su lts  fo llow  the same 

general trend (although with what appears to be a somewhat 

sharper curvature) than that represented by the curve ab.

This diagram a lso  c le a r ly  in d ica tes the extent o under-valua­

t io n  o f  low grade blocks and the over-valuation  o f high grade 

b lo ck s.

I r r e g u l a r  t r e n d  i n  B l o c k  P l a n  F a c l a i a :  I t  I s  o b v i o u s  f r o m  t h e

f o r e g o i n g ,  t h a t  w h e r e  t h e  n u m b er  o f  s a m p l e s  p e r  b l o c k  i s  

l i m i t e d ,  a n d  w h e r e  n o  c u t t i n g  o f  i n d i v i d u a l  o r  b l o c k  v a l u e s  i s  

d o n e ,  i t  i s  o n l y  n a t u r a l  a TV; hfltr flu e  t o  w ro n g  

t o  e x p e c t  B l o c k _ E l a n  XQQf I n

A "  r a t e g o r l e a  a n y  1 - T . t f r a n  W  1"  ^  ^  ^

r . t . r o r l e s . T h e  e x t e n t  o f  t h e  d e v i a t i o n  e i t h e r  s i d e  . i l l  

d e p e n d  p a r t l y  o n  t h e  b = , l =  b e h a v i o u r  o f  t h e  d l n r i W t i o n ,  o f  

g o l d  v a l u e s  i n  t h e  m in e  a n d  i n  i n d i v i d u a l  b l o c k s ,  t l iU B lt i l - f ln

♦ a ....................   . . . h e r      The

g e n e r a l  t r e n d  o f  B .P .F .'s  o v e r  t h e  r a n g e  o f  v a l u e  c a t e g o r i e s

can, however, be expected to  be sim ilar fo r  a l l  mine.,. ™ ,  

*

•  S e e  o v e r . ♦ • I ’ e f .  2 ,

L
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c l e a r l y  I n d i c a t e  t h e  I r r e g u l a r  r e s u l t s  o b t a i n e d .

v a l u e  c a t e ­
g o r y  d v t s

B l o c k  P l a n  
F a c t o r

V a l u e  c a t e ­
g o r y  OWtfl

B l o c k  P l a n  
F a c t o r

1 .6  to 1 .9

122.5*

6 .0  to  6 .9  

108.5*

2 ,0  to 2 ,.  3 .0  to 3.9

116.5*

7 .0  to 7 .9

111.3*

8.0 to 8 .9

138.3* 94.2*

4 .0  to  4 ,9

150.6*

9.0  to 9 .9

90.5*

5 .0  to 5.9

125.7*

10.0  ftover

126.1*

The a v e r a g e  B.P.F. *• j.20.6*, • id as* an ln g  ; h a t  s t o p e  

.nd b l o c k  sampling a r e  su b jec t  to  the s a n e  d e g - e e  of o# J -  

l a m p l l n g ,  i f  a n y ,  t h i s  i n d i c a t e s  a n  a v e r a g -  c u t  of a p p r o x i m a t e -  

.y  17* a p p l i e d  to  t h e  nd ica ted  block v a l u e s ,

1.

Had t h i s  c u t  b e e n  a p p l i e d  c o n s i s t e a u i y  c h r o u g h o  

lie ' . h o l e  v a l u e  r a n j e ,  a n d  I g n o r i n g  t h e  e f f e c t  o f  t h e  c u t t i n g  

f  I n d i v i d u a l  . a m p l e  v a l u e . ,  I f  a n y ,  t h e  B . P . F . ' .  I n  t h e  l o v e r  

a t e g o r l e s  s h o u l d  h a v e  b e e n  I n  a jcc e ss  o f  1 2 0 . 6 * ,  a n d  t h o s e  I n  

h e  h i g h e r  o a t e g o r l e .  l e a .  t h a n  120.6*. The o b . e r v e d  B . P . F .  

o v e v e r ,  d o  n o t  e x h ib it  s u c h  a  t r e n d  a n d  c l e a r l y  I n d i c a t e  t h a t  

h e  " c u t t i n g "  o f  b l o c k  v a lu e , was dona i r .  a n  a r b i t r a r y  a n d  

r r e g u l a r  f a s h i o n  r e su lt in g  In s e l l a b l e  I n d i v i d u a l  b l o c k  

s t l m a t e .  a .  v e i l  a .  >«  u n , . t l . f a c t o r y  o v e r a l l  o r e  r e s e r v e

eterm in a tlo n .

( c .
h e  r e la t iv e  f l u e n c i e s  In r o v  U  o f  T a b l e  No. 17, >nd t h e

a n d  t r u e  v a l u e ,  a b o v e  a n y  n a y



lim it, can be c a lc u la te d , and i s  re flec ted  in  Table No, 20,

TABLE 20

Value l iu .i t  
a pay l im it

Average in d i­
cated value 
above pay 
l im it

1
Average true 
value above 
pay lim it

T heoretical 
Blcv.'k Plan 
Factor for a l l  
ore above pay 
lim it

Values in  dwts/ton

0 4 .9 4 .9 100*

2 .5 5 5.33 5.28 99.1*

2 .9 5 5.53 5.45 98.6*

3 .9 5 6 .3 2 6.11 *  .7*

U.95 7 .24 6.85 94.6*

5 .9 5 8.18 7.59 9 2 . 8*

6 .9 5 9 .1 8 8.37 91.2*

7.Q5 10.22 9.17 89.7*

8 .9 5 11.20 9.90 88.4*

The o v e r a ll  th e o r e tic a l Block Plan Factors for 

.arlous pay 11m.-.s are shorn on Dl.jiJm  No. 6 ,»  and I t  Is  c lear  

hat as th «  pay l im it  i s  ra ised  the Block Plan Factor v iU

lecrea se .
<d) a p a r t i a l f Mi i i l ’ i » *  

sustomary p r a c tic e  on the Bend In s to Pln* to  a pay l i m i t  1 .  to 

th e r a l le y  o f sto p p ln , and s ta r t -n , s to p , fa c e s , i . e .  o fme#
♦See o v er .
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low , p o s s ib ly ,  as 10 or 15 ( e .g . ,  l  ICO' length of face samp­

led a t 20 I n te r v a ls ) .  The average number of stops samples on 

whicl’ any such d ec is io n  is  based is  probably larger but w ill  in  

n early  a l l  cases be considerably smaller than the average 

number o f samples per ore reserve block. I f ,  th erefore , a 

ta b le  s im ila r  to  Table No. 17 i s  prepared to allow  for the 

s e le c t io n  of tonnages in  value categories on, say, 30 sampling 

se c tio n s  per working fa ce , i t  i s  obvious that the v aria tion  o f  

the average in d ica ted  values in  the rows w il l  be la rg er , and 

th a t the u n der-valuation  in  the low grade and over-valuation  

in  th e high grade ca teg o r ies  w il l  be accentuated.

On th is  basis, and adopting the th eo re tica l procedure 

o u tlin e d  above, a 2nd ed itio n  o f Table No. 20 was prepared 

(Table No. 21 hereunder).

TABLE 21

Pay l im it  
dwts /to n

Average in d ic a ­
ted  va lu e above 
pay l im it  

d w ts/ton

Average tru e  
value above pay 
l im it  d w ts/to n

Stope sampling 
fa c to r

0 2 .55 2 .95 3.95 4 .9 5 5.95 i .9 5 7.95 8.95

4 .9 5.42 5,68 6.49 7.41 8.39 9.41 10.45 11.49

4 .9 5.31 5.51 6 .0 8 6.71 7.35 8.00 8 .6 } 9.27

100* 98* 97*

L—

94* 91* 88* 95* 83* 81*

From th e above I t  1 .  evldeht that In working to  a pay 

l im i t ,  t h . r .  w ,n  a l w a ^ j L ^ l m A j s M O K r ^ ^  

. e l a t e d  fo r : t - ' e ,  to



t he_^oj.d f b y  gamnl Ing and accounted for

r^dP.c^lort ,VforK »̂ The explanation of a Mtr.e C all Factor 

of l e s s  than 100^ can therefore to some extent be sought in  the 

lim ited  number o f sample sectio n  values ava ilab le  per working

<e) Ih s .jat a s  W l i  factor and actual over-sam pling: The

q u estio n  o f  over-sam pling was ably d ea lt with in  an experiment­

a l and th e o r e t ic a l  manner by S lchel* who showed that for a 

narrow r e e f ,  over-sam pling could amount to as much as Z ^ t ,  aue 

to  th e ch a n n ellin g  out o f too small a proportion of waste 

m atter e ith e r  s id e  o f the r ee f band. He concluded, however, 

that a l l  sample values should therefore be adjusted by factors  

which vary from the one value category to the other. He based 

th is  co n c lu sio n  on the assumption that tne frequency curve for  

the mine, as a whole, could be adopted as a standard, and took no

account o f  th e  fa c t  that the sample values in  every t'ock  of 

ore c o n s t itu te  a d is t in c t iv e  frequency d istr ib u tio n .

I f ,  th er e fo r e , every sampling sectio n  i s  l ia b le  to

fa c e .

y ie ld  r.ny one of a range o f errors as found experim entally by 

verase error of *24*, then although



co r r e c t io n  f a c to r s ,” th erefore appear to serve no p ra ctica l 

purpose, s in c e  the mine valuator i s  only in terested  in  groups 

of sample v a lu e s , which in  every case have been drawn from a 

p op u lation  covering a f u l l  range of values.

An average over-sampling o f ,  say, 24* w il l  however 

have a n o t ic e a b le  e f f e c t  on the th eo retica l atope sampling 

fa c to r  d iscu ssed  in  the previous subparagraph (Table 21).

Take, fo r  example, the case i l lu s tr a te d  in  Tablo 21 with the 

in tro d u ctio n  in  audivion o f a 24* bias error as suggested,. 

Adopting th e procedure ind icated  in  subparagraph (b) t ove, 

and based on formula No. (?9a) ,  where in  th is  cstie

X = y -^ r , i . e .  y = £ .076 , ax ■ 1.6U8, and ay -  1.395*

lo g ( a o t u a '  value) 3 7165 lo g e (indicated  vaxuo) * -32252

i . e .  Iog1 0 (actu9l  va lu e) -  .7165 lo e 10(indicated value) + .1^00?

As b efo re , from the knowledge o f the d istr ib u tio n s  o f  

th e a c tu a l and in d ica ted  block va lu es, and from the atcve  

eq u ation , the fo llo w in g  re la tio n  between the average ind icated  

value and the a c tu a l value above any pay lim it  was detornined.

TABLE

Pay l im it  -  1
—1

0 3-16 3.66 4.90 6.14 7.38 8 .6 2 9,86

Or

dwts
14.25

Ind icated 6 .0 8 6.7? 7.05 8.05 9.1V 10.41 11.67 12.95

m lue above
P .L .-dw ts

8 .67 9.31
A ctual va lu e 4 .9 0 5.33 5.53 6.11 6.74 7-39 8.03

above P .L . -
dwts

T h eo re tica l 81* 7(¥ 78* 76* 73* 71* 69* 67* 65*

stope samp­
lin g  fa c to r  
(above P .L .) J----------

______L------

= = E



M.C.F. o f 81# where a l l  the ore In the mine ig  3top«d and no 

gold 13 l o s t  In m ining, the M.C.F. for Mine C can be expected 

to  be lower than th la  figu re due to  the fact that, the se le c tio n  

of pay and unpay stope faces Is  based on an average number of  

samples per fa c e  o f on ly  30.

( f )  Tfre.-BiJS S E tog  of unsay ore Included and of pay ore 

^ e lu d e d  In b locking out ore reserves; Taking again the case 

of Mine C and re ferr in g  back to Tabic No. 17, I t  Is  evident 

th a t I f  the number o f  samples per block were to be unlim ited, 

the mean v a lu es  Ind icated  fcr  the Individual blocks would be 

the tru e  mean va lu es for the blocks, and the d istr ib u tio n  as 

shown In column 1A would be founl In p ractice . In such an 

event the a p p lic a t io n  o f a pay lim it  o f ,  say, 2.55 dwta/ton 

would rc. I t  In the exclu sion  from the P.C.R. o f the 9.55# of 

the t o t a l  mine tonnage f a l l in g  below th is  pay l im it .

Where block valuations are, however, based on an 

average o f  60 samples per block, the tonnage d istr ib u tio n  

In d icated  from such sampl' .g r e su lts  w ill  be that shown In 

row 1A, which would In d icate  an apparent unpay tonnage of 

12.57* c o n s is t in g  o - 8 .2 6 * actu ally  unpay and 4.31* o f payable 

ore (se e  column 1 ) .  The Payable Ore Reserve, a .  ca lcu lated  

on t h is  b a s is  w i l l ,  th erefo re , contain an unpay tonnage equlva 

le n t  to  1 .2 9 *  o f  the t o ta l  mine tonnage (or 1 .29 /87 .43  -  1.5*  

o f th e  P.O .R. tonnage, and w i l l  exclude 4 .3 1 * (of the to ta l

mine tonnage) a c tu a lly  payable.
The in d ica ted  average value o f the P.O.R. as

= i i Bs u f f ic ie n t  number of sam .l-s  . true average

.............
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5.19 d w ts/to n  (average value In column 1A of tonnages above 

2 ,55  d w ts/ton  / .  xn diming at 5.33 dwts/ton the Management 

would th ere fo re  In fa c t ,  but unknowingly, be p ractisin g  over- 

m ining.

I t  i s  probably due to the experience gained over many 

ye^rs th a t th e average mine valuator on the Rand has sensed the 

somewhat obscure fa c t  that a proportion o f the payable tonnage 

i s  excluded from the P.O.R. tonnage in  blocking out, and has 

consequently  r e l ie d  on subsequent stope samplings to guide him 

in  f in d in g  such tonnage i in  blocks classed  as N .I .R ., and even 

blocked out and valued as unpayable. This approach probably 

accounts to  a marked extent for the r e la t iv e ly  large N.I.R.  

tonnages* stoped annually on most mines, and t »jo for the 

a t t i tu d e  th a t the continued working o f & jtops ’’ace which 

y ie ld s  a payable r e su lt  on, say, only every 3rd or 4th eonse- 

c u tlv e  sam pling, I s  j u s t i f ie d .  The assumption In a case such 

as th e  l a t t e r ,  th a t the tonnage e ith er  sid e  of the face p osi­

t io n  which y ie ld e d  a payable re su lt  on a lim ited  number of  

sample s e c t io n s  a s  payable, i s  unsound,"and r e s u lts  In 

r e la t iv e ly  la r g e  unpay tonnages being stoped for the sake of an 

o c c a s io n a l sm all patch o f  ore which appears to  be payable but 

may, in  f a c t ,  in  by far the m ajority o f oases be unpayabl..

The fa c t  that a d e f in ite  percentage of unpayable ore 

i s  a c t u a l ly  included In the P.O.R. as blocked out i s  evident

b efore  s top in g  c o m m e n c e s .
**8ce -ira g ra p h  1 above.



No. 17, w ith an axrrage of only 30 atmpies per fa ce , w ill  

in e v ita b ly  y ie ld  tonnage d istr ib u tio n s in  every row r e la t iv e ly  

oven more spread out than those shown in  Table 17, and there­

fo re  w ith  a d e f in i t e  proportion fa ll in g  in  column 1 , i . e .  the 

apparently  "unpay" category. C alculations as before in d icate  

th at o f  th e  P.O.R. tonnage in  row No. 1 ( i . e .  1 . 2 # ) ,  80* , ,  or 

the eq u iv a len t o f  1 . 03)6 o f  the to ta l mine tonnage w i l l ,  on 

current sampling r e s u lt s ,  y ’eld  unpay values, i . e .  values 

f a l l in g  in  column No. 1 . S im ilarly , the P.O.R. tonnage* in  

rows Nos. 2 to  5 w i l l  y ie ld  Indicated unpay values ( in  column 

No. 1) amounting to  the equivalent o f I , '# * ,  3.*+0f, 0 . 6 #  and 

0.08)6 o f  th e  t o t a l  mine tonnage resp ectiv e ly . The to ta l  per­

cent a «-f, in d ica ted  as unpay on the current sampling re su lts  o f 

p,O .R . c lo ck s  should , th erefore , amount to 7 ,01)6 o f  the to ta l  

•mino tonnage, or 7 .0 1 /3 7  A 3 " 8)6 o f the P.O.R. tom age as 

blocked. This th e o r e t ic a l figure can be compared with the 

a c tu a l in d ic a te d  13)6 o f unpay ore from F.O.R. b locks, based on 

the sto p e  sampling r e s u lt s  on Mine C for the year in  respect  

of which th e  approximate P.O.R. tonnage in  Table 1/ were 

a p p lic a b le . The d iffer en ce  o f 5* between the t h o o r .t l .a l  and 

a c tu a l f ig u r e ,  can be accounted for by the fa ct that the actual 

ore reaorve d is tr ib u t io n  for Mine C 1 . not exactly  lognormal, 

but .how . an abnormally high percentage of ore In the lo w e.t

payable c a te g o r ie s .

L E B H E -.—
fo llo w in g  h ea d s«-

, 1 ) D i.p r r .o r t lo n .te  channelling a e r o ., the ree f  

and waste banc
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p a r t ic le s  d islodged from the face w hile 
c h is e l l in g .

( i l l )  Incorrect measurements o f the sampled width.

S ichel*  In vestigated  the errors under (1) in  some 

d e t a i l  on an experim ental basis and found that the average bias  

introduced on account o f such errors could under certa in  con­

d it io n s  r e s u lt  in  over-va lu ation  to the extent o f as much as 

24*.

Errors under (11) above are probably not serious and 

can be avoided w ith a reasonable degree o f care.

The in co rrect measurement o f sampled vr'.dthr ’/ i l l  

always tend to r e s u lt  in  over-va lu ation , s in ce  the correct 

width i s  always measured normal to the plane of the reef and 

any measurement no* taken in  th is  manner must, th erefo re , 

exc^ d the true width and r e s u lt  in  too high an inch-dwt value. 

Where the face to  be sampled i s  not normal to the plane o f  the 

r e e f ,  errors o f th is  type should th erefore be guarded a g a in st.

I t  i s  as w e ll to  r e a l is e  that an error o f 10* in  measuring a 

sampled width as , say , 6 in ch es, in stead  o f 5 .46 Inches, w i l l  

not be very apparent underground, but w i l l  i f  made cont s te n t -  

l y ,  r e s u lt  in  a f u l l  10* o f over-va lu ation  and a Mine C all 

Factor o f  91*.

(b) Assaying errors: silver content of .b u lllp a ? In 

e ssa y in g , any human errors in  weighing o f f  q u a n tit ie s  as w ell 

as the f in a l  b u tton s, can on the whole be expected to be o f an 

unbiassed nature.

Bias errors a re , however, p o ss ib le  due to  fa cto rs

such as**
( i )  the v a r ia b le  s i lv e r  content c* the o re , and the 

s tr a ig h t  10* deduction normally made for s i lv e r ;

 (11) / . . . _____________

* R jf. 3 . **R efs. 21 CO 23.



U1J The s i lv e r  content o f  the lith a rg e  used In 

assayin g;

( i l l )  cupel absorption of gold and s ilv e r  In the 

process o f eu p ella tio n ;

( iv )  the adherence o f cupel materia) to the b u llio n  

button when weighed.

In v e stig a tio n s  carried  out by Richards and Rubldge* 

a t  Rand Leases Gold Mining Company, Lim ited, Indicated that 

th e s i lv e r  Introduced in  the lith a r g e  would be o f the order o f  

0 .0 8  d w ts/ton , that cupel absorption ranges from 0.2< to 0 . +#, 

and that contam ination w ith cupel m aterial could on average 

account fo r  an over-statem ent o f  values to the extent o f 1 .8 # . 

The fa c t  that the percentage s i lv e r  content o f the buttons 

corresponding to  reported gold values in  the lower value  

c a te g o r ie s  i s ,  in  g en era l, higher than the average s i lv e r  con­

te n t  o f  a l l  the buttons handled, w ith the reverse a p p licab le  in  

th e  higher value c a te g o r ie s , was a lso  confirmed.** C alcula­

t io n s  based on the determ inations of Richards and Rubldge 

in d ic a te  th at a f te r  allow ance i s  made for a l l  the fa c to rs  under 

(1 ) to  ( iv )  above, the gold values as reported by the Assay 

O ffic e  (a t Rand Leases) w i l l ,  I f  anything, understate the actvul 

v a lu e s , the maximum exten t thereof being about 3k.

I t  appears, th e r e fo r e ,.th a t  errors in  assaying can 

on the whole be n eg lected  for mine va lu ation  purposes.

from

(„ , Hh.r" p a r a m e t e r M n r y U -W  * ltn  

H .fnr.,h.nd ( i . e .  "& t a s s T ) ' Wh.r. i t  1 , p o ss ib le  to  d eter­

mine w ith con fid en ce , »s suegested In Chapter V, paragraph 2 ,

th a t the r e la t iv e  shapes o f the d is tr ib u tio n  curve, in  resp ect
o f / . . .

♦Ref. 21 . **Refs. 2) & 23.
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o f  sample v a lu e , w ith in  blocks o f equal s iz e  are id en tic a l for  

a B in e, or se c tio n  o f  a mine, t«;> straightforw ard method out­

lin ed  in  Chapter I I I ,  paragraph 1 0 (b ), w i l l  y ie ld  re su lts  far  

superior to  those obtained from the customary arithm etic  

averages o f  sample v a lu es.

As p rev iou sly  s tr e sse d , the procedure i s  simple and 

w ill  e n ta il  on ly  the ca lc u la tio n  o f the geometric mean of a l l  

the a v a ila b le  sample value* for every block ( i . e .  the a n tilo g  

o f  the mean o f  a l l  the logs o f the va lu es) and the m u ltip lica ­

t io n  o f th is  geom etric mean by the fa cto r

•   See No. 0 4 )

» a n tilo f ,10( 0 .4342945) ( ^ 4 )

where "a" has a d e f in it e  value determined for the par­

t ic u la r  s iz e  block concerned 

and N = Number o f samples in volved .

The improvement in  tie r e s u lts  obtained in  th is  

fa sh io n  were l i s t e d  in  Table No. 2 and ind icated  that for  

eq u iva len t r e s u lt  on th is  b asis and on the orthodox arithm etic  

mean b a s is ,  the la t t e r  *111*fo r  the range o f "a" values u su a lly  

encountered , require from lA to  3 tim es as m y sample values  

as the former. I t  i s ,  th erefo re , evident that the time and

e f f o r t  required to  be spent on research tc  e s ta b lish  the r e le ­

vant va lu es c f  " a a s  w ell vs on the c a lcu la tio n  of the 

geom etric means o f  a l l  block vn lu es, w i l l  ne ,nore than compen­

sa ted  for  by the Improved r e s u lts  obtained , or a lte r n a t iv e ly ,  

by th e  le s s e r  number o f  samplers required to  y ie ld  the equiva­

le n c e  o f th e  r e s u lt s  obtained under present methods.

, ,  i l lu s t r a t io n : The c o n c is io n s  regcrdlng improvement.

ob U in ed  by th is  meth .d were tested  in  a p ra c tica l way by tak­

in g  th e se c t io n  o f Mine B w ith 3,600 development sampling

v a lu e s / . . .



values* as the parent population . Graphical determ ination of 

"he "a:l for  th is  population gave a value o f 0 . 651 , and a mean 

value Id e n t ic a l with the s tra ig h t arithm etic mean 01* a l l  the 

v a lu e s , I . e .  V?7  Inch-d vts.

S ix ty  se ts  o f 10 eq u ld lsta n tly  spaced sampler were

now s e le c te d  from th ese 3*600 samples, and the mean and geo­

m etric mean o f  every se t  was ca lcu la ted . The geometric mean 

o f every se t  was then m u ltip lied  by the required factor

-  i )
e 3 1.7005

to  y ie ld  the '*Improved" estim ate "m̂ " o f the true mean value

(477 in ch -d w ts). A nalysis o f a l l  the 60 sa ts  o f means and 

"improved*’ estim ates o f the true mean thus obtained Indicated  

th a t the la t t e r  were d istr ib u ted  more c lo s e ly  round the 477 

Inch-dwt value than the V 'le r .  This does n ot, however, mean 

th a t tho "improved" na..m ate o f the true mean value obtained  

from a s e t  o f  10 values was In every case c lo se r  to 4?7 inch- 

dwt than the ordinary mean value, the actu a l r e su lts  in d ica tin g  

b e tte r  r e s u lt s  in  only 36  out o f  the 60 ca ses . The average 

ex ten t o f  the Improvement in  the 36 ca se s , however, 1 mounted to 

2 19  inch-dw ts aga in st an average worsening In the remaining 24 

cases  o f  on ly  33 inch-dw ts, thus accounting for the o v e ra ll

advantage o f t h is  method.
T ypical cases o f the improvements obtained for  ex­

trem ely low and high s e ts  o f values are the fo llow in g  (the true 

mean valu e being 477 in ch -d w ts).
TABLE Z1

Sample s e t  No. 1 11 54 20 40 49

Mean value o f  s e t  -  
inch-dw ts 

"Improved" estim ate c f  true  
mean valu e -  inch-dwts

2 6 3 .8

346.9

267 .5

394.0

954.9

754.5

76 0 .0

581.4

913.5

572.9

1 T h i s / . . .

♦Pee p ir a g r a -  ?(b) above for d e t a i ls .



This method a lso  does away with the n e c ess ity  o f  

'cu tirg"  any abnormally high value in  a se t  of va lu es, e .g .

Sfi.t ,1 1

YalWfp: '+1; 117; 132? 179; 367; 501; 675; 

783; 979; 38,767.

3 vfa iith t mean \>alu v . 4 ,2 5 4 .1 in ch -d v ts , 

rimproyed" estim ate of true mean va lu e: 781.1 inoh-dwts.

Sat Ho. 53:

Inch-dwt v a lu e s : 35; 7^; 8 1 ; 1 1 2 ; 209} 2 6 6 ; 3 1 9 ;

5 2 d ;  1 , 233 ; 1 8 , 9 2 8 .

S tra ig h t mean v a lu e : 2 178.5 in oh -d vta .

;>I g prov- dM estim ate of  true mean value; .O .L l in ch -d v ts.

S im ila r ly , 30 s e ts  of 20 sampler each were taken and 

trea ted  i n  the ®ame manner, the fa cto r  e4a - ^  t l/ .s

ca" s b e i n g  equal to  1 .7514 . Hers again , the "Improved" 

va lu es were on the whols c lu stered  more c lo se ly  around cl.a 

tru e  mean value o f 4 /7  inch-dwts and "Improvements" were oo- 

ta in ed  in  21 out o f the 30 ca ses ,*  the fo llow ing being ty p ic a l  

cases  o f  how abnormally low and high naan va lu es were "improved.

S _ 2 4

Sample se i 5 20 13 29

Mean 'ralve o f -  
inch-dw ts

317.7 348.2 1 ,329 .2 695.0

"Improved" estim ate o f t in e  
yalue - inch-dwts

340.7 3 8 0 .6 466.7 472.5

; • » v

. A v e r a g .  e x t a n t  o f  l s p r o v r a . n t .  I n  21 = a « .  -  189 l n = h - 4 . t , .  

. A v e r a g e  « t . n t  o f v o r . e n l n g  I n  9 = « - «  ■ 39 In c h -J v t..



Set  No. 1 ^ :

l31Ch.-Avt y a l^ g :  3?5 40} 66; ?4, 8 l;  112; 146; '

161; 202 | 209} 244; 266} 290}

305} 319} 528} 1,004} 1,233$

2,341} 18,928.

Stral&b .mean yaiu§: 1 ,3 2 9 .2  inch-dw ts.

"Imp; )V@d" estim ate of true mean value: }&ojl1  Inch-dvrts.

The fo llow in g  are the r e su lts  o f 6 se ta  o f 100 sam­

p le s  each treated  in  the Id e n tic a l manner, the factor
A d  -  A)

e ** In th is  case being equal to 1 .7947.

IABLB.25

Sample se t  N o ,: 1 2 3 4 5 6

Mean va lu e of s e t  -  
inch-dw ts

403.3 V5V.2 445.9 8 3 2 .6 517.2 682.4

"Improved" estim ate  
o f true mean value - 

inch- dwt.s

405.7 432.6 471.7 476.3 435.9 488.8

In the same way, one s e t  o f 600 samples gave a mean 

value o f  555.9 inch-dw ts. and an "improved" estim ate o f  461.0 

In c h -d v ts , the former being subject to  an error o f U 6 .5 *  and

the la t t e r  to an error o f  only -3.*+#'

(b) yfh*?ra the paramet er 'a" cannot orM lCtM  ftggHTl tflJy 

In M s  ca se , as in d ica ted  in  Chapter I I I ,  paragraph 13, the 

b est mavhem»*f.cal estim ate of the true mean of a population of 

lognorm ally d istr ib u ted  values from a lim ited  number of ob­

served values i s  provided by the Theory o f Maximum Likelihood, 

but fo r  p ra c t ic a l purposes, the method ou tlin ed  in  paragraph 

1 3 (b ) , Chapter I I I ,  w i l l  y ie ld  r e s u lt ,  which are v ir tu a lly  a .

r e l i a b le .
A n/•*•



As an i l lu s t r a t io n  o f the a p p lica tio n  o f th is  method 

con sid er the fo llo w in g  examples o f se ts  o f  10 samples each 

from the case d e a lt  w ith under (a) above

g-3.t No. ,1$:

1 2 3

Value -  inch-dwts Log10value Logiovalue -  mean 
o f logs

75 1.87506 -0.60929

90 1.95424 -0.53011

99 1.99564 -0 .4 8 8 ,1

206 2.31367 -0.17048

330 2.51851 *0,03416

390 2 .5 9 1 0 6 0 .10671

413 2.61595 0 .1 3 1 6 0

512 2.70927 0.22492

728 2.86213 0.37773

2,557 3.40773 0.92338

Mean 3 540.0
■ ' '

-  2.48435 squares 3 0 .1 9 9 6 0

Prom column 3 : -  Mean o f square o f d ev ia tion s 8 

/.Mean of squares o f d ev ia tion s

o f logarithm s to base e “ 1 . 05826*

: . - K  -  .52913 
4a
JL

elfa‘ “ 1.6975

Geometric mean a antllog^^ 2.48435 

3 3 0 5 .3  inch-dwts 

.* JEstimate of mean 3 305-3 * 1.6975
* 517.8 inch-dwts

:  & 2 - ? n £ S ; ? r r >



Set No.

1 2 3
Value -  inch-dwts Logiovalue Log10value - mer.n 

Of logs

35 1.54407 -0.92698
81 1.90849 -0.56256
74 1.86923 -0.60182

112 2.04922 -0.42183

209 2.32015 -0.15090

266 2.42488 -0.04617

319 2.50379 +0.03274

528 2.72263 0.25158

1,233 3.09096 0.61991

18,928 4.27712 1.80607

Mean 3 2 ,1 7 8 .5 Mlo g s° f  ’  2 •^7105
Mean of
squares 3 .54513

or 1 ---------------

As ab ove:- ^

eW  = 4,2423 (a = 0 .416)

Geometric mean ■* 295.84 inch-dvts  

.*JEstimate of mean = 295.84 x 4.2423

■ 1 .2 5 5 .0  inch -dvts

(A rithm etic mean = 2 .1 7 6 .5  in ch -d vts)
(True mean value 3 4 /7 .0  inch-dvts >

Although the b asic  assumption for th is  method i s  that  

th e  avtu a l 'a" i s  unknown, experience w i l l  a nearly a l l  cases  

i n d i c t ,  th e  approximate l im it ,  o f "a," ,« y , from 0 ,5  to  0 .6 ,  

and I t  w i l l  th e r e fo r . In a case ,ueh a ,  s e t  No. 53 above, be 

p o ss ib le  to  apply the lower lim it  o f  "a," I .e .  0 .5 ,  rather than 

th a t c a l c u l a t e d  from the sample v a lu es, I . e .  O.b’ 6, to a rr ive

a t a b e tte r  e s t im a t e  than the 1,255 Inch-dvts above.-

, b U 5 ?  -  2.7163
and then geom etric mean x 2.7183

» ftnU.2 Inch-JlaU-
W here/.. .



Where the approximate lim its  w ithin which "a" must 

l i e ,  are th erefore known, i t  w il l  be p o ssib le  to  improve in  

the t'dse o f  extremely low or high ca lcu lated  values for ma , w 

the estim ate of the mean value provided by the method con­

sidered  above, th is  estim ate in  any case a lre id y  being ’’better"  

than the s tr a ig h t arithm etic mean.

This method i s  n atu ra lly  a lso  very su ita b le  for  

estim atin g  the true mean value o f a mine from a lim ited  number 

o f b oreh oles, s in ce  the "a" i s  gen erally  not known before nd 

w ith in  s u f f ic ie n t ly  c lo se  l i m i t s  and therefore requires to 

be estim ated from the observed borehole va lu es.

As in d icated  p r e v i o u s l y ,  th is  method i s  v ir tu a lly  

eq u ivalen t to  the graphical method d iscussed  in  Chapte" IV, but 

i t  does away with the human factor which must always be present 

in  any graphical determ ination, p a rticu la r ly  when the number o f  

observed values i s  sm all.

CHAPTER,.VII/ . . .
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C H A P T E R V I I

SUGGESTED IMPROVED MINE VALUATION METHODS 
- BASEP MAINLY ON A STATISTICAL Appp^M

Bel ore attem pting to suggest any departures from 

e x is t in g  methods of mine va lu ation , i t  i s  as w ell to  reca p it­

u la te  the main p ra c tica l conclusions arrived  at in  previous 

ch ap ters.

A sample sec tio n  value cannot be regarded as having 
a so ca lle d  "area" or "distance" of In flu en ce, except in  
so far  as i t  i s  ap p licab le  to  the c r o ss -se c t io n a l area o f  
the charnel cut at the sec tio n .

The orthodox method o f accepting the average of a 
number o f a v a ila b le  sample (or borehole) values as the 
true mean value of th e  relevant block or ,,^ce (or mine) 
does not make ui;e o f the  a v a ila b le  data to the best 
advantage.

"Better" methods for estim ating the true mean value 
bas-ed on the frequency d is tr ib u tio n  o f  gold va lu es, 
req u ire  l i t t l e  ad d ition a l e f f o r t , are r e la t iv e ly  stra ig h t  
forward and render the "cutting" of exceptional values  
unnecessary.

The frequency weighting o f values i s  unsound.

The p ra ctice  o f  s ta r tin g  and stopping stope fa c e s ,o r  
p, r t io n s  o f fa c e s , on the evidence o f a small number of 
s e c t io n  values r e s u lts  in ev ita b ly  in  the stoping o f a con- 
sid n reb le  tonnage of unpay ore and in  the re je c t io n  of  
tonnages o f payable ore. I t  a lso  p a r t ia lly  accounts for 
a Mine C all Factor o f le s s  than 100%.

Stope sampling could J u st if ia b ly  be d iscontinued , at  
any ra te  to a very large ex ten t, with an advantageous 
tr a n sfe r  o f  e f fo r t  to  en^jle the number of sample sectio n s  
per ore reserve block to  be increased.

in*
sample sec tio n  values per block.

The p ra ctice  o f cu ttin g  ind ividual or block values 
i s  unsound and should be discontinued.

Any assay  errors can generally  be n eg lected .

A/. a e

L
j



1 2 2

A complete understanding o f the br.slo reasons on 

which the above main cen clu sion j are based, i s  a p rereq u isite  

for  any mine valuator who d esires to improve the standard of 

v a lu a tio n  on a mine by the introduction of s c ie n t i f ic  methods 

based on s t a t i s t i c s .

1 . P r a c t ic a l Suggestions Concerning Sampling.

Over-sampling due to d isproportionate channelling  

a cro ss  the sampled width, and the incorrect measurement of 

t h is  w idth, should be combated by proper in stru ctio n  and regular 

in sp e c t io n . In the case o f tlu  former m alpractice, regular 

p r a c t ic a l t e s t s  as in it ia te d  b> chel* could serve as a 

gen era l check on the r e l ia b i l i t y  of in d iv idu al samplers. The 

development and in troduction  of mechanical devices for taking 

samples not subject to  such human errors should rece ive  serious  

co n s id er a tio n .

2 . P r a c t ic a l S u ggest!^ ’is_cpn^rritaK th s P m l QBfflfla ft W  StOBlBg

( , )  Provontlon o f  k lr i  nl l^flUnK  l U SSl '  On many m ln.5, 

p a r t ic u la r ly  low grade n in e .,  I t  1 . the p ractice  to  s e le c t  the 

lo c a t io n  o f a r a ise  to  co incide with the centre of th e  h ighest 

v a lu e  s tr e tc h e s  In the top anl bottom d r iv es , thus Immediately 

in trod u cin g  a bias which cannot be overcome by any subsequent

methods o f  blocking or computation.
I t  should be the aim to lo ca te  r a ise s  Irresp ec tiv e  o f

the va lu es along the relevant d rives, and wherever p ra ctica b le ,

to  develop  a mine on a d e f ln l t .  s> stea * tlc  grid pattern , so a .  to

s l t k ^ . The above m e d ia t e ly  leads on .0  

e L r ^ r r T e a v o u r l n ,  to  ^ ^ I n  o r . reserve
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blocks w ith in  eg c lo se  a range of s ize s as p o ss ib le . This can
be done, not only by developing the mine on a system atic grid  

p a ttern , but a lso  by not being biassed In any way in  deciding on 

the l im it  to  which a block should be extended.

(c) SanfAnfmsnt StaPJnr ororations to Properly blocked 

ftT9ft3 : he p ractice  o f nibbling at portions o f stope faces

where no proper block valuation  i s  a v a ila b le , or whore the 

block  i s  shown as unpayable, but the stretch  o f face Ind icates  

p a y a b ility  on a small number of sampling sectio n s on ly , should 

be e n t ir e ly  discouraged. The aim in  the s e le c tio n  of tonnaces 

fo r  stop in g  should be to e f fe c t  th is  on a block b asis  on ly , and 

once a block has been valued as pay or unpay on a s u f f ic ie n t  

number o f samples* to re ta in  the en tire  block tonnage in  the 

r e le v a n t category, u n less a larger number of samples a v a ila b le  

a t  a la t e r  da„e in d ica te  a d iffe re n t value for the remaining 

tonnage.

3 . The Di scont i nue ° f  a11 "C utting" of In d iv id u a l  QT BlQfifc 
V alues .

"Cutting" in  any manner whatsoever cannot be ju s t i f ie d ,

and renders the s c ie n t i f ic  approach to the valuation  o f an o r ,  

reserv e  b lock , or o f a mine as a whole, im possib le. The extent 

| o  which arb itra ry  cu ttin g  of ore zeserve blocks can y ie ld  mis­

lea d in g  r e s u lt s  was ind icated  in  Chapter VI, paragraph 3 (b ).

s t a t i s t i c a U f o f M g  fo r  Improving ,

tru e  block  

cussed  in  

en massg o 

In t h is  w a ,, 

be improved consid  

survey s t a f f s .

The "improved" s t a t i s t i c a l  methods for estim ating the 

  from a v a ila b le  data were f u l ly  dls-

considerably without enlarging t h .  sampling or

5. g i f /



5 * & S - £ e g9rv9 Cogputatinn, pa?P,,) nn P n fln ^  Limits o f arrora.

' nce a regular s iz e  blocking has been adopted and the  

d esired  maximum lim its  o f -rror decided upon, say, a 90* proba­

b i l i t y ,  or 9 in  10 chance, o f not being in  error by more chan 

10*, the number o f sample section s per block to s a t is fy  such 

l im it s  o f  error can be determined,*and should be aimed at in  

every c a se . This can be done -

(a ) th e o r e t ic a lly  by the employment o f  the "Improved" 

methods referred to in  paragraph 4 above;

(b) by reducing the sampling Int /a l  where necessary;

(c )  by dispensing with c u t  c t  stope sampling as far as 

p o ss ib le  to  enable ’-tv~ f fo r ts  to  be concentrated on 

block sampling;

(d) by regarding a small remaining portion of a block  

p rev iou sly  valued on the required number o f  samples, 

as s t i l l  being of the same mean value, i . e .  the 

carrying forward where necessary o f a block value 

u n t i l  the blcck i s  en tir e ly  worked out;

(e )  by planning main development and stope development in  

such a manner that as much as p o ssib le  o f the p er i­

phery o f a block i s  exposed for sampling and va luation  

purposes, e . g . ,  where a stope drive i s  in  any case  

k ep t, say, 20 fe e t  in  advance of the Stope fa ce , i t  

might to much b etter advantage from a va luation  point 

o f  view be kept, say, 200 fe e t  In advance. Where 

l i t t l e  or no driving on reef Is  normally carried  out 

,„ d  blocking 1 . done only o f f  r a is e s ,  the advantage.

to  be gained by resorting to  driv ing before any
b lo c k in g /. . .

♦Chap. VI, par. 1 above.



blocking (and sloping) i s  done shot.' 1 be ser io u sly  

considered; and

( f )  by aiming a t "random" samples for every block, I .e .

more or le s s  regu larly  spaced samples round the en tire  

periphery o f the block and by according equal weight

to  every sample. (Weighting based on the so ca lled

"distance or area of in fluence of a sample" cannot be 

j u s t i f ie d  s c ie n t i f ic a l ly  an? w il l  not cancel any bias  

due to  the disporportionate lo ca tio n  of sample 

se c tio n s  round the periphery.)

6. Xhe iEtrpd\isUqfl», where r.scessarYi.of Stotlstlcallz
Determined BlocFV alue Correction. .Factora.

Where a mine operates to a ca lcu lated  pay U n i t ,  

and the behaviour o f the value d istr ib u tio n s  on the mine is  

known, the th e o r e tic a l Block Plan Factors for the various 

valu e ca teg o r ie s  o f ore can be calcu lated  as ind icated  in  

Chapter VI, paragraph 3 (b ). These w il l  1 approach 100# as

th e  average number o f sample section s per ore reserve block i s

in cr e a se d , and where th is  number i s  s u f f ic ie n t ly  la rg e , the 

block va lu es as ca lcu la ted  can be accepted. Where,hoveve-, i t  

i s  im n ossib le  for p ra ctica l reasons to obtain  on average a 

s u f f i c ie n t  number o f seaple section s per b lock , I t  w i l l  be 

a d v isa b le  to  c a lc u la te  the th eo retica l B .P .F .-s  a .  suggested  

and to  apply th ese to  the indicated block v a lu e , in  the  

r e s p e c t iv e  value c a teg o r ie s . This procedure o f a d ju r in g  

in d ic a ted  block values by correction  fa c to r s , ha, a s c ie n t i f ic  

backing and where s to p , sampling Is  not d iscontinued , the 

actua- B .P .F .'S  In the relevant ca tegories  over a period o f ,  

eay, 3 or 6 months, w il l  serve as a p ra c tica l check on the

th e o r e t ic a l  determ inations.

7 .  Co n e l n s l Q L . / . . .



7 . C onclualoi.

It Is  the author's hope that the Gold Mining Industry

w i l l  put the above suggestions to the p ra ctica l t e s t ,  and in  so 

doing provide further confirm ation o f the th eories ou tlin ed  in  

t h is  t h e s is .

A short addendum dealing with some of the mere 

s p e c ia l is e d  and e n t ir e ly  new problems of Uranium Ore Reserve 

v a lu a tio n  on the Witwatersrand and i t s  Extensions i s  attached.

D. G. KRIGE

JOHANNESBURG,

15th  March, 1951

AfiDENJUM/ .
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A„D & E N D IT ^

THE FREQUENCY DISTRIBUTION OF URANIUM VALUES 
AND THE CORRELATION BET’NEEN URANIUM AND 

-------------------------- GOLD VALUES__________________

A public announcement made on 15th December, 1950, 

soncerning an Agreement reacned between the Union, American 

ind Br i t i s h  A uthorities on the question of uranium production 

"rom c e r ta in  South African gold m.4nes, ha., confronted mine 

valuators on the Rand, and more p articu la r ly  those connected 

d.th  th e  mines already l i s t e d  as p o ten tia l producers, with 

e n t ir e ly  new and In terestin g  mine valuation  problems.

Bearing in  mind the secu r ity  aspect and the sp e c if ic  provisions  

Ln the South African Atomic Energy Act regarding the uainte- 

lance o f secrecy , a d eta iled  and open d iscu ssion  o f the 

I n te r e s t in g  r e su lts  obtained by the author w h ilst engaged on 

research  work or. these problems In the Economic Branch o f the 

Government Mining Engineer's D iv ision , Is Im practicable. I t  

i s ,  however, p o ss ib le  to u le c lr se  the general nature of the 

co n clu sio n s reached In such a manner as to  a s s is t  only those  

pefsons authorised  to be In possession  of the basic fa c ts  (e .g .,  

uranium v a lu e . In a mine, the co st of ex tra ctio n , the p rice  to  

be p a id , e t c . )  and to  be of purely academic In terest to  a l l

0 th e" ‘ I t  i s  fortunate from a research point o f view that a

E e E s e -

I s  th ere fo re  p o ss ib le .______________________________

L
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Since uranium values 

eq u iv a len t c f  the Inch-dvt mea
ues are measured In lb s /to n , the 

measure In the case o f uranium < s
th e In c h -lb .

1* Bl a tr iW tiq n  of Urunium vai^p^.

Tht d is tr ib u tio n  c f  uranium Inch-lb  values was 

stu d ied  In some d e ta il  on Mine X, where the gold and corre* 

spending uranium values of 1,073 sample section s, apaced more 

or le s s  a t random throughout the mining property, were a v a il­

a b le . The s e t  o f gold inch-dwt values was f it t e d  on log  

p r o b a b ility  paper with a lognormal curve having a parameter 

•'a" = 0 .6 6 7 , and the uranium values with a lo®normal curve 

w ith  parameter "a" = 0 .820.

tM t  uranium values are a lso  d is t ributed lognorm&lly. and th is  

was confirm ed to some excent by the Indicated lognormal d is ­

tr ib u t io n  o f  uranium values on the Basal Reef in  the Orange 

Free S ta te  from the lim ited  number o f a v a ila b le  borehole assays. 

The general conclusions in  th ij  th e s is  regarding the valuation  

o f  ore to  be mined for I ts  gold content, therclwr n±so a -p ly

to  uranium.

The f i r s t  in ter estin g  conclusion , therefor® i s

A second i n t e r e s t i n g  conclusion i s  that tne aranlUB

v a in.. romcarlssr, llltll tHH Tnllim """Mr L M mWMt % 
1 - ^  r r l n U T f  ^ n a t i o n  bsssmYi lu ta  <»lnc« the "*" for

s e p a r a te ly / . . .

•>3ee Formula N o.(lC (G )/.



s e p a r a t e l y  w i t h  t h e  r e l i e v i n g  r e s u l t s : -

S tt i lS L  Values
v a l u e a  v a l u e s

E a s t  510 .768 .856

W e st  563 . 7 1 6  . 8 2 0

C o m b in e d  l , u 7 2  . 6 6 7  . 8 2 0

I n  t h e  e a s e  o f  some 89  p a i r s  o f  g o l d  a n d  u r a n i u m  

b o r e h o l e  v a l u e s  o n  t h e  B a s a l  R e e f  I n  t h e  O r a n g e  F r e e  S t a t e ,  

t h e  g r a p h i c a l  f i t t i n g  o f  t h e  l o g n o r m a l  c u r v e s  s u f f e r s  f r o m  t h e  

l i m i t e d  n u m b e r  o f  v a l u e s  a v a i l a b l e ,  b u t  t h e  I n d i c a t i o n s  a r e  

t h a t  h e r e  a l s o  t h e  u r a n iu m  v a l u e s  a r e  m ore  c o n s i s t e n t  t h a n  t h e  

g o l d  v a l u e s ,  t h e  f l t t s d  g o l d  a n d  u r a n i u m  c u r v e s  h a v i n g  p a r a ­

m e t e r s  " a "  o f  0.547 a n d  0.587, r e s p e c t i v e l y .

2 .  c p r r f l l a t l o n  b e t w e e n  G o ld  aa d .  VrunlMffl Val ttS l*

T h e  p r i n c i p a l  p r o b l e m  a s  f a r  a s  t h e  m in e  v a l u a t o r  i s

c o n c e r n e d  I s  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p ,  I f  » n y ,  b e t w e e n  

c o r r e s p o n d i n g  u r e n l u n  e n d  g o l d  v a l u e s i  I . e . ,  w h e t h e r  u r a n i u m  

v a l u e s  i n  g e n e r a l  I n c r e a s e  w i t h  a n  I n c r e a s e  I n  t h e  g o l d  v a l u e s ,  

a n d  I f  s o ,  w h e t h e r  t h e  r e l a t i o n s h i p  i s  l i n e a r  o r  c u r v i l i n e a r .

A t  t h e  o u t s e t  I t  c a n  b e  - t e t e d  t h a t  a  c u r s o r y  e x a m i ­

n a t i o n  o f  som e t h o u s a n d s  o f  p a i r s  o f  g o l d  a n d  u r a n i u m  v a l u e s  

o n  s e v e r a l  p r o p e r t i e s  I n d i c a t e d  t h a t ,  I n  g e n e r a l ,  t h e  u r a n iu m  

v a l u e ,  o n  a  . p a c i f i c  p r o p e r t y  a n d  r e e f  a p p e a r e d  t o  b e  h i g h e r  

w h e r e  t h e  c o r r e sp o n d in g  g o l d  v a l u e ,  w e r e  h i g h ,  a n d  ^

I t  w a s ,  ho w ev er, a l s o  I m m e d i a t e l y  e v i d e n t  t h a t  a  w id e  r a n g e  o f

5 h l p  c o u l d  = » U b .  e s t a b l i s h  ^  ^  ^  ^  v a l u e s

_ t r l b u t e d l o g n o r . n y  - ,  lo g s  o f  the

a r e
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values are p lo tted ) i t  was inferred that the sim plest r e la t io n ­

sh ip , i f  any, between these values would be more evident i f  the 

logarithm s o f the values were p lotted  Jointly* The procedure 

adopted and type of r e su lts  obtained w ill  be evident in  the 

fo llo w in g  example.

Taking the 510 pairs of values a /a i ia b le  for the 

Eastern Section  of Mine X above, the uranium values correspond­

in g  to  gold values fa l l in g  in  p articu lar value ca teg o r ies  were 

noted and averaged to y ie ld  an average uranium value corre­

sponding to  the average for every gold value category. A 

grap h ica l p lo t o f  the logs o f these averages resu lted  in  the 

10 p o in ts  shown with small c ir c lv s  on Diagram No, 7* (the  

uranium sc a le  being omitted for secu r ity  rea so n s). The 

s tr a ig h t  l in e  re la tio n sh ip  betwee; the logs o f the relevant 

va lu es i s  f a ir ly  evident from the diagram, and the same trend 

has been found in  the case o f several other properties and 

r e e fs  Including Basal Beef values in  the Orange Free S tate

f i e l d .
Accepting l in e  AB on Diagram 7 as a reasonable f i t  

on the ten  observed pairs o f average va lu es, the re la tio n sh ip  

between the logs o f the uranium and gold values w i l l  be o f the

type
log  (average uranium value) -  K log (gold value) + C 

i . e .  log (5) * K lo g (x ) t  (C)

where K and 0 ere  constants depending on the u n its  o f  

measurement and on the actu al re la tlon ah lp  between the 

gold end uranium v a lu es, and "0" i s  the average uranium

value c o r r e s p o n d in g  to any gold value
This formula Im plies that for a s p e c if ic  gold value,

th ere  w i l l  be a c o r r e s p o n d i n g  range o f  uranium v a lu es, but

♦See over.
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average of such values w ill  be that obtained In 
so lv in g  for "u« in  the formula.

The type of d irect re la tion sh ip  between gold and 

uranium values axpressed in d irec tly  (in  terms of the logs of 

the va lu ta ) by the formula Is evident when the l in e  Afl on 

Diagram No. 7 (corresponding to th is  formula) i s  transformed 

in to  the curve on Diagram No. 8,* by solving the above equation  

fo r  d if fe r e n t  values o f x.

The average uranium value which can be expected to 

correspond to any particu lar gold value can, th erefo re , be 

read o f f  d ir e c t ly  from the curve on Diagram No, $  whicn als'*
;

in d ic a te s  c le a r ly  the nature of the f i t  of th is  curve on the 

ten  observed pairs o f Joint average va lu es, e . g . ,

the gold values in  the category 400 to 600 inch-dwts 

average 495 inch-dwts, and th is  value p lo tted  again st  

the average j f  the corresponding uranium valu es, resu lted  

in  the point shown as No. 1. The observed average 

uranium value corresponding to th is  gold value ca tego iy  

th erefore  exceeds the th eo re tica l value obtained from 

the curve by approximately 10^. I t  i s  evident that the 

percentage d ifferen ces in  the other value ca teg o r ies  are 

a l l  le s s ,  and that the observed values l«i general fo llow  

the th e o r e tic a l trend of the curve fa ir ly  c lo s e ly .

The re la tio n sh ip  between gold and average uranium 

v a lu e , can th erefo re ,a t t h l .  atage, b . accepted a .  a a tra lght  

l in e  r e la tio n sh ip  when the logs o f the va lu e, are p lo tte d .

1 . , .  when double logarithm ic gr.nh paper 1 . used.

A. a point o f In terest from a purely s t a t i s t i c a l  

an gle  the 510 pairs of values were found, a fter  the construc­

t io n  o f  th e  usual correla tion  ta b ls , to approxlr .te  the Ideal 

lognormal co rre la tio n  surface, and the la g ,  o f  the in d iv id u al 

v a lu es  approximate the Ideal case o f the norsal co rre la tio n  

su rfa ce  w ith homoscedastic regression  ^ . m ^ l l n e a r ^

•S ee  o p p o s i te .



-g ision ,*  and c o e ff ic ie n t  o f correla tion  of approximately 
0 .7 .

T' may a lso  be of In terest to  record that the corre-

la tio n  between the gold and s ilv e r  values in  the W5twatersrand

r e e fs  may prove to be of an Identica ature tc  that between

gold and uranium. This Is suggested by the fa c t  previously

mentioned** that the percentage s ilv e r  content o f the samples 

corresponding to low gold values Is above average, with the 

reverse ap p licab le  in  the high gold value ca teg o r ies . This 

may r e su lt  in  a curve for average s i lv e r  values corresponding 

to  s p e c if ic  gold values of a type sim ilar to that o f ♦‘he curve 

on Diagram No. 8.

3• In terp olation  of T'ranlum Ore Reserves from Gold Ore 
RtUlLVH*

From previous in v estig a tio n s  conducted on Mine X, It 

was known that the d is tr ib u tio n  o f in d iv idu al gold inch-dwt 

values w ith in  the average ore reserve olock, was lognormal 

with parameter "a" of approximately 0 ,8 5 . Now, taking an ore 

reserve block with an average gold value o f ,  say, 500 inch-dwts, 

the d is tr ib u tio n  o f the in d iv idu al sample inch-dwts represented  

by th is  block i s  known f u lly ,  s in ce  both the mean value and the 

parameter "a" i s  known, and can be ca lcu la ted  to be as fo llow s

Value category  
inch-dwts

0 to  
100

100 to  
300

j 00 to 
500

500 to  
700

700 to  
1,000

Over
1,000

% Frequency o f v a l­
ues in  value  
category

6* 3% 25* 13* 11* 10*

----------

Now, the th e o r e tica l average uranium value corre-  

spending to  t h .  average gold value In each o f the above cat.-- 

g o r l .s  can be determined graphically  for th . Eastern Section
O f Z  e •  e

♦R ef. 4 , p 2091 **€hap. VI, p a r i s h ) .
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the mine from diagram No, 9. I t  I s ,  th erefore , p o ssib le  

to su b stitu te  for the above gold values in  a block, the 

corresponding average uranium va lu es, and from the known per­

centage frequencies o f values in  the various categories to  

c a lcu la te  the th eo re tica l average uranium value for  the block 

c f  ore with a known average gold value o f 500 ineh-dw ts. 

Repeating such ca lcu la tio n s for various average gold values of 

ore reserve b locks,a  curve sim ilar in  trend to  that on Diagram 

No, 8 was constructed in d icatin g  the average uranium value of 

the blocks o f  ore fa ll in g  in any gold value category. In ter­

p o la tion  from th is  curve of re la tio n sh ip  between gold and 

average uranium block values y ielded  the l ik e ly  uranium grade 

for every ore reserve block in  the Eastern Section o f Mine X, 

and from th ese  and the known tonnages o f ore in  the b locks, 

the average uranium ore reserve value for th is  sec tio n  o f the 

mine was estim ated.

In a sim ilar manner the average uranium value was 

estim ated for the Western S ectio n , and combined with that foi 

the Eastern Section  to y ie ld  the l ik e ly  average uranium ore 

reserve grade for the mine. Subsequently, portions o f most 

o f the ore reserve blocks in  the mine were resampled for the 

purpose o f  uranium a ssa y s, and the uranium ore reserves were 

computed in  the orthodox manner. The average value thus ob­

ta ined  d iffer e d  from that arrived at th e o r e t ic a lly  (by in te r ­

p o la tio n  from gold va lu es) to  an extent le s s  than 5*.

4., T h e  O p e r a t i o n  of a Joint Pay Limit fo ld
Since i t  i s  generally  im possible to keep the ore

obtained In mining from d iffe r e n t  b lock: o f ore .e p a r .te  In

the procesa o f  transportation  and eventual treatment In the

reduction  p la n t, I t  w i l l  not be p o ss ib le  to  s e le c t  s p e c if ic

tonnages o f mined ore for uranium ex traction  purposes, I . e . ,

I f  uranium ex traction  Is  undertaken In respect o f the ore from
a / . . .



a certa in  mine, or section  of a mine, a l l  such ore w il l  have 

to undergo both the gold and uranium extraction  p rocesses.

In considering the question of working to  a pay 

l im it ,  th erefore , every ton of ore has to bear the f u l l  cost  

of mining, as w ell as o f gold and uranium ex tra ctio n , and the 

revenue from such a ton of ore w il l  co n s is t  o f the gold + 

uranium revenue as determined by the gold and uranium contents  

o f th is  ton of ore. Where th is  jo in t  revenue i s  equivalent 

to  the to ta l  c o s t s , the gold and uranium values o f the relevant 

ton o f ore w il l  c o n stitu te  the jo in t  pay lim it .  I t  i s  a lso  

evident that various combinations of gold and uranium values  

can y ie ld  the same to ta l revenue and, th erefore , that the 

jo in t  pay l im it ,  when fu l ly  defined , w il l  co n s is t  o f  a range 

o f pairs o f  gold and uranium va lu es. A block of ore w i l l  

then be payable i f  i t s  computed uranium value exceeds the 

th e o r e t ic a l uranium value corresponding to the computed gold 

value o f the block in  the jo in t pay l im it  range.
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