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COMNENTS 

1 - 'Es t imat ion   of   the   average   g rade   ( su lphur ,  BTU) of  75 or 25m 

s q u a r e   b l o c k s  

.The  same  method has  been  used i n  t h e  1 4  sub-zones: 

Va lues   a r e   a s s igaed   t o   t he   fou r   co rne r s   o f   t he   b lock  by a 

mod i f i ed   i nve r se   squa re   d i s t ance  method: t h e   e i g h t   h o l e s   c l o s e s t  

t o  a corner  and f a l l i n g   w i t h i n  a c i r c l e   o f   r a d i u s  50Om are 

se l ec t ed   and   t hey  are we igh ted   acco rd ing   t o   t he  inverse square  

o f   t he   d i s t ance   be tveen  them  and the   co rne r .  However a l l   t h e  

sample   po in ts   c loser   than  lOOm f rom  the   g r id   po in t   a r e   we igh ted  

as if t h e   d i s t a n c e   t o  this  p o i n t  was l o b .  

.In f ac t ,   t he   computa t ion  of var iograms  and   geologica l   s tud ies  

show t h a t   c o n t i n u i t y  is n o t   t h e  same i n  a l l  the  sub-zones.  

Moreover, i n   t h e  same  sub-zone, c o n t i n u i t y  of sulphur   and BTU 

may b e   q u i t e   d i f f e r e n t .  

.The following  example  shows  that   the method  used by C M J V 

is well su i t ed   t o   sub -zones  and va r i ab le s   where   t he   con t inu i ty  

i s  i s o t r o p i c   ( t h e  same i n   a l l   t h e   d i r e c t i o n s )   a n d   w h e r e   v a r i o g c a m s  

shoq a Tather   h igh   nugget   e f fec t   ( subs tan t ia l   d i f fe rences   be tG2en 

samples even when the  dis tance  between them is  small) .  

.. 



.In t h i s  example,  the  average  grade of a 75m square   b lock  is 

est imated  f rom  holes  on a 75m r e g u l a r  square g r i d .  The  estimation 

i s  done   wi th   the   four   ho les  a t  the   co rne r s  of t he   squa re   ( i nne r  

r i n g )   a n d   t h e   e i g h t   n e a r e s t  ho le s  ( o u t e r   r i n g ) .   D i f f e r e n t  

estimation  methods ;are used :   t he   u sua l   i nve r se   squa re   d i s t ance  

method, t he   mod i f i ed   ve r s ion  by C M J V a n d   t h e   k r i g i n g  method 

w i t h   d i f f e r e n t   i s o t r o p i c   v a r i o g r a m s .  Due t o   t h e  symmetry  of the 

sampl ing   pa t t e rn   a round   t he   b lock  and the   i so t ropy   o f   t he   va r i c l -  

grams, the   weight  of each  hole  in  e i t h e r   t h e   i n n e r   a n d   o u t e r  

r i n g   a r e   t h e  same: they   a r e   ca l l ed  ai and a r e spec t ive ly .  

Resu l t s  are shown on Table  1. 

0 

The fo l lowing   po in ts   emerge   f rom  these   resu l t s :  

- the   usual   I .S.D.  method g i v e s   w e i g h t s   s i m i l a r   t o   k r i g i n g  

when t h e r e  i s  no t   a r , y   nugge t   e f f ec t  i.e. t h e   c o n t i n u i t y   o f   g r a d e  

va lues  i s  good a t  srr .all   distances.   Then, i f  variograms  of BTU 

computed  by HER1 a re   cons ide red ,  i t  means t h a t   t h i s  method  should 

g i v e   b e t t e r   b l o c k   e s t i m a t e s  of BTU i n  A l - 1 ,  A1-3,  A1-.4, C2-1 and 

D l - 3  zones. 

- the  modified  I .S.D.  method  gives  weights similar to k r i g i n g  

when the  am_plitude of t h e   n u g g e t   e f f e c t  i s  high i . e .  about   the  

Here  again,   the  sub-zones  where  this  c.ondition is r e a l i z e d   f o r  

BTU a r e  main1.y C1-1 and t o  a l e s s e r   e x t e a t  A1-2 ,  A2-1, E l - 1 ,  

El-2, (22-2, and D l - 1 .  I n  these  sub-zones,   the   nethod i s  r a t h e r  

wt?L1 suirred t o   t h e   c o n t i n u i t y  of BTU 5 : h a . m  by the  experimental  



3.  

- t h e   s i t u a t i o n  which has   been   cons idered   in   the   example  i s  

s l i g h t l y   a r t i f i c i a l   b u t  i t  f a c i l i t a t e s   t h e   k r i g i n g   c o m p u t a t i o n s .  

In r e a l i t y ,   t h e   s a m p l i n g   g r i d  a t  Hat Creek i s  r a t h e r  of the  

o rde r   o f  15Om square  and i t  is not  complete  everywhere.  Thus 

the displacement  of too   c lose   samples   genera l ly   a f fec ts   on ly  

o n e   h o l e   f o r   e a c h   g r i d   c o r n e r   b e i n g   e s t i m a t e d .  Then t h e   e f f e c t  

on   e s t ima ted   va lues  may n o t   b e  as s t rong   as   sugges ted   by   the  

example.   Nevertheless ,   the   general   tendency  remains:   experimental  

d a t a  are smoothed  and the method i s  well s u i t e d  to sub-zones  and 

var iograms  with a s u b s t a n t i a l   n u g g e t   e f f e c t .  

- aniso t ropy   a l so   aEfec ts   the   weights ,  of neighbor  samples and 

should   be   cons idered  i n  the es t imat ion   procedure  when i t  is  

p r e s e n t .   I f   t h e  same s i t u a t i o n  is s t i l l  cons idered   bu t   wi th  

a var iogram  y(h)  = :3 lo5 + 1500h a long  X ( m a x i m u m  con t inu i ty )  

and  y(h) = 3 lo5 + 3000h a long  Y (minimum c o n t i n u i t y ) ,   t h e  

weight   o f   ho les  1 t o  4 ( inner r ing)   becones  .151, tt is  .035 

for h o l e s  5, 6,  9, 1.0 and .065 for the   remain ing   ho les  (7 ,  8, 

11, 12). 
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Method Variogramx  Weights  of  samples 

a sum of a .  a SUI of a i I 0 0 

Usual  I.S.D. .25 1.00 0 0 

Modified I .S .D .  .118 .47 .066 .53 

Kr ig ing  y(h) = 1500h .25 1.00 0 0 

- y(h) = lo5 + 1500h .195 .78 .028 .22 

- y(h) = 2.105 + 1500h -163 .65 .044 .35 

- y(h) = 3.105 + 1500h .145 -58 .052 .42 

- y(h) = 5.105 + 1500h .I26 i 50 .062 .50 

- y(h) = l o 6  + 1500h -107 .43 .071 '. .57 

- y(h) = lo6 .083 .33 .083 .66 
-. 

* The d i s t a n c e  h i s  expressed  i;1 meters. The las t  s i t u a t i o n   c o r r e s p o n d s  
t o  a pure nugget effect  (independent  samples).  

TAELE 1 : Es t ima t ion  of a 75m squa re  b lock  from 
hole:; on a 75m s q u a r e   g r i d .  



2 - Variograms 

.Some variograms of su lphur   a r e  shown i n  the repor t   (F igures   26 ,  

27 and  28). They are   average  var iograms  which means - t h a t   t h e  

d i r e c t i o n s   a l o n g  which p a i r s  of s amples   a r e   o r i en ted   a r e   no t  

taken i n t o   a c c o u n t .  It should b e  good t o  compute a l s o  

d i r ec t iona l   va r iog rams  s o  tha t   an iso t : ropies   could   be   de tec ted .  

.Moreover ,   s ince  the  dip of the  layers :  i s  varying,  i t  is 

b e t t e r   t o   c o n s i d e r   t h e r e a l   d i s t a n c e   b e t w e e n   h o l e s   r a t h e r  

than  the  projected  dis tance.   This   recommendat ion is a l s o  

v a l i d  f o r  the   es t imat ion   procedure .  

.Comments about   the  var iograms  and  thus  the  cont inui ty  of 

su lphur  and BTU (p.59)  should  be  tempered: 

- Zone A . . .  e x h i b i t s  a h igh   va r i ance  i n  both  sulphur   and 

c a l o r i f i c   v a l u e   o v e r   s h o r t   l a t e r a l   d i s t a n c e s " .  

Th i s  could be t r u e   f o r   s u l p h u r  ( the variogram tha t  w e  have 

computed i n  A l - 1  s h o m  a l a rge   nugge t   e f f ec t )   bu t  we t h i n k  

t h a t  i t  does   no t   app ly   t o  BTU i n  A l - 1 ,  Al-3  and A I - 4  where 

I, 

w e  d i d   n o t  f.:.nd any -nugget e f f e c t  a t  all. 

- D-Zone su lphur  shows a random d i s t r i b u t i o n   w i t h  a relative- 

l y  low variance".  The va r i ance  is c l e a r l y  low compared t o  the 

o ther   sub-zones   bu t  cre have  a lso  found a good c o n t i n u i t y   i n  

t h e  Dl-3 sub-zone. The s c a l e  of the  diagram of f i g u r e  28 

,I 

i 
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is unappropr ia te   and   g ives   the  wrong impression of a f l a t  

curve.  However, t a b u l a t e d   v a l u e s  of  t h e   v a s i o g r a m   i n   t h e  

u p p e r   p a r t   o f   t h e   f i g u r e   i n d i c a t e   t h a t   t h i s   f u n c t i o n  i s  

r e g u l a r l y   i n c r e a s i n g  with d i s t a n c e .  

3 - Standa rd   e r ro r s   o f   e s t ima t ion  

S t a n d a r d   e r r o r s  of e s t i m a t i o n   f o r   t h e   a v e r a g e  BTU and  sulphur  

g rade  in the d i f f e ren t   sub -zones   a r e  shown on Table  7-2. They 

have been  computed  by  dividing  the  experimental   s tandari  

devia t ion   of   sample   va lues  by t h e   s q u a r e   r o o t   o f   t h e  number 

of  samples.   This formula is t h e  one t o  be  used when sample 

va lues   a r e   i ndependen t  i . e .  t h e r e  i s  no c o n t i n u i t y  a t  a l l  

f o r   b o t h   v a r i a b l e s  i n  a l l  the sub-zones. When such a c o n t i n u i t y  

e x i s t s  as i t  is  t h e   c a s e  i n  t h e  Hat (Creek depos i t ,   t he   s t anda rd  

e r r o r  i s  less Lipor tan t   and   can   be  computed  from the   var iogram 

of each   va r i ab le  i n  each sub-zone.  Approximate  values f o r  BTU 

can b e   o b t a i n e d  by d i v i d i n g  the s tandard  error for 75m square  

block shown on  Table  2 o f   ou r   r epor t  of May 1 6 ,  1978 by the 

square r o o t  of t h e  number of samples i n   e a c h  sub-zone. 

.. 


