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- FOREWORD 

completed by Prof. J.M. Rendu during  his 
appointment  as Visiting Professor w i t h  t he  
Department o f  Mineral  Engineering o f  Ecole 
Polytechnique. The aim of th i s   research  was 
t o  develop a general   geostat is t ical  methodology 
for  the  three-dimensional  estimation o f  bedded 
mineral  deposits, and t o  t e s t  t h i s  methodology 
u s i n g  data from the Hat  Creek Coal Deposit. 
These aims  have been successfully  reached. The 
methodology and t h e   r e s u l t s  of i t s  appl icat ion 
are  presented  here. 

This report   g ives   the  resul ts   of   research 
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1 - INTRODUCTION TO THE PROBLEM 

The problem o f   i n t e re s t  i s  the  evaluation  of bedded deposi ts-  

Typically,  this problem i s  t r ea t ed   a s  a two-dimensional  problem, a s  

i l l u s t r a t e d  i n  F i g .  1. A reference  plane X Y i s  chosen  parallel t o  
&*X 

b;. '"fJ/y...  .&. ,\ the<-> m l n e r a l l z a t g ~ n  and a point i n  the   deposi t  i s  defined by i t s  X 

,;" -- and Y coordinates,  and i t s   d i s t a n c e  Z from the  reference  plane.  (For 

convenience, we wil l  assume that  the  reference  plane is  the  horizontal  

plane,   the  Z coordinate b e i n g  the point  elevation.)  The deposit  i s  

then divided i n  blocks  of  fixed size i n  the  XY plane  (e.g.  block 

EFGH i n  F i g .  I ) ,  b u t  of var iable  size i n  t he  Z direction  (block ABCD). 

The average  grade v B  of  such a block i s  calculated by a formula  of 

d 

c 

the form : 

1 

where I i s  t he  number o f  boreholes used for   valuat ion,  pi i s  the mean 

grade o f  t h e  samples i n  the i - t h  borehole, and bi i s  the  weight g i w n  

t o  t h e  i - t h  borehole. T h e  weights bi are   calculated by k r i g i n g ,  o r  i' 

more t r a d i t i o n a l l y  by inverse power of the dis tance.  

8 .  

Even though  the  thickness  of  mineralization (AB i n  Fig. 1) 

may be much larger  than  the  height  of a mining  bench, a l l   t h e  mining 

blocks whose projection on the  X Y  plane   fa l l s   wi th in   the   l imi t s  EFGH 

are   given  the same value 1 1 ~ .  The position  of a mining  block  with 

r e spec t   t o  the footwall (F/bl) and  hanging  'wall (H/W) of the mineral- 

i za t ion  is ignored. 
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FIG. I : REDUCTION OF A THREE  DIMENSIONAL PROBLEM TO  TWO DIMELNSIONS 
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T h i s  traditional  approach i s  accxptable  provided no pat tern 

can be recognized i n  the   ver t ica l  change Fn grade between F/W and H,IW. 

I f  such a pa t t e rn   ex i s t s ,  and this  i s  usually  the  case  (e.g. a s y s t ' m a t i c  

increase i n  grade  towards  the F/GI, o r  a decrease i n  grade  towards  the 

limits of the mineral izat ion) ,  this pattern  should, be taken i n t o  con- 

s ide ra t ion   fo r  mine valuation. The vertic:al  changes i n  grade can b'? 

divided i n  two components, a smooth component (o r   ve r t i ca l   d r i f t )  a:nd 

a random component (usua'lly  with  correlation).  In this report ,  we 

present a methodology for   the   ana lys i s  and estimation o f  the   ver t ic ' l l  

drift  i n  bedded deposits, ,  and f o r  the evaluation  of the average  gra'ie 

o f  a mining  block,  taking  into  consideration  the  block  position,  not 

only i n  t he  X Y  plane, b u t  a l so  i n  the 2 di rec t ion ,  w i t h  respect  to  . the 

F/W and H/GI o f  the   mineral izat ion. .  This methodology  has been 

successful ly   appl ied  to   the Hat Creek  coal deposit .  

2 - DESCRIPTION OF THE METHOOOLOGY 

2.1 General  Description 

The method consis ts   of  the follclwing  steps: 

- one-dimensional  study of t he  d r i f t  within  each  borehole. Each 

borehole i s  studied  suc:cessively. The tlorehole  average  grade i s  

ca lcu la ted ,  and t h e   d r i f t  i s  represented: by a polynomial. 

- two-dimensional  study  of  the  horizontal  changes i n  borehole mean 

and ve r t i ca l  drift, The spat ia l   d is t r ibut ions  of  the borehole 
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means,  and of the Coefficients  of the polynomial,  are  studied i n  

the horizontal   plane,  using the semi-variogram. 

- estimation of the ve r t i ca l  dr i f t  a t  a point XoYb i n  the X Y  plane. 

The mean of a f i c t i t i o u s   v e r t i c a l   b o r e h o l e   a t  a point X o Y 0  i s  

estfmated from the known borehole means by point  kriging. The 

coe f f i c i en t s   o f  the polynomial   represent ing  the  ver t ical   dr i f t   a t  

X o Y o  are estimated from the  known coe f f i c i en t s  by p o i n t  k r i g i n g .  

The prof i le   o f   va lues  which should be expected i f  a borehole was 

d r i l l e d   a t  XoYo i s  thus obtained. 

- estimation o f  the  average  grade of a block  with  coordinates 

X1X2, Y 1 Y 2 ,  Z1Z2. The average value of such a block i s  equal t o  

the average  value  of the in te rsec t ions  w i t h  the block o f  a l l  the 

f ic t i t ious  vertical   boreholes  located i n  X o Y o ,  when X0 var ies  

from X 1  t o  X2 and YO from Y 1  t o  Y2. To ca lcu la te  this average 

value i t  i s  necessary t o  know the  posi t ion o f  the F/W and.H/W 

of the minerai izat ion i g i t h i n  t h 2  horizontai Urnits o f  the  block: 

the F/I.l and H/GI surfacer; must have been d i g i t a l i z e d ,   o r  a mathematical 

model for  these surfaces must be avai lable .  Approximation formulae 

have been  developed t o   e s t i m a t e  a block  average  grade,  whatever t h e  

shape of the block. 

2.2 One-dimensional Stud.y of Each Borehole - 

The f i rs t  step cons i s t s  i n  studying  each  borehole i n d i v i d -  

ual ly .  The borehole mean p i s  estimated by the average  value of the 

samples i n  the  borehole. I f  M i s  a point between F/W and H/W along 



the  borehole  (Fig.  2 ) ,  the  following model is used to   r ep resen t   t he  

value v(M) of   the  mineral izat ion  a t   point  El: 

v(M) = grade a t  p o i n t  M 

Y = borehole  average  grade 

u(h) = dr i f t  colnponent of the  difference (v(t.1) - 11) 
c (h )  = residual  of  the  difference (v(M) - 11) 
h = d/D 

d = distance between M and the  F/W in t e r sec t ion  

along  the  borehole 

D = distance between H/W and F/W in te rsec t ion  

along  the  borehole. 

Note t h a t  h var ies  between h=O when M i s  a t  €he F/W i n t e r sec t ion ,  

and h=l when M is a t   t h e  H/W in te rsec t ion .  The d r i f t  component  u(h:l 

is represented by a polynomial of order K as follows: 

K 

k=O 
u(h) = 1 a k  h k 

By hypothesis, the residual   c(h)  has zero  expectation and presents 

semi-variogram  along the borehole, w i t h  nugget e f f ec t .  The optimal 

coe f f i c i en t s  ak(k=O-K), which give an  unbiased, minimum e r ro r   e s t ima te  

of the dr i f t ,  are obtained from the sample values i n  the borehole by 

universal  kriging. 
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h =  d / D  
K 
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Note that  the  average  value of v(M) when M var ies  from the  F/W 

(M=ML and h=O) t o   t h e  H/II (M=Mu and h-l) ,   is   the  average  value 

of the orebody between F/W and H/W (Fig. a). Hence: 

or:  

- v(M) dbl = p 1 ML . 
D M=MU 

This can be wri t ten:  

ak 
k= hi- 0 

- 0  

a k  a o = -  1 - K+1 k= 1 

If  I boreholes   are   avai lable ,  w i t h  index . i= l - I ,  we calculate   for   each 

borehole: 

- rhe b2rEho?? iiiE5fi 9. 1 
& 

- K coef f ic ien ts  a,,,, k=O-K 

- the coordinates XiYiZi  of   the  middle o f  the 

borehole  ore  intersection. 

2.3 Two-dimensional Study  of Changes i n  Borehole Mean and Vertical  

Drift 

The semi-variogram o f  the  borehole means pi  i s  calculated 

i n  t he  X Y  plane  (eventuelly t a k i n g  into  consideration  changes i n  the 
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Z coordinate) .  The K semi-variograms  of  the  coefficients  aki 

(k=O-K) a re   a l so   ca l cu la t ed .  

2.4 Est imat ion   of   the   ver t ica l   d r i f t   a t  a [-X,Yo 

I f  we were t o  d r i l l  a vertical  borehole a t   p o i n t  X,Y,, the 

sample  values  obtained  along this hole woulcl follow a profile which 

we can est imate  by kriging.. 

The mean p o  o f  this f i c t i t i o u s  borehole i s  estimated by 

two-dimensional  kriging  of  the known borehole means p i  ( i = l - I ) ,  i n  

t he  X Y  plane. The d r i f t   coe f f i c i en t s   ako  (k-1-K) are  estimated by 

two-dimensional  kriging o f  t he  known d r i f t   coe f f i c i en t s   ak i   ( i= l - I ,  

k= l -K) ,  i n  t he  XY plane. To ensure  that  no bias i s  a r t i f i c i a l l y  

introduced,   the   coeff ic ient   aoo i s  calculated  using  equation ( 6 )  : 

If the  F/W and H/W surface:; have been d i g i t a l i z e d ,   o r  can be repre- 

sented i n  any other  way, the F/W Z-coordinate (Z,) and the H/W Z- 

coordinate (Zu) can be est imated  a t  X,Y, (Fig. 3 ) .  The grade v(M) 

a t  a point M a t  depth Z be-tween Zu and ZL is estimated by: 

where 
2 - z, 

zu - zL 
h=-- 

? 
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FIG.3 : ESTIMATION OF THE  VERTICAL DRIFT AT POINT X 0  Yo 



The average  grade v(M,M,) between two points M, and M, w i t h  Z coordi- 

nates  Z, and Z, respect ively i s  estimated as follows: 

which  can be wri t ten:  

where: 
z, - ZL 

h 2  = zu - ZL 

where: 
z, - ZL 

h 2  = zu - ZL 

2.5 Estimation o f  a block  of  ore w i t h  coordinates X,X,, Y1Y2, Z,Z, 

In t h i s  ;ectjon, stzd: ;  t h e  p r ~ h ' ! m  o f  estimation of a 

rectangular  m i n i n g  block,, i n c l u d e d  ent i re ly  o r  p a r t l y  between the 

limits of a bedded mineralization (Fig.  4) .  The theory can eas i ly  be 

genera l ized   to  any shape o f  block.  Let X1X2 and YlYz be the  limits 

of t h e  block i n  the X Y  pilane, 2, the  elevation o f  the  top of the  block 

and Z I  the   e levat ion of the bottom o f  t he  block. If M i s  a point  with 

coordinates XYZ inside the min ing  block, and v(N) the   g rade   a t  p0in.t 

M, the  block  average  grade V i s  equal t o  the average  value of v(M) 

when M takes a l l  possible positions i n  the  block. He already know 

how to  calculate   the  average  value of v(M)  when X and Y remain constant 
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(X=Xo, Y=Yo) and Z var ies  from 21 t o  2, (equation  10). Gle must now 

in t eg ra t e  this expression w i t h  r e spec t   t o  X and  Y.  Note t h a t  PO, Zu, 

ZL, Z2 ,  Z1, ako (k=O-K), h2 and h l  i n  equation  10  are  al l   functions 

of X. and Yo,  and an exact  integration would  be extremely complex. 

Two different  approximations can be used depending on the  block  s ize  

and t h e   v a r i a b i l i t y  of the   ver t ica l  dr i f t  i n  t he  X Y  plane. Both 
approximations assunne tha t   t he  F/W and H/N surfaces o f  t he  orebody 

have  been d ig i t a l i zed .  

2.5.1  Approximation " 1:  large "-"_-"""- block and rapid """"""_ horizontal 

- - - - - - - - - ._ - - - - - - - - - - - - - - - - -. - - changes in t h e   v e r t i c a l   d r i f t  

If we want t o  es.tirnate a large  block, such t h a t   significant^ 

changes i n  t h e   v e r t i c a l   d r i f t  may occur  within  the  horizontal  limits 

of. the block,  the values 2. -, Z L j ,  ZZj, Z l j ,  ak j  

will be es t imated   a t  J equally  spaced  point!; (j=1-J) in  the  rectangle 

EFGH (Fig. 4):  

'J 3 
(k=O-K), h -, h l j  

23 

'U j = Z-coordinate o f  H/W a t  point j 

ZLj  = Z-coordinate o f  F/bl a t  p o i n t  j 

Z . = Z-coordinate  of  top  of min ing  block a t  point j 

Zlj = Z-coordinate  of bottom  of  mining  block a t   po in t  j 

akj = value o f  k - t h  coef f ic ien t  of dr i f t  polynomial a t   p o i n t  j 

23 

h 25 . = ( z2 j  - Z L j  / (zuj - Z L j )  

h . = (2 - Z u )  / (Zug - Z L j )  
1J i j  



-. 
I=- How to calculate Z2j and Z i s  illustrated in Fig. 5. We w i l l  also 

estimate the average grade of the block B defined by the rectangle 

EFGH in the horizontal plane, and limited by the F/W and H/W of the 

mineralization (block ABCD in Fig. 4). This average grade P B  is 

obtained by two-dimensional block’kriging in the XY plane. 

L- 1j 

The value V of the mining block is then  given by: 

If the mining block is entirely included within the mineralization, 

then Z2j = Z2 and Z . = 2,  for a l l  j, and the average grade V is 

given by: 
1J 

I f  the block i s  parallel to the mineralization, and the mineralized 

thickness is constant, we have: 

zuj - ZLj = Z - ZL for all j 

h = 112 
2j 

for all j 

hlj = lhl for all j 

and: 
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FlG.5 : MINING BLOCK INTERSECTING THE F/W AND H/W SURFAC:ES 



c In this  par t icu lar   ins tance ,  i t  i s  recommended to   ca lcu la te   the  

average d r i f t  coef f ic ien ts   akB i n  the block B by two-dimensional 

block k r i g i n g ,  and t o  use the  following  equation: 

This  formula i s  described i n  more de t a i l  in sect ion 2.5.2. 

2.5.2 Aproximation 2: small  block o r  slow horizontal - """""""""_"""""""""""""~ 
"""""""-""""""" changes i n  the   ver t ica l  dr i f t  

I f  t h e   v e r t i c a l   d r i f t  can be considered a constant  within 

the horizontal   l imits  X,X,, Y,Y, o f  t he  mining  block  (Fig. 4 ) ,  the  

following method i s  recommended: 

- es t imate   the  mean ,,B of  the  block ABCD, EFGH with  horizontal limits 

X,X,, Y,Y, and ver t ica l  limits, the H/W and F/N of  the  mineralization 

(Fig .  4 ) .  This estin;a?:ion i s  done by tao-dimensional k r i g i n g  of t h e  

rectangular  b lock  EFGH, using the borehole  va lues  pi. 

- est imate  t h e  mean value  akB (k=O-K) of t he  k - t h  coe f f i c i en t  o f  tht! 

ve r t i ca l  drift i n  the  block EFGH. This i s  done f o r  k=l-K by two- 

dimensional  kriging of the rectangular  block EFGH, u s ing  the 

borehole  coefficients G,,,. For k=O, equation 6 i s  used: 

, ,  
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- consider J equally  spaced  points i n  the  rectangle  EFGH. A t  each 

point   ( j=1-J)   calculate  Zuj ,   ZLj ,  Z2j,  Z l j  and obtain h and h l j  

(see  section  2.5.1).  The value V o f  t he  mining  block i s  obtained as 

follows’: 

2j 

T h i s  approach i s  recommended as  i t  is much less cos t ly   than   the  one 

described i n  2.5.2.  If  the  mineralization i s  of  constant  thickness 

(Zuj - ZLj = Zu - ZL f o r   a l l  j ) ,  and i f   t h e  mining  block i s  para l le l  

t o  t h e  mineralization (ZZj - Z l j  = 22 - Z 1 ,  h . = h2 and h = hl 

f o r  a17 j ) ,  t h i s  equation can be written: 
25 I j  

We recognize  equation 14. 

3 - APPLICATION TO THE HAT CREEK COAL DEPOSIT - 

3.1 General  Description 

The methodology described i n  sect ion 2 has been successful ly  

tested u s i n g  drill hole  d’3ta from the Hat Creek coal  deposit (Campbel1,Jory 

and  Saunders, 1977). Four main geological zones are present i n  the 

deposi t ,  two of which have been studied i n  this repor t ,  1.e. zone D 

i 



and zone B. Zone 0 was chosen f i r s t  because o f  i t s  known continuity 

which  promised t o  give good resul ts .   After   the   successful   s tudy  of  

zone 0, zone B has been processed, which i s  characterized by a much 

h igher   var iab i l i ty  i n  botfl horizontal and vertical   grade  distributioll .  

As expected  the  study  of  zone B proved t o  be  more d i f f i c t s l t ,  and ind.i- 

cated the  need for  careful  data  screening  before  ana' lysis.   In spite 

o f   t hese   d i f f i cu l t i e s ,  i t  i s  shown tha t   t he  methodology  can be 

appl'ied  to  zone B. The results  of  these  analyses  are  given below. 

The t e s t s  have been made o n  the B.T.U. content  only. 

3 .2  Study'of B.T.U.  i n  Zone D 

3.2.1 One-dimensional study  of each  borehole 

A coniputer  program PROFL3 has been writ ten t o  perform  the 

following  operations: 

- For  any  specified  borehole,  read the va:iis and s<z? o f  a l l  the 

samples f a l l i n g  w i t h i n  a g i v e n  geological zone (e .g .  zone D ) .  T h i s  

information was read f rom the individual sample f i l e  on tape EX554,6 

dated May 1978 (PiINTEC  name: BCHTAP.DAT). 

- F i t  a polynomial  of  specified  order  to  these sample values, u s i n g  

universal k r i g i n g  (see Appendix i n  Krige and Rendu, 1975, and 

Chapter 12 i n  Rendu, 1978). Calculate  the  coefficients  of this 

polynomial. A polynomial  of order 4 has been used. The assumpticm 

was made t h a t  the  residuals  E(h)  (equation 2 i n  section 2.2) have a 
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d" linear  semi-variogram  with  nugget  effect.  This  assumption was 

made a f t e r  i t  was v e r i f i e d   t h a t  a nugget e f fec t   o f  0.0 gave 

unsa t i s fac tory  results. The linear semi-variogram was chosen 

because  of i t s  s implici ty .  

- The coef f ic ien ts   ak  (k=O-4) a re   p r in ted  and saved on f i l e .  

- The p r o f i l e  of the sample values,  and the  value  of the poly- 

nomial a t   t h e   c s n t e r  o f  the sample,   are  plotted.  The results 

a r e  g iven  i n  Appendix 1 .  

A polynomial  of  order 4 gives a good estimlation  of the dr i f t  i n  most: 

boreholes. However, s ign i f i can t   e r ro r s  may occur  near the extremities 

of the borehole.   This  border  effect  i s  l i k e l y   t o  be most s ign i f i can t  

i f  the extreme  samples are  very  large,   as  the shape of the polynomial 

' is  controlled  only by the   coord ina tes   a t  t.he center  of the sample. 

A computer  program MRGCOO has been written, to  read  the 

output f i f e  created by PROFL3, and ca!cv!a%e the three coordinates 

of the center of zone D.  The  coordinates are  obtained from the fir5.t 

composite f i l e  on tape EX5546 dated May 1978 (MINTEC  name: COMLODVII). 

An o u t p u t   f i l e  i s  created,   containing the following  information (see 

Table   1) :  

- Line 1: 

. borehole number 

. number of   coef f ic ien ts  i n  the polynomial 

. X, Y and 2 coordinates of the center  of the 

borehole  intersection w i t h  zone D 

. mean value  of  the  borehole 



n 
.11379E+03 .50052E+04 
23 5 557( 24131.4 

25  5 6295.7 23766.4 
-.65554E+03  .10199E+05 

38  5 6110.7 24393.2 
-.169G8E+04  .23244E+05 

39 5 6178.3 24677.0 
-.10260E+04  .17601E+05 

.90710E+03  .14711E+05 
43  5 5313.2 24076.5 

4). 5  5630.2 23469.1 
-.60958E+03  .27144E+05 

46 5 5774.2 24131.4 
-.12133E+04  .18279E+05 

50  5 5505.3 24376.1 
-.11648E+04  .28642E+05 

51 5 5485.4 23461.1 
.14633E+04  .1265GE+05 
53 5 5366.0 23797.9 
.34536E+04  -.20696E+05 
106  5 5067.4 23702.1 

-.58331E+03  .27373E+04 
124 5  5497.0 23794.2 

-.52096E+03  .18166E+05 
127  5 5193.1 23798.9 

-.10772E+04  .16919E+05 
132 5 5199.4 23492.9 

-.30355E+04  .3bYbOE*55 
135 5 5914.1 23GG8.8 
.10063E+02  .31959E+05 

-.45970E+03 . 10232E+05  
136 5 5950.4 23949.2 

137  5 5340.5 23494.1 
-.11583€+04  .317@9E*05 

138  5 5944.4 24697.3 
-.44827E+03  .1G931E+05 
152 5  6021.9 25020.5 

-.13967E+04  .17031E+05 
! 5 0  5 5463.8 24091.7 
.10605E+04  .40747E+04 
161 5 5654.5 24404.9 

-.11960E+04  .32388E+05 
16G 5 5349.8 24407.8 

-.11320E+04  .G605EE+05 
169 5 5 1 8 6 . 4  23961.0 

-.55568E+03  .12100E+05 
171 5 5185.9 23635.6 

-.12215E+04  .11192E+05 
176 5 5191.5 23340.0 

-.3G749E+O4  .62G73E+05 
179 5 5334.9 23176.8 
.93659E+02 .2552GE+05 
180 5 6411.3 23730.3 

-.G0470E+03 - .20390E+O5 
187 5 6254 .8 -  24249.0 

-.16786E+04  .28093E+05 ."- 1011 5 5 3 A 3 . 3  24249.3 

190 5 5655.2 24254.8 
.17226E+03 .25388E+O5 

-.52507E+03 .71341E+04 

-.39153€*04 .57Gb9E+05 
191 5 5937.5 24223.6 

-.10979E+04  .16937E*05 
193 5 5797.5 24560.7 

-.91209E+O4 .10528E+04 
777.2 .07364E+04 

616.6 .92118E+04 

623.8 .99381E+04 

796.8 .96074E+04 

-.G6377E+05 .95688E+05 

- .59096E+05 .49964E+05 

-.49824E+05 .47366E+05 

~~~ ~~ ~ 

-.G5385E+05 . 92226E+05  

-.10129€+06  .13001E+06 

-.29807Et05  -.12056E+05 

-.1005ZE+06  .12350E+06 

902.4 .76510E+04 

464.0 .87028E+04 

631.5 .94215E+04 

848.1 .DGZZ2E+O4 

-.57347€+05  .68GS4E+05 
645.2 .74049E+04 

~. ~~ 

852.0 .01175E+04 

452.9 .93657E+04 
.4699ZE+O5  -.57851E+05 

.32703E+05  -.94207E+05 

-.G041OE+05 .68021E+05 
776.1 .0G504E+O4 

920.5 .02269E+04 
-.14565E+05  -.37805E+05 
917.9 .85457E+04 

-,12:::E+06 .1753?F+O6 
427.9 .81766E+04 

-.13033E+06  .17982E+06 
50-2.9 .97136E+04 
-.65639E+05  .79215E+05 
850.0 .00744E+04 

-.93762E+05  .65123E+05 
734.4 .940ZlE+04 

811.2 .99369E+04 
-.77293~+05 . ~ O O O ~ E + O ~  

-.A9139E+05 .A7092E+05 . . . . . . . 
637.0 .81935E+04 

788.4 .90049E+04 

~ 

-.ii84iE+05 -.:5!CSEc04 

-.12546E+06  .17508E+06 

-.29315E+06  .4305EE+06 

-.27732€+05  .lO4GOE+OS 

899.9 .7soaz~+o4 

928.0 .869D9E+04 

-.33197E+05  .51203E+05 
974.5 .678GlE+O4 

9 1 7 . A  .8342OE+O4 
-.24093E+OG .33685E+06 

-,92170E+05 .10162E+06 
795.6 .63163E+04 

767.5 .93540E+04 

760.3 .10000E+05 
.11395E+06  -.16974E+06 

-.10904E+OG .14104E+06 

-.10614E+u6  .i46<7E+Ot 
904.7 .78907E+04 

. . . . . . . - . - 

-.42537E+04 -.17613E+05 

-.1925ZE+OG .23505E+06 

-.35945E+05 .17751E+O5 

741.5 .96055E+04 

581.1 .90790E+O4 

760.3 .99487E+04 

.79304E+03 

-.51233E+05 

-.13602E*05 

-.15@55E+05 

-.47711E+05 

-.58699E+05 

.25137E+05 

-.52761E+05 

-.29254E+05 

.28657E+G5 

.5948OE+05 

-.28410E+05 

.34GOGE+05 

-.84659E+05 

-.87510E+05 

-.32906E+05 

-.23831E+05 

-.4137QE+05 

-.15575E+05 

;61321E+04 

-.84781E+05 

-.20934E+06 

.56621E*04 

-.30713E+05 

-.15805E+06 

-.37979E+05 

.76664E+05 

-.59405E+05 
- . ?ncarr+ns , """_ 

.13090E+05 

-.97598E*05 

.23596E+04 

. 



86013 .D8359E+O.I 
-.61145E+OS .70396E+05 

-.40262E+05 .20231E+05 

. ~~~~ 

611.6 .82492E+04 

630.9 .97371E*04 
-.11a52~+06 .I?YEX+O~ 

8 0 1 . 7  .D647Zt+04 
-.izi97~+05  .17465~+06 

~~ 

783.7 .D4075E+01 

5G7.9 .92804E+04 

054.3 .77029E+O4 

- .7227GE+05 .82455€+05 

-.15795E+06 .22275E+OG 

-.12321€+06 .lG395E+OG 

-.9936'5E+05 .12490E+O6 

-.55325E+05 .56035E+05 

-.47608E+05 .55731E+05 

-.40808E+OS .23311E+05 

644.1 .76422E*O4 

630.5 .9539IE+O4 

IZO.9 .99321E*O4 

712.4 .90091E+01 

TABLE 1 .  (concluded)  Results o f  drift analysis along 
boreholes, BTU, zone D.  

h 
.57532E+05 

-.51902E+05 

-.54911E+O4 

-.24760E+05 

-.13486E+05 

-.27644E+05 

.21267E+04 

-.52221E+O5 

-.04372E+05 

-.31033E+05 

-.10390E+O6 

-.76717E+O5 

-.55199€+05 

-.23052E+05 

-.23440€+05 

.940a7~+03 

!-: I . I 

N 
0 

I 
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- Line 2: 

. 5 coe f f i c i en t s   ao ,   a , ,   a2 ,  a:, and  a,,. 

A s t a t i s t i c a l   a n a l y s i s  of these   coef f ic ien ts  showed t h a t   a , ,   a 2 ,   a 3  

and a,, are   very  s t rongly  correlated  (correlat ion  coeff ic ients   with 

absolute  value  0.9 and above)  while a. i s  not  well  correlated  with 

the o ther   coef f ic ien ts .  A sa t isfactory  explanat ion  of   these h i g h  

covariances  remains  to be  found, b u t  i t  i s  due i n  p a r t   t o  tb:. 

s i m i l a r i t y  between d r i f t s .  

Sca t t e r  diagrams have been used t o  graphical ly   analyse t h e  

re la t ionship  between c o e f f i c i e n t s ,   I t  was observed t h a t   t h e   d r i f t  

coeff ic ients   for   boreholes  166, 176, 180 and 194 were e i t h e r  

.exceptionally h i g h  or   except ional ly  low. This can  be easily  explained 

by the  fact   that   in   these  boreholes   the upper par t   of   the  D zone i s  

missing. 

3.2.2 Two-dimensional study of (changes i n  borehole mean """"""""~"_ """" """-"""""" 
and ve r t i ca l  d r i f t  
""""""""" 

The progrm MAREC2 (David,  1977)  has been used t o   c a l c u l a t e  

the directional  semi-variograms and average  semi-variograms fo r  the 

following  variables:  

- the borehole mean 

- t h e   d r i f t   c o e f f i c i e n t s  ak  (k=O-4). 



i 

All the  values  given i n  Table 1 have been used. The semi-variograms 

are  given i n  Appendix  2. We observe  that:  

- The semi-variogram o f  t.he borehole mean presents a strong  aniso- 

tropy,  the  long  axis o f  anisotropy making an angle o f  113' w i t h  

t h e  X axis .  The direct ion o f  aniso t ropy   i s   therefore  N-23O-W, 

p a r a l l e l   t o   t h e  Creek Fault .  These results  concur w i t h  those 

obtained by David ti a l .  (1978). A linear model of semi-variogram 

has been accepted  with  slope 556 i n  t h e  d i rec t icn  N-23'-W, and 

1111 in   the   d i rec t ion  tf-23O-N, corresponding  to a r a t i o  o f  

anisotropy  of  magnitude 2. 

- The semi-variogram  of  the d r i f t   c o e f f i c i e n t s  a k  (k=l-4)   are   a l l  

proportional  to  each  o-ther.  This i s  due to  the  very  high  covariallce 

between these   coef f ic ien ts .  Only one model of semi-variogram nee8.l 

be used fo r   a l l   t hese   coe f f i c i en t s .  An i so t ropic  model has been 

retained,  made of t he  combination  of t w o  spherical models ( F i g .  6) :  

The s i l l  C i s  equal to   the  var iance  of  thlz corresponding  coefficient, 

e.g. C = 5 * 109 fo r   a2 .  

The semi-variogram o f  a, i s  not  well  correlated w i t h  t he  

other  semi-variograms, b u t  s ince a0 will n o t  be es t imated  direct ly ,  

b u t  rather  through  equat,ion 7 ,  this i s  of no consequence. 
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FIG. 6 SEMI-VARIOGRAM OF DRIFT COEFFICIENTS - B T U  - Z O N E  D ' 



Note t h a t  the maximum distance  of  influence  of the ver t ical  

d r i f t  i s  900 m, b u t  very poor estimation o f  the d r i f t  can be expected 

for   d i s tances   o f  200.m o r  more. I t  appears  that   the  present g r id  

spacing  (about  150 m) i s  su f f i c i en t   t o   ensu re  good estimation  of  the 

d r i f t   a t  any point  between boreholes. 

3 .2 .3  Estimation  of the v e r t i c a l   d r i f t   a t  a point XoYo ""-""""-"""~""""""""- "" 

The d r i f t  has been estimated a t  p o i n t s  located a t  50 m 

i n t e rva l  on sec t ion  X = 5350 E,  from Y = 23150 N t o  Y = 24400 N 

(approximatively on geological  section  15, from sect ion GI to   sec t ion  

N). The mean po a t   p o i n t  X o Y o  has been ob.tained by p o i n t  kriging, 

u s i n g  program KRIGBLl (IREM-MERI, 1978) af . ter   modif icat ion  for  p o i n t  

k r ig ing .  The coe f f i c i en t s  ala, a z o ,  a3,, and have been obtained, 

u s i n g  program KRIGBLl modified  for  simultaneous p o i n t  k r i g i n g  of the 

4 coe f f i c i en t s ,  using a single semi-variogram. 

A program, KPROFL, has been wr i t - ten   to   ca lcu la te  the coeffi-  

cient aoo  us ing  equation 7 ,  and t o  draw the  estimated  value  profiles.  

The results are given i n  Appendix 3. One :should compare the  estimated 

p ro f i l e s  w i t h  the  B.T.U. values i n  the  neighbouring  boreholes, more 

s p e c i f i c a l l y  the following: 



Borehole no - X - Y 

179  5335 231 77 

137  5341 23494 

248  5336 23630 

53  5366 23798 

43  531 3 24077 

168 5343 24249 

166  5350 24408 

Note the   rap id  change i n  p r o f i l e  when approaching  borehole no 53 

(with  an unusual increase i n  value  near  the H/W) and the abnormal 

borehole no 166. 

3.2.4 Estimation  of a mining  block 
"""""~""""" """ 

All the blocks  of size 75 m * 75 m * 15 m ,  located w i t h i n  

zone D,  between X1 = 5300 E, X2 = 5375 E and Y1 = 24075 N, Y2 = 24150 N 

have  been estimated us ing  equation 16 (sec.tion 2.5.2). Due t o  computer 

f a i l u r e   a t   t h e   t i n e ,   t h e   n e c e s s a r y  program has been wri t ten on an HP97 

ca lcu la tor .  

The mean yB  has been calculated Iusing the program KRIGBLl. 

The coe f f i c i en t s   a IB ,  a,B,  a,B, abB have been calculated  simultaneously 

us ing  a modified  version  of KRIGBLl. The coeff ic ient   aoB  has  been 

calculated using equation 15. The values  obtained were: 



*. 
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ll t i  

aoB = 938 

a .  = 12700 

a,,B = -54100 

a,B = 71700 

a,,B = -35900 

= 7920 

.L B 

The corresponding  profile i s  given i n  Fig.  7. 

The p o s i t i m  o f  the m i n i n g  blocks w i t h  r espect t o   t h e  F/GI 

and H/W o f  zone D is given i n  Fig.  8. The numerical results are  

analyzed i n  Table 2. 

1 11250 4225 -3695 -47 

2 33750 51 95 -2724 -34 

3 57375 5972 -1 948 -25 
4 791 25 6665 -1255 -16 

1/41 -11y -2 
84375 8665 745 +9 
84375 9336 1416 +18 Lt ed average 

75000 9540 1620 +20 
35437 9446 .1526 +19 

10 2437 9076 1156 +15 
7920 0 0 

64375 ". 1 3 _/e 

TABLE 2: Value o f  min ing  blocks i n  area X, = 5300 E,  X, = 5375 E ,  
Y 1  = 24075 IT, Y2 24150 N. 

, .  

. .  
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FIGURE 7. Estimated  average drift  i n  block X I  = 5300 E, 
X2 = 5375 E ,  Y, = 24075 N, Y, = 24150 N. 
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FIG. 8 : POSITION OF MfNlNG BLOCKS IN A R E A  XI  2 5 3 0 0 E ,  X2 = 5375E 
Y l  = 24075N , Y 2  2 2 4 1 5 0 N .  



I f   t h e   v e r t i c a l   d r i f t  had been ignored,  all  these  blocks would have 

been given  the same value o f  7920 B.T.U., thus introducing an e r ror  

exceeding 20% f o r  most b'locks. 

3.3 Study  of B.T.U. i n  i-8 

3.3.1  One-dimensional study  of each  borehole 

The method fol'lowed i s  the one described i n  sect ion 3.2. 

The resu l t s   a re   g iven  i n  Table 3 and Appendix 4. The value  profiles 

show a h i g h  v a r i a b i l i t y  .in B.T.U. content .   S ta t i s t ica l   ana lys i s  of 

t he   coe f f i c i en t s  of t he  polynom?al indicate  that   they have a higher 

variance  than i n  zone D. Sca t t e r  diagram:; have been used t o  determine 

the  presence  of anomalou:; values. 

-The values  of  the  coefficients  for  hole no 44 and  193 

are  extremely  (different from t h e  others.  Hole no 44 does 

not  corkain enough samples t o  determine  the  dr i f t   correct ly .  

Hole no 193 in.tersects only one half  of zone 8. 

-The values  of  .the  coefficients ifor hole no 200, 203, 147 

and 183 a re   a l so   s ign i f i can t ly   d i f f e ren t  from the  others.  

All these  holes  are on the  border  of the orebody  and 

intersect   only  par t   of  zone B. 

; 

A study  of   the  geological   sect ions shows that   only 28 boreholes intl2r- 

sect zone 8, and t h a t  8 o f  these  intersect ions are incomplete. .The 

incomplete  intersections  correspond  to ho'les no 120,  147, 183, 190, 

193,  200,  203, and 265. 



7 3 0 . 3   . 7 9 9 7 6 E + 0 4  
.49244E+05  - .54966€+35  .176ZGE+05 

-.10399E+OG .13248€+06 
595.3  .75645E+04  

6 5 0 . 4  . 78035E+04  
- .91705E+04  .35554E+05 

8 6 5 . 1   . a 2 1 0 3 ~ + 0 4  
-.13288E+OG .21GGOE+06 

-.1015GE+06 .13732E+O6 
704 .7   . 52744E+04  

0 0 9 . 1   . 7 8 3 5 5 E + 0 4  
.1357ZE+05  - .25045E+05 
5 7 7 , O  .60199E+04 
.64619E+05  - .93423E+05 
7 0 0 . 3  .79098€+04 

- .3298DE+05 .2GO16E+05 
5 4 5 . 8   . 5 1 3 4 9 E + 0 4  

712 .5   . 69301E+04  
.90035E+05  - .14045E+06 

- .84273E+05  . 1 2 4 1 3 E + O G  
553.9 . 7 5 4 8 3 E + 0 4  

-.89169E+OS  .1G920E+06 

- .41541E+05   . 11736E+06  
843 .5   . 62309E+04  
. 8 3 0 9 2 E + 0 3   . d 3 1 8 2 E t 0 5  
8 8 0 . 2  . 63850E+04  

705 .6   . 79375E+04  
.47386E+05  -.93735€+05 

7 5 3 . 0   . 7 9 1 9 5 ~ + 0 4  

-.13114EtOG  .23178E+06 

.20373E+05 

- .36669€+0G 

.14857E+05 

.10231E+06 

- .53550E+05 

- .29029E+05 

- .11614E+06  

- . 5 0 I 3 9 E + 0 5  

.973GOE+OS 

.15880E+06  

-,1710GE+OG 

- .10186E+06 

.45891E+U6 

-.11020E+OG 

.81561E+05  

-.2400GE+OG 

- .21640E+06 

.1579GE+05 

.43133E+05  

- .30242E+04  

.72463E+05  

- .6278SE+05 

-.9868GE+05 

-.81517E+05 

- . 3 0 5 9 6 E t 0 5  

.52093E+O5 

- .12773E+06 w 
0 

TABLE 3. Tesults of drift  analysis  along  boreholes, 
BTU, zone B.  



3.3.2 Two-dimensional study of  changes """""""""_ i n  borehole mean 

and  v e r t i c a l   d r i f t  ""_ 

The direct ional  and average  semi-variograms  have been 

s tudied  under different  hypotheses:  

-Taking a l l  28 boreholes  into  consideration, the r e s u l t s  

for thc  borehole means were acceptable (Appendix 5). 

The r e su l t s   fo r   t he   coe f f i c i en t s   ak  were meaningless. 

- E l i m i n a t i n g  boreholes no 44  and 193.  Again t h e   r e s u l t s  

were  meaningless for   the  polynomial coef f ic ien ts .  

-Eliminating  all  6 abnormal boreholes (no  44, 147,  183, 

193, 200, 203). The resul ts   are   given i n  Appendix 5. 

We observe  that:  

-The semi-variogram of  the  borehole mean is aniso t ropic ,  

w i t h  long  axis i n  the   d i rec t ion  N-22°-GI. A l i n e a r  model 

w i t h  ra t io   of   anisotropy w i t h  value 2 has been accepted. 

-The semi-variograms o f  the   coef f ic ien ts   ak   a re   s imi la r   to  

each  other b u t  poorly  defined  (this i s  due t o   i n s u f f i c i e n t  

da t a ) .  The model used for zone D (equation 18, sec t ion  

3.2.2) gives a good representation o f  coe f f i c i en t s  a3 and 

a4, provided we use: 

C = 1.10 * (variance  of  ak) 

The  same  model wil l  be used fo r   a l  and a 2 .  
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Given the  l imited  information  avai lable ,  we conclude  that the model:; 

used i n  zone D can be accepted for zone B. Note however t h a t  the 

d i f fe rence  between t r u e  sample  value and d r i f t   v a l u e  can be very 

s ign i f i can t .  This i s  due t o  the presence of numerous s t e r i l e  zones, 

with extreme changes i n  sample  values from sample t o  sample. 

3.3.3 """ Estimation "" of - d r i f t   a t  sampled "" points  ""_ 

To ve r i fy   t ha t  we are   able   to   es t imate   the drift  a t  a point  

X O Y Q  w i t h  acceptable  precision, the fol lowing  tes t  has been comp1etl.d 

on the 22 boreholes  reta.ined. Each sampled point  has been considered 

successively  (a sampled point i s  a po in t   a t  which a borehole is  

loca ted) .  The d r i f t   a t  each  one o f  these points X o Y o  has been 

estimated, us ing  the  neighboring  boreholes, b u t  el iminating the 

borehole  located a t  X o Y o .  Typically  the  c:losest  borehole  available 

for   es t imat ion  was loca ted   a t  a distance  of 150 m ,  and very poor 

estimation was expected. 

The e s t i m a t e d   d r i f t   a t   a l l  22 points i s  given i n  Appendix 6. 

These prof i les   should be compared w i t h  t h e  observed prof i les   a long 

the corresponding  boreholes (Appendix 5). Most boreholes  are  as 

well o r  better estimated when the' d r i f t  is taken i n t o  consideration. 

The most s ign i f i can t  improvement i s  f o r  hole no 263. Most o ther  

improvements are  marginal. However, f o r  Ci boreholes, the intro- 

duction  of t he  d r i f t   s ign i f i can t ly   i nc reases   t he   e r ro r  of estimation. 

These boreholes  are no 190, 191,  199, 205,, 247 and 266. All these 

boreholes are located i n  the same area,  namely on geological S e C t i O f l S  
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P and Q .  The poor  estimation  always  occurs,  near  the H/W, the  estimated 

dr i f t  indicat ing an  incease  (decrease) i n  value when the samples 

ac tua l ly  show a decrease  l(increase)  in  value. The boreholes which 

appear  to be responsible .For most of the problems i n  the  estimation 

o f  this area  are   hole  no .'I90 ( t h e  upper pa r t  of  zone B i s  missing i n  

this hole, and t h e   f i r s t  ,sample i n  zone 211 has  an  extremely low 

value) and hole no 199  (with a very  sharp  'increase i n  grade  near 

the H/W). 

The r e s u l t s  o f  t h i s   t e s t  confirm  what was expected, namely 

tha t   po in t   es t imat ion  of t h e   d r i f t   a t   d i s t a n c e s  of the  order of 150 In 

is l i k e l y   t o  be meaningless. A more interesting  conclusion i s  t h a t  

i f  the v e r t i c a l   d r i f t  i s  t o  be taken  into  consideration i n  the study 

of  zone B ,  more samples  intersecting  the  entire zone  should be taken, 

o r  a method to   co r rec t ly   e s t ima te   t he   d r i f t  i n  incomplete  boreholes 

should  be  developed. Such a method i s  proposed below. 

4 - ANALYSIS  O F  INCOMPLETE  HOLES 

4.1 General  consideratic= 

Consider a hole which in te rsec ts  a mineralized body  whose 

upper pa r t  has  been eroded,  such that  only  the  lower  part   of the 

in te rsec t ion   reza ins .  Sample values can be obtained from this lower 

pa r t ,  b u t  a polynomial f i t t e d   t o   t h e s e  values will not  be  representative 

o f  t h e   v e r t i c a l   d r i f t  through the ent i re   mineral izat ion.  The polyncmial 
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coe f f i c i en t s  will not be  comparable  with  the  coefficients  obtained 

i n  other   holes  w i t h  complete  intersection, and ca lcu la t ion  of  the 

semi-variogram u s i n g  those  coeff ic ients   wil l  he meaningless. This 

can  be  clearly  observed when s c a t t e r  diagrams  of pairs  of coefficiell ts  

a r e  drawn: on these diagrams  incomplete  tloles  often  give-points 

ou ts ide  t h e  cloud of points corresponding t o  complete  intersections, 

thus indicat ing anomalous values.  Clearly  the same problem wil l  

occu r   i f  a hole i s  d r i l l e d  through the  upper part   of  the  mineraliza- 

t i o n ,  b u t  was interrupted  before  reaching  the F/!I of t he  orebody. 

In  the  above  analysis  of the D zone i n  the Hat Creek deposit ,  

the   inf luence o f  incomplete  holes  has been ignored. This could be done 

because  the  ver t ical   dr i . f t  i s  remarkably  constant, and the number 

of  incomplete holes is sinall enough not to affect   the   analyses .  I n  

t he  B zone, hob/ever, incomplete  holes  represent a s ign i f i can t  p a r t  

of the  information  available,  and the  s t ructural   analysis  proved t o  

be only  par t ly   successful .  Th i s  c r i t i ca l   s i tua t ion   h ighl ighted   the  

need to  develop a procedure t o  study incomplete  holes. 

4.2 Description o f  the method of a n a l y s i r  

8 '  

To determine  the  dr i f t   coeff ic ients   in  an incomplete  hole, ,' , 

t he  following  steps will be followed: 

4.2.1 Do a s t ruc tura l   ana lys i s  of a l l  complete  holes ""_ 
( sec t ions  2.1, 2.2, 2.3 above). 
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4.2.2 _"" Using the   r e su l t s  of   this ,   s t ructural   analysis ,  

estimate  the  value  profi ' le a t   the   posi t ion  of   a l l   incomplete   holes  

(section  2.4  above). Th'is estimation i s  made from  complete  holes 

only.  Let G ,  Zk (k=O-K) be  the  estimated mean and d r i f t   c o e f f i c i e n t s  

a t   t h e   l o c a t i o n  of an incomplete  hole. The following  steps  are 

repeated f o r  each  incomplete  hole. 

4.2.3 _"" Estimate  the  percentage of the  mineralization which 

has  been  sampled. I f  P% has been  sampled  and L '  i s  the sampled length,  

the complete  length of ore   in te rsec t ion   ( i f   the  whole mineralization 

had  been  sampled) would have  been: 

L = L ' * l O O / P  

The missing l eng th   i s :  

L" = L - L '  = L '  (- 1oo-P) 
P 

(1!3) 

4.2.4 ""- I f  n '  i s  the  number n f  smp!es i n  L ' ,  the  average 

sample  length is L ' / n '  and i n  t he  m i s s i n g  pa r t  o f  t h e  orebody we 

could have taken n"  samples of (approximatively) the same length: 

n" = i7 n '  
L " 

41215 The problem is t o  estimate what would have been the 

value  of  these n" samples i f   t hey  had been taken.  If we ignored the  

fac t  t h a t  n '  samples have  been taken along the borehole, our best 

estimate  of  the n" samples would be given by the   es t imated   dr i f t  
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obtained i n  4.2.2  above. I f  M i s  the   po in t   a t   the   cen ter   o f   the  

sample t o  be estimated, a n d  ML the  point where the  borehole   inter-  

s ec t s   t he  F/L4 o f  the   mineral izat ion,  the sample  value is estimated 

as   fol lows:  

where h = MML/L. 

\le must however take i n t o  considerat ion  the  fact   that  n '  samples ha,lre 

been taken, w i t h  average  value M I  representing P% of the  rnineraliza.tion. 

I f   t hese  P% were taken  near  the F/W o f  t h e  orebody, the i r   es t imated  

average  value u s i n g  equation 22 would be: 

P Pk 

i i '  = V J  v(M) dM = G + 1 Z k  
h= 0 k= 0 

If t he  P% were  taken  near  the H/W o f  the  arebody,  their   estimated 

average  value using equation 22 would be: 

1 1 

h=l -P  k= 0 , .  
. ^ ' = P I  V(M) dM = -F p 1 Z k  k+l 1 

Usually,  the  value  of  will not be equal to   the  average sample 

value P I ,  and u s i n g  equation 22 to  estimat.e  the n" missing  samples 

will introduce a bias.  Itather we will  USE! the  following  equation: 
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The average  value of v(N},  when M i s  i n  the sampled pa r t  -of t he  

orebody, is equal t o  

We can now crea te  n "  samples o f  length L"/n"  i n  the  missing 

pa r t  o f  the  bore,  and calculate  their   value  using  equation 25, where 

El i s  the  point a t  t he  middle o f  the  sample, and h = M14L/L. 

4.2.6 ""_ \!e now have a complete  borehole, w i t h  n '  t rue  

samples and n"  simulated  samples. We can use this  borehole t o  

complete  the  structural  ,analysis o f  the  mineralization. 

4.3 Example 1 :  borehole  with  missing F/N in te rsec t ion  

Borehole no 203 intersects   only sub-zone 211 i n  zone 6. 

The lower pa r t  o f  zone B (sub-zone  212) is missing. U s i n g  only 

the  surrounding  boreholes ,   the   value  prof i le   a t   the   posi t ion o f  

hole no 203 has been est-imated  as  follows: 

2 = 7980 BTU 

a. = 333 

Z1 = -16 900 

â, = 57 500 

a 3  -55 800 

Z,, = 14 500 
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The average  value  of  the 9 samples  taken in sub-zone 211 i s  

= 7486 BTU. We estimate  that   only 50% o f  the  borehole  has 

been  sampled (P = 50). Using equation 24 we calculate:  

;' = 8643 BTU 

Using  the   cor rec t ive   fac tor  p a & '  = 7486/8643 = 0.8661 we obtain 

(equation 25): 

p = 6 912 BTU 

a. = 288 

a, = -14  638 

a2 = 49 803 

a3  = -48 330 

a,, = 12 559 

The sampled length i s  L' = 47.0 m.  The missing p a r t  i s   t he re fo re  

L" = 47.0 m (equation 20). Due t o  the  presence of an exceptionally 

small  sample i n  sub-zone  211,  only n "  = 8 samples have been 

considered i n  t he  missing zone.  Their  values have been calculated 

u s i n g  equation 25,  and the   resu l t s   a re   p lo t ted  on F ig .  9 (zone 211 

contains  the t r u e  samples.,  while  zone 999 contains  the  simulated 

samples). A polynomial  has been f i t t e d   t o   t h e  completed  borehole, 

and the following  parameters have been obtained: 

= 6 909 

a. = -96 

a l  = -3 965 

a2 = -7 177 

a 3  = 45 OB1 

a,+ = -33 997 
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FIGURE 9. Corehole 203 with  simulated  missing samples 
(subzone 999)  . 
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These values compare favorably w i t h  the  corresponding  values i n  the .  

surrounding  samples. In the  original  anal.ysis  of  zone B (see  section 

3.3.2)  hole no 203 had t o  be eliminated  as an o u t l i e r .  

4.4 Example 2: borehole  with  missing H/W in te rsec t ion  

Borehole no 193, intersects   only  the lower par t   o f  sub-zone! 

212 i n  zone B. The upper par t  o f  zone B i s  missing. Using only 

the surrounding  boreholes,  the  value  profile a t   t he   pos i t i on  of 

hole no 193  has been estimated  as  follows: 

fi = 7830 BTU 

ZO = -1 130 

a1 = 17 300 

22 = -85 100 

23 = 147 000 
.. a4 = -79 500 

The average  value  of  the 8 samples  taken i n  zone 212 i s  p 1  7332 BTU. 

We es t imate   tha t  only 37% of the  borehole  has been sampled (P  = 37).  

Using equation 23 we calculate:  

= 7 407 BTU 

Using the  correct ive  fac- tor  p' / j i '  = 7332/7407 = 0.9899 we obtain 

(equation  25): 
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IJ = 7 751 

= -1 119 

= 17  125 

<tt2 = -84 238 

,a3 = 145 512 

a,, = -78 695 

The sampled lenoth i s  L ’  := 27.4 m. The missing par t  is  the re fo re  

L” = 46.6 m (equation  20). Due to  the pre.sence o f  two except ional ly  

small  samples i n  sub-zone  212,  only n ” =  10  samples  have been 

considered i n  the  missing  zone. Their values have been ca lcu la ted  

u s i n g  equation  25, and the r e su l t s   a r e   p lo t t ed  on Fig.  10 (zone 

212 contains the true sarr:ples,  while  zone 999 contains the simulated 

samples). A polynomial h:as been f i t t e d   t o  the compl-eted borehole, 

and the following  parameters have been obtained: 

p = 7 695 

a. = - 987 

a l  = -1 683 

a2  = 17 716 

a 3  = -18  845 

a,, = 3 169 

These values compare favorably w i t h  the  corresponding  values i n  

t he  surrounding  samples. In the or iginal   analysis  o f  zone B (see 

section  3.3.2)  hole no 1’33  had t o  be eliminated as an o u t l i e r .  
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' FIGURE 10.  Borehole 19:3 with  simulated missing samples 
(subzone 999). 
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4.5 Conclusions 

T h i s  study shows t h a t  i t  i s  possible   to   successful ly  

es t imate  the  missing pari: of a borehole, a n d  t o  use this simulation 

f o r  a more meaningful s t ructural   analysis   of   the   deposi t .  The 

strdctural  analysis  of  mineralized  zones  such  as  zone B, which 

contain a large  percentage of incomplete  boreholes, should  be made 

u s i n g  this approach. 

. .  

5 - CONCLUSIONS 

The most important  conclusion which can be drawn from t h i s  

ana lys i s  i s  t h a t  the proposed  methodology  can be used successfully 

f o r  the three-dircensional  study  of bedded deposi ts .  However, 

s i g n i f i c a n t   d i f f i c u l t i e s  can be encountered i n  the following 

s i t m t i o n s :  

- i f  the  number of  samples i n  a borehole i s  too 

small (e.g. 'less than 10 samples f o r  a 4-th  order 

polynonial) 

- i f  the  samples  near the extremities  of the borehole 

a re   very   l a rge  (due to  border effects, the extra- 

polated  values beyond the center of the l a s t  samples 

can be meaningless) 
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- i f  the  value  of  the  samples  at   the  extreait ies of 

the borehole   are   s ignif icant ly   different  from the 

values i n  neighbouring  samples  (due t o  border 

e f f e c t s ,   t h e  extreme  samples have a strong  influence 

on t h 2  coef f ic ien ts  of the  polynonizl) 

- i f  the  borehole  does n o t  i n t e r s e c t   t i e   e n t i r e  

geological  zone 

- i f   t h e  number of  boreholes i s  insuf f ic ien t .  

More research must be done, t o  answer the  following 

questions:  

- how can we best   use  the informlation avai lable  i n  

boreholes which intersect   only p a r t  of the  mineraliza- 

t i o n  ? Analysis  of zone B u s i n g  the  approach  outlined 

i n  sect ion 4 to   p rocess   a l l  incornple-le holes  will  give 

an  answer t o  this question. 

- how can we decrease  the  border  effect ,  and the  

resulting i n s t a b i l i t y  i n  the  yolynor;.ial  near  the 

F/W and H/W of the  rnineralizat.ion ? 

- what  i s  the meaning of the coef f ic ien ts  a k  ? Why are 

they  correlated '? What i s  the sens i t i v i ty  of the 

estimated d r i i f t  t o  changes i n  the  vzlue of  t he  

coe f f i c i en t s  ? 

- what would be the   e f f ec t  of changing the  order  of 

the f i t t e d  polynomial, and which i s  ihe  optimal  order ? 
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- what reduction i n  t he   e r ro r  of es t i sz t ion   o f  a m i n i n g  

block  can be expected i f  t h e   d r i f t  is  taken  into 

consideration ? 

- should  the  local  difference between individual sample 

values and es t imated   dr i f t  be taken  into  consideration '? 

Analysis o f  BTU content  in  zones A and C of  the  gat  Creek deposit ,  

and analysis  of the drift  component i n  values  other  than BTU content 

would a l so  be of interest . .  
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