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ABSTRACT 

One hundred  and thirty-eight  vein  deposits  forming the wes,tern par t   of  
Slocan camp are  used to d e v e l o p   s t a t i s t i c a l  models  based on known ore 
production and average  grades of production.  Relative siz,e of depo!rits 
as  estimated by the  biased  variable  'production'   (short  tons of o r e )  i s  
used a s  a re la t ive   va lue  measure to (a )  serve as a dependent  variab:te f o r  
multiple  regression models, and (b) form the  basis  for  subdividing  data 

models.  Both types of models appear  useful  judging by t h e i r  abilit!y to 
i n t o  low, medium, and high-tonnage  groups  for  discriminant,  analysis 

eas te rn  part of Slocan camp. Results  suggest  that   multiple  regression is 
fo recas t  known production  for a target  production of depos,its from  -the 

more useful  than is discr iminant   analysis  i n  c lass i fying  deposi ts   wi th 
respec t  to po ten t i a l   s i ze .  

INTRODUCTION 

S t a t i s t i c a l  methods  have  been applied  over a wide range of sca l e s  in 
attempts to develop a rigorous  approach to measuring  absolute  or  relative 
resource  potential   (Kelly and She r i f f ,  1969; Sinc la i r  and Woodsworth, 

approaches are used w i d e l y  i n  evaluat ing o i l  and gas po ten t i a l  ( for  
1970; Orr and S inc la i r ,  1971; Godwin and Sinc la i r ,  1979). Comparable 

example,  Harhaugh, e t  a l . ,  1977). L i t t l e  e f f o r t  has  been  expended on the 
appl icat ion of s t a t i s t i c a l  models to the  evaluation of spec i f i c  
polymetal l ic   mineral   deposi ts   in  terms of grades of economically 
important   metals ,   par t icular ly   in   vein camps. 

Such models  have two important   appl icat ions  viz:  

( 1  1 Newly located  deposits can be sampled and the  average  grades  used t o  
estimate po ten t i a l   s i ze  and thereby  provide  an  evalua.tion of the 
usefulness of addi t ional   explorat ion.  

( 2 )  A s t a t i s t i c a l  model may iden t i fy  known deposits  with low 
product iv i ty   tha t  have  grade  characterist ics of large  deposits,,   thus 
ind ica t ing   spec i f ic  known deposits  that   appear t o  warrant more 
detailed  examination. 
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O r r  and S inc la i r  (1971 ) attempted to use  multiple  regression i n  Slocan 
City  vein camp as a means of es t imat ing  re la t ive  value of a deposi t .  
Average  production  grades  for  si lver,   gold,   lead, and z inc  here used as 

re la t ive   va lue   ind ica tor   (dependent   var iab le) .   S ta t i s t ica l ly   s ign i f icant  
the  independent  variables and recorded  production  tonnage was the 

models were described  but no da ta   ex is ted  by which the geological  
v a l i d i t y  of a model could be tested.   Furthermore,   their  models were of 

depos i t s  were very  small and of l i t t l e  genera l   in te res t .  
l i t t l e  p r a c t i c a l  in terest  because  they  pertained to a camp i n  which 

More than 200 vein  deposits i n  Slocan camp have  produced from 1 t o  
700,000 tons of ore   for  which average  grades of total recorded  production 

provide an unusually  comprehensive  information base fo r   t e s t ing   t he  
a re  more or less completely known ( O r r  and S inc la i r ,  1971 ). These da t a  

of a deposi t ,  and the   po ten t i a l  of such  models as an  exploration tool. 
v a l i d i t y  of var ious   s ta t i s t ica l   approaches  to the  estimation of 'value'  

PROCEDURE 

Deposits i n  Slocan camp were divided i n t o  tw groups  for the purpose  of 
th i s   s tudy .  One hundred  and thirty-eight  deposits  forming  the western 
two-thirds of the camp were taken as a t r a in ing  set for  the  development 
of s t a t i s t i c a l   n o d e l s  to determine  re la t ive  'value '  of ind iv idua l  
depos i t s .  The eastern p a r t  of the camp contains  65, more dispersed 
depos i t s   t ha t  form a target   populat ion.  Averge production  grades and 
tonnages  are known for   these 65 deposi ts  so real values  can be compared 
with  values  calculated  according to various models, and a rigorous test 
of the   p red ic t ive   capabi l i ty  of a model can be conducted. 

RELATIVE VALUE MEASURE 

Sinclair  (1979)  has  discussed  the  problem of re la t ive   va lue  measures f o r  
multi-commodity deposi ts .  Metal content is an ideal   value  es t imator   for  

s i g n i f i c a n t l y  to total value of a v e i n  depos i t ,   fo r  example, s ize  is 
s ingle  commodity deposi ts   but  where several  commodities  contribute 

commonly a more meaningful  relative  value  measure.  Production  ore 
tonnage,  despite  obvious  limitations, can be used a s  an adequate 
es t imator  of r e l a t ive   depos i t  s ize ,  and therefore  of re la t ive  value.  

We never know the  true s ize  (volume or  tonnage) of a deposit  because we 
are  never  sure  that  it has  been  completely worked out   or  had a l l  the 
reserves  outlined.  Consequently,  ore  production  tonnage is  a biased 
est imator  of s ize  and of re la t ive   va lue  that is always low r e l a t i v e  to 
the  true  value.  Furthermore,  the  bias may not be the same fo r  a l l  s izes  
because of s e l ec t ive  mining, hand so r t ing ,  and so on. Nevertheless, as a 
relative measure,  production  tonnage is st i l l  adequate except fo r :  
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( 1 )  many pa i r s  of deposits  with  identical   or  nearly  similar  prcductj .on 

( 2 )  some depos i t s   tha t   rea l ly   a re   l a rge   desp i te   the   fac t   they  have 
tonnages (a t r i v i a l   c a s e ) ,  and 

produced  only  small amounts of ore to date.  

t h i s   l a t t e r   c a s e  is not a problem,  rather it is a s i tua t ion   t ha t  we hope 

predic t ive  models. 
exis ts  so that such deposi ts  can  be recognized  eventually by our 

In the  present  case,  production  tonnage is accepted as an adequate 
re la t ive   va lue  measure. A probability  qraph  for  production  tonnage,s 
shown  on Figure 1 for  both  the  training set and the  target  population, 
i nd ica t e s   c lo se   s imi l a r i t y  of s t a t i s t i ca l   dens i ty   func t ions  between the 

area,   al though the  average s ize  is somewhat lower i n  the  tiwget 
tw areas .  Tm populations are present   in  i d e n t i c a l  proport ions  in   each 

population  than i n  the  t ra ining set. The probabi l i ty   graph  for   the 
t r a in ing  set has been par t i t i oned   i n to  two populations with mean s i zes  
t h a t   d i f f e r  by several   orders  of magnitude.  This f a c t  empllasizes t h e  
d e s i r a b i l i t y  of a numerical model t ha t   mu ld   a l low  d i s t inc t ion  between 
high  tonnage  deposits of economic interests and the low tonnage 
population of l i t t l e  economic i n t e r e s t .  
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Figure 1. Probabll i ty  graphs  of  ore  productlon tonnage for   the   t ra ln ing  se 

l f i l l e d   c l r c l e s )  and the  target   populat lon (fllled tr1,angies). 

through  constructim  polnts (open clrcles)   der ived fran t h e   t r a t  
s t r a l g h t  llnes are   the  two interpreted lognormal populatlons  dra 

serve  curve. 
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The p r inc ipa l  metal cont r ibu tor  to value i n  Slocan camp is s i l v e r ,  which 
is plotted  versus  production  tonnage on Figure 2. From t h i s  diagram it 
is d i f f i c u l t  to a sce r t a in  whether two dis t inc t ive   popula t ions   ex is t ,   each  
with i t s  own average  grade and dispers ion of average  grades, or whether, 
on average  there is a continuous  variation i n  metal content and s i z e  
(production  tonnage). Both p o s s i b i l i t i e s  will be tested,   the  continuous 

discr iminant   analysis .  
case u s i n g  mult iple   regression and the  discontinous  case u s i n g  
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Figure 2. Scatter  dlagran of average Ag grade  versus  ore  production  (tonnage for 

t ra in ing   se t ) .  

MULTIPLE REGRESSION MODELS 

Multiple  regression models  have the  form 

V = 6, + B I X 1  + p 2 X 2  ----- 6nXn + e, 

where v is a dependent  variable  (value  measure  in our case ) ,  6 ' s  are 
constants ,  e is the  s tandard  error ,  and X ' s  are independent  (geological) 

here to i l l u s t r a t e   t h e   v a r i a t i o n   i n  results. Model 1 relates ore 
var iables .  We have  examined a va r i e ty  of po ten t i a l  models and quote two 

production  tonnage to the  four metal grades   ( s i lver ,   go ld ,   l ead ,   z inc) ;  
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model 2 relates ore  production  tonnage  to  three metals (s i lver ,   l ead ,  
z inc) ,  and the  percentage of vein  sulphides. 

Model 1 

Log ( tons)  - 1.6853 - 0.4222 log (Ag) - 0.0146 (Pb) 
- 0.2607 log (Zn)  - 1.0429 10'3 (Au) 

R2 = 0.6565 
S2 = 0.9770 

Model 2 (omitt ing A u )  

Log ( tons )  - 3.836 - 1.1784 log (Ag) - 0.0140 (Pb) 

R2 = 0.3467 
S2 = 1.1489 

- 0.4518 log (Zn)  + 1.151 log (% sulphides) 

of t he   dens i ty   func t ion .   S t a t i s t i ca l ly   t he   r e su l t s   a r e   s ign i f i can t .  
In  both  models  log  transformations were used where d ic ta ted  by the form 

However, we want to know i f   t he  models  have prac t ica l   appl ica t ion   over  
t h e i r   e n t i r e  range. 

The f ive   h ighes t   ca lcu la ted  and observed  ore  tonnages  for  the  training 
set are shown as  a scatter diagram  (Figure 3)  fo r  model 1. The f i t  j.s 
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r e  4. Observed versus calculated  ore  productlon tonnages for  19 deposlts  In 

the target  area, Slocan canp. 

apprec ia t ion  of the   in te rna l   cons is tency  of the model for large  tonnage 
reasonably good v i sua l ly  and Figure 3 provides a q u a n t i t a t i v e  

p o t e n t i a l .  However, a proper test of the model involves   appl ica t ion   to  

Such a comparison is shown on Figure 4 for  the 19 depos i t s   i n   t he  
the  target   populat ion,  a set of data   not  used i n  developing  the model. 

t r a i n i n g  set fo r  which average  grades were a v a i l a b l e   f o r   a l l   s i l v e r ,  
gold,  lead, and zinc.  It is apparent   tha t  the model is a r e l a t i v e l y  good 
forecaster1  Other  multiple  regression models ( f o r  example, model 2) were 
not  so successful  and r e s u l t s  w i l l  not be discussed  here,  although  high 
values for model 2 a r e   p lo t t ed  on Figure 3. 

The model has been shown to be an adequate  forecaster of re la t ive   va lue  
(ore  production  tons) of individual   veins   in   Slocan camp. Unfortunately 

metals incorporated i n  the model are ava i lab le   on ly   for  about one-third 
appl ica t ion  of the model is limited  because  average  grades of the  four  

of the depos i t s  i n  the camp. It was fo r   t h i s   r ea son   t ha t  we attempted to 
develop models omit t ing gold ( f o r  example, model 2). It is unfortunate  

work has shown t h a t  gold is by far   the  most important  single component i n  
that  gold  grades are not   ava i lab le   for  more of the  deposi ts   because  this  

our models. Gold assays,   a long  with  s i lver ,   lead,  and z i n c ,  should be an 
i n t e g r a l   p a r t  of eva lua t ing  any  vein  deposit  in  Slocan camp. 
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DISCRIMINANT  ANALYSIS 

Discriminant  analysis is a method by which k c l u s t e r s  of data  in  n- 
dimensional  space  are  separated as e f f i c i e n t l y  as possible  by (k-1) n- 
dimensional  l ines.  These 'd iscr iminat ion '   l ines   are   arranqed between 
p a i r s  of c l u s t e r s  such that   the  two clusters   project   onto  the l i n e  with a 
minimum overlap  (Figure 5, from Klovan and Bi l l ings ,  1967),.  

Slocan  data were divided i n t o  high-tonnage, medium-tonnage, and low- 

using  the  probabili ty  graph of Figure 1 .  The tm groups of average 
tonnage  groups  based on thresholds of 1,000 tons and 16,000 tons  selected 

production  grades  corresponding to high and low-tonnage  groups =re 
transformed as i n  the  multiple  regression  study and l inear   'd iscr iminant '  
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Flgure 5. Conceptual model of  dlscrlmlnant  functlon  analysts as a mare e f f l c l e n t  
means of  separattng  clusters  In two-dimensional  space  than e i ther   o f   the  
varlables  alone; f r m  Klovan and B l I I l n g  (1967). 
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functions  were  calculated  between  adjoining  data  clusters. These 
functions  were  then  used  to  classify  deposits  into  high-tonnage  and low- 

population  showed  very  high  proportions  of  apparently  correct 
tonnage  categories.  Results  for  both  the  training  set  and  the  target 

classifications  (that  is, >EO per  cent  correct)  when  the  discriminant 

tonnages. 
classifications  were  compared  with  the  corresponding  known  ore  production 

The  misclassifications of particular  interest  are  those  thought  to  be 
small based on low  ore  production  tonnages,  but  which  appear  to  be  high 
tonnage  according  to  the  discriminant  classification.  Such  deposits  are 
listed  in  Table 1 for  the  training  set.  Of  course,  these  results  must  be 

model  has  been  applied  to  the  same  subset  of 19 deposits  that  formed  the 
interpreted  in  light  of  the  validity  of  the  model.  Consequently,  the 

basis  of  a  test  of  the  multiple  regression  model.  Results  are  summarized 

apparent  in  the  multiple  regression  model.  Consequently,  results  of  the 
in  Table 2 where  it  is  apparent  that  more  ambiguity  exists  than  is 

discriminant  analysis mst be viewed  cautiously  and  further  validation  is 
desirable. 

TABLE 1 

Deposlts  with l b l  know productlon  classed as havlng  hlgh-tonnage  potential, by 
discr lmlnant  funct ion  analysls of t r a l n l n g  set  deposits,  Slocan canp. 

Deposit Name Production  Probabl I I t y '  

S I  lver  Ridge 395 
Grey  Copper 

0.99 
66 

Freddy Lee 
0.86 

817  0.91 
Deadman 616 0.73 
Leadsmith-Noonday 383 0.72 
Echo  and Graphic 896 0.69 

'The p robab i l i t y   t ha t  a depos l t   fa l l s   w l th in   the  hlgh-tonnage  category  according t o  a 
discr lmlnant model  based  on average  grades of Ag,  Pb, Zn, and Au. 

TABLE 2 

La-tonnage (<1,000 tons) and medium-tonnage (1.000-1.600 tons)  deposi ts  in  target 
production  classed as havlng  hlgh-tonnage  potential (>16,000 tons) by dlscr lminant model, 
S I ocan camp 

Depos It Name Product ion  Probabi l   l ty*  
Recorded 

(short   tons) 

Ooherty 6.097 
Black Fox 

1.00 
1.577 1-00 

Highland  Surprlse 3; 027 
Jackson 

0.96 
6,314 

Glbson-Daybreak 676 
0.98 
0.92 

F I   l n t  351 0.85 
W e 1  I lngton 1,961  0.74 

'Probabi l i ty   that   the  deposi t   fa l ls  In the  hlgh-tonnage  category according t o   t h e  
discr lmlnant model. 
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CONCLUSIONS 

a t t a i n a b l e  goal  providing data of adequate qua l i t y  are avai lable .  The 
S t a t i s t i c a l  modelling of r e l a t i v e  value of vein  deposits  appears an 

study  reported  here is only a small   part  of much more extensive  research 
into  exploration  modelling. The principal   appl icat ion of s t a t i s t i c a l .  
models is in  (1)  identifying  deposits  with  high  tonnage  potential  which, 
t o   d a t e ,  have  produced  only  small  tonnages,  and ( 2 )  evaluat ing newly 

appears a more appropriate  approach to  exploration  modelling  in  Slocan 
found  deposits i n  the camp t o  which a model applies. Multiple  regression 

camp than  does  discriminant  analysis.  Gold assays  should form an 
i n t e g r a l  part in   the   evolu t ion  of a l l   d e p o s i t s  i n  the  Slocan camp. 
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