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INTRODUCTION 

Rela t ive ly  l i t t le  has  been  published on t h e  development of q u a n t i t a t i v e  
mineral   resource models of d i rec t   use   in   minera l   explora t ion   and  

t o   B r i t i s h  Columbia has  appeared since t h e   l a t e  1960's.  A n  ear ly   s tudy  
evaluation.  Nevertheless,  an i n t e r e s t i n g   a r r a y  of l i t e r a t u r e   p e r t a i n i n g  

by Kelly  and  Sheriff (1969)  was concerned  with  estimating  the economic 
minera l   po ten t ia l  of 20 by 20-square-mile cells over   the  ent i re   Province 

comparable  methodology was appl ied  on a di f fe ren t   sca le   and   wi th  more 
i n  terms of gross   dol lar   value  of  a l l  contained  mineral   deposits.  A 

detai led  geological   information ( 4  by 4-squaremile  cells)  i n  the  Terrace 
area by S i n c l a i r  and Woodsworth (1970) .  Most r e c e n t l y   t h i s  'cell '  
approach was appl ied by  Godwin and S i n c l a i r  (1979)  i n   an   eva lua t ion  of a 
single  porphyry-type  deposit ,   the  Casino copper-molybdenum deposi t  i n  
Yukon Territory,   based on a 400 by 400-square-foot cell  sixe. All these 
s t u d i e s   r e l a t e d  some measure  of cel l  value  ( the  dependent   var iable)  t o  a 
va r i e ty  of geologica l   and   o ther   a t t r ibu tes  of the  cel ls   ( independent  
va r i ab le s )  by a mult iple   regression  re la t ionship.  

Mult iple   regression  has   a lso been a p p l i e d   t o   t h e  development of 
q u a n t i t a t i v e  models f o r   t h e   r e l a t i v e   w o r t h  of ind iv idua l   depos i t s   wi th in  

S i n c l a i r ,  1982) .  Models derived from these latter studies  have a 
a mining camp ( O r r ,  1971; O r r  and S inc la i r ,  1971; S i n c l a i r ,  1979; 

as the  dependent  variable  and  logarithm  of  average  grade  figures  for 
r e l a t ive   va lue  measure for   deposi ts   (such  as   log of  product.ion  tonnage) 

var iab les .  The most extensive test t o   d a t e  by S i n c l a i r  (15182) f o r   t h e  
several   metals ,   such  as   s i lver ,  lead, zinc,  and  gold,  as  independent 

of the  method: 
Slocan  si lver-lead-zinc-gold camp suggests  several   importar&  applicail ions 

( 1 )  Newly located  deposi ts  can be  sampled  and the  average  grades  us?d t o  
estimate po ten t i a l   s i ze   (va lue ) ,   t hus   p rov id ing  a q u a n t i f i e d   t a r g e t  
fo r   fu r the r   exp lo ra t ion .  

41 1 

ldegroot
1984



( 2 )  A s t a t i s t i c a l  model will i s o l a t e   t h o s e   d e p o s i t s   t h a t  do not f i t   t h e  
general  model. In par t icu lar ,   depos i t s   wi th  low recorded  production 
t h a t  have  grade  character is t ics   of   large  deposi ts   warrant   fur ther  
detailed  examination. 

( 3 )  I n  some mining camps it may be   usefu l   to   contour   'va lues '   ca lcu la ted  
a c c o r d i n g   t o  a mult iple   regression model a s  one  means of  examining 
sys temat ic   var ia t ions  of r e l a t i v e   w o r t h   i n   o r d e r   t o   d e l i m i t   a r e a s  
fo r   de t a i l ed   exp lo ra t ion .  

PROCEDURE 

A necessary   p recursor   to   the   mul t ip le   regress ion   approach   to   explora t ion  
model  development is t h e   a v a i l a b i l i t y  of appropriate   product ion 

were used as follows:  Slocan,  Slocan  City,  and  Ainsworth camps - O r r  
information.  For  this  purpose,  computer  files,  developed  or  improved, 

(1971)  and O r r  and   S inc la i r  (1971) ;  Zeballos camp - Sinc la i r   and  Hansen 
( 1 9 8 3 ) ;  Trout Lake camp - Read (1976)  and  Goldsmith ( 1 9 8 4 ) .  

The mult iple   regression method involves   select ion  of  a value  measure  for 
each  deposi t   for  which product ion  data   are   avai lable .   Loglo  product ion 
tonnage was s e l e c t e d  as a satisfactory r e l a t i v e   v a l u e  measure based on 
r e s u l t s  by S i n c l a i r  ( 1 9 7 9 ) .  Similar ly ,   dependent   var iables  were mostly 
logarithms of average   depos i t   g rades   ( s i lver ,   l ead ,   z inc ,   go ld)   der ived  
from total   recorded  product ion.  The general  form  of t h e  model is  

log ( t o n s )  = B~ + z [ B i   l o g  M i l  + e 

where M i  represent  gold,   zinc,   si lver,   copper,   and  lead.  Logarithmic 
t ransformations are necessary  to  produce  near-normal  probabili ty  density 
functions.   These  data were t r e a t e d  by a mult iple   regression  package 
which i s  avai lable   through  the  Universi ty  of B r i t i s h  Columbia  Computing 
Centre. In p a r t i c u l a r ,   t h e  backwards  stepwise  option was used,  which 
rejects va r i ab le s  whose regress ion   coef f ic ien ts   cannot   be   d i s t inguished  
from  zero a t  a spec i f i ed   l eve l   o f   s ign i f i cance  (a = 0.05, i n   t h i s  case). 

Slocan  mining camp has  been  an  important  si lver  producing  region since 
the  Nineteenth  Century.  More than 200 individual   s i lver- lead-zinc-gold 
veins  are known from  which some production  has  been  obtained ( O r r  and 

purposes of q u a n t i t a t i v e  model l ing   (S inc la i r ,  1982) .  The western 
S i n c l a i r ,  1971) .  These deposits  have  been  divided  into two  groups f o r  

two-thirds of t h e  camp provided a t r a i n i n g  set (138  deposits)   with  which 
q u a n t i t a t i v e  models were e s t ab l i shed  as summarized i n  Table 1. These 
models were then   u sed   t o  estimate p o t e n t i a l   o f   d e p o s i t s   i n   t h e   e a s t e r n  

p l o t t e d  on Figure 132, where t h e   s c a t t e r  i s  comparable t o   t h e   s t a n d a r d  
group  for  which  production  tonnages were known. An example i s  shown 

e r r o r  of t h e  model.  Such a r e su l t   p rov ides   va l id i ty   fo r   t he   gene ra l  
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approach.  Unfortunately,  calculated  tonnage by the   four -var iab le  model 
could  be compared with  only 19 known production  tonnages bec:ause gold 
conten ts  were not  recorded  for most  of t h e  65 d e p o s i t s   i n   t h e   e a s t e r n  
group.  Obviously,  gold is an  important component i n   s u c h  a model 
(compare  standard  errors of t h e  two  models i n  Table 1 ) .  

SLOCW ( S A W )  REGRESSIOW MWELS 
TABLE 1 

A: Log (tons) = 1.3789 - 1.1459 log (Au) - 0.5544 log (PI)) 
R2 = 0.59 
Se = 0.8608 
n = 62 

E: Log (tons) = 5.4172 - 1.3907 log (Ag) - 0.3786  log (Zn)  
R2 = 0.22 
Se = 1.2490 
n = 95 

The  number  of deposi ts  on which t o   b a s e  a model increases   d ramat ica l ly   i f  

omitted. However, t he   r e su l t i ng  model  (model B, Table 1)  i s ;  very 
only  three  independent  variables are considered and gold is the  one 

unsa t i s fac tory  from a p r a c t i c a l   p o i n t  of view because of the? la rge  
s tandard   e r ror   and   the   very  low c o e f f i c i e n t  of va r i a t ion .  It is evidcant 
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Figure 132. Observed  versus ca lculated tonnages 

Slocan camp. 
using a nult lple  regression  equat ion,  
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tha t   go ld   da ta   a re   h ighly   des i rab le  i n  such  models  for  Slocan  (Sandon) 
camp. Perhaps  the most s ign i f i can t   con t r ibu t ion   o f   t h i s   s tudy  i s  t o  
stress the  importance of  gold  assays in   eva lua t ing   ve in   depos i t s  i n  
Slocan camp. 

AINSWORTA CAMP 

Of t h e  more than 90 lead-zinc-s i lver-gold  deposi ts   in   Ainsworth camp with 
recorded  production,  only 13 have  average  grade  information  for a l l   f o u r  
variables.   These  'complete '   sets of assay  data  have  been  used  to  develop 
regress ion  model A of Table 2. The mul t ip le   regress ion  model h a s  reduced 
t o  a simple regress ion  model in th i s   case   because   l ead  i s  a l i n e a r  

b o t h   r e j e c t e d   a s   n o t   c o n t r i b u t i n g   t o   e x p l a i n i n g   v a r i a b i l i t y   i n   t o n s .  
combination  of  other  variables  and a t  t h e  0.05 l e v e l   s i l v e r  and  zinc were 

Clear ly   gold i s  an   impor tan t   var iab le   for   es t imat ing   s ize   po ten t ia l ,   bu t  
unfortunately is a v a i l a b l e   f o r  few deposi ts .  A much la rger   da ta   base  

With t h i s   l a r g e r   d a t a   b a s e  only z inc  was r e j e c t e d   a s   n o t   C o n t r i b u t i n g   t o  
e x i s t e d  upon which t o  base a regress ion  model i f  gold  were  not  included. 

an   exp lana t ion   o f   t he   va r i ab i l i t y  of tons.  The remaining  model (B i n  
Table 2) ,  a l though   s t a t i s t i ca l ly   mean ingfu l ,  i s  of l i t t l e  p r a c t i c a l   u s e  
because of r e l a t i v e l y  large standard error and l o w  coef f ic ien t   o f  
va r i a t ion .  

AINSVORTH REGRESSIOW LWOELS 
TABLE 2 

A: Log (tons) = 1.5268 - 0.8068 l o g  (Au) 
R2 = 0.68 

n = 13 
S, = 0.6949 

8:  Log ( tons)  = 3.4067 - 0.5770 l o g  (Ag) - 0.8011 log (Zn) 
R2 = 0.21 
S, = 1.1270 
n = 49 

SLOCAN CITY CAMP 

production  information i s  ava i l ab le  ( O r r  and   S inc la i r ,  1971) .  These 
Slocan  City camp conta ins  74 small. polymetal l ic   vein  deposi ts   for   which 

depos i t s   a re   sca t te red   th roughout  a n  a rea  of about 115 square  ki lometres .  
Of these,   only 17 have  complete  production  information for tonnage  mined 
and  average  grades  of  si lver,   lead,  zinc,   and  gold.   Data  for  these 17 
depos i t s  were used t o  develop a regress ion  model ( A  of  Table 3). The 
model is mediocre,  but a t  t h a t ,  is  s u b s t a n t i a l l y   b e t t e r   t h a n  model R 
(Table 2)  which is obtained when gold i s  omitted. 
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SLCCAN CITY REGRESSIW MODELS 
TABLE 3 

A: Log ( tons)  = 1.5878 - 0.6085 Icg (Au) - 0.5177 log (Zn)  
R2 = 0.37 
Se = 1.0700 
n = 17 

8 :  Lcg ( tons)  = 2.0867 - 0.4508 lcg ( Z n )  
R2 = 0.14 
s, = 1.1290 

~- 

n = 33 

TROUT LAKE CAMP 

Four  grade  variables  and  production  tonnages  are  available  for 17 past. 
producer  silver-lead-zinc  veins.  These  data  were  used t o   e s t a b l i s h   t h e  
following  multiple  regression model: 

l o g   ( t o n s )  = 3.484 - 1.524 log  (Ag) - 1.821 log  (nu) + 1.440 log  (Pb) 
- 2.644 log  (Zn) 

R2 = 0.78 
Se = 0.867 

A l l  four  grade  variables  have a s ign i f icant   cont r ibu t ion   to   the   reduct . ion  
of   var iance   in   the  model,   al though  si lver is t h e   s i n g l e  most  important. 
variable.   Production  data  span more than   f ive   o rders  of magnitude; 

than one order of magnitude may have p o t e n t i a l  in  evaluating  well-sampled 
consequently, a model t h a t  estimates s ize   wi th  an   absolu te   e r ror  less 

d e p o s i t s   i n   t h e  camp. P rac t i ca l   app l i ca t ion  of t h e  model is l imi t ed  at 
the  moment because  for many deposits  production  data were not  recorded 
f o r   a l l   f o u r   m e t a l s ;  z i n c  data  i n  p a r t i c u l a r   a r e   d e f i c i e n t .  

2E-S CAMP 

Vancouver Island  (Hansen  and  Sinclair, 1984), were used t o   d e r i v e   t h e  
Product ion  data   for  1 1  vein   depos i t s  from the  Zeballos  gold camp, 

following model: 

loglo ( t o n s  mined) = 3.09 - 0.97 loglo (Ag) - 1.67 loglo (Cu)  

R2 = 0.98 
Se = 0.41 

where  tons mined is shor t   t ons  of recorded  production,  and s i lver  and 
copper are average  grades  of  recorded  production  in  ounces  per  short ton 

potential   grade  variables,   gold  and  lead,  from the model a t   t h e  0.05 
and  per  cent  respectively. The backwards  stepwise  procedure removed  two 

l eve l .  
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DISCUSSION 

useful  quantitative  (regression)  models to evaluate  size  or  relative 
The  five  examples  cited  here  demonstrate  a  procedure  for  developing 

value  of  polymetallic  vein  deposits.  Each  of  the  examples  involves  four 
independent  grade  variables.  Experience  with one,  two,  or  three 
independent  variables  is  that  the  resulting  models  have  substantially 
larger  standard  errors  than  is  the  case  with  four  independent  variables. 

In  four  cases the  calculated  models  involve silver-gold-lead-zinc 

models  differ dramatically  from  one  camp to another,  a  difference  that  is 
deposits.  At the  fifth  camp  the  metals  are gold-silver-lead-copper.  The 

accented  by  considering  the  most  important  single  variable  in  reducing 
variance in  the  model.  At  Zeballos  the  important  element,  copper,  is 
correlated  negatively  with  tonnage.  In  Slocan  (Sandon)  and  Ainsworth 

also  negatively  correlated  with  tons.  Silver is  important  in  Trout  Lake 
camps,  gold is by  far  the  most  significant  independent  variable  and  is 

camp,  and is  correlated  positively  with  size. 

The regression  model  approach  suggests  a  variety  of  practical 
applications: 

( 1 )  The small number  of  deposits in  a  camp  that  depart  most  from  the 
model  may  be  anomalous. Of particular  interest  are  those  deposits 
with  low  observed  tonnages  and  very  much  higher  calculated  tonnages. 
Such  deposits  may  fit  the  model  and  have  relatively  large 
undiscovered  tonnages. 

(2) In each  camp  there  are  a  large  number  of  past  producers  for  which 
fewer  than  four  metal  grades  were  recorded.  In  some  cases 

for four  variables,  could  be  evaluated  by  the  regression  model. 
resampling  of  old  workings  is  possible  and  such  samples,  analysed 

Such  a  program  would  appear  especially  viable in the  case of Slocan 

which  have  data  for  all  four  independent  variables  of  the  regression 
(Sandon)  camp  where  about 270 past  producers  are  known,  only 89 of 

mode 1. 
( 3 )  Newly  found  deposits  evaluated  by  drilling,  surface  and/or 

underground  sampling  may  have  sufficient  data so that  weighted  mean 

potential. Of course  past  producers  also  can  be  re-evaluated  in 
grades  can  be  substituted in  the  model  for  rough  estimates  of  size 

this  way  as  additional  data  become  available. 

The  principal  difficulty  with  the  method  lies  in  the  substantial  amount 

many  deposits  and  a  long  history  of  production,  much  of  the  production 
of  information  necessary to establish  the  models.  Even in  camps  with 

may  not  have  been  analysed  for  enough  variables or the  appropriate 
variables to provide  an  acceptable  model.  Our  work  demonstrates  that 

most  important  variable  for  purposes  of  estimating  tonnage  may  be  of 
different  variables  are  important  in  different  camps.  Furthermore,  the 

relatively minor economic  importance  with  the  result  that  little  or no 
attention  is  paid to measuring  it.  This  is  true  of  copper in Zeballos 
deposits  and  gold  in  deposits  of  the  Slocan  (Sandon)  and  Ainsworth 
camps. 
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CONCLUSIONS 

Multiple  regression  models  relating  production  tonnages 1:o average  grades 
of production  for  deposits  from  polymetallic  vein  camps  appear to :have 
potential  as  a  deposit  evaluation  technique. In the  five  camps  studied 
here the models  provide  tonnage  estimates  with  an  error  of  about  one 
order of magnitude  or  less, in some  cases  much  less. This error i:; 
large,  but  in  the  context  of  range of deposit  sizes  (commonly  over  five 
to  seven  orders of magnitude)  the  models  can  discriminate  between  small 
tonnage  and  large  tonnage  extremes. I n  addition,  the  models  provide a 
basis  for  a  probabilistic  approach  concerning  the  chances  a deposit.. has 
of exceeding  a  'minimum  conceptual  target.' 

Despite  limitations of the  availability  of  data,  the  regression  method 
appears  to  have  potential  in  evaluating  new  finds  in  established  mining 
camps  and  in  re-evaluating  known  deposits  for  which  more  comprehensive 
assay  information  becomes  available. 

ACKNOWLEDGMENTS 

This  project  began  with  the  efforts of J.F.W. Orr  (deceased)  in 
establishing  comprehensive  mineral  deposit  files  for  Ains'dorth,  Slocan 

Zeballos  camp,  as  did P. B. Read  for the Trmt Lake  camp.  Assistance in 
(Sandon),  and  Slocan  City  mining  camps. M. Hansen  did  the  same  for 

prodigious  amount  of  computer  output.  Financial  support  Ifor  this  study 
computer  file  editing  was  provided  by  A,  Bentzen,  who  also  supplied a 

was  provided  by  the  Geological  Survey  of  Canada,  the  British  Columbia 
Ministry  of  Energy,  Mines  and  Petroleum  Resources,  and  the  British 
Columbia  Science  Council. 

REFEFXNCES 

Davidson, R. A. (1972): A Computer  Oriented  Analysis of Metal  Production 
from  Ainsworth  Mining  Camp,  Southeastern  British  Columbia,  B.A.Sc. 
thesis, Univ. of B r i t i s h  Columbia. 

Godwin, C. I. and  Sinclair, A. J. (1979): Application  of  Multiple 
Regression  Analysis to Drill  Target  Selection,  Casinc  Porphyry 

Met., Sec. B, Vol. 88, pp. B93-BlO6. 
Copper-molybdenum  Deposit,  Yukon,  Canada, T r a n s .  I n s t .  Min. 

Goldsmith, L. B. (1984): A  Quantitative  Analysis of Some  Vein-type 
Mineral  Deposits  in  Southern  British  Columbia,  unpub. M.Sc. thesis, 
Univ. of Bri t i sh  Columbia. 

p' Goldsmith,  L. B. and  Sinclair, A. J. (1983): Spatial  Density of 
Silver-lead-zinc-gold  Vein  Deposits  in  Four  Mining  Camps  in 
Southeastern  British  Columbia, B.C. M i n i s t r y  of Energ;j, Mines 6: 
P e t .   R e s . ,  Fieldwork, 1982, Paper 1983-1, pp. 251-265. 

w' Goldsmith, L. 8. and  Sinclair, A. J. (1984): Triangular  Graphs  as  an  Aid 
to Metallogenic  Studies of Polymetallic  Vein  Deposits, B.C. 
M i n i s t r y  of E n e r g y ,  Mines & P e t .   R e s . ,  Geological  Fie:Ldwork, 
1983, Paper 1984-1, pp. 240-245. 

41 7 



- Hansen, M.  C. and  Sinclair, A. J. (1984) :  A Preliminary  Assessment  of 
Zeballos  Mining  Camp, B.C. Ministry of Energy,  Mines & Pet. 
Res., Geological  Fieldwork, 1983, Paper 1984-1, pp. 219-232. 

Kelly, A. M. and  Sheriff, W. J. ( 1 9 6 9 ) :  A Statistical  Examination of the 

Orr, 

orr , 

Metallic  Mineral  Resources  of  British  Columbia,  Proc.  Symp. on 
Decision  Making  in  Mineral  Exploration  11, A. M. Kelly  and A. J. 
Sinclair  editors,  Univ. of British  Columbia, pp. 221-243. 

Deposits  in  Slocan  City  Camp,  Nelson  Mining  Division,  British 
J.F.W. (1971) :  Mineralogy  and  Computer-oriented  Study  of  Mineral 

Columbia, M.Sc. thesis,  Univ. of British  Columbia. 
J.F.W. and  Sinclair, A. J. (1971) :  Mineral  Deposits in the  Slocan 

February, pp. 22-34. 
and  Slocan  City  Areas  of  British  Columbia,  Western  Miner, 

i ? 
Read, P. E. (1976) :  Lardeau  West  Half, Geol. Surv., Canada,  Gpen 

File  Map 462, Open  File  Rept. 464. 

Sinclair, A. J. (1979) :  Preliminary  Evaluation  of  Stmunary  Production 
Statistics  and  Location  Data  for  Vein  Deposits,  SlOcan,  Ainsworth, 
and  Slocan  City  Camps,  Southern  British  Columbia, in Current 
Research,  Part B, Geol.  Surv.,  Canada,  Paper 79-1B, 
p p .  173-178. .......... (1982) :  Multivariate  Models  for  Relative  Mineral  Potential, 
Slocan  Silver-lead-zinc-gold  camp, B.C. Ministry of Energy,  Mines 
& Pet.  Res.,  Geological  Fieldwork, 1981, Paper 1982-1, 
pp. 167-175. 

Sinclair, A. J. and  Hansen, M. C. (1983) :  Resource  Assessment of 
Gold-quartz  Veins,  Zeballos  Mining  Camp,  Vancouver  Island - A 
Geological  Fieldwork, 1982, Paper 1983-1, pp. 290-303. 
Preliminary  Report,  Ministry of Energy,  Mines & Pet. Res., 

Sinclair, A. J. and  Woodsworth, G. J. (1970) :  Multiple  Regression  as a 
Method of Estimating  Exploration  Potential  in  an  Area  near  Terrace, 
British  Columbia,  Econ. Geol., Vol. 65, No. 8 ,  pp. 998-1003. 

41 8 


