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INTRODOCTI(MI 

S p a t i a l   d e n s i t y   a p p e a r s   t o   h a v e   s e v e r a l   p r a c t i c a l   a p p l i c a . t i o n s   i m p o r t a n t  
i n  resource assessment, v i z  .: 
( 1 )  de f in ing  limits to mining  camps, 

( 2 )  providing a systematic  basis  for  comparing  mining camps i n  terms of 
average   depos i t   dens i ty  OK average  metal   concentration, and 

( 3 )  recogni t ion  of sys t ema t i c   va r i a t ions  i n  s p a t i a l   d e n s i t y   o f   m i n e r a l  
occurrences  within  individual  mining camps. 

Here we examine   t he   po ten t i a l   u ses   o f   spa t i a l   dens i ty   app l i ed   t o   c lu s t e r s  
of ve in   depos i t s .  

S inc l a i r   (1979)   sugges t ed   t ha t   con toured   spa t i a l   dens i ty  maps of l o c a t i o n  
d a t a   ( c e n t r o i d s )  of mineral deposi ts   might   provide a c o n s i s t e n t   i f  
empi r i ca l  means  of def ining  boundaries  to c e r t a i n   t y p e s  of mining camps 

average method be  used as a bas is   for   contour ing  'number of veins   per  
or mineral ized centres. I n  p a r t i c u l a r ,  he  recommended that a moving 

square   k i lomet re '   and   tha t   the  0.5 dens i ty   con tour  be  used t o   d e f i n e   t h e  
empi r i ca l  limits to  the  Rinsworth  vein camp i n  s o u t h e a s t e r n   B r i t i s h  
Columbia. lhe method appears  applicable  to  two-dimensional  problems  and, 
of c o u r s e ,   s u f f e r s   t h e   l i m i t a t i o n   t h a t   t h e  0.5 s p a t i a l   d e n s i t y   c o n t o u r  
does n o t  e x i s t  as a real e n t i t y .  Exact locations of some deposits are 
no t   a lways   r ead i ly   a t t a inab le  from a v a i l a b l e  l i terature  b u t  this problem 
i s  r e s t r i c t ed   l a rge ly   t o   sma l l   depos i t s   ac t ive ly   exp lo red   and /o r   exp lo i -  
t ed   dur ing   the   n ine teenth   cen tury .   Uncer ta in   loca t ions  i n  general   do  not  
appear   to   represent   p roblems  in   contour ing   spa t ia l   dens i ty   because   the  
unce r t a in ty  is g e n e r a l l y   s m a l l   r e l a t i v e  to the   sca le  of  a mining camp. 

This  study  extends  the early work by Sinc la i r   (1979)   to   inc lude   four  
ve in  camps,  Ainsworth,  Slocan,  Slocan  City, and Lardeau  (Trout  Lake), i n  

approach i n  r e l a t i o n   t o   v e i n  camps.  The da ta   base   for   th ree  of the  
s o u t h e a s t e r n   B r i t i s h  Columbia (F ig .  87)  i n  an  a t tempt   to   general izo  the 

mining camps is an updated  version of  a computer-based  producer f i l e  
e s t a b l i s h e d  by Orr and Sinclair   (1971) .   Data   for   the  Lardeau  (Trout  

P. B. Read (Read,  1976;  Goldsmith, e t  dl., i n  p r e p a r a t i o n ) .  The former 
Lake) camp a r e  an ed i ted   vers ion  of a f i l e   e s t a b l i s h e d   o r i g i n a l l y  by 

f i l e   ( S l o c a n ,   S l o c a n  C i t y ,  and  Ainsworth)  contains  information o n l f  f o r  
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TABLE 1 

AREA MF,ASURENENT STATISTICS, AlllSWORTLI llINIllG CAMP 

25X  OVERLAF 

4 h  x 

13.68  13.80 
21.97 10.00 10.80 10.80 11 15.58 13 .14   13 .68   13 .00  1 2  lkm x l h  

28.08 28.02 36.10  36.30 
12.13  28.08 28.26  21.96 80 

63.96  63.01 
91.13 36.35  63.54  36.36 

11 .88   77 .88  
80 Z h  x zkm 

165.31 63.83 63.66  63.84 8 1  201.67 71.86  71.70  78.00 81 

10.80 10.80 

50% OVERLAP 

0.5 DEPOSIT~CELL 1 . 0  UEPOSITICELL 

4 h X  4 h  81  68.10  68.28  68.15  176.50 8 1  56.22  56.22 56.1.8 145.49 

2 h  X 2 h  1 1 5  I 30.36 !::::I 30.30 I 78.48 11 15 1 23.28  23.22  23.24  60.18 
67.98  56.28  55.98 1 

l 5 X  OVERLAP 

I 0.5 DEPOSITICFLL 1.0 DEP0SITiCEl.L 

212.24 

63.68 

30.42 

61 .26  67.20 

1 9 . 5 6  19.08 

9.45 9.36 

rAOLE 2 

R E A  MEASUREMENT STATISTICS, SLOCAN llINING CN4P 

25% OVERLAP 

WindOv U 0.5 UEPOSITICELL 

A" 

1 . 0  DEPOSIT/CELL, 

measurements) Miles2 km2 D e p o s i t s  kt72 Mi les2  (4 mearurementr) 
A" Number of A" Au Miles2 

4km x 4km I 176   I160 .50   160 .98  I 
160.32 160 .32  
108.00 107.46 

28.65 28.47 
28 .53  28.65 

107.64  107.58 

50% OVERLAP 
! 140.46  140.04  140.36  363.51 

140.40  140.52 
13.14  73.20  73.11  189.35 
73.08 73.02 

20.37  20.43 
20.31  20.43  20.40  52.84 

I I 0 . 5  DEPOSITICELL II I 1 . 0  DEPOSlT/CElL 

4kn x 4km 176  157.08 156.78  156.59  405.56 175  137.40 137.76  131.15  356.16 

2km x 2kn 176  102.12 102.36  102.03  264.26 172  72.18 72.06  72.11  186.75 

lkm x lkm 124  30.60 30.42  30.51  79.02 121  19.10 19.50  19.46  50.39 

156.24 156.24 137.40 138.42 

102.18 101 .46  72.12 12 .06  

30.60 30.42 19 .50  19.32 

75% OvEnLhr 

Okn x 4km 

101 lkm x l k l n  

141.16 54.74 54.78  54.66 
89.94  89.64 

165 233.1 9n.00 90.42  90.00 171 2km x Zkm 
139.02  138.18 

359.36  138.75 139.2ti  138.54 
151.74  158.10 

1 7 5   4 0 9 . 2 s   1 5 8 . 0 ~   1 5 8 . 1 n   1 5 8 . 1 t i   1 7 6  

54.66 54.8'1 
211.10 20.10  20.19 52.7'1 
20.10  20.46 

99  11.18 15.18  15 .33   39 .11  
15 .18   15 .48  
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depos i t s   wi th  a recorded  production of a t   l e a s t  one s h ' x t  ton oE ore. 
The f i l e   f o r   T r o u t  Lake camp con ta ins   l oca t ions  of a l l   p u b l i c l y   r e c o r d e d  
d e p o s i t s   i r r e s p e c t i v e  of whether  or  not  they  have  produced  ore. 

MEl'HOL)OUXY 

Consider  the  problem  of  depicting  spatial   density  of  minc?ral   occurrences 
t o  be  two-dimensional. An i n t e r p o l a t i o n   t e c h n i q u e  i s  r equ i r ed   t o   p rov ide  
s p a t i a l   d e n s i t y   e s t i m a t e s  on a regular  grid  superimposed upon  a d i s t r i c t  
con ta in ing  numerous i r r egu la r ly   l oca t ed   occu r rences  and/o:c depos i t s .  The 
s p a t i a l   d e n s i t y   v a l u e s   f o r   e a c h  cel l  of t h e  gr id   then  can be contoured by 

used  here  i s  t o  move a ( squa re )  window over t h e   f i e l d  of  i n t e r e s - t   i n  a 
s i m p l e   l i n e a r  i n t e r p o l a t i o n ,   e i t h e r  by hand o r  machine. One procedure 

regular ,   per iodic   fash ion ,   count   the  number o f   depos i t s  i.n t he  window a t  
each   pos i t i on ,  and assign  each  count   to   the  centre   of   the   square  for  
which the  count was obtained.  

Three  parameters  can  be  varied i n  th i s   p rocedure :  ( 1 )  t h e  window shape, 

adjoining  count ing cells. 
( 2 )  t h e  window a rea ,  and ( 3 )  the   p ropor t ion   of   over lap   ( i f   any)   o f  

The l e v e l  of v a r i a b i l i t y  i n  s p a t i a l   d e n s i t y   d a t a   t h a t  results from these  
sources  m s t  b e   q u a n t i f i e d  if s p a t i a l   d e n s i t y  i s  t o  be  used i n  a meaning- 
fu l   f a sh ion .  

MWURPWENT OF SPATIAL DENSITY  VARIABILITY 

We have   a t t empted   t o   eva lua te   s eve ra l   sou rces   o f   va r i ab i l i t y  i n  ob ta in ing  
s p a t i a l   d e n s i t y   e s t i m a t e s   f o r   v e i n   m i n i n g  camps. In p a r t i c u l a r ,  we have 
examined the  e f f e c t s   o f :  

( 1 )  varying s i z e  of counting window, t h a t  is, 1 by 1 k i lomet re ,  2 by 2 
kilometres, and 4 by 4 ki lomet res ,  

( 2 )  def in ing  camp a rea  by two d i f f e r e n t   s p a t i a l   d e n s i t y   c o n t o u r s ,   t h a t  
is, 0.5 depos i t   per  cell and 1 .O d e p o s i t   p e r   c e l l ,  and 

( 3 )  i e s t i n g   a c t u a l   r e p r o d u c i b i l i t y  of camp area  es t imate: ;  by planimeter .  

Data  from  our tests for   th ree   min ing  camps a r e  summarized i n  Tables 1 ,  2, 
and 3 from  which severa l   conc lus ions  seem evident .  The most  obvious 
f e a t u r e  of t he   t abu la t ed   da t a  i s  that   p lanimetr ic   measurements  in camp 
a reas   va ry   mch   l e s s   t han  1 p e r   c e n t  of t h e  a r e a ;   t h e s e   e r r o r s   a r e  
neg l ig ib l e .  

c e l l   i n c r e a s e s ,   r e g a r d l e s s  of ex ten t  of over lap .   This   resu l t s   1 ,a rge ly  
Estimated camp a reas   i nc rease   d rama t i ca l ly   a s   t he   s i ze  of the  collnting 

from an  ever-increasing  zone of no d e p o s i t s   t h a t  i s  included  within  the 
camp b o u n d a r i e s   a s   t h e   c e l l   s i z e   i n c r e a s e s .  lhis e f f e c t   c a n  be  minimized 
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25% OVLRLAF 

Window 0.5 OEFOSITICELL 1 . 0  OEPOSIT/CTlI.  

Size Av AV h l i l e r 2  N".i.er of AV Au M i l e s 2  Number of 
Deporifr km2 I l i l e r 2  ( 4  merrurements) Deposits kmz nliles' (6 meriuremfnti) 

akn x 4km 

6 . 8 4  6.84 19.50 1 9 . 6 2  
1 7 . 7 2  6 . 8 4  6.8.1 6 . 8 4  3 7  5 0 . 6 2  19.55 1 0 . S O  19.16 5 7  ikm x 1km 

3 9 . 0 0  39.00 46.74 4 6 . 6 8  
1 0 1 . 1 3  38.05 39.00 39.18 

8 2 . 3 2  8 2 . 2 0  
S i  1 2 0 . 9 0  4S.GR 4 6 . 6 2  46.68 5 7  Zkm x 2km 

2 1 2 . 8 1  82.165 8 2 . 2 0  81.95  S B  289.04 1 1 1 . 6 0  1 1 1 . 9 0  1 1 1 . 3 0  6 0  
l i l . 3 U  1 1 1 . 9 0  

50% OYERLAP 
"_ 

0 . 5  DIPOSITICTI.I 1.0 DEPOSITICELI. 

4x1" x O h  

57  ikm x lkm 

96.93 1 7 . 4 3  3 7 . 5 6  3 7 . 2 0  
ds.06 4 1 . 1 2  

7 7 . 8 8  7 7 . 5 8  8 8 . 4 5  89.40 
55 1 1 6 . 7 4  4 5 . 0 7  4 4 . 4 4  4 1 . 1 8  57 2kn x 2km 

201.44 7 7 . 7 8  1 7 . 9 4  7 7 . 7 0  19 2 3 1 . 7 4  R'l .48 8 9 . 5 2  80.52 59 

37.50 3 7 . 4 4  
2 0 . 3 4  20 .16  20.2R 52.53 50 
2 0 . 1 6  20 .66  

10.17 10.18 10.11 2 7 . 1 8  
1 0 . 1 7  10.16 

75% 0VCllLAY 

0.5  owoslr/cCLt 1.0 D m n s l r m L I .  

4km x 4km 

7 . 2 6  7 . 2 6  17.16 17..10 

34.38 3 4 . 5 0  
4 4 . 7 5  4 3  1 7 . 2 8  1 1 . 1 6  1 7 . 4 0  57 lkm x 1km 

4 2 . 9 0  4 2 . 7 8  
I I I . O Z  42.87  4 2 . 7 8   4 3 . 0 0  5 7  2km x 2krn 

5 1 . 1 8   5 0 . 9 4  6 2 . 1 0   6 2 . 3 4  
160.76 6 2 . 0 7  61.74 6 2 . 1 0  59  

window s i z e  is a l a rge   sou rce  of v a r i a b i l i t y  i n  mining camp a r e a s  by the 
by using a 1.0 r a the r   t han  a 0.5 depos i t -per -ce l l  contour.  Nevertheless ,  

method we ou t l i ne .  To coun te rac t  this problem we de f ine  a mining camp 
somewhat s u b j e c t i v e l y  on t he   bas i s  of the   smal les t  window s i z e   t h a t  
r e su l t s  i n  a high  proportion  (more than  90 per  c e n t )  of known occurrences 
being  contained w i t h i n  a reference  contour   ( for   example,  0.5 d e p o s i t   p e r  
c e l l ) .  

E x t e n t  of ove r l ap  of ad jo in ing   count ing  windows does  not  appear  to  be  an 

cohesive  ra ther   than a disaggregated  outl ine.   For  example,   for  Slocan 
important   source of v a r i a b i l i t y   f o r   s m a l l e s t  cel l  s i zes   t ha t   p roduce  a 

camp the  2 by 2-kilometre window produces  areas of 121,  117,  and 111 
squa re   k i lome t re s   fo r   ove r l aps  of 25, 50, and 75 pe r   cen t   r e spec t ive ly .  

Our sub jec t ive   eva lua t ion  of these   da t a  and the  many maps t h a t  we viewed 

tha t   a reas   o f   min ing  camps  can  be de f ined   u se fu l ly  and  reproducibly,   i f  
(one   for   each  l i n e  of information i n  each  table)  have  led us  to   conclude 

empi r i ca l ly  and subjec t ive ly ,   as   fo l lows:  

( 1 )  use a 0.5 d e p o s i t   p e r  cell  as   the  margin  contour   to   def ine  the  outer  
extremity  of a mining camp, 

(2) use 50 p e r   c e n t   o v e r l a p  of  square  counting  cells ,   and 

( 3 )  ce l l  s i z e  must  be  selected by t r i a l  and e r r o r   t o   b e   t h a t  smallest 
s i z e  which r e t a ins   t he   l a rge   ma jo r i ty  of d e p o s i t s  of  a s u b j e c t i v e l y  
recognized  mining camp within  the  marginal   contour ,  
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WAlPLEs OF SPATIAL DmSITY MAPS 

TWO extreme  cases  of the app l i ca t ion  of s p a t i a l   d e n s i t y   p r o c e d u r e s  
app l i ed   t o   mine ra l   depos i t   l oca t ion   da t a   a r e :   t o   de f ine   boundar i , e s  of 
clusters of vein depos i t s ,  and to examine p a t t e r n s  of s p a t i a l   d e n s i t y  
contours  of mineral d e p o s i t s   w i t h i n  a mining camp. 

OUTLINIWG  UINING CAWS 

develop a reproducible  procedure by which we can  def ine  boundaries   to  
In a large  region  containing  several   mining camps we might wi sh  to 

mining camps and determine an  estimate of their individual   geographic  
limits. Such information would  be usefu l   for   purposes  of quan t i fy ing  the 

dens i ty .   S imi l a r ly   t he  amount of var ious   meta ls   concent ra ted   in to  v e i n s  
d i s t r i b u t i o n  of  mineral   occurrences i n  a camp i n  terms of   ave rage   spa t i a l  

per u n i t   a r e a  i n  a mining camp could be examined  and displayed.  

The foregoing   ob jec t ives   requi re  that we know the t o t a l  number  of 
d e p o s i t s  i n  a camp and  the  geographic limits of the camp. Of course a 
newly  found d e p o s i t  i n  an  old camp or  one o u t s i d e   t h e   e x i s t i n g  camp 
limits w i l l  b i a s  the parameter we a re   e s t ima t ing .  A s  long as we 
recognize  these  sources  of e r rors ,   they   need   no t   represent   se r ious  
problems,  and, i n  fac t ,   a re   l ike ly   min imal  i n  many  cold, thoroughly 
explored camps. 

Figure 88 is a moving ave rage   spa t i a l   dens i ty   con tour  rmp f o r  an a rea  
including  the  northern  end of the Nelson  bathol i th .  A window of :2 by 2 
ki lomet res  was used  with 50 per cent   over lap  i n  t he  two p r i n c i p a l   g r i d  
d i r e c t i o n s .  NOte t h a t  i n  such a case a s i n g l e   d e p o s i t  w i : t 1  occur i n  four  
cells  whose c e n t r e s   a r e  i n  a square  with  s ides   half  the cel l  dimension. 
The 0.5 deposi t   per   4-square-ki lometre   contour   around a n  : i so la ted   depos i t  
i s  the re fo re  the same s i ze   a s   t he   bas i c   coun t ing  cell.  In a  few cases 
where deposit l oca t ions  are exac t ly  on the boundary of a count ing cell,  
i s o l a t e d   d e p o s i t s  are surrounded by a rec tangular   contour   wi th   a rea  less 
than the b a s i c   c e l l   a r e a .   A f t e r  some experimentation  the a r t i f i c i a l  
contour  0.5 d e p o s i t  per 4-square-kilometres was s e l e c t e d   a r b i t r a r i l y   a s  
s e t t i n g  the ou te r  limit of vein  concentrat ions  def ining  mining camps i n  
t h e   a r e a .  

Once an  acceptable limit is  def ined   for  a mining camp we can c a l c u l a t e  
a v e r a g e   s p a t i a l   d e n s i t y  and  average known metal endowment. Our p resen t  
s tudy is conce rned   p r imar i ly   w i th   spa t i a l   dens i ty  of mjnera l   depos i t s ,  
al though  the  methodology  can  be  extended  easily to the presenta t ion   of  
metal  endowment using known meta l   p roduct ion .   Average   spa t ia l   dens i t ies  
a r e  summarized i n  Table 4 for  Slocan,  Slocan  City,  and Ainsworth mining 
camps. It is  important  t o  r e a l i z e   t h a t   t h e   f i g u r e s   q u o t e d  i n  Table 4 a r e  
der ived  only from those   depos i t s   ly ing   wi th in   the  0.5 depos i t   pe r  4- 
square-ki lometre   contour .  
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The da ta  of m b l e  4 are  based on the  same c o u n t i n g   c r i t e r i a   f o r   t h e  

p r a c t i c a b i l i t y .  However, d i f f e r e n t   c o u n t i n g   c r i t e r i a  may be op t ima l   fo r  
e n t i r e   a r e a .  Such a procedure is p robab ly   des i r ab le   fo r   r ea sons   o r  

d i f f e r e n t  camps.  Cur experience  has shown t h a t   c o u n t i n g   c e l l  s i z e  i s  
p a r t i c u l a r l y   c r i t i c a l  (see T a b l e s  1 ,  2,  and 3 )  t o  camp a r e a  
es t imates .  A subject ive  evaluat ion  of   the Ainsworth camp, a t i .ght ly  
c lus t e red   g roup   o f   ve ins  i n  a r e l a t ive ly   sma l l   a r ea ,   sugges t s  t h a t  a 1 by 
1-k i lomet re   count ing   ce l l  i s  more appropriate   than  the 2 by 2-kilometre 

k i lome t re  count ing ce l l  f o r   t h e  equ iva len t   a r ea  of Figure 88 a r e  shown on 
count ing c e l l   u s e d  f o r  Figure 88. S p a t i a l  contours   using a 1 by 1- 

Figure 89. T h i s   l a t t e r   p l o t   a l s o   d e m o n s t r a t e s  how disaggregated a camp 
appears  if too   smal l  a count ing cel l  i s  used as i n   t h e   c a s e  of  Slocan  and 
Slocan  Ci ty  camps. 

TAKE 4. AVERPGE SPATIAL DENSITIES FOR S I N E  
SOUTHEASTERN BRITISH COLlMBlA MINING CAWS 

(BASED ON 2 x 2 km COUNTING  CELLS WITH 
50 PER  CENT  OVERLAP) 

Camp Area No. of Deposits 
(km') Deposits  per  km2 

Alnsworth  78.5 71  1.0 
S I  ocan  264.3 
Siocan C i t y  

172 
116.7 59 

0.7 
0.5 

S Y S m T I C  VARIATIONS  IN  SPATIAL DmSITIES 

S p a t i a l   d e n s i t y  maps of  mining  camps a l s o   a r e   i m p o r t a n t   a s  a means  of 

mining camps.  For  such a purpose we are   faced   wi th   the  same problem a s  
examining   sys temat ic   pa t te rns  to d e p o s i t   c l u s t e r i n g   w i t h i n   i n d i v i d u a l  

i n  de f in ing  camp boundar ies ,   tha t  of s e l e c t i n g  a n  appropr ia te   contour ing  

contours and 'holes' may obscure general t rends .  A p r a c t i c a l  means of 
ce l l  (window) s ize .   I f  a c e l l  i s  too  small ,  many i r r e g u l a r i t i e s  i n  . the 

se lec t ing   an   appropr ia te   contour ing   approach   for   examining   var ia t ions  i n  
s p a t i a l   d e n s i t y  i n  a camp i s  t o  use a square ce l l  wi th   s ides   approxi -  
mately the   i nve r se  of t h e   d e p o s i t   d e n s i t i e s  of  Table 4. %us,  Ainsworth 
camp can  be  examined  with a 1 by I-kilometre  counting window, Slocan C i t y  
c a w   w i t h  a 2 by 2-kilometre  counting window,  and Slocan C i t y  imidway 
between  the two. Four sepa ra t e  mining camps are   descr ibed in d e t a i l .  

AINSWORTH CAMP 

S p a t i a l   d e n s i t i e s   f o r   A i n s w o r t h  camp (S inc la i r ,   1979)   a r e  shown on 'Figure 

w i t h  only a s i n g l e   n e a r b y   o u t l i e r ,   y e t   l o c a l   c o n c e n t r a t i o n s   a r e   a p p a r e n t  
90. Here i t  i s  a p p a r e n t   t h a t   t h e   c a m  is well def ined  as a c o h e s i v e   u n i t  

w i th in   t he  camp. It i s  appa ren t   t ha t  a s i n g l e   c o n t w r i n g   g r i d  w i l l  se rve  
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both   purposes ,   tha t  i s ,  def ine   genera l  camp limits and  average   spa t ia l  
d e n s i t i e s ,   a s  w e l l  a s  showing local s t r u c t u r e   t o   t h e   s p a t i a l   d e n s i t i e s .  
Average s p a t i a l   d e n s i t i e s   c a l c u l a t e d  i n  t h i s   c a s e   f o r  a square   contour ing  
g r i d  ce l l  of l ' b y  1 k i lomet re   p rovide   an   average   dens i ty   o f   0 .48   depos i t s  
per-square-kilometre.  This compares  with  an  average  density  of 1.05 
d e p o s i t s   p e r - s q u a r e - k i l o m e t r e   g r i d   d e t e r m i n e d   i n   a n   e a r l i e r   s e c t i o n ,  and 
p rov ides   an   i nd ica t ion  of t h e   v a r i a b i l i t y  of mean s p a t i a l   d e n s i t y  
e s t i m a t e s   r e l a t i v e   t o   s i z e   o f   c o n t o u r i n g   g r i d .  As expected,   the   smaller  
t h e   g r i d ,   t h e  smaller t h e  'camp a rea '   and ,   i f  number o f   depos i t s  remains 
cons t an t ,   t he   h ighe r  w i l l  b e   t h e   a v e r a g e   s p a t i a l   d e n s i t y .  

I n   t h i s   p a r t i c u l a r   c a s e  it appea r s   t ha t   choos ing   t he   sma l l e s t   con tour ing  
c e l l   t h a t   p r o v i d e s  a cohesive camp o u t l i n e  is the opt imal   empir ica l  
approach.  Such a procedure ,   a l though  subjec t ive ,   p rovides   po ten t ia l   for  
r e p r o d u c i b i l i t y  by d i f f e r e n t   o p e r a t o r s .  

shown i n  t he   de t a i l ed   spa t i a l   dens i ty   con tour s   fo r   A inswor th  camp. A 
It is i n t e r e s t i n g   t o   s p e c u l a t e   a b o u t   t h e   i m p o r t a n c e  of the   f ive   h ighs  

p l o t  of t h e   f i v e   l a r g e s t   d e p o s i t s  i n  t h e  camp shows t h a t   a l l   a r e   w i t h i n  

informat ion   one   might   specula te   tha t   the   nor thernmost   h igh ,   tha t   cons is t s  
t he   fou r   sou the rnmos t   spa t i a l   dens i ty   h ighs .  Even w i t h o u t   f u r t h e r  

writers' i n t e r p r e t a t i o n   f o r   t h e  camp is  tha t   ' bedded '   ve ins   represent  
only of sma l l   depos i t s ,  i s  an a r e a   t h a t   w a r r a n t s   i n v e s t i g a t i o n .  The 

par t ly   mobi l ized   dur ing   and/or   a f te r   emplacement   o f   the   Nelson   ba thol i th  
syngene t i c   depos i t i on  i n  Cambrian time and t h a t  some of  these  bodies were 

o b s e r v e d   d i s t r i b u t i o n   p a t t e r n s  of   smal l   (mos t ly   t ransverse)   depos i t s ,  
t o  form  numerous small ' t r ansve r se '   ve ins .  lhis model is c o n s i s t e n t   w i t h  

b a s i s   f o r   c o n d u c t i n g   f u r t h e r   e x p l o r a t i o n   i n   t h e   n o r t h e r n   s p a t i a l   d e n s i t y  
r e l a t ive   t o   l a rge   (mos t ly   bedded)   depos i t s .  It provides  some geo log ica l  

high. 

SLOCAN CITY CAMP 

Visual   examinat ion   of   the   d i s t r ibu t ion   of   depos i t s   in   S locan   Ci ty  camp 
shows t h a t   t h e   d i s t r i b u t i o n  is asymmetric wi th  a small a r e a   o f   r e l a t i v e l y  
h igh   dens i ty   and  a much l a r g e r   a r e a   m a i n l y   t o   t h e   e a s t ,  of much lower 
d e n s i t y   ( F i g .  88). A g r i d   s e r v i n g   f o r  one p a r t  may n o t   s e r v e   f o r   t h e  
o the r .  However,  a g r i d   s i z e   c o n t r o l l e d  by the   l e s s   dense   a r ea  w i l l  
s e rve ,   gene ra l ly  a t  least, fo r   t he   dense r   a r eas .  The contoured results 
of  Figure  88  for  Slocan  City camp based on  a 2 by 2-kilometre  contouring 
g r i d  cel l  cannot   be   improved   s ign i f icant ly  by the  use  of a s m a l l e r   c e l l  
s ize .  High s p a t i a l   d e n s i t i e s  form a horseshoe-shaped  zone  with low 
va lues   bo th   i n   t he   co re   and   su r round ing   t he   ' ho r seshoe . '   Bns ide r ing   t he  
' s t r u c t u r a l '   n a t u r e   o f   t h e  camp and known zonal   pa t te rns ,   the   'horseshoe '  
p r o b a b l y   r e f l e c t s  a f u n d a m e n t a l   a t t r i b u t e  of the camp. For  example, 

diameter)  might be  produced  during  emplacement  of  an  underlying  hypa- 
n e a r - c i r c u l a r   f r a c t u r e   p a t t e r n s  on t h i s   s c a l e   ( a p p r o x i m a t e l y  4 ki lomet res  

b y s s a l   i n t r u s i o n .  If such i s  the  case,   the   'opening '  i n  the  horseshoe 
may r e p r e s e n t   a n   a r e a  of e x p l o r a t i o n   i n t e r e s t   b e c a u s e  a c i r c u l a r   p a t t e r n  
could be expected. 

260 



SLOCAN C A W  

In Slocan camp it is advantageous to examine s p a t i a l   d e n s i t i e s  at two 
d i f f e r e n t   s c a l e s  of contouring  gr ids .  A large  contoctring  grid.  cel l  
d e f i n e s  a s imple  densi ty   high  a long a north-northwest :   d i rect ion and 
a l l o w s   f o r   c l e a r   d e f i n i t i o n  of the camp. However, the camp con ta ins  a 

d e t a i l e d   s t r u c t u r e  t o   s p a t i a l  d e n s i t i e s  exists. An example shown on 
very   l a rge  number of depos i t s  and the p o s s i b i l i t y  of d,etermining some 

Figure 91 is based on  a count ing window cel l  s i z e  of 1 by 1 kilometre  and 
shows c l e a r l y   s e p a r a t e   g r o u p s   o r   c l u s t e r s  of pas t   p roducers .  As i n  o the r  
examples, a c o n s i d e r a b l e   s u b j e c t i v i t y  e x i s t s  i n   a t t e m p t h g   t o   i n t e r p r e t  
t h e   s p a t i a l   d e n s i t y   p a t t e r n s .  

TROUT LAKE CAMP 

Trout   Iake  camp rep resen t s  somewhat d i f f e r e n t   d a t a   t h a n  do the o the r  

d e p o s i t s   r e p o r t e d  i n  the camp have  produced.  Instead  of  cont:ouring 
t h r e e  camps cons ide red   t o  this poin t .  Only a small  poxtion  of  the 180 

s p a t i a l   d e n s i t i e s  of pas t   p roducers ,  we have   con toured   spa t i a l   dens i t i e s  

w i t h   t h e   r e s u l t i n g   p a t t e r n .  The re su l t s ,   based  on a contouring  gri.d ce l l  
of a l l   r e c o r d e d   v e i n s  and  compared the p o s i t i o n s  of 45 known producers 

of 2 by 2 k i lome t re s ,   a r e  shown  on Figure 92. Clea r ly ,   s eve ra l   s epa ra t e  
major clusters of d e p o s i t s  are evident.   Within  each of these cl.usters 
are wel l -def ined   h ighs .   P lo t ted   pos i t ions  of producers l i e  within the 
high  contours.  As with the Ainsworth camp, an  exp:tanation is not  
o b v i o u s ,   p a r t i c u l a r l y   s i n c e   h e r e  we do not   appear   to   have   the   poss ib i l i ty  
of  two separate  genetic  models.   Furthermore,   there is the poss: tbi l i ty  
t ha t   i n t ense   exp lo ra t ion   i n   t he   immedia t e   v i c in i ty  of  a l a rge   depos i t  
w i l l  g ive rise t o  more small d i scove r i e s .   In   o the r   mcds ,  the associ-  
a t i o n  of past producers   with  areas  of h i g h   s p a t i a l   d e n s i t i e s   i o   s e l f -  
genera t ing .  This l a t t e r   e x p l a n a t i o n  may be  t rue i n  part ,  b u t  i t  does  not 
appear   to   p rovide  a t o t a l   e x p l a n a t i o n  i n  old camps t h a t  have  been 
thoroughly  explored  over a per iod of 70 or 80 years.  

wi th in   the   Trout  Lake area.  These s e p a r a t e   c l u s t e r s   r e p r e s e n t  a quan t i f -  
S p a t i a l   d e n s i t y   c o n t o u r s   c l e a r l y  de f ine  th ree  separate c l u s t e r s  of camps 

cation of previously  recognized mineral b e l t s .  

Because  of  the very narrow  widths of t h e   m i n e r a l   b e l t s   ] r e l a t i v e   t o   t h e i r  

c o n t o u r s   a p a r t  from the   a s soc ia t ion  of p a s t   p r o d u c e r s   w i t h   s p a t i a l  
l eng ths ,  it is n o t   p o s s i b l e   t o  see any structure i n  the s p a t i a l   d e n s i t y  

dens i ty   h ighs .  

DISCUSSION 

d a t a  and i n t e r p r e t a t i o n .  One problem is i l l u s t r a t e d  by a major lode 
S p a t i a l   d e n s i t i e s  of minera l   depos i t s   o f fe r   p roblems  re la t ing  to bas i c  

a long   which   severa l   d i f fe ren t   depos i t s  are known -- a t  w!>at po in t   does  a n  
o re   shoo t   a long  a lode become a s e p a r a t e   e n t i t y  for contouring  purposes? 
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We have  ignored t h i s   q u e s t i o n  by accep t ing   i nd iv idua l   min ing   p rope r t i e s  
as indiv idua l   depos i t s .   Converse ly ,  two sepa ra t e   ve ins  from a s i n g l e  
p rope r ty  may have the i r   p roduc t ion   da t a  combined i n  which case s p a t i a l  
dens i ty   con tour s  w i l l  produce a n  overly  smoothed  pattern.  

Newly f o u n d   d e p o s i t s   a f f e c t   s p a t i a l   d e n s i t y   c o n t o u r s   d e r i v e d  from a d a t a  
base  of known depos i t s .  Of c o u r s e ,   s p a t i a l   d e n s i t i e s  become under- 
e s t i m a t e s   i f  new depos i t s   a r e   found   w i th in   t he   bo rde r s  of a camp. It is 
p o s s i b l e   t h a t  new d e p o s i t s  w i l l  be  found ou t s ide  the margins  of a camp 
and  add t o   t h e   a r e a  of a camp. I n   t h i s  lat ter case it is u n l i k e l y   t h a t  

are b iased  on the low s i d e  of r e a l i t y .  I n  l ong   e s t ab l i shed  camps t h a t  
average spatial d e n s i t i e s  will c h a n g e   g r e a t l y .   O v e r a l l ,   s p a t i a l   d e n s i t i e s  

have  undergone  explorat ion  for  many decades,  such as are s tudied   here ,  
t h i s   b i a s  is l i k e l y   t o  be s l i g h t  i n  terms of minera l   occur rences   bu t  
could be s u b s t a n t i a l ,   a t   l e a s t   l o c a l l y ,  to metal d i s t r i b u t i o n   c o n t o u r s .  

Average metal endowments  of several   mining camps can  be  compared.  For 
example,   average  s i lver  endowment in   S locan   C i ty  camp, based on known 
product ion  and the  camp limits shown  on Figure 88, is  about 1 325 000 
grams s i l v e r  per square  ki lometre .  The comparable   f igure  for   Ainsworth 
camp, based on t h e  camp limits of Figure 90, is about  2 457 000 grams per 
square  ki lometre .  

me use of metal s p a t i a l   d e n s i t y  contours appears a practical means of 

duc t ion   and/or   resources  are not   concent ra ted   in  a few depos i t s .  Even 
gene ra l i z ing   r e source   (me ta l )   p roduc t iv i ty  i n  mining camps where  pro- 

where many d e p o s i t s  e x i s t ,  metal product iv i ty   can   change   dramat ica l ly  
o v e r   s h o r t   d i s t a n c e s  and  logari thmic  values   for   contours   are   desirable .  
Most d e p o s i t s  were found  over a few y e a r s   i n   t h e   e a r l y   h i s t o r y  of t h e  
camps considered  here .  Modern exploration  concepts  and  methods  applied 
t o   t h e s e  camps h a v e   n o t   y e t   r e s u l t e d  i n  a marked  improvement ( i n c r e a s e )  
i n   t h e  number of f i n d s ,  as might be expected if e x i s t i n g   s p a t i a l  
d e n s i t i e s  are highly  biased.  This is  a n  i n t e r e s t i n g   c o n c l u s i o n   t o  emerge 
from a n  eva lua t ion  of s p a t i a l   d e n s i t y  maps,  and some i n d i c a t i o n  of  the 

e v a l u a t e   r e c e n t   o r  new d i scove r i e s  i n  t h e   l i g h t  of their p o s i t i o n s  
importance  of rates of  discovery becomes apparent ,   as   does  the  need  to  

r e l a t i v e   t o  known s p a t i a l   d e n s i t i e s .  

CONCLUSIONS 

( 1 )  Average s p a t i a l   d e n s i t i e s  of d e p o s i t   l o c a t i o n  and metal endowment 
da ta ,   a l though  b iased ,   represent   usefu l  means of  comparing  vein 
camps. 

( 2 )  In some cases spatial d e n s i t i e s  have i n t e r n a l  p a t t e r n s   t h a t  may 
provide  some i n s i g h t   t o   s p e c i f i c  small a r e a s   w a r r a n t i n g   a d d i t i o n a l  
e x p l o r a t i o n   o r  i n  provid ing  an a d d i t i o n a l  framework for   conceptua l  
models  of  mineralization. 
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c l u s t e r s   w i t h  many small depos i t s .  I t  appears  that: these associa-  
In many cases   the   l a rge ,   va luable   depos i t s  i n  a vein camp occur   in  

t i o n s  may a r i se   t h rough   compl i ca t ed   gene t i c   h i s to rks ,   such  as e a r l y  

o t h e r   c a s e s   t h e   c l u s t e r i n g  of   large  deposi ts   wi th many smaller  ones 
formed  deposits  being  mobilized  to  produce  younger  deposits.  I n  

may be purely a ques t ion  of c l u s t e r s  of s t r u c t u r e s ,   a l l   m i n e r a l i z e d  
a t  more or less the same time. 

reasonable  i n  the camps examined  here.  The  implication o:E t h i s  
The s u g g e s t i o n   t h a t   s p a t i a l   d e n s i t i e s  are highly  hiased seems un- 

s ta tement  is t h a t   r e l a t i v e l y  few veins  remain t o  be  found w i t h i n  t he  
camps themselves. 
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