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IUTRODUCTIOII 

A computer-based  procedure i s  descr ibed   for   quant i fy ing   geologica l   da ta  
a s  a pre lude   to   resource   assessment .  The method involves:  ( 1 )  d i g i t i z i n g  
geo log ica l   da t a ,  and ( 2 )  a series of  programs to make q u a n t i t a t i v e  
estimates of areas and d is tances   wi th   geologica l   s ign i f ic , snce .   Procedures  
desc r ibed   a r e   gene ra l  i n  na ture   bu t  i n  our  immediate  case  are  being 
a p p l i e d   t o   t h e  Guichon  Creek ba thol i th   ( inc luding   the   Highland   Val ley  
porphyry  copper  area)  as a basis   for   resource  assessment .  

A common method  of   coding  geological   information  for   inclusion in quant i -  
t a t i v e   r e s o u r c e  assessment and  exploration  modelling is to  superimpose a 
s q u a r e   g r i d  on a geo log ica l  map and r e c o r d   c h a r a c t e r i s t i c s   p e r t a i n i n g   t o  

used by Kelly  and  Sheriff  (1969) i n  t h e i r   e f f o r t s   t o   o u t l i n e  20 mile by 
each cel l  of t h e   g r i d  (see Agterberg,  1981).  Such a procedure ha.s been 

d i f f e r e n t   s c a l e   S i n c l a i r  and  Woodsworth  (1970)  coded geological   informa- 
2 0  mile cells i n  B r i t i s h  Columbia,  having a h igh   minera l   po ten t ia l .  A t  a 

by 2 miles. In a d i r e c t   a p p l i c a t i o n  to porphyry  copper  evaluation, 
t i o n  from t h e   T e r r a c e   a r e a   r e l a t i v e   t o  a g r id   w i th  a ce l l  s i z e  of i! miles  

Godwin and Sinclair   (1979)   developed a f i l e  of  geological,   geochemical,  
and  geophysical  data  for  the  Casino  porphyry copper-mol'fbdenum depos i t ,  

g r i d  on t h e  proper ty .  A l l  t h e  fo rego ing   s tud ie s  and m n y   o t h e r  c:ompar- 
Yukon W r r i t o r y ,   r e l a t i v e   t o  400 f o o t  by 400 f o o t  cells of an  explclration 

a b l e   i n v e s t i g a t i o n s  have  been  directed  toward a q u a n t i t a t i v e   a p p r o a c h   t o  
resource   eva lua t ion  i n  which some measure of value of  a ce l l  is r e l a t e d  

geologica l   var iab les   recorded  are generally  found i r k  the   fol lowing 
t o   g e o l o g i c a l  and o the r   va r i ab le s   coded   fo r   t ha t  cell. Types of 

categories: 

( 1  percentage of a ce l l  underlain by a p a r t i c u l a r  rock  type, 
( 2 )  d i s t a n c e  from c e l l  centre to a s p e c i f i c   g e o l o g i c a l   f e a t u r e ,  
( 3 )  spa t ia l   dens i ty   va lues ,   for   example ,   f rac ture   dens i ty ,  
( 4 )  l eng ths  of c o n t a c t s ,   f r a c t u r e s ,  etc., i n  a c e l l ,  and 
(5) (p ro jec t ed )   abso lu t e   a r eas  of nea res t   spec i f i c   rock   un i t s ,  etc!.  

Two problems i n  a manual  approach to coding  of  geological  informati .on  for 

methods  are  prone  to  mechanical  errors,  many of  which a r e   n o t   r e a d i l y  
c e l l s  of a g r i d   a r e :  ( 1 )  it is ted ious  and  time-consuming,  and ( 2 )  manual 

i d e n t i f i a b l e  i n  normal   edi t ing  procedures .  To overcome these  probl.ems we 
have  developed a computer-based  approach  for  the  estimation  of  geol.ogica1 
and   o the r   va r i ab le s   fo r  Cells of  a gr id .  This work i s ,  a p re lude   t o  a 
quan t i t a t ive   r e source   a s ses smen t  of  the  Guichon  Creek b a t h o l i t h  and e a r l y  
r e s u l t s  of t h i s   s t u d y  w i l l  provide  examples of our procedure. 
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~ i ~ r e  99. F I ~  c h a r t  I I l u s t r a t i n g   t h e   g e n e r a l  
conputer-based  system  for  generating 

masurenents   as  a p r e l u d e   t o   r e s o u r c e  
a f i l e  o f   q u a n t i t a t i v e   g e o l o g i c a l  

assesYnent. 

PROCEDURE 

Our genera l   sys tem,   as   ou t l ined  i n  the   f low  char t  on Figure 99, inc ludes  
tw main elements:  

( 1 )  d i g i t i z i n g  and e d i t i n g  of map information,  and 
( 2 )  developnent  of a series of   subrout ines   to  make measurements r e l a t i v e  

to an a r b i t r a r y   g r i d  and d i g i t i z e d   d a t a .  

ea se   w i th  which a v a r i e t y  of ed i t ing   p rocedures   can  be  employed. An 
The p r inc ipa l   advan tages  of the  methodology  are its consis tency  and  the 

i m p o r t a n t   f e a t u r e  i s  t h a t  new combinations  ,of  variables  can  be  obtained 
r a p i d l y   i f   i n f o r m a t i o n  is digit ized,  whereas  normal  methods would r e q u i r e  
a n   a d d i t i o n a l   t e d i o u s   e f f o r t  of  measurement.  Perhaps  most  important i s  
t h e   f a c t   t h a t  s e n s i t i v i t y  of cel l  s i z e  on resource  assessment is more 
feas ib le   wi th  a computer-based  as  opposed to a manual  approach. 

DIGITIZING GEOLOGICAL- INFORMATION 

Creek  bathol i th   resource  assessment   s tudy.  A l l  phases   and   va r i e t i e s  of 
The d i g i t i z i n g   p r o c e d u r e  is i l l u s t r a t e d   w i t h   r e f e r e n c e   t o   t h e  Guichon 

b a t h o l i t h i c   r o c k s  were d i g i t i z e d   u s i n g   P r e l i m i n a r y  Map 30 (B.C. Minis t ry  
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of  Energy,  Mines  and  Petroleum  Resources,  McMillan, 1978) which  contains 

scale of the ent i re  b a t h o l i t h .  The d ig i t i z ing   p rocedure  was t o   o u t l i n e  
t h e  most d e t a i l e d  and  up-to-date  geological  information  available on the 

e a c h   s e p a r a t e   a r e a  of  a given  phase by a c losed   po lygona l   ou t l i ne   w i th   a s  
many points   as   necessary  to   honour   the  level  of d e t a i l  of the  base map. 
Very  small   areas  of  younger  or  older  rock were ignored. 

E d i t i n g  of d i g i t i z e d   d a t a   i n v o l v e s  a v a r i e t y  of procedures   including:  
( 1 )  separating  digit ized  polygons  with  end-of-polygon  f lags,  ( 2 )  col lec-  
t ing   po lygons   represent ing  the same g e o l o g i c a l   u n i t   i n t o  a s i n g l e  f i l e ,  
( 3 )  c los ing   the   po lygons ,  ( 4 )  reversing  polygons  i f   necessary so t h a t  a l l  
a r e   d i g i t i z e d  i n  cons i s t en t   f a sh ion   ( fo r   example ,   coun te rc lockwise ) ,  and 
( 5 )  d e l e t i o n  of i n c o r r e c t   p o i n t s  i n  a polygon. The d i g i t i z e d  po:tygons 
were then  placed i n  a  number  of s e p a r a t e   f i l e s ,  one for   each   geologica l  
u n i t  and  machine-drawn maps were p repa red   fo r   each   un i t .   a s  a f i n a l  
e d i t i n g   s t e p   ( F i g .  100) .  These maps were produced t o   t h e  same s c a l e   a s  
t he   base  map and were compared v i sua l ly   (u s ing  a l i g h t t a b l e )  wit-h the 
base map. 

F l y r e  100. C o n p u t e r c o n t r o l l e d   p l o t  of d l g l t l z e d   a r e a s  
under la in  by t h e  Border  phase of t h e  
@ i c h m   C r e e k   b a t h o l i t h ,   c e n t r a l   B r l t l s h  
Calmbla. An ' A '  near   the   nor thwestern 

and a 'C,'  Just below t h e   s w t h e r n n u s t  
corner of  t h e  map I s  cent red  on Ashcrof t 

ewosure,  I s  centred  on  Cra lgnunt   p i t .  
b t a   d l g l t l z e d   f r o m   M c M I I l a n  (1978). 
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MEFSUNBlENT OF GEOLOGICAL VARIABLES 

Cur conputerized  approach to resource  assessment   in   which  geological  
v a r i a b l e s   a r e   r e f e r e n c e d   t o  systematic g r i d  cells, depends on a s e r i e s  of 
computer  programs  designed  to  measure  geological  variables  (Fig.  99).  

v a r i a b l e s   t h a t   c a n  be measured  and t o   g i v e  some i n d i c a t i o n   o f   t h e  
Some of t h e  procedures  a r e   d e s c r i b e d   b r i e f l y   t o   i l l u s t r a t e   t h e   n a t u r e   o f  

po ten t i a l   w ide   r ange  of a p p l i c a t i o n s  of our conputerized  approach. 

superimposed on a 'map'  of s i n g l e  rock category  and  the  proport ion 
Wi th in   ce l l  a r ea  measurements. A g r i d  of s t i p u l a t e d   c e l l   s i z e  is 

of   each ce l l  unde r l a in  by the  rock  type is ca lcu la ted .  The pro- 
cedure   used   for   one   geologica l  u n i t  i s  t o  move sys temat ica l ly   a long  
each  polygon  recognizing t h e  i n t e r s e c t i o n s   w i t h   g r i d  ce l l  bound- 

A f t e r  a l l  polygons have  been  treated i n  t h i s  manner, a set of cells 
a r i e s .  I h e   p a r t  of a c e l l   a r e a  w i t h i n  a polygon i s  then determined. 

remains for which no area estimates have  been made. They are 
checked  systematical ly  and i f   t h e  cel l  c e n t r e  is within a polygon, 
an   a rea   o f  100 p e r   c e n t  i s  assigned;  otherwise  an  area  of  zero i s  
assigned.  If t h e r e   a r e   i s l a n d s  of other   rock  types  within a poly- 
gon, t h e  area  occupied by these i s  subt rac ted   au tomat ica l ly .  The 
r e s u l t  is a f i l e  of t h e   p e r  c e n t  of area of  each c e l l   u n d e r l a i n  by a 
s p e c i f i c  rock  type.   Repetit ion of the   p rocess   fo r   o the r   rock   un i t s  
r e s u l t s  in a q u a n t i t a t i v e   f i l e  of g e o l o g i c a l   ' a r e a s '   p e r   c e l l .  

Length  of  contacts  (dyke,  fracture,  etc.) i n  a c e l l .   V a r i a b l e s  of 
t h i s  t y p e   a r e   v e r y   s t r a i g h t f o r w a r d   t o   c a l c u l a t e  from d i g i t i z e d  
con tac t s .  Ehch polygon i s  examined  and i t s  i n t e r s e c t i o n   w i t h   g r i d  

po in t - to -po in t   d i s t ances  w i l l  be summed to provide a length.  
c e l l   b o u n d a r i e s   u s e d   t o  de f ine  a segment  of a polygon i n  which 

p rocess  involves   checking whether a c e l l  c e n t r e  i s  wi th in  or ou t s ide  
Distance from ce l l  c e n t r e  t o  a s p e c i f i c  geo log ica l   f ea tu re .  This  

t h e  limits of a p a r t i c u l a r   g e o l o g i c a l   f e a t u r e .  If t h e  centre is n o t  
enclosed i n  polygons  of a p a r t i c u l a r   g e o l o g i c a l   f e a t u r e ,   t h e n   t h e  
s h o r t e s t   d i s t a n c e  from the ce l l  c e n t r e  t o  t h e  nearest p a r t   o f   t h e  
nearest   polygon is determined. 

Programs to   acconpl i sh   the   foregoing   types  of measurement  include  the 
ma jo r i ty  of va r i ab le   t ypes   ou t l i ned  i n  the   in t roduct ion .   Other   usefu l  

p re sen t ly   gene ra t ing  a q u a n t i t a t i v e   d a t a   b a s e   f o r  t h e  m i c h o n  Creek 
types  of q u a n t i t a t i v e  measurements  can  be  added a s   d e s i r e d .  We a r e  

b a t h o l i t h   u s i n g  a c e l l  s i z e  of 2.59 square  ki lometres  (1  square mile). 
This   up-to-date   geological   data   base w i l l  be  merged with our e x i s t i n g  
f i l e   f o r   g e o p h y s i c a l  and  geochemical  data  based on t he  same g r i d   s i z e ,  
and w i l l  p rovide   the   fundamenta l   in format ion   for  a resource  assessment  i n  
the Guichon  Creek b a t h o l i t h .  
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mucLusIous 

A computer-based  approach to the q u a n t i t a t i v e   m a s u r e  of geologica l  
v a r i a b l e s   a s  a base  for  resource  assessment  has  been  established.,  The 
procedure  involves two major  components: ( 1 )  d i g i t i z i n g   o f   g e o l o g i c a l  
f e a t u r e s ,  and (2) a v a r i e t y  of   p rograms  des igned   to   ex t rac t   quant i ta t ive  
measurements of g e o l o g i c a l   v a r i a b l e s   r e l a t i v e  to cells of a re ference  
g r i d .  A v a r i e t y  of e d i t i n g   p r o c e d u r e s   a r e   b u i l t   i n t o   t h e   s y s t e m .  

We are present ly   apply ing   the   p rocedures  to an  assessment of resources  i n  
t h e  Guichon  Creek ba thol i th   ( inc luding   the   long   es tab l i shed   porphyry  
copper area of the  Highland  Valley).  Of course,  the procedures   and  sof t -  
ware are genera l  i n  n a t u r e  and p o t e n t i a l l y  have much wider   appl icat ion 
n o t   r e s t r i c t e d  to geologica l   var iab les .  
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