
As requested,  I have prepared a few no te s  s e t t i n g  

f o r t h  t h e  cu r ren t  i d e a s  about t h e  geology of t h e  Copper Mountain 

mine and t h e i r  a p p l i c a t i o n  i n  d i r e c t i n g  p resen t  exp lo ra t ion  and 

. development. These notes  a r e  "the r e s u l t  of a v i s i t  t o  t h e  

mine from July 8 

based i n  p a r t  on 

+-w ' 

t h e  su r face ,  and 

- 1 2  i n c l u s i v e ,  1950. The information i s  

personal  observat ions underground and on 

i n  p a r t  on d iscuss ions  wi th  Mr. Keith Fahrni,  

Chief Geologist  a t  t h e  mine and h i s  s ta f f ,  t o  a l l  of whom I 

.am deeply indebted f o r  much of t h e  information i n  these  notes.  

The o re  occurs i n  volcanics ,  t h a t  inc lude  flows, t u f f s ,  

and b r e c c i a  and a r e  ad jacent  t o  gabbro. The volcanics  belong 

t o  the Wolf Creek Ser ies" ,  T r i a s s i c  i n  age, and the gabbro 

i s  p a r t  of t h e  l'Copper Nountain Stock**, Jura-Cretaceous i n  age. ,  

The orebodies  comprise two rows of s t o u t ,  v e r t i c a l  

pods t h a t  p a r a l l e l  t h e  contac t  of t h e  gabbro. One row 9 

comprising t h e  "Contact -OrebodiesTT i s  immediately ad jacen t  t o  

I 
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v e r t i c a l  d i p ;  s o u t h e a s t e r l y  from t h e  mine, t h e  con tac t  swings 
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gabbro, and t h e  o t h e r  row, comprising the  "Outlying Orebodiestr, 

i s  from 200 f e e t  t o  and f a r t h e r  i n t o  t h e  volcanics .  The amount o f  

o r e  mined and i n  r e se rves  i s  about equal ly  d i s t r i b u t e d  between 

t h e s e  two s p a t i a l  t ypes  of orebodies. 

Fea tures  t h a t  a r e  thought t o  be most d i r e c t l y  r e l a t e d  

t o  t h e  orebodies include:  

(1) - t h e  contac t  between t h e  volcanics  and t h e  gabbro. \ 

( 2 )  - t h e  Main Faul t .  t 

( 3 )  - t h e  s e t  of ore-bearing f r a c t u r e s .  

( 4 )  - pre-ore f e l d s p a r  porphyry dykes. 

( 5 )  - one o r  more zones of laminated t u f f s .  

The '*Contact Orebodies" a r e  i n  t h e  volcanics  i m -  

mediately ad jacent  t o  t h e  gabbro .contac t .  k small amount of 

mine ra l i za t ion  has been found i n  t h e  gabbro near  t h e  con tac t ,  

bu t  no orebodies,  

I 

i 
t A t  t h e  mine t h e  gabbro contac t  s t r i k e s  north- 
i 

wes te r ly  and i n  genera l  has  a v e r t i c a l  d i p ;  northwester ly  from 

I 

' I  
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sou the r ly ,  but t h e  d i p  r eve r ses  i n t o  t h e  s tock  and i n  p l aces ,  

as ind ica t ed  by diamond d r i l l i n g ,  may be as f l a t  as 40 degrees. 

The "over-hangTt theory  of Dr, Dolmage and Kei th  Fahrni i s  based 

on t h i s  r e v e r s a l  i n  d i p  of t h e  gabbro con tac t  sou theas t e r ly  from 

t h e  mine. According t o  t h i s  theory  t h e  orebodies a t  t h e  mine 

were formed beneath a n  overhang I t h a t  has  s i n c e  been eroded 
I 

away. Although r e c e n t  d r i 1 l i n g ' a b o u t . a  mile sou theas t e r ly  from 

t h e  mine has ind ica t ed  a r eve r se  d i p  t o  t h e  con tac t  and 

consequently. an overhang, and some s c a t t e r e d  copper va lues  have 

been found, no s u b s t a n t i a l  amounts of o r e  were found. However, 

t h e  theo ry  of an  overhang as  a con t r ibu to ry  f a c t o r  i n  l o c a l i z a t i o n  

of o r e  along those  p a r t s  of the con tac t  where a reversed d i p  

occurs ,  has not been disproved, I 

( 2 )  The llOutlying Orebodies" a r e  c l u s t e r e d  along t h e  

Nain Faul t .  This f a u l t ,  inc luding  i t s  branches, s t r i k e s  north- 

wes te r ly  and a t  t h e  mine i s  p a r a l l e l  t o  t h e  gabbro contac t ,  

However,northwesterly and s o u t h e a s t e r l y  t h e  contac t  swings, 
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r e s p e c t i v e l y  wes ter ly  and souther ly ,  and along these  s e c t i o n s  

t h e  Main Fau l t  i s  not  p a r a l l e l  t o  t h e  contact .  A s  t h e r e  i s  a l s o  

a tendency f o r  t h e  ' rout lying Orebodies** t o  diverge from t h e  

"Contact Orebodies" northwester ly  and sou theas t e r ly  from t h e  

mine, t h e r e  may be a d e f i n i t e  c o r r e l a t i o n  between t h e  Main. 

F a u l t  and t h e  occurrence of t he  ?*Outlying Orebodies". Although 

c u r r e n t . e x p l o r a t i o n  i s  being confined t o  ground near  t h e  gabbro 

con tac t ,  it i s  hoped, a t  a l a t e r  d a t e ,  t o  explore  ground 

along t h e  t r end  of t he  Main F a u l t ,  away from the  gabbro contact .  

( 3 )  

a prominent s e t  of n o r t h e a s t e r l y  s t r i k i n g ,  c l o s e l y  spaced f r a c t u r e s ,  

The orebodies a r e  blocks of ground t h a t  a r e  cut:-by 
\ I  J 

A . 

r e f e r r e d  t o  as t h e  *?ore f r ac tu res" .  These f r a c t u r e s ,  and ' the  

in te rvening  rock have been mineral ized with bo rn i t e  and chalco- 

p y r i t e  t o  g ive  t h e  orebodies. The b e s t  mine ra l i za t ion  occurs 

wheg these  n o r t h e a s t e r l y  s t r i k i n g  "ore f r a c t u r e s "  c u t  o t h e r  

favourable  s t r u c t u r e s .  

Considerable mine ra l i za t ion  has  been found i n  an 

e a s t e r l y  s t r i k i n g  s e t  of f e l d s p a r  porphyry dykes where t h e s e  

dykes i n t e r s e c t  t h e -  Nain F a u l t ;  similar dxkes w i t h  a d i f f e r e n t  

s t r i k e  do no t  con ta in  ore. These dykes a r e  n o t 3 0  be confused 



. .  

w i t h  t h e  many l igh t -co loured  f e l s i t e  dykes t h a t  d e f i n i t e l y  

c u t  t h e  orebodies  and a r e  unmineralized. 

( 5 )  Although t h e  Wolf Creek Volcanics a r e  p r i n c i p a l l y  . 

' '!greenstones** a l l  somewhat similar i n  appearance , c a r e f u l  

observa t ion  and d e t a i l e d  mapping has made it poss ib l e  t o  re-  

cognize f o u r  l i t h o l o g i c  types ,  i n  order  of superpos i t ion ,  coarse  

f ragmentals ,  bedded o r  laminated t u f f s ,  floivs, and cherty 

&ATB-2. d e - a - j j - ,  rs-/& , 
A 

rocks. The zones of f ragmentals ,  t u f f s  and flows a r e  each 

about 400 f e e t  t h i ck ,  t h e  zone of c h e r t y  rocks considerably 
' 

l e s s .  Orebodies have been found i n  each o f  t h e s e  zones where 
i &,e 

favourable '  s t r u c t u r e s  i n t e r s e c t ,  bu t  much more o re  has been / 
found where t h e  favourable  structures intersect the zone of 

laminated t u f f s .  Extended mapping h a s - l e d  PIr. Fahrni t o  be l i eve  

t h a t ' t h e r e  i s  a c y c l i c a l  r e p e t i t i o n  of t h e s e  zones and t h a t  there-  

, f o r e  e i t h e r  underlying o r  overlying zones of t h e  favourable  t u f f  

may occur t h a t  could be i n t e r s e c t e d  by favourable  s t r u c t u r e s .  

An overlying t u f f  zone occurs  about 1,000 f e e t  above t h e  p r i n c i p a l  

main zone and some o r e  has  been found i n  it, and it is  thought t h a t  
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t h e r e  may be a zone of t u f f s  underlying t h e  main mine-tuffs. 

I n  t h i s  connection, it i s  a s t r i k i n g  f e a t u r e  of t h e  orebodies 

t h a t  they  bottom along a l i n e  . t h a t  s l o p e s  sou theas t e r ly  i n  t h e  

d i r e c t i o n  of t h e  d i p  of t h e  volcanics  and t h a t  this l i n e  also 

coinc ides  wi th  t h e  bottom of the  favourable  tuff-zone. This 

bottoming of  t h e  ore  occurs d e s p i t e  t h e  f a c t  t h a t  o the r  favourable  

s t r u c t u r a l  f e a t u r e s ,  such as t h e  gabbro .contact  and t h e  north- . 

e a s t e r l y  s t r i k i n g  ore  f r a c t u r e s ,  continue downwards. . However, 

w* 
based on t h e  c y c l i c a l  theory  ofbFahrni,  it i s  t o  be expected 

t h a t % o t h e r  favourable  tuff-.zones would be found below t h e  

p re sen t  orebodies and t h a t  ore  would be found where . these .zones  

were i n t e r s e c t e d  by favourable  s t r u c t u r e s .  It i s  planned t o  

t e s t  t h i s  thought by deep d r i l l i n g .  

I n  a d d i t i o n  t o  the '  search  for ! 'deepore** below t h e  

OreTbodies , a t t e n t i o n  i s  a l s o  being d i r e c t e d  toward 
4 

. w  

. .  

Contact 

o r e  p o s s i b i l i t i e s  

o r e  comprises t h e  

been found as far  

a t  some d i s t ance  from gabbro contact .  Such 

v 
' 'Outlying OreEbodies and i n  t h e s e ,  o re  has 

as 3100 f e e t  from t h e  contact .  One of t h e  
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wides t  post-ore f e l s i t e  dykes, t h e  ITAtr dyke, which. with i t s  

branches has a th i ckness  of about 200 f e e t ,  i s  found a t  about 

fad llOOh from t h e  contact .  Because of temporary mining problems 

imposed by t h i s  t h i c k ,  v e r t i c a l  dyke, no at tempt  has y e t  been 

made t o  f i n d  o re  beyond t h e  dyke. However, it i s  planned t o  

explore  t h e  ground beyond t h i s  dyke as soon as t h e  tr38** block 

. of o re ,  j u s t  i n s i d e  t h i s  dyke, has  been developed and s u i t a b l e  

d r i l l i n g  s ta t ionsdbeen  es tab l i shed .  

A t  t h e  present  time mining and m i l l i n g  methods a t  

Granby a r e  designed for about 5,000 t o n s  of o r e  pe r  day. No. 6 

l e v e l  has  been made t h e  main haulage l e v e l .  A11 ore  from above 

6 l eve l  i s  loaded d i r e c t l y  i n t o  ore  cars, but o re  below t h i s  l e v e l .  

must be ho i s t ed  t o  t h e  l e v e l  by means of an  i n t e r n a l  shaft. A s  

t h e  capaci ty  of t h i s  s h a f t  i s  2,500 t o n s  pe r  day, production 

from 6 l e v e l  o r  above it must be kep t ,up '  t o  2,500 t ons  t o  keep 

t h e  t o t a l  tonnage a t  about 5,000 tons.  I f  new ore  were found 

below 6 l e v e l  it would be-necessary  t o  inc rease  t h e  hoisting 

capac i ty  of t h e  sha f t .  This  requirement makes it necessary 
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W 

t o  f i n d  as much o re  as poss ib l e  above 6 l e v e l  e i t h e r  from 

l o c a l  extensions of t h e  known con tac t  and out ly ing  o r e P o d i e s  d 

above 6 o r  from new o r e b o d i e s  a t  some d i s t ance  from t h e  ' 

U 

contact .  

'The mining of  any new ore found above 6 l e v e l  a l s o  

p r e s e n t s  a problem. The.method of mining found most s u i t a b l e  

t o .  the.  Copper Mountain orebodies r e s u l t s  i n  t h e  subsidence of 

ground above t h e  orebodies as they  a r e  mined. Chronologically,  

i n  any one s e c t i o n  of t he  mine, t h e  orebodies  a r e  mined and 

ground caved on a r e t r e a t  system, gradual ly  working towards t h e  

Main o r  No. 1 Shaft .  This means t h a t  d i r e c t  access  t o  new o r e  
I 

found by drilling beyond t h e  caved a r e a s  has been lost and t h a t  

new and probably c i r c u i t o u s  l e v e l s  have t o  be dr iven  i n  ,order  t o  

reach t h e  new ore.  Some of  t h e  new Outlying Orebodies, such as 

t h e  38 block found beyond caved ground, have been proven va luable  

enough t o  go ou t  a f t e r , .  even when d i r e c t  access  from t h e  s h a f t  

has been l o s t ,  and it i s  planned t.0 d r i v e  t h e  new leve ls  
, 

necessary t o  reach t h i s  ore. 

. .  



VOIGT'S CAMP 

This rTcamp*T i s  on Wolf Creek about 8,000 f e e t  north- 

e a s t e r l y  from Copper Mountain and comprises a small group of 

claims owned and prospected by Iqr. E m i l  Voigt from a889 u n t i l  
. .' 

h i s  death i n  1927, and now owned by Granby. The mineral  depos i t  

4 e  
c o n s i s t s  of an  e a s t e r l y  t r end ing  shear  zone t h a t  c u t s  Wolf,jiCreek /c 
volcanics  and t h e  Voigt gabbro, belonging t o  a s tock  sepa ra t e  from 

t h e  Copper Nountain s tock and l y i n g  nor theas t ' e r ly  from .it. 

. 

This 

shear  has been mineral ized w i t h  abundant hemati te ,  and moderate 

amounts o f  cha lcopyr i te  a n d - p y r i t e .  Extensive t renching  has been 

done and seve ra l  s h o r t  ad i t s  have been dr iven  on t h e - p r o p e r t y  and 

some o r e  found. During t h e  p a s t  year  (1949-50) Granby cleaned 

out  an  a d i t  on ' the  e a s t  s i d e  of t h e  road and d id  some diamond 

d r i l l i n g  from it. Although d r i l l i n g  ind ica t ed  t h a t  t he  o r e  found 

i n  c ros scu t s  from t h i s  a d i t  extended a considerable  * d i s t ance  

below t h e  

elsewhere 

l e v e l  of t h e  a d i t ,  f u r t h e r  exp lo ra t ion  i n  t h e  a d i t  and 

i n  Voigt ' s  camp has been suspended f o r  the  present .  
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CURRENT SURFACE EXPLORATION 

This summer (1950), i t  i s  planned t o  d r i l l  s eve ra l  of 

This 
I 

t h e  anomalies found by a geophysical survey made i n  1937. 

survey was made along a sec t ion  of t h e  gabbro con tac t  t h a t  

extends from the  southeas te rn  l i m i t  o f  the.mine workings t o  t h e  

southeas te rn  t i p  of t h e  Copper Mountain s tock.  

w 

The programme of d e t a i l e d  sur face  mapping, using a 

t a b l e  method with t r a n s i t  c o n t r o l ,  began a year  ago, 

i s  being continued t h i s  year. The company hopes t o  map i n  
. .  

d e t a i l  t h e  no r theas t e rn  con tac t  of. t h e  gabbro. . .  To date. they  

have nea r ly  completed t h e  a r e a  covering t h e  mine workings and 

' a n  a r e a  t h a t  extends along Wild Horse Gulch f o r  about 6,000 

f e e t  wes t e r ly  from V o i g t '  s Camptf. 

J. S, Stevenson 
August, 1950. 

, 
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, '  , Since , reopening  i n  1937 t h e  tonnage has r i s e n  from 1- 
, I _  1,76 

b i l l i o n  i n  .1938 t o  *miltlion i n  1941. It dropped . 1 4  s l i g h t l y  ~ I 

1 ' w/& . 
. ' f rom t h e  peak i n  1942 and  dropped t o .  about ,1+37- i n  1943. The , 

t o t a l  tonnage m i l l e d ,  f rom ' the  s t a r t  of l a r g e  s c a l e  m i l l i n g  i n  1925,  is 
\ 

I 

about -13,720,'000, t h e  reoovered copper 21/75 pourids p e r ,  t o n  which 
'I 

s -  

c a l c u l a t e s  back t o  an  average head of 1.33% cppger ( a t  82q',.net recovery)  

except ion of 1926 when ' t h e  grade .was 1.65q'O.. The grade averaged about 

1.4%. u n t i l  1941 when it' dropped' t o  .1.285%, * .  .It was 1.14% i n  1942 and 

abLout . l .O%-in 1943. . The grade of t h e  1943 tonnage has been c a l c u l a t e d .  , 

from Company f i g u r e s  ( s t a t emen t s  of cos t .  of production of ,copper, ' 

Thr! ' h ighes t  m i l l  head a t t a i n e d ,  i n  1938, w a s  1.48%, : w i t h  , .  t h e  

. ' 5  

\ I 

I 1  
. 8  

e .  

, .  
\ ! 

1 

' 3  

I 

. c o s t .  of. f r e i g h t  on o r e ,  e t c .  )' ' 

I 

I The f a l l i n g  o f f  i n  grade,  s t a r t i n g  i n '  1941, appears t o  have . 

'been t h e  ' r e s u l t '  of excessive d i l u t i o n  and not  of  mining lower grade o r e  
. .  , I  

i 

- . I  , 

except  'to an i n s i g n i f i c a n t  degree. The d i l u t i o n ,  ' always a problem. i n  - 1  .i 
1 \ 

' , t h e  v i c i n i t y  of the' mine d ikes ,  w a s  aggravated by t h e  method. of mining..' . :  
which r e s u l t e d  i n  a c t u a l  dverbreak during development s t a g e s  3 and pervasive:  

s h a t t e r i n g  of  the  walls due t o - t h e  s e t t i n g  o f f  of huge blasts. 

-The. company sh-ipped concent ra tes  t o  Japan from 1937. u n t i l  1941. : 

I -. 

. .  8 .  

, 

' 3  I n  1942 t h e  output  was bought by Wartime Metals Corporation a t  a bonus 

'p r ice '  of 16.,7# per  pound of copper and cpnt t inued u n t i l '  December, 1943. * e . '  

. Costs i n  1943 qmounted t o  15.7$ p e r  pound of ' .copper produced, and w i t h  ' ,  

c a n c e l l a t i o n  of t h e  c o n t r a c t  t he '  company, with an ope ra t ing  cost  of $1.73.. 

p e r ,  ton ,  was ' faced I with the n e c e s s i t y  f o r  reducing c o s t s  or rai 'sing 

grade o r  both i n  o r d e r  t o  opera te  a t  t h e  U.S. p r i c e  of 11.7# p e r  pound 

I 

- ,  u s  
I 

/ 

' 7  . 

.- 
I 

of copper. 
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A t  

maintaih t h e  . .  
\ 

. I  

I ' t o  $1.11 p e r  

It 

I 1  

I . .  

T 
I 

t h e  t i m e  of. v i s i t i n g  t h e  m i n e ' t h e  * -  company intended t o  , ~ 

grade a t '  1.1% and tlo lower ope ra t ing .  c o s t s  if p,ossiblee ' , 

i s  impossible t o  e s t ima te  w h a t  t h e  _cos ts  will .be, as only 
, I  

. .  . a  

t h e  company o f f i c i a l s  are i n  a p o s i t i o n  t o  do t h a t .  

$ Z . . l l  i s  no t  a proven f i g u r e  .bu t  only an es t imate .  ' I  

Thei r  f i g u r e  of . 
I 

8 . I  . .  
The new method . * - 

I . .  
o f  s toping  ' w i l l  undoubtedly lower t h e  mining . c o s t ,  bu t  how much remains 

t o  be seen. 6Mr: ,Bai l l ie . ' s ta ted t h a t  he hoped t o  lower mining a n d ' m i l l i n g  

c o s t s  t o 1 4 0  odd c e n t s  p e r  ' ton each, and a l s o  t o  prune down . t h e  gene ra l  

. ,  
I , .  

, *  

8 

. 1  . 2 . -  

- .  - .  
> 

I 
. . .  

. .  

and overhead expenses. It is  not  imposs ' ible3hat  t h e  - opera t ing  . 6 c o s t s  

' , w i l l  be  loweredjto $1.25 per  t o n  and m.ai*ntained a t  t ha t  f i g u r e .  
. 

, 
The following f i g u r e s  on reserves  and the es t imates .  of- 

- (  ' 

2 .  

1 .  ,-grade are from t h e  company's o r e  r e se rve  sheets,  da ted  January 1st; 
* .  

I '  44 
. l96B. . u  ; I 

- 
i 

- 1  

Net I ,  t o t a l  o r e  develohed throughout t he  l i f e  of t h e  mine 
\ - .  \ 

I 1 '  

' - /  ' .  , amounts t o  23.61 m i l l i o n  tonswhich 

tonnage of. 26.93 m i l l i o n  t o n s  less  

non-recoverable 

\ 

\ 

' .  
. .  

. -  

i s  der ived from a' -. ca lcu la t ed  ! 'developed 

an estimated 3.36 m i l l i o n  t o n s  
.I 

\ 

. .. 
- I  

. .  
. .  

I 
, .  
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, .  
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1.54% has been depleted by 12.13 m i l l i o n  
. .  

\ 

b' 

I 

t o n s .  a t  

Th i s '  l as t  * i s - a n  a r t i f i c i a l  f i g u r e ,  ca l cu la t ed  i n  

primary 'and undi lu ted  reserves .  . T h i s  i s  obvious 

8 . , .  
. .  

a 'grade of 1,.46%. :- - .  ' - 
' /  

terms of dep le t ion  of 

because t h e  grade i s  ' 

i 

I 

- , . -  
higher  than  .the.-,average grade throughout t h e  l i f e  I of t h e  ,mine and the  ...I> 

. *  

/ -  
1 

tonnage ,balances t h e  f i g u r e s  of ne t i i t o t a l  o r e  developed i n  

o$ mined out  stoperi, i n  s p i t e  of the f a c t  t h a t  d i l u t i o n  i n  

, 

I . .  

t h e  case ' . '  

t h e s e ' h a s  . 

obviously occurred. 

from a' shee t  showing broken and drawn tonnages, ,  been overdrawn by 3OO,OOO 

t o n s  and i s  not  ye t  empty. ' T h i s  deple t ion  f i g u r e  of * 12.13 m i l l i o n  tons' 

i s  a c a l c u l a t e d  reCiuction,of undi lu ted  tonnage and i s  not' honnage 

I n  f a c t  t h e  contact 'ore-body above 6 ' l e v e l  has, 
, 

I 
I 

, 

I 

I 

d r a h '  from the mine, which 
. .  I 

i s  1.56 m i l l i o n  tons l a r g e r .  

The n e t  t o t a l  o r e  'developed l e s s  dep le t ioh  g ives  to.tal , 

-. 
I 

a v a i l a b l e  , o r e  r e se rves  of 11.58 m i l l i o n  tons  a t  a grade of '1.63% which I 

' 

_ .  
. .  . . i '  

i s  a s e m i - a r t i f i c i a l  f i g u r e  r ep resen t ing  a v a i l a b l e  .mineable and. undi lu ted  r 

tonnage and r ep resen t s  a c t u a l l y  a balance of copper conten t ,  L e .  
z 

mine-, 
i .  

ab'le.copper' s tocks  l e s s  dep le t ion  t o d a t e .  

The t o t a l  av&ilab.le o r e  r e se rves  

be mined as such but 'must  s u f f e r  d i l u t i o n .  

' 

, .  
~ 

b.  

o f .  S1.48 m i l l i o n  .tons cannot' .( 

The Company sheet shows a 

d i l u t i o n  of 51% (5.86 m i l I i o n . t o n s #  w i t h  material a t  a grade of Oi3.5% . ., 

I . .  . 
I 

I .. , 
\ I 

, 
I 

\ , - ~ * - -  1-. --I- i . _  - \< - - _  -, --- - 
I -  

, - . - .  I .~ 1 
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1 .  

. 

, 

. .. 

, t o  produce 

' . .  
/ 

I .  0 . 4  - *  
' *  . 

1 .  

an est imated t o t a l  extract i .oh of 

' .  
. -  

17.34 m i l l i o n  tons  a t  a 

. .  
grade of 1.20 .per  cent.  4 .  

\ 

0 \ 

.. . 

\ 

. .  

. C  

data and upon.years  of experience befond t h e  capac i ty  of an  ou tp ide r  

. . to d i g e s t  i n  a s h o r t  time. 

tons .  

The , f i g u r e  larghgy. r ep resen t s  unbroken 
i 

. .  
The .amount o f .  d i l u t i o n ' o f  course governs t h e  t o t a l  tonnage - .  

. .  
\ . .  ' . I .  

t h a t  w i l l  be drawnlin ob ta in ing  t h e  equivalent  of 1l'~.48 m i l l i o n  t o n s  

~ * F u r t h e r  a n a l y s i s  o f  t h e  tonnage f i g u r e s ,  u p ' t o  and' inc luding  
- 

the  t o t a l  a v a i l a b l e  'ore r-eserves of 11.48 m i l l i o n  tons ,  is impossible 

on account of t h e  f a c t  t h a t  they a r e  based on mul t i tud inous  engineering'  

- 

a t , a  grade of 1.63% and t h e  amount of d&lut ion ,  a f f e c t i n g  t h e  grade 

s u b s t a n t i a l l y  as it does, i s  a ma t t e r  f o r  argument. as w e l l .  as concern.' 

\ . /  

- 
i .  

. -  
, * .  I 

. I  

. I n  t h e  f i g u r e s  f o r  t h e  previous year  t he  company est imated 
I 

, I  \ I 

i a d i l u t i o n  o f  36% wi th  a .  grade of 0.35% which converted a' reserves 
,. 

I 

. \  . 

. 3,. of 1 2 A 5  .mi/llion tons  a t '  1.61% 'to an' es t imated t o t a l .  e x t r a c t i o n  of 16.91 
6 . -  

I 

- million4 t o n s  at a grade of 1.28%. The. ' inference is tha t  the.  'present - 

, 
v 

' f i g u r e  of 51$ d i l u t i o n  i s  based on t h e  f a c t  t ha t ' t he  ope ra t ion  during t h e  ' 

3 l a s t  .two o r  t h r e e  ye&s has su f fe red  f r o m  excessive d i l u t i o n .  . An 

i .  
es t imated .  i nc rease  i n  d i l u t i o n  ftrom 36% t o  51% f o r  ' the remaining l i f e  of 

. *  

\ 

the  mine, does not  .seem. j u s t i f i e d  i n  view of t h e  f a c t  that  t h e  newiy 
, 



I .  S '  .-h 
- 5 -  I' : 

'developed method of mining i s  p a r t i c u l a r l y  ,designed t o  reduce 

d i l u t i o n .  

It i s  poss ib i e  t o  analyze t h e  ma t t e r  of d i l u t i o n  i n  a 
. .  8 

I 
. .  

1 .  

gene ra l  1 way from t h e  Companyls f i g u r e s .  The r e s u l t s  a r e  of course . 

_ _  .-. 

- .  \ 

only  very gene ra l  approximations. The t o t a l  dep le t ion  . of 12.13 
, ' .  -. . 

I. ' 

m i l l i o n  tons  obviously \ -does not rep~:esent '  d r & n  tonnage \ bu t  a * ' 
I 

, . *  
dep le t ion  of ore-bodies as ou t l ined  by :explora tory  wrk. A 

. 

' '  dep le t ion  of 13%$increases I ' t h i s  f i g u r e  t o  t h e  t o t a l  I I of drawn ' t o n s  
- 

7 .  

(13.72 'm i l l i on  t o n s )  , which d i l u t i o n  a t  the 'accepted Company f i g u r e  of 
> 

, .  * -  - <  

0135f0 g ives  a grade of l.T3%, t h e  average f i g u r e  f o r  the l i f e  of the 

mine'. . The f a c t  t h a t  almost one half  of t h e  dep le t ion  f i g u r e ' ( 5 . 8 9  

I # 

. \  

I I 

m i l l i o n .  I tons.)  - i s  'der ived from , .  s t o p e s  , c a r r i e d  on the b'ooks as 

exhausted and the ' f ac t  t h a t '  only about 1 -mi l l ion  tons  are'' c a r r i e d  on 
. I  

the  books , a s  e x i s t i n g  broken i n  s topes ,  makes the  f i g u r e  of 13% 

d i l u t i o n  one t h a t  might be expected f o r  t h e  remaining l i f e  .of t h e  

\ 

mine providing condi t ions  remain ' the  same as i n  t h e  average of the  

One f a c t o r ,  however, t ends  t o  ine rease  t h i s  f i g u r e  as, . .  
. .  . c  

t .  

9 .  

' appl ied t o  the  a v a i l a b l e  r e s e r v e  f Lgure (11.48 m i l l i o n  tons ,  a t  ~ 6 3 7 ~ ) .  

l I 

- 
' . .  . 

I 

. .  : - . _. - - , L__1 _- - - __ ___ - - _ _  - -  
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. , I  

This ,  it has been pointed o u t ,  

\ 

' -\ 

is  a , s e m i - a r t i f i c i a l  f i g u r e  t o  balance 

. the books and no t  an a c t u a l  measurement of remaining ore .  ' The-grade 
1 

1 

i i s  0.07 ' h igher  than  tlie t o t a l  adeveloped o r e ' i n  s p i t e  of t h e  f a c t  that  

I 

1 .  a l a r g e  p a r t  o f  the'  contac t  ore-body, .of b e t t e r  than.  average grade,  has 
. .  

* \  
. .  

been mined out . '  'It is  perhaps reasonable t o  b e l i e v e  t h a t  the  copper 
. I  

content  represented  i s  contained . -  i n  more t o n s  a t  8 lower; grade than  'is 
. .  . I  

, r 
, a o f . ' pa s t  h i s t o r y  is t h a t  of cavlng. A l a r g e  amount-of ground has caved ~ ' 

I 

. ' t o  su r f ace  and f u r t h e r  s e t t l emen t  i s  t o  be expected. Whatever t h e  
. .  

. .  

. mining metho'd employed some d i l u t i o n  from t h i s  cause w i l l  t a k e  p l ace  5 
1 - .  

not much i n  t h e  .case of greenstone which is apt  t o  fail i n  l a r g e ' b l o c k s ,  
t '  ' ,  t 

I r 
H-. . -. 

. but  ,perhaps an apprec iab le  amount i n  t h e  case of t h e  mine 'dikes which \ w -  . 8 I 

may become sha t t e red  due to. caving f b r c e s -  a lone.  
b 

'On the  o t h e r  handt t h e  new me.thod 'of s top ing  

. d r i l l i n g .  is designed , to  combat d i l u t i o n  ' a d  should i n  

, .  
\ 

\ 
8 .  

--n , 

wi th  

some 

' diamond 

measure be 

b I ' -  . .  
' 

successfu l .  ' Bigid c o n t r o l  of d r i l l i n g  and quick drawing ,should minimize 
\ '  

. - 1 '  
- .  

\ 

d i l u t i o n  w i t h i n  each s tope.  I - 
, I 



It is  only t h e  wr'iter'f s b e l i e f , .  but a s t rong  b e l i e f ,  ne,verp' 
. .  

t h e l e s s , ' t h a t  t h e  e f f e c t i v e  d i lu t ion .  of t he  11.48 - 4  m i l l i o n  t o n s  o f .  

I 

, . 
' a v a i l a b l e  o r e k e s e r v e s  w i l l  be of t h e  o rde r  of 30% over,  a per iod  of 

yea r s  and not  51% as ind ica t ed .  . I f , , t h e  g r a d e ' o f  d a l u t a n t  m a t e r i a l  i s  

0.35%,as c a l c u l a t e d  i n  a l l  of t h e  company ' f i gu res  t h e  es t imated  to .%al  

e x t r a c t i o n  w i l l  be not  17.34 mil l ion  tons  a t  1.20% bu t  14.92 m i l l i o n  

. 
( 

0 .  

' 

W' \ e 

- - -  
. .  I 

I 
I ,  

i 

\ 

, t ons  a t  L ~ 3 % .  

IB t h i s  f i g u r e  is approximately c q r r e c t  there k i n  t h e  I 

. .  I 

I 

mine * a  t o t a l  a v a i l a b l e  tonnage s -uf f ic ien t '  t o  l a s t  nea r ly  t e n  ye,ars a t  

\ 

a grade the  equiva len t  of' t h a t  'mined i n  t h e  p a s t ,  

\ -  

. I  

A t  t he  o u t s e t  however, t h e r e  i s  no-t t h i s  grade of o re  obta in-  I 

. .  I 

. - I a b l e  and . the  r e se rve  of broken 'ore 5.s shown t o  be of a grade' of only 

l.O9%." The company broken 'ore  sheet; shows 915,000 tons ,  which is  an 8 .  ,, 

, a r t i f i ' c i a l  f i g u r e  'produced by t h e  s u b t r a c t i o n  of  a ca l cu la t ed  overdraw - 

. 

1 , \ 
\ I  . .  I 

. .  

u 
I 

. I  

- of 428,800 t o n s  i n  th ree  s t o p e s  from broken o r e  i n  o t h e r  s topes  - 
, .  

. .  

\ 
/ 

a c t u a l l y  then t h e  f i g u r e  is  1,344,000 tons ,  of which 369,000 I 
i s  .not r 

immediately ava i l ab le ,  o r  an a v a i l a b l e  broken tonnage of 974,000 * tons .  

-- - 
I .  

I 

- k h i l e  t h i s  i s ' b e i n g  drawn work w i l l  be d i r e c t e d * t o  ca tch ing  up on ' 



9 .  ‘ I 

, , 

v 8 .- 
1 

G. -, .-ai 
’ mining method t o  t h e  newly developed system OB breaking. by diamond- 

d r i l l i n g .  . 

\ \ . .  

, / 
!. 1 : 

h The a c t u a l  c o s t  of opera t ion  during t h i s  per iod of .. 
I 

I 
\ 

t r a n s i t i o n  cannot ‘well  be estimated, but i t  i s  a f a i r  guess t h a t  
\ . 4 

I \ 

’ .  - .  . .  

I . .  

I 
. ; . , 

i .  . .  

t r a n s i t i o n  cannot ‘well  be estimated, but i t  i s  a f a i r  guess t h a t  
\ . 4 

t h e  mine should be ope ra t ing  on a s a t i s f a c t o r y  basis by midsummer of 
8 

, 
’ !  

1944 -. 
J d .  / I 

. .  The foregoing f i g u r e s  a r e  by no means accu ra t e  b u t  are in0 
’ t  

, \ tended t o  i n d i c a t e  t h a t  ‘ i n  a l l -  p r o b i b i l i t y  t h e r e  e x i s t s  about 10 y e a r ?  s 

’ o r e  a t  a product ion r a t e  of 4,500 t o n s  pe r  day wi th  a grade’between 1.3 

. .  

, *  . .  
* 1  

1 ‘  

and 1.36% copper. 

13 m i l l i o n  tons.’already mined. 

s h o r t  and imperfect  an acquaintance wi th  t h e  mine, b u t  on t h e  basis o’f 

t h e  Company’s *analyses  it would appear’ . -  t h a t  , with’ t h i s  grade and *tonnage 

T h i s  grade i s  about t he  same as the  average f o r  t h e  0 

. *  , 
\ ‘ \  . .  

It is  impossible t o  analyze c o s t s  on so  
I ’  

5 

. -  . : 
4 .  \ 

~ t h e  opera t ion  can probably 
, . .  0 .  

. .--. 

Nothing has been - u  8 / ,  

I 

i 
\ 

c a r r y ‘ o n  a t  a copper p r i c e  oc l o g  per  pound.’ 

said concerning gold and s i l v e r  values .  

. 

‘ .  

These, ’over  t h e  l i f e  of t h e  mine, average about 304 per  t o n  recovered,’  o r  

33# a t ’ c u r r e n t  p r i c e s .  A t  a production rate of 4,500 t o n s  p e r  day -- I -  . 

(1 .7 m i l l i o n  tons  per  year) ’ t h i s  amounts t o  about $5O’w,OOO d o l l a r s  year- ’ 

l y ,  a t  l e a s t  adequate t o  me‘et. d@ple t ion  &d deprec i a t ion  of about $3OO,OOO, 

1 
1 .  

1 I 

I ‘  

I . .  
\ 

I 
. I  ‘ I  . - .  - .  

I !  # I  

(1 . I  

* ‘ I  
. .  . .  

* -  
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' I  

A 

' I  

.. 
/ 

The company started. ' to-mine by : s p i r a l  s top ing  i n  t h e  ' l a rge  

I 
ore-bodies and ,shrinkage 

. . g lo ry  h o l e s  The,- s p i r a l  

and, i n  1941ii7 a p a r t  from 

/' ' . , I  

' .  

' -/' 
i ' 

I / 
< I  .. \ 

. ,  . .  

s top ing  ,became modified t o  f i - t  t h e  ground - 
. I  

a few shrinkage s t o p e s  mining w a s  by l a r g e  
, I  . . : .. 

I. 
blasts which broke as much as 500,000 t o n s  a t  one t ime. '  During t h e  1 .  

I * I  
. .- 

--t - 
list t w o  years+. a modif ica t ion ,  termed tllong-slopelt mining w a s  adopted. 

, .This  involved t h e  systematic  removal of 20% of t h e  'ground by a s e r i e s - .  

&d: ' ,: 

. 
t r  

* '  I 

.-- of dog-leg r a i s e s ,  d r i l l i n g  t h e  remaining ground c l o s e l y  with per- 

cussion d r i l l s  and. b l a s t i n g  l a r g e  blocks a t  once. 
1 

T h i s  method of mi'ning r e s u l t e d  i n  an undue amount of 
' 

\ . .  

-, i -. . 
/' 

. .  \ '  

d i l u t i o n ,  p a r t l y ' d u e  t o  t h e  s h a t t e r i n g  of- t h e  walls (and p a r t i c u l a r l y  ' j 

ibf t h e . r e l a t i v e l y  weak mine d ikes )  arid p a r t l y  also due t o  t h e  f a c t  

t h a t  c o n t r o l  'of development was d i f f i c u l t .  

. -  

. . 

, I  \ 

. .  I 

In '  t h e  l a t t e r  respec t  
I 

, 
. a  

c .  

some of t h e  dog-leg r a i s e s  would \ge t  i ,nto waste and have to - r ema in  i n  
I \ ' *  , I  

LJ 
. I  

/ 

. I  

ffi 
I .  

waste.unti .1 .f-c could b e  brought back i n t o  o re  @gain - t h i s  it i s  t r u e  - '  
e 

r 
I .  \ 

* 

I .  

. .  

I 

' r  

fcould be circumvented i n  p a r t  but  
i 

. .  

extremely c lose  supkrv i i i on  arid 'ii 
. .  

. 6 e f f i c i e n c y .  , 
I 

e . .  

t h e  f a c t  -remains 

h igh ly  competent 

+\. 

t h a t  it needs 

. .  

mine crew f o r  



.I 

0 

- .  

, ,  

Recently a t o t a l i y  d i f f e r e n t  method of mining has been 
\ 

.- ,  ' . /  . .  

. .  

adopted, one ' t ha t  i s  capable of r i g i d  c o n t r o l  and one t h a t  produces 
I 

i .  
' \  

an abso lu te  t h e o r e t i c a l  minimum of  overbreaking and s h a t t e r i n g  of 

walls. ' T h i s  i's'a s o r t  o r  modified shrinkage s toping  by b l a s t i n g .  

hori-zontal  s l i c e s  w i t h  diamond-drill ho le s ,  The holes  a r e  d r i l l e d  
. ,  . .  . .  

. .  
. .  , , -. 

J--.. u i n  r a d i a t i n g ' p a t t e r n s  from ra i se s ,wh ich  a r e  100 t o  150 . f e e t  a p a r t ,  
, 

.c 

' /  
/ The s l i c e s  a r e  1 0  f e e t  t h i ck .  . _  

, .  . -. .. . 
I .  

. 1  I 

.The ho le s  a r e  6 f e e t  apart a t  t h e  boundaries of t h e  ore- 
' .  

body and a r e  loaded - fo r  varying l eng ths  from t h e  bottom t o  a l low f o r  
. I  

> 

.. . 

t an even powder d i s t r i b u t i o n  i n  t h e  s l i c e .  The muck i s - d r a w n  t o  about . 
_ &  . 

8 f e e t  below and t h e  e n t i r e  s l i c e  i s  b l a s t e d  a t  once a n d l i n  dropbing 
2 I -  

# 

' ,  _ I  

I i s  fragmented. I .  

'The h o l e s  a r e  1-3/16 inch' diameter,/ drilled w i t h  a p lug  
I -  

, ,  

' .  

-. , bi't ,  .and, a r e  'loaded with 1-inch powder. 

s .  

W 
Thel d r i l l i n g  is done on con t r ac t  and t h e  'work t o .  d a t e  shows I 

I **- I .  

I \  

c lean  breaking t o  p re sc r ibed  l i m i t s ,  S%m c l o s e r ' a n d  e a s i e r  con t ro l ,  ~ 

and b e t t e r  fragm'en'tation than  i n  t h e , l a r g e  b las t s  of the former 
# , 

I 
I < . * '  - -  

, method. 'The o u t l i n e s  of ' a n  o r e  body a r e  contoured by t h e  geologica l  \ 

' .  . I 

* .  

and engineer ing staff  and t h e  exact  p o s i t i o n  and l eng th  of  each hole  
. .  



l i s  c a i cu la t ed  and drawn up i n  the o f f i c e ,  and t h e  d r i l l  <crew 'of two 
\ 

, . . .  

. .  

. .  

men working a t  a prescr ibed  

. .  
. .  

. .  

s tandable  char t .  

s e tup  merely fo l low 

. 
* Resu l t s  t o  d a t e  show an average d a i l y  

. .  

a c l e a r l y  under-'  I 

, 

. 
footage d r i l l e d  o f .  80 

\ ,  - AI 
f e e t  'of ho le ,  a consumption of about 0.15 pounds of powder p e r  t o n  of 8 

- J 
# -- 

w 
I 

o r e  broken while s i i l l  i n  t h e  experimental s tage . '  \ 

t 

D r i l l i n g  is  a t  present  from a v a i l a b l e  r a i s e s  dr iven  f o r  
. .  

*%-$2-&-? 
another  t y p e  of mining. 

s u i t e d  t o  t h i s  type of mining. 

These a r e  dog-leg,Taises which a r e  not , b e s t  - ' . 

The b e s t  r a i s e  i s  of small enough 
1 . .  

' c ros s  s e c t i o n  t h a t  a l l  d r i l l i n g  f o r  a s l i c e  can .be  done from a si'ngle . 
, 

I 

. se tup  and so loca ted  t h a t  h o l e s  on t h e  footwal l  smde of t h e  ore-body 
, 

. se tup  and so loca ted  t h a t  h o l e s  on t h e  footwal l  smde of t h e  ore-body 

' .  . \  
can be d r i l l e d  ' somewhat t a n g e n t i a l l y  so  as t o  .provide 'a s i d e  swiping ** 

, -  
* I  ' a f f e c t  ; holes. d r i l l e d  r a d i a l l y  will r e s u l t  . I  i n  v e r t i c a l  o r ,  inward 

\ 

= .  ~ receding walls f o r  ends.  and hanging wall.' V e r t i c a l  o r  s t e e p l y  .- -- 
s 

I 
- 

. . I .  

, -  k i  
I 

inclined .rais'es- driven'  near .  the footwall of. t h e  s t e e p l y  dipping o r e  
. , . -  

\ 
I .  - .  & 

, ' bodies  would improve t h e  breaking performance b u t  w m  i n i t i a l l y  c o s t  
I .  ' ,  

! . .  
'5 . 



apparent ly  be t o  The over  a l l -  e f f e c t  o f .  t h i s  method w i l l  
\ 

I , I  
. .  

, .  
lower . t he  cos t  of primary breaking, decrease d i l u t i o n  and, 'by b e t t e r  

i 

. fragmentation, t o  lower t h e  cos t  of seco-ndary breaking. Average I 

1 ,  \ . * . I  

I \  

c o s t s  cannot y e t  be assigned b u t ' i n i t i a l l y  the method i s  a success.  
, a  

I 

Shrinkage ' s t o p i n g w i l l  continue t o  be c a r r i e d  

' \  

ou t  i n  c e r t a i n  

* of smal le r  t he  

. -  

ore-bodies e 

s 

, -  
\ '  

\ 

, 

" . 
I .  
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I 
I .  
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The main yaluo 09f auoh work would 'be to)the Gopper'Mounta3.n 
' 

mine, for the $ucbess !;.;Of futurs o r e .  exploration -largely depend8 an 
it, but valuabb' ihfomt;iatS should result that mi .ht be of' d i r e o t  . 
benerit ts, the , .  dievelopment $ 9  of the Voigt oamp b p o e  P ts. 

, 

. : 
. \  , \ 

9 

I 

** .#Inin& Method8 t ' 
i 

/ \ 

/ 

. Mining -etart;ed in' eaxLy yeara of operatioh \ y i t h  apiral &l;opeer 
in large Ore-bodAes and shrhnkage atopoa,ln small ope-bodiee, a8 
well a$ glory holsra, 

20 per o6nt of the ground in an ore-body by a number of fiO-degree rsf886, 
olosely ~ g 1 l Z i n g  the 'InLervening ribs vdth peraussion ' & i l l 8  and ' 
blastin'g e ,  whole ' b l m k  a t  one time. 

The'large blaotb &$bh have broken a8 mwh a8 506,000 

Phe spira l  stopes'wers mot i i f i@d to suit 
I aoa8ltlons and during the las t  , two or three years a ;system oP %orig 

relope" mining. wae employedr ' This oonsiated of systematfcally removing 
a - 1  

- 1 ' 

. I - u 
a / 

tbns a t  ome, resulteti in'nore a2lution than wa8 antioipated. How- i 

I 
I *  I 

. ever, 'the. fa l l ing  off I n  grade during; %he past thra'e ysars'haa been 

' partly attributable t o  'di lut ion 'and partxy t o  the lower t e n m  of the.' ' 
' 

- -  

bra blook& rnlnsa. The 'CompanyW &evelopment .policy eatabllshed in . . 

\ i  1937-38. wae de%ermhs'd artsr giving all ioonsilrPeraLrLon to the two!  

important factors of (1)j mximm 'reaovery of+:oro,. and Q( 2 )  mining by 

the'most ooonornhal methotla; tTh3.s poJ.iay neoeasitated the remove& 

@f the .are in proper ssquenaa to linsu'sa maximum ora raoovesy .regard- ' ,  * . 

- 1  
I < 1 -  - ,  

I 

I ,  
I 

\ 

- 4  

. ,  

'Some ililutlon, partioulcirly I '  fhom \ %he mine dykee and weak I ( .  wall?, < I s  1 -  

fn6vitable . I  regartilees o f '  the type of mining but the large, blasts d i d  . 

\ ,  I 
I 

. I  

f eet ,  largely 3_a the area of former glory hales,  and Lhier will ,Inoreaere , : , .  
I 



I 

- -  . \  . 



. .  

. . .  

. .  

\ 

b 

I 





. .  . .. . _  . 

. .  

. I  

tan re- 

( 

I 



. . ,  . .  

. .  . .  . 



,p 
*' 

. .  

I 

I 

I 



f' Department of (;f301.0gye, 
UniwrsZty of Eritiah Colmbia, 
Vancouver 8, Bo C, 


