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' A& Baillle, Esq. ,  President, e \  % 

Granby Consoliaated Mfning, Bmelting, 

Vanoouver, B, C. 

- ' \  ~ & Power. Goes LtB., 
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\ 675 We 'Hastings Street ,  
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' # '  ."'With a view to obtaining auoh familiarity with 
t he  mine an8 und8ratanaing lof the geological 'setting, as 
are ~pos'sible. in a limited t i m e  we should l i k e .  to' have 
two of -our engineers spen8 t e n  'days or so, at 'your  Com- 
p a n y b  Vopper Mountainyi Paihe In the. near future, ' . 

' 6 

1 .  I 

' 3  At .;later. time we may, be 'able to have' a 'party 
. ,  examine prdppeols i n  the  same area, and in that oase the 
preliminary work now proposed would constitute a .s tart-  

3 n g - p o i n t : l o r  a project whfch would probably result in ' 

t i o n  -is propoaed.'l However, the'inf0rmation'gaineB . 

would be ,u'seful -to the *Department, both i n  regard' t o  the  
"Copper Mountainn Mine and the study of the ,mineral de- 

' 

\ '  
. 

': the pub,lication of a b u l b t i n .  A t  present no publica- 
s . 

I O  

, .  

4 . c  * . ,  I 

I ,  
, PO s i t  B e 

4 ,  

' ); "1% 'M11 be very muqh *appreoiated'. if you w i l l  
arrange that  our en$ineers can be acaomo8ated a t  the 
mine ana reoeive suoh help a8 practiaoble,' i n  being 

and with qopies of plans or  other drawings, 
be very glaB. , to  meet 'the expensea for suoh acoomotiation 
and for plana, eto ,  . 

. 
- 

We should 
I guiaed about the workings, and supplied vjith information 

* I  

t2 

I 1 , '  
'4 , . . .  
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, I ho'pe that thia request w i l l  reaeive your I 

Yours very t ru ly ,  . ' . 1 -  

favourable aon'sidgration, 'Thanking you, I am, I . *  4 
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' Chief Mining Engineer, 
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A. Is, Baillie; Esq, $ 

IJanager, . 
I 

- Granby Consolidated k l n i n g b  . .  / 

! '  
, .  

I '  
Smelting, lipc Power ~o.,.L%d.,' . - . ' 

,, Copper Mountain, B e  C e  
I . :  .. . 

, 

\ . 1 .  - .  
- --_ 3[ am forwarding two 'copies' of Dr, ' '-. 

1 - Xollandv's -tin& ky brief repo'rt' on Copper 4.lountain, one ' . . 
I 

I of whioh you might l i k e  for. 'yotir f i l e s q  
f 

Sinus we we 
that the ,material' o,f *the rep 

t h e  possibility of joint planning with, , the 'Dominion 
Government ,, but publloathon ,is not  m'nbido'redl, 1 shall  
be glad if you'oare to nmke any reservations concerning 

, any of. the statements in t h i a  .report and oheck! it Tor 
ao,ouraoy, returning our-"bopy herei ' with yourb ,oomer,ta. 

s t  . I  We told-you at the t i m e  that the information was wanted 

ine x find 
e used: for pur- . 

9 poses other than a t r i c % l y  De seco~8, (+oh as 

. .  

- I  for Departmental .use only, and of. b o u r ~ e ~ ,  in,$er;govern- 
nental use is essentially the s13rlle thing, > ,  I .  . 

* I  

I 

I 

, 

, '  . I  

Dr, Holland joins m e  in,th&king you 
for the courtesies shown us on' . -  our reoent viait. , 

a ,  

. .  * . .  
t .  

YOWS very t r u i y ,  
\ 
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The main value of sucn work would be 1 

. mine, Tor t h e  success of f u t u r e  ore  exploration l a rge ly  depends on 
it, but  valuable  int'ormation snould r e s u l t  t h a t  might be of' d i r e c t  
benef'it t o  t h e  development of t h e  Voigt camp deposi ts .  

Mining s t a r t e d  i n  ear ly  years of operation with sp i ra l  s topes 
i n  l a r g e  ore-bodies and shrinkage stopes i n  small ore-bodies, as 
wel l  as  g lory  holes.  
conditions and during t h e  l a s t  'two o r  th ree  years  a system o r  "long 
slope1' mining was employed. 
20 per  cent of t he  grouna i-n an ore-body by a number 02' 50-degree r a i s e  
c lose ly  d r i l l i n g  t h e  intervening ribs w i t h  percussion drills and 
b las t ing  a wnole block a t  one time. 

The s p i r a l  stopes were modif'ied t o  s u i t  

This consisted of systematicalLy removing 

The ' la rge  blasts wnich have broken as much as  5OO,oOO 

HOW- tons  a t  once, resu l ted  i n  more d i l u t i o n  tnan was ant ic ipa ted .  

! -  

! .  
, 

ever ,  the  f a l l i n g  off' i n  grade during t n e  past t h ree  years  has been 

p a r t l y  a t t r i b u t a b l e  t o  d i lu t ion  and p a r t l y  t o  t h e  lower tenor  of' t h e  
4 

ore  blocks mined. The Company's development pol icy  es tab l i shed  i n  

lYj'/-38 was determined a f t e r  giving r u l l  consideration t o  the two 

important f a c t o r s  of' (1) maxirnum recovery of o r e ,  and ( 2 )  mining by 

the most economical methods. 

o r  t he  ore  i n  proper sequence t o  insure  maximum o re  recovery regara- 

This po l icy  necess i ta ted  t h e  removal 

1 

! 

l e s s  o r  t h e  f a c t  t n a t  cer ta in  blocks involved were of lower tenor.  

Some d i lu t ion ,  par t i , cu la r ly  from the  mine dykes and weak walls, is 

inevi tab le  regardless  of t h e  type of mining bu t  t he  l a rge  blasts d i d  

produce boulders which f u r t h e r  tended t o  increase t h e  d i lu t ion  due Lo I 

i 
I 
, 
I 

* !  i 

I 
I 

i 
I 
I 
i 
I 

cnannels between boulders permit t ing t h e  seeping through of f i n e r  low 

I gr,ade mater ia l  which by-passed the oreo 

The 'mining of l a r g e  ore-bodies c lose  t o  the  surface ha3 re- I 
1 t 

su l ted  i n  much' subsidence. There i s  one caved area  aboug 800 br 3,000 
1 

* i  

r e e t ,  l a rge ly  i n  t h e  a rea  of former glory holes, and t h i s  w i l l  increase  

somewhat as mining continues. I n  most sec t ions  t h e  caving i s  on a qo- 
degree s lope down t o  t h e  workings below, but  i n  some ins tances  it is aa 
low as 50 degrees. 

Recently an e n t i r e l y  new method of s toping has been evolved. 
It i s  in 'course  of I t r i a l  a t  present but t h e r e  i s  no apparent reason why 

I 
I 

t 
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V i  Dolmage .. Geology of Copger Mountain - Gsol.' Sumhy Can;'.' 
* .  

I . . .  
t .  Mem. 171, 1934 ' * I . 

. Origin of Cogper Mountain Ores'- Bull.. C + L M . M .  Juhe 
1929, p.  7 8 8 .  

3'. Buokle '- Uning Methods at Cogper Wuntairr - Trans C&M.M. XLIV 

R.- S* Douglaa - Mining Methods at Cogper Mountain - Bull. C.&M.& Nova 
I - .  ' . ~ ' k744,- 213-229 - , 

I 

I ! *  21 e 

1943. - ' ,  
. .  

The fallowing summary awount of Copper Mountain mine &a . .  

the report on a seven day v i s i t  ta  the  mine from February 9 t o  February 

13, 1944 by M. S o  Hedlep and SI, 8 .  Holland aating under instruations 

to gain a fami1iarit;y vkth the mine "d an understanding of 'the ; . ' *  

gedlogical setting, 
. .  

, 

Prints of the  following maps . .  we.& obtained from the uompany 

and are- attaohed: \ --. 

Claim mag 

Contoured surfaae map. 

Maps at' Levels Nos, 3. fro 8 OA a male, of I?* 3 100' 
Two Longitudinal sacrtions through the aoontaot ore zone " . 

.. 5 

.- . 
. .  I ,,, 

data for a Diamond, Two Plans  showing layout 

D r i l l  Blast. 
. .  

and loading 

. . . .  1 .  
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* \  

Introduotion,: 
t i -  

'The Copper Mountain mine l s  on the a u d t  and west'ern slope 

of Copper Mountain, 12 mile8 south ~r Prinu&oni . .  1% 18 develoged.for . 

a .length of 6,000 Feet, a wiBCh as &rea$ as 1.,000 faat  and' a dep.t;h o f  

l3400 feat .  Mine-rurr. ore i a  orushed a$ the portal- of' Nb. 6 ,  the main 

haulage.adit level  and ie haul04 by railroad t o  the: m i l &  a% .Allenby, 

8 miles distant. 

t o  it by a system of raiaes and ore mined.from, the lower  levels,  Nos. 

7 and 8; i s  hoisted In a vertiaal shafL 

I \ 

A l l  ore.mined above No. 6 level is transferred down I 

I 

After many years o f  surfaea explmation and doma underground 

development, dusfag whicrh, time a mill was built, the property wa8 

acrquired by ihe 'Granby Consolidated Mining Smelting dB; Power Company 

Limited In 1926: - The mili'w4a modified and inureased t o  a s  craQao+ty 'of 

about 2;500 t o m  daily; and the compgy operated oontinuoualy u n t i l  

19JQ.when the prioe of aopger fell. below a profitable leve l ,  

J 

Ogerations were reaumed i n  1937 when the aompang further ex- 
. .  

panded the . ,  m l A 1  t o  an' ultimate oapacrity of  about 4,500 tons per day, 

and supplied-their own power i n  a ateam generating plant w i n g  fuel from 

their own c?nR1 mine. 

' f *I 

All. donaentirates were shipped under oontract t o  

' .  - .  . In ,1942 'tihe QonoentFates were aold LPrrOugh Wartime Metals 

Corpdration a t  a bonus priae  and $his contraat was maintained u n t i l  

December, 1943, when the contract.wa8 ganoelled. 

. .  

The nine ia a low grade one, operating on. about l . 4  per mat 

cropper fo r  a nynber of p a r a ,  but the grade f e l l  far b e l o w  that figure 

during the past  three geara. Gold and silvek values are low. ReSerVe8' 
? .  

have been maintained t o  about ten yearb supply during the l a a t  seven 

years, but P i t t l e  exploratory work was clone in 1943,' The maerground 

crew has fa l len  off with the manpower shortage f r o i  about 400 t o  120 mea. I 

Y 



The following' gsologioal summaw' gre suppoaee' a prior read- 
ing- of Dolmagds Weologg of Copper MountainfY @ Memoir 3.71 o f  the 
Geologiaal Survey of Canada; 

. *The surfaae geology; i n  s p i t e  of' widespread overburden, 

was aoouratelgmapgea by Dolmage from outcrrops and from many old proa- 

pect trenahea i n  the vfoinity of the mineralized area thaC were open 

for  inspecstion at the Lime of hia work. 

\ 

. 

. 
I 

1 

The Copper Mowkaia ore-bodiea are i n  b e l t  of volcranic rooks 

l y ing  along the northeast oon.f;act of a differentiated gabbro stocrb. A 

80~$011d~Btock l i e s  several thousand Feee ' to  the northeast. In the b e l t  

of volcanioa between the  Copper Mountain'and Voigt  stock8 ere a series 

(VObhf) 

o f  intrusive bodiea,mappea by Dolinage as the Lost Horse d i o r i t e .  A 

. swarm of ramifying,. poat~mineral f e l s i t e  porphyxy and granophyre dykes 

cut the Copper Mountain stockI volcanfos, and are-bodies in the 

neighborhood of *he Copper Mountain, Mine, 

dykes cut the margin o f  the gabbro and the adjaaent- volclanfcs. 

Pegmatite stringers and 

The volcanPc rocks as 'seen in the- Copper Mountain workings . 

cronaist of fine grained dark t u f f s ,  some of' whiczh show bedding in a few 

places, as we11 as volcanio rocks of OtheZ?.typ8& 

volcanic brecrcfa 2s exposed in crosscuts on 6 l eve l  and also on 8 

A band of coarse 

level. 

possibly be dykes or B i l l s  of pre-mineral age. The general strike of 

the volcanic rocks i r s  northwest, parallel, 'to the northeast  contaot of 

the Copper Mountain stock, and observed, d i p s  are t o  the southwest, 

towards the gabbro uontact. 

Dark grey equfgranular or porphyritio rocks in the voloanics may 

Although, the volcranici rooks are cron- 

aiderablg altered and have f e w  eas i ly  recognizable features i t  might be 

possible  by detailed. mine mapplng to  work out folded s.E;ruotures within 

them. 

pat te rn  o f  some beda mapped by Dolmage, but nc&published in his 1lernof.r . 

\ 

That the  voPcranics are drag-folded is indioated by the surface 

I 

171. 



- -- --- ----.---A-..- --.______ __ _-___ . . - 
. . ..-___ 

- .. ., 
- t  

__ .... - . . ... .__L L. * 

-{-I r - -  
* i  

-. - - 
% 

. '  ', . . .' . .  
c 

. .  . .  ., 
The Copper Mountain stoak i s  well desaribed by Dolmaga.* Its 

- .  

northeastern contact.. %a important beoauae OF the ore-bodies lying along- 

i~. The marginal phase af the sLocrk is' a matdve dark grey equig'ranular . 
. L  

. e  

roak crontainfng biotite and daaoribed by Dolmage as  a syeno-gabbro, 

severalhundrea feet  from $he vohoranilcx aontaut the gabbro is foliated 

parallel to  the aontact. For four or five thousand f e e t  in $he vfoinity 

of the mine workings the northeastern gabbro crontmt is. a .t; straight, 

with onlyminor irregularities and a alight oonvexity to the portheast, 

For 
I 

i 
L ,  

. I  

* /  
s o  

while at.depth; > the contact i s  almoat vertical within the range of the 
< 

. mine workings, about 1,400 fee t .  

The Voi& stoak l i e s  a mile t p  the northeast of the Copper ' 

3t i a  tcm far away t o  appear in.any of the mine work- Xountain stock, 

ings or.diamond d x i l l  cores, 

Dolmage maps large and amall areas of Loat Horse intmstvea 

lying to the north of the, mine workinge, northward from the Prinoress 

May ore-bodies. However, in orossouts to the eaa6 on 6 level ,  500 f e e t  

and more from thqgabbro crontact, there are exposures of altered voluanicr 

racks whose alteration i s  attributed t o  Lost Horse 3~&trusives. 

partioular area of voloanh rouk is important- because OF the outlying 

' Thia 

* .  

ore-bodies within i to There i s  however no exposure of aotual 

Lost Horse intrusive rock, seen fn the rdne workings and geologiod. 

information is notably deficient  a& to the poaition and'contaot of the 

Lost Horse intrusive. 

continuous kntrusive.bodg. QE ats a aeries of isolated intruaions t o  the 

northeast and east of the gabbro staok. The Lost Horse intrusivea- 

I 

I 

ItAs not bown whether it exis ts  either a8 a 

- .  
appear important, for moglt outlying ore-bodies l i e  in i t s  alteration- 

. zone, yet  nowhere fa  t h e  a6tuail intrusive enoountered underground. ,-- -- 

* .  

d 



addition narrow pe@5matite' stringera and dykes aut the gabbro' margin of .. 

%he stock as w e l l  as the adjaoent voloanios,. The. pygnatite dykes in the 
voloanloe are intruded along fracltures parallel t o  the ore-fraotuses e . - .  

. 

I *  

The pegmatite stringers and dykes may crontain Borne bornite, may be 

aooomganied by a narrow selvedge of biot i te  a l te ra t ion  in the invaded 

volaanios, or'by a bleaoh alteration of boeh gabbro and voloanioso 

For+erly i t  was thqught at the miqe. that *ha pegmatites brought ia 
. i '  

-. . 

ore', . but th i s  view haa been abandoned largely'becmuse there' i s  no 
L 

4 ,  I 

spatial  relatibnship between e 'o&xwrence of ore and the abundanoe 
I i I 

o r  .pegmailtes 
, 

t 

The Mine dykes are light ooloured f e l s i t e  porphyry and 

granophyre dykes which c u t  the  gabbro, volcanius' arid ore-bodiea, 

are unmineralized and aha.t;ter readily so that in the mining operation 

they add a conside'rable amount of 'dilutiona 

They 
' ' 

. 'Throughout the mine working8 the roaka are altered in , 

varying degrsea and in a variety of ways* The mast pronouncred 

. 

alte$ation seen underground is a, biotitization o f  the volaanio rooks 

marginal t o  the gabbro Lgtookr , This alteration i s  a contaot 

I metamorphic effeot,related t o  the gabbro intru~lfon, but 1% appears t;o 

be variable, as though original differenoes in rock composition m i g h t  
, 

have influenoed its intensity, The biotite a1t;eration zone extends 

f o r  4001 feet  or more eastward from the. gabbro o o h a c z L  

known whether bfotitiza.t;ion of volothiua in the eaa%ern zone of Lost 

1% i s  no$ 

\ 

l Horse alteration-is related to the gabbro or nota 
. ,  The other pronoluntred alteration * .  of the' v 0 3 , ~ m h  rocks i s '  in 

the vicrinity of the outlying ore-bodies; it lies several hundred feet 
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. 
east of the ga6bro'oontact but approacrhse the gabbra,dp tihe. zone.$' the 

Princress Mag' ore-bodies, St is oharaaterized ' .  by . . the .. fomat;ion.of' 3 .  a . - _- I 

dense chert-like . .  r q k  with a gale olive green . . oastl , *  presumably . -  from * I .  the . 

development of small-augite grains. , .  It is aooompaded . .  . . .  in ylaoee by a: 

bloeohy development; of pinkish colourad,feldspar, and by ammrsening 

'of the rook texttare+ 

Prom the gabbro, henole i t  i s  gr€38Wblg related t o  the Lost1 H.orse 

intmtstves even though none of thosarocks are seen undergroundr Tba 1 .  

disstr&bution of the Lost Horse a l i e r a t h n  zone is not shown on the &ne 

I 

- This alteration is mora intenaei t o  -the east, away 

. . .  

' 

geological plans,  
. 

' 

The gegmatite atringers are accompanied by a bleaohing: I of 
' .  t 

aithez' the gabbrb or valoanioa, preayznably from the iatrodudtfon . %  in to  

them o f  feldspar, 

iag  aocomparrying pegmatite, and that aoaompanying ore deposition; many 

ore fraoturea in the oontact zone are bounded'by a bleached . >  zone. 

Occasional hairl ine czracka of epiaote are seen i n  the gabbro.' 

There appears to be no differencw between the bleadh- 

* 

* I  

The two rock alterations I biotitization and LoSp' Horse .%ype, 

are particuleriy promknent. To what extent their development is 
* 

fl  

--_ 
influenoed by ,or iginal  rock oompositions or f rao tur ing  , ia .  not known* 

' 

The biotit izat ion precrredsd 'the deposition of ora but i t  is not known 

whether the Lost Horse 'alteration precledad or acoompanied the or&, 

, . Of the two, however, the Last Horse appears the mora important beoausa 

of i t s  relation to the outlying ore-bodies, 
\ 

Ore-bodiea and mineralization: * .  

The Copper Nountain ore-bodies are in zones o f  intense , 

rook alteration and in a zone where the Nina dikes are most abundant. 

Of the numerous or6-bodfss of' the Copper Mountain d n e  the most 

_ .  I .  

6 -  
I . .  I 
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important during early 'etagea' of * development w0re 'those wh%oh are 

in 'biotitized voloanica..along' the northeastern oontactt of %he gabbro' 

They extend along t h e '  
s . *  

stook for about 3,000 feet ,  ouxiurop a t  

the s&ase at two poiata and tijottom approximately at 8 level ,  having. 

a vert ical '  range of about 1,400 feetl 

ref erred t o  as;outlying are-bodies are., in the a1t;ered voloanicf rocks 

t o  the east of": the Contadt ora-bodiee. W e  Princess May -ore-bodtes li 

although crlose La the gabbro contaot, l i e  B thousand f e a t ' o r  so.narth- 

The varlous other 'ore-bbdies 

, .  

west of the Contaot; ore-boay and dkffer materially f r o m  iC'; aatually 

they dare more like the outlying ora-bodies in mineralization and' rook 
i 

. alteration. There-are no Mine dykes in %he barren zone between the 

north end o r  the Contaot ore-bodies and the Pri'ncress May. 

The miner.aliza-bion of the Contacrt and outlying ore-bodies 

differ in that the  Con.t;aot i a  predominantly born i t e  with small amount8 

-of qhalcopyrita while the outlylng ore-bodies are largely chalcopyrite - 

with - a  small amount of bornite and sone pgrit;e(, 

that there i a  ne quartz as veinlets or gangue %a any part of the rdne ~ 

workings 

It i s  remarkable ti$, note 
L 

. .  

The ore mineralization -is controlled by the are-fractures ' 

which s t r ike  n o r e . o r  less at; right; angles t o  the gabbro contagt; and, 

d ip  northwest from 65 to 80 degrees, No individual f'Taoture extead~r 

f o r  any great diatance, but bo%h the m&gin of the gabbro and the ad- 

'joining volcaaiaa are 'fraotused; there is no ore in-the gabbro* The 

are minerals'are deposited as thin films along the ore-fraatures' and. 

, I  

L 

in high grade contact &e there ila considerable disrsednatad borniim _- 

between the fmctureer 

b io t i t iaad  wlcani'cra but not Sn the bleacrhed rook.wUoh bounds some o m -  

The diaaeminated bornite appears' to '  be in 

fractures and some pegmatites& Although the dominant direation of .are- 
. .  
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fracturing is northean4 ,:$here frs a vergr, muerh wa&iar Conjugate direation I 

1 < ,  , 7 .  

. .  

almost east and west whioh i a  mineralized 8s w e l l .  . ,  
. . .  - . . . .  . .  

1 '  :Zn the mine the ore-bodies in general. have aasay bou'ndartes 
i 

exuegt against the aharg3.y defined, poal+mineral 'Mine I dykes and in. 

general against the gabb&*o,. The tenor of, the are depends on the 

oloseneaa. o f  the apaofng of? the mineralized ore-frtmtures and,in the 
Q / $ Q  

Gonlaot ore-bodtes, *on the amount of disseminated Cropper mfnerals 
I 

. I  
. .  

1 .  
1 %  * 

I .  

between the The out l sng  or bodies haver. a ragged, fringed outline . 
. I .  * I  

' control *zerois -6s *the Oa&rabtu&s on ' the *ne ' 

L -  

" beoause o f  
' 

plans the o u t h e  i s  an .arbitrary ,boundary khat only' in a very general 

way shows the  '*hap of the ore-body, AatueiCly both ore-fraotures and 

ore mineralization' extendl beyond %he i i x n i $ i  o f  the, napped ore-bodieaj 

!Even within ~ the ora-bodiea there are fairly aontinuoua banda 'of pooz- 

lg mineralized or barren.valaanios that must be mined with the ore. 

' 4  
\ 

.... 
' 3ongitudfnal oross seotiona through the outlying ora-bodha 

show them dipping steeply to the northwest, refleotfng the dip  0%' 

the  ore-fraotures. 

general tendenoy fQz them t o  p l a g e  steeply t sQ~.t;~weat toward€? 

5 
? .  

Tranaveraer aross secefons 'through' Cham indioate 8 

the gabbro oontaot,' but they do not quite reacrh i$* 
- *  

L 

Pra'otioally a l l  o.f %he ore-bodies; are batlome4 PafrLy sharp- 
' 

ly botween 6 an8 8 levels .  This bottomming of f;he ore above the  8 

level oons.t;itutas a ~ J O P  geologisal problem, the groper interpretation 

of whfoh  ha^ an important bearing on future ekplorationt 

in the bfot i t i zad  voloanios along the kabbro contaot stands out in 

The dominant bornite nineralizalion o f  the  Caataot ore-body 
' I  

sharp contrast to the -chalcopyrfte xnineralfzation of the outlying ore- 

bodies i n  the Lost Korse t y p e  of alteratione The signffioancw of this' 
a .  
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4 Dolmage atressea the fao% that, the 'bidtit ized . , . volaanios. a - , .  

~ . * are L . ,  fol iated 
* -  I . - ,  

. ,  

parallel t o  the gabbro pmtigct and that the ora-fraotures ape at  

right angles t o  the foliation. 

ore-fraotures are oomglernentary tenaion openings a t  right angles t o  

the directtian of elongation, However,6 level  mutheash a pegmatite 

stringer was men oooupyfng an ore-fzaolrlure but having subsidiary . 

brancthes at an angle suggeat;ing tensional openings at; an angle.ta a 

shear aireattono Moreover examinatron o f  many ore apeoimena reveala 

that beside the preaomfnanl; ore-fraaturing direation there I E c  a sub- . 

aidiary minerallzed fracture M.rect3.on whose pattern refleaks the same 

- 
. .  I .  ~ , .  5 ,  _ .  . 

In conversathn he auggested3hat %he . . . . . .  a I . .  . *  
. -  . . . . .  \ .  

* I  . I , -. , -  

* e  
. c  

b/t 

/ set; of oonditfona, There i a  a suggestion therefore that the ore-fracturea 

are shear - .  plane dimctians %hat have subordinate tension Fracturea 

asrpooiated wit4 them. This is no more *Plan a suggestion but i L  i s  

.bel$eved that a thomush struotural analysis could prove the nature o f  

.tha~fraoture . .  pattern and ml.gh* b q o f  value fa exploration, 

The imgortance of the ora-fraature8.i.s apparent but the 

I distribution of the fraoturing and the relationship to poes ib l s  fo lded ,  * 

struotures in the vokcanics, or- t o  different rook t ypee o r  zones o f  

rook alteratfon, l a  not knowns 

exploration hinge8 on the aasreot; interpretation of them relakions 

and the projection of the aorraot; hypothesis i n t o  hitherto unaxplore8 

Tha whole ~ o u r 8 e  of future ore 

' Etreaar. 

The b d t t o d n g  OF the ore-bodies above- 8 level  evidently i s  

due to i  the laok of ore-fraotures at  %hat; depth, probably beaause of the 

appearawe of a rook type that  d i d  not; fractture suftmbly. appear- 

anae of ooarge breocfa cllose t o  the gabbro contac6 suggests a wedgfng - 

&gabs% the gabbro.. The rooks on, 8 l eve l  upgear diI!femnl from thasa 

above 3; they axe and are strongly sheared parallel  t o  the gabbro 

conlacrt, WEE shearing does not appear on $ level  and i s  dif f icrul t  Lo 

explain. 
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. .  \ 1 .  ,. . .  
Hypothetioal' Conaideratioxia: : . .  

Formerly i t  was oonsidered' at the.mine"tha6 the pegmatiteti 

Thfa idea' ha8 been abandoned were the feeders 016 tha dneraiizationr 

s h o e  Later development; work haa shbwn ,110 s p a t i a l  reiationship between 
. .  I .  

the Goitact ora-bo4y is mined and muah o f  %he dkveloped] ore reservk is 

in the outlying ore-bodies apparentlg relatmd %a &e Loa% Borse' htrusive.  

However t he  actual source or sourue8 o f  the mineralizing solutions ie. o f  

lesa importanse than 'theelmowledge of the ftadtora tha$ have resulted, 

in the dfstpibutfon oP the oredrabtures. Bn importan% poinl; i s  t o  

deternine whether the Lo& Horae, type of alt;eration oondltkbned $he 

volcanic rooks so that they subsequently were britt le  enoua t o  kraatye 

ar whether the rock alteration a ani& ' the mhlaral9zation along w e -  

eztsting ore-fraoturea. 

I 

1 

- .  

The &plmmtioa of the; spatial  distrtbutfoa o f  the ore- * 

I 

I I !  

fraotures is  emeedfngly 3aport;anL Xt would raquire'extremely . . .  

d e t a i l e d  geologioai mapping of the mine workings; the baref'ul plotting 

of minute differences between various types of valoanic rooks, the 
. ,  

plo t t ing  of intensities o f  rock alteration aF the various kinds,  and 

the plott ing of the density of ore-frcmtures i d  whether they are 
i '  

I *  

i 

. mineralized or not a This together with further?, information regarding" 

the size,, posttion and, contaats of Lost Horse intmsives t o  $he! ea& 

a f  the mine workings are necressary t a  explain the d€atr%bution of the 
* , ,  . ' .  . .  

ore-bodies, Ati present it I s  possible t o  say that the ore-bodiea are 
1 .  __ 



. .  . . .  

. . I  .. _ .  . .  I . . . . . . .  . .  
gabbro contaot" an8 on the ;a,at .by. a cuarse volclanI$ b'recoia* . 

Cannon; the mine + geologist . auggersta %ha% the - . ,  jZCl -34 . and. 37, 
ore-bodies on 6 level  l i b '  i a  aq'embaymenti *'in the Lost' Horse' alteration . 

zone; 'Pboreover'the Princess May ore-bodies, whfoh lie in a zone o f  Lost * 

. .  . .  . .  

a 

- 1  

. 
. . - .  1 .  

1. 

are 
Xarsa alteratforr SB close t o  the gabbrol aontact'only beoausa %he Lo& . 

Horse Entruefve i s  rieazby. There seem no doubt; but *hat th8r8 is ore 

asaootkatecl w i t h  the Lost Horae alteraeion zoner The real deficienoy ' 

is the laok o€ knowledge regarding ita position. and &tent. 

a . gr*lcl.ic&~ 
h 

e .  

Although the Mina'dykes ar0 younger Lhan the ore I.% is I 

sig;nifioan.t;' tha t  the greatest nub0r all %hem, i s  in ths zone of ore& 

bodiea.. 

northeast at VofgLfs'Camp there i s  a s-econd awa'm or' themr 

implicration of th is  may be t h a t  the Mine.dykes ocrcupy a fracture zone 

that; priinariLy st3mea as a ohamel. way f o r  the introduotion o f  

mineralizing solutions i n t o  the fzwtured volcthinio rocks .. 

Dolmge maps none e i the r  north or rroui;h ok the n%nq but t o  the 
* ,  

The 

.Geological Problem: . .  

, The most important geological problem at Copper Mountain has 

to 'dG with the locakiza%ioa of the ora-bqdiek, 3t is true that they 

are primarily cton.t;rolled bg om-fraoturds buti fue%har information 3.8 
I 

' required in order $0 explain the distzfbutioa o f  me ore-fracrture 

' system. Subordinately a study of the rook alteration is required 

mainly for the in famt idn  that might be apglicrabla to the fundamental 

question and, to aasesjbf. if poseibla the relative . ,  hportaaua o f  the 

gabbro stoctk and Lost Horse kntrus$ves+ 

. " - 

The ore-control appear8 to be largely 8 st;ruatural problem 

whose explanation can only be abtained from a most detai led  examhation 

of the mine workings in oonjunation,w%th a aurfaire study in spe,aial 

sections* . .  

. .i Y Y  
. . . . . . .  . .  '"'-.,r 8 .  

, .  

! .? . , . .  * .  
A .  

. \  
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The main value of suon work would be to the Copper Mountain 
mine, f o r  the sucoess ',of 'future ore exploration largely depends on 
it, but valuable information should result 'that might be of direot 
benefit  to the development of the Voigt camp d e p o s i t s ,  

---- r- -- 

I 
* 

1 

I 

"-7 

Binin$ Methods i 

in large ore-bodies and,shrinkage stopes in small ore-bodies, a0 
well as glary holes. The spiral stopes were modif ied to suit 

I slopett mining wasmnployed. This cronsisted of  systematically removing 
20 per oent of the ground'in an ore-body by a number of 50-degree raises, 

1 I c lose ly  d r i l l i n g  the  intervening ribs with peroussion drills and' 
~ blasting a whole block aL one time. 

I 
! 

I 

I /  
1 

Mining started in early year8 of operation with sp ira l  atopes 
. 

, oondit ians and during the last two or three years a system of "long 
, 

The large blasts wfiioh have broken aa much aa 300,000 
I 

tons a t  once, resulted in more dilution than was ant io ipated.  How- 

ever, the fa l l ing  off in grade during the past three years has been 

p a r t l y  &ttr ibutab le  to dilutkon'and partly t o  the  lower tenor of the 

ore blooks mined, 

I 
, 

I 

- .  
The Company's development pol icy  established in i 

! 

1937-38 was' deeermined after giving f u l l  consideration t o  the twos 

important factors of (1) maxhum recovery o f  ore, and, ( 2 )  mining by 
I 

! ! 
1 
1 

r 

the most eoonomical methods. 

of the ore in proper sequence t o  insure maximum ore recovery regar$- 

This p o l i c y  neoessitated the removal 
I 
I \ 

i less of the faot that oertain blooka' involved were ofa lower tenor. 

1 

1 '  . 
I 

Some dilution, par t iou lar ly  from the mine dykes and weak walls, is 
-' inevitable regardless of the type of mining but the large bla'its did 

produce boulders which furt;her tended to inorease the dilution due to 

ohannels -between ,.boulders* permitLing the seeping through of f ine r  l o w  
I grade material which by-passed the  ore. 

I 

. .  

i '  . 

The ' dn i ag  o f  l a rge  ore-boaies olosb to the surfase has re- '* 

sulted .in, mu& s.ubsiden0.e 
4 

There i s  one caved k,r?a aboug 800 'by 3,000. 

feet , .  largely In ' the area of former glory holea, and this,will . .  increase 

som6what $88 minfng continues. 
degree alope down t o  the workings below, but in some instancres i t  is as 
low as 50 degrees, 

In most seot.ioqa the caving iq on' a .$(I;- 

I 

, , I -  - . .  ..'. . . . I . .  

R,eo,eptly an entirely new rndhod, of atoping haa' been evolved. 
Zt i's i n  course of t r i a l  at' present bu% there i s  no apparent .reason .why 



large to be nine&- . ,  eoonoxnioally 1 .  by standdrd shrinkage stopin& 

This new method i a  a modified form of s*h,rinkage ataping i n  

horizontal al icea d r i l l e d  off a t h  a diamond drille Hole8 are d r i l l e d  in' 

a radiating pattern from oonveniently looated raireea 100 t o  l5O feet; 

apart within an ora-body* The holes are 1-3/16 inoh in diameterr 
d r i l l e d  with'plug bita, and ara loaded with 1-inoh.powdes t o  a uniform 

areal density, and the entire series of hole8 is blaated at o m &  

slfae is 10 feet thiok. 

%ah 
I ! 

Ta practicra the outlines of t h e  ore-body are.pradetemdned and 

the pattern of holes is laid out in the offbe, a p r i n t  OF whioh is  .'. 

furnished, to the contraat d r i l l  urewl 

instmotions ixnp1icit;ly ab3 t o  the Zen@h of' eaoh hole and the 

divergence between hohea, I ideal ly  drilling; a oompleLe horizontal r ing  

from, one setup in each raise, The holes are loaded - to  a calculated . 

powder" aensity and the horizontal. a l ice  i's @hE&a6 one: blast, drop- 

ping about 8 feet  .to the muck'belaw t o  insure fragmentation. 

The drillers then fallow 

. 

S h A  d&M 

I 

. It has bean found to data that r ig id  1 oonCro3 o f  the autlines 

of t h b  stope i s  poaaible; there i s  l i t t l e  shattering of? the walls, due 

t o  the f a o t  that 'the holes are spaoed about ~ 6 feet  apart along the stoge 

walls at eaah 10-foot interval; and, Fragmentallion i s  better than that 

obtained by the former methods o f  large blasts, The crasta appear a b  

ready t o  be substantially lowe2 and a reduotion in aeoondary breaksng 

oost f a ;  an added advantage, 

L . ,  

By rapia drawing of aompleted atopea it is 

believed that dilution 

Ore-bodies : 

w i l l  be kept t o  a minimumY I 

As already sltated the ore-bodies are for the nosL part copper- 

( 



. -  

. .  

-.. 

. .  I .  
' i '  - 

bearing zones with asaay boundaries a Their outlines are eatablished 1 

as a oompromise' between grade and crostof mining. - ,  Therg I .  are about 45 

rimed ore-bodies in the h n e ,  . .  . ,  sone " .  of whioh are dist inoj  only Bectausa 

various faotors favour the i r  separate mining. In detFi1 the outlines 

are'kagged and . .. sibsl of low-grade materzal, . ex is t  'in or - extend .. through 

them, but f o r  purposes of dping the lirdts are set  more OF lesa 

arbitrarily t o  taka in m k x l m m  t . /  tonnage at a profitable, bade. , 

. 
. .  % .  

- 1 '  
. -  . .  

. I  

The Mine Dykes have a grsaL influenoe on dnihg I .  sincre they 
I 

. ou* through some ore-bodies and form boundaries of otheta. Being barren 
and atruotura$ly weak %he laying out and opeqation'of q$opes is ,  aa Far 

as possible designed t o  lh&t the ohan& o f  dilution by dyke material. 
~ 

I '  .In a few instarroes attempt8 have been mad9 t o  mine the dykes separately t 

- '  but not wlth aomglete suclaess; in many parts of the mine'ore I and dyke are 

' k n e a  together a$ a- reduoled grade within a single ore-blbdg when i t  i a  

evident' that the dyke rock oan not be l e f t  BB a pil lar.  f 
I 

In pofnt; of view' of' to ta l  tonnage the largest [ore-body is that . 
I 

;known as the "'oontacrt", .with about 6 mill.lon tons, Next  * _  ara the F36n 
I 

with 3.36 milllon tons  and 'the V l 4 "  with 2,4 mfllion tona, ~ The -. .smallest 

ore-body contains about 50 ,OOQ tons. 

The clontact ore-body fs now;' mjlned out above"6 : level  I 

a relatjfvelg mall proportion  remain^?^ paktly i n  u d n e a  ground below 

6 level and partly a8 @ill pil lars ,  It was the first b&ly $0 be ful ly  * 

explored, being fo r  i t s  aize the higheet in grade, and f o r  some years 

f% was conaidered t o  aonatitute'most of.tha total. mine tonnage rather 

8 , 

I 

, and only  

I 

\ 

' 

. than about one quarter as now known. 

The oontaot ore-body follows the gabbro oontaat f o r  about 
* .  1 

a t  

1,000 fee%, has a *dd%h lzanging from 16 t o  190 f e e t  andla total iiepth 

of la4QO f e a t  e It 'reaohad the8 surface onlyb at. one pain$ v d  only on0 
. -  

3 

i 
I 
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* .  

* small seotioa persists for a short distancrs - .  below 8 level .  Other , ' . 
- 

bodies exist on the gabbro conlaQt whioh, genatioally, may be con- - 

aidered as part of the ~ a m e  ore-body, opltth a 
. <  

total develope& tonnage. 

29 geF a8n%,Of the knOF'Illin0. 
. *  

The o6her ore-bodieea lie within the ... voloaniaa aa far EM 

800 feet fromthe gabbro, mat all reaoh the surfaoe an& none per- 

sist downwardrs as far a8 7 level. 

in 36 are-bady, is l5O 'by 500 feet  a 

in reality parts  of a single large"ore-'zo& separated by dyke rock, 

The greatest single ozo8ad8eotion, 

Several of the b;re-bodies are . 

, -  

. .  

In the.karly stages o f  mining most o f  the ore oame from 
f .. 

t h e  'Contact* and rlelated ore-bodfes, where Lhere % ~ E I  verg little dyke. 

rook and the peroentage of diJutioa m a  small. A t  the aame t b e  
. _  . I  . 

the ore was re1at;ively high in grade. In recent; yeare more and. 

-more ore has aome from the outlying ore-bodies, for the most part 

d t h f n  two major ore zones. 

are-bodies are out bX many dyke8 andl dilution has 1 ,  been suoh that, 

lCha grade f a  aa t ia faotory  but these 

I .  ' 3 -  I ,  

unless better mining methods arb used# the operation imperilled i s  
. . . .  "f ,',-'. . i . :  

: .. . .  

I " "at ' current copper priclee. 
. . .  

. .  , .  
, . , , : I .  '. '.::.. 

*: ' . . . . .  . . .  - .  

the mine has produoed app~1rximately_3*720,000 I tona at a grade of 21.75 

pounde o f  recovered ooppes per ton .or  a millhead grade of 1.35 per 
I 

clant czoppe~~ (oahulatea at a nee; reoaverg o f  82%, a8 at present) 

A t  current matal lprhea the gold and ailver oontent, on-the 

, 

average amounts to. aboua 33$ raoavered tan. , . 

tonnage milled inoreased from 669,000 in 1926 LO 

928,oao in 1929 * averaging for the yeara,: 1926 . 



. . .  
. I  

' I  

.. 

. ,  
. .  

' 789,000 tong per year, . After reopeping the .mine in- 1937 ,the 8 

off somewhal in 1942 and wak furthe: reduoed l a  1943.to about 

l937O90O0 tona, * j  

. The gra40 af ). oopper averaged about 1.40 per.. oent u~t$l 
I 

'1941;, when f t  droppod t o  L283 per oen0;.it FeLLta 144 per aent 

wiw1 'the exbeptian of the 1943 :%omage and made. whioh. are. based , 

on analysia Q f  f igwee  put ou$ b y t h e  Company, , 

Ore Reservest 
. .  . I  

, * I  
1 1  1 '  

The ore reaerve sheet, @mished by. the Company, shows a - 

. .  * . .  

'material a t -  . .  

Ora PossibSlltfest . 

With t h e  posaibla excreptioa of the Prinaeas May ore-body 

the ore developed t o  date l i e a  in a wedge o f  volcanicts bounded 9 -  on 
I .  

the west by the gabbro aolataot and on the east by a aoarse volaania 

breooia. The b o t t d n g  of ore-bodiea above t h e  8 lev81 may be the' 

result Of the coazvergenole of ' the braooia and the gabbro. Ik t h i s  

zone from'6' level  to the surfage anti from . ,  %he Prinoeas May south- 

ward for about 6,000 f e e t  the' gabbro dontaot has been fairly thor- 

oughly praepeated. That other outlying ore-boa'ies l i e  t o  the east 

of the gabbro crontaclt and are not explored by ekis6ing; orosao&ts 
An and' diamondadrill hales appeara as a reasonable -possfbility' ,  

' 7. 



adcurate gsologioal oonoept' OF the oontro4.s o f  miaeralizatiion 

wj..t;hia, thts zone would 'be invaluable t o  'exploration. 

' '  Moreover me 'nature 02 the rook and' the  ore p o a s i b i l f t i e s  * 
f r 

lying eaat o f  -&d beneath' %he ooarsw voloanio breooia- have no6 

been adequately teste A oonsiderable volume of adpletely' .  

unexplored ground.lhat; has dist inot  exploratory value gould be 

reacrhed by driving either 10 *if% or 30 ilrift on 6 level Farther 

9aa.t and diamond-drilling t o  both north and soutih from it. Doing 

th is .  would y ie ld  csmsiderabla geologioal. infornation as t o  the 
nature of %he vol0;an~cz rook thatr lies to' the east of the breooia, 

and would help t o  unravel. one of the major problems of atruoture,, 

If favorable ground lfea east of the breccia it .might be expeote8 

t o  interssdj the gabbro aont;act at; soma depth below 8 l eve l .  

' . 

Diamond-drill holes for masr%mum infomt;ion should be' 

. .  

' . \  

. . .. 
' .  . .  

. .  

. .  

'. . 

d r i l l e d  at .right angles tx the plane of .the ore-fractures. Any 

drilling done more 02 l e s s  parallel t o  the ore-fracturing 

direotioa has small ohance of cu t t ing  ore for i t  is,possibla for a 

d r i l l  hole to out langitudinallgthrough an ore-body and yet ahow 

. .  
\ 

. low cropper min6ralization. 
_. * . . .  . .  

.. . 
z . 

. .  
. I  

- 
, .  

. .  

I .  

- 1 .  

. . .  

' . .  

. .  

. .  
. . .  . .  

I 

. .  I .  , 

. .  
. .  

t 

, . .  . . . .  
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&. M. S o  Hedley, 
Mining Engineer, 
:Department of Min 
VICTORIA, B. C,  

Dear Sir: 
I 

, 

4 x- 

I am re turning herewith one copy of your and 
Dr. Holland's report  on Copper Mountain but w i s h  t o  make the 
f ollaving changes. 

Under References, Page 1, correction noted i n  
penci 1. 

Under heading of Mining Methods - Page 13, 
Paragraph 2. 
whom were wi th .us  i n  1937 and 1938 a t  the  time when $he future  
development policy of the Company was l a i d  out and it i s  our 
jo in t  opinion t h a t  t he  second paragraph should be changed t o  
read as follows: 

I have discussed with our mining staff, most of 

- 
"The large b l a s t s  which have broken as much as 500,000 
tons  a t  once, resu l ted  i n  more d i l u t i o n  than w a s  
anticipated.  However, the  falling off i n  grade 
during the' pas t  th ree  years has been pa r t ly  a t t r i bu tab le  
t o  d i lu t ion  and p a r t l y  to . the  lower tenor of the ore .  

es tabl ished i n  1937-38 was -deternined a f t e r  giving full 
consideration t o  the two important f ac to r s  of (1) maximum 
recovery of ore,  and (2)  mining by the most economical 
methods. This pol icy necessi ta ted the removal of the  ore 
i n  proper sequence t o  insure m a x i m u m  ore recovery regardless  
of the f a c t  t h a t  cer ta in  blocks involved were of lower 

~ blocks mined. The Company's development policy 

tenor. Some d i lu t ion ,  pa r t i cu la r ly  from t h e  mine' dykes 
and weak walls, i s  inevi table  regardless of the  type of 
mining but  t he  large b l a s t s  d id  produce boulders which 

- fur ther  tended t o  increase the d i lu t ion  due t o  channels 
between iboulders permitting the seeping through of f i ne r  
low grade mater ia l  which by-passed the ore.11 

- _- -- .- -. 
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v""" i = * THEII=RANEY CONSOLIDATED M .  S. & e. 
;o: hk. M. S. Hedley 

.r 

PAGE 2 

DATE 3/16/44 

Ne would grea t ly  appreciate i t  if  your report  
would embody the above suggested corrections as we believe with 
these corrections your report  i s  a very comprehensive summation' 
of our s i tuat ion.  

Yours very t r u h  

% Vice Pres. C?C Gen. hlgr .  

I can assure you the staff j o ins  me i n  t r u s t i n g  
we will have the pleasure of a return v i s i t  from you and Dr. 
Holland a t  the  first opportunity. 

ASB:edn 
cc: JVIN 
encl. 

I 
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.u A. 8 .  Eh&b33?eE-0q. ,  * ' ' . .  
. Vloe Pres, & Gea. Mgr.,' ' 

* The Qranby Consolidated Mining,. 

dopper Mountain, B. C, 

Dear Mr. 3&tey? , 

'Smel%lng & Power Company, L t b ,  
9 I 

1 4  

I 

I . \  
# .  

; '  

, k .  

.Tharik you for your letter oCMaroh. 
\ 

16th together with return*$of 0u.r report and 
. I  

I 
\ 

~ . oomments thereon. . . ! .  
. -  

I i 
' S  am glad t o  folj,ow your suggestion 

abd mb,atitute in its .entfrety 'your suggested 

paragraph in. plao'e. of t& dhs. QueskLoned on 
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. .. page 13 of cur seportt;. * , -  
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Youl'b .ver ' .  
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