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Summarv and Conclus ions 

The t o t a l  c a p i t a l  investment r e q u i r e d  t o  c o n s t r u c t  t h e  su r f ace  p l a n t  
and r e l a t e d  f a c i l i t i e s  and t o  p r o v i d e  t h e  necessary equipment t o  mine and m i l l  
a t  t h e  r a t e  o f  2,000 t o n s  p e r  day f rom t h e  L i t t l e  Chief  o r e  body i s  es t imated  
t o  be about $7,250,000. An a d d i t i o n a l  $2,160,000 w i l l  be r e q u i r e d  o v e r  a  s i x  
year  p e r i o d  t o  b r i n g  t h e  remain ing p i t s  i n t o  o p e r a t i o n  and t o  expand t h e  con- 
c e n t r a t o r  f o r  mo I  ybden i t e  recovery  f r o n  t h e  Cow l ey  Park  o re .  I t  i s  assumed 
t h a t  t h i s  expend i tu re  w i l l  be p a i d  f rom o p e r a t i n g  revenue. 

The f o l  lowing t a b l e  summarizes t h e  v a l  ue, o p e r a t i  ng cos t ,  and revenue 
pe r   to^ o f  o r e  based on a  copper p r i c e  o f  38.5G Canadian p e r  pound. 

Val ue Operat i ng Cost Revenue 
$/Ton $ / i o n  $/Ton 

I n i t i a l  ( L i t t l e  Ch ie f )  8.09 4.05 4.04 
Maxi mum 9.37 4.13 5.34 
M i  nimum 6.20 3.64 2.53 
Weighted average 7.54 3.88 3.66 

The f i n a n c i a l  summary o f  t h e  o p e r a t i o n  a t  a  copper p r i c e  o f  38.5Q 
Can./lb. i s  t h e r e f o r e  es t imated  as f o l l o w s :  

To ta l  va l ue  o f  5,022,730 t o n  
open p i t  o r e  reserve  
Less t o t a l  o p e r a t i n g  c o s t  
Less i n i t i a l  c a p i t a l  investment 
Less a d d i t i o n a l  expend i tu re  
P l u s  r e t u r n  o f  work ing c a p i t a l  
P l us  r e t u r n  o f  housing loan 

. . To ta l  p r o f i t  be fo re  f i n a n c i n g  charges, head o f f i c e  expenses, 
i n t e r e s t  payments and t a x a t i o n  = - 9  9,731,000 - 

A f i n a n c i a l  a n a l y s i s  has been prepared by McDonald C u r r i e  and Co., 
based on t h e  es t ima tes  i n  t h i s  r e p o r t  and t h e i r  es t ima te  o f  $212,800 f o r  i n t e r e s t  
d u r i n g  t h e  c o n s t r u c t i o n  p e r i o d  i s  inc luded  i n  t h e  c a p i t a l  c o s t  summary. 



Summarv and Conclusions - Cont'd. 

The concentrator  i s  designed t o  t r e a t  2,000 tons  per  day of  L i t t l e  
Chief ore, b u t  t h e  capac i ty  f o r  t reatment  o f  o t h e r  ores w i l l  range from 1,900 
t o  2,200 tons per  day because o f  d i f f e rences  i n  g r i n d i n g  c h a r a c t e r i s t i c s  o f  
t he  o t h e r  ores. On tes twork  t o  date a  d e t a i l e d  ana lys is  o f  t h e  exact tonnage 
ra tes  f o r  each o re  body and mixtures o f  ores from more than one p i t  i 's n o t  
j u s t i f i e d .  

A p re l im ina ry  ana lys i s  t o  determine t h e  optimum tonnage r a t e  showed 
t h a t  t he  t o t a l  p r o f i t  from a  3,000 tons  per  day opera t ion  i s  about t h e  same 
as f o r  2,000 tons  per  day. The increase i n  c a p i t a l  investment of  about 2 t o  
2-1/2 m i l l  i on  d o l l a r s  cannot t he re fo re  be j u s t i f i e d  unless t a x a t i o n  consider- 
a t i o n s  permi t  a  f a s t e r  r e t u r n  o f  t h i s  c a p i t a l .  The prev ious f e a s i b i l i t y  repo r t  
i n  Juna 1964 showed t h a t  t o t a l  p r o f i t  from a  2,000 tons  per  day ope ra t i on  was 
h igher  than a  1,000 tons  per  day operat ion,  and s ince then the re  has been a  
substant i a l i ncrease i n  proven o re  reserves. 

The min ing schedule shows t h e  sequence i n  which t h e  o re  bodies must 
be mined t o  r e t u r n  the  g rea tes t  p ro f  i t  i n  t h e  sho r tes t  t ime.  The min ing e s t i -  
mates a re  based on t h e  company ca r ry ing  o u t  i t s  own mining operat ions.  

Winter cond i t i ons  are no t  expected t o  a f f e c t  ou tpu t ,  b u t  p r o v i s i o n  
has been made f o r  i n s u l a t i n g  t h e  water p i p e l i n e  from t h e  Yukon River,  screening 
f i nes from t h e  o re  before stockp i l i ng , 3nd d r y i  ng t h e  concentrate t o  3 t o  4% 
moisture dur ing w i n t e r  months t o  prevent f reez ing .  

It i s  assumed t h a t  housing f o r  company personnel w i l l  be a v a i l a b l e  
i n  Whitehorse and t h a t  company assis tance w i l l  be conf ined t o  a  loan f o r  i n i t i a l  
equ i t y  payment f o r  marr ied personnel and r e l o c a t i o n  expenses f o r  s i n g l e  personnel. 



S c o ~ e  o f  t h e  R e ~ o r t  

The summarized c a p i t a l  c o s t s  cover  a l l  t h e  d i r e c t  investment needed 
t o  develop t h e  mine and c o n s t r u c t  t h e  va r i ous  sec t i ons  o f  t h e  p l a n t  as descr ibed  
i n  t h e  r e p o r t .  

The r e p o r t  does n o t  i n c l  ude t h e  c o s t  o f  f i nanc ing ,  i n t e r e s t  charges, 
t a x a t i o n  and head o f f i c e  expenses. A f i n a n c i a l  a n a l y s i s  by McDonald C u r r i e  
and Co.; has been prepared t o  cover  t hese  i tems. 

The c o n s t r u c t i o n  and i n s t a l  lad- ion c o s t s  a re  based on an o r d e r l y  pro- 
g ress i on  o f  work by smal l  c o n t r a c t o r s  a t  expected 1966 labour  r a t e s  and a t  
c u r r e n t  c o s t s  f o r  equipment and m a t e r i a l s .  No al lowance has been made f o r  
f u r t h e r  labour  r a t e  e s c a l a t i o n  o r  p r i c e  increases.  Should t h e  c o n s t r u c t i o n  r a t e  
be acce le ra ted  t hen  an increase i n  labour  c o s t s  by up t o  40% cou ld  be expected. 

A l l  equipment cos t s  a re  based on new equipment, F.O.B. Vancouver. 
The f r e i g h t  c o s t  t o  s i t e  i s  inc luded  a t  $80/ton. 

The Yukon T e r r i t o r y  has no P r o v i n c i a l  Tax, b u t  Federal  Tax a t  a  r a t e  
o f  1 1 %  i s  inc luded.  

A l l  o p e r a t i n g  c o s t s  a re  based on wage r a t e s  as we b e l i e v e  t h e y  w i l l  
be i n  1966 w i t h o u t  t a k i n g  f u r t h e r  e s c a l a t i o n  i n t o  account. The o p e r a t i n g  c o s t s  
shown i n  t h e  i n d i v i d u a l  sec t i ons  a re  c a l c u l a t e d  on b a s i c  labour  r a t e s  w i t h o u t  
i n c l u d i n g  c o s t  o f  f r i n g e  bene f i t s .  F r i n g e  b e n e f i t s  a r e  summarized i n  t h e  admin- 
i s t r a t i o n  s e c t i o n  and have n o t  been p ro - ra ted  t o  o t h e r  sec t i ons .  Opera t ing  
c o s t s  a r e  es t imated  as s t r a i g h t  c o s t s  w i t h  no a l  lowance f o r  d e p r e c i a t i o n  o r  
rep l acement o f  equ i pment. 

A cont ingency o f  10% has been inc luded  i n  a l l  m in i ng  cos t s  t o  a1 low 
f o r  remote l o c a t i o n  and w i n t e r  c o n d i t i o n s .  An a l lowance o f  $0.10 p e r  t o n  has 
been inc luded  f o r  molybdeni te  recovery  when t r e a t i n g  t h e  Cowley Park o re .  

I t  has been assumed t h a t  t h e  concen t ra tes  a re  d r i e d  t o  an average o f  
6% mo i s tu re  f o r  f r e i g h t  r a t e  c a l c u l a t i o n s .  

The economic a n a l y s i s  has been c a l c u l a t e d  based on f o u r  copper 
p r i c e s :  28.5 and 30.0 U.S. C / lb .  as requested by t h e  Sumitorno Meta l  M in i ng  
Co. Ltd., and 38.5 and 45.0 $ Can./ lb. as requested by New Imper ia l  Mines L td .  

Sho r t  t o n s  (2,000 13s.) Imper ia l  Ga l l ons  and Canadian D o l l a r s  a re  
used th roughou t  t h e  r e p o r t  except  where o the rw i se  s t a t e d .  



Ore Reserves 

PROVED A S  MINED 
3C * 

Grade Ass.Min. Grade Ass.Min. 
Ore Body 

- 
tons %Cu $/Ton Tons %Cu $/Ton 

L i t t l e  Chief  1,780,000 1.40 1.07 1,518,610 1.21 1.07 
A r c t i c  Ch ie f  400,000 1.32 1.67 420,750 1.27 1.67 
WarEag le  1 1,080,000 1.33 0.73 926,530 1 .24 0.73 
War Eagle S 1 215,330 0.96 0.73 
Cowley Park 780,000 0.84 1.47 1,265,050 0.86 1.47 
Keewenaw 380,003 1.10 0.96 485,180 1.05 0.96 
Best Chance 200,000 1 .OO 0.26 191,280 0.98 0.26 

* Recoverable go ld ,  s i l v e r  and molybdenite.  
Probable reserves a re  l i s ted  under Sec t ion  IB. 

M in ing  Schedule 

Year Ore Body Tons 

L i t t l e  Ch ie f  

L i t t l e  Ch ie f  
A r c t i c  Chief  

L i t t l e  Chief  
A r c t i c  Ch ie f  
War Eagle 

War Eagle 
War Eagle South 

War Eagle 
War Eagle South 
Cow l ey Park 

Cowl ey Park 
Keewenaw 

Cowley Park 
Yeewenaw 
Best Chance 

Best  Chance 

Tota l 5,022,730 Tons 



C a ~ i t a l  Cost Summarv 

Equi pnlent Cons t ruc t i on  
Sec t ion  - & I n s t a l l a t i o n  T o t a l s  

I I  M in ing  $ 1,283,240 $ - $ 1,283,240 

Preproduc t ion  Min ing  

IV Access Road 

V A n c i l l a r y  B u i l d i n g s  

V I Power 

V I I Crushing PI an? & Coarse Ore Storage 382, I00  470,600 852,700 

Concentrator  S Fine  Ore Storage 583,100 I , !  18,9CO 1 ,702,000 

V I I I  Water Supply & F i r e  P r o t e c t i o n  93,200 198,300 291,500 

T a i l i n g s  Disposal  9,130 77,600 16,790 

IX A d m i n i s t r a t i o n  & General Costs 432,100 - 432,100 

Sub To ta l  - $ 2,871,820 $ 2,608,080 $ 5,479,900 

Cont ingencies @ 10% on $4,196,660 

Engineer ing, Cons t ruc t i on  Superv is ion  end Company 
A d m i n i s t r a t i o n  @ 10% on $4,196,660 

l n t e r e s t  f rom beg i nn i ng o f  c o n s t r u c t i o n  t o  f i rs-f 
revenue payment 

Working Cap i t a !  f o r  f i r s t  100 days ope ra t i on  

To ta l  Cap i t a l  Investment Required - 



SUMMARY OF OPERATING COSTS 

Tota l 
M in i ng  M i  I I ing F r e i g h t  Ad. & Serv. Exp lo r .  Operat-ing 

Y r .  P i t  S /Ton 3 /To r l  $/Ton $/Ton $/?'on Cost $/Ton 

I L i t t l e  Ch ie f  

2 L i t t l e  Ch ie f  
A rc t  lc Chlaf 

3 L i t t l e  Ch ie f  
A r c t i c  Ch ia f  
War Eagle 

I War Eagle 
War Eagle S 

5 War Eagle 
War Eagle S 
Cowley Park 

6 Cowley Fark  
Eeewenaw 

7 Cowley Park 
Keewenaw 
Best Chance 

8 Best  Chance 



Copper Va lua t i on  

L e t  copper p r i c e  be X U.S. Q / l b .  

Assume concen t ra te  y rade o f  35% Cu. 

Then va lue  p e r  Ib .  Cu con ta ined  i n  concen t ra tes  

U.S 

Sme 

U.S. $ = 0.009714X - 0.004857 . Q = 0.9714X - 0.4857 

l t e r  charge and sea f r e i g h t  

= U.S. $22.50/Metr ic Ton Dry Concs. 

. . Cost/Lb. Cti Meta l  22.50 x 100 = U.S. $ 0.0292 
35 2204.6 = U.S. C 2.92 

. . Net va l ue  U.S. 4/Lb = 0.9714X - 0.4857 - 2.92 
= 0.9714X - 3.406 

Copper P r i c e  U.S. &/Lb. 28.50 30.0 35.81 41.86 
Copper i n  Conc. U.S. C/Lb. 24.28 25.74 31.38 37.26 
C o p p e r i n C o n c .  Can. 4/Lb. ( ~ 1 . 0 7 5 )  26.10 27.67 33.74 40.05 





VALUATION OF ORE BODIES 

Cu * 
Cu Cu Val ue Ass. 
P r i c e  P r i c s  I n  Conc. C u Min. To ta l  Oper. 
U.S. Can. Can Rec Rec % Cu $/Ton $/Ton $/Ton Cost Revenue 

Y r .  P i t  C/ LB @/ LB @/ LB $ Cu P Cu LE/Ton Ore Ore Ore $/Ton $/Ton 
d 

I L i t t l e  Ch ie f  28.5 30.64 26.10 1.25 83.3 1 .04 20.8 5.43 1.07 6.50 4.05 2.45 
30.0 32.25 27.67 11 11 11 11 I I 2.78 5.76 I I 6.83 
35.81 38.5 33.74 I I I I I l 11 7.02 11 8.09 11 !+.04 

--- -- 
2 L i t t l e  Ch ie f  28.5 30.64 26. i 0  1.08 83.3 0.90 18.0 4.70 

1 I 5.77 3.76 2.01 
30.0 32.25 27.67 11 11 11 2.29 1 I I! 4.98 I 1  6.05 
35.81 38.5 33.74 I I I I I I I I 6.07 ll 7.14 I I 3.38 
41.86 $1.5.0 40 .05 l I 11 11 11 7.21 I 1  8.28 11 4.52 

A r c t i c  Ch ie f  28.5 33.64 26.10 1.27 8 6 1.09 21.8 5.69 1.67 7.36 3.82 3.54 
30.0 32.25 27.67 I I 11 I I I I 6.03 11 7.70 11 3.88 
35.81 38.5 33.74 II I 1  11 1 I 11 7.36 I 1  9.03 5.21 
41.86 45.0 40.05 11 I t  11 11 8.73 I 1  10.40 I S  6.58 

3 L i t t l e  Ch ie f  28.5 30.64 26.10 1.43 83.3 1.19 23.8 6.21 1.07 7.28 3.76 3.52 
30.0 32.25 27.67 I I I I IT I I 11 3.90 6.59 I 1  7.66 
35.81 38.5 33.74 11 11 11 11 1 I 5.34 8.03 11 9.10 
41.86 45.0 40.05 I I !I I 1  11 9.53 I t  10.60 11 6.84 

Arct-  i c  Ch ie f  28.5 30.64 26.10 1.27 86 1 .09 21.8 5.69 1.57 7.36 3.73 3.63 
30.0 32.25 27.67 11 l I I t  I T  6.03 11 7.70 11 3.97 
35.81 38.5 33.74 11 II 11 11 7.36 11 9.03 11 5.30 
41.86 45.0 40.05 I I I I 11 11 8.73 iI 10.40 1 I 

- -- 6.67 

War Eagle 28.5 30.64 26.10 1.13 94 1.06 21.2 5.53 0.73 6.26 3.72 2.54 
30.0 32.25 27.67 1 I I t  11 11 5.87 ;I 6.60 11 2.88 
35.81 38.5 33.74 11 I1  I 1  11 1 I 7.15 I I 7.88 4.16 

. + 

A i l .  Ag. and MoS2 I 
'.O 



VALUAT l ON OF ORE BOD l ES (Cont ' d 

Cu * 
Cu Cu Va l ue Ass. 
P r i c e  P r i c e  I n  Conc. Cu Min. To ta :  Oper. 

U. S. Can. Can. Re c Rec $ Cu $/Ton $/Ton $/Ton Cost Revenue 

Y r .  P i t  4/LB G/LB $/La % cu  % Cu LB/Ton Ore Ore Ore $/Ton :/'on 

4 War Eagle 28.5 30.64 26.10 1.25 9 4 1.17 23.4 6.11 0.73 6.84 4.02 2.82 
30.0 32.25 27.67 I I I I II I I 6.47 11 7.20 I I 3.18 
35.81 38.5 33.74 11 11 I t  I! 7.90 11 8.63 I1  4.61 

40.05 I I 11 I I I I 9.37 11 10.10 41.86 45.0 
11 6.08 

War Eagle S 28.5 30.64 26.10 0.96 94 0.90 18.0 4.70 
I I 5.43 3.93 1 .50 

30.0 32.25 27.07 11 I1  I I I1  4.98 II 5.71 11 1.78 
35.81 38.5 33.74 I 1  11 I I I I 6.07 II 6.80 I v 2.87 

41.86 45.0 40.05 11 1 I I t  I I I I 7.21 !I 7.94 4.01 

- 
5 War Eagle 28.5 30.64 26.10 1.35 9 4 1.27 25.4 6.63 I I 7.36 4.13 3.23 

30.0 32.25 27.67 11 I t  I I I I 7.03 II 7.76 I I 3.63 
35.81 38.5 33.74 I I 11 11 11 8.57 11 9.30 11 5.17 

War Eagle S 28.5 30.64 26.10 2.96 94 0.90 18.0 4.70 I I 5.43 4.01 1.42 

30.0 32.25 27.67 1 I 11 I t  II 4.98 11 15.71 11 1.70 
35.81 38.5 33.74 11 I 1  I I II I I 6.07 6.80 11 2.79 
31.86 45.0 40.05 11  11 I! 11 7.2 1 11 7.94 I 1  3.93 

6 Cowley Park  23.5 30.64 26.10 0.86 88 0.76 15.2 3.97 5.44 3.88 1.56 11 

30.0 32.25 27.67 I t  I I 1 I I 1  4.21 I I 5.68 11 1.80 
35.81 38.5 33.74 1 I 11 11 1 I 11 5.13 11 6.60 2.72 
41.86 45.0 40 -05 I I I! I I I I 11 6.09 7.56 11 3.68 

* Au. Ag. and MoS2 



ALUATION OF ORE BODIES (Cont 'd)  

Cu X 

Cu C u Val ue Ass. 
P r i c e  P r i c e  I n  Conc. Cu Min. T o t a l  Oper. 
U.S. Can. Can. Rec Rec % CU $/Ton $/Ton $/Ton Cost Revenue 

Y r .  P i t  @/LB d/LB d/ LB $ Cu % Cu LB/Ton Ore Ore Ore $/Ton $/Ton 

6 Keewenaw 28.5 30.63 26.10 1.05 76 0. SO 16.0 4.18 0.96 5.14 3.78 1.36 
30.0 32.25 27.67 I I I I 1 I 1 I 4.42 11 5.38 11 1 .GO 

33.74 11 T I  I I I I I I 6.36 5.40 35.81 38.5 
I! 2.58 

41.86 45.0 40.05 11 11 19 11 6.41 I1 7.37 11 3.59 

7 Cowley Park 28.5 30.64 26.10 0.86 88 0.76 15.2 3.97 1.47 5.44 3.73 1 .? I  
30.0 32.25 27.67 11 1 I I I 11 4.21 1 I 5.68 11 1.95 
35.81 38.5 33.74 I I 11 I1 11 5.13 11 6. 60 11 2.87 
41.86 45.0 40.05 If 11 11 I I 6.09 I l 7.56 11 3.83 

Keewenaw 28.5 30.64 26.10 1.05 7 6 0.80 I 6.0 4.18 0.96 5.14 3.64 1.50 
30.0 32.25 27.67 l l  11 11 11 4.42 11 5.38 I1 1.74 
35.81 38.5 33.74 I t  I1 11 11 5.40 7 I 6.36 !I 2.72 
41.86 45.0 40.05 I1 I I I I 11 6.4 I I I 7.37 I t  3.73 

Best  Chance 28.5 30.64 26.10 0.98 9 0 0.86 17.G 4.59 0.26 4.85 3.66 1.19 
30.0 32.25 27.67 I I 1 I 11 I I 4.87 11 5.13 11 1.47 
35.81 38.5 33.74 1 I 11 11 11 5.94 1 I 6.20 I l 2.54 
41.86 45.0 F10.05 11 1 I 11 11 7 .05 I1 7.31 11 3.65 

8 Best  Chance 28.5 30.64 26.10 0.98 9 0 0.88 17.6 4.59 0.26 4.85 3.66 1.19 
30.0 32.25 27.67 I I 11 11 i 1 4.87 11 5.13 1 I 1.47 



OPERAT l NG l NCOME 

0 - 12 

COPPER PRICE U.S. @/LB. 

COPPER PRICE CAN. @/LB. 

Y r .  P i t  Tons 30.64 32.25 38.5 45.0 

I L i t t l e  Chief  650,000 1,592,500 1,807,000 2,626,000 3,477,500 
Tota l 650,000 $ 1,592,500 1,807,000 2,626,000 3,477,500 

2 L i t t l e  Chief  599,010 1,204,000 1,371,700 2,024,700 2,707,500 
A r c t i c  Chief 1 20,990 428,300 469,400 630,400 796,100 

720,000 1,632,300 1,841,100 2,655,100 3,503,600 
Less Addn. Mine Equip. 22,200 22,200 22,200 22,200 
Less A r c t i c  Chief Preprod. 179,700 1 79,700 1 79,700 1 79,700 

$ 1,430,400 1,639,200 2,453,200 3,301,700 

3 L i t t l e  Chief  269,600 949,000 1,051,400 1,439,700 1,844,100 
A r c t i c  Chief 299,760 1,088,100 1,190,000 1,588,700 1,999,400 
War Eagle 150,640 382,600 433,800 626,700 828,500 

720,000 2,419,700 2,675,200 3,655,100 4,672,000 
Less Addn. Mine Equip. 1 00,800 1 00,800 1 00,800 1 00,800 
Less War Eag l e Prep rod. 590,600 590,600 590,600 590,600 

$ 1,728,300 1,983,800 2,963,700 3,980,600 

4 War Eagle 613,650 1,730,500 1,951,400 2,828,900 3,731,000 
War Eagle South 106,350 159,500 1 89,300 305,200 -426,500 

720,000 1,890,000 2,140,700 3,134,100 4,157,500 
Less Addn. Mine Equip. 283,200 983,200 283,200 283,200 
Less Cow ley  Pk. Preprod. 593,000 593,000 593,000 593,000 
Less Cost MoS2 C i r c u i t  200,000 200,000 200,000 200,000 

$ 813,800 1,064,500 2,057,900 2,981,300 

5 War Eagle 162,240 524,000 588,900 838,800 1,098,400 
War Eagle South 108,980 154,500 185,300 304,100 428.300 
Cowley Park 

Less Keewenaw Prep rod. 102,700 102,700 102,700 1 02,700 
5 1,190,900 1,394,000 2,175,600 2,990,200 

6 Cowley Park 570,000 889,200 1,026,000 1.550.400 2.097.600 
Keewenaw 

Less Best Chance Preprod. 83,900 83,300 83,900 83,900 
$ 1,009,300 1,182,100 1,853,500 2,552,200 

7 Cowley Park 246,270 421,100 480,200 706,800 943,200 
Keewenaw 335,180 502,800 583,200 911,700 1,250,200 
Best Chance 138,550 164,900 203,700 351,900 505,700 

720,000 $ 1,058,800 1,267,100 1,970,400 2,699,100 

8 Best Chance 52,730 62,700 77,500 133,900 192,500 
52,730 $ 62,700 77,500 1 33,900 192,500 
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GENERAL INFOWLTION 

Location 

The claims of New Imperial Mines Limited are situated along the 
Vhitehorse "copper belt" shown on map 49-1962 "Geology Whitehorse Copper Belt" 
published by the Geological Survey of Canada. The company holds 286 staked 
claims and one crown granted claim and has options on 88 staked claims and 
21 crown granted claims. 

The six orebodies planned for mining extend over 16 miles in a 
N.W.-S.E. line approximately parallel and 1-3/4 miles to the west of the Alaska 
Highway. The mill is situated midway along of this line, 5-1/2 miles due 
south of Whitehorse and 1,200 ft. from the Little Chief pit. The railhead at 
MacRae is 2-1/2 miles east of the mill. 

His tory 

The important showings along the Whitehorse Copper Belt were all staked 
in 1898 and 1899. Until 1909 not more than 4000 tons of ore had been shipped. 
Then the construction of a spur of the Whitepass and Yukon Railway for ten miles 
along the belt enabled a number of the properties to ship crude ore to the smelter 
at Anyox, British Columbia. 

The main production was during the first world war after which all 
activity ceased apart from drilling in the boom years of 1926 to 1929. 

In 1947 and 1948 Noranda Mines did extensive geological mapping, 
geophysical surveying, trenching and diamond drilling. 

In 1955 Imperial Mines and Metals acquired by staking, purchase, or 
option numerous claims along the copper belt. In the following year the company 
did 2191 feet of diamond drilling on the Best Chance ore-body as well as 
geological and magnetometer surveys both around this deposit and in the Arctic 
Chief areas. 

In 1963 the company was reorganized as New Imperial Mines and immediately 
proceeded on a development plant to investigate the other important properties 
by means of diamond drilling and geophysical surveys. 

It is now considered that sufficient ore has been found to warrant 
planning for production. 

Topography 

Whitehorse lies only 80 miles north of the Lynn Canal, the nearest 
area of the Pacific Ccean. South of Whitehorse lies the Coast Range with peaks 
to 8,000 feet. The main pass to the south is White Pass of elevation 2,915 feet. 
The St. Elias Range with elevation up to near 20,000 feet lies to the southwest 
and west. The ground to the east and north of Whitehorse is of lower rough 
highland with progressively lower elevations to the north. The valley configur- 
ation throughout is northwesterly. 



The main p h y s i c a l  f e a t u r e  of t h e  Whitehorse d i s t r i c t  i s  t h e  l a r g e  
v a l l e y  of t h e  Lcwes River  which i s  approx imate ly  f o u r  m i l e s  wide o p p o s i t e  t h e  
t o m  of Whitehorse .  The c e n t r a l  p a r t  of what w a s  a p r e g l a c i a l  v a l l e y  i s  now 
f i l l e d  w i t h  s i l t s  and bou lde r  c l a y s  th rough  which t h e  p r e s e n t  Leves R i v e r  h a s  c u t  
a narrow, winding secondary v a l l e y  abou t  200 f e e t  deep.  Many canyon- l ike  
t r i b u t a r y  v a l l e y s  e n t e r  i t  from bo th  s i d e s .  

P,way from t h e  v a l l e y s ,  t h e  t e r r a i n  i s  q u i t e  rough w i t h  rock  r i d g e s  
and hummocks of g l a c i a l  m a t e r i a l .  

Cl imate  

i l l though MacRae l i e s  o n l y  75 m i l e s  from t h e  P a c i f i c  Ocean, t h e  c l i m a t e  
must be c l a s s e d  a s  c o n t i n e n t a l .  The two main mountain r a n g e s  a c t  as a  r a i n  
b a r r i e r .  While c l o u d  s h i e l d s  from t h e  f r e q u e n t  s t o r m s  i n  t h e  Gulf of  Alaska  w i l l  
s y r e a d  r a p i d l y  i n t o  t-hc a r e a ,  g e n e r a l l y  on ly  l i g h t  p r e c i p i t a t i o n  o c c u r s .  Heav ies t  
p r e c i p i t a t i o n  o c c u r s  w i t h  a  n o r t h e r i y  c i r c u l a t i o n  which w i t h  t h e  h i g h e r  e l e v a t i o n s  
t o  t h e  s o u t h  g i v c  an  upslope c i r c u l a t i o n .  Summer p r e c i p i t a t i o n  i s  main ly  of a 
shover  n a t u r e .  Thunderstorms a r e  i n f r e q u e n t  i n  t h e  v a l l e y  bu t  are more common 
a l o n g  t h e  a d j a c e n t  mounta ins .  Summer p r e c i p i t a t i o n  a v c r a g e s  5.49 i n c h e s  of  r a i n  
and t h e  a v e r a g e  y e a r l y  snowfa l l  i s  45.6 i n c h e s .  

The t e m p c r a t u r e  range i s  a l s o  c o n t i n e n t a l  w i t h  a  mean t e m p e r a t u r e  of 
30 .8  degrees  F .  A summer maximum of 80 can be e x p e c t e d  most y e a r s  a l t h o u g h  t h e  
maximums a r c  g e n e r a l l y  n e a r  6S0 t o  70°. The h i g h e s t  t e m p e r a t u r e  r e p o r t e d  i s  
91.I0r. Win te r s  a r e  c o l d  b u t  t h e  p rox imi ty  of t h e  ocean a l l o w s  f r e q u e n t  m i l d  
s p e l l s  uncommon i n  o t h e r  p a r t s  of t h e  Yukon. Thawing t e m p e r a t u r e s  have o c c u r r e d  
i n  every  w i n t e r  month and a t  some t ime  i n  every  w i n t e r .  On t h e  o t h e r  hand,  40° 
below can be e x p e c t e d  most w i n t e r s  and a r e a d i n g  of 50° below, one o u t  of e v e r y  
t h r e e  w i n t e r s .  The c o l d e s t  t e m p e r a t u r e  r e p o r t e d  i s  -61-.6OF. 

The p r e v a i l i n g  wind d i r e c t i o n  i s  southwest  and  t o  a  l e s s e r  degree  
nor th -wes t .  Wind speeds  of 20-40 MPH a r e  common from t h e  s o u t h e a s t  p a r t i c u l a r l y  
d u r i n g  t h e  w i n t e r  months. 

!ipart from t h e  i n s u r a n c e  co\ .erage needed d ~ r i n g  t h e  c o n s t r u c t i o n  
p e r i o d  we a r e  h e r e  p r i m a r i l y  concerned w i t h  f i r e - i n s u r a n c e ,  coup led  w i t h  
c l a u s e s  r e g a r d i n g  b u s i n e s s  i n t e r r u p t i o n .  

The r a t e s  quo ted  can v a r y  c o n s i d e r a b l y  depending on t h e  p r o v i s i o n s  made 
f o r  f i g h t i n g  f i r e  and i t  has  been o u r  e x p e r i e n c e  t h a t  t h e  i n s u r a n c e  u n d e r w r i t e r s  
shou ld  be g iven  t h e  p o r t u n i t y  t o  examine t h e  p l a n s  and make s u g g e s t i o n s  f o r  
improvement of t h e  sys tem.  

Because of t h e  r a t e  s t r u c t u r e  t h e  chosen sys tem w i l l  depend on t h e  
l i f e  expectancy of t h e  mine f o r  i n s t a n c e  i n  t h e  p a s t  t h e  c o s t  of  s p r i n k l e r  sys tems 
can n o t  be ba lanced  o f f  a g a i n s t  r educed  i n s u r a n c e  c o s t s  i n  l e s s  t h a n  f i v e  t o  
seven  y e a r s .  



Each p l a n t  must be e v a l u a t e d  th rough  c o - o p e r a t i o n  between e n g i n e e r s  and 
u n d e r w r i t e r s  a t  a n  e a r l y  s t a g e  of t h e  d e s i g n  t o  o b t a i n  a n  optimum economic 
s o l u t i o n .  

The e s t i m a t e  i n c l u d e  a l l o w a n c e s  f o r  bo th  chemical  f i r e  e x t i n g u i s h e r s  
i n  t h e  e l e c t r i c a l  c o n t r o l  rooms and s p r i n k l e r  sys tems i n  t h e  main b u i l d i n g  a r e a s .  
B u i l d i n g s  w i l l  have an o u t e r  c l a d d i n g  of me ta l  t o  r e d u c e  h a z a r d s  from b r u s h  
f i r e s  and independen t  f ire  pumps w i l l  be  i n s t a l l e d  i n  t h e  L i t t l e  Chief r e s e r v o i r ,  
one of which w i l l  be d i e s e l  powered. 
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GEOLOGY AID CRX RESERVES 

GENERAL GEOLOGY 

Thc r e c e n t l y  i s s u e d  g ~ o l o g i c ~ l  1:-p aE t h e  i Jh i t chorse  Copper B e l t  by tllk 
Canadian Gcolog icc l  Survey s h o w  predomincnt g r c n i t i c  i n t r u s i v c s  c o n t a i n i n g  an  
c l o n g a t c d  zone of limestone m d  a s s o c i a t c d  sc_dimcntz v i t h  3 n o r t h - n o r t h m s  t c r l y  
s t r i k e  and a wid th  o t  up  t o  t-lo mi les .  

The g r a n i t i c  i n t r u s i o n s  g2vc r i s c  t o  ,rid( sp read  rmsscs  o f  s k a r n  t h a t  
hcvc  r e p i a c c d  t h c  l i o c s t o n e  2nd c o n s i s t  of v a r y i n g  zrnounts of g a r n e t ,  cpiciote,  
t r e n o l i t e ,  c a l c i t e ,  c.ugite,  c t c .  I i c p e t i t c  i s  c. c o n ~ o n  c o n s t i t t i c n t  of t h e  s k a r n  
and sornetimes predominctcs w i t h i n  t h e  c e n t r a l  f o u r  rnilcs of t h e  copper  b e l t .  

m ~ h e  Pueblo  rnine uas unusual i n  t h c t  h c n a t i t e  wns thc  p r i n c i p a l  minera l  
o f  i t s  l a r g c  orcbody. 

A l l  t h c  d c p o s i t s  t h a t  h?vc Lccn d r i l l e d  t o  d c t e  a r e  a s s o c i a t e d  w i t h  b o t h  
major and minor f  r\.ults -7hich probcbly  i7cre s i g n i f  i c c n t  d u r i n g  r r : inera l izc t ion.  

The s o - c a l l e d  a c i d  dykcs a r c  a n o t h e r  i n v a r i n b l e  n s s o c i a t e .  They range  i n  
composi t ion from g r a n i t i c  t o  d i o r i t i c  2nd f r e q u e n t l y  n r c  c1,~~ssccl  a s  f e l d s p a r  

porphyry.  They appc7-: t o  hzvc bccn p o s t - s k n r n  fo rmat ion  b u t  t o  havc immcdiatc ly  
prcccedcd mincra l i zs . t ion .  

B a s i c  dylccs o i  p o s t - o r e  age  a r c  a l s o  p r c s c n t  i n  n l l  d e p o s i t s .  

The copper  s u l p h i d c s ,  b o r n i t c  2nd c h a l c o p y r i t e  and t h e i r  common o x i d a t i o n  
p roduc t s  ma12chitc, c z u r i t e ,  c u p r i t e ,  m a l ~ c o n i t c ,  c h r y s o c o l l a  and n a t i v c  copper  
a r e  found n s s o c i n t e d  w i t h  slcarn m i n e r a l s  st i n t e r v a l s  th roughout  t h e  c o n t a c t  zones .  
L a t e  i n  1963 t h c  r a r e  copper s u l p h i d c  v a l l c r i i t c  w a s  r ecognizcd  i n  t h e  d r i l l  c o r e  
a t  t h e  L i t t l e  C h i d  d e p o s i t .  

blolybdcnitc i s  of ccononic  importcncc i n  n t  l e a s t  one d e p o s i t .  P y r i t e  

and p y r r h o t i t c  n r c  sometimcs p r e s e n t  a l t h o u g h  n o t  i n  t h c  o r c - b o d i e s  developed t o  
d a t e .  

Both gold  and s i l v c r  c r c  found by a s s a y  i n  n p p r c c i a b l c  amounts a s s o c i a t e d  
w i t h  t h e  copper minern l s  i n  n l l  t h e  d e p o s i t s .  

O R 3  DEPOSITS 

Thcsc u s u a l l y  c o n s i s t  of slcarn w i t h  2 s u f f i c i e n t  c o n c e n t r n t i o n  of coppcr 
m i n e r a l s  t o  form o r c b o d i c s .  

Although s n z l l  amounts o f  h i g h  g r a d c  o r e  r a n g i n g  from 10% t o  25% Copper 
have been shipped i n  t h e  past ,  l a r g e  s c a l e  mining undcr p r c s c n t  c o n d i t i o n s  will 
depcnd on o r c b o d i e s  r a n g i n g  i rom 1% - 2% Copper. 

U s w - l l y  p r e c i o u s  meta l s  v a l u c s  ?.re p r e s e n t  and s o  f a r  have 
much a s  0.05 oz  Gold and 0.50 oz  S i l v e r  p e r  t o n  i n  t h e  o r c b o d i e s  t e s t e d .  



ORE DEPOSITS Cont 'd .  

I \ k i /  Irilpericl Plincs c o n t r o l s  i r ~ p o r t c n ' i  c l a ims  i n  f o u r  scpcira tc  -reas 
a l o n g  t h e  copper  b e l t .  From s o u t h  t o  n o r t h  t h e y  c r c :  

1. Covlcy P.?.r!; - I < e c ~ i c n c \ ~  
2 .  V a l e r i e  - L i t t l c  Chief - S i c  Chicf Gmup 
3 .  A r c t i c  Chic;' - G c s t  C l i a n c ~  Group. 
4.  Pueblo - 'i2.r E c ~ l c  - Coppcr King Group. 

I t  i s  roughly  5 13 i lcs  bct::rccn t h e  f i r s t  t:lc a r c n s ,  1k m i l e s  between 
t h e  second and t h i r d  2nd 4. rai lcs bc tvecn  t h e  t h i r d  2nd f o u r t h .  

The sccond and t h i r d  a r c s  c o n t a i n  a l l  t h c  d e p o s i t s  i n  t h e  Copper 3 c l t  
t h a t  ,arc noteworthy f o r  t h e i r  h i g h  c o n t e n t  of magne t i t e .  The r c c e n t l y  pub l i shed  
ae romagne t ic  map f o r  t h e  !h i t chorsc  -1rcn c l e a r l y  i n d i c a t e d  both  t h e  A r c t i c  Chief 
d e p o s i t s  and t h e  V c l e r i c  - L i t t l e  Chic: group. 

k s t r o n g  a n o , c l y  i n  thc: d r i l t - c o v e r e d  ,?re2 bctr.lecn t h e  Pueblo  and B e s t  
Chance d e p o s i t s  w s  Eound t o  bc cluc t o  Quctcrnary B z s c l t  b u r i e d  under 200 f e e t  of 
g l a c i a l  materials. 

I n  t h e  f o l l o ~ : i n ( :  pages t h e  s a l i c n t  f e a t u r e s  of t h c  v a r i o u s  minera l  
o c c u r r e n c e s  w i l l  be d e c c r i b s d .  

Typica l  p l a n s  and s e c t i o n s ,  d l i c h  i l l u s t r a t e  t h e  geology of t h e  v a r i o u s  
o r e - b o d i e s  t h a t  have becn d r i l l e d ,  2.ccompany t h i s  r e p o r t .  They c r e  based on t h e  
complete  s e t s  o f  d c t a i l c d  p l c n s  2nd s e c t i o n s  t o  a s c a l e  o f  1 i n c h  e q u a l s  20 f e e t  
t h a t  have been prcpcrcd by t h e  g e o l o g i s t s  a t  the  mine, 

V L E R I E  - LITTLE CBIEF - CIS CHIEF GAOUF 

I n  t h i s  a r c 2  t.10 s e t s  oT c l ~ i m s  naiacd Oro and Gcno hzvc been s t a k e d  
o v e r  t h e  o l d  V z l c r i c  !line 2nd t h e  t h r c c  d c p o s i t s  kno\rn as i i t G ' i c ,  l i i d d l c  and 
Big C h i e f s  t h c t  werc cxp lored  by Ilorcndz l l incs  i n  1947. 

The geology of t h i s  s e c t i o n  i s  q u i t e  s i g n i f i w n t  when s t u d i e d  on t h e  
map. A ' f i n g e r  ' of g r m i t e  3000 f e e t  long  s t r i k i n g  n o r t h - n o r t h w e s t  h a s  i n t r u d e d  
t h c  limestone. On t h e  e a s t  s i d e  c t  t h e  bnse of t h e  f i n g e r  i s  t h 2  i m p o r t a n t  L i t t l c  
c h i e f  d e p o s i t .  Immedic."Lly n o r t h  of i t  i s  t h e  Middle Chicf w h i l s t  t h e  t i p  o f  t h e  
f i n g e r  i s  capped by t h e  ' V '  shaped Big Chic f .  On t h e  west  s i d e  a t  t h e  b a s e  of t h e  
f i n g e r  i s  t h e  o l d  V a l e r i c  I l inc.  Thc 3000 f e e t  between i t  2nd t h e  Big  Chief i s  
covered by overburden,  b u t  Noranda Mines d e t e c t e d  f o u r  cnornalies w i t h  a d i p  
n e e d l e  su rvcy  t h a t  could  be due t o  v a l u a b l e  ~ i n c r a l i z a t i o n .  Both magnetometer 
and s e l f  p o t e n t i a l  surveys  conducted i n  t h e  summer of 1963 confirmed t h e s e  
anomal ies .  F u r t h e r  c o n f i r m a t i o n  wzs o b t a i n e d  by nn induced p o l a r i z a t i o n  survey  
i n  1964. 

The d r i l l i n g  i n  t h i s  group of d c p o s i t s  h a s  shown t h a t  t h e r e  i s  a 
con t inuous  zone of s e r p e n t i n e  be tvcen  t h e  s i l i c e o u s  slcarns and t h e  l imes tone .  Th is  

s e r p e n t i n e  zone i s  of g r e a t  importance s i n c e  it i s  u s u c l l y  t h e  h o s t  f o r  t h e  
m i n e r a l i z a t i o n .  O r i g i n a l l y  t h i s  s e r p e n t i n e  may h'2vc been a d o l o m i t i c  l i m e s t o n e  o r  - 

a l t e r n a t i v e l y  a  b a s i c  l a v a  f low o n  t h e  s e a  f l o o r .  



Thc o r i g i n a l  V a l e r i e  Plinci i s  a t  2n cr,lbcymcnt i n  t h e  c o n t a c t  o f  t h e  g r a n i t e  
and t h c  1i:azstonc.  Thc o u t c r o p s  of t h c  o r c  a r e  nor1 covcrcd by t h e  e x t e n s i v e  dumps. 

Thc two sh?Ft ;  , I r e   not;^ f loodcd  2nd no p lans  c i i i s t  o f  t h c  underground 
workings.  The d c s c r i p t i o n  of t h c  mine by IkConnc l l  (1909)  a p p l i e s  t o  t h e  e a r l i e r  
work on ly .  

Thc o l d  n i n e  i t s c i f  g i v c s  2 geophysiw.1 anon-ly t h n t  i s  450 f e c t  long  and 
t o  t h e  n o r t h  th,rc a r e  f o u r  norin anomnlics t o t a l l i n g  1200 f e e t  i n  3. d i s t a n c c  o f  
2800 f c c t .  

I n  1963 cmd 1364 t h e s e  i ' ivc cnomal ics  werc t c s t c d  by 16 diamond d r i l l  
h o l e s  t o t a l l i n g  4,062 fci!t.  Interesting coppcr -magnc t i t c  m i n e r a l i z c t i o n  was found 
i n  each anomaly b u t  n o t h i n g  of o r e  g radc .  h d c t n i l e d  s t u d y  of t h c  r e s u l t s  nay 
j u s t i f y  f u r t h e r  d r i l l i n g .  

LITTLE CHIEF 

So f c r  t h i s  d e p o s i t  i s  t h c  l a r g e s t  proven or! t h c  Copper B c l t  a s  
demonstra ted by 71 diamond d r i l l  h o l e s  t o t a l l i n g  28,497 f e e t ,  on s e c t i o n s  spaced 
50 f e c t  n p a r t .  

It h a s  z l e n g t h  of 700 f c c t  and h o r i z o n t a l  wid ths  up t o  180 f e e t .  U n t i l  
r c c e n t l y  t h e  d z c p c s t  o r e  known t h c r c  extended 400 f e e t  below t11c s u r f a c e  b u t  now 
t h e  o r e  a t  t h e  s o u t h  end h a s  been found t o  extend t o  750 f e e t  below t h e  s u r f a c e .  

I n  d e t a i l  t h e  o r e  boundar ies  a r e  h i g h l y  i r r e g u l a r  and a r e  probably  t h c  
r e s u l t  o f  t h e  numerous £ c u l t s  t h a t  have been notcd i n  t h e  d r i l l  co re .  

Most of t h e  o r c  i s  a s s o c i a t e d  w i t h  mcgnc t i t c  v~h ich  i n  t u r n  i s  a s s o c i a t e d  
w i t h  s e r p e n t i n c  t h a t  i t  h a s  p c r t l y  r e p l a c c d .  

Thc o r e  mincro l s  a r c  b o r n i t e ,  c h n l c o c i t c ,  c h , ~ , l c o p y r i t e  and v a l l e r i i t e .  
Any one o f  t h e s c  mcy predominate i n  a g i v e n  s e c t i o n .  

The d e p o s i t  i s  d i v i d e d  i n t o  two by a  prominent dyke on which t h e r e  
c p p e a r s  t o  have been a v e r t i c a l  d i s p l n c e n e n t  of t h e  o r e  body f o r  80 f e c t  w i t h  t h e  
s o u t h  end rnovcd down. 

The n o r t h  end h a s  bccn c u t  o f f  by P. s t e e p  f m l t  w i t h  a d i sp lacement  of 
300 f c c t  t o  t h e  i J C S t  t o  t h c  Middle Chief d c p o s i t .  

The s o u t h  end of t h c  L i t t l e  Chief cppcars  t o  hcvc been dropped on 
a n o t h e r  f c u l t  f o r  2t 1cp.st 100 f e e t  v e r t i c r . l l y .  

Thc s o u t h  l i m i t  i s  formed by d i o r i t i c  roclcs b u t  t h c s c  may hnvc been 
b rought  i n t o  t h i s  p o s i t i o n  by s t i l l  m o t h e r  f m l t  s o  d e t a i l e d  i n v e s t i g c t i o n  i s  
be ing  donc i n  t h c  hope of f i n d i n g  a n o t h e r  segment of t h e  d c p o s i t .  



LITTLE CHIEF Cont 'd .  - 
i;t p r e s e n t  t h c  o r e  r c s c r v c  ~t t h e  L i t t l e  Chief i s  c n l c u l n t ~ d  a t :  

1,910,000 Eons ?.vcrnzing 1.407, Cu. 
of r ~ h i c h  435,000 Lons n v c r ~ z i n g  1.63% Cu. i s  i n  ri block belor7 
t h e  500 clcv,-!tlo~i ( n b o u t U 0  i ~ e t  below t . k  surr',-.cc). There rrc good 
i n d i c a t i o n s  Ch;?t f u r t h e r  d r i l l i n g  could inc rc? . s i  t h i s  f i g u r c  t o  one 
d l  1 i o n  tons .  

MI3DLE CHIEF 

This  rn incr~ . l i zcd  zonc t h n t  i s  700 f c c t  long  i s  scpnrn tcd  from t h e  L i t t l e  
Chicf  by 2n e a s t e r l y  s t r i k i n g  f a u l t  i r i t h  a  throw of 300 f c c t  and from t h e  Big  
Chief  by 2 n o r t h e r l y  s t r i k i n g  f n u l t  zone t h z t  s c p n r a t c s  t h e  tvro by 350 f c e t .  I n  
a d d i t i o n  t h e r e  a p p c c r s  t o  be a n o t h e r  e n s t c r l y  s t r i k i n g  f n u l t  d i v i d i n g  t h c  FIiddlc 
Chief i n t o  two s e c t i o n s  u i t h  an  o f f s c t  of 80 f c e t .  

The s o u t h  segment o f  t h e  zone nppcars  t o  bc  c s s c n t i n l l y  v e r t i c a l  w i t h  a n  
a v e r a g e  v i d t h  o f  70 f c c t  and n  l e n g t h  o f  250 f e e t .  For  c-! d e p t h  of 100 f c e t  i t  
c o n t c i n s  200,000 tons  v i t h  an  avcragc  g r a d e  o f  o n l y  0.547, Cu. 

The n o r t h  scgmcnt i s  c?lnost  400 f e c t  long ,  100 f e c t  . i ~ i d c  2nd a p p a r e n t l y  
d i p s  70° NE. Thc copper  rnincrnls r p p c a r  t o  be i n  f o u r  l a y e r s  o f  which t h o s o  on 
t h c  f o o t w a l l  s i d e  which i s  c l o s e  t o  t h e  g r a n i t e  have Tn n p p r c c i c b l c  c o n t e n t  of 
magne t i t e .  On t h e  h n n g i n g ~ ~ o l l  s i d e  molybdeni te  i s  p r e s e n t  s p o r c d i c n l l y .  The l a r g e  
anount  of inc luded  was tc  r e s u l t s  i n  '1.n average  g rnde  o f  o n l y  0.23% Cu. f o r  t h i s  
a r e a .  

I t  should be p o s s i b l c  t o  s e l e c t i v e l y  mine on z s a l v a g e  b a s i s  s a y  100,000 
t o n s  of medium gradc  o r e  from t h e  t i i d d l c  Chie f .  Fur t l l c r  d r i l l i n g  o f  sha l low h o l e s  
i n  s c l c c t e d  a r e a s  would be needed t o  d c t e r n i n c  t h c  l o c c t i o n  of s e l e c t i v e  mining. 

B I G  CHIEF 

Here t h c r d  i s  n m i n e r a l i z e d  c o n t a c t  zonc abou t  50 f e c t  widc i n  a 'V' 
shapewith  t h e  l imbs 450 f c c t  long. The p r i n c i p ~ l  mineral  i s  magne t i t e  w i t h  coppcr  
s u l p h i d c s  t h n t  have been o x i d i z e d  on t h e  s u r f a c e .  Nornndr ' s  sampling of t h e i r  
t r e n c h e s  gavc v a l u c s  of 0.655 Cu t o  1.46% Cu o v e r  widths  o f  25 - 70 f e e t .  

The d r i l l i n g  i n  1964 showed t h n t  t h e  f a u l t  zonc be tvecn  t h e  Pliddle and 
Big C h i e f s  was 100 f c e t  widc w i t h  a s c g a c n t  of t h c  rnincral izcd zone caught  w i t h i n  
i t ,  

Two h o l c s  i n  t h c  e a s t  l imb bo th  gave averagc  a s s a y s  of 0.50% Cu. A h o l e  
i n  t h e  west  l imb p v c  cm nvcrnge o f  o n l y  0.347, Cu w i t h  poor r e c o v c r i c s  due t o  
broken ground. 

The d r i l l i n g  i n  t h c  i l i d d l c  Chief c..nountcd t o  1 4  h o l e s  t o t a l l i n g  4,228 
f c e t  and i n  t h e  Big Chicf 6 h o l e s  t o t a l l i n g  1,480 f e c t .  



ARCTLC CHIEF 

i n  1954 iIr. 2.Z. . l i l s o n  nadc g c o l o g i c n l  nzps ,  2. nngnc tone te r  su rvey  and 
scrnpled t h e  underground i r o r k i n ~ s  i n  t h i s  nrc,?. 

The o r i g i n a l  d e p o s i t  of  t h e  A r c t i c  Chief consis t : ;  of a n  i r r e g u l a r  l e n s  
of massive rnagneti tn t h a t  appears  t o  be s t e e p  ne,c.r t h e  s u r f a c e  anti t h e n  f l a t t e n s  
t o  a d i p  of 49' t o  tile e s t  bcncr.rh a. mass of s k a r n  th2.t i s  u p  t o  400 f z e t  wide and 
bounded on the west by g r e n i t z .  Thc Eootr.ml1 of t h e  o r e  i s  l imes tone .  

An o l d  t u n n e l  t i m t  l.ms d r i v e n  p r i o r  t o  1916 fo1lo:ls t h e  o r e  by means 
of a d r i f t  and t h r e e  i r r e g u l a r l y  spaced c r o s s - c u t s  t h a t  i n d i c a t e  a l e n g t h  o f  
200 f e e t  and an a v e r a z c  7idth of 35 f e e c .  The workings bcyond a r e  rendered  
i n a c c e s s i b l e  by p bad cave on a f a u l t  t h a t  d i p s  30' S .  

I n  1956 14r. , I l l s o n  o b t a i n e d  zn  c v e r c z e  f o r  h i s  samples i n  t h e  t h r e e  
c r o s s c u t s  02 2.9% Cu, 0.10 oz  Au, 3 . C O  oz .  Ag. 

The 240 f e e t  c r o s s c u t  a d i t  on t h e  bottom l e v e l  60 f e e t  below t h e  upper 
l e v e l  h a s  v e r y  l imitccl  : lorkings on t h e  orebody. 

No s t o p i n z  h a s  becn done on t h e  A r c t i c  C h i e i  orebody b u t  t h e r e  i s  
ev idence  of hand s o r t i n g  a t  t h e  upper p o r t o l  so  t h a t  t h e  o r e  from development 
was probably  shipped.  A p r o f i t  of $L,164 a t t r i b u t e d  t o  t h i s  n i n e  presumably was 
o b t a i n e d  i n  t h i s  way. 

Diamond d r i l l i n g  i n  1963 and r e c e n t  ' d r y  d r i l l i n g ' ,  on s e c t i o n s  50 
f e e t  a p a r t  h a s  shown t h a t  t h e r e  a r e  155,000 t o n s  i n  t h i s  orebody a v e r a g i n g  
1.70% Cu and 28% Fe.  Across t h e  dyke t h a t  forms t h e  s o u t h  boundary t h e r e  i s  
a n o t h e r  18,000 t o n s  averaging 1% Cu. and 9% Fs .  The d r i l l i n g  i n  t h i s  a r e a  
t o t a l l e d  2,953 f e e t  i n  1 3  h o l e s .  

EAST ARCTIC 

Here t h e  rnagnetoncter su rvey  c a r r i e d  o u t  by M r .  ! J i l son confirmed t h e  
o l d  su rvey  made i n  1947. F u r t h e r  c o n f i r n a t i o n  ;:as o b t a i n e d  i n  1962 when l i n e s  
were r u n  on a  d i f f e r e n t  b e s r i n g  f o r  d r i l l i n g  purposes .  

The a r e a  t ~ c s  completely masked by overburden \?here two s t r o n g  
anomal ies  were o b t a i n e d  s e p a r a t e d  by a 100 f t .  gap i n  which t h e  p r o j e c t i o n s  
of a n  a c i d  2nd a b a s i c  porphry dyke n e t .  

The anomal ies  appear  t o  i n d i c a t e  a  n o r t h  s t r i k i n g  zone of magne t i t e  
b u t  t h e  n o r t h e r n  s e c t i o n  has  a prong s t r i k i n g  v e s t .  

Noranda t e s t e d  t h e  n o r t h e r n  anomaly w i t h  2 v e r t i c c l  h o l e  and a n  
i n c l i n e d  h o l e  o b t a i n i n g  1.8% Cu o v e r  39 f e e t  i n  t h e  f i r s t  and 1.50% Cu. i n  
t h e  second b u t  r e c o v e r i e s  :7erc poor i n  t h e  f i r s t  h c l f  of e ~ c h  i n t e r s e c t i o n .  



EAST ARCTIC Con t ' d  . 

This  1 J . x  t h e  i i r s t  o r e  body t o  bc d r i l l e d  i n  1963. An a n 3 l y s i s  o f  t h c  
r e s u l t s  shorrs t h t  15S,300 tons  a r c  p r e s e n t  a v c r q i r , g  l . lOi ,  Cu and 207, Fe.  There 
i s  cl. minor body c t  80 i c c t  t o  t i l e  c d s t  t h a t  c o n t c i n s  17,000 t o n s  cverc?ging 0.77, Cu 
.inJ 21X Fc. Thc d r i l l i n ;  i n  t h i s  ?rd,-. toti:llcc! ?,9L4 f c c t  i n  I ,  h o l c s  on s e c t i o n s  
50 f c c t  , i p c r t .  

Thc anomaly t o  t h c  sout l i  provcd t o  bc d u c  t o  an  o r e  body amounting t o  
65,000 t o n s  a v c r a g i n ~  1.102 Cu. 2nd 36% Fc ,  a s  shown by 9  d r i l l  h o l c s  t o t a l l i n g  
2 ,390 f e c t  s l s o  on s c c t i o n s  50 feet ?par t .  

BEST CHAIJCE 

IIcrc, t h c r c  i s  an  i i l iprcssivc o u t c r c p  o f  nagnc t i - t c  '2nd slcnrn o v e r  a 
maximum l c n g t h  of 420 f c e t  i n  a n c r t h c r l y  d i r e c t i o n  &mcl  v i d t h s  up t o  80 f c c t  t l i t h  
p ~ . t c h c s  m d  d i s s c n i n z ~ i o n s  of coppcr n i n c r a l s .  It i s  boundcd by l i rnes tonc on t h e  
m s t  and g r a n i t e  on t h c  c c s t .  

I n  t h e  p a s t ,  i t  :as p a r t i c l l y  exp lorcd  by two sh,o.Cts, 35 and 16 f c c t  
dzcp  r e s p e c t i v e l y ,  s d v c r n l  p i t s  2nd 2 t  l e a s t  f o u r  v c r t i c i ~ l  s h o t  d r i l l  h o l c s  f o r  
which t h e r e  a r c  no lcnom rccords .  

Thc o r c  c o n s i s t s  of c h n l c o p y r i t c  znd b o r n i t c  i n  sc2. t tcred pn tches  of t h c  
g i r n e t - m c g n c t i t e  s k e r n  i7ith somc s e c t i o n s  of massive magne t i t e .  

I n  1956, Mr. .!ilson made a g e o l o g i c z l  nap o f  t h e  immediate area and then  
mcgnetornctcr su rvey  which i n d i c a t e d  t h c t  t h e  o r c  cxtcndcd benea th  a n  a r e a  of 
l imes tonc  on t h e  s o u t h i ~ e s t  s i d c .  Th is  su rvcy  a l s o  s h o ~ ~ c d  t h c t  a  sccond o r e  body 
v z s  p r c s e n t  immcdi~. te ly  t o  t h c  s o u t h  i n  nn arc?- concc2.lcd by overburden and beyond 
2 gap of o n l y  80 f e e t  t h ~ t  t h e  gcoLogica1 mapping i n d i c a t e s  i s  a dyke of g r a n i t e .  

0 
I n  1956, e s c r i c s  of -45 h o l c s  on 50 f e e t  c e n t r e s  was d r i l l e d  from t h e  

v e s t  s i d c  of t h c  cxposed d e p o s i t  on s i x  s c c t i o n s  of which f o u r  had two h o l e s .  I n  
1963 2 s i m i l a r  s e r i e s  or' h o l e s  w.s d r i l l e d  on t h e  n e x t  s i x  s e c t i o n s  t o  t h e  s o u t ! ~  
b u t  from t h c  c a s t  siclc. 

S c c t i o n  0  shows t h a t  t h c  o r e  body ex tends  undzr t h c  l imes tone  f o r  c 
rn?.ximum wid th  of 1.80 f c c t .  Adjacent  s c c t i o n s  2-lso i n d i c a t e  t h a t  g r a n i t e  i s  p r c s c n t  
on t h e  ms t  s i d e  o f  t h c  l imes tone .  

R e c o n s t r u c t i o n  of t h c  geology of t h e  s c c t i o n s  s u g g e s t s  t h a t  t h e  d e p o s i t  
h2.d 2. h i g h l y  i r r c g u l c r  roof of l i n c s t o n c  t h a t  i s  o n l y  p a r t i a l l y  rcmoved. Thc 
major p a r t  o f  t h c  coppcr m i n c r o l i z a t i o n  i s  c o n c e n t r a t e d  n e a r  t h e  roof o r  around 
'P. l a r g c  unreplaccd l c n s  of l imcs tone  w i t h i n  t h c  slcarn. F r e q u e n t l y ,  t h e  copper  
v a l u e s  o r e  i n  massive mngnct i te .  

A s c r i c s  or' s i x  s t e e p  f c u l t s  thct s t r i k e  n o r t h c c s t  a r c  a l s o  p o s t u l a t e d  
from t h e  cv idcncc  o b t a i n e d  by d r i l l i n g .  

The 21 h o i c s  t o t a l l c d  5,690 f c c t  m d  t h e  o r e  
t h e  r c s u l  ts  obt2.incd ?mounts t o  2C)O,OOO t o n s  a v e r a g i n g  
d e p t h  of 150 f c c t .  

r c s c r v c  c a l c u l a t e d  from 
1.0X Cu and 20% Fe t o  c 



PUEBLO 

ricConncll d e s c r i t c d  t h e  o r e  body exposcd by s t r i p p i n g  h c r c  i n  1908 ns  a n  
i r r e g u l a r l y  shaped mass 300 f e e t  i n  l c n g t h  ~ n d  up t o  170 Zcct  -r ide i ~ i t h  an  a r c s  
o f  3 , 0 0 0  squ2rc? f e c t .  It i s  e n t i r e l y  surrounded by c r y s t - l l i n c  l i i w s t o n e  b u t  i s  
n o t  more t h c n  300 f c c t  L r o r ~  ,: g r - n i t c  c ~ n t r ? c t .  

Thc o r c  is c ? s s c n L i ~ l l y  cdprir 'cirous h c m a t i t c  b u t  f o r  t h e  i i r s t  100 f c e t  
of d c p t h  known i n  1909 t h e  coppcr i1L.s i n  t h c  form of o x i d e  rnincrals  w i t h  an  nvcrcge 
g r a d e  of 42 Cu. 

I n  19'6 C.B. \ h i t c  d c s c r i b c d  ho.1 t h c  o r e  hnd bccn ninccl t o  thc 60 f e c t  
r-7 l e v e l  by i-~ccns of opcn c u t s  2nd z l o r y  h o l L s .  ~ h c n  c rc-in s h . f  t i~:~s  sunk t o  500 

f e e t  and s t o p i n g  was c c r r i c d  o u t  on l e v L i z  n t  200,300 and  400 f c c t  u n t i l  
l iarch 2 1 s t ,  1917 when a d i s i s t r o u s  c c v c - i n  c l o s e d  t h e  n i n c .  'Ihc p roduc t ion  t o  
t h z t  d a t c  hcd b a n  L&0,000 tons .  

L'it t h 2  tinlc of t h i s  cclvc-in clisnonci drill in^ ;rc~s be ing  done on t h c  500 
l e v c l  w i t h  c o n s i d e r c b l c  s u c c c s s  c c c o r d i n g  t o  t h e  f i g u r c s  of M r .  i l h i t c .  Thus t h e  
c u r r e n t  f l a t  h o l c  (514) r c t u r n c d  1:4 f c c t  02 9.62 Cu. .?t 60 f e e t  dep th  ~ ~ h i c h  would 
be 240 f c e t  N I4 :I ol. thc s!w.ft. Hole 512 gi-.vc 65 i e c t  o i  13.G7, Cu 2nd 513 gavc 
11 f c c t  of 3.62 Cu c t  40 f c c t  f u r t h e r  nor t i ,  showin2 tint t h c  main o r c  body IJas 
s t i l l  p r c s c n t .  

The 5.14 h o l c  ;ras rcg2,rdcd cs discovering ? ncvr o r e  body so  t h a t  t l r .  ' Jh i t e  
recommendcc: d y i l l i n g  froon t h e  s u r f w e  i n  1926. A s  :1 r d s u l t  thr i lc  h o l c s  c u t  o r e  
a b o u t  200 f c c t  ,-.hove t h c  SO0 Lcc t  l c v c l  i n t c r s c c t i o n  aild ~ ~ h i l s t  r r id ths  of 23 and 
24 f c c t  were r c p o r t c d  t h c  t r u e  i r id th  172s probcbly  5 t o  6  Eec t  -7ith an  zveragc  g rade  
o f  4X. N r .  Slhitc i n t e r p r e t e d  t h c  r c s u l t s  a s  i n d i c a t i n g  two o r e  bod ies  ,?bout 35 
f e c t  a p a r t  and rccommcnded E u r t h e r  d r i l l i n z .  

Plr. E.R. ' l i l c o x  i n  h i s  r c p o r t  on t h e  A r c t i c  Chicf d a t c d  J u n e  1917 
mentions t h a t  t h c ' P u c b l o  n i n e  h2s been c l o s c d  d o ~ m  s i n c c  12st I k r c l i  a f t e r  a bau 
ccvc between t h e  second and f o u r t h  l e v e l s ,  b u t  i s  j u s t  now commencing o p c r a t i o n s  
a g a i n  t o  p r e p e r e  f o r  Cur thcr  p roduc t ion .  P rev ious  t o  t h e  shut-down t h e  mine was 
producing 200 tons  p c r  day. ' 

Also he i r ro tc  ' I hnvc been informcd t!wt o r e  r ~ i t l z  l e s s  than  3.57, copper  
c o n t e n t  w a s  n o t  cons idcrcd  a s h i p p i n g  g rcdc  from t h i s  r ~ i n c ' .  

I n  1948 IJornnclc lIin,s d r i l l e d  t i 7 0  i nco i>c lus ivz  h o l c s  f r o n  t h c  s u r f a c e  i n  
a t t e m p t  t o  test  t h e  o r i g i n a l  o m - b o a y  ~ . t  d z p t h  on e i t h e r  s i d e  of t h c  s h a f t .  

They a l s o  t r i e d  t o  chcclc an  o c c u r r c n c c  r e p o r t e d  by J h i t e  on t h c  c a s t  s i d e  o f  t h e  
c r e e k  abou t  800 f e e t  n o r t h  o i  t h c  n i n e  b u t  n z c i n  obtz-ined poor r c s u l t s .  

It i s  i n t ~ r c s t i n g  t o  n o t a  t h 2 t  i n  1926 Tlr. T. Kcr ru i sh  found from t h e  
o l d  r e c o r d s  t h a t  t h c  Pueblo [ l ine  hcd mcdc a n e t  p r o f i t  d u r i n g  t h e  o p e r a t i o n  of 
$576,532. 

I.JAR EAGLE 

This  o l d  mine i s  abou t  t h r e e  miles east o f  Whitehorse and n e a r  t h e  Alaska 
Highway. 



WAR EAGLE Cont 'd .  

McConnell d e s c r i b e d  t h i s  p r o p e r t y  when i t  had been o p e r a t i n g  f o r  o n l y  two 
y e a r s .  The orcbody t h a t  he s a w  c o n s i s t e d  of an  i r r e g u l a r l y  shaped a r c a ,  65 f e e t  
c c r o s s ,  i n  vh ich  t h e  s u l p h i d e s  were a s s o c i a t e d  w i t h  bands o f  t r e m o l i t c .  He 
r c p o r t c d  2n average  o f  2.71% Cu o v c r  P. width of 45 f c c t  i n  an  open c u t .  A t  23 f e e t  
below t h c  s u r f a c e  a t u n n e l  showed 44 f c e t  of o r c  c o n s i s t i n g  of two w c l l  m i n e r a l i z e d  
bznds 14 and 10 f e e t  wide w i t h  l o i ~ c r  g r a d c  m a t c r i a l  betwccn. 1 was a b l e  t o  crawl 
i n t o  t h i s  working l a s t  y c a r  and conf i rm t h i s  d a s c r i p t i o n .  

A l a t e r  account  was founu i n  t h e  r e c o r d s  of t h c  Lowe E s t a t e  from which 
t h e  f  01 lowing wns tnkcn : 

On t h e  s u r f a c e  t h c r c  i w r e  t r o  l e n s e s  of o r c  ~ ~ c h  250 f c c t  long ,  6  f e e t  
v i d e  and 30 f e c t  a p a r t .  Thcy v e r c  developed by a s h a f t  100 f e e t  deep. I n  t h e  e a r l y  
days  p roduc t ion  was from open c u t s  t h n t  <?ere  20 f e e t  decp ,  ?.nd amounted t o  2000 t o n s  
a v e r a g i n g  7% Cu and $2. i n  gold  2nd s i l v e r .  

I n  1916 and 1917 a n o t h c r  2245 t o n s  u c r c  shipped w i t h  n recovered  v a l u e  of 
5.7% Cu, 0.03 o z  hu, and 2.0 o z  A g  p e r  ton .  Th is  o r e  came from t h e  s h a f t  and from 
s.n open c u t  40 f e z t  long  and 203 f e e t  t o  t h e  sou th .  

There i s  a n o t h e r  s h a f t  abou t  500 f d e t  n o r t h  o f  t h e  f i r s t  which i s  a l s o  
100 f c e t  deep b u t  i t  produccd v e r y  l i t t l e  s h i p p i n g  o r e .  Thc dump now c o n t a i n s  a 
few t o n s  of massive h c m t i t e - m a g n e t i t e  w i t h  abou t  1% % Cu. 

I n  1926 2nd 1929 some d r i l l i n g  w a s  donc f o r  v h i c h  t h c r e  i s  o n l y  a s k e t c h y  
r e c o r d .  

I n  1939 h.:~. McIZinnon c e r t i f  i c d  t h n t  h e  had i ~ o r k e d  on t h e  ?jar Eag le  i n  
1916 when a  t h i r t y  f o o t  pocket  of b o r n i t e  o r e  was mined l e a v i n g  underneath  molybdenum 
o r e  t h a t  was 20 f e c t  long and 10 f c c t  wide. 

It i s  r e p o r t e d  t h n t  t h i s  p r o p e r t y  produced a n e t  p r o f i t  of $43,379. f o r  
i t s  owners. 

During t h e  p2s t  twelve months diamond d r i l l i n g  h a s  been s u c c e s s f u l  i n  
o u t l i n i n g  cn  impor tan t  o r e  body tcncf i th  a n  a r c a  of overburden a  f e w  hundred f e c t  
n o r t h  of t h e  o l d  mrin s h a f t  n s  d e s c r i b e d  b ~ l o w .  

The o r e  o c c u r s  i n  a  mctarnorphoscd s u c c c s s i o n  of l i m e s t o n e s ,  c h e r t s  and 
q u a r t z i t e s  t h a t  have bccn cxp lorcd  by diamond d r i l l i n g  o v e r  a  wid th  o f  500 f e e t  and 
a l e n g t h  of 1600 f c e t .  For h a l f  o f  t h i s  d r i l l i n g  t h c  s e c t i o n  l i n e s  were 50 f c e t  
a p a r t  and f o r  t h c  r e s t  100 f c c t  a p a r t .  

89 h o l e s  were diamond d r i l l c d  f o r  a t o t a l  of 25,851 f e e t  and i n  a d d i t i o n  
50 d r y  p e r c u s s i o n  h o l c s  t h n t  t o t a l l e d  5215 f c c t .  

0 
The sed iments  s t r i k e  a t  N 20 W a t  t h e  s o u t h  end of t h e  e x p l o r e d  a r e a  

and a t  N 30' d towcrd t h c  n o r t h  end. Thcy d i p  from 65' a t  t h e  s o u t h  end t o  a b o u t  
45' h' toward t h e  n o r t h  cnd. 

Near t h e  n o r t h  cnd o f  t h e  a r e a  t h e  sediments  have been invaded by a swarm 
of dykcs from 5 t o  20 and more f e c t  wide and n p p a r c n t l y  s t r i k i n g  IJ N d .  Thcy a r c  
f e l d s p a r  porphyry dykes x ~ i t h  from 2  - 50% hornblende.  They appear  t o  pinch o u t  
r a p i d l y  i n  t h e  s o u t h e a s t  d i r e c t i o n  c2par t  from one dyke which p a s s e s  t o  t h e  
o f  t h e  zone and widens from 5 f e e t  a t  t h e  n o r t h  t o  30 f e c t  a t  t h e  s o u t h  end. 



JAR EAGLE Cont 'd.  

There a r c  ,?lso a  numbcr of f i n e  g r a i n e d  b a s i c  dykes ,  u s u a l l y  l e s s  than  
5  f c c t  t h i c k ,  t h a t  appear  t o  be i n t c r b b e d c d  w i t h  t h e  sediments .  

The sediments havc been r e p l a c e d  by v a r i o u s  t y p e s  of s k a r n  i n  an  a p p a r e n t l y  
i r r e g u l a r  manner and t h c n  minera l i zed  w i t h  b o r n i t c ,  c h r a l c o p y r i t e ,  c h a l c o c i t c  and 
s p o r a d i c a l l y  wi th  molybdcni te .  I n  some p l a c e s  t h e  f e l d s p a r  porphyry dykcs have 
been minera l i zed  as w e l l  - e s p e c i a l l y  w i t h  molybdcnite.  

I n  a l e n g t h  of 600 f c e t  and a width  from 40 t o  120 f c c t  i n  t h e  c e n t r e  o f  
t h e  a r c a  n body of o r e  h a s  been demonstra ted by t h z  d r i l l i n g  t o  c o n t a i n  900,000 t o n s  
a v c r a g i n g  1.40% Cu o v c r  a v e r t i c c l  r angc  of 250 f e e t  below t h e  s u r f a c e .  On s i x  
of t h e  d r i l l  s e c t i o n s  i n  t h i s  o r e  body t h c  v e r t i c a l  r angc  h a s  n o t  becn f u l l y  ex-  
p l o r e d  a t  t h e  bottom so  th2.t t h e r c  i s  a p o s s i b i l i t y  of deve lop ing  a n o t h c r  130,000 
t o n s  a v c r a g i n g  1.20% Cu. 

A t  i t s  n o r t h  end t h i s  o r e  body f a d z s  o u t  i n  t h e  s w a r m  of dykes and a 
p o s s i b l e  n o r t h e a s t  s t r i k i r l g  f a u l t .  From 250-450 f e e t  f u r t h e r  n o r t h  s o m  p r e l i m i n a r y  
d r i l l i n g  has  i n d i c a t e d  a body of low g r a d e  m i n e r a l i z a t i o n  t h a t  i s  100 f e c t  wide and 
a v e r a g e s  abou t  0.5% C11. Thcrc i s  a l s o  a p a r a l l e l  zone a t  80 f e e t  t o  t h e  e a s t  t h a t  
i s  40 f e e t  widc and o f  a s i m i l a r  g rade .  F u r t h e r  d r i 1 l i r . g  w i l l  be needed h e r e  t o  
t r a c e  t h e  zone northward i n  t h e  hope of f i n d i n g  2. b e t t e r  g radc .  

A t  i t s  s o u t h  end t h e  main o r e  body passcs  i n t o  a low grade  zone f o r  300 
f e e t  a l t h o u g h  t h i s  i n c l u d e s  t h 2  o l d  main s h d t  where good o r e  was e x t r a c t e d  i n  t h e  
p a s t .  

Ncxt t h e r e  i s  c l e n g t h  of 250 f e e t  i n d i c a t e d  by d r i l l i n g  t o  a v e r e g c  abou t  
1 Z C u  o v c r  35 f e e t  f o r  n d e p t h  of 100 f e c t .  S i m i l a r  p a r a l l e l  bod ies  were a l s o  found 
a t  50 f e e t  and 250 f e c t  r c s p c c t i v e l y  t o  t h e  west  and s t i l l  a n o t h c r  a t  150 f e c t  t o  
t h e  e n s t .  

These f o u r  smnl l  d e p o s i t s  a r e  t o g e t h e r  c s t i m n t c d  t o  c o n t a i n  330,000 t o n s  
a v e r a g i n g  1.0% Cu. 

Thi.s s o u t h  s e c t i o n  of t h e  a r c a  i s  c h a r a c t e r i z e d  by t h e  l a c k  of l i m e s t o n e  
which i s  presumably r e p r e s e n t e d  by s k a r n .  

E x p l o r n t i o n  should be con t inued  a l o n g  t h e  zone t o  t h e  sou th .  

COPPER K I N G  

Th is  mine i s  i n  a n  i s o l a t e d  mass of l imes tone  surrounded by g r a n i t i c  
rocks .  The limestone i s  l2.rgcly convcr tcd  t o  s i l i c a t e s  which a r c  nccompanied by 
copper s u l p h i d e s  cspcc ia l? .y  n e c r  t h e  u n a l t e r e d  c o r e s  of l imes tone .  The o r e  s e c t i o n s  
a r e  c h c r n c t e r i z e d  by t r z m o l i t c .  I n  1900 McConnell r e p o r t e d  t h a t  t h e  main d e p o s i t  
d ipped a t  46' towards t h e  g r m i t c  c o n t a c t .  I t  had becn fol lowed down d i p  f o r  130 
f c c t  (91. f c c t  v c r t i c , ? . l l y ) .  t ibow t h c  63 f o o t  l e v e l  a n  e x c a v a t i o n  15 - 30 f e e t  long 
and up t o  10 f e e t  widc showcd t h c  s i z e  of an  o r i g i n a l  l e n s  of h i g h  g rade  o r e .  

About 200 f c c t  n o r t h  of t h i s  i s  a widc g z r n e t - l i m e s t o n e  band w i t h  copper 
m i n e r a l i z a t i o n  which was fol lowed i n  a s t c e p l y  i n c l i n e d  s h n f t  f o r  65 f e c t .  The 
f i r s t  20 f c e t  fo l lowed  2 small  h i g h  g r 3 . d ~  l e n s  o f  b o r n i t e  o r e  b u t  t h c  r e s t  of t h e  
workings ,  i n c l u d i n g  s h o r t  d r i f t s  from t h e  bottom, a r e  i n  unworkable material. 



COPPER K I N G  Cont 'd .  

,It 200 f e e t  s o u t h  of  t h e  main s l . a f t  a n o t h e r  one was sunk f o r  40 f e e t  on 
a  l e n s  of o r e .  

Over 500 t o n s  :l,v:-raging 1 5 %  CLI had bccn sh ippcd  by 1-908 nnti i n  1917 
Fir. Yi lcox  s t ~ t e d  t h 2 t  t i ~ c  p r o p e r t y  wcs s h i p p i n g  300 t o n s  n month. I n  1910 good 
o r e  was encoun te red  071  t h e  100 f o o t  l e v e i .  

Ectwcen 1915 and 1920 s h i p n c n t s  t o t ~ l i e d  3288 t o n s  ,-.vernging 10% Cu which 
n e t t e d  a prof i t  of $88,rJ73. 2ccc rd ing  t o  t h c  c l d  r e c o r d s .  

i, g e o l o g i c a l  n~np of t h i s  c r c c  2nd a  1 r . t e r  induced p o l a r i s a t i o n  s u r v e y  
s u g g e s t  t h e  p o s s i b i l i t y  of n medium s i z e d  Low gr2-de ore-body.  

D r i l l i n g  wcs s t c r t c d  i n  LAugust 1964 w i t h  2 1 i g h t  e x p l o r a t i o n  mcchine. 
Four  h o l c s  were d r i l l e d  of  which t h e  n o s t  i n t e r e s t i n g  r c t u r n e d  64 f e e t  t h a t  averaged 
1 .302 Cu.  F u r t h e r  d r i l l i n g  h e r s  i s  w a r r m t c d .  

CO!.ILEY PARK 

Th i s  i s  t h e  n o s t  s o u t h e r l y  of-' ?.I1 t h e  known mincrr.1 o c c u r r e n c e s  on t h e  
Coppcr B e l t .  I t  i s  i n  :,n c a s t ~ r l y  s t r i k i n g  metnmorphoscd r~mn?.nt  of sed iments  
c o n s i s t i n g  most ly  of lirnestonc?, a t  l e a s t  3000 f e e t  long  ,l.nd 700 f e e t  vide, a t  t h e  
s o u t h  cnd of t h e  main g r n n i t i c  i n t r u s i v e .  

Much of t h e  l i n e s t o n a  h a s  bccn convcr tcd  t o  s k a r n  c o n s i s t i n g  o f  g a r n e t ,  
t r e m o l i t c ,  w o l l n s t o n i t e :  e p i d o t c ,  c t c  w i t h  sone 2 r e n s  m i n e r a l i z e d  by b o r n i t e ,  
c h a l c o p y r i t e ,  rnolybdcnite,  p y r i t e  r--nd r n q g e t i t e .  

I n  t h e  main c r c a  i n v e s t i g z t e d  t o  dr.ti! t h e r e  a r c  two o l d ,  sha l low s h a f t s  
and some bu l ldozed  c u t s .  

,i Length of 600 r 'ec t    as bcsn d r i l l c d  w i t h  s e c t i o n s  a t  100 f e e t  i n t e r v s l s  
p l u s  a n o t h c r  s e c t i o n  at 200 feet i u r t h e r  t o  t h e  west .  

Thc g r m i t i c :  rock  r1c.s found t o  havc r: bowl shape  w i t h  z l t c r e d  h y b r i d  rock  
between i t  and t h e  s k a r n .  The o r e  i s  restricted t o  <i p a r t  of  t h i s  s k c r n .  

Mzjor f n u l t i i l g  i s  p r d s c n t  b u t  i t s  r c l r ? t i o n s h i p  t o  t h e  o r e ,  i f  any ,  h a s  
n o t  bccn detzrrnincd.  

r-7 l he  g r a d e s  o? copper  and molybdeni tc  w r y  wide ly  from h o l c  t o  h o l e .  

A t  Drescn t  Chc o r e  r e s e r v e  amounts t o :  

1,37O,OOO t o n s  a v c r a g i n g  0.87% Cu, 0.08% MoS 
2'  

A t o t a l  of  13,449 f e e t  was d r i l l e d  i n  45 h o l e s .  



This  d c p o s i t  i s  on t h e  c ~ s t  s i d c  of  Wolfc Creek,  2% m i l e s  wes t  of  t h e  
Cowlcy Park d e p o s i t ,  i n  a n  a l t e r c d ,  d i o r i t i c  phase  o f  t h e  main i n t r u s i o n  tit i t s  
c o n t a c t  w i t h  l i n c s t o n c .  

I t  i s  c u t  by 2 s:Jorm of in tc rmcdi ; l t c  ?nd b a s i c  dykes t h a t  mc~ltc t h e  
i n t c r p r c t ~ t i o n  of t h e  o r e  sh?pcs  d i f f i c u l t .  F c u l t i n g  i s  r l s o  p r e s e n t  t h a t  adds  
f u r t h c r  c o m p l i c ~ t i o n s .  

Most of t h e  n i n c r r r l i z a t i o n  c o n s i s t s  of  b o r n i t e  s c a t t e r e d  th rough  t h c  
t l i o r i t i c  rock.  Deep o x 2 d c t i u n  i s  p r c s c n t  i n  some p a r t s  o f  t h e  d e p o s i t  v i t h  t h t  
copper  i n  t h c  form oi c h r y s o c o l l a .  

Thc d e p o s i t  i n s  t r c : ~ c h z d ,  rncppcd, smlplcd cind d i x m n d  drilled w i t h  5 
h o l c s  by Noranda Flincs i n  1947. 

Guring t h c  p s s t  ;$:inter 3 s ~ r i e s  of 29 h o l c s  on 50 f t .  c e n t r e s  t o t a l l i n g  
8625 f e c t  werc d r i l l c d  by Ncw I m p c r i a l .  

A r c c c n t  i n t e r p r e t a t i o n  of t h i s  d r i l l i n g  shows thi7.t n e a r  t h e  s u r f a c e  t h e  
m i n e r a l i z e d  ground o c c u p i c s  a  rough ly  circul:!r n r c a  a b o u t  300 f c c t  c c r o s s .  A t  
100 f e e t  lower i t  i s  250 f e e t  a c r o s s  2nd a t  r-nothcr 100 f c c t  l o v ~ c r  i t  i s  n o t  morc 
t h a n  120 f e c t  i n  d inrnctcr .  

ii c o r c  o f  non-minera l i zed  f e l d s p a r  porphyry dykc rock  s t r i k e s  n o r t h w e s t  
a c r o s s  t h e  arc--body f o r  350 f c c t  w i t h  a np.ximum wid th  of 60 f e e t  a t  t h e  c e n t r e  and 
p i n c h i n g  o u t  t o  n o t h i n g  2t nnch end.  I t  i s  c u t  o f f  on i t s  n o r t h c n s t  s i d c  however 

0 by 2. v d r t i c a l  f a u l t  s t r i k i n g  N 30 $1. On t h e  o t h e r  s i d e  of t h i s  f n u l t  t o  t h c  n o r t h  
t h e r e  i s  2 s i m i l - r  m:l.ss of  t h e  stlm? rock.  It cou ld  o r i g i n - . l l y  havc been p a r t  of 
t h e  o t h e r  mass and l i z v ~  bcen moved 300 f c c t  h o r i z o n t c l l y  a l o n g  t h e  f a u l t .  

Thc  st s i d e  o i  t h e  sccond f e l d s p a r  porphyry i s  ~ , l m  l i m i t e d  by ci f n u l t  
0 which d i p s  n t  45 S .J ?.nd c u t s  t h e  v e r t i c a l  f n u l t .  

~ l t  d c p t h  tht .  s o u t h e r n  porphyry dykc r z p i d l y  d i m i n i s h e s  i n  l e n g t h  t o  
become p i p c l i k c .  

I havc cstiri:!t~cl t h ~ t  t h e  s u l p h i d c  o r e  h e r e  m o u n t s  t o  380,000 t o n s  
n ~ e r ~ g i n g  1.10X C u .  Th? s t r i p p i n g  r a t i o  will be  cbou t  0 .75  cu y a r d s  o f  m s t e  
t o  1 ton  of  o r e .  

ORX RESERVES 

Ths r e a s o n a b l y  ~ ~ s s u r e d  r c s c r v e  n t  each  d c p o s i t  hns  becn c a l c u l a t e d  under  
two cc i t egor ics :  

1. Provcd a r c  i s  w i t h i n  25 f e c t  of c d r i l l  h o l e .  
2. P r o b a b l e  o r e  i s  from 25 t o  50 f e e t  from 2. d r i l l  h o l e .  

I n  bo th  c c s c s  t h c  o r c  i s  g e o l o g i c a l l y  reasonable. 

I n  most h o l c s  t h e  d r i l l  c o r c  r e c o v e r i e s  hnve bcen b e t t e r  t h m  952 b u t  
where morc t h c n  20X of  t h e  c o r c  i s  m i s s i n g  from a sample t h e  miss ing  p o r t i o n  i s  
nssumcd t o  be b z - r r ~ n  i n  t h c  c a l c u l a t i o n s .  



O R E  RESERVES Cont ' d .  

Thc r e c o v e r a b l e  v n l u r ~ s  of go ld  2nd s i l v e r  3i.p based on t h e  a s s a y s  f o r  
t h e s e  mct:ils i n  t h c  cogper concentr::tes o b t a i n e d  d u r i n g  t h e  m i l l  t e s t  ~jorlc by 
Mr. J .  I?. B r i t t o n ,  F. Eng. , C o n s u l t i n g  I l e t r ? l l n r g i s t .  

The v a l u e  f o r  t h e  r i~olybdeni tc  i s  based on a 057 recovery  from t h e  
Co.wl e y  L'nrk o w  i n  p r c l i r n i n ~ r y  work a1 though c b e t t e r  perrorrmnce i s  expec ted  
w i t h  f u r t h e r  t e s t s .  

The f i g u r e s  f o r  t h e  i r o n  c o n t e n t  of  t h e  o r e - b o d i e s  have been d e l e t e d  
because  t h e  h i g h  c o s t  of  t r n n s p o r t a t i o n  2nd h a n d l i n g  t he  nc." -cjncti  t c  c o n c e n t r a t e s  
would l e ~ . u e  no prof  it .  ;L produc t ion  of  156,000 t o n s  p e r  y e a r  of  m a g n e t i t e  
c o n c e n t r a t e s  f o r  a p e r i o d  of a t  l c c s t  f o u r  y e a r s  wss conteniplatcd w i t h  a v a l u e  a t  
Slcagway of $1,400,000 p e r  y c z r  . 

Thc tnbu lz - t ion  of t h c  r e s e r v e s  f o r  t h e  v a r i o u s  o r e - b o d i e s  i s  a s  f o l l o w s :  

P R O V E D  P R O B i l B L E  

DEPOSIT Tons Cu % h , A g  NOS 
2 

Tons Cu % >,u,Ag hIoS 
$ .$ 

2 

L i t t l e  Chief 1 ,780,000 1 .40  1.07 130,000 1.60 1.35 

A r c t i c  Chief 400,000 1 .32 1.67 

War Eag le  1 ,080,000 1 .33 0 .73 150,000 1 .00 0.50 

B e s t  Chance 200,000 1.00 0.26 

T o t a l s  4,620,000 1 .23 0 .85 0.015 870,000 1 .03  0 .41 0.059 

T o t a l  Reserve  5,490,000 1.20 0.75 0 .022 o r  $1.00 recoverable p e r  t o n  cs ?&u,Ag & 
_ -- - MoS2. 

Ross 2nd ~ i s s o c i a t c s  found t h a t  i n  t h c i r  d e s i g n s  f o r  t h e  open p i t s  t h e  
f o l l o w i n g  tonnages  and g r a d e s  iqould be available from t h e  v c r i o u s  o r e - b o d i e s  a f t e r  
a l l o w i n g  f o r  2. s u i t a b l e  d i l u t i o n  i n  ecch  c a s e .  F o r  compcrison t h e  cor respond ing  
o r e  r e s e r v e  f i g u r c s  a r c  z i v c n  ~ ~ ~ l o n g s i d c .  

;i S I4 I N E i) O R E  R E S E R V E  

L i t t l e  Chief 
above G O O '  1,518,GlO 1 . 2 1  1.07 1 ,475,000 1 .33  1 .05 

A r c t i c  Chief 420,750 1.27 1.67 400,000 1 .32 1.10 

Cowley Pnrk 1,?.64,050 0 .86 0.20 0.091 1 ,370 ,000  0.88 0 .25  0.080 

Bos t  Chance 191,280 0 . 9 R  0.26 200,000 1.C9 0 .25  a ,Y 

$ $ $ s 
T o t a l  5,022,730 1 .10  0.85 0 . 2  5 ,055,000 1 . 1 3  0 .71 0.26 



1B - 1 3  

ORE RESERVES Cont 'd .  

Thc differences a r e  duc t o  t h e  mining d i l u t i o n  i n  most c a s e s .  

I n  t h e  Xr,r Eag le  2nd Cov~ley Park  some o r e  v a s  found t o  be uneconomic 
t o  mine. 

Bctczuse t h e  o x i d e  copper a t  t h e  Keemnaw i s  n o t  r c c o v e r a b l e , a b o u t  100,000 
t o n s  was d e l e t e d  f r o n  t h e  o r e  r e s e r v e  b u t  s i n c c  i t  was p r e s e n t  i n  t h e  t e s t  sarnple 
i t  was inc luded  i n  t h c  mining c a l c u l c t i o n s .  F u r t h c r  checking 2nd t e s t i n g  will be 
n e c e s s a r y  t o  c l a r i f y  t h e  p i c t u r e  h c r c .  

FUTUXE EXPLORATION 

Ln s d d i t i o n  t o  t h e  p o s s i b l e  e x t e n s i o n s  of the  developed o r e - b o d i e s  
t h e r e  a r e  2 number of occurences  t h n t  should  be d r i l l e d  i n  f u t u r e :  

1. COPPER K I N G  
Only 2 s t a r t  has  Lccn made on t h e  diamond d r i l l i n g  h e r e .  

PUEBLO 2 .  -- 
I t  should bc p o s s i b l e  t o  check t h e  r e p o r t e d  h i g h  g r r d e  o r e  on t h e  
500 l c v e l  w i t h  a  v e r t i c a l  d r i l l  h o l e  a b o u t  600 f e e t  long  from t h e  
s u r f n c e .  i, p o s s i b l e  m i n e r a l i z e d  a r e n  t o  t h c  n o r t h e a s t  of t h e  mine 
was indic?.tcd by t h c  I . P .  Survey i n  1964. h b u l l d o z e  c u t  f a i l e d  
t o  p c n c t r n t e  t h e  deep  overburden a l t h o u g h  some m i n e r a l i z e d  m a t e r i a l  
was found. Dry d r i l l i n g  i s  proposcd t o  t e s t  t h i s  ground. 

3 .  hNi~COiiDii LiND W B I T T '  S  FOOT 
These o l d  p r o s p e c t s  a r e  n e a r  t h e  Alaska Highway on t h e  road t o  t h e  
iJ-r Eagle.  They shou ld  be mapped g e o l o g i c a l l y  and t h e n  t e s t e d  wFth 
t h e  0 .  B. machine. 

4. - I<EEi!ENAiJ iiT.EA -- 
A t  zbou t  500 S c e t  t o  t h e  n o r t h c a s t  of t h e  Kcewenav d e p o s t  s i m i l a r  
mincraliz<-- t i o n  h a s  bcL~n found by d r i l l i n g  t o  bc  a s s o c i a t e d  w i t h  an  
I .  P. monc?ly.  119 o r c  grade h a s  been l o c a t c d  b u t  f u r t h e r  work i s  
j u s t i f i e d .  

An o1.d t r e n c h  w a s  found a b o u t  2000 f e e t  t o  t h e  c c s t - s o u t h e a s t  o f  
t h c  main !(ecwenaw d e p o s i t .  Tt i s  GO f e e t  long  and e x t e n s i v e l y  
m i n c r c l i z e d  w i t h  rnc lach i t .  and some c h a l c o p y r i t e  i n  a s i l i c r r t e  
s k a r n .  i ~ t t ~ m p t s  t o  r e a c h  bedrock i n  p a r a l l e l  and c r o s s  t r e n c h e s  
2.ppnrently f a i l e d .  Th is  occur rence  c e r t a i n l y  w a r r a n t s  d r i l l i n g .  
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The ;rork e s t i m a t e d  i n  t h i s  s e c t i o n  i n c l u d e s  t h e  roadwork n e c e s s a r y  t o  
g a i n  permanent a c c e s s  t o  t h e  L i t t l e  Chief n i n e  s i t e ,  t h e  i n t e r n a l  road sys tem 
f o r  h a u l a g e  o f  o r e  anl= r.iaote, t h e  c l e a r i n 3  and l e v e l l i n g  o f  t h e  mine s i t es ,  t h e  
removal of overburden and Lake b o t t o n  s i l t  p r i o r  t o  p r o d u c t i o n .  

The clear in^ 2nd rough z r a d i n ~  of  t h e  a c c e s s  roads  n u s t  be  completed 
p r i o r  t o  t h e  co:ar?cncei~ent 02 p i t  p r e p r o d u c t i o n  i.~orli b u t  i t  i s  proposed t o  g r a v e l  
as Lev m i l e s  o f  roads  as p o s s i b l e  u n t i l  t h e  i n s t e l l a t i o n  o f  t h e  c r u s h i n ~  p l a n t  
p r o v i d e s  a cheap s o u r c e  02 crushed ; r ~ s t e  roclc ~ r h i c h  can be used f o r  t h i s  purpose .  
\!hercver p r a c t i c a l ,  i t  i s  proposed t o  u s e  xraste rock  from t h e  p i t s  t o  b u i l d  a l l  
r o a d s  on t h e  p r o p e r t y .  

The e x a c t  sequence i n  i ~ h i c h  t h e  c l e a r i n g ,  roadwork and g r a d i n g  work 
shou ld  proceed \ r i l l  de2end on the o v e r a l l  c o n s t r u c t i o n  s c h e d u l e s .  The c o s t s  
heve been e s t i n a t e d  on t h e  a s s u n p t i o n  t h a t  t h e  company completes  t h e  uork  u s i n g  
i t s  own m i n i n ~  e q u i p l e n t  Tor a major p a r t  o f  t h e  uork  o u t l i n e d  i n  t h i s  s e c t i o n .  

During t h e  " '  ~ r r a t  y e a r  oT o p s r a t i o n ,  i t  i s  proposed t o  mine o n l y  from 
t h e  L i t t l e  Chief  o r e  zone. As a  r e s u l t ,  t h e  i n i t i a l  p r e p r o d u c t i o n  p r e p a r a t i o n  
:iorlc i s  l i n i t e d  t o  t h e  ~!orlc r e q u i r e d  t o  b r i n g  t h i s  zone i n t o  p roduc t ion .  

CAPITAL COST ESTItNTE; -- 

EreproducLion - L i t t l e  Chief  Zone - 

r iain o r e  and vlaste hau lage  r o a d s ,  50 f e e t  ~ ~ i d e ,  
g r a v s l  s u r f a c e  $ 14,000 - 

Access r o a d ,  30 L'ect -7ide, from rnillsite t o  
L i t t l e  C h i e f ,  p a v e 1  s u r f a c e  

7 L r z ~ r o d u c t i o n  Expenses - Mine 

L i t t l e  Chief o n l y  
C l e a r i n 2  12 a c r c s  2 $200.00 2 e r  a c r e  
D r e i n i n g  l a k e  cnd s i l t  r e n o v a l  , 

56,350 cu.  ycis. L1 $0.80 
Overburden reaova.1, 141,000 cu.  yds .  2 $0.50 
r las te  roclc rernoval, 275,000 cu.  yds .  
Ore broken 2nd s toclcpiled 70,000 t o n s  

? ~ X s c e l l a n e o u s  r o a d s  t o  p o ~ ~ d e r  rmgc;zines 
P r e p a r a t i o n  of  c o a r s e  o r e  s t o c k p i l e  area 

T o t a l  l l ine  Ereproduc t ion  C a p i t a l  C o s t  

I n  a d d i t i o n  t o  t h e  f o r e g o i n g ,  t h e  f o l l o ~ r i n g  tior!: must be  completed 
p r i o r  t o  comnencement of p r o d u c t i o n  from t h e  r e n a i n i n g  p i t s .  The e x p e n d i t u r e s  
r e q u i r e d  f o r  t h i s  woric a r e  t a b u l a t e d  beloll  i n  t h e  y e a r  d u r i n g  : ~ h i c h  t h e  ilorlc 
must be completed.  The f o l l o w i n g  c o s t s  do n o t  i n c l u d e  n i s c e l l a n e o u s  mine 
expense  o r  g e n e r a l  overhead as t h e s e  i t em a r e  a d e q u a t e l y  i n c l u d e d  elsebrhere 
i n  t h e  o p e r a t i n g  c o s t s .  



CAPXTAL COST ESTII\IATES Cont 'd .  2 - 2  

Second Year - A r c t i c  Chief Zone 

Road c o n s t r u c t i o n  2ron n i l l s i t c  t o  . :rct ic Chief 
Zone, 3.54 n i l e s  $ 71,540 

C l e a r i n g  mine s i t e  S a c r e s  2 j200.00 p e r  a c r e  1,600 
Overburden renova l  132,600 cu.  yds .  @ $0.50 66,400 
d a s t e  Rock removal 16,850 cu.  yds .  23,780 
T o t a l  $ 163,320 
Contingency @ 1.0% 16,330 

T o t a l  Second Year $ 179,650 

Thi rd  Year - Uar - Ez.gle Zones 

Road c o n s t r u c t i o n  from A r c t i c  Chief t o  War Eagle  
zones ,  7.56 m i l e s  $ 154,000 

McZntyre Creek b r i d g e  18,000 
C l e a r i n g  mine s i t e s  10 a c r e s  @ $200.CO p e r  a c r e  2,000 
Overburden removal 194,600 cu.  yds .  @ $0.50 97,300 
idaste rock removal 297,800 cu.  yds .  265,600 
T o t a l  $ 536,900 
Contingency @ 102 53,690 

T o t a l  Third  Year $ 590,590 

Four th  Year - Cowley Park Zone 

New road c o n s t r u c t i o n  from n i l l s i t e  t o  t h e  
Cowley Park  zone,  9.02 mi les  $ 197,700 

Nolf e Creek b r i d g e  20,000 
C l e a r i n g  mine s i t e  10 a c r e s  @ $200.00 per  a c r e  2,000 
Overburden removal 42,000 cu. yds .  @ $0.50 21,000 
Waste rock  removal 329,670 cu,  yds .  298,400 
T o t a l  $ 539,100 
Contingency @ 10X 53,910 

T o t a l  Four th  Year $ 593,010 

F i f t h  Year - Keemnaw Zone 

New road c o n s t r u c t i o n  t o  t h e  Keewenaw zone,  
0 .23 m i l e s  

C l e a r i n g  mine s i t e  4.0 a c r e s  @ $200.00 p e r  
Overburden removal 39,200 cu. yds. @ $0.50 
River  d i v e r s i o n  75,000 cu. yds .  
T o t a l  
Contingency @ 10Z 

$ 5,100 
a c r e  800 

19,600 
67,900 

$ 93,400 
9,340 

T o t a l  F i f t h  Year 
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M I N I N G  OPERATIONS 

1. P i t  Design 

S t u d i e s  have bccn mads of  each  p i t  i n c l u d i n g  such  p e r t i n e n t  geo- 
l o g i c a l  f e a t u r e s  ns f , i u l t s ,  t y p e s  of  rock ,  slhapc of o r e  b o d i e s ,  c t c .  Such 
f a c t o r s  have bccn c o n s i d e r e d  i n  p r e p a r i n g  t h c  v a r i o u s  d e s i g n s .  Th i s  h a s  
r e s u l t c d  i n  d i f f e i c n t  o v e r a l l  v a l l  s l o p e s ,  wid ths  of  berms and o t h e r  d e s i g n  
f c a t u r e s  s o  t h a t  a l l  p i c s  a r c  n o t  dcs i~ - . . cd  t o  a uni iorm s e t  of  c o n d i t i o n s .  

I n  g e n e r a l  tl-,c wclc c o n d i t i o n s  a r c  v c r y  c o n p c t c n t ,  which f a c t o r ,  
coupled w i t h  t h e  r z l e t i v c l y  smal l  zones should  pe rmi t  mining a t  p i t  s l o p e s  
s t e e p e r  t h a n  norrsa?ly cnns idc red  i n  open p i t  operations. 

A t o t a l  of  n i n c  p i t s  have been d2signcd i n  v a r y i n g  d e g r e e s  o f  
d e t a i l .  The L i t t l c  C h i e f ,  l i a r  E a g l c ,  Cowley Park  and Kerwcnaw have bccn 
d e s i g n e d  complctc  w i t h  bcrrns, r o a d s ,  c t c .  as t h c s c  o y r a t i o n s  c o n t a i n  a major 
p o r t i o n  of  t h c  o r e  r 2 s c r l r c s .  Thc o t h c r  p i t s  have bcc:n dLs igned  ~ ~ i t h  o v e r a l l  
s l o p c s  c o n s i d e r e d  f a a s i b l c  f o r  d e p o s i t s  of  t h c s c  t y p e s .  

A d d i t i o n a l  d e s i p  work may be successful i n  r e t r i e v i n g  morc o r e  
b u t  i t  i s  d o u b t f u l  i f  t h c  s t r i p p i n g  r a t i o s  can be lowcrcd s i g n i f i c a n t l y .  

2. P r o d u c t i o n  R c q u i r ~ m e n t s  

D ~ r i n g  t h e  p r c p r o d u c t i o n  p e r i o d  i t  b r i l l  be  n e c e s s a r y  t o  n i n c  275,000 
t o n s  of  was te  rock  t o  p c r n i t  mining t o  c o n t i n u e  a t  a n  adequa te  r a t e  t h c r c a f t c r .  
I t  i s  c s t i n a t c d  t h a t  p r i o r  t o  commcnccment of  p r o d u c t i o n  70,000 t o n s  o f  o r e  
w i l l  a l s o  be broken and a v a i l a b l e  t o  supplement  p r o d u c t i o n  d u r i n g  t h e  f i r s t  
few months of o p c r a t i o n .  

E s t i m a t e s  have been bascd on t h e  assumpt ion t h a t ,  d u r i n g  t h e  f i r s t  
y e a r  of  o p c r a t i o n ,  650,000 t o n s  of  o r e  w i l l  be m i l l e d  and 720,000 a n n u a l l y  
t h c r e ~ f t c r .  Thc f o l l o ~ i i l l g  t a b l c  s c h c d u l c s  p r o d u c t i o n  from t h e  v a r i o u s  p i t s  
i n  accordance  w i t h  t h e  mining seyuencc p r e v i o u s l y  o u t l i n e d .  



ORE AND WASTE PRODUCTION SCHEDULE 

Year - Ore Zone 

P r e p r o d u c t i o n  
L i t t l e  Chief 

1. 

2 .  

3 .  

4 .  

5. 

6. 

7 .  

Ore 

Tiit t le  Chi cf  

-. 
r r c p r o d u c t i o n  

A r c t i c  Chicf 
L i t t l e  Chicf  
i i r c t i c  Chicf 

T o t a l s  & Averages 

P r e p r o d u c t i  on 
War Zagle 
War Eagle  South 

Little Chicf 
l i r c t i c  Chicf 
War Eag l c  

T o t a l s  & Avarages 

P r e p r o d u c t i o n  
Cowlcy Park  

War Eagle  
War E ~ . g l e  South 

T o t a l s  S! 1;vcrages 

P r e p r o d u c t i o n  
Ke cwenaw 

War Eagle  
!Jar Eagle South  
Cowley ? a r k  

T o t a l s  6 Averages 

P r e p r o d u c t i o n  
Bes t  Chancc 

Cow l e y  Park 
Kwwenaw 

T o t a l s  & i 'ivcrages 

Cow l e y  Park  
Keewenaw 
Best  Chance 

T o t a l s  h Averages 

Orc Gradc 
Tons 7, Cu. 

70,000 * 1 . 2 5  

remaining a f t e r  s e v z n t h  y e a r  
Best  Chance 52,730 

Vast:. Rock 
Cu. Yds. R a t i o  

Cu.Yds./Ton 

* It i s  assumed t h e  70,000 t o n s  of o r c  mined from t h e  l i t t l e  Chief d u r i n g  
p r e p r o d u c t i o n  w i l l  be m i l l e d  d u r i n g  t h e  f i r s t  y e a r .  



M I N I N G  OPERATIONS Con t ' a .  -- 

During t h c  f i r s t  y c a r ,  rnining ~ u s t  be c o n c e n t r a t e d  i n  t h e  n o r t h  cnd 
o f  t h e  L i t t l e  Chicf  pi^ \;tisrc ti12 o-rc o u t c r o s s  a t  t h e  s u r f a c e  o v e r  a s u b s t a n t i a l  
a r e a .  A t  t h e  s o u t h  end t h  or<>  i s  3ver la i .n  by a  s u b s t a n t i a l  t h i c k n e s s  of  was tc  
r o c k  and can o n l y  b l  mined af t i l l -  much cf t h i s  t m t c r i a l  h a s  been r c m o v ~ d .  

The s t r i p p i n g  r a t i o s  r l l l o c a t e d  j n  t h i s  r e p o r t  a r c  such as t o  m a i n t a i n  
f a i r l y  uniform p r o d u c t i o n s  of o r e  and was tc .  The rccomncndcd s c h c d u l c  h a s  t h e  
e f f e c t  of  ex rend ing  p ? . - o d ~ ~ t i o n  f r o n  tll,.: L i t t l e  Chici' z o n ~  i n t o  t h c  t h i r d  y e a r  
as t h e  o r e  ;t, and belt!?, thc 600 l e v e l  can o n l y  bc rnincd e f t c r  p r a c t i c a l l y  a l l  
t h e  wasti! rocl: h a s  bic(2 i - c n c ~ c d .  Unfortunately t h c  h i g h c s t  g r a d e  o r e  l i e s  i n  
t h i s  lower r e g i o n  and can o n l y  be  e x t r a c t e d  d u r i n g  ths las t  s t a g e s  o f  p r o d u c t i o n  
from t h i s  zone. Thc f o l i o w i n g  d e t a  i n c l u d e  rcconncnda t ions  and c o n d i t i o n s  
a p p l y i n g  t o  t h e  proposed mining o p e r a t i o n .  

P r o d u c t i o n  Data 

Ore p r o d u c t i o n  - p e r  y c a r  
- p e r  day 
- s h i t t s  p e r  day 

Working days  p e r  y c a r  
rdorking hours  p e r  ~ c e l :  
O p e r a t i o n  s h i f t s  i:~r!cc?d P e r  Day - - 

2  - pr imary d r i l l s  
7 - 2% cu.  yd. s h o v e l s  - 
Haul i n 8  
General  p i t  n c i n t c n a n c c  
Other  

It i s  proposed t o  n i n e  a t  25 
t h i r d  bench. Berm wid ths  vary  be tvecn  
competency of  t h e  rock .  

i'2OY0OO t o n s  
2, SG0 t o n s  

2 
250 
40 

f o o t  bench i n t e r v a l s  l e a v i n g  berms e v e r y  
20 and 25 f e e t  depending upon t h e  

D i e s e l  powered 2?> c u b i c  ya rd  s h o v c l s ,  zach o p e r a t i n g  on a t h r e e  
s h i f t  b a s i s  a r e  proposcd,  cach u n i t  producing 2,000 t o n s  p e r  s h i f t .  L a r g e r  
u n i t s  would m e t  p r o d a c t i o i ~  requ i rements  b u t  because  o f  t h e  v a r y i n g  h a u l  
l e n g t h s  and n c c c s s i t y  of moving long d i s t a n c e s ,  from p i t  t o  p i t ,  i t  i s  
recommended 2$ c o b i c  yerd u n i t s  be used w i t h  t h e  35 t o n  h a u l i n g  u n i t s .  The 
f o l l o w i n g  advan tages  f a v o r  t h e  choicc  of  t h e  s m a l l c r  s h o v e l  s i z e .  

Lowcr i n i t i a l  c a p i t a l  c x p c n d i t u r e  
Flexibility of o p t r a t i o n  
S t a n c i a r d i z a t i o n  - s m a l l e r  inventory rccluirc mcnt: 
Expense i n  noving l a r g e r  t h a n  2?L c u b i c  ya rd  shove l  
One small u n i t  r e q u i r e d  i n  any c a s c .  

A rubbcr-mounted f r o n t - a n d  loaclcr i s  i n c l u d e d  t o  c l e a n  up s c a t t e r  
r o c k  i n  t h e  p i t s  and v a s t 2  dumps. Th i s  machine i s  nuch f a s t e r  thcln a b u l l d o z e r  
f o r  t h i s  work and i s  a l s o  c a p a b l e  of s u b s t i t u t i n g  f o r  a shovc l  i n  th: e v e n t  o f  
a prolonged breakdown. A s p a r c  l o a d i n g  u n i t  i s  n e c e s s a r y  as t h e  s h o v c l s  a r c  
programmed c l o s e  t o  f u l l  c a p a c i t y .  



M I N I N G  OPERATIONS Cont ' d  . - 

Limi ted  t c ~ t  work h a s  i n d i c a t e d  pr imary d r i l l i n g  n i g h t  bc  done 
e f  f  c c t i v e l y  v i t h  r o t a r y  macl~ines .  I n  t h ~ .  a b s c n c ~  of conclusive d a t a ,  however, 
t h c s c  z s t i m a t c s  a r ,  bcscc! on u s i n g  "down-the-hole" p e r c u s s i o n  machines: which 
w i l l  undoubtedly perform t h c  \ J O C ~ .  

Two i l r i l l m s s t c r  type  r i g s  and one c r a w l e r  nountcd d r i l l  a r e  r e q u i r c d  
and w i l l  have srnplc c c p a c i t y  t o  m a i n t a i n  p roduc t iun .  There  will be numcrous 
inovcs of  equipment ~ i e d e  d u r i n g  t h e  mining operations and t h c s c  rnachincs have 
r e a s o n a b l e  f l e x i b i l i t y  and can bc iilcved w i t h  a  iow-boy t r a i l e r  u n i t  t h a t  can 
be  r e n t e d  l o c a l l y .  

Although 2, t o c  dump t r u c k s  arc proposed th roughout ,  c o n s i d e r a t i o n  
shou ld  be g iven  t o  t h e  ~ e q u i s i t i o n  of l a r g e r  u n i t s  c o n s i d e r i n g  t h e  long  o r e  
h a u l s  n c c c s s a r y  af Lcr tlic E i r s t  y c a r  I>,F oplsra t ions .  Some r e d u c t i o n  i n  t h e  
h a u l i n g  c o s t s  can be cxpec tcd  wi th  l a r g e r  u n i t s .  The u n i t s  recommended are 
zquipped w i t h  c-xhaust h e a t ~ d  bod ics .  

MINE CAPITAL EXPEh9ITIJi:EB 

Thc c a p i t a l  q u i p r n c n t  r e q u i r c d  a t  t h e  s t a r t  of  p r o d u c t i o n  i s  l i s t e d  
be lov .  A d d i t i o n a l  equipment t h a t  wi.11 be ncccilsd i s  l i s t e d  dur i i lg  t h e  y e a r  i n  
which t h e  e x p e n d i t u r e  n u s t  be madc. 

C a p i t a l  e x p c n d i t u r c s  f o r  s h i f t c r s '  o f f i c e s ,  powder and f u s e  magazines 
a r c  provided under t h ~  A n c i l l a r y  B u i l d i n g s  s e c t i o n .  P r o v i s i o n  t h e r e i n  h a s  been 
madc f o r  temporary b u i l d i n z s  a t  each  p i t  t o  s c r v c  a s  f i c l d  o f f i c e s ,  lunch  and 
w a i t i n g  rooms and f o r  encrgency r e p a i r  work. An a l l o v a n c c  h a s  a l s o  been made 
i n  t h e  s e c t i o n  on Powcr f o r  electrical i n s t s . l l a t i o n s  t o  t h e  L i t t l e  Chief p i t  
f rom t h e  m i l l  s i t e .  A t  t h e  o t h c r  p i t s  i t  i s  proposed t o  p rov ide  a smal l  
d i e s e l  g e n e r a t o r  t o  s u p p l y  l i g h t i n g  and powcr f o r  n ~ i s c e l l a n ~ o u s  u s e s  t h a t  
might bc 

Nurnbc r 
Required 

2 
I  
2 
2 
1 
1 
5 
1 
1 
1 
1 
4 
1 

D e s c r i p t i o n  

I. R. I ? r i l l n a s t e r s  
Crawler  mounted d r i l l  complzrc 
J a c k l e g  rock  d r i l l s  con, ) lc tc  
2 . 5  c u b i c  ya rd  s h o v c l s  
F r o n t  end l o a d e r  s i z e  $988 
S i z e  i j -  7-E b u i l d o z c r  
35 t o n  t r u c k s  
600 c f n  p o r t a b l e  cornprcssor 
Road gradcr  
rlorkmans bus 
L e r v i c c  t r u c k  
P ick-  up t r u c k s  
15 H.2. pump 
Small t o o l s  and rniscel lancous  

Tons 

39.0 
2.2 
0 .1  

145.0 
30.8 
25.5 

12G.5 
4.0 

12.5 
- 
- 
- 
9.1  
0 .4  

388.1 

Total. 

T o t a l s  



M I N E  CAPITAL EXPENDITURES C o n  t ' d . 

Number 
Rcqu i rcd  3 c s c r i z L i o n  

. A -  

Brough t  2orr.!nrd 
F r e i g h t  335.1. ton;  Q $8O.OO/ t o n  

T o t a l  0 . 0 . 3 .  M i n n s i t c  
Con t ingency  and Enginacr ine ;  @ 5'1, 

ADilITIONAL EQUIPPENT REQUIRED 

Tons T o t a l  

Number 
Kcqu i red  D e s c r i p t i o n  Tons 

SECOND YEAR 

1 S e r v i c e  t r u c k  - s 
1 Pi.ck- up  t r u c k  - 
1 30 IW DicscL g c n c r c t o r  i. 5 
1 s c t  o f  o r a d i o  i.is t a l l a t i o n s  f o r  t r u c k s  0 . 2 5  

T o t a l s  
7.7 

1 . 7 5  $ 
c r c i g h t  1 .75  t o n s  @ $80 .00 / ton  

T o t a l  F . O . B .  ; ! i ncs i t ,  
Con t ingcncy  and E n g i n c a r i n g  Q 57, 

TOTAL - SECOhi) ilEAR $ 

TtIIW YEAR .- 

1 35 t o n  trucl.; 25.7 $ 
30 K . 2 .  g c n c r c t o r  1.5 

T o t a l s  27 .2  $ 
Freight 2 7 . 2  t o n s  @ $8G.C)O/ton 

T o t a l  F.O,ES. Xi .nes i tc  
Con t ingcncy  & Z n g i n c c r i n g  @ 5% 

TOTAL TIIIZD YEAR 

FOURTH YEAR - 
3 35  t o n  t r u c k s  7'7.1 $ 

F r e i g h t  77.1  t o n s  Q $ 3 0 . 0 0 / t o n  

T o t a l  V,C.E. 1- ; ines i t c  
Con t ingcncy  & E n g i n e e r i n g  @ 5% 

TOTAL FOURTY WYER $ 

T o t a l  

7 , 5 0 0  
3 ,000 
5 ,947  
4 , 5 9 5  

21,042 
140 

21,182 
1 ,059  

22,  24.1 

87 ,852  
5 ,947  

43 ,799 
2 ,176 

9 5 , 9 7 5  
4,799 

100 ,774  

263,556 

6 ,168  

269,724 
13 ,486  

283,210 



MINE OPERATING COSTS 

Fol iowing i s  L sumrr'ary 02 t h e  e s t i m a t e d  m i ~ i c  o p e r a t i n g  c o s t s .  

SUXUilY C)F ESTIPIATED i4II:E OPERATI!IIiXOSTS 

Cost  P e r  Ton Mi l l ed  

Year F i r s t  Second Th i rd  F o u r t h  F i f t h  S i x t h  Seven th  
- 

Primary D r i l i i n g  
$0.140 $0.130 $0.102 $0.104 $0.100 $0,078 $0.077 

Pr imary  B l a s t i n g  
0 ,223  0.292 C. 220 0 . 2 2 3  0.208 0.151 3.150 

Secondary & blisc. 
Break in2  0.074 0.067 0.067 0.067 0.067 0.067 0.067 

Shovel Loading 0.238 0.275 0.203 0.1.95 0.187 0.132 0.132 

Hau l ing  0.383 0.391 0.457 0.727 0.829 0.769 0.623 

!,line Msinten-  
ance  0.110 0 ,100  0.100 0 .  200 0.100 0.100 0.100 

Misce l l aneous  
I l ine Expense 0.126 0.153 0.168 0.168 0.168 0.168 0.168 

Ore S t o c k p i l e  
t o  Crusher  0.062 0.056 3.056 0.056 0.056 0.056 0.056 

T o t a l s  ijer 
Ton > l i i l e d  $1.516 $1.464 $1.373 $1.637 $1.715 $1.521 $10378 

Explana to ry  Notes : 

i .  These Cos t s  do n o t  i n c l u d c  rep lacement  of equipment n o r  d e r r e c i a t i o n  
a 1  lowances. 

2. The f i r s t  y e a r  i s  computed on t h e  b a s i s  05 m i l l i n g  650,000 t o n s ,  subsequen t  
y e a r s  a t  720,000 t o n s .  

3. C o s t s  f o r  each  y e a r  v a r y  w i t h  t h e  i n d i v i d u a l  p i t s  and t h e i r  l o c a t i o n s .  

4. fi con t ingency  of i0X h a s  been i n c l u d e d  on a l l  c o s t s  t o  a l l o w  f o r  remote 
l o c a t i o n  and s e v e r e  w i n t e r  c o n d i t i o n s .  

5. C o s t s  have been bcsed on p r e s e n t  day  p r i c e s  f o r  m a t e r i a l  and l a b o u r  rates 
expec ted  t o  a p p l y  i n  1966. No a l lowance  h a s  been made f o r  e s c a l a t i o n  i n  
c o s t s  n c r  Lor s l i c l l t l y  lower c o s t s  d u r i n g  t h e  ea . r ly  y e a r s  when t h e  maint- 
enance w i l l  be  lower.  



MINE OPERATING COSTS Cont 'd .  

PRIF'lkKY JRILLIIVC; 

Data -- 

D r i l l  P a t t e r n  - Burden - f e e t  
Spacing, - f e e t  

He igh t  of  Sench - Eec t  

S u b - d r i l l i n g  i n  X 

Net Cubic. Yards p e r  Hole 

D r i l l i n g  Speed - f e e t  p e r  hour  

P r o d u c t i o n  D r i l l i n g  
I .  i<cquirener; ts  Requirements 

Year Tons/ lay Hoiirs IDhy 
Ore - Pias tc 

Ore -- Waste -- 

1. 2 15  
1 4  16 

O p e r a t i n g  Cos t s  

C o s t s  p e r  Nour 

Fue l  5 g a l / h r .  @ $0.27 
L u b r i c a n t s  
I fa in tenance 
B i t s  and r o d s  
Labour 

Contingency @ 107: 

d r i l l  S h i f t s  
Required 
P e r  Day 

T o t a l  



NINE OPERATING COSTS Cont'cl. - 

PRII4ARY S X I L L I N G  Con? Id. 

O p e r a t i n g  Costs C o n t f d .  

Zone 

L i t t l e  Chief 

A r c t i c  Chie? 

d a r  Eagle. 

Cowley Park  

Keewenaw 

Net t o n s  p e r  hour  
O re 

B e s t  Chance 377 

Summary 02 Pr imary D r i l l i n g  C o s t s  

Year Cos t  p e r  Year 

F i r s t  $ 91,160 

Second 93,800 

Th i rd  73,500 

F o u r t h  75,090 

F i Z t h  73,310 

S i x t h  56, C30 

Seventh  55,840 

Data 
Ore - 

Pounds of  c x p l o s i v c  pcr n c t  cu. yd.  1.0 
Pounds of e x p l o s i v e  p e r  h o l e  

Hydroinex 40 
id-FU 11 's 

Pounds of e x p l o s i v e  p e r  h o l e  b l a s t e d  156 

Cost  p e r  ton -- 
O rc ilas t e  - 

Cos t  p e r  t o n  m i l l e d  

$0,140 

0.130 

0.102 

0.104 

3. lOC) 

0.0'78 

0.077 



Upel-.-atin[: Costs  

M a t e r i a l s  per  h o l c  
40 l b s .  oC Hydror.iex @ 23.89/cwt. 

116 l b s .  of 'dl-FG 9 $0.083/13. 
55 ! bs .  of Kydrorne:: Cd $25.89lcwt.  

167 I b s .  of L,N-FO @ $0.0R9/lb. 
Prir,ler, f u s e ,  i i n c r ,  cap  and w i r e  

Contingency @ 10% 

T o t a l  m a t e r i a l  p e r  h o l e  

Labour 
Cost  pe r  day 
Cost p e r  t o n  broken 

Zone - 

L i t t l e  Chief 

A r c t i c  Chief 

:Jar Eagle  

Cowl cy Park 

B e s t  Chance 

$ 8S.48 
0. OOG 

Ore - : d m  t c  

Net t o n s  per h o l c -  Cost p e r  t o n  
Grc - \/as t c  -- Ore .- iJa s t e 

Summary oi Primcry B l a s t i n g  Cos t s  

Year - Cost  p e r  y e a r  

F i r s t  $209,930 

Second 210,253 

Third  157,310 

F o u r t h  1.56,930 

F i f  t11 149,900 

S i x t h  108,420 

Seventh  107,880 

Cost p e r  ton  m i l l e d  

$0.323 

0.292 

3.220 

0.220 

0.208 

3.151 

0.150 



HINE OPERATINS COSTS Con t ' d  . 

P c r  I!our P e r  Year 
M a t e r i a l s  

Crawler mountccl d r i l l  
Rods, b i t s ,  h o s e s ,  c t c .  
Cost  p e r  f o o t  d r i l l e d  $D. LO 
Cost  ar. 25  f e c t  p c r  hour  $5.00 
Repa i r s  1 . 2 2  6.32 

Compressor o p e r a t i o n  
Fuc l  - 6 g a l .  / h r .  Q $0.27 
L u b r i c a n t  and r c p a i r s  

Explosives 
Lissumc G/75#/ t o n  
( i n c l u d e s  f u s e ,  caps  & r A s c c l l a n e o u s  b l a s t i n g )  
@ $0.34 ? e r  l b .  f o r  94 lbs . / l ; r .  23.97 

T o t a l  m a t e r i a l  Lor 1000 h r s . / y r .  $3?-. 34 $32,340 

Labour 

To t z l  
Contingency @ lC;z 

T o t a l  Secondary and Misccl  l aneous  Break ing  $48,202 

Cos t  p e r  t o n  m i l l c d  - f i r s t  y c i r  
- subscqucn t  y e a r s  

Data -- 

Tv7o 2% c u b i c  yard  d i e s e l  powcrcil s h o v c ? ~  
P r o d u c t i o n  p c r  S hour  s h i f t  2,000 t o n s  
P r o d u c t i o n  p e r  day  on 2 s h i f t s  p e r  mnchinc: 4,300 t o n s  
P r o d u c t i o n  p e r  LcLy on 3 s h i f t s  5,430 t o n s  
T o t a l  a v a i l e b l e  c a p a c i t y  p c r  day 10,800 t o n s  
T o t a l  a v a i l a b l e  c a p a c i t y  p c r  y e a r  2,700,000 t o n s  



MINE OPER;,TING COSTS Cont 'd .  

SIIG'JEL LO;~i>ISG Con? ' d . -. 

O p e r a t i n g  Cost  

F u e l  6.25 g n l i o n s  p c r  hour @ $3.27 
O i l  and g r e a s e  
Shovel t cd t l i  
y - .  \ , / I r e  rope  and r , ~ i s c e l l a n c o u s  
I'1ainte:lunce 

Contingency 3 108 

T o t a l  f o r  s i x  s h i f t s  @ 6.67 hours  p e r  s h i f t  

Labour 

T o t a l  S l ~ o v c l  Lo-l,di.n~ 

Cost  per  t o n  Loaded 

Summary o f  Shovel O p e r a t i n g  C o s t s  

D a i l y  P r o d u c t i o n  D a i l y  
Year Rzqu i red  Tons- Flachinc 

Ore 1 7 s  LC -- S h i f t s  

F i r s t  2380 7 9 5 5  6 

Second 288Q 7 1-3 40 6 

Th i r cl 2830 7 8 4 0  5 

F o u r t h  2880 7 8 4 0  6 

F i f t h  288Q 5047 4 

2880 2695 "- , S i x t h  A _ 

Seventh  288il 2233 *$Y 2 

* 6 t h  y e a r  - tl;L~-d s h i f t  r c q u l r c d  f o r  9.5 
* 7 t h  yea]- - t h i r d  s h i f t  r e q u i r e d  f o r  6 .5  

P e r  Hour, P e r  Year 

mo n Lli s 
rionths 



MINE OPERATING COSTS Cont ' d  . 
HAUL I NG 

Data  

F i r s t -  Yecr 
Recommend 35 t o n  r c a r  dump t r u c k s  
' .~veragc locd  - 32 ton:; 
Three s h i f t  o p e r a t i o n  to s c r v i c c  shove l  u i l i t s  
D!ilmbcr 05 t r u c k s  rr.quir,?d [ t  

Spare  t r u c k  r e q u i r e d  - ,1 
T o t a l  r e q u i r e d ,  y c n r s  1 h 2 5 
, ' , dd i t io i~n l  r c q u i r a x z l t s  sllcji!il i i ?  'iri'ol~: 01.3 pa{;c 2- 1 0  
m lrucl: requiremeatr ,  based on 50 minutc hour  and 85X t t r c k / s i l o v o l  

e f f i c i e n c y  
For  y e a r s  2 t o  7 ,  ilumber of trliclcs i n c l u d e  ~ ~ q u i r c r i ~ ~ n t ~  Lor p re -  

p r o d u c t i o n  ? ~ o r k  b u t  o p e r a t i n g  cost:; ;or t h i s  work a r c  i n c l u d d  
under  Preproduction Expenses 

O p e r a t i n g  Cost  p c r  i!our p e r  Truck 

N a t e r i a l s  S S u p p l i e s  
Fue l  8 g a l l o n s  p c r  hour  B $0.27 
T i r c  rci210cement 
r.7 l i r c  r ~ p a i - s  
R e p a i r s  :rm.terials 
L u b r i c a n t s  

T o t a l  M a t e r i a l s  

Labour 

Contingency @ 107; 

Sunmary of  l i au i ing  O p s r a t i n g  Cos t s  

Ysar 

F i r s t  

3econd 

Th i rd  

F o u r t h  

F i E t h  

S i x t h  

Sevcnth  

Numbcr of 
Truc2.s Required, 

r 
-, 

5 

6 

9 

3 

iC: 

7 



B u l l d o z e r  

F u e l  and uatcri:.il @ $2. .24 p e r  hour  
f o r  1 s h i f t  opcrc t ioxl  @ 5.67 h o u r s  
pcr  s h i f t  

L:,bour 

T o t a l  E u l l d o z ~ r  

F u c l  and n m t e r i a l  2 $2.57 p e r  hour  
f o r  1 s h i T t  o p c r 2 t i o n  @ 5.57 h o u r s  
p e r  s h i f t  

Labour 

T o t a l  Gradar  

F r o n t  End Loadcr 

Fuc l  and m a t c r i a i  @ $8.33 p c r  hour  
f o r  1 s h i f t  o p e r a t i o n  @ 6.67 h o u r s  
p e r  s h i f t  $ 14,591 

Labour 15,820 

Totcil F r o n t  E i ~ d  Loader !j 30,711 

S c a l i n g  and rn i sce l l aneou :~  $ 5,400 

T o t a l  
Contingency @ 10% 

T o t a l  Mine t l a in tcnancc  . . $ 71,777 

Cost  p e r  t o n  n i l l c c l  - f i r s t  y e a r  
- s u b s e q u m t  y e a r s  



MINE OPERL"LTING COSTS Cont 'd .  

1~IISCELL;JEOUS I.IT.NE EXPENSE 

P e r  Year 

S e r v i c e  Truck 
F u e l  and m a t e r i a l s  
Labour 

T o t a l  S c r v i c c  Truck 

P i c k -  up Truck 
F u e l  and m a t e r i a l s  
Labour 

T o t a l  P ick-up  Truck 

T r a n s p o r t a t i o n  - Men and Equipment 
F u e l  and m a t e r i a l s  
Labour - i n c l u d e d  e l sewhere  

T o t a l  T r a n s p o r t a t i o n  

Pumping and Wisce l l aneous  

S u p e r v i s i o n  
M a t e r i a l  
2 pic:<- up t r u c k s  
Labour 

T o t a l  S u p e r v i s i o n  

i ~ l i s c e l l a n c o u s  Garage and S c r v i c e s  
i h t e r i a l  
Labour 

T o t a l  Miscellaneous Gcrage and S e r v i c e s  $ 9 ,200  

T o t a l  
Contingency @ 10% 

T o t a l  Misce l l aneous  Mine Expense . . $ 8 1 , 9 1 3  

Cost  p e r  t o n  m i l l c d  - f i r s t  y e a r  
- second y c a r  
- subsequent y e z r s  

$0.126 
$0.153 
S O .  168 



POSSIBLE UNDERGROUND DEVELOPMENT 

L i t t l c  Chief Gre Zonc 

Dccp d r i l l i n g  i r  t-hc L i t t l c  Chic E Ore Zonc on S e c t i o n s  2+50S, 3'-OOS, 
and 4+00S i n d i c a t e  t h a t  t h c  o r e  zone below t h c  p i t  f l o o r  cou ld  be of P. s i z e  

On  S e c t i o n  
200 f e t t ,  

and g r a d c  t o  c o n s i d e r  an  unJcrgrounc1 mining o p e r a t i o n  i n  t h i s  a r e a .  
3+00S good velucs p e r s i s t :  i n  diamond d r i l l  h o l e s  nurnbcr 64 and 65 t o  
o r  400 f c e t  below t h c  p i t  f l o o r .  

I n  t h e  g e o l o g i c a l  :;rcti.on of t h i s  r e p o r t ,  D r .  Slccrl h a s  i 
t h e  r e s u l t s  obtairtc:d on thi: drawing t h e  3-:-005 s e c t i - o n .  

Mor2 diamond d r i l l i n g  w i l l  havc t o  be  don^ t o  d e l i n e a t e  t hc o r e  anc! 
t o  determine t o n s  and g r a d e  b e f o r e  s e r i o u s  c o n s i d c r n t i o n  can bc g i v e n  t o  mining 
underground.  

To s c r v c  a s  a  rcugh g u i d c  f o r  t h i s  p o s s i b i l i t y ,  t h e  f o l l o w i n g  e s t i m a t e  
of t h e  c o s t  of equipment ,  dcvclopmcnt and  p r e p a r e t i o n  work t o  s u s t a i n  an 
underground mining operation, i s  i n c l u d e d .  I n  a d d i t i o n  an c s t i m a t c d  mining c o s t ,  
based on what cou ld  bc a  comparable s i t u a t i o n ,  i s  shown. 

Thc mining c o s t s  used a r c  d i r e c t  underground c c s t s  and i n c l u d e  o n l y  t h e  
c o s t  of  p l a c i n g  the  o r e  i n  t h c  o r e  b i n  a t  t h e  s h a f t ,  No ovcrhcad o r  2 .dminis t ra t -  
i o n  c o s t s  a r e  included. 

Mining 

Means of E n t r y  

I t  i s  reasonable t o  c o n s i d e r  s i n k i n g  a s h a f t  from t h e  p i t  f l o o r .  
The b e s t  o r c  i s  i n  S e c t i o n s  3-L-00S and 3150s and t h e r e  i s  no t  enough room on t h e  
p i t  f l o o r  t o  s i n k  t o o  c l o s e  t o  t h e s e  two s e c t i o n s .  The  remaining p i t  f l o o r  
c l imbs  50 f e e t  t o  t h c  650 f o o t  e l e v a t i o n .  F u t u r e  work may make t h i s  approach  
i m p r a c t i c a b l e  becauc;t- of o r e  c x t c n s i o n s ,  howcver f o r  t h e  t ime  b t i n g ,  t h e  s h a f t  
w i l l  bc c o n s i d e r e d  as l o c a t c d  9-t 1+53S and 2-k00E w i t h  t h e  c o l l a r  a t  650 f o o t  
elevation. 

S i z c  of S h a f t  

11s t h e  economics of the. underground mining w i l l  depend on t h c  g r a d c  of 
o r c  and t h e  tonnage h o i s t e d ,  t h e  s h r f t  shou ld  bc l a r g e  enough t o  h o i s t  1000 t o  
1800 t o n s  of o r e  p e r  day and t o  s c r v i c e  t h e  minc.  Minimum requ i rements  would 
p robab ly  bc a t h r e e  compartment s h a f t  w i t h  compartments 6 f e c t  by 5 f e c t  6 i n c h ~ s .  
T h i s  would mean an o v ~ r a l l  s i z e  o u t s i d e  of t imber  of 20 f e c t  6 i n c h c s  by 9 f e e t  
6 i n c h c s .  

Three  l e v e l s  would bc d r i v c n  a t  t h c  450 f o o t .  300 f o o t  and 150 f o o t  
h o r i z o n s .  To a l l o w  f o r  a load ing  p o c k e t ,  s p i l l  pocke t  and sumps t h c  minimum 
l e n g t h  of t h e  s h a f t  would be 675 f c c t .  



POSSIBLE UNDERGROUND DEVELCPMEN'T Con t ' d .  

Mine D e v e l o p m - t  

I f  S e c t i o n  3-1-00s wri3 ~ R I C C I I  as t h e  c c n t e r  of  t h e  o r e  and  thc' s h a f t  i s  
l o c a t c d  a t  1+50S,  d r i f t s  a l o n g  t h e  o r e  zone wcxld be 300 f e e t  l o n g .  C r o s s  c u t s  
f rom t h c  d r i f t s  t o  t h c  o r e  zonc v o u l d  bc. protft!bl.y 75  f ~ e t  i n  lcngtlh.  

A s t u d y  o f  S e c t i o n  3+00S w i t h  t h r  s u g g c s t c d  w i d t h  end  t h c  f l s t  d i p ,  
s u g g e s t s  t h z t  t h e  o r e  c o u l d  be s t o p c d  t r ansvc r sc1 .y  l e a v i n g  a numbzr of b u t t r e s s  
p i l l a r s  a g z i n s t  t h e  heng ing  wall - p a r t i c u l a r l y  from t h e  500 f o o t  h o r i z o n  do\>jn 'ihc 
d i p .  

Preparation - 

Scram d r l f t s  c o u l d  bc d r i v c n  abol-c t h e  h a u i a g c  l c - v d s  and  t h c  o r e  
s c r a p d  t o  onc c h u t e  l o c a t c d  n c a r  t h d  f o o t \ j n l l  s i d e .  Miniil,: would r e t r e a t  f rom 
t h e  hang ing  w a l l  tovi?rd t h e  E o o t w a l l .  

Sub d r i f t s  d r i v e n  o f f  raises a t  45 f r e t  nbovc t h c  l e v r l  rmuld  s c r v c  as 
s i l l  d r i f t s  and  d r i l l i n g  c o u l d  bc donc. from t h i s  s u b  a n d  from one p l a c c d  60 f c z t  
above  t h c  s i l l .  

Break ing  c o u l d  bc done by l o n g  h o l e  m a c h i n t s  d r t l l i n g  f rom t h e  s i l l  
e l c v a r i o n  and  t h c  s u b  l e v e l  60 f c e t  above .  S t o p c s  w i d t h s  w i t h  t w c  w a l l s  i n  o r e ,  
c o u l d  bc  50 f e e t  and  p i l l a r s  bctsqccn s t o p c s  30 f c c t  w i d c .  Combined 17ith t h e  l o s s  
i n  s i l l  p i l l a r s  and  scram d r i f t s  t h e  o v e r a l l  e x t r a c t i o n  would n o t  bc more t h a n  
65% of  t h C  o r e .  

Because o t  t h c  irregularities i n  t h e  L i t t l e  Chicf  Ore Zone shown t o  d e t c ,  
t r a n s v c r s c  s t o p i n g  would r c t a r d  d i l u t i o n .  The f i n a l  d e c i s i o n  ~s t o  c h o i c c  of  
mining  mcthod w i l l  have  t o  w a i t  f o r  t h c  r c s u l t s  of d c t a i l c d  d r i l l  a s s c s s m ~ n t .  

The c o s t  of e n  unde rg round  :n in ing  pian s u c h  a s  thi: above  would 
p r o b a b l y  bc 'qs f o l l o w s :  

Equipment 
S h a f t  i n c l u d i n g  head  f  rarnt:, p o c k e t s  , s t a t i o n s ,  ~ t c .  
Devciopmcnt 
P r e p a r a t i o n  
Underground E ; c a v a t i o ~ s  
Underground 1 n s t a l l z . t i o n s  
M i s c e l l c n c o u s  Mine Txpcnse 
S e r v i c e s  

T o t a l  
Cont ingency @ 102  

T o t a l  a l l  P r c - p r o d u c t i o n  C o s t s  

Estimated Mining C o s t s  F e r  Ton 
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METALLURGY 

l n t r o d u c t  ion  

The m e t a l l u r g i c a l  f l owsheet  was developed from tes two rk  c a r r i e d  o u t  on 
d r i l l  co re  composite samples f ro11  each o f  t h e  s i x  o r e  bodies. T h i s  t es two rk  i s  
r epo r ted  from t h e  l a b o r a t o r i e s  concerned as f o l l ows : -  

( 3 )  

The 

B r i  t t o n  Research Laborator ies,  Vancouver. 

Concent ra t ion  Tes ts  on Samp l  es of  Copper- l ron  Ore 
( A r c t i c  Ch ie f )  (24/10/63). 

Tests  on Composite Sample from Best  Chance Ore body 
(2/1/64).  

I nd i ca ted  Resu l ts  f rom T r e a t i n g  Ore f rom t h e  L i t t l e  
Ch i ef Ore body ( 15/5/65] . 
Progress Repor t  No. 5, War Eagle ( 16/7/65). 

Progress Report  No. 6, Keewenaw, ( 16/7/65] . 
Progress Repor t  No. 7, Cowley Park, ( 2 0 / 9 / 6 5 ) .  

Sumitomo Metal M in ing  Co. Ltd., Tokyo. 

( a )  Testwork cn  L i t t l e  Ch ie f ,  A r c t i c  Chief  and Bes t  Chance, 
(5 /12/65) .  

( b )  Testwork on War Eagls  and Cowley Park, (5/12/64).  

( c )  Testwork on Keewenaw, (5/12/64).  

Department of Mines and Technica l  Surveys, Ottawa. 

( a )  L e t t e r  26/5/65 - L i t t l e  Chief  Testwork. 

( b )  L e t t e r  27/11/65- L i t t l e  Chiaf  Testwork.  

p rev ious  feas i b  i 1 i t y  r e p o r t  was concerned w i t h  t h e  recovery o f  
copper, i r o n  and assoc ia t sd  g o l d  and s i l v a r  va lues  from t h e  A r c t i c  Chief ,  L i t t l e  
Chief  and Best  Chance o r e  bodies. The terms o f  re fe rence  f o r  t h e  p resen t  r e p o r t  
exc lude t h e  recovery o f  i r o n  b u t  t h e  p rev ious  t es two rk  f o r  recovery o f  copper 
values i s  s t i l l  v a l i d .  No t es two rk  f c r  i r o n  recovery was c a r r i e d  o u t  on t h e  
Cowley Park, Keewenaw and War Eagle o r e  bodies.  P r e l i m i n a r y  t es two rk  has been 
performed on t h e  concen t ra t i on  o f  molybdeni te  which i s  expected t o  be economi- 
ca l l y recoverab le  from t h e  Caw ley Park o r e  body. 



Conclusions 

The o r e  from t h e  s i x  depos i t s  has s i m i l a r  g r i n d i n g  and metal  l u r g i c a l  
c h a r a c t e r i s t i c s  and t h e  copper, g o l d  and s i l v e r  va lues can be r e a d i l y  concen- 
t r a t e d  by f l o t a t i o n  o f  t h e  coppzr su lph ides .  The grade o f  t h e  copper concen t ra te  
producea i s  ma in ly  dependent on t h c  born i  t e  con ten t  o f  t h e  o r e  be ing  t r e a t e d  b u t  
i s  expected t o  average about 35% copFer d t  an average recovery  o f  85%. The grade 

w i  l l probably  range between 28 and 455 copper a t  recoveries between 76% and 95%. 
Gold r ecove r i es  w i l l  rzngs between 30 and 85% a l thoug l l  t h i s  i s  d i f f i c u l t  t o  p r e d i c t  
from . testwork due 1-0 t l i a  sindl l  concen t ra t  ions prcssni- .  S i l v z r  r ecove r i es  w i  ! l 
range between 69 and 90%. 

The copper i s  m i n c r a l i z a d  as t h e  su lph ides ,  c h d l c o p y r i t e ,  b o r n i t e  and 
c h a l c o c i t e  and major  o x i d a t i o n  has occur red  o n l y  i n  t h e  Keewenaw o r e  body where 
c h r y s o c o l l a  and s l i t t l e  m a l s c h i t c  account f o r  20% ~ j f  t h e  t o t a l  copper. At tempts  
t o  f  l o a t  t h e  OX i dss werc U ~ ~ S U C C O S S ~  u I  . 

P r e l i m i n a r y  molybdani te  f l o t a t i c n  t e s t s  on t h e  Cowley Park  o r e  i n d i c a t e d  
t h a t  65% o f  t h e  MoS2 can be recovered i n  a  c o n c c n t r a t z  g rad ing  90% MoS2 F u r t h e r  
t e s t w o r k  i s  r e q u i r e d  t o  develop a f l owshee t .  

Testwork i n d i c a t e s  a  power requi rement  f o r  t h e  p r imary  g r i n d i n g  v a r y i n g  
between 10.3 and 11.7 kwh/ion. A l though t h e  work index v a r i e s  between 12.0 and 
15.0, t h i s  v a r i a t i o n  i s  compensated by t h e  d i f f e r i n g  mesh o f  g r i n d s  r e q u i r e d  
(50 t o  70% - 200 mesh). V a r i a t i o n s  i n  t h e  work index o f  up t o  1.0 kwh/ton were 
recorded from separate  composite samples f rom t h e  same ore  body w i t h i n  t h e  range 
12.0 t o  15.0, and i t  i s  though t  t h a t  i n  ac tua l  p l a n t  p r a c t i c e  ad justments  t o  t h e  
m i l l  ope ra t i on ,  such as a l t e r a t i o n  o f  r od  and b a l l  load, w i l l  a l l o w  s u f f i c i e n t  
g r i n d i n g  c o n t r o l .  

The proposed smo l t e r  schedule as expected, con f i rms  t h e  advantage 
o f  a iming f o r  a  h i gh  grade conce i l t ra te  c o n s i s t e n t  w i t h  recovery .  Testwork, p a r t i -  
c u l a r l y  by Sumitomo, on t h e  L i t t l e  Ch ie f  o r e  body (Tes t s  LCNS and LCN5) i n d i c a t e s  
t h a t  r e g r i n d i n g  o f  t h e  copper- rougher concen t ra tes  t o  90% - 200 mesh i n  c o n j u n c t i o n  
w i t h  a gangue depressant w i l  l increase t h e  grade o f  t h e  concen t ra tes  by up t o  10% 
copper. 

Testwork by Sumitomo and t h e  Department o f  Mines checked t h e  use o f  a  
gangue depressant p ? r t i c u l s r l y  on t h e  i i t t l e  Ch ie f  o r e  where t a l c  i s  p resen t .  
L i t t l e  success was repo r t ed  w i t h  sodium s i  l ica-te o r  Aero 6lC b u t  s i g n i f i c a n t  
improvements i n  grade were recorded w i t h  t h e  use o f  quar tec.  I t  i s  expected 
i n  p l a n t  p r a c t i c e  t h a t  qua r t ec  a d d i t i o n s  w i l l  bc c o n f i n e d  t o  t h e  c l e a n i n g  s e c t i o n s  
due t o  t h e  re1 a t i v e l y  h i gh  c o s t  o f  t h e  reagent.  





TABLE I - Summary of  T J S ~  ~ e s u l i s  - C o p p e r .  

ORE BODY 

--- 

A: ct i c Ch i Lf  

B e s t  C h a n c e  

L i t t l e  C h i e f  

War E a a l e  

Keewenaw 

S o w l e y  P a r k  

R t Z  FLCT F I N A L  

SUM ! TOM0 - 

GRADE $ CU CL! S I Z E  
REC FLOT F I NAL 

FEED COTJC. $ FEED COW. 
%-ZOO $325 

DEPT. OF MINES -- 

GRADE % CU CU S I Z E  
REC FLOT F I N A L  

-EED CONC. % FEED CONC. 
9-200 %-325 



TABLE 2 - Summary o f  Tes t  R e s u l t s  - Assoc ia ted M i n e r a l s  

')re Body 

BR l TTON RESEARCH SUM ITOMO DEFT. OF f4 I NES 

i Foe? Rec Feed Pec Feed 8 e c j  Feed Rec Feed Kec 

j Or/Ton $ $?/Ton < $MoS2 $'. 1 Oz/Ton % OZ/TOR $ 
1 I 

-- 

I 
I I 

- I 
A r c t i c  C h i e f  iCl.03 78 0.22 75 

, - / 0.023 

- 0.26 - 

3es f  Chance 0.003 30 0.17 30 I - - I 0.003 - 0.22 - 
I 

L i t - t l e  Ch ie f  10.023 84 0.30 80 - I - 1 0.029 - 0.45 - 

i i 
k'ar Eagle 10.01 65 0.36 88 3.03 - N)O.OOh - 0.51 - 

I S)0.006 - 0.23 - 
I , 

i:.aewenaw 10.03 32 0.27 69 - - j 0.039 - 0.32 - 

Cowl ey Park  i0 .004 55 0.15 70 0.11 6 5 1 0 . 0 0 3  - 0.12 - 
! I 

Feed 2ec' Feed Rez Feed Rec F e 4  Rec 
% WoS? 3 \ @=/Ton Oz/Ton :: lloSi % 

I 



TABLE 3 - BRITTON RESE;,i?CH L/BORATORIES 

LITTLE CHIEF ORE (Second Composite) 

F l o t a t i o n  Resu l ts  
(Der ived from Test  L.C.7) 

Assays D i s t r i b u t i o n  $ 

Weight Au A g Cu A u Ag C u 
No. Produc-r - % Oz/Ton Oz/Ton - % --- - 

I I s t  Cu Concentrat2 
2 2nd Cu Conceni-rate 
3 2nd Cu Cleaner T a i l  
4 1st Cu Cleaner  Ta i  l 
5 Scav. Cu Concentral  e 
6 - F i n a l  T a i l s  --- - 86.20 0.003 0,CS 0.19 12.4 15.2 12.4 
7. Head ( c a l c u l a t e d )  100.00 9.021 0.34 I .35 100.0 100.0 100.0 

.-- Head ( d  i r e c t  ass,~ysJ --- -- 0.026 0.31 1.35 

Ca l cu la ted  Resu l ts  

1 + 2  Comb i ned Cu &ncer ! t ra tes 4.73 - - 22.61 - - 79.0 

2 + 3 2nd Cu Conc. & 2na L leanc r  T a i l  1.52 0.03 0.84 2.63 2.2 3.7 2.9 
I t o  3 Cu Ccnc. a f t e r  I c l e a n i n l  5.65 0.29 4.54 19.19 77.5 75.2 80.1 
I t o  4 Cu rougher Concentrat? 10.29 0.17 2.69 11.14 84.2 81.1 84.8 
I t o  5 Cu rougher S Scav.Concrntrzte 13.80 0.13 2.09 8.59 87.6 83.8 87.6 



TABLE 4 - BPITTON RESEARCH LABORATORIES 

WAR EAGLE ORE 

F l o t a t i o n  Resu l t s  
Tes t  W.E. 5 

No. Product 

Assays D i s t r i b u t i o n  % 

Weight Oz. p e r  Ton =$ I 
% A IJ Ag C I? MO S ,A u Ag Cu MoS 

2 

I F i n s l  C o n c ? ~ t r a t 2  
2 2n:! C" eaner Ta i I i ng 
3 1 s t  ( , leaner Tai!ing 
4 Scavr;r,.;?r Concent r a t e  
5 Scavenser Ta i l i ng 

6 -- Head ( ca l cu l a ted )  ----- lOO.C!O 0.01 + 0.Ar5 1.2A 0.018 100.0 100.0 100.0 ICO.0 

Ca l cu la ted  "suit; -------- - 

1 + 2  C v i ] ~ .  a f t e r l c l e a n i n g  4.11 28.28 93.8 
I t o  3 8ouqher- Cuncent ra te  6.25 18.88 95.2 
I t o  4 Rougher % scsv. -ones. 6.97 0.16 5.30 17.05 0.22 79.6 89.0 95.9 84.3 
2 t o  4 M idd l  i t q s  3.81 0.12 C.70 1 .41 0.17 33. f1 5.9 4.4 36.4 

A d d i t i o n a l  assays oc f i n a l  concen t ra te :  --- Fe 19.58%, S i02  9.72$, CaO 3.77%, Mg0 1.23%, 
AI2o3 1.70%, S 27.32%. 



TABLE 5 - BRlTTON t?ESEAF\C;i LAEYIRATORIES 

CGWLEY PARK ORE - 

F l o t a t i o n  Resu l ts  
Test C.P. 3 

Weight ~ ~ S S S Y S  D i s t r i b u t i o n  $ 
Oz. per Ton 

P 
% 

No. Product  ararns A fiu 113 c u ~:OS A u c u MOS? 
-- 

----- -- - 

I MoS;, C o n c s n t r ~ t e  1.46 C1.337 0.47% 95.53 - 30.4 
2 " '- Mi cidl i r ~ g  1.13 0.030 2.94% 81 .45) 0.1 21.1 
3 2nd ;hi Concent ra f  e 4.09 0.132) 0.10 4.9 25.95% 13.03) 51 .? 67.7 3.0 I I .4 
4 I s t  C u  Concait ' rate -78.6 1 .967 37.59 0.48 80.5 8.2 
5 

-. 

3 r d  Ciesnei- i a i  ! i ~ I U  13.2 9.330; 6.065 0.85; 2.1 2.4 
6 2nd C l m h e r  T a i ! i n g  23.8 0.621 1 2.577;. 0.33) 1.7 1.8 
7 1 s t  C lea?or  T a i  I ins 230.0 5.7561 O.QC2* 0.05y 0.86% 0.07) 48.3S 32.3x. 5.4 3.5 
(3 Rougher t a i  I i ng  3t5/+2.6 91.157; 0.07% 0.027) 6.9 21 -2 
9 Cu i n  s 2 i u t i o n  - - 0.12% - - 

- C .  3 - - 

10 -- Head ( (:a I ci! i a-ier! ) --- 3995.93 I0C.OOC 
--. - C1.92$ 0.1 lG lC9.O 100.0 100.0 IO0.O 

-.--. 

i ' 2 i4cS2 Conkc. 8 M i  i n-j 2.64 0.0G7 
3 -+ 4 Conbit-3-1 Cb Loncs. 82.69 2. r169 
I t o  7 + 9 Rougher C o , ~ c n ? f r a t e  353.33 8.843 



TABLE 6 
Comparison o f  G r i nd ing  C h a r a c t e r i s t i c s  and 

Power Requirements 

f i r c t  i c Best L i t t l e  War Keewenaw Cow l ey 
Ch ie f  Chance Ch ie f  Eag l e Park  

M.O.G. $ - 200 Mesh 7n 6 1 05 50 5 5 5 9 -- - 

Rod M i l l  
W i  
F u 
P u 
W Kwh/Ton 
HP f o r  2 W 1  TPD 
hlil I S i z e  

12.1 13.4 l2.P 15.0 14.0 13.C) 
9 >&m 9 ,4nO 9,ftr)O 9 ,4K 9 74G0 9,40(' 
/+ 5 C; 2, 455 25 5 455 455 455 
pr.S3 '?.9C1 4.39 5.49 5.12 4.75 
:94.5 547.7 49C.4 613.1 572.2 531.3 

x 1.21 1 0 '  x 12' 1 0 '  x 12' 1 0 '  x 1 4 '  109 x 1 4 ~  1cP x 1 2 ~  

B a l l  M i l l  
W i  ( a l l o w  1.25 i r c r e a s e )  13.35 lzt.65 13.25 16.35 1 5.25 14.25 
FU 455 455 q55 (155 455 455 
Pu I '-14- 115 I On I Tf' 140 120 
W Kw IT/ Ton 7.05 5.Pi3 7.03 4.84 5.73 6.32 
W f o r  2 0 T  T?? 792.3 759.5 786.4 5-4 1 . 3  6 4  ,3 7Q5.3 
Y i l l  S ize  I ? '  x 14' l P 1 ?  -< 1 ~ 1  10' x 14' ) ~ p f  x I - ) '  I C '  >r 10' 13' x 10' 

'rota I HP 1286 .t3 1307.2 1276.8 1154.3 1212.5 1237.6 
Tcta 1 W Kwh/Ton 11.52 11.70 i I .02 10.33 IC.85 11.07 
TPP t~ M.O.G. on L.C. HP 1 Q83 1952 20i![I 221 1 21 05 2363 



Dasign Data 

Most o f  t h e  des ign da ta  d r c  based on r e s u l t s  o f  t es two rk  f rom t h e  L i t t l e  
Ch ie f  o r e  body. Th i s  i s  t h e  l a r g e s t  o r e  body o f  t h e  s i x  and w i l l  be t h e  f i r s t  
p i t  mined. Cir inding power reaui rcments  a re  c l o s e  t o  t h e  weighted average f o r  
t h e  s i x  are bodies and f l o t a t i c n  c o n d i t i o n s  r c o u i r ~  t h e  ~ax imum c e l l  volume. 

Assumed Assay o f  

Copper I .27? 
Gol d  C .023 oz / ton  
S i  l v e r  0.3 oz / ton  

Est imated Grin- Power 

Pr imary rod  and b a l l  m i l l i n g  11.3 
(Feed s i z e  5/8 i n . )  

Copper concen t ra te  r e g r i n d i n g  1.5  

Tota 1 12.9 KWH/-tcp 

Work index o f  org: - W i  = 12 KWH/t(.n 

S p e c i f i c  qravi-ky o f  o re :  - 3.4 





Assav o f  Concent ra tes - Cont 'd .  

Spec t rograph ic  A n z l y s i s  

P.lumina (AI3Oj) 
Antimony (~6)' 
Arsen ic  (As) 
Barium (Ba) 
Bery l  l  i u r  (Be) 
Bismuth ( B i  1 
Boron (8) 
Cadni i urn (Cd  
Ca I  c  i utnox i c!e ( CaC 
Ct-,rorni um (C r )  
Coba l t  (Cc) 
Gal I  ium (Gal 
i ead  (Pb) 
Magnesiumoxide (MgO) 
Manganese (Mn) 
Mo lybden i te  (Nos2) 
Niobium ( N b )  
Nicke l  ( N i )  
S t r o n t i  urn ( S r )  
Tantalum (Ta) 
T i n  (Sn?  
T i tan iumox ide  ( T i 0 2 )  
Tungsten (W) 
Vanadium ( V )  
Z i n c  ( Z n i  
Z i rcon ium ( Z r )  

0.5% 
Ni I 
Ni I  
Trace 
Ni  I 
Ni I 
0.0022 
Ni I  
5$ 
Trace 
O.OOIS;;/, 
Ni I 
0.04% 
15$ 
c . r$  
9.03% 
Ni  I  
@.GI$ 
Trace 
Ni  I  
Trace 
0.3% 
Ni I  
0.02% 
0. I $  
Ni  l  

C o n d i t i o n i n g  and F lo ta t - i on  Contact  Per iods  and Percent  Sol i d s  - 

R e t 2 n t i o n  Time Percent  Sol i d s  
M i  nutos (approx.  

C o n d i t i o n e r  (be fo re  
rougher  i l o t a t  i on )  

Rougher f l o t a t i o n  
Scavenger f l o t s t  i o n  
Cleaner  f l o t a t i o n  
Recleaner F I o i a t  i o n  
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HOPPER 

200 TPH 

STATIONARY GRIZZLY 

42 * X ~ ~ ' J A W  CRUSHER 

- 
1-5' 

I 

SCREEN 

2000 TON STOCKPILE 

2 VIBRATORY FEEDERS 

No.3, &'CWYEYOR 2 2 0 ' ~ ~ .  

~ / Z ' R O D  DECK SCREEN. I 

1 5 H CONE ,CKUSHER I 

.6 
'OR 

112 TUEE FEEPEKS I 

12'4 -14' E A L  L M/L L + 
/ 89x8' CONDITIONER I L 

ROUGHERS 2 BANKS 3F I2 -5Ocu Ft CELLS 

SCAVENGERS 2 BANUS 



AND CONCENTIViTE MOVEMENT 

SECTION IV 
SITE DEVELOPMENT, ROADS AND CONCENTRATE MOVEMENT 
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SECTION V 
PdYCI L M R Y  B U I  LDINGS 

SECTION V 
ANCI LJARY BUILDINGS 



ANC I LLARY BU l LD l NGS 

General 

General comments regard ing  Anci l  l a r y  B u i l d i n g s  made i n  t h e  i n i t i a l  
r e p o r t  s t i  l  l  stand. However t h e r e  has been a steep upwarc t r e n d  i n  tendered 
p r i c e s  l a t e l y  which cannot be j u s t i f i e d  s o l e l y  by known inc reases in  labour  
r a t e s  and p r i c e s  o f  m a t e r i a l s .  The b u i l d i n g s  t h e r e f o r e  have been re-est imated 
a t  c u r r e n t  u n i t  p r i c e s  f o r  t h e  same c l a s s  o f  work i n  d i s t r i c t s  of  s i m i l a r  
l oca t  ion. 

The m i l l  s i t e  i s  c l o s e  enough t o  Whitehorse t h a t  no p r o v i s i o n  need 
be made f o r  housing a t  t h e  s i t e .  

The r e p a i r  shops o f  t h e  White Pass and Yukon Route i n  Whitehorse 
may be r e  l  i e d  on as a base f o r  major  equ ipment repa i r s .  For  t h  i s reason, an 
e l a b o r a t e l y  equipped machine shop i s  n o t  cons idered necessary-. 

The few necessary b u i l d i n g s  have been desicjned w i t h  a maximum economy 
o f  space and m a t e r i a l  i n  mind. 

O f f  i c e  and Warm Warehouse 

T h i s  b u i l d i n g  i s  designed as a convent ional  t imbe r  framed s t r u c t u r e  
on concre te  f o o t i n g s  w i t h  i~ concre te  s lab  forming t h e  warehouse f l o o r .  The 
m u l t i p l i c i t y  o f  p a r t i t i o n s  renders a s tandard s t e e l  b u i l d i n g  u n s u i t a b l e  f o r  t h i s  
purpose. The o f f i c e s  d re  p lzced  on t h e  upper f l o o r  which enables a comprehensive 
view o f  t h e  whole p l a n t  t o  be ob ta ined  from t h e  Manager's o f f i c e .  The v a u l t  i s  
p laced  ove r  t h e  furnace room and i s  access ib le  t o  both eng ineer ing  and o f f i c z  
s t a f f .  The furnace room and v a u l t  enc losure  i s  cons t ruc ted  of concre te  b locks.  
I n  t h e  event  o f  f i r e  des t roy ing  t h e  b u i l d i n g ,  t h c  v ~ u l t  should remain s tand ing  
w i t h  records remz~in ing i n t ~ c t .  Combining t h e  w~rehouse  and o f f i c e  accommod- 
d t i o n  a1 lows maximum economy i n  excava t ion  and f oo t i ngs .  

Mine O f f  i c e  and Dry 

The mine o f f i c e  and d r y  i s  loca ted  a t  t h e  p l a n t  s i t e  where it shares 
water, sewer, l  i g h t i n y  and f i r e  p r o t e c t i o n  se rv i ces  w i t h  o t h e r  p l a n t  b u i l d i n g s .  
A convent ional  t i m b e r  framed b u i l d i n g  w i t h  p i t c h e d  roo f  and concre te  f o o t i n g s  i s  
recommended. A t o t a l  o f  60 lockers  has been p rov ided  t o  a l l o w  s e r v i c e  and sur -  
face personnel as we l l  as t h e  mine personnel t o  use t h e  changehouse f a c i l i t i e s .  



Machine S h o ~  and Cold Warehouse 

The i ncreased number o f  v e h i c l e s  proposed i n  t h e  p resen t  r e p o r t  has 
r e q u i r e d  an inc rease  i n  t h e  s i z e  of t h e  maintenance area. A s tandard s t e e l  

U 

b u i l d i n g  w i t h  an overhead crane 40 f t .  wide, s i r n i i a r  t o  t h e  p rev i ous  scheme, 
has been proposed. An a d d i t i o n a l  bay, approx imate ly  25 f t .  wide f o r  t h e  l eng th  
o f  t h e  b u i l d i n g ,  has been added and t h e  t o o l  room, e l e c t r i c a l  shop, o f f i c e  and 
washroom have been r e l o c a t e d  i n  t h i s  area, l eav i ng  t h e  area t r a v e l l e d  by t h e  
crane e n t i r e l y  c l e a r .  

The b u i l d i n g  i s  f u l l y  i n s u l a t e d  and has an i n n e r  l i n i n g  o f  ga l van i zed  
sheet  up t o  8 f e e t  f o r  p r o t e c t i o n  o f  t h e  vapour b a r r i e r  and i n s u l a t i o n  m a t e r i a l .  
Hea t ing  i s  by u n i t  hea te rs  o r  i n f r a  r ed  heaters .  The crane h o i s t  would be hand 
opera ted  b u t  t h e  beam t r a v e l  would be powered by e l e c t r i c  motor. Wzshroom f a c i -  
l i t i e s  a r e  inc luded  w i t h i n  t h e  b u i l d i n g  t o  p rov i de  f o r  inc lement  weather and f o r  
t i m e  saving. The r o o f  s lope  i s  extended on one s i d g  t o  p r o v i d e  c o l d  warehousing 
requ i  rements and a w i r e  mesh enc losure  i s  a l  l t h a t  i s  requ i red .  Any r a c k i n g  
r e q u i r e d  i n  t h i s  area should  be p rov i ded  by s t a f f  on s i t e  and no a l lowance has 
been made f o r  t h i s .  A separate  enc losed o i l  s to rage  has been added under t h i s  
roof  s lope.  

P i t  Shack, P i t  Garages, Powder Magazine & Cap & Fuse Shed 

A p i t  shack 12 f t .  x 20 f t .  mounted on s k i d s  p rov i des  a lunch room, 
one end o f  which i s  p a r t i t i o n e d  o f f  f o r  a washroom and t o i l e t  f a c i l i t i e s .  T h i s  
can be moved f rom p i t  t c  p i t  as  necessary. Four  p i t  garages each 20 ft. wide, 
30 ft. long and 14 f t .  h i g h  a r e  p rov ided .  

A powder magazine and cap and fuse  shed complete w i t h  t h e  necessary 
ear thworks  as i l lus t r -a ted a re  p rov i ded  b u t  t h e  co re  shed and n i t r a t e  s to rage  shed 
a re  o m i t t e d  f rom t h e  p resen t  scheme. 

Sewage Disposal  

Washroom f a c i l i t i e s  i n  bo th  t h e  genera l  p l a n t  area and t h e  p i t  a rea  
r e q u i r e  two  sepi i ra te  sewage systems. The p l a n t  s i t e  sewage system would c o n s i s t  
o f  a s e p t i c  t a n k  and a leach ing  c e s s p i t .  A t  t h e  p i t  shack, a s imp le  s e p t i c  t a n k  
d i scha rg i ng  t o  su r f ace  dra inage should  s u f f i c e  because t h i s  b u i l d i n g  w i l l  be 
r e l o c a t e d  a f t e r  t h r e e  years .  
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P i a n t  S e c t i o n  MP Connected Dcmad F a c t o r  HB 
Remarks 

i n  Z Consuined KrJ 

Crushing 630 8 0 504 377 2 s h i f  t s / d a y -  Sdays/W 

Concen t ra to r  1,917.25 90 
L' 

1,720 1 ,282 3sh i f t s /day-7days / i J  

Mining 

Water Supply 

Light ing(PF0.9)  175 KVA 65 156.8 3shif ts /day-7days/W 

T o t a l  K\J 

Assuming 9 i v e r s i t y  F a c t o r  1.05 

Es t imated  Peak 

Assuming P l a n t  

Es t imated  Peak 

Power f a c t o r  a t  .85 

The e s t i m a t e s  f o r  overhead power l i n e s  a r e  based on s t a n d a r d  wood p o l e  
c o n s t r u c t i o n  and a l lowances  have been made f o r  c l e a r i n g  of r igh t -o f -way  of s u i t a b l e  
wid th  f o r  t h e  v o l t a g e  c l a s s  o f  power l i n e  concerned.  

POidER CONSUMPTION 

P l a n t  S e c t i o n  I<\] Consumed Cjperating Hrs/bleek KiIH/iJeek 

Crushing 377 80 30,160 

Concen t ra to r  i , 282  166 215,200 

Mining 15.6 120 1 ,872  

Water Supply 134 168 22,510 

L i g h t i n g  156.8 168 26,400 

T o t a l  
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C R U S H E R  P L A m  

NEW IMPEMAL M / N m  
WffmEHORSE, Y U m N  ELECTrUCAL DISTRIBW/ON SYSTEM 

WRIGHT ENGINEERS LIMITED .,,. .. LMc DRAWING NO. 

VANCOUVER CANADA DATE m v . 6 5  402 026 001 
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CRUSHING PLANT 

Reciprocnt ing P l n t c  Fccclcr 
S t a t i on2 ry  S r i z s l y  c/ir Chutc 
Jaw Crushcr l ~ 2 ' ~  x 4ljSi 
D i s c h n r y  Chutc 
S c x e n  F L C ~  BOX 
Scnlping Scrccn 5';:1?' ; i n z l c  Deck 
Vibra tory  Fecdcrs ( 2 )  
Crushcr Fecd 30x 
4 1 / 4 '  Std.  Cone Crusher 
Dischcrgc Chutc 
T rans fe r  Chutc 
Scrczn Fccd Box 
5 ' x12 '  Rod Dcck Screer  
Screen Discharge Chutc 
Crushkr Feed Box 
4 '  S h o r t - H a d  Cone Crushcr 
Discharge Chutc 
Metal Detec tor  
Dust Control S y s t c ~ ~  
10 Ton Trave l l i ng  C r m ~  
Conveyor No. 1 90' long 

No. 2 220' long 
No. 3 220' long 
No. 4 140'  long 
No. 5 1001 long 
No. 6 200' long 

Trans fe r  Chutc 

, I c i f ; h ~  l b s .  - 2.2. 

20, O O a  25 IIP 
3 , 3 9 0  

145,330 15r3 lip 
3,000 
2,000 

10,000 15 IIP 
10,600 6 HP 
3,003 

50,300 150 IIP 
4,000 
6,000 
3,000 

17,500 10 IIP 
10,000 
3,000 

L17,400 1 50 PIP 
3,030 

500 
12,000 15 IIP 
20,000 5 HP 

6,300 10 i-IP 
l C ,  630 20 IIF' 
18,  LIOO 15 IIZ 
12,800 15 IIP 
10,000 1; ilP 
17,000 20 HP 

6,000 

Cost $ 

SUB-TOTAL - -  To Sumnary Shcct  $ 382, LOO 



CRUSHER BUILDING 

C o n s t r u c t i o n  and instal la ti^ Q ~ ~ . i l t i  ty 

Excnvat ion 
Rock 
Foo t ings  

Back F i l l  Tamped 
Concrc tc  S l a b  

;!ells 

Founda t ions  
S t e e l  Columns 

Beams & T r u s s e s  
P u r l i n s  
C ladd ing  

Miscel  l aneous  I t e m  
P l a t f o r m s ,  s t a i r s  & h a n d r a i l s  
Conveyor G a l l e r i e s  
Towers and C a n t i l e v e r  

Swi tch  Room 
idash Room 
F i r e  P r o t e c t i o n  
iJindows & Doors 
Coarse  o r c  S t o c k  P i l c  

Exccv3t ion 
Concre te  Tunncl 

F r e i g h t  and Hand1 i n &  
Equip.  i n s t a l l c t i o n  c x c l g d i n g  

e l e c t r i c e l  
F e d e r a l  Tax - Equipnent  

- C o n s t r u c t i o n  
E l e c t r i c a l  Equipncnt  and 
I n s t a l l a t i o n  i n c l u d i n g  f r e i g h t  
and t a x  (From S e c t i o n  V T )  
( e x c l u d i n g  l i g h t i n g  -ad h e a t i n g )  

SUB-TOTLL - - To Sunmary S h c e t  

4,0d0 cu.yd. 
150 cu.yd. 
2 2 3  cu.yc1. 

80 cu.yd. 
250 cu.  yd. 
170 cu.yd. 

36,000 l b . ,  
25,000 l b .  
25,000 l b .  
11,000 s q . f t .  

2,500 s q . f t .  
450 f t .  

L l  lownncc 
500 s q . f t .  
120 sq . r ' t .  

4,000 s q . f t .  
i:l loimnce 

.500 c:~. yd. 
140 cu.yd.  
220 t o n s  

Cos t  $ 



CRUSHER & CONCENTUATOR OPEWiTING COSTS 

S u p p l i e s  6: Poxcr 

Pr imary Crushing Cost/Yr.  
$ 

L i n e r s  @ 0.04 l b . / t o n  @ 42C/lb. 12,100 
hlisc. nr?.tcrial @ .4C/ton 2,880 
Poxer 0. (03 KdII @ 1.5C/K:JII 6,800 

Secondary Crushing 

L i n e r s  @ 0.05 l b . / t o n  @ S2C/lb.  18,700 
Misc. maintenoncc @ l .OC/ton 7,200 
Screen ing ,  f c e d c r s ,  c h u t e s ,  e t c .  

@ l .OC/ton 7,200 
Conveyors @ l . 0Cl ton  7,200 
Motors, l u b r i c a t i o n ,  d u s t  c o l l e c t i o n ,  

e t c . ,  @ .5C/ton 3,600 
Power 1.47 KdI @ 1.5C/K\V'H 15,850 

Pr imary Gr ind ing  

Rods 0.75 l b / t o n  @ 12C/lb.  64,800 
L i n e r s  & i h t c r i a l  @ .05 l b / t o n  @ 24C 8,640 
Balls 1 .0  l b . / t o n  @ 13C 93,400 
L i n e r s  & n n i n t .  @ .09 l b . / t o n  @ 20C 12,960 
Conveyors, c h u t e s ,  g e n e r a l  @ l .OC/ton 7,200 
Punl.ps, c y c l o n ~ . ~ ,  c t c .  @ 0.5C/ton 3,600 
Power 11.19 KJH/ton @ 1.5C/KiJH 120,860 

E ' l o t a t i ~ n  & Regrind 

Reagents @ 2GC/ton 144,000 
C e l l  r e p a i r  & Pumps, c t c .  @ 1 .5$ / ton  10,800 
Regr ind,  l i n c r s ,  maint .  c t c .  

@ .10 l b .  @ 20C 1 ,600  
Bclls .5 l b .  @ 1.4C on 79,000 t o n s  5,500 
Power 3.51 K\JH/ton @ 1.5C/KUH 37,930 

F i l t e r i n g  & Drying 

F i l t e r  maint .  @ 4C/ton on 30,000 t o n s  1 ,200 
Fuc l  2.5 g a l . / t o n  @ 27C/gal.  20,200 
Dryer maint .  @ 4C/ton 1 ,200 
Power 0.83 KiJH/ton @ 1.5C/KiJH 9,000 



CRUSHER BUILDING 

C o n s t r u c t i o n  and I n s t a l l a t i o n  

Exccva t ion  
Roc!< 
F o o t i n g s  

Back F i l l  Temped 
Concre te  S l a b  

;!ell s 
Founda t ions  

S t c e l  Columns 
Beams h T r u s s e s  
P u r l i n s  
C ladd ing  

Miscellaneous I t e m  
P l n t f o r m s ,  s t a i r s  & h a a d r a i l s  
Conveyor G a l l e r i e s  
Towers and C a n t i l e v e r  

Swi tch  Room 
iilcnish Room 
F i r c  P r o t e c t i o n  
iJindows & Doors 
Coarse  o r c  S t o c k  P i l e  

Exccvn_tion 
Concre te  Tunncl 

F r e i g h t  and Hand1 i n g  
Equip.  i n s t a l l c t i o n  c x c l s d i n g  

4,0W cu.yd. 
150 cu.yd. 
223 cu.  ycl. 

SO cu.yd. 
250 cu.  yd. 
170 cu.yd. 

nG,oc!o IL . ,  
25,000 l b .  
25,000 l b .  
11,000 s q . f t .  

2,500 s q . f t .  
450 ft. 

A 1  10v~t)lncc 
500 s q . f t .  
120 s q . ? t .  

4,000 s q . f t .  
L.1 loimnce 

!jOO cu. yd. 
140 cu.yd.  
220 t o n s  

e l e c t r i c e l  $382,100 0 
F e d e r s l  Tax - Equipnent  $382,100 @ 

- C o n s t r u c t i o n  7230,400 @ 
E l e c t r i c a l  Equipncnt  and 
I n s t a l l a t i o n  i n c l u d i n g  f r e i g h t  
and t a x  (From S e c t i o n  VZ) 
( e x c l u d i n g  l i g h t i n g  m d  h e a t i n g )  

Cos t  $ 

SUB-TOTAL - -  To Summary S h c e t  



FINE ORE BINS AND CONCENTRATOR 

Equipment 

Conveyor No. 7 40' long 
12 Tube Feeders  
12 Chutes 
Conveyor No. 8 72' long 
Conveyor No. 9 72' long 
2 T r a n s f c r  Chutes  
Conveyor No. 10 58' long 
Weightometer 
10'6 x 12' Rod Mill i n c l u d i n g  charge  
10'b x 14' B a l l  M i l l  i n c l u d i n g  c h a r g e  
7'6 x 7' B a l l  M i l l  i n c l u d i n g  charge  
Rod Hill f e e d  c h u t e  
Rod M i l l  pump box 
Rod Charger  
2 - 10" x 8" SRL-C Pumps 
2 - 24"d Cyclones i n c l .  p i p i n g  
Cyclone under f low box 
8'6 x 8' C o n d i t i o n e r  
2 - 16 c e l l  # 24 F l o t ~ t i - o n  Mnchines 
Blower 
2 - 8 C e l l  $1 18s F l o t a t i o n  Machines 
D i s t r i b u t o r  
14" Cyclone i n c l u d i n g  p i p i n g  
Launders 
2 - 5" x 5" SRL Pumps 
4 Pump boxes 
2 - 2" x 2" CXL Pumps 
28'b Concen t ra te .  Th ickener  
10'6 x 10' Stock  Tank 
5'd x 6 D i s c  F i l t e r  ( i n c l .  v a c .  e q u i p . )  
4'b x 28' Rota ry  D r y ~ r  
R e f r a c t o r i e s  
F u e l  S t o r a g e  Tank 
Rcngcnt D i s t r i b u t i o n  (e l lowence)  
Conveyor No. 11 34' long 
2 Automatic Samplers  
Sump Pump 
10/2 t o n  Crane 86' spen 
General  P i p i n g  ( a l l o w a n c e )  
Welding s e t  end t o o l s  ( a l lowance)  

Weight l b s  . 

5, OOC 
1,000 
1,000 
45,000 
10,000 

7-5 

Cost  $ 

6,000 
4,800 
4,500 
8,700 
8,700 
3,600 
6,800 
5,000 

113,900 
124,700 
54,400 

600 
2,000 
3,500 
lO,3OO 
7,000 
2,000 
1,900 
53,400 
2,100 
17,400 

40 0 
3,000 
5,000 
4,000 
3,000 
1,600 
12,000 
2,900 
13,900 
28,000 
1, 0CO 
1,000 
6,000 
3,000 
2,500 
1,500 
20, OOC 
3O,OOO 
3,000 

SU3-TOTAL - -  To Summary Sheet  



FINE ORE BINS AND CONCENTRATOR 

Construction and Installation Quantity 

Site Rosds (allowcnce) 
Clcering and Grubbing 9 acres 
Rough Excavction and Backfilling (allowance) 
Fine Ore Bins:- 

Excnv~ting footings 
Concx - te : 
Structural slab 
Columns and Fcundati ons 
Base slab 
Steel : - 
Roof and supports 
Bins 
Roof Cladding 
!-fill Cladding (allowance) 

Concentrator: 
Xxcaveting Foundetions (allowance) 
Concrete:- 
10'b x 12' Rod Mill Foundations 
10'd x 14' Ball Mill Foundations 
7'b x 7' 3all Mill Foundations 
Walls 
Flooring 
Concentrate Retaining Walls 
Crane Columns 
Steel : - 
Main building structure1 frame 
Cladding (allowance) 
Office, assay laboratory building 
Office, dry,assay laborstory 
equipment (allowance) 
Sprinkler system 
Electrical Control Room (allowance) 
Handrails, stairs and platforms 8,800 sq.ft 

Freight and Handling 539 tons 
Zquipment Installation $538,100 @ 
Fedcral Tax- Equipment $583,100 ia 

- Construction $633,200 @ 
Electrical Equipment and Installation 
including freight end tax (from Section 
VI ) (excluding lighting and heating). 

Cost $ 

SUB-TOTAL - -  To Summary She~t. 





CRUSHER 6; CONCENTRLTOR LABOUR REQUIREMENTS 

ido . & i f  t s  Mc n  3nys Rctc  Cost  
Kcn /Day /Day /Year $ / ~ a y  $/Year 

Crushing P l a n t  

O p e r a t o r  
He lpe r  

F l i l l  

Gr ind ing  
F l o t a t i o n  
F i l t e r  h d r y c r  handled by 

S h i f t  Boss 
Loading 
Reagents  & B a l l s  
Maintenance Is t 
l l a in tenancc  2nd 
Labour 

S u p e r v i s i o n  

S u p e r i n t e n d e n t  
Foreinan 
S h i f t  Bosses  
M e t a l l u r g i s t  
Chief Chex i s t  
Chemist 
He 1 p e r  

1 1 1 S a l a r y  I- ,  000 12,000 
l 1 1 I I 700 8 ,400 

1 3 4  I I GOO 28,800 

1 1 1 I :  700 8 ,400 

1 1 1 I I GOO 7 ,200 
1 1 1 I I 500 6,000 

1 1 1 I I 400 4,800 

T o t a l  working u i r e c t  l a b o u r  30 Men $ 187,600 

$ 0.289/Ton m i l l e d  @ 650,000 Tons/Yr. 
$ 0.261/Ton m i l l e d  @ 720,000 Tons/Yr. 
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LEGEND. 
@ 4d FZ SYMONS STD. CONE CRUSHER 
@ 4 f f .  SYMONS S H. CONE CAUSffEI 

5 ~ 2  S/NGLE DECK' SCREEN a S?% T/ONA R Y GR/ZZLY 

@ 3 5 f  TRUCK 
@ REC/PROCAT/NG PLATE FEEDEA 
@ 42%  JAW CRUSHER. 
@ 5 2 /2' noo DECK SCREEN 

@ lo TON CaANE. 
@ CONVEYOR No / 
@ cmveon  NO.^ 
@ COWVEYUR No. 3 
@ CONVEYOR N o .  4 
@ CONVEYOR No 5 
@ CONVEYOR No. 6 

PLAN 

Y 
96'-0 " 

. . 
/ " 

SCALE : j &  =/ ' -0" 



LEGEND. 
@ CRUSHING B SCREENING PLANT 
@ COARSE ORE STOCKPILE 
@ VIBR4TORY FEEDERS 
/4' CONVEYOR No. 2 
/S CONVEYOR N o .  3 ii 

/ I NEW IMPERIAL MINES L T .  SSETION SHOW/NG 

WRIGHT ENGINEERS LIMITED mr ~ 4 % .  DRAWING NO. 



LEGEND 

@ CONVEYOR Ne. 7 (REVERSIBLE) 

@ TUBE FEEDER 

@) CONVEYOR No. 8 s No. 9 
@ CONVEYOR No* lo 

NEW IMPERIAL MINES LTD. I 

CONCENTRATOR 7 

WHITEHORSE, YUKON. TRANSFER HOUSE g, F10, BIN, 

WRIGHT ENGINEERS LIMITED .. C. a. I DRAWING No. 
I 

VANCOUVER DATE NOK 1965 1 4 2  1 0 2 7  003 
I 



LEGEND. 

@ 10@xl2 '  ROD MlLL 

@IO*XB"S.RL C - P U M P  

3 24 'CYCLONE 

4 10 9 * 14' BALL MlLL  

5 83 x 8'CONDlTlONER 

6 ROUGHERS 2 BANKS OF 12-5OwFt. CELLS. i 
@SCAVENGERS 2 BANKS OF4-5OuFt. CELLS 

@ s ; , ' s a . ~  C-PUMP 

Q ~ ~ ~ 5 ' s . a . ~  C-PUMP 

@ 7 y r 7 '  REGRIND B A L L  MILL. 

@ I~"CYCLONE 

@CLEANERS 2BANKSOF6-24 cuFt. CELLS. 

@ RECLEANERS 2EANKS OF3-24wFt. CZLLS 

@ 289 CONC. THICKENER. 

@ 10 x 10' STOCK TANK. 

@) 6'6- 6 DISC. FILTER. 

@ 3 0 0  TON STOCKPILE 

I CONTAINERS I 
REAGENT STORAGE 

TRUCK ACCESS 

FINE ORE SINS. I I 

ASSAY -I----- MlLL OFFICE I 
CONCENTRATOR 

GENERAL ARRANGEMENT 

I NEW IMPERIAL MINES L i D  
WHITEHORSE, YUKON. i: 5 1  , 

1 1 DWD. NO. L402 I027 1 004 1 
WRIGHT ENGINEERS LIMITED 



wol~t/lN33N03 5' SNIW 3tJG 3Nld 



SECTION V I I I  
WATER SUPPLY AND T A I L I N G S  DISPOSAL 

SECTION V I I I  
WATER SUPPLY AND T A I L I N G S  DISPOSAL 
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T h c r ~  a r c  i n d i c a t i o n s  t h a t  groundwatcr  may be a v a i l a b l e  n e a r  t h e  
p l a n t  s i t t  b u t  i t  i s  n o t  c c r t a i n  whethcr  t h e  groundwater  a q u i f e r  h a s  s u f f i c i e n t  
s t o r a g e  t o  supp ly  a l l  t h e  p l a n t  r cqu i remcnts  on a y e a r  round b a s i s .  Becausc 
dcvelopmcnt of a n  a d e q u a t c  groundwater  sapp ly  w o ~ ~ l d  p r o v i d e  t h z  l e a s t  c o s t l y  
y e a r  round supp ly  of m t c r  f o r  t b c  p l a n t ,  d r i l l i n ?  t c s t s  f o r  groundwater  
s h o u l d  bc conductcd as soon a s  p o s s i b l c .  i f ,  howcvcr, s u f f i c i e n t  groundwater  
s u p p l i e s  cannot  bc developed, i t  would be n e c e s s a r y  t o  r n v e r t  t o  t h c  Yukon 
Rivcr  as a  dependable  y e a r  round s o u r c c  of w a t e r .  I t  i s  rccommendcd t h a t  n o t  
more than  $20,000 be s p e n t  i n  L i c l d  i n v c s t i g a t i o n s  of ground w a t e r  s u p p l i e s ,  
because  u n l e s s  a n  adequa te  s o u r c e  of ground w a t c r  can bc dzvcloped t o  r e p l a c c  
t h e  Yukon Rivcr  s u p p l y ,  c o s t l y  i n v z s t i g a t i o n  of ground b ~ a t c r  s u p p l i e s  w i l l  n o t  
be war ran ted .  



WATER SUPPLY AND FIRE PROTECTION 

Equipmcn t !Jcight lbs. 

3 - 350 IGPM 75 H.P. Vcrtical Pumps 12,000 
13,500 ft. 10" Ductile Iron Pipe 428,000 
1 - 50 H.P. Diescl Fire Pump 12,000 
1 - 50 H.P. Eltctric Firc Pump 4,000 
2 - 10 H.P. Vertical Pumps Jockey &I Hill 4,000 
10,000 gallon Hill Tank 5,000 
1000 ft. 8" Ductile iron Pipc 23,000 
Valves, hydrants and fittings (allowance) 27,000 

Sub-Total - -  To Summary Sheet 515,000 

Construction & Installation Quantity u 
Yukon River Pumphouse 
Installation of Insulated Pipeline from 
Yukon River 13,500 ft. 5 
Reservoir Pumphouse 
Mill Tank Installation and piping 
Mill Fecd Lake Diversion Ditch 
Freight and Handling 258 tons 8 0 
Federal Tax - Equipment $93,200 11% 

- Construction $104,000 5 1/2% 
Electrical Eouiprnent and Installation 
including freight and tax (from Section VI) 
(excluding lighting and heating) 

Cost $ 

Cost $ 

Sub-Total - -  To Summary Sheet 





TAILINGS DISPOSAL PHASE ( 1 ) 

Materials 

12" dia. Wood Stave P i p c  

Reinforced Concrete Pipe i6"6 

Concrete Pipe 20"b 

Add Federal Tax 

Add Freight 

Quantity Cost $ 

L O O  f t .  $ 3.70 370 

600 

45 tons $80.00 3,440 

Sub-Total - to Summary Sheet 

Construction & Instellation 

Clearing 

Concrete Decantztion Tower 

Trestling allowance 

Laying Wood Stave Pipe 

Laying Concrete Pipc 

Decantation Tower Boxes 

Stripping and Scraping 

Transporting Fill 

Spreading and Compacting Fill 

Tax Allowance 

3.2 acres $1000.00 

15 cu.yds $ 110.00 

1OOOft .  $ 2.60 

800 ft. $ 4.00 

14  MBF $ 1.50 

3500 cu .yds .50 

180,000 tons 0.19 

180,000 tons .12 

Sub-Total - To Sunmary Sheet 
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NEW IMPERIAL MINES LTD. WATER s ~ ~ p ~ y  SYSTEM. 
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ADMINISTRATION AND GENERAL 

SUMMARY OF ORGANIZATION AND FERSONNEL 

AnivIINISTRATION MINE CONCENTRATING MA1 NTEICANCE . 

Account ing  P i t  O p e r a t i o n  F r i m a r y  C r u s h i n g  I l a i n t e n n n c e  Shop 
W ~ r e h o u s i n g  Waste Remova 1 Secondory C r u s h i n g  E l e c t r i c a l  Shop 

E n g i n e e r i n g  Coorse Ore S t c r a g e  
F i n e  O r s  S t o r a g e  
G r i n d i n g  
F l o t z t i o n  
C o n c e n t r a t e  Loading 
T a i l i n g  D i s p o s a l  
Assay ing  
Wntcr Supp ly  

SATLARI ED STAFF 

Manager Mine S u p e r i n t e n d .  S u p e r i n t e n d e n t  P l a n t  S u p e r i n t e n d .  
Accountnnt  Chief  G e o l o g i s t  M e t a l l u r g i s t  Foreman 
A s s t .  Accoun tan t  G e o l o g i s t  Foreman Chief  E l e c t r i c i 2 n  
Timekeeper P i t  E n g i n e e r  S h i f t  Bosses  ( 4 )  
VJcrehouseman Survey o r  Chief  Chemist  
C l e r k  S h i f t  Bosses  ( 3 )  Chemist 
S t e n o g r a p h e r  Survey H e l p e r s ( 2 )  
J a n i t o r  S o r t e r s  ( 2 )  
F i r s t - A i d  G PersonnelSz-mplers  ( 2 )  

T o t a l  - 9 .  T o t c l  - 14 .  T o t a l  - 3 .  

T o t a l  S c l n r i e d  S t a f f  - - 3 5 .  



HOURLY PAID PERSONSEL 

MINE CONCENTRATING MAIFITENANCE 

Shovel Operc to r  
Shovel O i l e r s  
B l a s t e r  S c n l e r  
D r i l l  O!;crators 
A i r  Truck 0perp . tors  
Truck D r i v e r s  
S e r v i c e  Truck D r i v e r  
Gr?.dcr Opera to r  
Front-End Loader Op. 
Hc l p c r s  
Mechanics 1st C l a s s  

2nd C l a s s  
3 r d  C l a s s  

F!eldcr 1st CIL?.ss 

T o t a l  5 4 

Tot9.l F e r s o n n e l  

Crusher  O~er : - to r s  2 
Crusher  Helpers  2 
M i  11  C p e r a t o r s  4 
F l o t , ? t i o n  Operators 4 
C o n c c n t r a t c  Hand le r s )  4 
Recgcnt & C e l l s  1 
F i l t e r  h Dryer  Hnndling 
S h i f t  Eosscs  
i{?intcnnnce 1 s t  C L ~ S S  2  
M:inten<mce 2nd C l a s s  2 
LC b o u r e r s  LL 

S a l a r i e d  3 5 
Hourly P<?id 2 

Machin i s t  1 
Welder 1 
Electrj-ci?.n 1st C l ~ ~ s s  1 
Z l e c t r i c i m  2nd Class 1 
Nechanic 1st C l a s s  1 
I l c c h m i c  2nd Class 1 
Truck  D r i v e r  1 
Helper  1 
Locder O p e r a t o r  1 
Labourcr 3 

'To ta l 
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OPERATING COST ESTIMATE 

The estimate includes the personnel costs of administrative and 
general maintenance services that cannot be allocated to a particular section 
of the operation. General maintenance and service supplies are also included. 

No cost is included for head office expenses and it is assumed that 
the Vancouver office will be closed on start up of operations. 

Compensation and silicosis are handled by the employers liability 
insurance and rates similar to Canada Tungsten in 1964 are assumed. 

It is assumed that some assistance in relocation expenses will be 
given to single personnel to attract suitable men. 

Power and heat costs are for the general office, garage, maintenance 
building, and mine office. 

Summary 

Administration and General Office 
Fringe Benefits 
General Maintenance and Services 
Engineering 

Total. 

Cost per ton milled on 720,000 tons 
Cost per ton milled on 650,000 tons (1st yr.) 

ADMINI STRATI ON 

1 Manager 
1 Chief Accountant 

GENERAL OFF1 CE 

1 Assistant Accountant 
1 Warehouse Man 
1 Timekeeper 
1 Clerk 
1 First-Aid & Personnel 
1 Stenographer 
1 Janitor 

Sub Total 



OFFICE & ADMINISTRATION EXPENSES 

Stationery and Office Supplies 
Jeep 
Telephone & Telegraph 
Permits, Licences & Fees 
Property Taxes 
Insurance 
Travelling Expenses 
Legal & Audit 

Sub Total 

Total to Summary Sheet 

FRINGE BENEFITS 

Holidays 4% wage payroll 
Statutory Holidays 3.2% 
Overtime 10% Mechanical & Electrical Payroll 
Shift Differential 
Group Insurance 
Medical Scheme Contributions 
Hospitalization Scheme 
Unemployment Insurance 
Safety 6 First-Aid Supplies 
Silicosis Assessment ) 4.15% of total pay- 
Workmcns Compensation ) roll 
Kclocation Allowance for single personnel 

Cos t/Year 
$ 
6,000 
1,250 
7,200 
3,500 
3,500 
14,000 
5,000 
3,000 

Total to Summary Sheet $ 108,000 

ENGINEERING STAFF 

Cost/Month 
$ 

1 Chief Geologist 800 
1 Geologist 700 
1 Pit Engineer 700 
1 Surveyor 5 50 
2 Helpers 700 
2 Sorters 700 
2 Samplers 700 

Total to Summary Sheet 



GENERAL MAINTENANCE AND SERVICE 

1 P l a n t  S u p e r i n t e n d e n t  
1 Foreman 
1 Chie f  E l e c t r i c i a n  

1 M a c h i n i s t  
1 Welder  
1 E l e c t r i c i a n  1st Class 
1 Mechanic 1st Class 
1 Mechanic  2nd Class 
1 E l e c t r i c i a n  2nd Class 
1 Truck  D r i v e r  
1 H e l p e r  
1 Loade r  D r i v e r  
3 L a b o u r e r s  

S u b - T o t a l  

GENERAL MAINTENANCE AND SERVICE, SUPFLI ES 

Mechan ica l  S u p p l i e s  
P ick-Up Truck  
5 Ton T r u c k  
T r a c t o r  
E l e c t r i c a l  S u p p l i e s  
Power a n d  Heat  
E n g i n e e r i n g  S u p p l i e s  

Sub-To ta l  

T o t a l  t o  Summary S h e e t  

Cos t/Year 
$ 
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