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A p r i l  4 t h ,  1975. 

Directors, 
A t l i n  S i l v e r  C o r p o r a t i o n ,  
Kamloops, B . C .  

Gentlemen : 

RE : THE RUFFNER MINE, ATLIN, B.C. .................................... 

Please f i n d  e n c l o s e d  as per your  r e q u e s t  a p r o d u c t i o n  feas- 
i b i l i t y  s t u d y  i n c l u d i n g  c o n c e n t r a t o r  d e s i g n  and  p l a n s  per- 
t a i n i n g  t o  t h e  R u f f n e r  Mine, located n e a r  A t l i n ,  B . C .  

T h i s  r e p o r t ,  t e r m e d ,  "The R u f f n e r  Mine, A t l i n ,  B r i t i s h  
Columbia - A P r o d u c t i o n  F e a s i b i l i t y  Study" is  a compi l a t i ' on  
and e v a l u a t i o n  of a l l  a v a i l a b l e  past  i n f o r m a t i o n  c o n c e r n i n g  
t h e  m i n e r a l  p rope r ty  and i ts  development  and  e x p l o r a t i o n .  

The  wr i te r  has conduc ted  e x t e n s i v e  p e r s o n a l  i n v e s t i g a t i o n  of 
t h e  p r o p e r t y  and  o r g a n i z e d  t h e  d i r e c t i o n  of a l l  r e c e n t  d e v e l -  
opment and  e x p l o r a t i o n  work on t h e  p r o p e r t y .  

I n c l u d e d  i n  t h i s  s t u d y  are c o n c l u s i o n s  and  recommendat ions 
p e r t a i n i n g  t o  p r o d u c t i o n  on t h e  p r o p e r t y .  The  recommenda- 
t i o n s  have been  reached t h r o u g h  c a r e f u l  i n d e p e n d e n t  con- 
s i d e r a t i o n  of a l l  facts  and  da ta  accumula t ed  from past  work 
and  e v a l u a t e d  a t  p r e s e n t  metal prices. 

The s t u d y  i n c l u d e s  recommended e x p l o r a t i o n  programming, pre-  
p r o d u c t i o n  and  p r o d u c t i o n  s c h e d u l e s  w i t h  b u d g e t s  as w e l l  as 
a complete Concen t r a to r  d e s i g n  w i t h  p l a n s .  

The s t u d y  h a s  been  conduc ted  and completed f o l l o w i n g  a p r i v a t e  
r e q u e s t  from t h e  o f f icers  of A t l i n  S i l v e r  C o r p o r a t i o n ,  
b e c a u s e  of t h e  a u t h o r ' s  e x p o s u r e  t o  t h e  p r o p e r t y .  

S i n c e r e l y ,  

' 4 4 i n i n g  Geologist. 
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3. SUMMARY 

A t l i n  S i l v e r  Corpora t ion  h o l d s  by o p t i o n  27 Crown 
Granted  m i n e r a l  claims and two m i n e r a l  leases on 
Mount Vaughn, 1 2  miles no r thwes t  of A t l i n ,  B r i t i s h  

Columbia, The claims have been w e l l  deve loped  
beg inn ing  i n  1900 t o  1969 by s e v e r a l  o p e r a t o r s .  Con- 
s iderable  underground work h a s  been completed on t h e  

p r o p e r t y  o u t l i n i n g  a v a i l a b l e ,  p roven ,  p r o b a b l e  and 
p o s s i b l e  o r e .  

A t  t h e  Ruf fne r  Mine two p r i n c i p a l  o r e  bear ing  dyke 

sys t ems  have been e x p l o r e d .  The v e i n s  are located 
w i t h i n  t h e  f a u l t - d y k e  s y s t e m s  and m i n e r a l i z a t i o n  h a s  

been exposed up t o  20 feet  i n  w i d t h  c o n s i s t i n g  of 
q u a r t z ,  c a l c i t e  , g a l e n a ,  s p h a l e r  i t  e , p y r r h o t  i t e  , 
a r s e n o p y r i t e ,  c h a l c o p y r i t e ,  p y r i t e  and v a r i o u s  
s i l v e r  m i n e r a l s  i n c l u d i n g  p r o u s t i t e  and n a t i v e  
s i l v e r .  The f a u l t  s y s t e m s  s t r i k e  n o r t h e a s t  and d i p  

t o  t h e  no r thwes t  a t  65O t o  70’. 
lamprophyre dyke i n  a coun t ry  rock of  J u r a s s i c  
g r a n i t e  and  g r a n o d i o r i t e .  The  m i n e r a l i z e d  v e i n s  are 
c o n f i n e d  t o  t h e  m a i n  f a u l t s  and t o  some extent)  
cross f a u l t s  and t h e  m i n e r a l i z a t i o n  is i n t i m a t e l y  
a s s o c i a t e d  w i t h  lamprophyre dykes .  

The h o s t  r o c k  i s  

O r e  Reserves  deve loped  a t  t h i s  t i m e  on t h e  N o .  2 and 
N o .  4 dyke s y s t e m s  a r e :  - 

Proven - 24,636 t o n s  @ 3 2 . 7  o z .  A g .  p e r  t o n  
P r o b a b l e  - 26,500 t o n s  @ 2 7 . 3  o z .  Ag. p e r  t o n  I 
T o t a l  C o r r e c t e d  Reserves  are 63 ,920  t o n s  g r a d i n g  1 8 . 6 3  
oz .  Ag. p e r  t o n  and 5% combined Pb-Zn. 

- 6 -  



Poss ib le  R e s e r v e s  e n v e l o p e  each o re  body and t h e  many 
less  w e l l  d e f i n e d  m i n e r a l  showings  on  t h e  p r o p e r t y .  

P o t e n t i a l  R e s e r v e s  are estimated a t  20% of t h e  dyke 

s y s t e m .  

M e t a l l u r g i c a l  T e s t s  i n d i c a t e  t h a t  t o t a l  n e t  smelter 
r e t u r n s  w i l l  be $78 .13  per  t o n .  
i n  t h i s  s t u d y  show a cost t o  t h e  c o n c e n t r a t e  b i n  of 
$43.70 p e r  t o n  p r o v i d i n g  a n e t  cash f l o w  of $34.43 per  t o n .  

C a l c u l a t i o n s  p r e s e n t e d  

A 50 t o n  per day m i l l  h a s  been recommended fo r  t h e  

proper ty .  On t h e  basis  of t h e  t o t a l  and  p o t e n t i a l  
ore  r e s e r v e s  a larger  i n s t a l l a t i o n  is j u s t i f i e d ,  
however ,  t h e  e r r a t i c  and d i s c o n t i n u o u s  n a t u r e  of t h e  

o re  bodies w i l l  h i n d e r  proper e x t r a c t i o n  of ore a t  
a greater r a t e .  

The p r o d u c t i o n  ra te  i n i t i a l l y  recommended is 25 t o n s  
p e r  day  and  t h i s  can  be expanded f o l l o w i n g  s u c c e s s f u l  
s t a r t  up  and  a d e q u a t e  d e l i v e r y  of o re  from t h e  mine .  

The v a l u e  of p r o d u c t s  a t  25 t o n s  per  day w i l l  be a b o u t  
400 oz. of s i l v e r  per day a t  85% s i l v e r  r e c o v e r y  and  
5% combined l e a d - z i n c .  

T h e  cap i ta l  cos t  of b r i n g i n g  t h e  mine i n t o  p r o d u c t i o n  
is c a l c u l a t e d  a t  $487,500.00 .  

The  n e t  cash f l o w  of A t l i n  o p e r a t i o n s  is c a l c u l a t e d  a t  
$860.75 p e r  day a t  $4.25 p e r  oz. f o r  s i l v e r  and  259 fo r  

combined l e a d - z i n c  a t  a p r o d u c t i o n  ra te  of 25 t o n s  per day .  

From t h e  r e s u l t s  of t h e  i n v e s t i g a t i o n  summarized above 
t h e  wri ter  c o n c l u d e s  t h a t  t h e  R u f f n e r  Mine of A t l i n  
S i l v e r  C o r p o r a t i o n  c a n  be a p r o f i t a b l e  small p r o d u c e r .  
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4. INTRODUCTION 

In 1974 Mr. C.W. Dansey of Kamloops, E . C .  acquired 
an option on a group of Crown Granted mineral claims 
on the west slope of Mount Vaughn near Atlin, B.C.; 
from a Vancouver Company, I.P. Metals Ltd. The option 
was subsequently transferred to a company incorporated 
by Mr. Dansey, Dr. Ross and Mr. Whist, called Atlin 
Silver Corporation. At the request of these three 
officers of the Company, the writer is to provide a 
feasibility study and a concentrator design, based 
upon accumulated information from the past history of 
exploration and development on the Property. The 
writer as President of Interprovincial Silver Mines 
Ltd., of which I.P. Metals Ltd. is a subsidiary com- 
pany, supervised and programmed exploration and develop- 
ment of the property between 1966 and 1969, during which 
time most of the information incorporated into this 
feasibility study was accumulated. 

Silver-lead-zinc mineralization was discovered in 1901 
and considerable development was completed between 
1921 and 1933. The property was again under development 
in 1951, 1952, 1965 and between 1966 and 1969, over 
one million dollars was spent investigating the various 
workings and developing reserves. 

The two main ore bearing systems have been opened up 
by 8 adits, 2 shafts and 4 raises for a total length 
of underground openings in excess of 10,000 feet. All 
workings have encountered silver-lead-zinc mineralization 
to a greater o r  lesser degree. Several hundred tons of 
hand sorted ore have been shipped during exploration 
and development beginning in 1901. 
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The work completed by Interprovincial Silver Mines 
Ltd., included road access and construction, portal 
rehabilitation, underground rehabilitation, surface 
and underground diamond drilling, surface trenching, 
drifting, raising, mapping, sampling, metallurgical 
and ore reserve studies and production studies. This 
information and that gathered from older records has 
been made available to Atlin Silver Corporation and 
has been used as source material for this study. 
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5.  GENERAL INFORMATION 

c 

5 .1  The p r o p e r t y  is known h i s t o r i c a l l y  as t h e  R u f f n e r  
Mine, a name d e r i v e d  from t h e  o r i g i n a l  d e v e l o p e r .  
The re  d o e s  e x i s t  a number of r e l a t e d  m i n e r a l  o c c u r e n c e s  
i n  a d d i t i o n  t o  t h e  mine p r o p e r t y .  The e n t i r e  r e g i o n  
h a s  been  te rmed by t h e  w r i t e r  as "The A t l i n  S i l v e r  
D i  s t r i c  t 'I . 

The A t l i n  S i l v e r  Dis t r ic t  i n c l u d e s  t h e  f o l l o w i n g  
known m i n e r a l  o c c u r a n c e s :  - 

1. The R u f f n e r  Mine 
2 .  The B i g  Canyon 
3. The Vulcan 
4.  N o .  5 
5. Adanac 

Some smaller m i n e r a l  o c c u r e n c e s  are known b u t  have  n o t  
been  named. 

5 . 2  C l a i m s  and Ownership 

The f o l l o w i n g  m i n e r a l  claims are h e l d  u n d e r  o p t i o n  by 
A t l i n  S i l v e r  C o r p o r a t i o n  from I . P .  Metals L t d .  

Crown Gran ted  Mine ra l  C l a i m s :  - 
1. 
2 .  
3. 

4 .  
5. 
6. 

7 .  

8. 

L4636 - 
L4643 - 
L4635  - 
L4633 - 
L1175  - 
L4634 - 
L4647 - 
L4642 - 

Duck Pond 
P i n e  F r .  
4 t h  o f  J u l y  
B lacksmi th  
The Hurrah  
Cabin 
Rainbow F r .  
F r o n t a l  F r  . 
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9 .  

10. 

11. 

12. 

13. 

14 .  

15. 
16 .  

17. 
18. 

19 .  

20. 

21. 
22. 

23. 
24. 

25. 

26. 

27. 

L1172 

L1173 

L4651 

L6103 

L6104 

L6102 

L6101 

L4650 
L4649 

L6100 

L4646 

L4645 

L4638 

L4637 

L4644 

L4646 

L4641 

L4648 

L1174 

Nellie 
Barber  

Ap achee  

Twln Moose 
B l a c k i e  

G r  andview 

J i m  
Cherokee 

P tarmigan  
M i r i a m  Fr. 
Mountain Hobo 
Ted F r .  

P o r t a l  

Cranber ry  
W i l l o w  Fr. 
Horseshoe 
Comanche 

S i l v e r  Wedge Fr. 
Tom 

Minera l  Leases :  

28. M20 - L1170 

29 M21 - L1171 

The above l i s t e d  claims and leases are known c o l l e c t -  

i v e l y  as t h e  Ruf fne r  Mine. 

5 .3  Locat ion  - (59O43'N - 133O30' W) 

The A t l i n  S i l v e r  D i s t r i c t  is l o c a t e d  i n  t h e  extreme 

n o r t h  c e n t r a l  p a r t  o f  B r i t i s h  Columbia, e i g h t  m i l e s  
n o r t h - e a s t  of t h e  town of A t l i n  and 25 miles s o u t h  

of  t h e  Yukon boundary. 
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The proper t ies  and m i n e r a l  o c c u r e n c e s  are s i t u a t e d  
between 3900 and 7000 foot  e l e v a t i o n  on  t h e  w e s t  
s l ope  of Mount Vaughn i n  t h e  v a l l e y  of Vulcan and Crater 
Creeks and on t h e  n o r t h w e s t  s l o p e  of Mount Leonard .  

M i n e r a l i z a t i o n  Occurs  w i t h i n  a n  area t w o  m i l e s  by 
three m i l e s  f rom F o u r t h  of J u l y  Creek on t h e  n o r t h  
t o  t h e  headwaters of Vulcan Creek on t h e  s o u t h .  

5 . 4  Access 

The A t l i n  D i s t r i c t  of n o r t h e r n  B . C .  is s e r v e d  by w e l l  
m a i n t a i n e d  a l l  weather  g r a v e l  roads which c o n n e c t  t h e  

town t o  C a r c r o s s ,  Yukon, 100 miles d i s t a n t ,  W h i t e h o r s e ,  
Yukon, 110 m i l e s  d i s t a n t  and Dawson Creek v i a  t h e  

Alaska Highway, 900 m i l e s  s o u t h .  

T h e  R u f f n e r  Mine is  s e r v i c e d  by a f i f t e e n  m i l e  a l l  
weather g r a v e l  road from t h e  town of A t l i n ,  B . C .  

P r o d u c t i o n  from t h e  mine w i l l  be t r u c k e d  110 m i l e s  
t o  Whitehorse and t r a n s p o r t e d  s o u t h  v i a  White P a s s  
and Yukon Route  by r a i l  and s h i p  o r  by a l t e r n a t e  
r o u t e  v i a  t r u c k  back h a u l  on t h e  Alaska Highway. 

T r a n s f e r  of materials t o  t h e  mine w i l l  be t h e  

r e v e r s e .  
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5.5 F a c i l i t i e s  

F a c i l i t i e s  and  s e r v i c e s  a t  t h e  A t l i n  t o w n s i t e  are 
l i m i t e d  t o :  

1. 
2 .  

3 .  

4. 

5 .  

6 .  

7. 
8. 
9. 
10. 
11. 
12. 

P o s t  Off ice 
R.C.M.P. 
M a g i s t r a t e  
Mining Recorde r  
2 g r o c e r y  s tores  
1 g e n e r a l  s tore  
2 c h u r c h e s  
2 s e r v i c e  s t a t i o n s  
1 h o t e l  w i t h  d i n i n g  
Dept. of Highways 
House k e e p i n g  c a b i n s  
B . C .  Hydro & Power. 

The re  are no water o r  sewage f a c i l i t i e s  i n  t h e  town. 
B . C .  Hydro o p e r a t e s  t w o  d iesel  e l ec t r i c  u n i t s  f o r  
loca l  home power s u p p l i e s .  

The D . O . T .  m a i n t a i n s  a 2500 f t .  g r a v e l  f l i g h t  s t r i p  
f o r  l i g h t  a i r c r a f t  and f l o a t  equ ipped  a i r c r a f t  
o p e r a t e  from A t l i n  Lake d u r i n g  t h e  summer months.  

5 .6  C l i m a t e  & V e g e t a t i o n  

The A t l i n  area l i e s  w i t h i n  a sub-arct ic  c o n t i n e n t a l  
n o r t h e r n  c o n i f e r o u s  envi ronment .  Local v a r i a t i o n s  
w i t h i n  t h i s  envi ronment  are a r e s u l t  of e l e v a t i o n  
d i f f e r e n c e s  f rom 2300 f e e t  above sea l e v e l  a t  A t l i n  
t o w n s i t e  t o  7000 f e e t  a t  Mount Vaughn. 
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The summers are g e n e r a l l y  s h o r t  and w a r m ,  w i t h  an 
a v e r a g e  t e m p e r a t u r e  i n  J u n e ,  t h e  warmest month,  o f  
51°F. 

... 

The w i n t e r s  are l o n g  and c o l d .  The a v e r a g e  t e m p e r a t u r e  
i n  J a n u a r y ,  t h e  coldest  month,  i s  Z°F. 

The a v e r a g e  a n n u a l  p r e c i p i t a t i o n  is  11 i n c h e s .  

Higher  e l e v a t i o n s  r e c e i v e  g r e a t e r  p r e c i p i t a t i o n ,  and 
are somewhat c o o l e r  i n  summer and w a r m e r  i n  w i n t e r .  

The v a l l e y s  a re  g e n e r a l l y  b r o a d  and t e r r a c e d ,  and 
muskeg o c c u r s  i n  p o o r l y  d r a i n e d  b a s i n s .  

The g l a c i a l  terraces are c o v e r e d  by g r a s s  and j a c k -  
p i n e  p a r k l a n d .  S u f f i c i e n t  t i m b e r  e x i s t s  l o c a l l y  f o r  
mine s u p p o r t  p u r p o s e s .  T r e e  l i n e  l i e s  a t  a b o u t  4000 

feet  and wide ,  g e n t l e  s l o p i n g  open g r a s s y  a l p i n e  
v a l l e y s  and  p l a t e a u s  o c c u r  a t  u p p e r  e l e v a t i o n s .  

5 .7  H i s t o r y  

F r i t z  Miller and Ken McLaren r e a c h e d  A t l i n  and  d i s -  
c o v e r e d  gold i n  P i n e  Creek i n  t h e  Summer of 1898. 

T h r e e  thousand  p e r s o n s  were working and  l i v i n g  i n  t h e  
d i s t r i c t  by t h e  end of 1898. I n  1899 t h e  p o p u l a t i o n  
of t h e  immediate  p l a c e r  camp had r e a c h e d  5000 p e r s o n s .  
The S i l v e r - l e a d  d e p o s i t s  were d i s c o v e r e d  d u r i n g  t h e  
c o u r s e  of g o l d  p r o s p e c t i n g ,  and i n  1918,  M r .  M .  J .  

R u f f n e r  o p t i o n e d  t h e  B i g  Canyon claims and s t a k e d  t h e  
A t l i n  R u f f n e r  p r o p e r t y  t o  t h e  n o r t h  and  eas t .  
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I n i t i a l  underground work was commenced by Mr. Ruffner 
on t h e  ex tens ive  ve in  zones i n  1921 a t  t h e  4975 f o o t  
l e v e l  of t h e  N o .  4 V e i n .  

I n  1923 Ruffner incorpora ted  A t l i n  S i l v e r  Lead Mines 
L t d . ,  and f inanced  modest underground development over  
t h e  next few years.  

I n  1925 t h e  4300 tunne l  was d r iven  i n t o  t h e  43-2 o r e  
body, exposing high grade s i l v e r  o r e ,  some of which 
was shipped and marketed. Approximately 200 t o n s  
w a s  cobbed and sh ipped ,  and averaged about 200 OZ. 
Ag. p e r  ton .  

M .  J. Ruffner d i ed  i n  1929, and t h e  p r o p e r t i e s  were 
opt ioned  t o  C . V .  Bob of Toronto,  who cont inued develop- 
ment on t h e  N o .  2 and N o .  4 s y s t e m s .  I n  1934 Bobjo Mines 
L t d . ,  acqui red  c o n t r o l  of t h e  p r o p e r t i e s ,  and extended 
t h e  5150-4 and 4300-2 l eve l s .  

In  1951 A t l i n  Ruffner Mines B . C .  L t d . ,  shipped 44 t o n s  
of o r e ,  g ros s ing  7 o z .  Au, 5343 o z .  Ag., 36,197 l b s .  
l e a d ,  and 5,824 l b s .  z i n c .  I n  1952 t h e  same Company 
d r i l l e d  20 exp lo ra t ion  d r i l l  ho le s  f o r  a t o t a l  l eng th  
of 4 ,000 f e e t  on t h e  Vulcan and Big Canyon p r o p e r t i e s .  

Armore Mines Limited of Toronto acqui red  c o n t r o l  of t h e  
p r o p e r t i e s  i n  1965, and conducted p re l imina ry  explor-  
a t i o n  programs u n t i l  1966. 

Between 1921 and 1966 t h e  N o .  2 s y s t e m  has been ex- 
p lo red  by s i x  a d i t s ,  one s h a f t  and numerous t r e n c h e s  f o r  
a t o t a l  l e n g t h  of 5,500 f e e t  over  a v e r t i c a l  i n t e r v a l  
of 1980 f e e t  from e l e v a t i o n  3900 f e e t  t o  5820 f e e t .  
Mine ra l i za t ion  has  been encountered throughout t h i s  

dimension. 
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The No. 4 s y s t e m  h a s  been e x p l o r e d  by t h r e e  a d i t s  and 
numerous open c u t s  f o r  a h o r i z o n t a l  l e n g t h  o f  5,500 
f e e t ,  and a v e r t i c a l  i n t e r v a l  of 1 ,500 f ee t .  

The re  h a s  been no s i g n i f i c a n t  p r o d u c t i o n  from any of 
these work ings .  B . C .  M i n i s t e r  o f  Mines R e p o r t s  
i n d i c a t e  t h a t  a t o t a l  of 264 t o n s  of cobbed h i g h  g r a d e  
material h a s  been  s h i p p e d .  

5.8 E x p l o r a t i o n  by I n t e r p r o v i n c i a l  S i l v e r  Mines L t d .  

I n t e r p r o v i n c i a l  S i l v e r  Mines L t d .  o p t i o n e d  t h e  B ig  
Canyon P r o p e r t y ,  p u r c h a s e d  t h e  Vulcan p r o p e r t y ,  and  
s t a k e d  a l l  s i g n i f i c a n t  open ground i n  1966. The 
Company compkted 9 , 1 2 0  f e e t  o f  AX d r i l l i n g  t o  d e l i n e -  
a t e  m i n e r a l i z e d  v e i n s  i n  t h e  Big  Canyon and  on  t h e  

Vulcan v e i n .  The Company c o n s t r u c t e d  a modern e x p l o r -  
a t i o n  camp t o  s e r v i c e  t h e  program, and t e n  m i l e s  
of access roads t o  v a r i o u s  o l d  work ings  d u r i n g  t h e  
summer of  1967 .  The R u f f n e r  Mine w a s  o p t i o n e d  by 
t h e  Company i n  1967,  and  a program o f  underground 
r e h a b i l i t a t i o n  w a s  s c h e d u l e d .  

I n  1968 t h e  Company g a i n e d  access t o  f i v e  a d i t  l e v e l s  
a t  t h e  R u f f n e r  Mine. The program i n c l u d e d  s l a s h i n g  
and  r e - t i m b e r i n g ,  s ampl ing  and  mapping and  i n s t a l l a -  
t i o n  of  diamond d r i l l  c r o s s - c u t s .  Each exposed  
m i n e r a l  block w a s  i n v e s t i g a t e d  above and below t h e  a d i t  
l e v e l  by means of diamond d r i l l i n g .  

R e s u l t s  of t h e  p r e l i m i n a r y  e x p l o r a t i o n  program com- 
p l e t e d  i n  1968 i n d i c a t e d  s e v e r a l  l o c a t i o n s  c o n t a i n -  
i n g  s u f f i c i e n t  grade and  q u a n t i t i e o f  ore t o  s u p p o r t  
a modest underground mining  o p e r a t i o n .  A program of  
mine  p r e p a r a t i o n  was u n d e r t a k e n  i n  1969 on  t h e  43-2 
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6 .  GEOLOGY 

6 . 1  R e g i o n a l  Geology 

The A t l i n  D i s t r i c t  l i e s  j u s t  t o  t h e  east of t h e  main 
mass of t h e  Coast Range b a t h o l i t h  and i s  c e n t r e d  i n  t h e  

A t l i n  Horst .  The  S i l v e r  D i s t r i c t  l i e s  w i t h i n  a 
stock of zoned i n t r u s i v e s  which l i e s  east  of t h e  n o r t h  
end  of A t l i n  Lake and which  e x t e n d s  eastward f o r  50 

m i l e s .  T h e  e a s t e r n  geological  boundary i s  d e n o t e d  by 

t h e  T e s l i n  Lake l i n e a m e n t .  A s i g n i f i c a n t  f a u l t  com- 
p l ex  p e n e t r a t e s  t h e  d i s t r i c t  f rom A t l i n  Lake s o u t h  
t h r o u g h  O ' K e e f e  Mountain and  easterly i n t o  t h e  

Cassiar Dis t r ic t .  T h i s  e x t e n s i v e  zone  of weakness  
is i d e n t i f i e d  by a b e l t  of Permian u l t r a - b a s i c  i n t r u s -  
i o n s  termed t h e  A t l i n  I n t r u s i o n s .  

The m i n e r a l  b e a r i n g  s tock east  of A t l i n  Lake has  been  
mapped as J u r a s s i c  g r a n i t e  and g r a n o d i o r i t e  w i t h  a 
c e n t r a l  core of C r e t a c e o u s  a l a sk i t e  and monzon i t e .  
The s i l v e r - l e a d - z i n c  depos i t s  descr ibed  i n  t h i s  repor t  
l i e  w i t h i n  t h e  J u r a s s i c  g r a n i t e s ,  one  t o  f i v e  m i l e s  
w e s t  of t h e  a l a sk i t e  c o n t a c t .  I n  t h e  v i c i n i t y  of 
these d e p o s i t s  t h e  g r a n i t e  is coarse g r a i n e d  t o  por- 
p h y r i t i c .  The  c o n t a c t  between t h e  acid core of t h e  

s tock  and t h e  more basic p e r i p h e r y  is d e n o t e d  by an  
a l t e r a t i o n  halo and a remenant  b e l t  of Palaeozoic 
f o r m a t i o n s  2 - 5 m i l e s  wide t r e n d i n g  n o r t h e r l y  i n t o  
which  has been  i n t r u d e d  u l t r a - b a s i c  rocks of t h e  

A t l i n  I n t r u s i o n s  i n  Permian t i m e .  

b 

The s i l v e r - l e a d - z i n c  depos i t s  are marked by wide 
spaced s t r o n g  f a u l t - s h e a r  zones  which s t r i k e  n o r t h -  
east  and  d i p  n o r t h w e s t  a t  65O t o  T O 0 .  
of Mount Vaughn t h e  f a u l t  s t r u c t u r e s  are para l le l  and  

I n  t h e  v i c i n i t y  
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are s p a c e d  s e v e r a l  hundred  f e e t  a p a r t .  The s y s t e m s  can  
b e  t r a c e d  i n d i v i d u a l l y  s e v e r a l  t housand  f e e t ,  t h e  
N o .  2 s y s t e m  can  b e  t r a c e d  o v e r  a m i l e  by s u r f a c e  
t r e n c h i n g  and underground work ings .  

The f a u l t s  have been i n t r u d e d  by lamprophyre  dykes  
r a n g i n g  i n  w i d t h  from o n e  t o  f i f t y  f ee t .  The dykes  
are d i s c o n t i n u o u s  b u t  r e c u r  f o r  t h o u s a n d s  of  f e e t  
a l o n g  s t r i k e .  

Economic m i n e r a l i z a t i o n  i s  a l w a y s  associated w i t h  t h e  
lamprophyre  which is c h a r a c t e r i s t i c a l l y  a dark g ray -  
g r e e n ,  a p h a n i t i c  t o  f i n e  c r y s t a l l i n e ,  b i o t i t e  f e l d -  
s p a r  r o c k ,  wh ich  weathers t o  a black a p p e a r a n c e  and  
is  o x i d i z e d  and r u s t y  r e d  n e a r  m i n e r a l i z a t i o n .  

6 . 2  Economic Geology 

The s i l v e r - l e a d - z i n c  m i n e r a l  d e p o s i t s  o c c u r  e i t h e r  as 
f i s s u r e  f i l l i n g  i n  g r a n i t e  a l o n g  b r a n c h  f a u l t s ,  o r  
more commonly as f i s s u r e  f i l l i n g  t h r o u g h  t h e  lampro- 
p h y r e  dyke s y s t e m  o r  as rep lacemen t  and  breccia ore 
a s s o c i a t e d  w i t h  t h e  l a t t e r .  The d e p o s i t s  are s t e e p l y  
d i p p i n g  u s u a l l y  occurring a l o n g  t h e  major shear z o n e s  
and g e n e r a l l y  loca l ized  a t  p o i n t s  of cross and b r a n c h  
f r a c t u r i n g .  The d e p o s i t s  are e r r a t i c  and d i s c o n t i n -  
uous  and may g r a d e  a b r u p t l y  i n t o  f a u l t  gouge.  

S e v e r a l  o v e r l a p p i n g  m i n e r a l  zones  nay  o c c u r ;  g e n e r a l l y ,  
however ,  t h e  zone  is c o n f i n e d  t o  a s i n g l e  v e i n  o r  a 
d o u b l e  v e i n  w i t h  a lower g r a d e  e n v e l o p e  and c e n t r e .  
F r a c t u r e d  w a l l  r o c k  i s  common a l o n g  t h e  hanging  w a l l  
and  f o o t w a l l  accompanied by minor  c h l o r i t i z a t i o n  o f  
t h e  dyke r o c k .  
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Both a r s e n o p y r i t e  and  p y r r h o t i t e  are common g e n e r a l l y  
i n  t h e  f r i n g e  areas o f  a n  ore  body and t h e s e  ores 
are n o t a b l y  d e f i c i e n t  i n  s i l v e r ,  b u t  may c a r r y  some 
g o l d .  Some v e r y  h i g h  s i l v e r  v a l u e s  o c c u r  a t  v a r i o u s  
l o c a t i o n s  on t h e  p r o p e r t y  and even i n  nar row w i d t h s  
t h i s  ore can  be mined p r o f i t a b l y .  The h i g h  s i l v e r  
v a l u e s  are a t t r i b u t e d  t o  w i r e  s i l v e r  and  p r o u s t i t e .  

The p r i n c i p a l  m i n e r a l  b e a r i n g  s t r u c t u r e s  i n  t h e  d i s t r i c t  
are t h e :  - 

N o .  1 - S i l v e r  Fox (Unexp lo red ) .  
N o .  2 - Ruff n e r  e x p l o r e d  l a t e r a l l y  f o r  5500 

f e e t  and v e r t i c a l l y  f o r  2000 fee t  by 
s u r f a c e  t r e n c h i n g  and underground work ings .  

N o .  3 - R u f f n e r  (Unexp lo red )  P o s s i b l y  e n  e c h e l o n  
s e c t i o n s  of  N o .  4 .  

N o .  4 - R u f f n e r  e x p l o r e d  both on and  o f f  t h e  
Company p r o p e r t y  f o r  5 ,000 feet  and v e r t -  
i c a l l y  f o r  1500 fee t  by s u r f a c e  t r e n c h e s  
and underground workings .  

N o .  6 - Vulcan - Big  Canyon e x p l o r e d  l a t e r a l l y  
f o r  6,000 feet  and 2,000 feet  v e r t i c a l l y .  
(The N o .  6 sys t em is  n o t  c o n t r o l l e d  
by t h e  Company. ) 

S e v e r a l  a d d i t i o n a l  m i n e r a l  o c c u r e n c e s  are  known t o  
e x i s t  i n  t h e  v i c i n i t y  o f  Mount Leonard and  Mount 
Vaughn n o t  t h e  l eas t  of t h e s e  b e i n g  Ruby Creek 
Molybdenum (Adanac) .  

The N o .  2 sys t em h a s  been  e x p l o r e d  by 6 a d i t s  and num- 
e r o u s  t r e n c h e s  and  is  c o n s i s t e n t l y  m i n e r a l i z e d .  Where 
p a r a l l e l  o re  b e a r i n g  v e i n s  merge ,  u s u a l l y  a s s o c i a t e d  
w i t h  b r e c c i a  r e p l a c e m e n t  o r e ;  l e n s e s  of good w i d t h  

o c c u r  and  w i l l  accommodate mining  w i d t h s  of 

4 t o  8 f e e t .  
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N o .  4 s y s t e m  is  v e r y  s imi l a r  t o  t h e  N o .  2 and  
h a s  been  e x p l o r e d  on t h e  Company’s p r o p e r t y ,  by 3 

a d i t s  a n d  numerous t r e n c h e s .  The o r e  i n  t h i s  s y s t e m  
u s u a l l y  c o n t a i n s  g r e a t e r  amounts  o f  g a l e n a  and  less 

s p h a l e r i t e  t h a n  t h e  N o .  2 ,  however ,  t h i s  may be a 
r e s u l t  o f  v e r t i c a l  z o n i n g .  The N o .  4 f a u l t  d o e s  
n o t  a p p e a r  t o  b e  q u i t e  as s t r o n g  as t h e  N o .  2 f a u l t  

where  t h e  a c t u a l  z o n e  o f  weakness  c a n  r a n g e  up  t o  5 and  
6 f e e t  i n  w i d t h .  The N o .  2 s y s t e m  i n c l u d i n g  t h e  dyke  
r a n g e s  up t o  50 feet  i n  w i d t h .  O b s e r v a t i o n  o f  t h e  
N o .  4 s y s t e m  i n d i c a t e s  a n  a g g r e g a t e  w i d t h  g e n e r a l l y  
n o t  e x c e e d i n g  20 f ee t .  

6 . 3  Mine ra logy  

The p r i n c i p a l  s u l p h i d e  m i n e r a l s  p r e s e n t  i n  t h e  ore 
are as fol lows - i n  o r d e r  o f  p r o b a b l e  f o r m a t i o n  d u r i n g  
a s i n g l e  s tage  of e p i t h e r m a l  m i n e r a l i z a t i o n .  

1. G a l e n a  - PbS 
O c c u r s  m a s s i v e  i n  f i s s u r e  f i l l i n g  t o  
s p a r s e l y  d i s s e m i n a t e d  i n  a r e p l a c e m e n t  
gangue  o f  l a m p r o p y r e ,  c a l c i t e  and  q u a r t z .  

2 .  S p h a l e r i t e  - ZnS 
O c c u r s  s imi la r  t o  g a l e n a  and  a c c o r d i n g  
t o  (Chamberlain)  s p h a l e r i t e  and  g a l e n a  
show a m u t u a l  boundary  r e l a t i o n s h i p  
u n d e r  m i c r o s c o p i c  e x a m i n a t i o n .  

3 .  A r s e n o p y r i t e  - FeAsS 
O c c u r s  u s u a l l y  f i n e l y  d i s s e m i n a t e d  i n  
a s s o c i a t i o n  w i t h  g a l e n a  and  s p h a l e r i t e ,  i s  
r a r e l y  m a s s i v e  and  is  n o t  a l w a y s  p r e s e n t .  
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M i c r o s c o p i c  e x a m i n a t i o n  d e t a i l s  a r s e n o -  
p y r i t e  i n  e u h e d r a l  c r y s t a l s  rimming 
s p h a l e r i t e  and g a l e n a .  

4. P y r i t e  - FeS2 
Is p r e s e n t  l o c a l l y  as  coarse w e l l  c r y s t a l -  
l i z e d  a g g r e g a t e s ,  which may be r e p l a c e d  
by marcasite. 

5. C h a l c o p y r i t e  - CuFeS2 
Occur s  l o c a l l y  and  is  u s u a l l y  associated 
w i t h  heavy t o  m a s s i v e  s p h a l e r i t e  m i n e r a l -  
i z a t i o n .  M i c r o s c o p i c  e x a m i n a t i o n  r e v e a l s  
t h a t  c h a l c o p y r i t e  o c c u r s  a l o n g  g r a i n  bound- 
a r i e s  between a r s e n o p y r i t e  and  g a l e n a  
and  a l so  as b l e b s  i n  s p h a l e r i t e .  

6 .  P y r r h o t i t e  - FelxS 
Occur s  q u i t e  l i b e r a l l y  i n  a s s o c i a t i o n  w i t h  
o t h e r  s u l p h i d e  m i n e r a l s  and a p p e a r s  t o  
become q u i t e  p r e v a l e n t  n e a r  t h e  ex t rem-  
i t i e s  of an  ore zone .  

7. T e t r a h e d r i t e  - ( c ~ , F e , Z n , A g ) ~ ~  Sb4S13 
h a s  been  o b s e r v e d  m i c r o s c o p i c a l l y  i n  
s p h a l e r i  t e  . 

5 
8. E n a r g i t e  - Cu3f5S4 

Has been  o b s e r v e d  m i c r o s c o p i c a l l y .  

9. Ruby S i l v e r  ( P r o u s t i t e )  Ag,SbS3 3 

Occurs  l o c a l l y  i n  c o n s i d e r a b l e  q u a n t i t i e s .  
I t  is b r i g h t  b l o o d  red i n  c o l o u r  on  
f r e s h l y  exposed  s u r f a c e s ,  and is  o b s e r v e d  
as blobs up t o  t w o  i n c h e s  i n  d i a m e t e r  
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w i t h i n  a s u l p h i d e  mass. Ve ins  and  
v e i n l e t s  of mass ive  p r o u s t i t e  have 
a l s o  been o b s e r v e d  up t o  o n e  i n c h  i n  
t h i c k n e s s .  T h i s  m i n e r a l  is p o s s i b l y  
of s e c o n d a r y  o r i g i n ,  b u t  s u b s t a n t i a l l y  
up-grades  o re  shoo t s  wherever  i t  
o c c u r s .  

10. N a t i v e  S i l v e r  
Occurs  r a r e l y  b u t  h a s  been  o b s e r v e d  t o  
occupy vugs  i n  m a s s i v e  s u l p h i d e  b o d i e s ,  
i n  t h e  w i r e  s i l v e r  fo rm.  I t  is u s u a l l y  
associated w i t h  P r o u s t i t e  and may be of 
secondary  o r i g i n .  
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7.  ORE RESERVES 

7 . 1  C l a s s i f i c a t i o n s  and D e f i n i t i o n s  

Sampling p r a c t i c e s  u s e d  by I n t e r p r o v i n c i a l  S i l v e r  
Mines L t d . ,  p e r s o n n e l  d u r i n g  t h e  1967 - 1969 program,  
were d e s i g n e d  t o  r e p r e s e n t  as a c c u r a t e l y  as p o s s i b l e  
t h e  t r u e  v a l u e  o f  t h e  e r r a t i c  ore b o d i e s .  A l l  samp- 
l i n g  w a s  comple ted  w i t h  care and  a pneumat i c  c h i p p e r  
w a s  u s e d  wherever  p o s s i b l e .  P r i o r  t o  s a m p l i n g  i n  
m o s t  of t h e  o l d  workings  f r e s h  s u r f a c e s  were exposes. 
by s l a s h i n g  of d r i f t  backs. The  f r e s h  e x p o s u r e s  w e r e  
mapped and  c h a n n e l  sampled on measured  i n t e r v a l s ,  
u s u a l l y  5 foo t  i n t e r v a l s .  Sample w i d t h s  across t h e  

v e i n  were d e t e r m i n e d  by v e i n  c h a r a c t e r  and degree of 
m i n e r a l i z a t i o n  s u c h  a s  m a s s i v e ,  s p a r s e ,  e tc .  

O r e  R e s e r v e s  have  been  c lass i f ied  i n t o  t w o  c a t e g o r i e s  
o n l y  d e f i n e d  as  f o l l o w s :  

'1. Proven  O r e  - 
O r e  exposed  i n  mine Workings w i t h  a l i m i t  o f  
p r o j e c t i o n  t o  10 f e e t  p e r  f o o t  o f  a v e r a g e  t r u e  
v e i n  w i d t h .  O r e  b l o c k e d  o u t  on  4 s i d e s .  O r e  

b l o c k e d  on 2 and 3 s i d e s ,  t h e  b l o c k  b e i n g  i n t e r -  
sected by diamond d r i l l  h o l e s  on t h e  same 
s t r u c t u r e .  5 f o o t  p r o j e c t i o n s  p e r  foo t  o f  v e i n  
w i d t h  i n  a l l  d i r e c t i o n s  from a diamond d r i l l  
h o l e  i n t e r s e c t i o n .  

2 .  P r o b a b l e  O r e  - 
P r o j e c t i o n s  beyond p roven  o re  w i t h  a l i m i t  of 

p r o j e c t i o n  t o  10 feet  p e r  foo t  of  a v e r a g e  t r u e  
v e i n  w i d t h .  A l l  p r o j e c t i o n s  are l i m i t e d  t o  
d e f i n e d  g e o l o g i c a l  s t r u c t u r e .  



P o s s i b l e  o re  c l a s s i f i c a t i o n s  have n o t  been u s e d  in t h i s  
s t u d y ,  due t o  t h e  e r r a t i c  n a t u r e  of t h e  o re  b o d i e s  
b o t h  l a t e r a l l y  and  v e r t i c a l l y .  C o n s i d e r a b l e  p o s s i b l e  
o re  e n v e l o p e s  e a c h  o re  body and  p o s s i b l e  ore e x i s t s  
s u r r o u n d i n g  p o o r l y  d e f i n e d  m i n e r a l  o c c u r a n c e s  on  
t h e  p r o p e r t y .  Due t o  t h e  t y p e  o f  d e p o s i t  a p o s s i b l e  
ore c l a s s i f i c a t i o n  would n o t  o n l y  be ambiguous b u t  
would undoub ted ly  be m i s l e a d i n g .  

C o n s i d e r a b l e  p o t e n t i a l  f o r  ore o c c u r s  bo th  v e r t i c a l l y  
and  l a t e r a l l y  t h r o u g h o u t  t h e  e x t e n s i v e  dyke s y s t e m s  
on t h e  p r o p e r t y .  S y s t e m a t i c  underground development  
of t h e s e  s y s t e m s  w i l l  e v e n t u a l l y  p r o v e  up t h e  m e r i t  of 
t h e  p r o p e r t y .  

Phost of t h e  p r e s e n t  o re  r e s e r v e s  and areas of 
known m i n e r a l i z a t i o n  c a n  b e  e x p l o r e d ,  deve loped  and  
made a v a i l a b l e  f o r  mining  by s h o r t  a d i t s  below e x i s t -  
i n g  work ings .  The e x p l o r a t i o n  p o t e n t i a l  of t h e  
d i s t r i c t  is n o t  l i m i t e d  t o  t h e  N o .  2 and N o .  4 dyke 
s y s t e m s  p r e s e n t l y  c o n t r o l l e d  by t h e  Company. An e f f o r t  
s h o u l d  b e  made t o  a c q u i r e  o t h e r  s u r r o u n d i n g  p r o p e r t i e s  
of m e r i t  f o l l o w i n g  commencement of p r o d u c t i o n .  The 

d i s t r i b u t i o n  o f  o re  shocr t swi th in  t h e  s y s t e m  is ex- 
c e l l e n t  and is e s t i m a t e d  by t h e  w r i t e r  t o  i n c l u d e  15% 

t o  25% o f  t h e  s t r u c t u r e .  

I t  is e v i d e n t  f rom t h e  ore r e s e r v e s  deve loped  on t h e  
p r o p e r t y  i n  p a s t  y e a r s  t h a t  a p r o f i t a b l e  mining  op- 

e r a t i o n  is feasible a t  p r e s e n t  h i g h  metal- p r i c e s .  I t  

is f e l t  t h a t  costs d u r i n g  t h e  r e c e n t  p e r i o d  o f  
i n f l a t i o n  have n o t  k e p t  p a c e  w i t h  metal v a l u e s .  
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7.2 TABLE 1 

Summarv of a l l  O r e  Reserves 

Mine 
Ve in  Leve 1 Proven Ag(oz/T) Probable  Ag(oz/T) 

No. 2 3900-2 p o s s i b l e  reserves 
No. 2 4100-2 p o s s i b l e  r e s e r v e s  

No. 2 4300-2 21,936 31.7 16,180 24.6 

No. 2 5000-2 p o s s i b l e  r e s e r v e s  

N o .  2 5600-2 2,520 32.8 

No. 4 5150-4 900 38.2 3,730 34.3 
No. 4 5300-4 2,090 19 .5  

No. 4 5700-4 1,800 47 .8  1,980 25.0 

TOTAL 24,636 32.7 26,500 27.3 

T o t a l  Proven and Probable  = 51,136 t o n s  ( n o t  c o r r e c t e d )  
Average Grade = 29 .1  oz. Ag. p e r  t on  

Sampling e r r o r  c o r r e c t i o n  

Average Grade = 24.83 oz.  Ag. p e r  ton  

f a c t o r  = less 15% grade  

D i l u t i o n  Fac tor  = 25% 

TOTAL PROVEN AND PROBABLE 

Average Grade = 18.63 oz .  Ag. p e r  ton  

RE SERVES = 63,920 t o n s  ( c o r r e c t e d )  

Assays f o r  l e a d  and z i n c  have not  been inc luded  i n  t h e  

above c a l c u l a t i o n s ,  however, combined l e a d  and z i n c  w i l l  
range from 5% t o  10% The head sample used f o r  metal- 
l u r g i c a l  s t u d i e s  i s  7%. The c o r r e c t e d  va lue  f o r  

d i l u t i o n  and sampling e r r o r  is expected t o  b e  5%. 
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ORE VALUE 

S i l v e r  Va lue  per t o n  = 18.63 oz .  x $4.25 = $79.18 

Base Metal V d u e  / t o n  = 100 l b .  x $ .25 = 25.00 

T o t a l  O r e  Va lue  p e r  Ton = $ 104.18 

7 . 3  O r e  R e s e r v e  A n a l y s i s  

The 5600-2 l e v e l  n e a r  t h e  summit of Mount Vaughn on  t h e  
e a s t e r n  end  of t h e  N o .  2 s y s t e m  w a s  i n v e s t i g a t e d  i n  
March 1968. The a d i t  w a s  o r i g i n a l l y  d r i v e n  i n  t h e  

1920 's  t o  150 f ee t .  The a d i t  w a s  e x t e n d e d  3 0 C  fee t  
i n  1968 a t  which  p o i n t  m i n e r a l i z a t i o n  w a s  e n c o u n t e r e d .  
Heavy g round  c o n d i t i o n s  a t  t h i s  p o i n t  n e c e s s i t a t e d  
d r i v i n g  p a r a l l e l  t o  t h e  v e i n  f o r  a p p r o x i m a t e l y  100 
feet  before swing  back t o  t h e  s t r u c t u r e .  D r i f t i n g  
w a s  c o n t i n u e d  f o r  a n o t h e r  75 feet  a n d  minor  m i n e r a l -  
i z a t i o n  w a s  e n c o u n t e r e d .  An i n c l i n e d  ra i se  a t  55O 

east  w a s  d r i v e n  on t h e  v e i n  a t  t h i s  p o i n t  b e n e a t h  
t h e  2C (5750-2) s h a f t  w o r k i n g s .  The ra ise  w a s  
c o n t i n u e d  for 125 f ee t .  

O r e  R e s e r v e s :  are c a l c u l a t e d  a t  2620 t o n s  of p r o b a b l e  ore 
g r a d i n g  32.8 o z .  A g . p e r t o n .  Samples  t a k e n  by J.M. 
R u f f n e r  i n  t h e  2C s h a f t  a n d  w o r k i n g s  h a v e  b e e n  u s e d  f o r  
c a l c u l a t i o n s  of r e s e r v e s  i n  t h e  w o r k i n g s .  N o  r e s e r v e s  
h a v e  b e e n  c a l c u l a t e d  i n  t h e  5600-2 d r i f t .  

The 5000-2 l e v e l  w a s  n o t  opened  up n o r  i n v e s t i g a t e d  
i n  1968. Poss ib le  ore f o r  t h i s  a d i t  is based upon 
a s s a y s  t a k e n  by J.M. R u f f n e r  a n d  upon i n f o r m a t i o n  
g a t h e r e d  by Dolmage. 
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The 4900 e l e v a t i o n  t r e n c h  below t h e  5000-2 l e v e l  
r e v e a l s  an  i n t e r e s t i n g  m i n e r a l  zone of  abou t  8 feet  
i n  w i d t h .  A g r a b  sample  of  g a l e n a  from t h e  o x i d i z e d  
zone  g r a d e d  2 8 . 7 4  oz. A g .  p e r  t o n .  No o re  r e s e r v e s  
have been a l l o c a t e d  t o  t h i s  z o n e ,  however ,  p o s s i b l e  
ore  e x i s t s  and s h o u l d  be i n v e s t i g a t e d  a t  a l a te r  
d a t e .  

R e h a b i l i t a t i o n  of t h e  4300-2 l e v e l  began i n  May, 1968. 

The work ings  w e r e  r e t i m b e r e d  and s l a s h e d  f o r  600 feet  
t o  permi t  g e o l o g i c a l  mapping and  s a m p l i n g .  The main 
ore zone  is  exposed  f o r  100 feet  east  and w e s t  of 
t h e  43-2 RSE and winze  and c o n s i s t s  of  a w e l l  d e f i n e d  
v e i n  w i t h  a hang ing  w a l l  zone  and a f o o t  w a l l  z o n e ,  
w i t h  a lower grade c e n t r e .  The ore zone  w a s  mapped 
and  sampled  i n  v e r t i c a l  s e c t i o n  i n  t h e  winze  t o  60 

feet  below t h e  l e v e l  and i n  t h e  r a i se  t o  75 f e e t  above 
t h e  l e v e l .  M i n e r a l i z a t i o n  c o n s i t s  of m a s s i v e  and d i s -  
s e m i n a t e d  g a l e n a  i n  a b r e c c i a  gangue w i t h  a s s o c i a t e d  
s p h a l e r i t e ,  p y r r h o t i t e ,  p y r i t e ,  c h a l c o p y r i t e ,  a r s e n o -  
p y r i t e  and some l i g h t  ruby  s i l v e r  p r o u s i t e .  The o re  
body i s  f a u l t e d  off  a t  t h e  end of t h e  43-2 ra i se .  

A t o t a l  of 20  B.Q.W. d r i l l  holes  were comple t ed  above  
and  below t h e  l e v e l  from t w o  s e p a r a t e  d r i l l  cross 
c u t s  . 

The r e s u l t s  of t h e  d r i l l i n g  and s a m p l i n g  program are 
d e t a i l e d  on  maps and  s e c t i o n s  i l l u s t r a t e d  i n  t h i s  
s t u d y .  

O r e  R e s e r v e s :  c a l c u l a t e d  ore r e s e r v e s  f o r  t h e  43-2 
orebody a re  proven  21 ,936  t o n s  g r a d i n g  31.7 oz.  A g .  

p e r  t o n ,  p r o b a b l e  1 6 , 1 8 0  t o n s  g r a d i n g  2 4 . 6  oz. Ag. 
p e r  t o n .  
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The 4100-2 l e v e l  was c o m p l e t e l y  r e h a b i l i t a t e d  t o  t h e  
bottom of t h e  winze  i n  t h e  summer of  1969. The d r i f t  
beyond t h e  f irst  cross c u t  i s  t imbered and o l d  work ings  
o u t s i d e  t h e  r e h a b i l i t a t e d  d r i f t  are n o t  r e a d i l y  access- 
i b l e .  Heavy ground c o n d i t i o n s  i n  t h e  v i c i n i t y  o f  the 
winze  n e c e s s i t a t e d  by -pass ing  t h e  w i n z e  t o  break t h r o u g h  
i n t o  t h e  o l d  d r i f t  on t h e  o t h e r  s ide .  One r a i se  round  
h a s  been  d r i v e n  from t h e  by-pass  d r i f t  w i t h  t h e  i n t e n t i o n  
of  b r e a k i n g  i n t o  t h e  winze  abou t  24 f e e t  above t h e  
l e v e l .  Minor scattered m i n e r a l i z a t i o n  was e n c o u n t e r e d  
on t h i s  l e v e l  and  may be c l a s s i f i e d  as p o s s i b l e  o re .  
T h i s  m i n e r a l i z a t i o n  is p r o b a b l y  t h e  bottom of t h e  
43-2 ore body. 

The min ing  p l a n  f o r  t h e  43-2 orebody w i l l  r e q u i r e  rehab- 

i l i t a t i o n  of t h e  winze  which is t o  be u s e d  as an  ore 
p a s s  and f o r  s t o p e  access below t h e  4300 l e v e l .  The 
winze  is c o m p l e t e l y  t imbered between t h e  t w o  l e v e l s  
a d i s t a n c e  of 240 f ee t .  The winze  is i n c l i n e d  a t  70° 
for 140 feet  above t h e  4100 l e v e l  and  f l a t t e n s  t o  55O 

fo r  t h e  r e m a i n i n g  100 f e e t .  The  muck compartment is 
f u l l  f o r  180 f e e t  above t h e  4100 l e v e l  r e p r e s e n t i n g  
600 t o n s  o f  muck. 

A s u b - l e v e l  from the winze  h a s  been  d r i v e n  on ore f o r  
a s h o r t  d i s t a n c e  50 f e e t  below t h e  4300-2 l e v e l  and  
is a c c e s s i b l e  t o  t h e  w e s t  o n l y .  

The 3900-2 l e v e l  is  t h e  main l o w  l e v e l  a d i t  i n t o  t h e  
mine .  The c r o s s - c u t  h a s  been  d r i v e n  i n  g r a n i t e  and  
is i n  good c o n d i t i o n  f o r  2600 fee t .  A m i n e r a l  zone  
w a s  e n c o u n t e r e d  a t  t h e  i n t e r s e c t i o n  of t h e  N o .  2 

s y s t e m  and  h a s  been  d r i f t e d  on i n  both d i r e c t i o n s .  
Heavy ground c o n d i t i o n s  have p r e v e n t e d  p r o p e r  e v a l u a t i o n  
of t h i s  z o n e .  P o s s i b l e  ore o c c u r s  h e r e  and t h i s  w i l l  
b e  an i m p o r t a n t  e x p l o r a t i o n  target .  
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The 3900-2 c r o s s - c u t  d i d  n o t  r e a c h  t h e  downdip e x t -  
e n t i o n  of  t h e  N o .  4 dyke s y s t e m .  

The 5150-4 l e v e l  is t h e  w e s t e r n  most development  on t h e  

N o .  4 s y s t e m  on t h e  p r o p e r t y .  O the r  work ings  e x i s t  
s e v e r a l  t housand  f e e t  t o  t h e  w e s t  on t h e  No. 4 s y s t e m  
on t h e  B i g  Canyon claim n o t  owned by t h e  Company. 
The a d i t  w a s  r e h a b i l i t a t e d  and s l a s h e d  i n  1968 t o  
permi t  mapping and s a m p l i n g .  T h e  v e i n  on t h i s  l e v e l  
is  q u i t e  e r r a t i c  i n  n a t u r e  and t h e  o n l y  ore  s h o o t  
on t h i s  l e v e l  l i e s  a t  t h e  east end of t h e  a d i t  a l o n g  a 
cross f r a c t u r e  i n  g r a n i t e .  The v e i n  material is p r i -  

m a r i l y  mass ive  g a l e n a  and  s p h a l e r i t e  w i t h  minor  a r s e n o -  
p y r i t e .  S i l v e r  v a l u e s  i n  s h o r t  s e c t i o n s  r a n g e  t o  
200 oz. A g .  per t o n .  

O r e  R e s e r v e s :  c a l c u l a t e d  ore r e s e r v e s  f o r  t h e  5150-4 
l e v e l  are p roven  ore  900 t o n s  g r a d i n g  28.2 oz. A g .  

p e r  t o n  and p r o a b a b l e  ore 3730 t o n s  g r a d i n g  3 4 . 3  O Z .  

A g .  p e r  t o n .  

The 5300-4 l e v e l  p o r t a l  w a s  cleared and access w a s  g a i n e d  
for  7 5  f e e t  a t  which p o i n t  t h e  a d i t  w a s  c o m p l e t e l y  
c a v e d .  Good sample  and a s s a y  r e c o r d s  were a v a i l a b l e  
from p r e v i o u s  o p e r a t o r s ,  A t l i n  R u f f n e r  Mines L t d . ,  and  
ore r e s e r v e  c a l c u l a t i o n s  are based on t h i s  i n f o r m a t i o n .  

O r e  R e s e r v e s :  c a l c u l a t e d  ore r e s e r v e s  fo r  t h e  5300-4 
l e v e l  are  p r o b a b l e o r e  2090 t o n s  g r a d i n g  19.5 o z .  Ag. 

p e r  t o n .  

The 5700-4 l e v e l  w a s  r e h a b i l i t a t e d  and e x t e n d e d  200 
f e e t  i n  1968. The main o re  zone o c c u r s  n e a r  t h e  w e s t  
end  ( f r o n t )  of t h e  a d i t  and  shows i m p r e s s i v e  w i d t h s  
and  g r a d e  fo r  85 f e e t .  M i n e r a l i z a t i o n  c o n s i t s  o f  mass ive  
g a l e n a  w i t h  c h a l c o p y r i t e  and  s p h a l e r i t e  o v e r  w i d t h s  up 
t o  3 f e e t .  The s i l v e r  g r a d e  r a n g e s  up t o  80 o z .  p e r  
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t o n .  T h i s  l e v e l  is  on t h e  edge  of t h e  p e r m a f r o s t  z o n e  
and  no rma l  m i n i n g  a n d  d r i l l i n g  p r o b l e m s  were e n c o u n t e r e d  
u n d e r  t h e s e  c o n d i t i o n s .  

c 

O r e  R e s e r v e s :  c a l c u l a t e d  ore r e s e r v e s  f o r  t h e  5700-4 

l e v e l  are p r o v e n  om1800 t o n s  g r a d i n g  47 .8  oz.  A g .  

per t o n  and  probable ore 1,980 t o n s  g r a d i n g  25.0 O Z .  

Ag. p e r  t o n .  
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8.  EXPLORATION AND DEVELOPMENT 

8 . 1  In t roduc t ion  

The o b j e c t i v e  of a n y  e x p l o r a t i o n  program is  t h e  
development of o r e  r e s e r v e s  a t  m i n i m u m  c o s t  i n  o r d e r  
t o  p e r p e t u a t e  p r o f i t a b l e  d a i l y  product ion  and extend 
t h e  m i n e  l i f e  as long  as p r a c t i c a l .  I n  t h i s  regard 

cont inuous e x p l o r a t i o n  followed by  development of 
newly  exposed m i n e r a l  occurances is  mandatory. 

A general  l o n g  range  e x p l o r a t i o n  p lan  should be devised  
i n  o r d e r  t h a t  systematic e x p l o r a t i o n  and development 
can proceed according t o  a predetermined g e n e r a l  mine  
p l a n .  The degree of e x p l o r a t i o n  and development should 
be  d i r e c t l y  p r o p o r t i o n a t e  t o  a percentage  of t h e  n e t  
cash  f low.  T h e s e  funds should be expended on a cont in-  
uing bas i s  according t o  t h e  gene ra l  development p l an  which 
can be modif ied according t o  r e s u l t s .  The o r i g i n a l  
mine p l a n  i f  proven s a t i s f a c t o r y  should  not  be a l t e r e d .  

The  l i f e  expectancy of t h e  Ruffner Mine w i l l  be  d i r e c t l y  
p r o p o r t i o n a t e  t o  underground d r i f t  advance along t h e  ve in  
dyke s y s t e m s  a t  100 f o o t  l e v e l  i n t e r v a l s .  The l o c a t i o n s  
c o n t a i n i n g  p o s s i b l e  o r e  such as  t h e  3900-2 l e v e l  should  
be i n v e s t i g a t e d  f irst .  T h e s e  p o s s i b l e  o r e  t a r g e t s  w i l l  
be given p r i o r i t y  according t o  c o s t  of access and 
development. 

C l i m a t i c  c o n d i t i o n s  a t  t h e  mine  s i t e  w i l l  e f f e c t  ex- 
p l o r a t i o n  programming from season t o  season du r ing  
t h e  y e a r ,  however, e f f e c t s  of climate should not  e f f e c t  
long range o b j e c t i v e s .  These  o b j e c t i v e s  must be 
t a i l o r e d  t o  climate. Summer work must be d i r e c t e d  t o  
s u r f a c e  o r e  bodies  and m i n e r a l  showings a t  h igher  
e l e v a t i o n s .  W i n t e r  work programs should inc lude  i n v e s t -  
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i g a t i o n  a t  lower e l e v a t i o n s ,  o f  p o s s i b l e  o re  
w i t h i n  t h e  m i n e  and s y s t e m a t i c  development  of t h e  

dyke sys t em.  

The 3900 l o w  l e v e l  c r o s s - c u t  s h o u l d  b e  a f o c u s  i n  t h e  
g e n e r a l  mine p l a n .  The c r o s s - c u t  h a s  been  d r i v e n  f o r  
2600 f e e t  i n  g r a n i t e  a t  r i g h t  a n g l e s  t o  s t r i k e  and 
h a s  i n t e r s e c t e d  t h e  approx ima te  c e n t r e  of t h e  NO.  2 

dyke sys t em.  T h i s  s i g n i f i c a n t  i n t e r s e c t i o n  h a s  p ro -  
v i d e d  close t o  2000 feet  of backs on t h e  N o .  2 v e i n  
sys t em.  T h e  c r o s s - c u t  s h o u l d  e v e n t u a l l y  be e x t e n d e d  
an a d d i t i o n a l  500 feet  t o  i n t e r s e c t  t h e  down d i p  
e x t e n s i o n  of t h e  N o .  4 s y s t e m .  

The l o c a t i o n  of t h e  m i l l  a t  t h e  3900 p o r t a l  is  e s s e n t -  
i a l  f o r  m i l l  water s u p p l y .  I t  i s  a l so  e s s e n t i a l  t h a t  
t h i s  l e v e l  be u s e d  fo r  l o w  l e v e l  main h a u l a g e  from 
t h e  mine .  O r e  can  t h e r e f o r e  be d e l i v e r e d  t o  t h e  coarse 
ore b i n  d i r e c t l y  from mine cars.  

I t  i s  log ica l  t h e r e f o r e  t h a t  e x p l o r a t i o n  expand from 
t h i s  c e n t r e  (3900-2 c r o s s - c u t )  i n  both d i r e c t i o n s  a l o n g  
t h e  N o .  2 sys t em.  I n v e s t i g a t i o n  of F o s s i b l e  r e s e r v e s  
on t h i s  l e v e l  would b e  t h e  i n i t i a l  w i n t e r  work program. 
P r e f e r e n c e  would be g i v e n  t o  e x t e n d i n g  t h e  w e s t  d r i f t  
t o  b e n e a t h  t h e  4100-2 l e v e l  a d i s t a n c e  of 700 fee t .  
A ra ise  between 3900-2 and  4100-2 l e v e l  would p r o v i d e  
underground t r a n s f e r  of  ore from t h e  43-2 ore  body 
d i r e c t l y  t o  t h e  coarse ore  b i n .  

v 

C o n s i d e r a b l e  underground ore  s t o r a g e  would be p r o v i d e d  
i n  t h e  s t o p e s  ( s h r i n k a g e ) ,  i n  t h e  43-2 winze  and  i n  
t h e  3900-4100 ra i se .  T h i s  unde rg round  s t o r a g e  c a p a c i t y  
would p r e v e n t  t h e  need f o r  s u r f a c e  s t o c k  p i l e s  of m i l l  
f e e d  which would be s u b j e c t  t o  f r e e z i n g .  
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I n  summary l o n g  r a n g e  development w i l l  c e n t r e  on t h e  
3900 c r o s s - c u t ,  a l l  m i l l  f e e d  would be d e l i v e r e d  
th rough  t h i s  l e v e l  and systematic  l e v e l  development 
on b o t h  t h e  N o .  2 and N o .  4 would commence on t h i s  

e l e v a t i o n .  

Known o r e  b o d i e s  a t  or nea r  t h e  s u r f a c e  would b e  
f u l l y  deve loped  and mined, t h e  o r e  b e i n g  d e l i v e r e d  
t o  t h e  m i l l  by dump t r u c k .  The n e a r  s u r f a c e  ore 
b o d i e s  would of  c o u r s e  be expanded t o  t h e  maximum 
and e x p l o r a t i o n  a t  these l o c a t i o n s  would b e  g i v e n  
p r i o r i t y  d u r i n g  p r o d u c t i o n  and a c c o r d i n g  t o  t h e  

s e a s o n .  

The  development method recommended, would be a l i n e  
d r i v e  i n  t h e  g r a n i t e  f o o t w a l l  o f  t h e  dyke sys t em 
w i t h  c r o s s - c u t s  t h rough  t h e  sys t em a t  r e g u l a r  i n t e r -  
v a l s  o f  about  50 fee t .  The geology of t h e  e n t i r e  
sys t em would be p r o j e c t e d  between c r o s s - c u t s  f o l l o w i n g  
mapping and sampl ing  of t h e  c r o s s - c u t s .  Good g r a d e  
m i n e r a l i z a t i o n  ove r  mining w i d t h s  would b e  d r i f t e d  on  
between c r o s s - c u t s  p a r a l l e l  t o  t h e  main h a u l a g e  l e v e l .  
S toped  o r e  can  be e x t r a c t e d  t h r o u g h  ra ises  d r i v e n  
from t h e  main hau lage  d r i f t  i n t o  t h e  v e i n .  Diamond 
d r i l l i n g  t o  b l o c k  up d i p  o r e  can be accompl ished  from 
t h e  main h a u l a g e  d r i f t .  

The above d e s c r i b e d  sys tem of e x p l o r a t i o n  and develop-  
ment w i l l  have s e v e r a l  d i s t i n c t  a d v a n t a g e s :  - 

1. A comple t e  i n v e s t i g a t i o n  of t h e  vein-dyke f a u l t  
sys t em th rough  i t s  e n t i r e  w i d t h ,  a t  r e g u l a r  50 f t .  

i n t e r v a l s  a l o n g  s t r i k e .  Accura t e  p r o j e c t i o n  of 
geo logy ,  i n c l u d i n g  s t r u c t u r e  and m i n e r a l i z a t i o n .  
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2 .  E l i m i n a t i o n  of  e x p e n s i v e  t i m b e r i n g  i n  s t o p e  
p r e p a r a t i o n .  
a l o n g  h a u l a g e  l e v e l s  below o l d  s t o p e s .  O r e  

between t h e  ra i se  and t h e  l e v e l  can be e x t r a c t -  
e d  by open s t o p p i n g  methods and mucked o f f  t h e  
t racks i n  t h e  p a r a l l e l  s u b  d r i f t .  

N o  t imber  and  ma in tenance  r e q u i r e d  

3.  E a s i l y  m a i n t a i n e d  and  safe  h a u l a g e  l e v e l s  which 
w i l l  become e x t e n s i v e  as s y s t e m a t i c  e x p l o r a t i o n  
c o n t i n u e s  o v e r  t h e  known s t r i k e  l e n g t h s  on 100 
foot l e v e l s  

4 .  O r e  can  be e x t r a c t e d  a s  i t  is e n c o u n t e r e d  i n  
e x p l o r a t i o n  w i t h o u t  d e t r i m e n t  t o  t h e  e x t r a c t i o n  
of o re  deve loped  a t  a d i s t a n c e  f u r t h e r  f rom t h e  
3900 c r o s s - c u t .  

5. T h e  r a t e  of d r i f t  advance  w i l l  be much g r e a t e r  
i n  t h e  g r a n i t e  footwal l  t h a n  d r i f t i n g  w i t h i n  
t h e  f a u l t e d  dyke sys t em.  T o t a l  mine access costs  
may be r educed  by as much as 50% 

6. F u r t h e r  e x p l o r a t i o n  and s t o p i n g  i n  p r e v i o u s l y  mined 
areas a t  a l a t e r  date w i l l  b e  p o s s i b l e .  

8 . 2  E x p l o r a t i o n  Methods 

A i r  p h o t o s  have been u s e d  s u c c e s s f u l l y  on t h e  p r o p e r t y  
by t h e  wri ter  t o  locate m i n e r a l i z e d  f a u l t  zone e x t e n s i o n s .  
L o n g i t u d i n a l  t o p o g r a p h i c  d e p r e s s i o n s  o c c u r  a l o n g  t h e  
f a u l t  s y s t e m s  and are v i s i b l e  i n  a i r  p h o t o s .  The wri ter  
h a s  u s e d  a h e l i c o p t e r  t o  locate t h e s e  d e p r e s s i o n s  
v i s i b l e  on t h e  p h o t o s  and f a u l t  l o c a t i o n s  are marked 
w i t h  f l a g g i n g  a f t e r  l a n d i n g .  
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The d e p r e s s i o n s  i d e n t i f y i n g  t h e  f a u l t  zone  become 
stream c o u r s e s  d u r i n g  s p r i n g  t h a w ,  r e s u l t i n g  i n  
v i s i b l e  p a t t e r s  o f  b a r e  ground i n  a snow c o v e r e d  
l a n d s c a p e .  

P e r c o l a t i n g  ground water g e n e r a l l y  s e e p s  from t h e  

f a u l t s  d u r i n g  summer months r e s u l t i n g  i n  a b i o l o g i c a l  
i d e n t i f i c a t i o n .  

The most e f f e c t i v e  method of s u r f a c e  e x p l o r a t i o n  
f o l l o w i n g  t h e  l o c a t i o n  of t h e  zones  as p r e v i o u s l y  de- 
scr ibed is  of c o u r s e  by b u l l d o z e r  t r e n c h i n g  across 
t h e  s t r u c t u r e s  a t  i n t e r v a l s .  A h y d r a u l i c  r i p p e r  
a t t a c h m e n t  is e s s e n t i a l  due  t o  t h e  e x i s t e n c e  of 
l a t e  s p r i n g  i c i n g  c o n d i t i o n s .  

S u r f a c e  diamond d r i l l i n g  h a s  been  u s e d  w i t h  l i m i t e d  
s u c c e s s  on t h e  p r o p e r t y  i n  t h e  p a s t  due t o  g e n e r a l l y  
p o o r  c o r e r e c o v e w i n  g a l e n a  and  l o s s  of a l l  economic 
v a l u e s  i n  t h e  f a u l t e d  g round .  Of c o u r s e  f a u l t e d  
ground i s  e s s e n t i a l  t o  t h e  f o r m a t i o n  of  o re  b o d i e s .  
If diamond d r i l l i n g  on t h e  p r o p e r t y  is  c o n t e m p l a t e d  i n  
t h e  f u t u r e  i t  is s u g g e s t e d  t h a t  s h o r t  h o l e s  o n l y  
b e n e a t h  t r e n c h e s  be d r i l l e d  u s i n g  BQ o r  HQ equ ipmen t .  

The development  o f  a s u r f a c e  ore  shoot d e t e r m i n e d  by 
d o z e r  t r e n c h i n g  can b e s t  be accompl ished  by a sho r t  

a d i t  and  ra ise .  P r o v i d e d  t h a t  ore is e n c o u n t e r e d  i t  
can  be s h i p p e d  t o  t h e  m i l l  i n  order t h a t  p a r t  o f  t h e  
e x p l o r a t i o n  costs c a n  be r e c o v e r e d  immedia t e ly .  
exposed  s u r f a c e  ore shoot t h a t  d o e s  n o t  meet t h e  

s t a n d a r d s  of c o n t i n u i t y  and g r a d e  might  best be 

An 

t e s t e d  by d r i l l i n g .  

Topograph ic  c o n d i t i o n s  t h a t  e x i s t  on t h e  p r o p e r t y  are 
e x c e l l e n t  f o r  a d i t  development  of t h e  mine. The 



p a r a l l e l  v e i r s s t r i k e  from lower e l e v a t i o n s  t h r o u g h  
t h e  t o p  of Mount Vaughn p r o v i d i n g  access a t  numerous 
e l e v a t i o n s  a l o n g  t h e  e n t i r e  l e n g t h .  S u r f a c e  ore 
b o d i e s  can  b e  deve loped  and mined by s h o r t  a d i t s  
u s i n g  m o b i l e  equipment  d u r i n g  t h e  summer months.  
Road access t o  a l l  p a r t s  o f  t h e  p r o p e r t y  is q u i t e  
good. Minor r e p a i r s  must be con templa t ed  e a c h  s p r i n g .  

The c o r r e l a t i o n  of s u r f a c e  and underground s u r v e y s  on  
d e t a i l e d  p l a n s  and s e c t i o n s ,  followed by s y s t e m a t i c  
p r o j e c t i o n  of t h e  known t o  t h e  unknown of a l l  p e r t -  
i n e n t  geological  i n f o r m a t i o n  w i l l  be e s s e n t i a l  t o  
p r o p e r  i n v e s t i g a t i o n  on t h e  p r o p e r t y .  

A minimum of diamond d r i l l i n g  underground s h o u l d  b e  
c o n t e m p l a t e d  as a p r e l u d e  t o  a major  r a i se  program 
and  t o  d e v e l o p  r e s e r v e s  below a l e v e l .  

Where p o s s i b l e  a mine p r e p a r a t i o n  crew s h o u l d  fo l low 
t h e  e x p l o r a t i o n  crew t o  i n c r e a s e  t h e  p e r c e n t a g e  of 

a v a i l a b l e  o re  t h a t  c a n  be b lended  and s h i p p e d  f o r  
c o n c e n t r a t i o n .  

8.3 Targe ts  

E x p l o r a t i o n  t a r g e t s  i n  t h i s  f e a s i b i l i t y  w i l l  be k e p t  
t o  t h e  minimum and s c h e d u l i n g  w i l l  be f o r  o n e  y e a r  
o n l y .  The Budget f o r  e x p l o r a t i o n  d u r i n g  c o n s t r u c t i o n  
and  t h e  f i r s t  y e a r  of p r o d u c t i o n  w i l l  b e  k e p t  t o  a 
minimum as s e v e r a l  y e a r s  m i l l  feed is p r e s e n t l y  a v a i l -  
able.  

- 36 - 



\ 

During  t h e  e x t r a c t i o n  o f  known ore  b o d i e s  i t  i s  q u i t e  
p r o b a b l e  t h a t  a d d i t i o n a l  p o s s i b l e  o re  w i l l  be 

p r o j e c t e d  t h a t  must b e  e x p l o r e d  immedia t e ly .  For 
t h i s  r e a s o n  any l o n g  r a n g e  e x p l o r a t i o n  s c h e d u l i n g  a t  
t h i s  t i m e  w i l l  be  i m p r a c t i c a l .  

The p r i m a r y  summer e x p l o r a t i o n  t a r g e t  w i l l  be t h e  

5700-4 l e v e l  where s e v e r a l  t housand  t o n s  o f  p roven  
and  p r o b a b l e  ore  of  good g r a d e  are known t o  e x i s t  
below t h e  l e v e l .  T h i s  b l o c k  of o re  can  be r e a c h e d  
by a s h o r t  a d i t  100 feet  below t h e  5700-4 l e v e l .  I t  
i s  proposed t h a t  t h e  e x p l o r a t i o n  mew u s i n g  mobile 

equipment  f irst  e x t r a c t  t h e  900 t o n s  of o re  above t h e  

l e v e l  and s h i p  t h i s  as m i l l  f e ed  t o  c o v e r  e x p l o r a t i o n  
costs.  Dur ing  t h e  t i m e  t h a t  t h i s  o re  is b e i n g  ex- 
t r a c t e d ,  p o r t a l  s i t e  p r e p a r a t i o n  on t h e  5600-4 

l e v e l  c a n  be comple ted  i n  o r d e r  t h a t  t h e  a d i t  can  be 

collared and t i m b e r e d  immedia te ly  f o l l o w i n g  min ing  
on 5700-4 l e v e l .  

C l i m a t e  c o n d i t i o n s  l i m i t  economic o p e r a t i o n s  a t  t h e s e  
h i g h e r  e l e v a t i o n s  from May 1 5 t h  t o  September  1 5 t h  and  
t i m e  is t h e  e s s e n c e  of  t h i s  program. O r e  e n c o u n t e r e d  
on 5600-4 l e v e l  development  s h o u l d  immedia t e ly  be 

s tock  p i l e d  a t  t h e  m i l l  and e x t r a c t i o n  of t h e  ore b l o c k  
s h o u l d  be comple t ed  by September  1 5 t h  i f  p o s s i b l e .  

S e v e r a l  good w i n t e r  e x p l o r a t i o n  programs are e n v i s a g e d  
by t h e  w r i t e r ,  however ,  t h e  program recommended is 
one  which w i l l  more t h a n  l i k e l y  p r o v i d e  a d d i t i o n a l  
m i l l  f e e d  immedia te ly  a t  minimum cos t .  

The 3900-2 l e v e l  i s  t h e  lowest access t o  t h e  mine and 
e x p l o r a t i o n  and development  on t h i s  l e v e l  s h o u l d  b e  
c o n t e m p l a t e d  w i t h  a view t o  l o w  l e v e l  main h a u l a g e  
v i a  tram and o re  cars t o  t h e  coarse ore b i n  a t  t h e  m i l l .  
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8.4 

The 3900-2 level has penetrated the mountain for 
about 2600 feet and fairly extensive mineralization 
has been encountered along the 39-2 drift both east 
and west of the cross-cut. Due to very bad ground 
conditions and decomposed timber this mineral zone 
has not been investigated to the point where it 
could be included in ore reserves. It is suggested 
that access be gained along the No. 2 zone on the 
3900-2 level to determine the existence, extent and 
grade of this mineralization. Extraction of exist- 
ing ore grade material can be immediate. 

Preliminary to development of the 3900-2 level will 
be re-routing of mill water supplies contained in this 
level and development of new storage facilities for 
this water. A short adit and raise into the 3900-2 
level from below o r  an adequate sump must be constructed 
prior to development on this level. 

TABLE 2 

Schedule Exploration and Development 

Location 

1. 5700-4 
2. 5600-4 
3. 5600-4 
4. 5600-4 
5. 4300-2 

Program 

Portal Rehabilitation 
Port a1 Construct ion 
500 ft. drift 
100 ft. raise 
Sub-level development 

6. 43-2 STP Stope preparation 

Sc  hedu 1 e Personnel 

Apr. 15-21/76 2 men 
Apr.21-May15/76 2 men 
May15-July1/76 4 men 
July 1-15/76 4 men 
July 15-Sept.15/76 2 men 
Sept .15-0ct. 15/76 2 men 

7. 3900-2 Water reservoir const. Oct. 15-Dec. 1/76 2 men 
8. 3900-2 Adit rehabilitation Mar.l-May15/77 2 men 
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A management d e c i s i o n  w i l l  be r e q u i r e d  by May 1 5 t h ,  
1977 as t o  e x p l o r a t i o n  and development p r i o r i t i e s  
i n  r ega rds  personnel  a l l o c a t i o n  f o r  t h e  summer of 
1977. 

Should t h e  m i l l i n g  ra te  be increased t o  50 T.P.D. i t  
w i l l  be adv i sab le  t o  increase t h e  number of men by 

one a d d i t i o n a l  2 man crew i n  o r d e r  t o  m a i n t a i n  t h e  
proper  o r e  r e s e r v e  r a t i o .  

The  2 man e x p l o r a t i o n  a n d  development crew w i l l  be 

a l l o c a t e d  t o  pre-product ion,  o r e  p a s s  p r e p a r a t i o n ,  s t o p e  
p r e p a r a t i o n ,  a n d  mining ( s t o p i n g )  beginning June 1, 
1975 t o  Apr i l  E t h ,  1976 a t  which t i m e  t h e  above 
schedule  b e g i n s .  

8 .5  Personnel  

I n i t i a l l y  e x p l o r a t i o n  and  development personnel  w i l l  
be m a i n t a i n e d  a t  1 - two man crew, a t  a p a y r o l l  c o s t  
of about $150.00 p e r  day .  The crew w i l l  be d i r e c t e d  
t o  mine  p r e p a r a t i o n  and pre-product ion s t o p e  prepara-  
t i o n  and then t o  s t o p i n g  i n  o r d e r  t o  develop a m i l l  
feed s t o c k  p i l e  dur ing  t h e  f irst  f e w  months of 
p roduc t ion .  

The p r i o r i t y  of t h e  e x p l o r a t i o n  and development crew 
w i l l  b e :  

1. Stope p r e p a r a t i o n .  
2 .  Development and p r e p a r a t i o n  of p o s s i b l e  and 

probable  o r e .  
3. N e w  e x p l o r a t i o n  headings t o  l o c a t e  p o t e n t i a l  o r e .  
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8 . 6  Explora t ion  and Development Costs  

P 

P a y r o l l  c o s t s  f o r  a t w o  man e x m r a t i o n  and develop- 

ment crew w i l l  be about $150.00 p e r  day f o r  20 days 

p e r  month. P a y r o l l  c o s t s  pe r  month w i l l  be $3,000.00. 

The crew w i l l  r e q u i r e  suppor t  i n  t h e  form of t r a n s p o r t ,  

a i r  and m a i n t e n a n c e .  The  degree of suppor t  w i l l  be 

dependent on t h e  working l o c a t i o n .  

Explora t ion  and Development Cost e s t i m a t i n g  w i l l  there- 
f o r e  be d e a l t  w i t h  on an i n d i v i d u a l  j ob  b a s i s  incorp-  

o r a t i n g  p a y r o l l  and suppor t  c o s t s  i n t o  t h e  budget.  

TABLE 3 

Budget 

-- c o s t  Schedule R e  qu i  reme n t  s 

A p r i l  15-21 P o r t  a1  rehab il i t a t  ion 
1976 P a y r o l l  $ 1000.00 

Vehicle  - 6 days @ $10. 60 .00  
Front  End Loader - 

3 days 8 $125. 375.00 
Dozer - 10 h r s .  62 $75. 750.00 

Tot a1 $ 2185.00 

Apr i l  21  - P o r t a l  Cons t ruc t ion  
May 15/76 P a y r o l l  $ 1500.00 

Dozer - 20 h r s .  @ $75. 1500.00 
Front  End Loader 

3 days @ $125. 375.00 
Timber 1500.00 

Vehicle  - 10 days @ $10 100.00 

Tota l  $ 4975.00 

May 15 - D r i f t i n g  w i t h  t imber  10 
J u l y  1 /76  f t . / d a y  of 7x8 w i t h  2 crews 

P a y r o l l  - p e r  day $ 300.00 
Timber, a i r ,  m i s c .  suppor t  300.00 

Cost per 10 f e e t  600.00 
Cost p e r  f o o t  60.00 

Cost pe r  500 f e e t  - 500 x 60 $ 3 ~ ~ ~ 0 . ~ ~  
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Schedule Requirements - c o s t  

J u l y  1 - Raise with t imber  8 f t / d a y  
J u l y  15/76 of 3 x 4 w i t h  2 crews. 

Fayro l l -  pe r  day w i t h  bonus $ 400.00 
Timber, a i r ,  m i s c .  suppor t  

powder 
Cost pe r  8 f e e t  
Cost p e r  f o o t  
Cost pe r  100 f e e t  

J u l y  15 - Sub-level 8 f t / d a y  of 
Sept .  15/76 6 '  x 6 '  w i th  1 crew 

P a y r o l l  pe r  day 
Support pe r  day 
Cost p e r  8 f t .  
Cost pe r  f o o t  
Cost p e r  150 f e e t  

Sept .  15 - Stope p repa ra t ion  inc ludes  
O c t .  15/76 r a i s e s  2 men p e r  day. 

2 men f o r  20 days 150x30 
Support - 150 x 20 

To ta l  

O c t .  15 - Water Reservoir  
Dec. 1 /76  P o r t a l  

D r i f t i n g  i n  g r a n i t e  
$40. p e r  f o o t .  

D r i f t i n g  50 f e e t  50 x 40 
Raise i n  g r a n i t e  

$75. p e r  f o o t  
Raise 20 f e e t  - 75 x 20 

To ta l  

TOTAL ESTIMATE EXPLORATION & DEVELOPMENT 

COST 1976 = $ 65,285.00 

Explora t ion  and Development Costs p e r  Ton 

Tons / day Days Tons/mo. Months 

400.00 
800.00  
100.00 

$lOOOO. 00 

$ 150.00 
150.00 
300.00 

37.50 
$ 5625.00 

$ 3000.00 
3000.00 

EOOO.00 

$ 3000.00 

2000.00 

1500.00 

$ 6500.00 

- 1976 

Tons / y e a r  

25 25 625 11 6,875 

1976 Budget = $ 65,285.00 

$ 9.50 Cost p e r  Ton of O r e  = 65285 - - 
6875 

- 41 - 



9.  PRODUCTION 

9 . 1  S c h e d u l e  Underground P r e - P r o d u c t i o n  

TABLE 4 

Locat i o n  Program S c h e d u l e  P e r s o n n e l  

4300-2 
4300-2 
4100-2 
4100-4300 
43-2 Winze 

43-2 Winze 

43-2 Winze 
4100-2 

4300-2 

Access road rehab. J u n e  1 - 2 

P o r t a l  r e h a b .  de-ice June  2 - 7 2 men 
P o r t a l  r e h a b .  de-ice J u n e  2 - 7 2 men 
Restore S e r v i c e s  J u n e  2 -15 4 men 
By-pass ra i se  t o  

w i n z e  J u n e  15-21 4 men 
P u l l  muck from winze  

600 t o n s  June  21-30 4 men 
Re-timber 240 f e e t  J u l y  1-31 2 men 

S u r f a c e  ore dump 
and c h u t e  J u l y  1-31 2 men 

43-2 S t o p e  p r e p a r a t i o n  
and commence s t o p i n g ,  
ore t o  o re  p a s s  s tock 
p i l e  f o r  m i l l  s t a r t  up Aug.1-31 4 men 

The o b j e c t i v e s  of t h e  underground p r e - p r o d u c t i o n  p ro -  
gram b e g i n n i n g  J u n e  1 and e n d i n g  August 31 w i l l  b e  
t o  p r e p a r e  t h e  mine f o r  c o n t i n u o u s  p r o d u c t i o n  a t  a 
r a t e  o f  25 t o n s  p e r  day and t o  d e v e l o p  a small s t o c k  
p i l e  o f  development  muck f o r  c o n c e n t r a t o r  r u n  i n .  

O r e  d e l i v e r y  t o  t h e  m i l l  w i l l  b e g i n  i n  t h e  43-2 s tope  
t h r o u g h  t h e  o re  pass t o  t h e  4100-2 l e v e l ,  from t h e  ore 
p a s s  t o  t h e  s u r f a c e  dump by tram on t h e  4100-2 l e v e l  
and from t h e  s u r f a c e  dump t o  t h e  m i l l  coarse o re  b i n  
by dump t r u c k .  

D e l i v e r y  o f  o re  t o  t h e  m i l l  v i a  t h e  4300-2 l e v e l  i s  
p r e v e n t e d  by s u r f a c e  t o p o g r a p h i c  c o n d i t i o n s  which w i l l  
p r e v e n t  safe  t r a n s f e r  of o re  t o  t h e  m i l l  f rom t h e  

4300-2 l e v e l  by dump t r u c k -  
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9 . 2  S u r f a c e  and C o n c e n t r a t o r  Schedu le  

Locat i o n  

Mine M i l l  

Camp 

M i l l  S i t e  

T a i l i n g s  

3900-2 

M i l l  S i t e  

M i l l  S i t e  

M i l l  S i t e  

M i l l  S i t e  

M i l l  S i t e  

M i l l  S i t e  

TABLE 5 

Program S c h e d u l e  P e r s o n n e l  

Access r o a d  c o n s t r u c t i o n  
and r e h a b i l i t a t i o n  May 1-7 S u p e r v i s i o n  

O f f i c e  r e n o v a t i o n  May 1 - 7 2 men 

E x c a v a t i o n  May 7 -21 S u p e r v i s i o n  

Excavat  i o n  May 21-31 S u p e r v i s i o n  

P o r t a l  R e h a b i l i t a t i o n  May 2 1  - 
water s torage  dam June  15 4 men 

R e t a i n i n g  w a l l s  - May 15 - 
c o n c r e t e  June  15 S u p e r v i  s i o n  

G e n e r a t o r  & compressor  hilay 2 1  - C o n t r a c t o r  
p a d ,  g e n e r a t o r  and J u n e  1 - 
compressor  i n s t a l l a t i o n  J u n e  15 

Crush ing  and  concen t -  June  15 - 
r a to r  equipment  J u n e  30 
i n s t  a1 l a t  i o n  
O r e  b i n s  J u n e  15-30 4 men 

B u i l d i n g  C o n s t r u c t i o n  June  21- 
J u l y  15 4 men 

P l u m b i n g - E l e c t r i c s  J u l y  1 - 
Conveyors J u l y  31 4 men 

Ellisc. Aug. 1-15 4 men 

M i l l  S t a r t  Up August 15 
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9 . 3  Undergrount? h-e-Production Budget 

TABLE 6 

Schedule Requirements 

J u n e  1 - 2 Access Roads 
D 8  - 20 h r s .  @ $ 75. 

June 2 - 7 Por t  a1 Rehab i 1 i t  a t  ion 

June 2 - 15 Restore  s e r v i c e s  
4 men 63 $ 200. per  day 
10 days,  p l u s  Misc. 

June 15 - 2 1  Raise 25 f t .  @I $ l o o . /  f t .  

c o s t s  

$ 1500.00 

2000.00 

2500.00 

25GO. 00 

June 2 1  - 30 Muck ou t  w i n z e  
4 men 63 $300. p e r  day 
p l u s  s e r v i c e s  0 $300. /day 
f o r  8 days. 4800.00 

J u l y  1 - 31 Winze t imbering 
240 f t .  @ $75. /  f t .  18000.00 

J u l y  1 - 31 Surface  dump and chute  
2 men - 20 days 63 $ 50. 

material  $ 2000. 4000.00 
pe r  man day $ 2000. 

Aug. 1 - 31 Stope p repa ra t ion  
4 men Q 20 days @ $300. 
pe r  day $ 6000. 
Se rv ice  8i t imber 4000. 10000.00 

T o t a l  Underground Pre-Production Costs  - $ 45300.00 

P l u s  Contingencies TOTAL - $ 50000.00 

9 .4  Surface  Pre-Production Budget 

See Sec t ion  10:3-6 f o r  d e t a i l s  of concen t r a to r  and 

concen t r a to r  cons t ruc t ion  and i n s t a l l a t i o n  c o s t s .  

Concentrator  - C a p i t a l  Cost ( 1 2 : 6 )  $ 57000.00 

Concentrator  i n s t a l l a t i o n  & Construct ion 
(12 .3 )  94875.00 

TOTAL - $ 151875.00 
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Addi t iona l  s u r f a c e  pre-production c o s t s  a s  pe r  

schedule  a r e :  - 

TABLE 7 

Schedule 

May 1 - 7 

May 1 - 7 

May 7 -21  

May 21-31 

May 2 1  - 
J u n e  15 

May 2 1  - 
J u n e  1 

Requirement s c o s t s  

Access roads  
40 h r s . -  D 8  @ $75. 

Of f i ce  renovat ion 

Powder magazine and 
shop c o n s t r u c t i o n  

T a i l i n g  d i s p o s a l  
24 h r s .  D8 @ $75.00 

3900-2 

$ 3000.00 

1000.00 

5000.00 

1800.00 

4000.00 

Generator & Compressor pad 
i n s t a l l a t i o n  and bu i ld ings  5000.00 

To ta l  $ 19800.00 

9 . 5  Summary Pre-Production Costs  

1. Underground - Table 6 $ 50,000.00 

2. Sur face  - Table 7 19,800.00 

3. Concentrator  C a p i t a l  Cost ( 1 2 . 6 )  57,000.00 

4.  Concentrator  I n s t a l l a t i o n  & 
Construct ion ( 1 2 . 3 )  94,875.00 

5 .  Engineer ing,  Superv is ion ,  Adminis t ra t ion 
Transpor t a t ion ,  Room and Board 25,000.00 

TOTAL 246,675.00 

TOTAL - Including cont ingencies  $ 275,000.00 
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10.  PRODUCTION - MINING 

10.1 Mining Methods 

The actual physical characteristics of the developed 
ore bodies and ground conditions surrounding the ore 
bodies will determine the mining methods to be used 
and will result in modification of the mining methods 
during production. 

At the Ruffner Mine the ore bodies characteristic- 
ally are small and irregular. The average vein 
widths will be 1 to 4 feet and the average mining 
width will be a minimum of four feet. The average 
vein dip will be between 60° and 70°. 

the footwall will result in a weak footwall and post 
mineral faulting will off-set ore bodies along strike 
and dip. 

Faulting along 

The ore bodies themselves are irregularly distributed 
along persistent structures and exploration will be 
confined to the main vein-dyke systems. 

The sulphide ore both massive and disseminated is 
usually competent and the hanging wall is expected 
to stand well although slabbing might be a problem 
in stopes. 

Small, irregular ore bodies usually call for some 
form of selective, high cost mining which should 
result in maximum extraction of higher grade ore. 

Stoping methods can be adjusted to suit the character- 
istics of each ore body. The following schedule of 
methods has been outlined as a guide to stoping 
methods under variable underground conditions. 
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The c o n s t a n t  c o n d i t i o n s  of nar row v e i n  and s t e e p  
d i p  are common a t  t h e  R u f f n e r  Mine. 

S c h e d u l e  of A p p l i c a t i o n  of Underground Mining Methods 

TABLE 8 

Type of S t r e n g t h  S t r e n g t h  
O r e  Body Dip of O r e  O f  Walls Methods 

Very S t r o n g  S t r o n g  
nar row o r  o r  
v e i n s  S t e e p  Weak Weak Resuing  

N a r r o w  
v e i n  S t e e p  S t r o n g  S t r o n g  i . o p e n  unde r  hand s t o p e s  

i i . o p e n  o v e r  hand s t o p e s  

i v . f i l l e d  f l a t  back s t o p e s  
v . f i l l e d  r i l l  s t o p e s  

N a r r o w  i . f i l l e d  f l a t  back  s t o p e s  
v e i n  S t e e p  S t r o n g  Weak i i . f i l l e d  r i l l  s t o p e s  

i i i . s h r i n k a g e  s t o p e s  

iii. s q u a r e  se t  s topes  

N a r r o w  
v e i n  S t e e p  Weak S t r o n g  i . o p e n  underhand s t o p e s  

ii. s q u a r e  se t  s t o p e s  
N a r r o w  i . s q u a r e  se t  s t o p e s  
v e i n s  S t e e p  Weak Weak ii. t o p  s l i c i n g  

i i i . c r o s s  c u t  methods 

The i r l i t i a l  p r o d u c t i o n  l o c a t i o n  w i l l  be t b e  43-2 
s tope  above t h e  4300-2 l e v e l  a t  t h e  winze .  The second  
p r o d u c t i o n  l o c a t i o n  w i l l  be t h e  43-1A s t o p e  above 
t h e  4300-2 l e v e l  n e a r  t h e  p o r t a l .  Recommended mining  
p r o c e d u r e  f o r  t h e  43-2 s t o p e  is a f l a t  back  s h r i n k a g e  
s t o p i n g  method w i t h  s t u l l  s u p p o r t  o r  rock b o l t s  where 
hang ing  w a l l  t e n d s  t o  s lab .  
u r e  f o r  t h e  43-1A s t o p e  w i l l  be open ,  o v e r h a n d ,  f l a t  
back  r e s u i n g  methods.  Access w i l l  be by t i m b e r e d  man 

Recommended mining  proced-  

way of l a g g e d  s t u l l s .  Waste w i l l  be knocked t o  t h e  
l e v e l  mucked w i t h  a muck machine ,  trammed t o  t h e  
4300-2 p o r t a l  and dumped. O r e  w i l l  be b las ted  follow- 
i n g  removal  of t h e  w a s t e ,  mucked from t h e  l e v e l  i n t o  
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cars and  trammed t o  t h e  ore p a s s .  Shou ld  t h e  ore 
c o n t i n u e  up d i p  f o r  any g r e a t  d i s t a n c e ,  t h e  d r i f t  
back  w i l l  have t o  b e  t i m b e r e d  and  c h u t e s  i n s t a l l e d .  
I n  t h i s  c a s e ,  by c a r r y i n g  t h e  m i l l  h o l e  w i t h  t h e  s t o p e  
b a c k ,  t h e  r e s u i n g  method can  b e  c o n t i n u e d  u s i n g  waste 
f o r  back  f i l l  and s l u s h i n g  ore  i n t o  t h e  m i l l  h o l e .  
Recommended mining  p r o c e d u r e s  f o r  s tope  43-1B below 
t h e  4300-2 l e v e l  a t  t h i s  l o c a t i o n  w i l l  b e  by under -  
hand methods.  Should t h e  ore  c o n t i n u e  down d i p  f o r  
any g r e a t  d i s t a n c e ,  f u r t h e r  s t o p i n g  must be carried 
o u t  f r o m  t h e  s u b  l e v e l  extended from t h e  43-2 winze .  
Using t h e  unde r  hand method,  s tope benches  w i l l  be 

c u t  below t h e  l e v e l .  An i n c l i n e d  t imber  c h u t e  c a n  
be c o n s t r u c t e d  t o  f a c i l i t a t e  s c r a p p i n g  t h e  o re  up t o  
t h e  l e v e l .  The ore w i l l  be mucked o f f  t h e  l e v e l  w i t h  
a muck machine and trammed t o  t h e  ore p a s s .  

10.2 S t o p i n g  P r o c e d u r e s  

S t o p e  p r e p a r a t i o n  f o r  t h e  43-2 s t o p e  w i l l  i n c l u d e  
d r i f t i n g  t o  t h e  l i m i t s  of ore on t h e  l e v e l  t o  t h e  east 
and w e s t  o f  t h e  winze .  Cut o u t  t h e  f i r s t  back  s t o p e  
and  e n l a r g e  t h e  d r i f t  t o  a h e i g h t  o f  15 f e e t  above 
t h e  d r i f t .  I n c l u d e  b o t h  t h e  hang ing  w a l l ,  f o o t  w a l l  
and l o w  g r a d e  c e n t r e  of t h e  v e i n  i n  t h e  c u t t i n g  o u t  
s t o p e  as t h e  e n t i r e  w i d t h  w i l l  grade ore i n  t h i s  s t o p e .  
Remove b roken  ore w i t h  a muck machine down t h e  ore 
p a s s .  In  o r d e r  t o  e s t a b l i s h  a h a u l a g e  way t h e  d r i f t  
back w i l l  be timbered w i t h  p o s t  and c a p s  and lagged 

f o r  t h e  l e n g t h  of t h e  o re  s h o o t .  C e n t r e  p o s t s  a t  6 

foot  i n t e r v a l s  and  b u i l d  c h u t e s  i n  a l t e r n a t e  sets on 
1 2  foo t  c e n t r e s .  Ca r ry  t i m b e r  manways and t u g g e r  
c h u t e s  a t  e a c h  end of t h e  s t o p e .  Manways can  b e  t w o  
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l i n e s  o f  l a g g e d  s t u l l s  f o r  v e i n  w i d t h s  u n d e r  8 f e e t .  
Widths i n  e x c e s s  of 10 f e e t  are  n o t  a n t i c i p a t e d  i n  
which case c r i b b e d  manways s h o u l d  be b u i l t .  The 
s t o p e  s h o u l d  be f l a t  backed  w i t h  breasts 8 f e e t  h i g h  
and  h o l e s  f l a t  6 feet  deep .  Sha l low h o l e s  w i l l  be 
r e q u i r e d  t o  d e c r e a s e  o v e r  b r e a k  as t h e  o re  body r o l l s  

S u f f i c i e n t  muck w i l l  be drawn from t h e  s t o p e  t o  
allow m i n e r s  t o  work o f f  t h e  muck p i l e .  T h i s  w i l l  
r e q u i r e  abou t  40% draw of muck f o l l o w i n g  each b l a s t ,  

a t  t h e  a p p r o p r i a t e  c h u t e .  O r e  can  be t r a n s f e r r e d  
from t h e  c h u t e  t o  t h e  ore  pass by hand trammed o re  
car as t h e  d i s t a n c e  is  s h o r t .  

Approximate ore b roken  per 2 man crew 
p e r  s h i f t  across 6 foo t  w i d t h  i n  t h e  
s t o p e  w i l l  be:  28 t o  30 t o n s .  8 x 6 ~ 6  = 

10 

A t  l eas t  50% of t h e  broken  ore  must be l e f t  i n  t h e  

s t o p e  f o r  ground s u p p o r t  and i n  o rder  t o  work a t  t h e  

ore face.  When t h e  l i m i t s  of t h e  o r e  body h a s  been  
mined and  s t o p i n g  is t e r m i n a t e d  t h e  s t o p e  can  be 

drawn empty. A c o n s i d e r a b l e  m i l l  f e e d  r e s e r v e  w i l l  
be created u s i n g  t h i s  min ing  method. A c a p i t a l  
i n v e s t m e n t  w i l l  a l so  be r e q u i r e d  w i t h  a d e l a y e d  
r e t u r n .  

Between 10 and 15 t o n s  of m i l l  f e e d  w i l l  be a v a i l a b l e  
p e r  s h i f t  from t h i s  s t o p e  which w i l l  n o t  b e  s u f f i c i e n t  
t o  meet t h e  demand a t  a 25 t o n  p e r  day m i l l  r a te .  A 

cross s h i f t  w i l l  t h e r e f o r e  b e  r e q u i r e d  f o r  s t o p i n g  
u n t i l  a s t o c k  p i l e  h a s  been  e s t a b l i s h e d .  I t  i s  pro- 
posed  t h a t  t h e  e x p l o r a t i o n  and  development  crew b e  
cross s h i f t  t o  t h e  p r o d u c t i o n  crew u n t i l  s u c h  t i m e  as 
t h e  s tock p i l e  i s  s u f f i c i e n t  t o  m a i n t a i n  t h e  m i l l  r a te .  
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10.3  P e r s o n n e l  & C o s t s  

P e r s o n n e l  r e q u i r e m e n t s  d u r i n g  t h e  f i r s t  few months 
of p r o d u c t i o n  w i l l  b e  2 - 2 man crews i n  t h e  s t o p e  
and a tram crew of t w o  men who w i l l  tram o r e  t o  t h e  
s u r f a c e  on t h e  4100-2 l e v e l ,  f i l l  t h e  dump t r u c k  and 
d e l i v e r  o r e  t o  t h e  m i l l .  A t o t a l  of s i x  men w i l l  

t h e r e f o r e  b e  r e q u i r e d  t o  mine and d e l i v e r  t h e  o r e  
t o  t h e  c o n c e n t r a t o r .  A s  t h e  s t o c k  p i l e  b u i l d s  t h e  
c r o s s  s h i f t  c a n  be  p u l l e d  from t h e  s t o p e  and p l a c e d  
back on development u n t i l  t h e  s t o c k  p i l e  i s  

t o  a p o i n t  where t h e y  are  a g a i n  r e q u i r e d  f o r  pro- 
d u c t  i o n .  Mining Cos t s  

drawn 

TABLE 9 

2 m i n e r s  @ $ 75.00 p e r  day each  $150.00 

P l u s  bonus of $25. p e r  day ea.  50.00 

2 h e l p e r s  62 $ 50.00 p e r  day each  100.00 

P l u s  bonus $10. p e r  day each  20 .00  

80 .00  2 l a b o u r e r s  G $ 40.00 p e r  day each  
P l u s  bonus $10. p e r  day each  20.00 

T o t a l  p a y r o l l  c o s t  p e r  day 420.00 

420 - - 
P a y r o l l  c o s t  p e r  t o n  of ore - 60 7 . 0 0  

Mine s e r v i c e s  and  s u p p o r t  c o s t s  p e r  
t o n  o f  o r e  5 .00  - - 

$ 12 .00  - - T o t a l  mining c o s t  p e r  t o n  of o r e  
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10 .4  P roduc t ion  Equipment Requirements  and C o s t s  
TABLE 10 

1. Mancha trarnmer, s p a r e  b a t t e r i e s  
and c h a r g e r  $ 6,000.00  

2.  6 m i n e  cars ,  3 f l a t  cars (new) 10,000.00 

3. S l u s h e r  3 ,000 .00  

4.  Tugger 

5. 4 d r i l l s ,  s t e e l ,  p a r t s ,  hose  

6 .  2 pumps (pneumat ic )  

a c c e s s o r i e s  

2 , 0 0 0 . 0 0  

8 ,000 .00  

2 , 0 0 0 . 0 0  

7.  1 Genera to r  5 Kw, 3 phase  2 , 5 0 0 . 0 0  

8. 1 Compressor - 600 CFM (Used) 20,000.00 

9.  1 G e n e r a t o r ,  C a t e r p i l l a r ,  D348 37 ,000 .00  

10. Powder 5 ,000.00 

11. T o o l s ,  Welder 

12.  V e n t i l a t i o n  P i p e  

5 , 0 0 0 . 0 0  

1,000.00  

1 3 .  2 Fans 2 ,000 .00  

14.  V i c t a u l i c  p i p e  & c o u p l i n g s  4"x2" 5,000.00 

15. C r a w l e r  T r a c t o r  ( F r o n t  End Loader)  
Used 15 ,000 .00  

16. 1 Dump Truck 5 - 10 t o n  ( u s e d )  10,000.00 

17 .  2 3 /4  ton  4 x 4 t r u c k s  14 ,000 .00  

18. Wash t r a i l e r  
19.  Misce l l aneous  

5 , 0 0 0 . 0 0  

10.000.00 

TOTAL $ 162 ,500 .00  
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11. METALLURGY 

11.1 Summarv 

C o n s i d e r a b l e  t e s t i n g  of ores from t h e  R u f f n e r  Mine 
h a s  been conduc ted  i n  t h e  p a s t  by E r i t t o n  Research 

t L i m i t e d  f o r  I n t e r p r o v i n c i a l  S i l v e r  Mines L t d . ,  and 

r e s u l t s  have been made a v a i l a b l e  t o  A t l i n  S l i v e r  
C o r p o r a t i o n .  A d d i t i o n a l  t e s t i n g  work h a s  a l s o  been  
conduc ted  by Mr. H . E .  Pawson. All d e t a i l s  of tests 
are p r e s e n t l y  on f i l e  w i t h  A t l i n  S i l v e r  C o r p o r a t i o n ,  
and  p r o v i d e  complete i n f o r m a t i o n  on f l o w s h e e t s ,  
g r i n d i n g  r e q u i r e m e n t s ,  t h e  c h e m i s t r y  f o r  f l o a t a t i o n  
and  o t h e r  p e r t i n e n t  d a t a .  T h i s  repor t  w i l l  i n c l u d e  
a r e v i e w  of t h i s  i n f o r m a t i o n ,  c o n c l u s i o n s  and  con- 
c e n t r a t o r  d e s i g n  based on t h e  c o n c l u s i o n s .  

Due t o  h i g h  s h i p p i n g  costs from A t l i n ,  B . C .  t o  any 
smelter e i ther  i n  s o u t h e r n  B . C .  o r  t h e  U . S . ,  s h i p -  
p i n g  l o w  g r a d e  z i n c  c o n c e n t r a t e  t h i s  d i s t a n c e  might  

n o t  be p r o f i t a b l e  and  w i l l  c e r t a i n l y  be dependent  
upon metal p r i c e s .  S h i p p i n g  costs  , smelter costs 
and  p e n a l t i e s  may make t h i s  p r o d u c t  uneconomica l .  
Bulk s h i p m e n t s  of  z i n c  c o n c e n t r a t e  by c o n t a i n e r  t o  
J a p a n  s h o u l d  be i n v e s t i g a t e d .  

P r o v i d e d  t h a t  t h e  z i n c  c o n c e n t r a t e  is t o  b e  stock- 
p i l e d  a t  t h e  m i l l  s i t e ,  t h i s  p r o d u c t  s h o u l d  c o n t a i n  
minimum s i l v e r  v a l u e s ,  t h e  b u l k  of t h e  s i l v e r  b e i n g  
s h i p p e d  w i t h  t h e  l e a d  c o n c e n t r a t e .  The lead con- 
c e n t r a t e  must however be of good g r a d e  w i t h  a minimum 
waste c o n t e n t  t o  p r o v i d e  l o w  s h i p p i n g  and  smelter 
costs p e r  t o n  of o r e ,  and  above a l l  m i l l  r e c o v e r i e s  
must be a d e q u a t e  t o  p r e v e n t  e x c e s s i v e  metal l o s s  t o  
t a i l s .  
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A r e v i e w  of t h e  m e t a l l u r g i c a l  b a l a n c e  of t h e  t h r e e  
tests c o n d u c t e d  by B r i t t o n  Research L i m i t e d ,  1 1 . 2  
i n d i c a t e s  t h a t  t es t  2 p r o v i d e s  t h e  op t imun  i n  r e d u c e d  
s h i p p i n g  and  s m e l t i n g  cos ts  f o r  t h e  s i l v e r  - l e a d  
c o n c e n t r a t e  and  p r o v i d e s  f o r  84 .2% r e c o v e r  of s i l v e r  
and  95.5% r e c o v e r y  of l e a d ,  w i t h  t h e  lead  c o n t e n t  
close t o  50% a n d  a c o n c e n t r a t e  p e r c e n t a g e  w e i g h t  of 
ore of 9%. 

S h o u l d  t h e  c o r r e s p o n d i n g  z i n c  c o n c e n t r a t e  be s tock-  
p i l e d ,  t h i s  p r o d u c t  would c o n t a i n  o n l y  2 .5% of t h e  
r e c o v e r a b l e  s i l v e r ,  b u t  would a l so  c o n t a i n  72.6% of t h e  

r e c o v e r a b l e  z i n c .  

S h o u l d  metal prices p r o v i d e  f o r  t h e  s h i p m e n t  of b o t h  
a s i l v e r - l e a d  c o n c e n t r a t e  and  a z i n c  c o n c e n t r a t e ,  
c o n s i d e r a t i o n  s h o u l d  be g i v e n  o n l y  t o  a h i g h  grade 

lead c o n c e n t r a t e  a n d  z i n c  c o n c e n t r a t e  w i t h  a combined 
minimum s h i p p i n g  w e i g h t  p r o v i d i n g  t h a t  metal l o s s  t o  
t a i l s  is  r e a s o n a b l e .  T e s t  3 ( B r i t t o n  11.2) g i v e s  a 
t o t a l  c o n c e n t r a t e  p e r c e n t a g e  w e i g h t  of ore of 11.81% 
a t o t a l  s i l v e r  r e c o v e r y  of 8 3 . 7 %  ( s i m i l a r  t o  T e s t  2 )  

a t o t a l  l e a d  r e c o v e r y  of 95.9%and a t o t a l  z i n c  r e c o v e r y  
of 86% i n  t h e  lead a n d  z i n c  c o n c e n t r a t e .  

The metal p r i c e  of z i n c  l ess  smelter cos t s  a n d  p e n a l -  
t i e s ,  less i n c r e a s e d  s h i p p i n g  cos ts  f o r  z i n c  concen-  
t r a t e  3.81% by w e i g h t  of o re  would d e t e r m i n e  t h e  

economy of p r o c e s s i n g  z i n c  c o n c e n t r a t e .  

C o n c e n t r a t e  d r y i n g  h a s  n o t  been  i n c l u d e d  i n  t h e  m i l l  
f l ow s h e e t  fo r  r e a s o n s  of i n i t i a l  c a p i t a l  cost .  I n  
order t o  r e d u c e  s h i p p i n g  costs such a m o d i f i c a t i o n  
is of immediate c o n c e r n  as cash f l o w  d e v e l o p s  a n d  
f u n d s  are a v a i l a b l e .  
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For pu rposes  of  v a l u a t i o n  and smelter r e t u r n  cal-  
c u l a t i o n s  g o l d  and cadmium c o n t e n t  w i l l  n o t  be  cons id -  

e r e d  b u t  w i l l  ac t  as a cont ingency  bonus.  For pur-  

p o s e s  of c a l c u l a t i n g  n e t  c a s h  f low and smelter r e t u r n s  
c r i t e r i a  f o r  T e s t  3 ( B r i t t o n 1 1 : 2 ) )  w i l l  be  used .  

T h i s  p re supposes  t h a t  a z i n c  c o n c e n t r a t e  w i l l  b e  

s h i p p e d .  

The f o l l o w i n g  metal v a l u e s  are used  f o r  c a s h  f low 

p u r p o s e s :  - 

Met a1 
-L_- 

Recover v 

1. S i l v e r  - Ag 83.7% 

2 .  Lead - Pb 95.9% 

3 .  Z i n c  - Zn 86.0% 

Value --- 

$ 4 . 2 5  p e r  o z .  
2 0  p e r  l b .  

.30 p e r  l b .  

1 1 . 2  T e s t s  

Four  samples  of o r e  and one sample of w a s k f r o m  t h e  

Ruf fne r  Mine were used  by B i t t o n  Research  Limi ted  

t o  make up a composi te  head sample for t es t  p u r p o s e s ,  

which had t h e  f o l l o w i n g  assay. 

Gold - AU 0 .02 oz .  p e r  t o n  

S i l v e r  - Ag 23.8 o z .  p e r  t o n  

Lead - Pb 4.60% 

Z i n c  - Zn 2.44% 

Cadmium - Cd 0.02% 

Arsen ic  - A s  1.44% 

Sulphur  - S 6.62% 

S p e c i f i c  G r a v i t y  - 3.11 

10 .3  f t  p e r  s h o r t  t o n .  3 
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T h r e e  c o m p l e t e  f l o t a t i o n  t e s t s  were carried o u t  
u n d e r  i d e n t i c a l  c o n d i t i o n s  except t h a t  sodium c y a n i d e  
a d d e d ,  v a r i e d  from n i l  t o  0 .05  t o  0 . 1  pounds  p e r  
t o n  of o re .  

R e s u l t s  showed t h a t  t h e  grade  of lead c o n c e n t r a t e  
i n c r e a s e d  w i t h  i n c r e a s i n g  c y a n i d e  a d d i t i o n s  b u t  s i l v e r  
r e c o v e r y  i n  t h e  lead c o n c e n t r a t e  d r o p p e d .  P a r t  of 

t h e  s i l v e r  l o s t  from t h e  lead c o n c e n t r a t e  by i n c r e a s i n g  
a d d i t i o n s  of c y a n i d e  w a s  r e c o v e r e d  l a t e r  i n  t h e  z i n c  
C o n c e n t r a t e .  T h e r e  w a s  no change  i n  t h e  grade of z i n c  
i n  t h e  z i n c  c o n c e n t r a t e .  

The o v e r  a l l  r e c o v e r y  of s i l v e r  would be i n c r e a s e d  by  

4% by o m i t t i n g  c y n i d e  f rom t h e  c i r c u i t ,  b u t  t h e  lead 

a s s a y  of t h e  lead c o n c e n t r a t e  would be r e d u c e d  from 
55% t o  37% a n d  t h e  c o n c e n t r a t e  p e r c e n t a g e  we igh t  of 

ore would  be i n c r e a s e d  from 8.0% t o  11.63% t h e r e b y  
i n c r e a s i n g  t h e  s h i p p i n g  a n d  s m e l t i n g  cos t s  by almost 
50%. 

I n  each tes t  t h e  l e a d  r o u g h e r  c o n c e n t r a t e  w a s  c l e a n e d  
o n c e  a n d  t h e  z i n c  r o u g h e r  c o n c e n t r a t e  w a s  c l e a n e d  
twice. The grade of z i n c  c o n c e n t r a t e  d r o p p e d  w i t h  
s e c o n d  r e c l e a n i n g .  

The m i l l  f l o w  s h e e t  is a n  economic  compromise be tween  
market s c h e d u l e  of c o n c e n t r a t e ,  cost  of c o n c e n t r a t i o n  and  
c o n c e n t r a t e  t r a n s p o r t a t  i o n  costs. The l i t h o l o g i c  c h a r -  
acter of t h e  ore has  c o n t r o l l e d  t h e  method of c o n c e n t -  
r a t i o n ,  r e c o v e r y  a n d  cost .  Reduced t o n n a g e  t r a n s p o r t e d  
is  t h e  r e w a r d  f o r  i n c r e a s e  i n  c o n c e n t r a t e  grade b u t  
r e s u l t s  i n  h i g h e r  metal l o s s  t o  t a i l s .  
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M e t a l l u r g i c a l  B a l a n c e  from Composite T e s t  Sample 
T e s t  R e s u l t s  d e t e r m i n e d  by Variable a d d i t i o n s  of NaCN 

TABLE 11 

1 - Lead C l e a n e r  c o n c e n t r a t e  a s s a y i n g  179.9 02. Ag. per t o n ,  no  NaCN a d d i t i o n s .  

P r o d u c t  Weight Assays  % R e c o v e r i e s  
% Au A g  Pb Zn Fe Au Ag Pb Zn 

Lead C l e a n e r  
C o n c e n t r a t e  11.63 . 1 4  179.9 37.48 4 .01  20.70 74.9 88.8 9 4 . 1  1 9 . 1  

Z i n c  R e c l e a n e r  
C o n c e n t r a t e  3.16 .03  13 .6  .91 49.77 12.00 3 .5  1 .8  . 6  64.3 

Head 100. .02 23 .8  4 .60  2.44 100. 100. 100. 100. 
Combined Conc. 14.79 68.4 89.06 94 .7  83.4 

2 - Lead C l e a n e r  a s s a y i n g  219.3 oz.  Ag. per t o n ,  .05 lb. per t o n  N a C N  a d d i t i o n  
Weight Assays % R e c o v e r i e s  

P r o d u c t  or I0 Au A g  Pb Zn Fe Au A g  Pb Zn 

Lead C l e a n e r  
C o n c e n t r a t e  9.00 .18 219.3 49.63 3.45 13.84 74.7 84.2 95.5 13 .0  

Z i n c  R e c l e a n e r  
C o n c e n t r a t e  3 . 5 1  .02  18.5 1.11 49.32 11 .91  3 . 3  2 .7  0 . 8  72.6 

Head 100. .02 23.8 4.60 2.44 100 100. 100. 100. 
Combined Conc. 12 .51  78 .0  86.9 96 .3  85.6 



3.  - Lead C l e a n e r  c o n c e n t r a t e  a s s a y i n g  233.7 oz.  Ag. p e r  t o n ,  0 . 1  l b .  per t o n  NaCN add. 

P r o d u c t  % Au Ag Pb Zn Fe Au Ag Pb Zn 
Weight Assays  % R e c o v e r i e s  

Lead C l e a n e r  

Z i n c  r e c l e a n e r  

Head 100.0 .02  23.8 4.60 2.44 100. 100. 100. 100. 
Combined Conc. 11.81  74.4 83 .7  95 .9  86.0 

C o n c e n t r a t e  8 .00 .19  233.7 55.07 3.3 1 0 . 3 1  67.3 80.0 94.9 10 .7  

C o n c e n t r a t e  3 . 8 1  .04  2 3 . 1  1 .28  48.93 12.07 7 . 1  3 .7  1 . 0  75 .3  

According  t o  Pawson, a n a t u r a l  c i r c u i t  is  i n d i c a t e d  f o r  s i l v e r - l e a d  f l o t a t i o n .  
A l k a l i n i t y  p r o v i d e d  by l i m e  w i l l  have an a d v e r s e  effect  on some of t h e  s i l v e r  
m i n e r a l s .  P y r i t e  d e p r e s s i o n  w i t h  l i m e  d u r i n g  lead f l o t a t i o n  w i l l  depress t h e  

s i l v e r  m i n e r a l s ,  p r o u s i t e ,  p y r a r g y r i t e  and  s t e p h a n i t e .  I r o n  w i l l  have t o  be 

c o n t r o l l e d  w i t h  NaCN d u r i n g  c l e a n i n g .  



1 1 . 3  Smelter R e t u r n s  

A s  p e r  t e s t  N o .  3 ( B r i t t o n )  assuming 100 t ons  mi l l ed  

assaying  23.8 o z .  Ag. per  t o n ,  4 .6% Pb and 2.44% Zn 
p e r  t o n ,  no va lues  considered fo r  cadmium and go ld ,  

11.81 tons  of combined concen t r a t e s  a r e  produced equal-  
l i n g  8 .00  tons  of s i l v e r - l e a d  concen t r a t e  and 3 .81  

tons  of z i n c  concen t r a t e  r ep resen t ing  83.7% of t h e  

s i l v e r  c o n t e n t ,  95.9% of t h e  l ead  conten t  and 86.0% 

of t h e  z i n c  conten t  recovered.  

To ta l  Metal p e r  100 t o n s  of o r e  = 2380 o z .  Ag. 

9200 l b s .  Pb 

4880 l b s .  Zn 

8 t o n s  of s i l v e r - l e a d  concen t r a t e  produced equal& 

Ag 2380 o z .  x 80.0% rec. x 95% payment x $4.25 = $7687.40 

Pb 9200 l b .  x 94.9% rec. x 95% payment x .20  = 1658.85 
Zn 4880 l b .  x 10.7% rec.  x 85% payment x .30 = 133.15 

GROSS $ 9479.40 

3.81 t o n s  of z i n c  concen t r a t e  produced equa l s  

Ag 2380 oz .  x 3.7% rec. x 95% payment x $ 4.25 = 355.54 
Pb 9200 l b .  x l & r e c .  x 95% payment x .20 = 17.48 

Zn 4880 l b .  x 75.3% r e c . x  85% payment x .30 = 937.03 

GROSS $ 1310.05 

Gross Smelter Returns = $10,789.45 pe r  100 t ons  

Gross Smelter Returns pe r  t on  = $107.89 

Gross Smelter R e t u r n s  - S i l v e r  Lead Concentrate  $ 9479.40 
/---I 

LESS: Shipping, smel t ing ,  marketing 640.00 

$ 8839.40 
d/, 0% / Q  ‘ lrLI d.76 * l z  3 2 /7 5 /tcx/A.,U&5” 7 7 8  cTc 

N e t  Smelter Return - Si lve r - l ead  concentrate 
&& 
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Gross Smelter  Re tu rn  - Z i n c  concen t r a t e  $ 1310.05 

LESS : 2 4 $4,b',I 3 i L h 4 ~ C L j U L 4 Z L i t '  

5 .e 
S h P $ h g ,  s m e f t  Ing , marketing $80. x3.81 304.80 

P ,L' L - C , - L d %  N e t  Smelter  R e t u r n  Z i n c  Concentrate  $ 1005.25 
/o - ',-- /% $- L- 

&&. 2 2 / 7 5  z/. c 2 

Tota l  N e t  Smelter R e t u r n  
N e t  Smelter Return p e r  t o n  of o r e  

T o t a l  Shipping,  sme l t ing ,  marketing 

c o s t s  p e r  100 t o n s  

Cost p e r  Ton of O r e  

$ 9844.65 

98.45 

$ 944.80 

s 9.45  

Run of t h e  mine  o r e  w i t h  an average grade of 23.8 

oz.  Ag. per  t o n ,  4 .6% Pblper t o n ,  2.44% z i n c  pe r  t o n ,  

would provide  t h e  fol lowing r e t u r n s :  - 

O r e  va lue  p e r  t on  = $ 134.19 

$ 98.45 N e t  R e t u r n  - 

Mil l ing  l o s s e s ,  sme l t ing ,  

- 

sh ipp ing ,  marketing c o s t s  = $ 35.74 

Percentage c o s t  and m i l l  l o s s  - f a c t o r  - 26.5% 

O r e  g rade  n e t  cash flow f a c t o r  = 73.5% 
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1 1 . 4  F lowshee t  

T h e  t y p e  of f l o w s h e e t  u s e d  depends  upon t h e  charact- 
e r i s t i c  of t h e  c r u d e  o r e  and d e c i s i o n s  t o  be made 
as t o  l o c a t i o n ,  c a p a c i t y  and  grade o f  p r o d u c t .  The 
e s s e n t i a l  e l e m e n t s  of t h e  f l o w  s h e e t  must be s u c h  as 
t o  take a d v a n t a g e  of t h e  v a r i a t i o n s  i n  p h y s i c a l  
and chemical p r o p e r t i e s  of t h e  m i n e r a l  c o n s t i t u e n t s  
of t h e  c r u d e  o r e ;  t h e  d e t a i l s  w i l l  v a r y ;  i n  g e n e r a l  
h i g h  r e c o v e r y  of a l o w  grade p r o d u c t  and l o w  r e c o v e r y  
of a h i g h  g r a d e  p r o d u c t  are e q u a l l y  e a s y  and cheap  
t o  o b t a i n .  

Character of t h e  f i n i s h e d  p r o d u c t  i s  d e t e r m i n e d  by 
c o n s i d e r a t i o n  of t h e  character of t h e  c r u d e  o re  and 
of t h e  c o n c e n t r a t i o n  p r o c e s s  a v a i l a b l e  and v a r i a t i o n s  
of m a r k e t a b i l i t y  w i t h  q u a l i t y .  I f  me ta l l i f e rous  
p r o d u c t s  are t o  be s h i p p e d  l o n g  d i s t a n c e s  a t  h i g h  
f r e i g h t  ra tes  ( R u f f n e r  Mine) ;  o re  d r e s s i n g  must a i m  
a t  maximum e l i m i n a t i o n  of e v e r y  waste s u b s t a n c e  
p h y s i c a l l y  rejectable i n c l u d i n g  water. 

Maximum p r o f i t  is t h e  a i m  of a c o n c e n t r a t i n g  o p e r a t i o n  
and  t h i s  is u s u a l l y  a t t a i n e d  by some combina t ion  of 
r e c o v e r y  and  grade of c o n c e n t r a t e  t h a t  d o e s  n o t  i n c l u d e  
t h e  maximum of e i the r .  

The q u a n t i t y  and  q u a l i t y  of ore a v a i l a b l e  d e t e r m i n e s  
n o t  o n l y  whe the r  a m i l l  s h o u l d  be b u i l t ,  b u t  d ic ta tes  
c a p a c i t y  and t y p e  o f  c o n s t r u c t i o n .  The m i n e r a l o g i c a l  
character of t h e  ore is c o n t r o l l i n g  as  t o  t h e  t rea t -  
ment scheme. C a p a c i t y  is d e t e r m i n e d  by p o t e n t i a l  mine 
c a p a c i t y ,  cost of c o n s t r u c t  i o n ,  a v a i l a b l e  c a p i t a l  and  
demand f o r  p r o d u c t .  
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The m i n e r a l o g i c a l  character of t h e  o re  is i m p o r t -  
a n t  f r o m  t h e  s t a n d p o i n t  o f  d i s t r i b u t i o n  of d i f f e r e n t  
m i n e r a l s  a n d  r e l a t i v e  q u a n t i t i e s  as w e l l  as chemical 
n a t u r e  a n d  p h y s i c a l  c h a r a c t e r i s t i c s .  I t  d e t e r m i n e s  
a n d  l i m i t s  t h e  number a n d  k i n d s  of p r o c e s s e s  a v a i l -  
able and  a t  w h a t - g r a i n  s ize  t h e y  may be a p p l i e d .  

R i c h  ores r e q u i r e  a n d  c a n  s t a n d  t h e  cos t  of more 
elaborate t r e a t m e n t  t h a n  poor ores ,  l a rge  ore bodies  

j u s t i f y  larger a n d  more elaborate m i l l s  t h a n  s m a l l .  
When f r e i g h t  ra tes  are h i g h  o r  smelter p e n a l t i e s  
f o r  i m p u r i t i e s  g rea t ,  e x t e n s i v e  t r e a t m e n t  d e s i g n e d  t o  
r a i s e  t h e  grade o f  c o n c e n t r a t e  i s  j u s t i f i e d  o r  h i g h  
grade c o n c e n t r a t e  may be made a t  t h e  e x p e n s e  of l o w  
r e c o v e r y .  

Tonnage i s  an  i m p o r t a n t  factor  i n  f l o w  s h e e t  d e s i g n .  
If  t o n n a g e  is s m a l l ,  t h e  s i m p l e s t  t y p e  of f l o w  s h e e t  
o n l y  s h o u l d  be c o n s i d e r e d ,  e v e n  when a l o w  r a t i o n  of 
c o n c e n t r a t i o n  might  i n d i c a t e  an  elaborate m i l l .  

I n  g e n e r a l  small m i l l s  w i t h  a c a p a c i t y  of 25 T .P .D .  

t o  75 T .P .D .  r e q u i r e  a coarse ore b i n  w i t h  a c a p a c i t y  
of a b o u t  24 h o u r s ,  a g r i z z l y  s h o u l d  be i n s t a l l e d  w i t h  

o p e n i n g s  smaller t h a n  t h e  j a w  c r u s h e r  o p e n i n g .  Gen- 
e r a l l y  o n l y  a s i n g l e  toggle  t y p e  j a w  c r u s h e r  is  used 

f o r  c r u s h i n g  t o  as small a s ize  as p o s s i b l e  i n  o n e  
pass a n d  f o r  s i m p l i c i t y  a n d  economics  no  s e c o n d a r y  
c r u s h e r  i s  u s e d .  The A t l i n  S i l v e r  Corp. m i l l  h a s  b e e n  
d e s i g n e d  t o  i n c l u d e  a s e c o n d a r y  c r u s h e r .  T h i s  w i l l  
f a c i l i t a t e  and  a l low c r u s h i n g  t o  a f i n e  s ize  - 3/6" 

b a l l  m i l l  feed i n  order t o  i n c r e a s e  g r i n d i n g  c a p a c i t y  
t o  a f i n e  mesh 75% - 200 as r e q u i r e d  by  m e t a l l u r g i c a l  
t e s t s ,  r a t h e r  t h a n  a s t a n d a r d  g r i n d  for f l o t a t i o n  pur- 
poses of 48 mesh. 
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A d d i t i o n a l  e n c l o s e d  ore s torage  is o b t a i n e d  w i t h  t h e  

i n c l u s i o n  of a f i n e  ore b i n  h a v i n g  a c a p a c i t y  of 2 

d a y s  m i l l  feed. T h i s  w i l l  smooth  o u t  t h e  f l o w  of 
d r y  p u l p  t o  t h e  g r i n d i n g  c i r c u i t .  Discharge from 
t h e  f i n e  ore b i n  w i l l  be t h r o u g h  a s i m p l e  p i p e  t y p e  
b e l t  feeder. 

V a l u a b l e  metal l ics  i n c l u d i n g  s u l p h i d e s  which  f ree  
coarse and  f i n e  meta l l ic  s i l v e r  w i l l  be t a k e n  o u t  of 

t h e  p u l p  stream as e a r l y  as p o s s i b l e  i n  order t o  
r e d u c e  c o n c e n t r a t i n g  costs and  t o  p r e v e n t  losses due  
t o  s l i m i n g .  T h i s  w i l l  be a c c o m p l i s h e d  by means of a 
u n i t  c e l l  a t  t h e  b a l l  m i l l  d i s c h a r g e .  If appreciable  

amounts  of coarse s i l v e r  are e n c o u n t e r e d  i n  t h e  o r e ,  
i t  w i l l  have  t o  be removed w i t h  a g r a v i t y  t y p e  mach ine  
p r o b a b l y  a m i n e r a l  j i g .  G r a v i t y  c o n c e n t r a t i o n  has  

n o t  b e e n  i n c l u d e d  i n  t h e  f l o w  sheet as  n o  coarse 
n a t i v e  s i l v e r  h a s  been  o b s e r v e d  i n  t h e  o r e .  

A s p i r a l  c lass i f ie r  h a s  been  i n c l u d e d  i n  closed c i r c u i t  
w i t h  t h e  b a l l  m i l l  and  u n i t  c e l l  i n  o rde r  t h a t  c o n t r o l  
of t h e  f i n e  g r i n d  75% - 200 mesh c a n  be m a i n t a i n e d  
and  t h e  recommended p u l p  s i z e  c a n  be d e l i v e r e d  t o  
f l o t a t i o n .  

S u b a e r a t i o n  t y p e  f l o t a t i o n  m a c h i n e s  are recommended 
and  have  b e e n  p u r c h a s e d .  One m u l t i c e l l  u n i t  is t o  
s e r v e  f o r  r o u g h e r  and  c l e a n e r  p u r p o s e s  f o r  e a c h  conc- 
e n t r a t e .  The s u b a e r a t i o n  t y p e  mach ine  w i l l  g i v e  t h e  

best s e r v i c e  i n  a small  m i l l  s i n c e  i t  p o s e s s e s  maxi- 
mum o p e r a t i n g  f l e x i b i l i t y  a n d  a d a p t a b i l i t y  t o  chang-  
i n g  o re  c o n d i t i o n s  common i n  t h e  t y p e  ore body a t  
R u f f n e r  Mine. 
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I n  s m a l l  m i l l s  t h e  c o n c e n t r a t e  is  u s u a l l y  r u n  d i r e c t l y  
t o  t h e  f i l t e r  o r  t o  a s u r g e  t a n k  or  sump a n d  t h e n  t o  
t h e  f i l t e r .  I n  large m i l l s  a t h i c k n e r  is u s e d  a h e a d  
o f  t h e  f i l t e r .  A t h i c k n e r  h a s  b e e n  i n c l u d e d  i n  t h e  
f l o w s h e e t  f o r  l e a d  c o n c e n t r a t e  o n l y ,  d u e  t o  a p p r e c -  
i ab l e  amounts  of lead c o n t a i n e d  i n  t h e  o r e ,  t o  g i v e  
f l e x i b i l i t y  t o  i n c r e a s e  r a t e  of p r o d u c t i o n  i f  r e q u i r e d  

and  d u e  t o  t h e  s m a l l  f i l t e r  s i ze  ( p u r c h a s e d ) .  A 

s u r g e  t a n k  may be r e q u i r e d  a h e a d  o f  t h e  z i n c  f i l t e r .  

A d i sc  t y p e  vacuum f i l t e r  is  recommended f o r  small m i l l  

s e r v i c e  and  t h i s  is what w i l l  be u s e d  a t  t h e  m i l l .  

D r y i n g  is  t h e  process of r emov ing  water f rom s o l i d  o r  
s e m i - f l u i d  materials by v a p o r i z a t i o n  and  i s  employed 
i n  m i l l  o p e r a t i o n s  t o  s a v e  f r e i g h t  c h a r g e s  and  t o  
f a c i l i t a t e  c o n c e n t r a t e  h a n d l i n g .  N o  d r y e r  u n i t  h a s  
b e e n  i n c l u d e d  i n  t h e  f l o w  s h e e t  f o r  r e a s o n s  of c a p i t a l  
cos t .  I t  is manda to ry  t h a t  a d r y i n g  s y s t e m  be i n s t a l l e d  
as an i n i t i a l  m i l l  m o d i f i c a t i o n  i n  t h e  n e a r  f u t u r e .  
The d e s i g n  of t h e  c o n c e n t r a t e  b i n s  w i l l  a l low f o r  d r a i n -  

a g e  o f  water from t h e  c o n c e n t r a t e .  

Flow S h e e t  recommendat ions  ( B r i t t o n )  

The f o l l o w i n g  f l o w  s h e e t  h a s  b e e n  recommended by 
B r i t t o n  R e s e a r c h  L i m i t e d  t o  t h e  I n t e r p r o v i n c i a l  S i l v e r  
Mines L t d . ,  f o r  R u f f n e r  Mine ore and  h a s  b e e n  u s e d  as 
a basis f o r  m i l l  d e s i g n  f o r  A t l i n  S i l v e r  C o r p o r a t i o n .  

1. C r u s h i n g  t o  - 1/2" 
2.  G r i n d i n g  t o  - 75% - 200 mesh i n  c l o s e d  c i r c u i t  

w i t h  c l a s s i f i e r  a n d  m i n e r a l  j i g .  
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3 .  S i l v e r - L e a d  r o u g h e r  f l o t a t i o n ,  w i t h  t w o  s t a g e  
c l e a n i n g ,  r e c l e a n e r  t a i l i n g s  r e t u r n e d  t o  h e a d  of 
c l e a n e r  c e l l s ;  c l e a n e r  t a i l i n g  r e t u r n e d  t o  b a l l  
m i l l  d i s c h a r g e .  

4 .  C o n d i t i o n i n g  of l e a d  r o u g h e r  t a i l i n g s .  
5. Z i n c  r o u g h e r  f l o t a t i o n ,  t h r e e  s t a g e  c l e a n i n g ,  

c l e a n e r  t a i l i n g s  r e c i r c u l a t e d  t o  h e a d  of p r e v i o u s  
s t a g e .  

6. T h i c k e n i n g ,  f i l t e r i n g ,  d r y i n g .  

Pawson (1969) recommends a f l o t a t i o n  r e a g e n t  choice 
of p o t a s s i u m  i s o p r o p y l  x a n t h a t e  f o r  a lead s i l v e r  col-  
l e c t o r ,  aerof loat  31 as  a p r o m o t e r ,  c r e s y l i c  acid 

as a f r o t h e r  a n d  2-200 as a z i n c  co l lec tor .  A d j u s t -  
m e n t s  i n  a d d i t i o n s  o f  sodium c y a n i d e  c a n  be made 
a c c o r d i n g  t o  B r i t t o n .  

Reagent  d e t a i l s  are a v a i l a b l e  i n  B r i t t o n  R e s e a r c h  
L i m i t e d  - P r o g r e s s  Report N o .  1, P r o j e c t  B206 - 
J a n u a r y  1 3 t h ,  1969. 

c 
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1 2 .  CONCENTRATOR 

1 2 . 1  C o n c e n t r a t o r  Reau i r emen t s  

The w r i t e r  l o c a t e d  f o r  C.W. Dansey of A t l i n  S i l v e r  
C o r p o r a t i o n  a small  u s e d  c r u s h i n g  p l a n t  and  concen t -  
ra tor  a t  S i l v e r t o n ,  B . C .  I t  w a s  d e t e r m i n e d  t h a t  
t h i s  p l a n t  would approx ima te  f l o w  s h e e t  r e q u i r e -  
ments  ( B r i t t o n )  w i t h  some minor  equipment  a d d i t i o n s  
and w i t h  some m o d i f i c a t i o n s .  The p l a n t  w a s  i n s p e c t e d  
by Mr. Dansey and a d e c i s i o n  w a s  made t o  p u r c h a s e  
t h e  m i l l  i n  t h e  f a l l  of 1974.  The p u r c h a s e  p r i c e  
w a s  $ 26,000.00. 

S u b s e q u e n t l y ,  t h e  p l a n t  w a s  removed from i ts  S i l v e r t o n  
l o c a t i o n  a t  a cost  of $5,000.00 and h a s  been  r e h a b i l -  
i t a t e d  by Nelson Machinery L i m i t e d  of Vancouver d u r i n g  
t h e  w i n t e r  of 1974-75. Cost of r e h a b i l i t a t i o n  and  
t h e  p u r c h a s e  of a 6 ce l l  f l o t a t i o n  u n i t  and a u n i t  
c e l l  is $20,000.00. A l l  e lec t r ic  motors have  been  
i n s p e c t e d  and new b e a r i n g s  have been  i n s t a l l e d  by 
Thompson V a l l e y  Rewind, Kamloops, B . C .  a t  a cos t  of 
$1,000.00. 

The p l a n t  i s  t o  be s h i p p e d  t o  A t l i n  B . C . ,  i n  A p r i l ,  
1975 a t  an  e x p e c t e d  cost of $5 ,000 .00 .  

N o  e n g i n e e r i n g  d i a g r a m s ,  m i l l  p l a n s  o r  equipment  spec -  
i f i c a t i o n s  were a v a i l a b l e  from t h e  p r e v i o u s  owner .  A l l  

of t h i s  i n f o r m a t i o n  h a s  been  g a t h e r e d , r e s e a r c h e d  and  
drawn by t h e  wri ter  and is  f e l t  t o  b e  correct.  

The f o l l o w i n g  is a l i s t  of  t h e  main equipment  p u r c h a s e d  
w i t h  an  estimate o f  s p e c i f i c a t i o n s  ( T a g g a r t ) -  Pumps, 
motors and o t h e r  m i s c e l l a n e o u s  equipment  is now shown. 
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Eauipment & S p e c i f i c a t i o n s  

J a w  C r u s h e r  - Type - Blake  Make - P a c i f i c  ----------- 
Model - 10" x 20" 

Recommended R.P .M.  r a n g e  - 250 - 300 
Recommended H. P. - 20 - 25 

F u l l  t h r o u g h  machine f e e t  - 2 . 5  

C a p a c i t y  - m o d e r a t e l y  h a r d  h s  - 1 2 . 5  t o n s  p e r  h r .  
@ 1.5" se t .  

S p e c i f i c  g r a v i t y  ore 3.11 ( B r i t t o n )  

S p e c i f i c  g r a v i t y  o f  c a l c i t e  2 . 7  

E s t i m a t e  e q u i v a l e n t  t o o n a g e  c a p a c i t y  of  ore - 13 t o n s / h r .  

N o  a d j u s t m e n t  h a s  been  made f o r  h a r d n e s s .  

L i f e  o f  j a w  p l a t e s  v a r i e s  a c c o r d i n g  t o  t h e  material 
u s e d  and  s e r v i c e  r e q u i r e d .  

T h r e e  t o  s i x  months is an  a v e r a g e  l i f e , f o r  manganese 
s tee l  p l a t e s  i n  o r d i n a r y  s e r v i c e  a t  24 h o u r s  p e r  day .  

Reduc t ion  Crushe r  - Type - Mydrocone ----------------- 
Make - Alice Chalmers  R322. 

Speed - G y r a t i o n s  p e r  m i n u t e  - 300 - 360 

Recommended H . P .  - 30 
Gape - 4" 

S h o r t  t h row t y p e  s ize  3/8" = 14 t o n s  p e r  h o u r .  

N o  a d j u s t m e n t  f o r  s p e c i f i c  g r a v i t y .  
Wearing p a r t s ,  l i f e  ( d a y s )  a t  24 h o u r s  e s t i m a t e d .  

E c c e n t r i c  - 7 5  - 100 d a y s  

Manganese m a n t l e  - 300 d a y s  

Gears - 200 d a y s  

Manganese concaves  - 150 days .  

Make - Hard ing  B a l l  M i l l  - Type - C o n i c a l  

Model 22" x 6 '  
--------- 

Weight - 1 5 , 3 0 0  lbs. 
L i n e r s  - 10,000 l b s .  

B a l l  Change - 5 . 2 5  - 6 . 7 5  t o n s  - 35 t o  50% o f  m i l l  volume 

Speed - R.P.M. - 2 1 . 2  - 2 7 . 7  
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Motor - 50 - 60 H.P. recommended 
Power consumption - 52 - 60 

E s t i m a t e  c a p a c i t y  - Tons p e r  h o u r  = 3 / 8 "  f e e d  t o  
200 mesh o f  g r i n d  = 2 . 2  t o n s  
Tons p e r  day - 5 2 . 8  a v e r a g e  ore 

S t e e l  consumption es t .  - lbs. p e r  t o n  of  new f e e d  
B u l l s  - 1 . 2 5  
L i n e r s  - 1 . 0  

E s t i m a t e d  l i n e r  l i f e  - 250 d a y s .  

C l a s s i f i e r  - Type - S p i r a l  Make - Akins ---------- 
Model - 30" x 1 4 ' 9 "  

C a p a c i t y  - Overf low t o n s  p e r  24 h o u r s  - 
100 mesh @ 20% s o l i d s  = 75  t o n s  
150 mesh @ 18% s o l i d s  = - 50 t o n s  
200 mesh @ 15% s o l i d s  = 35 t o n s  

F l o t a t i o n  C e l l s  - Type - Sub a e r a t i o n  --------------- 
Make - Denver N o .  2 1  
Model N o .  2 1  - 6 c e l l  u n i t s .  

Dimensions - Length  38" Width 38" Depth 39" 

C e l l  Volume - 40 f t .  
Motor - 7.5 H . P .  

Maximum recommended f l o w ,  t o n s  o f  s o i l d s  p e r  24 h o u r s  
p e r  6 ce l l  u n i t .  

3 

15% s o l i d s  - 230 Tons ( less 1 / 3  - 2 c l e a n e r  c e l l s )  
= 150 t o n s  - 50 t o n s  p e r  8 h o u r s .  

20% s o l i d s  = 320 t o n s  ( less  1 / 3  - 2 c l e a n e r  c e l l s )  
= 210 t o n s  = 70 t o n s  p e r  8 h o u r s .  
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F i l t e r  - Type - American D i s c  Make - E i m c o  ------ 
Model - 4 '  x 4 '  

Layout f o r  vacuum s y s t e m  - See  Taggart  16-06 - Fig .  6 

Speed - 4 t o  5 R . P . M .  

Feed - Pb 

S i z e  - 70% - 200 mesh 
S o l i d s  - 75% 
Tons of s o l i d s  p e r  h o u r  - 3 

Tons of s o l i d s  p e r  day - 72 

M o i s t u r e  - 7.5% a t  45% s o l i d s  i n  feed 

F i l t e r  Bag l i f e  es t .  - 25 days  ( c l o t h )  

Coke t h i c k n e s s  - 314" 

M o i s t u r e  - Lead c o n c e n t r a t e  m o i s t u r e  c o n t e n t  can  be 

lowered by d i m i n i s h i n g  t h i c k n e s s  of cake 
114" cake mois tu re  c o n t e n t  = 5% 
Zinc  c o n c e n t r a t e  m o i s t u r e  c o n t e n t  can  be 

lowered by i n c r e a s i n g  t h i c k n e s s  of cake. 
1 114" cake m o i s t u r e  c o n t e n t  = 6 . 5 %  

The r e q u i r e d  capacity of a m i n e r a l  d r e s s i n g  p l a n t  
depends  upon t h e  p o t e n t i a l  y i e l d  of t h e  s o u r c e  of 
s u p p l y ,  t h e  r a t e  of y i e l d  depends  upon t h e  geometry 
of t h e  s o u r c e ,  market  demand and a v a i l a b l e  cap i t a l .  
The s e l e c t i o n  of a m i l l  s i ze  f o r  t h e  R u f f n e r  Mine 
w a s  based p r i m a r i l y  upon t h e  geometry of t h e  ore body. 

A v a i l a b l e  and p o t e n t i a l  r e s e r v e s  would d i c t a t e  a 
larger  i n s t a l l a t i o n .  New ore development  w i l l  be 

d i r e c t l y  p r e p o r t i o n a t e  t o  a v a i l a b l e  cap i t a l  f o r  d r i f t -  

i n g  a l o n g  t h e  s t r i ke  of t h e  known v e i n  s y s t e m  a t  r e g u l a r  
i n t e r v a l s .  Frequency of ore bodies i s  unknown a l o n g  t h e  

s y s t e m  and therefore t h e  t i m i n g  of d i s c o v e r y  is unknown. 
P r e s e n t  r e s e r v e s  t h a t  are known s h o u l d  p r o v i d e  f o r  a 
c o n s t a n t  s u p p l y  of m i l l  feed f o r  three t o  f i v e  y e a r s ,  
a t  50 T . P . D .  d u r i n g  which t i m e  t h e  d i s c o v e r y  of new 
o re  can  be e x p e c t e d .  The d e s i g n  of t h e  50 T . P . D .  p l a n t  
is s u c h  t h a t  w i t h  s l i g h t  m o d i f i c a t i o n  a m i l l i n g  ra te  
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of  60 T.P.D. might  be a t t a i n e d .  A m i l l i n g  r a t e  of  
less t h a n  50 T.P.D. can  q u i t e  e a s i l y  be a r r a n g e d  by 
a c u t  back  i n  s h i f t s .  C o n s i d e r a b l e  f l e x i b i l i t y  is t h e r e -  
f o r e  p r o v i d e d  i n  m i l l i n g  c a p a c i t y  which w i l l  be  nec- 
e s s a r y  w i t h  t h i s  t y p e  o f  ore body where v a r i a t i o n  i n  
g r a d e  and tonnage  mined can b e  s i g n i f i c a n t .  

A g r e a t e r  d e g r e e  of e n c l o s e d  s t o r a g e  c a p a c i t y  t h a n  
normal f o r  t h i s  s ize  i n s t a l l a t i o n  h a s  been  i n c l u d e d  i n  
t h e  d e s i g n  t o  e n s u r e  t h a t  i r r e g u l a r i t i e s  i n  mine pro- 

d u c t i o n  ra tes  are smoothed o u t  i n  t h e  m i l l .  T h i s  

w i l l  be e s s e n t i a l  e s p e c i a l l y  d u r i n g  summer months when 
ore s u p p l i e s  are e x p e c t e d  t o  be p r o v i d e d  from v a r i o u s  
s m a l l  work ings  a t  d i f f e r e n t  l o c a t i o n s  and a t  h i g h e r  
e l e v a t i o n s  on  t h e  p r o p e r t y  where s e v e r a l  miles of 
t r u c k  h a u l a g e  is a n t i c i p a t e d .  

C r u s h e r  o v e r  c a p a c i t y  w i t h  respect t o  c o n c e n t r a t o r  
r e q u i r e m e n t s  and s e v e r a l  d a y s  s u p p l y  of m i l l  f eed  i n  
t h e  f i n e  ore b i n  w i l l  allow t h e  c r u s h i n g  p l a n t  t o  
o p e r a t e  i n d e p e n d e n t l y  of t h e  m i l l .  

T r a n s p o r t  of d r y  p u l p  is by t w o  conveyors  a t  t h e  hor-  
i z o n t a l  and on modest i n c l i n e .  E l i m i n a t i o n  of e x c e s s i v e  
d r y  p u l p  t r a n s p o r t  w a s  a major c o n s i d e r a t i o n  i n  d e s i g n  
c o n c e p t .  P r o p e r  a d j u s t m e n t  of s i t e  e l e v a t i o n s  and t h e  

s e c o n d a r y  c r u s h e r  i n s t a l l a t i o n  o v e r  t h e  f i n e  ore b i n  
h a s  minimized  c o s t l y  p u l p  t r a n s p o r t  s y s t e m s  t o  t h e  
e s s e n t i a l .  W e t  p u l p  t r a n s p o r t  w i l l  c o n s i s t  of pumping 
t h r o u g h  p l a s t i c  p i p e  which w i l l  min imize  i n i t i a l  h i g h  
cos t  plumbing r e q u i r e m e n t s .  

For r e a s o n s  of s i m p l i c i t y  and r e d u c e d  c a p i t a l  and op- 
e r a t i n g  c o s t ,  t h e  e n t i r e  c o n c e n t r a t i o n  p r o c e s s  w i l l  b e  
by f l o t a t i o n .  C o n s i d e r a t i o n  w i l l  b e  g i v e n  l a t e r  t o  
g r a v i t y  c o n c e n t r a t e  as men t ioned .  
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Water Requirements ------------------ 

Water requi rements  f o r  m i l l i n g  purposes  are expec ted  
t o  be 3 t o n s  of  water p e r  ton  of o r e  t r e a t e d  c r  150 

t o n s  of water p e r  24 hour s  a t  50 T . P . D .  

150 t o n s  x 200 g a l  = 30,000 g a l .  of  water p e r  d a y .  

Comparison of water requi rements  t o  f low i n  a I" p i p e .  

1" p i p e  63 1.86 f t .  p e r  sec. = 5 g a l .  per  minute  o r  
7 ,200 g a l  U.S. p e r  24 h r s .  

1" p i p e  @ 7 .44  f t .  p e r  sec. = 20 g a l .  pe r  minute  o r  
28,800 g a l .  U.S. p e r  24 h r s .  

Comparison of water requi rements  t o  f low i n  a 2" p i p e .  

2" p i p e  @ 2.04 f t .  p e r  sec. = 20 g a l  p e r  minute  o r  
28,800 g a l .  pe r  24 h r s .  

Approximate water requi rements  f o r t h e  c o n c e n t r a t o r  
w i l l  be 20 g a l l o n s  p e r  minute .  

The  e n t i r e  sou rce  of  m i l l  water w i l l  be from underground 
workings 3900 l e v e l  and 4100 l e v e l  and w i l l  f low by 
g r a v i t y  t o  t h e  m i l l .  A f i n a l  s t u d y  of  water f l o w  from 
t h e s e  s o u r c e s  w i l l  be  taken  p r i o r  t o  m i l l  c o n s t r u c t i o n  
i n  view of s t o r a g e  dam and sump requi rements  under- 
ground.  
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Power Requirements ------------------ 

Total installed horsepower crushing 
plant and mill = 200 

drive 50 H.P. (Surge) - 

Mist. blowers, heater$, lights 10% - 

50% of largest motor, ball mill 
25 

20 

- 

- 

Total Requirements = 245 h.p. 

Requirements per 24 hr. ton = 4.9 H.P. 

The mill requirements outlined as far as possible, 
satisfy the following demands. 

1. Transfer of feed and products by the shortest 
and most direct route utilizing gravity flow 
so far as economically practical. 

2. Convenience of superintendance due to there 
being only two main working levels with inside 
access to all working areas. 

3 .  Possibilities for modification and enlargement. 

4 .  Dust making operations confined to one building. 
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1 2 . 2  C o n c e n t r a t  or Locat i o n  

The l o c a t i o n  of t h e  c o n c e n t r a t o r  a t  t h e  R u f f n e r  Mine 
w i l l  be close t o  t h e  main deve loped  o re  body and 
below t h e  t h r e e  main lower l e v e l  a d i t s .  The dump 
ramp f o r  t h e  coarse o re  b i n  w i l l  b e  s l i g h t l y  lower 
i n  e l e v a t i o n  t h a n  t h e  lowest mine a c c e s s ,  3900 
l e v e l  and w i l l  be l o c a t e d  a t  t h a t  p o r t a l .  The 
s o u r c e  of m i l l  f e e d  f o r  t h e  n e x t  few y e a r s  w i l l  be 

t h e  43-2 ore  body and t h e  main o re  h a u l a g e  l e v e l s  
w i l l  be 3900 and 4100, located above t h e  m i l l .  Con- 
s i d e r a t i o n  w i l l  be g i v e n  t o  a s l u s h e r  c h u t e  from 
4100 l e v e l  dump down t o  t h e  coarse o re  b i n  a t  a l a t e r  
da te ,  i n i t i a l  m i l l  feed d e l i v e r y  w i l l  b e  by dump 
t r u c k .  A t  a l a te r  s t a g e  i n  mine development  i t  is  
p roposed  t h a t  t h e  3900 l e v e l  accommodate ore h a u l a g e  
a t  which t i m e  ore w i l l  b e  trammed by underground tram 
d i r e c t l y  t o  t h e  c o a r s e  ore  b i n .  T h i s  program w i l l  
r e q u i r e  ra ise  access between 3900 and 4100 l e v e l s .  
The o c c u r a n c e  of  m i n e r a l  is q u i t e  e x t e n s i v e  l a t e r a l l y  
on  t h e  p r o p e r t y  and  i t  w i l l  be n e c e s s a r y  d u r i n g  summer 
months t o  t r u c k  ore from h i g h  l e v e l s  of  t h e  mine.  

The d e c i s i o n  on t h e  t y p e  of m i l l  ( t e r r a c e d  o r  one- 
l e v e l )  and s i t e  are b a s e d  on compar ison  and  c o n s i d e r -  
a t i o n  of t h e  f o l l o w i n g  p o i n t s :  - 

1. E l e v a t i o n  of o re .  
2 .  E l e v a t i o n  of water. 
3. E l e v a t i o n  of t a i l i n g s  
4 .  F i n a l  e l e v a t i o n  of c o n c e n t r a t e .  
5. C a p i t a l  cost of terrraced m i l l  
6 .  Topography and climate. 
7 .  Labour and s u p e r v i s i o n  t e r r a c e d  v e r s u s  l e v e l  m i l l .  
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The s l o p e  o f  ground s e l e c t e d  f o r  t h e  m i l l  s i t e  
i s  a d e t e r m i n i n g  f a c t o r  i n  t h e  cost  of c o n s t r u c t i o n  
and i n  cost o f  o p e r a t i o n .  
30° or  more s h o u l d  b e  a v o i d e d ,  moderate s l o p e s  of 5 O  

t o  1 5 O  are p r e f e r a b l e .  
m i 1 1  s h o u l d  be a v o i d e d .  

S t e e p  s l o p e s  of 25O t o  

The e x p e n s i v e  many terraced 

I n  modern m i l l s  c r u s h i n g  is done i n  a b u i l d i n g  sep-  
arate  and independen t  of t h e  c o n c e n t r a t o r ,  i n c l i n e d  
conveyors  d i s t r i b u t e  t h e  c r u s h e d  p r o d u c t  t o  o re  
storage b i n s .  

The m i l l  d e s i g n  f o r  A t l i n  S i l v e r  C o r p o r a t i o n  is  a 
compromise between a t e r r a c e d  m i l l  and a one  l e v e l  
m i l l .  The concep t  is e s s e n t i a l l y  2 - one  l e v e l  p l a n t s  
o n e  above t h e  o t h e r .  The  c r u s h i n g  u n i t  i s  a s e p a r a t e  
one  l e v e l  u n i t  located d i r e c t l y  above a o n e  l e v e l  
c o n c e n t r a t o r .  By p r o c e e d i n g  i n  t h i s  manner e x p e n s i v e  
conveyor  s y s t e m s  f o r  e l e v a t i o n  of c r u s h e d  p r o d u c t  
have  a l l  b u t  been e l i m i n a t e d ,  t h u s  c o s t l y  conveyor  hous- 
i n g  and h e a t i n g  do  n o t  e x i s t .  E s s e n t i a l l y  ore  f l o w  w i l l  
be by g r a v i t y  from t h e  uppe r  l e v e l  a t  t h e  s e c o n d a r y  
c r u s h e r  t o  t h e  s h o r t  h o r i z o n t a l  b a l l  m i l l  f e e d  
conveyor .  

One e l e v a t i o n  d i f f e r e n c e  e x i s t s  between cone  c r u s h e r  
and b a l l  m i l l  f a c i l i t a t i n g  s u p e r v i s i o n ,  employee 
a r rangement  and  most i m p o r t a n t  s i m p l i f y i n g  material  
h a n d l i n g .  

To s i m p l i f y  d e s i g n  and c o n s t r u c t i o n  o f  t h e  c o n c e n t r a t o r  
t h i s  p l a n t  h a s  been d e s i g n e d  as a one  l e v e l  u n i t ,  v a r i o u s  
p r o c e s s e s  and equipment  a d j u s t e d  t o  r e q u i r e d  h e i g h t  
w i t h i n  t h e  u n i t  by means of t i m b e r e d  or c o n c r e t e  
p i e r s .  The c o n c e n t r a t o r  s i t e  w i l l  be l e v e l  f o r  
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a d d i t i o n a l  s i m p l i f i c a t i o n  and  a c c u m u l a t i n g  water 
on t h e  f l o o r  i n  t h e  w e t  p a r t  o f  t h e  m i l l  w i l l  b e  
d r a i n e d  v i a  c o n c r e t e  c o n d u i t s  o n e  f o o t  w ide  s l o p i n g  
a t  1/2" t o  t h e  f o o t  from f r o n t  t o  back o f  t h e  

m i l l  and  from s i d e s  t o  c e n t r e .  Normal p r o c e d u r e s  
f o r  d i s p o s a l  of water i n  larger  more elaborate 
m i l l s  is a s l o p i n g  f l o o r .  

C o n c e n t r a t e  w i l l  n o t  e x c e e d  15% of t h e  w e i g h t  of t h e  
o r i g i n a l  o re  and  an  e l e v a t i o n  drop t o  p e r m i t  g r a v i t y  
d i sposa l  of c o n c e n t r a t e  is e x p e n s i v e .  Therefore  a 
g r a v i t y  d i s p o s a l  a n d  c o n c e n t r a t e  storage s y s t e m  
w i t h i n  t h e  main b u i l d i n g  h a s  b e e n  c o n c e i v e d .  

The h e i g h t  of  v e r t i c a l  members h a s  been  r c d u c e d  t o  a 
few d i m e n s i o n s  and whereve r  p o s s i b l e  w a l l  f o o t i n g s  
and roof have been  b r o u g h t  t o  a common l e v e l .  

The l o c a t i o n  of t h e  m i l l  below t h e  3900 l e v e l  means 
t h a t  a l l  ore d e v e l o p e d  o r  t o  be d e v e l o p e d  i n  t h e  fore- 
seable f u t u r e  w i l l  be l o c a t e d  above t h e  l e v e l  of t h e  
coarse ore b i n  and  as  s u c h  can  be t r a n s p o r t e d  by mine 
c a r ,  t r u c k  o r  c h u t e  t o  t h e  coarse o r e  b i n  ass is ted 
by g r a v i t y .  

Water s u p p l y  t o  t h e  m i l l  w i l l  f l o w  by g r a v i t y  from 
underg round  w o r k i n g s  a t  3900 and  4100 e l e v a t i o n s .  

The c o n c e n t r a t o r  w i l l  be l o c a t e d  f o r  t a i l i n g s  d i s -  

p o s a l  by g r a v i t y  t o  a p r e v i o u s l y  d e s i g n a t e d  d i s p o s a l  
s i t e  on a crown g r a n t e d  m i n e r a l  claim a t  a c o n s i d e r a b l e  
d i s t a n c e  from s u r f a c e  d r a i n a g e .  The t a i l i n g s  l a u n d e r  
w i l l  be e i the r  r e c t a n g u l a r  p l a n k  c o n s t r u c t i o n  o r  more 
l i k e l y  p l a s t i c  p i p i n g  e n c l o s e d  and  i n s u l a t e d .  The 
v e l o c i t y  o f  f l o w  r e q u i r e d  f o r  g r a v i t y  t r a n s p o r t a t i o n  
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of  t a i l i n g s  i n  r e c t a n g u l a r  f lumes  depends upon t h e  
s i z e  of t h e  g r a i n s ,  t h e i r  s p e c i f i c  g r a v i t y  and on 
t h e  d i l u t i o n  of t h e  p u l p .  G e n e r a l l y  m i l l  t a i l i n g s  
i s  a s i l i c e o u s  gangue ( S . G .  2 . 6 )  and c o n t a i n s  25% 

t o  30% s o l i d s .  A t a i l i n g  l a u n d e r  24" wide and 6" deep 
h a s  a mean r a d i u s  of  . 3 3  f e e t .  T a i l i n g  g r a i n  s i z e  of 
100 mesh r e q u i r e s  a v e l o c i t y  of 3 .8  feet  p e r  s econd .  
S lope  r e q u i r e m e n t s  f o r  g r a v i t y  d i s p o s a l  unde r  t h e  above 
d e s c r i b e d  c o n d i t i o n s  r e q u i r e s  a d r o p  o f  1 i n c h  p e r  
8 f ee t .  

T a i l i n g s  w i l l  be impounded a t  t h e  d i s p o s a l  s i t e  by 
e x c a v a t i o n s  i n  t h e  e a r t h  on a g e n t l e  s l o p i n g  h i l l s i d e .  
S e v e r a l  e x c a v a t i o n s ,  one  below t h e  o t h e r ,  w i l l  be 

r e q u i r e d  t o  p r e v e n t  t h e  e s c a p e  o f  t o x i c  waters. Dr i ed  
t a i l i n g s  w i l l  be u t i l i z e d  l a t e r  f o r  road c o n s t r u c t i o n  
p u r p o s e s .  N o  c o n s i d e r a t i o n  h a s  been g i v e n  t o  water 
r e c o v e r y  and a l l  w a t e r  is e x p e c t e d  t o  be d i s p e r s e d  by 
ground p e r c u l a t i o n  i n t o  g l ac i a l  b o u l d e r  t i l l .  Should  
w i n t e r  storage p r o v e  a problem a p e r i p h e r a l  dam abou t  
3 feet  h i g h  w i l l  be c o n s t r u c t e d  i n  t h e  f a l l  around 
t h e  downslope p e r i m e t e r  of t h e  t a i l i n g  pond. Should 
ove r f low r e s u l t  from p ro longed  c o l d  w e a t h e r ,  s p i l l  
w i l l  be r e t a i n e d  i n  t h e  lower e x c a v a t i o n .  

C o n c e n t r a t e  w i l l  be pumped t o  t h e  f i l t e r  e l e v a t i o n  
w i t h i n  t h e  m i l l  b u i l d i n g  and w i l l  be d e l i v e r e d  by 
g r a v i t y  t o  s t o r a g e  th rough  c h u t e s  t o  45 g a l .  drums 
or  s imilar  c o n t a i n e r s  s i t u a t e d  on mine f l a t  cars v e r t i c a l l y  
below s t o r a g e .  The loaded  f l a t c a r s  w i l l  be trammed by 
hand t o  o u t s i d e  s t o r a g e  f o r  sh ipment  from t h e  p r o p e r t y .  
The  c o n c e n t r a t e  s t o r a g e  s i t e  will be l o c a t e d  a d j a c e n t  
t o  t h e  main access r o a d  from t h e  p r o p e r t y .  Minor 
s t o r a g e  s i t e  p r e p a r a t i o n  and r o a d  access c o n s t r u c t i o n  
w i l l  b e  r e q u i r e d  f o r  c o n c e n t r a t e  h a n d l i n g .  
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The topography  a t  t h e  m i l l  s i t e  w i l l  be moder- 
a t e l y  s l o p i n g  t o  t h e  n o r t h  a t  a b o u t  1 5 O .  

r e q u i r e d  f o r  t h e  t w o  main l e v e l s  w i l l  be comple t ed  
w i t h  a D-8 b u l l d o z e r .  The t w o  main l e v e l s  a r e :  - 

E x c a v a t i o n  

1. C r u s h e r  l e v e l  
2 .  C o n c e n t r a t o r  and  s t o r a g e  l e v e l .  

Due t o  severe w i n t e r  cl imatic c o n d i t i o n s  t h e  e n t i r e  
p l a n t  w i t h  t h e  e x c e p t i o n  of c o n c e n t r a t e  c o n t a i n e r  
storage w i l l  be housed i n  three i n s u l a t e d ,  h e a t e d  
b u i l d i n g s .  These  b u i l d i n g s  w i l l  house  coarse and 
f i n e  o r e  b i n s ,  c o n c e n t r a t e  b i n s  and  all conveyor  
s y s t e m s .  Access t o  a l l  p h a s e s  o f  t h e  o p e r a t i o n  w i l l  
n o t  r e q u i r e  o p e r a t o r s  o r  s u p e r v i s i o n  t o  l e a v e  t h e  

b u i l d i n g s .  
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1 2 . 3  I n s t a l l a t i o n  and  Costs  
~~ ~~~ ~ 

The f o l l o w i n g  i n s t a l l a t i o n  p r o c e d u r e s  are recommended 
w i t h  cost estimates. 

1. 

2 .  

3 .  

T h r e e  e l e v a t i o n s  terraced by b u l l d o z e r  
l e v e l l e d  f o r  correct e l e v a t i o n  w i t h  

access road c o n s t r u c t i o n  t o  each 
e l e v a t i o n  - D 8  - 50 h r s .  @ $ 7 5 . / h r .  

L o c a t i o n  and  c o n s t r u c t i o n  of 2 main 
r e t a i n i n g  w a l l s  w i t h  ore b i n  s u p p o r t s  
followed by d r a i n  t i l e  a n d  back f i l l .  

250 c u .  y d s .  c o n c r e t e  G $ 75. pe r  yd .  

L o c a t i o n  and  c o n s t r u c t i o n  of c r u s h e r  
moun t s ,  b a l l  m i l l  mounts  c o n c e n t r a t e  
storage b i n  s u p p o r t  moun t s ,  minor  
r e t a i n i n g  w a l l s  - 70 c u .  yds .  c o n c r e t e  
@ $75.00 p e r  y a r d  

3 ,750 .00  

18,750.00 

T h e  c o n c r e t e  f o r  r e t a i n i n g  w a l l s  a n d  
mach ine ry  s u p p o r t  mounts  s h o u l d  be de- 

s i g n e d  t o  o b t a i n  maximun?, s t r e n g t h  t h r o u g h  
a c o m b i n a t i o n  of h i g h  grade c o n c r e t e  
(3000 l b / i n  ) and  a d e q u a t e  r e i n f o r c i n g  2 

s t e e l ,  s u g g e s t  u s i n g  o l d  mine  r a i l  located 
on t h e  p r o p e r t y .  

The re  w i l l  be no  bedrock a v a i l a b l e  w i t h i n  
t h e  d e s i g n a t e d  m i l l  s i t e  area a n d  therefore 
c o n s i d e r a b l e  c o n c r e t e  w i l l  be requi red  as 
n o t e d  above .  

5 , 2 5 0 . 0 0  
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4. I n s t a l l a t i o n  of machinery and c o n s t r u c t -  
ion of o r e  b i n s ,  t imber  walkways and t imber  
s t a i r w a y s  $ 1 0 , 0 0 0  00 

5. Bui ld ing  c o n s t r u c t i o n ,  sugges t  permanent 

p o l e  type  c o n s t r u c t i o n ,  wi th  s teel  roof 

and s i d i n g  s h e e t s ,  i n s u l a t e d  roof and w a l l s ,  
2" x 6" w a l l  s t u d s  c u t  l oca l ly  
Bui ld ings  d e l i v e r e d  = $ 15,000. 

Local c u t  t imber  - - 2,500.  
E rec t ion  - - 5,000.  
Concrete f o o t i n g s  - - 1,000.  23,500.00 

6 .  Plumbing 10,000.00 

7. Wiring ( A l l  e l e c t r i c p n e l s  were 
sa lvaged  from t h e  S i l v e r t o n ,  B . C .  
l o c a t  ion 15,000.00 

$ 86,250.00 

8. Miscellaneous and con t ingenc ie s  
inc ludes  water and t a i l i n g s  - 10% 8,625.00 

TOTAL $ 94,875.00 

1 2 . 4  Operat ion 

I t  w i l l  be necessary t h a t  t h e  s e r v i c e s  of a q u a l i f i e d  

p r a c t i c a l  m i l l  o p e r a t o r  b e  e n l i s t e d  p r i o r  t o  and du r ing  

c o n s t r u c t i o n ,  t o  r ev iew t h e  m i l l  p l a n s  and budget and 

t o  modify t h e  concen t r a to r  des ign  du r ing  c o n s t r u c t i o n  

t o  provide  optimum o p e r a t i n g  cond i t ions .  Th i s  m i l l  
o p e r a t o r  should l a te r  s u p e r v i s e  m i l l i n g  on t h e  pro- 

p e r t y  du r ing  product ion .  
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I t  is  s u g g e s t e d  t h a t  t h e  m i l l  be r u n  i n o n l o w e r  
grade ores and t h a t  t h e  grade of o re  be i n c r e a s e d  
w i t h  p r o f i c i e n c y  i n  r e c o v e r y .  

An i n i t i a l  minimum p r o d u c t i o n  r a t e  of 25  T .P .D .  

s h o u l d  be a d e q u a t e  t o  p r o v i d e  a p r o f i t  d u r i n g  
i n i t i a l  m i l l i n g  on t h e  p rope r ty .  The c r u s h i n g  
p l a n t  w i l l  operate f o r  2 h o u r s  pe r  day  or 4 h o u r s  
e v e r y  2 days .  The b a l l  m i l l  capacity on 3/8" feed 

t o  200 mesh is 2 . 2  t o n s  per  h o u r .  I t  is  probable 
t h a t  by d e c r e a s i n g  feed s i z e  t o  1 / 4 "  and g r i n d i n g  
t o  75% - 200 mesh t h a t  b a l l  m i l l  capaci ty  can  be 

i n c r e a s e d  t o  3 t o n s  p l u s  per h o u r ,  s u f f i c i e n t  t o  
g r i n d  25 t o n s  i n  an 8 hour  s h i f t .  

Coarse ore  w i l l  be s tock  p i l e d  d u r i n g  m i l l  c o n s t r u c t -  
i o n  and  w i l l  be a d e q u a t e  t o  s u p p l y  t h e  m i l l  w i t h o u t  
feed f l u c t u a t i o n s  and  on a c o n t i n u i n g  bas i s  follow- 
i n g  s t a r t  up.  The main ore  s torage  w i l l  be under -  
ground d u r i n g  t h e  f irst  three years of p r o d u c t i o n  and 
d u r i n g  cold w i n t e r  months i t  may be n e c e s s a r y  t o  max- 
imize underground storage. D e l i v e r y  of ore t o  t h e  

m i l l  from t h e  mine s h o u l d  be s c h e d u l e d  t o  meet m i l l  
demand w i t h o u t  i n t e r r u p t i o n .  

1 2 . 5  P e r s o n n e l  and  Costs 

25 T . P . D .  - Rate of p r o d u c t i o n  
1. M i l l  Operator - Operator and S u p e r v i s i o n  $ 1 , 5 0 0 . 0 0  

2 .  M i l l  A s s i s t a n t  - C r u s h e r  o p e r a t o r ,  concen t -  
p e r  month 

r a t e  h a n d l i n g ,  g e n e r a l  
a s s i s t a n t  - p e r  month 800.00 

TOTAL - P e r  Month $ 2,300.00 
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Operate 25 days pe r  month a t  25 T . P . D .  

= 625 tons  pe r  month. 
Personnel c o s t  per  ton of o r e  $ 3.68 

50 T.P.C. - Rate of Production 
1. M i l l  Operator - Operator & Supervisor $ 1,500.00 

2 .  M i l l  A s s i s t a n t  - Crusher Operator 
and Concentrate handling 800.00 

3. M i l l  Ass i s t an t  ( 2 )  - M i l l  Ass i s t an t  
800.00 x S h i f t  

TOTAL - P e r  Month $ 3,100.00 

Operate 25 days pe r  month a t  50 T.P.D. 

= 1,250 tons  per  month. 

Personnel cos t  per  ton of o r e  = $ 2.48 

12 .6  Budget and Operating Cost Estimate 

1. Cap i t a l  Cost M i l l  

a .  Purchase P r i c e  

b. Removal from o r i g i n a l  s i t e  
c. R e h a b i l i t a t i o n ,  a d d i t i o n a l  equip.  

d .  R e h a b i l i t a t i o n ,  e lec t r ic  motors 

e. Shipping Vancouver - A t l i n  

f .  Construct ion,  i n s t a l l a t i o n ,  
bu i ld ings  (12 .3)  

TOTAL ESTIMATED CAPITAL COSTS 

Cost pe r  ton t reatment  capac i ty  

9; 26,000.00 

5,000.00 

20,000.00 
1 ,000 .00  

5.000.00 

57,000.00 

94,875.00 

$ 151,875.00 

$ 3,000.00  
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2 .  M i l l  O p e r a t i n g  C o s t s  

a .  P e r s o n n e l  r e q u i r e m e n t  
25 T.P.D. ( 1 2 . 5 )  - P e r  t o n  = $ 3.68 

= $ 2 . 4 8  
b.  ( P e r s o n n e l  r e q u i r e m e n t  ) 

( 50 T.P.D. ( 1 2 . 5 )  - P e r  t o n  

c .  Power costs ,  d e i s e l  g e n e r a t o r  
s e r v i c i n g ,  ma in tenance  $ 2 . 2 5  

p e r  h o u r ,  o r  $ 18.00 p e r  s h i f t  

25  g a l .  d i e s e l  f u e l  p e r  8 hour  

s h i f t  @ $ .60 = $ 15.00 

Genera l  c o n t i n g e n c i e s  $4.00 p e r  

8 hour  s h i f t .  

T o t a l  cost  p e r  s h i f t  p e r  25  
t o n s  = $ 35.00 = $ 1.40 p e r  t o n  

f i l t e r  b a g s ,  g e n e r a l  s u p p l i e s  = $ 1.50 p e r  t o n  

g r e a s e  = $ 2 . 0 0  p e r  t o n  

d .  B a l l s ,  c h e m i c a l s ,  c r u s h e r  p l a t e s ,  

e .  Main tenance ,  mechanic ,  p a r t s  , 

f .  C o n t i n g e n c i e s  and  m i s c .  = $ . 4 2  p e r  t o n  

E s t i m a t e d  T o t a l  M i l l i n g  C o s t  @ 25 T.P.D. = $9.00 p e r  t o n .  
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13. ADMINISTRATION 

13.1 Head Office - (Month) 

1. Management, Engineering, Accounting $ 3,500.00 

2. Telephone, postage 250.00 
3. Rent and Secretarial 750.00 
4. Transportation and accommodation 500.00 

Total - Per Month $ 5,000.00 

13.2 Mine Office - (Month) 

1. Mine Manager 
2.  Contingencies 

Total - Per Month 

$ 1,500.00 
$ 500.00 
$ 2,000.00 

Administration Costs per month - Total - $ 7,000.00 

Administration Costs per ton of ore: - 

- -  7000 - $ 11.20 
625 

- 82 - 



14. MARKETING 

c 

P’ 

Calcu la t ions  i n  Sec. 11.3 shows m i l l  l o s s e s ,  smelter 
c o s t s ,  sh ipp ing  c o s t s  and marketing c o s t s  as a 
f a c t o r  of 26.5% of t h e  va lue  of ore  worth $134.19. 
This  percentage  f a c t o r  i n  terms of d o l l a r s  is 
$35.74 p e r  ton .  
as less concen t r a t e  w i l l  be produced a t  t h e  cal- 
c u l a t e d  o r e  grade of t h e  mine .  However, due t o  a 
lower grade ,  f o r  average mine  grade o r e  t h e  c o s t  and 

loss f a c t o r  w i l l  remain about t h e  same. The c o s t  
and l o s s  f a c t o r  used i n  n e t  cash flow c a l c u l a t i o n s  
w i l l  be 25%. 

These c o s t s  are expected t o  drop 

I t  can  be assumed from t h e  c a l c u l a t i o n s  t h a t  sh ipp ing ,  
s m e l t i n g  and  marketing c o s t s  p e r  t on  of o r e  are $9.45 . 

excluding m i l l  losses. These c a l c u l a t i o n s  are based on 
t h e  t es t  head sample. 

I 
-- 

Marketing procedures  are under c o n s i d e r a t i o n  a t  t h e  

p r e s e n t  t i m e .  I t  is  probable  t h a t  t h e  l e a d - s i l v e r  
concen t r a t e  w i l l  be s o l d  t o  e i ther  Cominco a t  T r a i l ,  

B r i t i s h  Columbia, o r  w i l l  be d e l i v e r e d  t o  E a s t  
H e l e n a ,  Montana. 

Z i n c  concen t r a t e  w i l l  probably be marketed a t  
Kel loge,  Idaho. 
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15. COST SUMMARY 

15.1 Capital Costs 

1. Pre-product ion Cost (9.5) 
(including concentrator and 
installation) 

2. Production Equipment (10.4) 
3. Working Capital 

Total Capital Requirements 

$ 275,000.00 
162,500.00 
50,000.00 

15.2 Operating Costs Per Ton of Ore @ 25 T.P.D. 

$ 487,500.00 

1. Exploration and Development Costs 
1976 (8.6) 

2. Mining and Transporation Costs to 
Mill (10.3) 

3. Milling Costs (12.6) 
4. Administration includes mine office 

and engineering (13.2) 
5. Climatic Factor, snow removal, heat. 

Total Operating Costs Per Ton of Ore 
to Concentrate bin. 

$ 9.50 

12.00 

9 .00  

11.20 
2.00 

~~ 

$ 43.70 
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16.  CONCLUSIONS 

1 6 . 1  Cash Flow ( T e s t  Ore)  - 25 T.P.D. 

C. 

c 

CL 

C '  

c 

A rev iew of t h e  t h r e e  m e t a l l u r g i c a l  tests conducted  

by B r i t t o n  Research Limi ted  on a n  ave rage  g r a d e  

tes t  sample i n d i c a t e s  t h a t  p r o v i d i n g  a z i n c  con- 

centrate  is t o  b e  marketed along w i t h  s i l v e r - l e a d  

c o n c e n t r a t e  T e s t  3 produced a p r e f e r a b l e  p roduc t  

f o r  s h i p p i n g  and marke t ing  pu rposes .  

A t  a p r o d u c t i o n  r a t e  of 25 t o n s  p e r  day;  2 t o n s  of 

s i l v e r - l e a d  c o n c e n t r a t e  would be produced and . 9 5  

t o n s  of z i n c  concentrate  would b e  produced.  Using 

a tes t  head g r a d e  of 23 .8  oz.  Ag. p e r  t o n  and 7% 

combined l e a d - z i n c  p e r  t o n  : 

N e t  Sme l t e r  R e t u r n s ,  ( T e s t  o r e )  $ 2 ,461 .16  

O p e r a t i n g  Cos t s  p e r  t o n  ( 1 5 . 2 )  

$ 43.70  - - 

Opera t ing  C o s t s  P e r  Day = 25 x $43.70 $ 1 , 0 9 2 . 5 0  

N e t  Cash Flow on T e s t  O r e  $ 1 ,368 .66  
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16.2 N e t  Cash Flow (Average Grade O r e )  - 25 T.P.D. 

Average O r e  Grade 

Value of O r e  p e r  t o n  
P e r c e n t a g e  Cost and  M i l l  
L o s s  F a c t o r  25% (11.3) 
N e t  S m e l t e r  R e t u r n s  p e r  
t o n  of ore 
O p e r a t i n g  Costs  p e r  t o n  
of o re  (15.2) 
N e t  Cash Flow p e r  t o n  
N e t  Cash Flow p e r  day 
(34.43 x 25) 

16.3 Revenue 

N e t  Cash Flow per day 

O p e r a t i n g  d a y s  p e r  month 

N e t  Cash Flow p e r  month 

O p e r a t i n g  months p e r  y e a r  

N e t  Cash Flow p e r  y e a r  

= 18.63 oz .  A g .  p e r  t o n  

and  5% Pb-Zn p e r  t o n  (259) 
= $104.18 

= $ 26.05 

= $ 78.13 

= $ 43.70 
= $ 34.43 

= $860.75 

O r e  r e q u i r e m e n t s  p e r  y e a r  - i n  t o n s  
Proven  & P r o b a b l e  Reserses- i n  t o n s  L) 

Mine L i f e  a t  25 T.P.D. e x p e c t e d  on 
p r e s e n t  r e s e r v e s  - i n  y e a r s  

T o t a l  N e t  Cash Flow 
C a p t i a l  Costs  

$ 860.75 
25 

$ 21,518.75 
11 

$ 236,706.25 

6,875 
63,920 

9 

$ 2,130,356.25 
$ 487,500.00 

P r o f i t  b e f o r e  taxes,  r o y a l t i e s  
amortization $ 1,642,856.25 
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17.  RECOMMENDATIONS 

C a r e f u l  examinat ion  of  t h e  de t a i l s  i n  t h i s  feasib- 

i l i t y  s t u d y  i n d i c a t e s  t h a t  t h e  Ruf fne r  Mine can  be 

placed i n t o  p r o d u c t i o n  on a small scale. Through 
c a r e f u l  mining practices w i t h  p a r t i c u l a r  a t t e n t i o n  
b e i n g  p a i d  t o  o v e r b r e a k  and d i l u t i o n  i n  s t o p e s ,  
ore grades e x i s t  a t  p r e s e n t  metal prices t o  cove r  
costs and p r o v i d e  a p r o f i t  on t h e  o p e r a t i o n ,  a t  a 
minimum p r o d u c t i o n  r a t e  of 25 t o n s  per day.  The 
c o n c e n t r a t o r  h a s  been des igned  w i t h  a maximum m i l l -  
i n g  capaci ty  of about  60 t o n s  per  day.  T h e  ra te  of 
p r o d u c t i o n  is therefore  q u i t e  f l e x i b l e  s h o u l d  larger 
w i d t h s  of lower grade ore be encoun te red .  

A p r o d u c t i o n  ra te  i n  e x c e s s  of 60 t o n s  per day i f  

n e c e s s a r y  would r e q u i r e  i n s t a l l a t i o n  of a larger b a l l  

m i l l  and f i l t e r .  

P r o d u c t i o n  a t  t h e  minimum rate  of  25 t o n s  pe r  day 

s h o u l d  c o n t i n u e  u n i n t e r u p t e d  w i t h  t h e  e x c e p t i o n  of 
w i n t e r  down t i m e  f o r  o v e r h a u l  and main tenance .  A min- 
i m u m  of 6 years p r o d u c t i o n  a t  25 t o n s  p e r  day and a 
m a x i m u m  of 9 y e a r s  p r o d u c t i o n  is  a n t i c i p a t e d  i n  order 
t o  e x t r a c t  and process t h e  p r e s e n t  r e s e r v e s .  Provid-  
i n g  metal prices s t a b i l i z e  a t  p r e s e n t  world market 
l e v e l s  a p r o f i t  would be realized on t h e  mine. 

Special emphasis shou ld  be placed on c o s t  c o n t r o l  and 
budget  both d u r i n g  p r o d u c t i o n  and d u r i n g  p re -p roduc t ion .  
The p r o d u c t i o n  ra te  pe r  day is  n o t  s u f f i c i e n t  t o  
absorb e x c e s s i v e  o p e r a t i n g  expenses .  C a r e f u l  mining 
practice w i l l  be r e q u i r e d  as d i l u t i o n  w i l l  q u i c k l y  
t u r n  t h e  expec ted  n e t  cash f l o w  i n t o  a n e t  cash o u t f l o w .  
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The writer has carefully examined all details 
of the information included in this feasibility 
and recommendations have been made after careful 
consideration of these details. 

This study is herewith, respectfully submitted. 

1, B. Sc. 
/’ 
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