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INFORMATION SHEET 5 OCTOBER 1995 
Bentinck Graphite Property 

THE PROPERTY 

Nine (9) mineral claims, (i.e., WM1 to WM9 inclusive), each 500 meters square, shielding a rich 
graphite deposit of significant size strategically located on the west shore of South Bentinck Arm 
in British Columbia, Canada; about 375 kilometers in a direct northwest line from the port of 
Vancouver, on the B.C. mainland. Maps are attached as APPENDIX "A" AND "B". 

Sole registered owner of the claims is: 

Wallace G. Wing 
215, 3631 Chatham Street 
Richmond, B.C. V7E2Z1 
(604>£?4-4S23 (Home) % 7 3 ^3 £ /y 
(604) 2?t=2?S+ (Message) 

ACCESS 

There is no road access. Charter air flights are available from Bella Coola which is the nearest 
settlement (about 25 minutes flying time). For mining purposes the site is directly accessible to 
tug and barge. Surface outcropping of the main ore body are within 50 to 100 meters of the 
shoreline making excavation of ore and barge loading a relatively simple and inexpensive matter. 
There are several logging camps within a radius of 5 miles along the west and east side coastlines 
of the Arm. 

OTHER 

The full extent of the ore body has not been determined. Hand-trenching at the original discovery 
site has established an ore body of at least 11 meters wide and 32 meters long. Another surface 
outcropping is located on the north/south dividing line between claim numbers 659997 and 
659998 (WM3 and WM4). 

A petrographic study to obtain an indication of graphite flake size, and initial metallurgical testing 
to determine recovery processes and potentials have been completed; but only from relatively 
small "grab" ore samples flown from the site. Detailed metallurgical test work using bulk ore 
samples are now indicated as a result of the aforementioned study and test work. Vancouver 
Petrographies Ltd. report dated September 1992 and Process Research Associates Ltd. report 
dated December 9, 1992 refer and a copy of each is attached as APPENDIX "C" and MD". 



The graphite carbon content of the grab ore samples averages about 20%. In 1990 the only 
known graphite mining in North America was in Quebec using ore at 8% or less, in Ontario using 
ore at 3% or less, and in New Jersey, USA using ore at 6.2% or less. It is not known if any of 
these are still in operation. 

A worksheet of the previous owner done in 1992 purporting to outline costs versus returns of 
processing 25,000 tons of ore from the site is attached as APPENDIX "E". Current costs/returns 
would, of course, have to be determined. 

TERMS 

The registered owner of the claims seeks to sell them outright for the sum of six hundred 
thousand dollars Canadian funds ($ 600,000 Cdn). 

OR 

Enter into an option agreement that will provide: 

a) one thousand dollars ($ 1,000) per month for up to 1 year with the lessee obliged to carry out / # 
and register at least three (3) years of development and assessment work on the property; "^po/rtfy QJtio 

b) for an extension of the option for an additional year with an increase in payment to the owner — g£ JQ 
to two thousand dollars ($ 2,000) per month, and, an additional three years of development ancĵ -̂  y^/^ 
assessment work on the property; and 

c) for the moneys paid to the owner under (a) and (b) abov 
of six hundred thousand dollars ($600,000). 

4 yr/J 

^gSucted from the purchase price ^ ̂  fa 

N.B. More detailed technical information on the various ore processing flowsheets, testwork 
procedures and results of the initial metallurgical testing done by Process Research 
Associates Ltd. (APPENDIX "B") is available on request from the registered owner. 

/Attachments 
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Vancouver Petrographies Ltd. 
0 0 0 0 G L O V C R R O A D , L A N G L E Y , B . C . V 3 A 4 P 9 
PHONE (604) 688-1323 * FAX (604) 0 0 0 - 3 0 4 2 

R e p o r t f o r : M.J.v. B e a t t i e , 
B e a t t i e C o n s u l t i n g L t d . , 
2955 West 3 8 t h A v e , , j o b 61 
VANCOUVER, B.C., V6N 2X2 S e p t e m b e r 1992 

Samp l f t S : BCL-020 S e r i e s #1, fl2 , #3, #4 

Summary: 

S a m p l e BCL-020 #1 i s a f i n e g r a i n e d q u a r t z - g r a p t i i t e - p l a g i o c l a s e -
b i o f c i t e - p y r r h o f c i f c c o c h i s f c c o n t a i n i n g m i n o r s p h a l e r i t e a n d t r a c e 
c h a l c o p y r i t o , B i o t i t e i e c o n c e n t r a t e d i n a few p a t c h e s up t o 5 mm 
a c r o s s . 

S a m p l e BCL-020 #2 i s a q u a r t z - g r a p h i t e - t r e m o l i t e - ( p y r r h o t i t e -
b i o t i t e - p l a g i o c l a s e ) s c h i s t . T r e m o l i t e f o r m s p o r p h y r o b l a s t i c g r a i n s . 
G r a p h i t e f l a k e s a r e v e r y f i n e t o f i n e g r a i n e d and commonly a r e warped 
m o d e r a t e l y . P a t c h e s u f p y r r h o t i t e ( a l t e r e d t o p y r i t e ) and m i n o r 
c h a l c o p y r i t e a r e a s s o c i a t e d w i t h g r a p h i t e c l u s t e r s . 

S a m p l e BCL-020 #3 i s a q u a r t z - p l a g i o c l a s e - g r a p h i t e - m i c r o c l i n e -
d i o p e i d c - t r e m o l i t e - ( p y r r h o t i t e - b i o t i l e - t o u i : n i a l i n e ) s c h i s t . 

The r o c k i s a f i n e g r a i n e d s c h i s t d o m i n a t e d by q u a r t z w i t h l e s s 
p l a g i o c l a s e a n d much l e a s g r a p h i t e , m i c r o c l i n e , d i o p s i d e , and 
t r e m o l i t e , and m i n o r p y r r h o t i t e / p y r i t e , b i o t i t e , t o u r m a l i n e , and 
s p h a l e r i t e . . 

S a m p l e B C L - 0 2 0 #4 i s a f i n e g r a i n e d q u a r t z - p l a g i o c l a s e - d i o p s i d e -
g r a p h i t e - ( m i c r o c l i n e - p y r r h o t i t e - t o u r m a l i n e ) s c h i s t . i t a l s o 
c o n t a i n s m i n o r s p h a l e r i t e and t r a c e c h a l c o p y r i t e . G r a p h i t e o c c u r s 
m a i n l y i n c l u s t e r s o f g r a i n s l e s s t h a n 0,5 mm i n s i z e , w i t h l e s s 
a b u n d a n t f r e e g r a i n s a v e r a g i n g 0.2-0.5 mm i n s i z e . 

A s s u m i n g t h a t t h e p r e f e r r e d q u a l i t y o f g r a p h i t e i s c o a r s e , 
s i n g l e , u n d e f o r m e d f l a k e s , t h e s a m p l e s were r a n k e d as f o l l o w s ; 
e x c e l l e n t ( S a m p l e 1 ) , good (Sample 3 ) , f a i r (Sample 4) , p o o r (Sample 
2) . 

ohn G. Payner 
(604) -986-2/28 



S a m p l e BCL-020 |1 

The r o c k i s a f i n e g r a i n e d s c h i s t d o m i n a t e d by q u a r t z and 
g r a p h i t e , w i t h l e s s p l a g i o c l a s e and b i o t i t e , m i n o r p y r r h o t i t e and 
s p h a l e r i t e , a n d t r a c e a p a t i t e and c h a l c o p y r i t e . B i o t i t e i s 
c o n c e n t r a t e d i n a few p a t c h e s up t o 5 mm a c r o s s . 

Q u a r t z f o r m s a n h e d r a l g r a i n s a v e r a g i n g 0,2-0.7 mm i n s i z e . 
G r a p h i t e f o r m s w e l l d e v e l o p e d , m a i n l y u n d e f o r m e d f l a k e s a v e r a g i n g 

0.5-1.2 mm i n l e n g t h , w i t h a few up t o 2 mm l o n g . I t a l s o o c c u r s i n 
p a t c h e s up t o 2 mm i n s i z e o f v e r y f i n e t o f i n e g r a i n e d a g g r e g a t e s , 
commonly s h o w i n g d e f o r m a t i o n t e x t u r e s . I t a l s o f o r m s s t u b b y f l a k e s 
a v e r a g i n g 0,1-0,2 mm i n s i z e , m a i n l y i n t e r g r o w n w i t h b i o t i t e and 
p l a g i o c l a s e , b u t a l s o o c c u r r i n g i n some p a t c h e s o f f i n e r g r a i n e d 
q u a r t z , 

P l a g i o c l a s e f o r m s a n h e d r a l , e q u a n t g r a i n s a v e r a g i n g 0.5-1 mm i n 
s i z e , w i t h a few up t o 1.5 mm l o n g . Some c o a r s e r g r a i n s a p p e a r t o be 
p o r p h y r o b l a s t i c . C o m p o s i t i o n i s An40 by t h e M i c h e l - L e v y method u s i n g 
t h e e x t i n c t i o n a n g l e o f a l b i t e t w i n s (22 ) , c o m b i n e d w i t h a c o m p a r i s o n 
o f R . I . w i t h q u a r t z ( s l i g h t l y g r e a t e r th§n q u a r t z ) , G r a i n s a r e f r e s h . 
I n a few p a t c h e s o f c o a r s e p l a g i o c l a s e , many g r a i n s c o n t a i n a b u n d a n t , 
e q u a n t i n c l u s i o n s o f g r a p h i t e a v e r a g i n g 0.02-0.07 mm i n s i z e . 

D i o t i t e f o r m s d i s s e m i n a t e d f l a k e s a v e r a g i n g 0.3-0.8 mm i n s i z e . 
P l e o c h r o i s m i s f r o m p a l e s t r a w t o b r i g h t b r o w n i s h r e d . i t i s 
c o n c e n t r a t e d s t r o n g l y i n a few p a t c h e s up t o 5 mm a c r o s s a s a g g r e g a t e s 
o f a n h e d r a l g r a i n s i n t e r g r o w n w i t h much l e s s q u a r t 2 and g r a p h i t e . I n 
t h e s e p a t c h e s , gr a p h i t e f o r m s a b u n d a n t , e q u a n t f l a k e s a v e r a g i n g 
0.05-0.1 mm i n s i z e . 

I n t h e c o r e o f t h e l a r g e p a t c h i s an a n h e d r a l g r a i n 1.5 mm a c r o s s 
o f b r i g h t r e d s p h a l e r i t e . S i m i l a r s p h a l e r i t e g r a i n s up t o 0.4 mm i n 
s i z e o c c u r o l o o w h o r e , m a i n l y a s s o c i a t e d w i t h p y r r h o t i t e a n d g r a p h i t e , 

P y r r h o t i t e ( a l t e r e d t o p y r i t e ) f o r m s d i s s e m i n a t e d p a t c h e s 
a v e r a g i n g 0.1-0,2 mm i n s i z e and l o c a l l y up t o 0.8 mm l o n g . Many o f , 
t h o s e h a v e d e l i c a t e , c o n c e n t r i c a l t e r a t i o n t e x t u r e s . C h a l c o p y r i t e 
f o r m s a few g r a i n o up t o 0.07 mm i n s i z e a s s o c i a t e d w i t h p y r r h o t i t e . 
L e n s y p a t c h e s o f p y r r h o t i t e and s p h a l e r i t e and m i n o r c h a l c o p y r i t e a r e 
i n t e r g r o w n i n t i m a t e l y a l o n g c l e a v a g e p l a n c o i n a few g r a i n s o f 
gr a p h i t e . 

A p a t i t e f o r m s a few a n h e d r a l g r a i n s up t o 0,3 mm i n s i z e . 

q u a r t z 
g r a p h i t e 
p l a g i o c l a s e 
b i o t i t e 
p y r r h o t i t e / p y r i t e 
s p h a l e r i t e 
a p a t i t e 
c h a l c o p y r i t e 

5 0 - 5 5 % 
20-25 
12-15 
7- 8 
1- 2 
0.5 
0.1 

t r a c e 



Sample BCL-020 #2 Quartz-Graphite-Tremolite-\*»yrrhotite-Biotlte-
4 5 P l a g i o c l a s e ) S c h i s t 

The s c h i s t i s d o m i n a t e d by q u a r t z w i t h l e e s a b u n d a n t g r a p h i t e , 
p o r p h y r o b l a s t i c g r a i n s o f t r e m o l i t e a n d much l e s s p y r r h o t i t e , b i o t i t e , 
and p l a g i o c l a s e . G r a p h i t e f l a k e s a r e v e r y f i n e t o f i n e g r a i n e d and 
commonly a r e w a r p e d m o d e r a t e l y . P a t c h e s o f p y r r h o t i t e ( a l t e r e d t o 
p y r i t e ) and m i n o r c h a l c o p y r i t e a r e a s s o c i a t e d w i t h g r a p h i t e c l u s t e r s . 

q u a r t z 6 5 - 7 0 % 
g r a p h i t e 17-20 
t r e m o l i t e 7- 8 
b i o t i t e 1- 2 
p y r r h o t i t e 1- 2 
p l a g i o c l a s e 1- 2 
a p a t i t e m i n o r 
c h a l c o p y r i t e t r a c e 

Q u a r t z f o r m s a g g r e g a t e s o f m o d e r a t e l y t o s t r o n g l y i n t e r l o c k i n g 
g r a i n s a v e r a g i n g 0.05-0.2 mm i n s i z e . T e x t u r e s s u g g e s t t h a t o r i g i n a l 
c o a r s e r g r a i n s (up t o 0,5 mm i n s i z e ) w ere s t r a i n e d s t r o n g l y a n d 
r e c r y s t a l l i z e d . A few p a t c h e s up t o 2 mm a c r o s s a r e d o m i n a t e d by 
c o a r s e r g r a i n e d q u a r t z ( o r i g i n a l g r a i n s up t o 0.8 mm i n s i z e ) 
s h o w i n g s i m i l a r d e f o r m a t i o n and r e c r y s t a l l i z a t i o n t e x t u r e s . 

G r a p h i t e f o r m s f l a k e s a v e r a g i n g 0.1-0.5 mm i n l e n g t h . M o s t a r e 
r a g g e d and warpRd m o d e r a t e l y , and o c c u r i n c l u s t e r s a v e r a g i n g 
0.2-0.8 mm i n s i z e . A f e w , commonly c o a r s e r a n d g r a i n s f r o m 0.7-1.0 
mm l o n g a r e p a r a l l e l t o f o l i a t i o n . 

T r e m o l i t e f o r m s a n h e d r a l t o a u b h e d r a l , e q u a n t t o e l o n g a t e 
p r i s m a t i c g r a i n s a v e r a g i n g 0,5-1.5 mm i n s i z e , w i t h a f e w o v e r 2 mm 
l o n g . I t i s p a l e g r e e n i n c o l o r and v e r y w e a k l y p l e o c h r o i c . Some 
g r a i n s c o n t a i n a few r o u n d e d t o l e n s y i n c l u s i o n s o f q u a r t z f r o m 
0.1-0.2 mm i n s i z e ; t h e s e do n o t show t h e s t r a i n e d a n d r e c r y s t a l l i z e d 
t e x t u r e o f q u a r t z away f r o m t r e m o l i t e . 

B i o t i t e f o r m s r a g g e d f l a k e s a v e r a g i n g 0.2-0.5 mm i n s i z e . 
P l e o c h r o i s m i s f r o m l i g h t t o medium r e d d i s h b r o w n , 

P l a g i o c l a s e f o r m s s c a t t e r e d , a n h e d r a l g r a i n s a v e r a g i n g 0.1-0.2 mm 
i n e i zo . 

A p a t i t o f o r m a a few s u b h e d r a l f p r i s m a t i c g r a i n o up t o 0.3 mm 
l o n g . 

P y r r h o t i t e ( a l t e r e d t o p y r i t e / o x i d e ? ) f o r m e g r a i n s a v e r a g i n g 
0.03-0.1 mm i n s i z e , and l o c a l l y up t o 0.2 mm a c r o c c . Theoo o c c u r i n 
c l u s t e r s a v e r a g i n g 0.2-0.5 mm i n s i z e , and l o c a l l y up t o 1 mm a c r o s s , 
p a b c h c o commonly a r e i n t e r g r o w n c o a r s e l y w i t h g r a p h i t e , 

C h a l c o p y r i t e f o r m e a n h e d r a l g r a i n s up t o 0,08 mm a c r o s a , 
commonly a s s o c i a t e d w i t h p y r r h o t i t e . 



p l a g i o c l a s e a n d much l e s s g r a p h i t e , m i c r o c l i n e , d i o p s i d e , a n d 
t r e m o l i t e , and m i n o r p y r r h o t i t e / p y r i t e , ' b i o t i t e , t o u r m a l i n e , and 
s p h a l e r i t e , 

Q u a r t z f o r m s e q u a n t g r a i n s a v e r a g i n g 0,2-0.5 mm i n s i z e . Some 
p a t c h e s a r e r e c r y s t a l l i z e d t o much f i n e r s u b g r a i n a g g r e g a t e s , 

P l a g i o c l a s e f o r m s e q u a n t g r a i n s a v e r a g i n g 0.2-0.3 mm i n s i z e , 
and a few g r a i n s up t o 0.7 mm a c r o s s . I t a l s o o c c u r s i n l e n s e s and 
p a t c h e s o f e x t r e m e l y f i n e g r a i n s i z e a s s o c i a t e d w i t h m i c r o c l i n e and 
q u a r t z . These l e n s e s and p a t c h e s a n d t h e r e c r y s t a l l i z e d n a t u r e o f 
some q u a r t z p a t c h e s i n d i c a t e t h a t t h e r o c k was s l i g h t l y t o m o d e r a t e l y 
c a t a c l a s t i c a l l y d e f o r m e d . 

M i c r o c l i n e f o r m s e q u a n t g r a i n s a v e r a g i n g 0.1-0.4 mm i n s i z e . 
Commonly a l o n g b o r d e r s o f m i c r o c l i n e a n d p l a g i o c l a s e a r e g r a i n s 
a v e r a g i n g 0.1 mm i n s i z e o f m y r m e k i t e . 

G r a p h i t e f o r m s a b o u t e q u a l a m o u n t s o f f r e e g r a i n s and c l u s t e r s o f 
g r a i n s a v e r a g i n g 0.2-0,5 mm i n s i z e . 

D i o p s i d e f o r m s e q u a n t , a n h e d r a l g r a i n s a v e r a g i n g 0.2-0.4 mm i n 
s i z e , and a few p r i s m a t i c g r a i n s up t o 0.7 mm l o n g , 

T r e m o l i t e f o r m s a n h e d r a l , p r i s m a t i c g r a i n s a v e r a g i n g 0.5-0.7 mm 
l o n g and a few up t o 1 mm l o n g . I t i s p a l e g r e e n i s h y e l l o w i n c o l o r , 

P y r r h o t i t e f o r m s p a t c h e s a v e r a g i n g 0.2-0.3 mm i n s i z e , and a few 
f r o m 0.5-1.3 mm a c r o s s o f g r a i n s a v e r a g i n g 0.05-0.2 :mm i n s i z e , 
A l t e r a t i o n i s c o m p l e t e t o s e c o n d a r y p y r i t e a n d m i n o r n o n - r e f l e c t i v e 
m a t e r i a l s h o w i n g d e l i c a t e c o n c e n t r i c a l t e r a t i o n t e x t u r e s i n i n d i v i d u a l 
g r a i n s , 

S p h a l e r i t e f o r m s a n h e d r a l g r a i n s a v e r a g i n g 0.1-0,15 mm i n s i z e , 
m a i n l y A s s o c i a t e d w i t h g r a p h i t e a n d p y r r h o t i t e / p y r i t e and a few 
p a t c h e s up t o 0.6 mm i n s i z e i n q u a r t z - p l a g i o c l a s e . 

T o u r m a l i n o f o r m s e q u a n t g r a i n s a v e r a g i n g 0,1-0.2 mm i n s i z e and a 
few p r i s m a t i c g r a i n s up t o 0.3 mm l o n g , P l e o c h r o i s m i s f r o m l i g h t 
o r a n g e t o d a r k b r o w n i s h r e d and l o c a l l y b l a c k . 

B i o t i t e f o r m e r a g g e d f l a k e s a v e r a g i n g 0.1-0.2 mm i n s i z e . 
P l e o c h r o i s m i s weak f r o m p a l e t o l i g h t b r o w n , s u g g e s t i n g t h a t t h e 
m i n o r a l i s a l t e r e d p a r t l y t o w a r d s ' m u s c o v i t e , 

C h a l c o p y r i t e f o r m s e q u a n t g r a i n s a v e r a g i n g 0.02-0.05 mm i n s i z e , 
m a i n l y a s s o c i a t e d w i t h p y r r h o t l t e / p y r i t e . 

q u a r t z 
p l a g i o c l a s e 
m i c r o c l i n e 
g r a p h i t e 
d i o p s i d e 
t r e m o l i t e 
t o u r m a l i n e 
b i o t i t e 
s p h a l e r i t e 
c h a l c o p y r i t e 

5 0 - 5 5 % 
17-20 
5- 7 
4- 5 
4- 5 
3- 4 

0.3 
t r a c e 

1 

1 



D i s t r i b u t i o n of G r a p h i t e 

G r a p h i t e g r a i n s were c l a s s i f i e d a c c o r d i n g t o 1 ) w h e t h e r t h e y were 
f r e e g r a i n s o r o c c u r r e d i n c l u s t e r s and 21 on g r a i n s i z e . " F r e e " 
g r a i n s a l s o i n c l u d e s a g g r e g a t e s o f p a r a l l e l f l a k e s , w h i ch w o u l d be 
e x p e c t e d t o s e p a r a t e r e a d i l y i n t o f r e e g r a i n s on c r u s h i n g and 
p r o c e s s i n g . Two t r a v e r s e s were made a c r o s s e a c h s e c t i o n ; t h e s a m p l e s 
a r e u n i f o r m enough t h a t t h e s e g i v e a s e m i - q u a n t i t a t i v e e s t i m a t e o f t h e 
g r a p h i t e d i s t r i b u t i o n ( T a b l e 1 ) . R e s u l t s a r e c o m p i l e d i n T a b l e 2 t o 
show t h e t o t a l amount o f g r a p h i t e f l a k e s i n t h e g i v e n s i z e r a n g e s . 

T a b l e 1. D i s t r i b u t i o n o f G r a p h i t e (%) 
( s i z e and t e x t u r e c l a s s i f i c a t i o n ) 

Sample F r e e G r a i n s C l u s t e r s 
( s i z e s i n mm) 

<0 . 2 0.2-0.5 0.5-0.8 0 . 8-1 . 2 >1 . 2 <0.2 0.2-0. 5 0.5-0.8 0 . 8-

1 7 13 " 16 7 5 13 29 9 1 

2 5 11 2 1 - 70 11 - -
3 13 29 9 1 - 25 19 1 3 

4 5 15 7 _ 42 26 5 _ 

T a b l e 2. D i s t r i b u t i o n o f G r a p h i t e (%) 
( s i z e c l a s s i f i c a t i o n ) 

( s i z e s i n mm) 
Sample <0. 2 0.2-0.5 e ,5-0.8 0.4 i - 1 . 2 >1.2 

1 20 42 25 8 5 
2 75 22 2 1 
3 38 48 10 4 
4 47 41 12 — — 

C o n c l u s i o n s : 

The s a m p l e s a r e r a n k e d as f o l l o w s i n t e r m s o f 
g r a i n s i z e and e a s e o f l i b e r a t i o n o f 

c o a r a e n e a s 
s i n g l e g r a p h i t e f l a k e s ; 

of 

1. E x c e l l e n t - s a m p l e 1 
2. Good - Sample 3 
3. F a i r - s a m p l e 4 
4. P o o r - Sample 2 

A l t h o u g h i t hac t h o p o o r e s t q u a l i t y o f g r a p h i t c , t h e h i g h 
g r a p h i t e c o n t e n t of Sample 2 may i m p r o v e i t s c l a s s i f i c a t i o n , 
d e p e n d i n g on t h e q u a l i t y of t h e p r o d u c t d e s i r e d . 
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1 SUMMARY AND RECOMMENDATIONS 

Grab samples of graphite ore from the Bentinck property were subjected to preliminary 
flotation and gravity concentration testwork. The main objective of the testwork was to 
produce high grade saleable graphite products. Specifically, tests were performed to 
produce high grade +48 mesh, -48 mesh +100 mesh, and -100 mesh products. The tests 
involved processing the ore using various stages of grinding, flotation and gravity 
concentration. From the preliminary tests the following results were achieved. 

Table 1. Summary of results from processing testwork on graphite ore. 

Product Grade (% C) Yield (Wt %) Carbon Recovery (%) 

+48 mesh 92.5 2.08 10.5 

-48 +100 mesh 78.3 8.18 35.0 

-100 mesh 64.9 11.3 40.0 

Total 21.6 85.6 

Although the combined recovery of graphitic carbon was only 85.6%, at the rougher 
flotation stage of the test the recovery was 99.8%. Since the graphitic carbon was 
recoverable at this stage, there is a real possibility of increasing the final recovery. 

The results from the third test were significantly better than those from the first two tests. 
This improvement is attributed to the increased grind used for the third test. It was found 
that the particles were more resistant to breakdown from grinding than was expected and 
therefore grinding times had to be increased substantially to significantly improve particle 
liberation. It is expected that further improvements will be made by optimizing the grinding 
conditions. Specifically, tests to evaluate the effects of different grinds at various stages of 
the process should be investigated. In addition, changes in the flotation procedures and 
reagent dosages and gravity concentration procedures could also lead to improved results. 
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The conclusions and recommendations presented in this report are based on results 

produced using grab ore samples. Further development work should be conducted on a 

proper bulk sample obtained by trenching and drilling. 

2 
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2 INTRODUCTION 

Grab samples from the Bentinck graphite property near Bella Coola, British Columbia were 
subjected to preliminary processing tests. The objectives of the tests were: 

a. To produce high grade graphite products, and 
b. To maximize the yield of these graphite products. 

Various grinding, flotation and gravity concentration procedures were used to produce three 

products including: 

a. +48 mesh concentrate, 
b. -48 mesh +100 mesh concentrate, and 

c. -100 mesh concentrate. 
Of these products, the +48 mesh concentrate is potentially the most valuable and therefore 

processing was focused on optimizing the production of this product 

3 PROCEDURES & RESULTS 

The samples that were received were prepared for head assays and subsequently subjected 

to processing testwork. The following describes the samples that were received, the 

processing test procedures and the associated metallurgical results. 

3.1 Sample Description 

Three samples were received including: 
a. a composite sample 
b. sample 102010, and 
c. sample 102013. 

The composite sample consisted of one rock plus several bags of rock chips. Samples 
102010 and 102013 consisted of rock chips. Al l samples had a dark grey colour and 
contained significant amounts of visual coarse graphite grains. Each sample was jaw and 
cone crushed to -6 mesh. The composite sample was riffled into eleven 2 kg charges, three 
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of which were used for process testwork. Representative cuts of samples 102010 and 102013 
were obtained by riffling and were then analyzed in duplicate for graphitic carbon. Three 
analytical methods were compared: 

a. Leco 
b. loss on ignition (L.O.I.) 
c. double loss on ignition (D.L.O.I.) 

The results of the analyses are as follows. 

Table 2. Results of graphitic carbon analyses on Bentinck samples. 

Sample LECO (% C) L.O.I. (% C) DX.O.I. (% C) 

#102010 7.23 9.87 8.06 

7.20 9.89 8.09 

#102013 15.10 16.8 16.0 

15.20 16.8 16.0 

The results presented in the table indicate that each method produces a different result. 
The D.L.O.I. procedure includes a step to burn off volatiles making it more accurate than 
the L.O.I. procedure. Since the D.L.O.I. graphitic carbon assay is determined from a weight 
difference, it is not very accurate for low level determinations. The Leco analysis is 
performed on a small sample making it less accurate for samples with high graphitic carbon 
contents. For these reasons, graphite analyses were performed using the Leco procedure 
for low level determinations and the D.L.O.I. procedure for high level determinations. 

Head grades for the composite samples were determined from metallurgical balances. The 

grades ranged from 17.5% graphitic carbon (test 1) to 18.4% graphitic carbon (test 2). 

4 



Processing of Bentinck Ore 

iiiree different procedures were used to produce the three graphite products. The 
procedures are shown schematically in Figures 1, 2 and 3 and are described in detail in the 

; jendix. The procedures involved crushing the ore sample to - 6 mesh and splitting the 
pie into 2 kg charges for subsequent tests involving grinding, flotation and gravity 

< ^entration. 

:-.2.1 Graphite F!oat Test 1 

The graphite float test 1 procedure is presented in Figure 1 and described in more detail 
in the Appendix. The process involved grinding the 2 kg sample to approximately 95% -20 
mesh and floating the ore to produce a cleaned graphite flotation concentrate. The actual 
grind was 91.8% -20 mesh and 37.1% -100 mesh. This concentrate was then screened at 48 
mesh from which the +48 mesh fraction was upgraded using gravity processes to produce 
the +48 mesh concentrate. The -48 mesh fraction was reground to improve liberation and 
then refloated. This flotation concentrate was screened at 100 mesh producing the +100 
mesh and -100 mesh concentrates. The balances for the entire procedure are presented in 
the Appendix. The following table summarizes the main results. 

5 
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Table 3. Product yields and grades produced from graphite float test 1. 

PRODUCT GRADE (% 
C) 

YIELD 
<*) 

RECOVERY 

+48 Mesh Gravity Concentrate 1 83.7 0.60 2.89 

+48 Mesh Gravity Concentrate 2 73.0 1.00 4.18 

+48 Mesh Gravity Concentrate 3 68.2 1.23 4.78 

+48 Mesh Gravity Concentrate 4 58.8 0.89 3.01 

+48 Mesh Gravity Concentrate 5 71.6 3.24 13.27 

+48 Mesh Gravity Concentrate 6 25.2 1.92 2.76 

Total +48 Mesh Gravity Cone. 60.8 8.88 30.89 

+100 Mesh Concentrate 51.7 7.79 23.01 

-100 Mesh Concentrate 62.1 9.38 33.28 

For the purpose of this report, yield refers to the weight percent of the total feed and 

recovery refers to weight percent total graphitic carbon in the feed. 

As is indicated in the table, it was possible to produce a +48 mesh product with a carbon 

grade as high as 83.7% although the yield was only 0.60%. The yield could be increased 

at the expense of the grade as is indicated by the total gravity concentrate yield of 8.88% 

and the corresponding grade of only 60.8%. The yield of the +100 mesh and -100 mesh 

products were good at 7.79% and 9.38%, respectively. However, the grades for these two 

products were low at only 51.7% and 62.1%, respectively. These results exemplify the trade 

off between product yield and grade and the need for greater liberation. 

Despite using various stages of cleaning flotation throughout the procedure, the flotation 
concentrate grades were low. The results reveal that the flotation concentrate grades 
increased as the product particle size decreased. These results can be explained by the 
improvement in liberation with decreasing particle size. Microscopic examination of the 

6 
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products revealed that the coarse particles are made up of foliated graphite lamellae with 
silicate grains trapped between the lamellae. Grinding would break apart these foliated 
particles to produce separable liberated graphite flakes and silicate particles. 

Although the graphitic carbon recovery from rougher flotation was 95.6%, the combined 
recovery from the three products was only 87.2%. Since a higher rougher flotation recovery 
was achievable, it is likely that the product recovery can be improved. Specifically, 6.5% of 
the graphitic carbon was lost to the gravity concentration tailings. By re-grinding and 
refloating this product, additional graphite could be recovered in the -48 mesh +100 mesh 
and -100 mesh products. 

3.2.2 Graphite Float Test 2 

Based on the results of float test 1, a second test was planned and carried out. The 
objective of test 2 was to increase the graphite concentrate grade by increasing the primary 
grind to improve particle liberation. The grind time was extended to 3.5 minutes producing 
a slightly finer feed (93.1% -20 mesh and 46.1% -100 mesh). The procedure for float test 
2 is presented in Figure 2 and is described in detail in the Appendix. The balances for float 
test 2 are also presented in the Appendix. The following table summarizes the main results. 
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Table 4. Product yields and grades produced from graphite float test 2. 

PRODUCT GRADE (% YIELD RECOVERY 

Q <%) (%) 

+48 Mesh Gravity Concentrate 1 77.7 1.37 5.77 

+48 Mesh Gravity Concentrate 2 60.8 2.11 6.99 

+48 Mesh Gravity Concentrate 3 41.0 3.86 8.60 

+48 Mesh Gravity Concentrate 4 33.5 2.44 4.44 

Total +48 Mesh Gravity Cone. 48.6 9.77 25.8 

+100 Mesh Concentrate 50.6 9.30 25.6 

-100 Mesh Concentrate 57.1 7.61 23.6 

Comparing these results to those obtained from float test 1 reveals that the total gravity 
concentrate from test 2 has a very similar grade although it has a higher yield. No 
improvements were made with respect to the +100 mesh and -100 mesh products. 

As in the first test, almost all (98.8%) of the graphitic carbon was recovered during the 
rougher flotation stage of the test. The combined product graphitic carbon recovery was, 
however, 75.0% which is worse than the recovery achieved in float test 1. The main 
graphite losses occurred in the rougher cleaner flotation tailings (9.3%) and in the gravity 
concentration tailings (14.7%). The higher losses from the rougher cleaner flotation are 
likely the results of lower dosages of Varsol collector. As stated above, the gravity 
concentration tails could be reground and refloated to increase the recovery in the -48 mesh 
+ 100 mesh and -100 mesh products. 

8 



APPENDIX " E " 

Ore on site is 34 feet wide trenched and measured. 

Ore on site is at least 100 ft in length and 100 ft in depth and further. 

Consider the depth is only 100 ft. would give you 25,000 tons. 
The grade would be minimum of 20% = 400 lbs per ton 

25,000 tons of ore grading 20% = 10,000,000 pounds of Carbon 

Concentrate of Carbon at $1.20 per lb. = $12,000,000 

Concentrate of Carbon flakes is $1.65 to $2.25 per lb. 

$12,000,000 of Carbon I believe is only a fraction of Carbon here. 
I believe there is millions of tons of ore grading 71.8 % Carbon. 

To mine this 100 ft. section.to 100 ft. deep should take 60 to 90 days. 

This will give you 5,000 tons of concentrates at $2,400 per ton = $12,000,000 

Cost to ship 5,000 tons of ore to Vancouver $ 39,000.00 
Truck to mill site @ 20.00 per ton 100,000.00 
Loader 5 days loading 2,500.00 
Milling @ $40.00 per ton 200,000.00 
Mining 12,000.00 
Loader 5 days turn load 2,500.00 

$356,000.00 
extra for road 

Value of Carbon 12,900,000 
Cost 356.000 

12,544,000 

Cost per lb. of Carbon is less than 16 cents 
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As a result of test 2, it seems that extending the primary grind time by 0.5 minutes did not 

greatly improve liberation. As stated above, the increased grinding time did not greatly 

change the size of the feed particles and therefore it is not surprising that the liberation was 

not improved significantly. 

At the end of the test, products were processed further to attempt to improve their grades. 
This involved regrinding the combined gravity concentration products and panning the +48 
mesh fraction. The -48 mesh fraction of the reground material was then combined with the 
+ 100 mesh concentrate for further grinding and subsequent flotation. The flotation 
concentrate produced from this test was then screened at 100 mesh to produce the 
respective products. As a result of this further upgrading, a +48 mesh pan concentrate with 
a grade of 82.5% carbon was produced. No significant improvements were made to the 
grades of other products. 

3.23 Graphite Float Test 3 

A third test was planned incorporating some of the ideas tested at the end of test 2. The 
resulting process flowsheet is presented in Figure 3 and is described in detail in the 
Appendix. For this test, the primary grind rime was doubled to 7 minutes producing feed 
that was 47.5% -100 mesh. Despite doubling the grinding time, the particle size was not 
substantially finer than the feed size for test 2 (46.1% -100 mesh). It is, therefore, apparent 
that the Bentinck ore particles are more resistant to breakdown by grinding than expected. 
In test 3, the +48 mesh flotation concentrate was processed through two stages of 
regrinding and screening prior to gravity concentration. The -48 mesh products were 
combined, reground and then refloated. Following flotation, the cleaned -48 mesh 
concentrate was reground one more time and refloated prior to screening to produce the -
100 mesh and +100 mesh concentrates. The balances for test 3 are presented in the 
Appendix. The main results are presented in the following table. 

9 
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Table 5. Product yields and grades produced from graphite float test 3. 

PRODUCT GRADE (% YIELD RECOVERY 
C) (%) (%) 

+48 Mesh Gravity Concentrate 1 93.3 0.40 2.05 

+48 Mesh Gravity Concentrate 2 92.8 1.02 5.15 

+48 Mesh Gravity Concentrate 3 91.7 0.67 3.34 

Total +48 Mesh Gravity Cone. 92.5 2.08 10.54 

+100 Mesh Concentrate 78.3 8.18 35.02 

-100 Mesh Concentrate 64.9 113 40.04 

The results show that much higher product grades were achieved using the float test 3 
procedure. The combined +48 mesh gravity concentration product grade was greater than 
90%. The +100 mesh and -100 mesh concentrates also had significantly higher grades than 
the respective products from the first two tests. It is therefore evident that product grades 
can be improved by increasing the grind at various stages of the process. 

The combined product graphitic carbon recovery was 85.6% which similar to the recovery 
from test 1 and is a significantly greater than the recovery from test 2. As with the first two 
tests, the rougher flotation recovery was very high at 99.8%. The main loss of graphite 
occurred in the gravity concentration tailings (9.4%). Regrinding and refloating this product 
would result in improved recoveries to the -48 mesh +100 mesh and -100 mesh products. 

Based on the results of test 3, it is evident that grades, yields and recoveries can be 
improved by changing the processing procedure. The most important process variable 
seems to be the amount of grinding. For the present set of tests, process variables such as 
grinding time, were based on experience. It is expected that results could be improved by 
using what has been learned from these preliminary tests in some additional carefully 
planned experiments. 
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