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I n t r o d u c t i o n 

T h e S k y l i n e 
s y s t e m . T h e 

m i n e i s l o c a t e d i n t h e I s k u t v a l l e y d r a i n a g e 
m i n e i s l o c a t e d o n a p l a t e a u w e s t o f J o h n n y 

M o u n t a i n a t a n e l e v a t i o n o f 3 5 0 0 m e t r e s . S a l m o n r e s o u r c e s 
a r e f o u n d a t t h e m o u t h o f s e v e r a l c r e e k s s u r r o u n d i n g t h e 
m i n e s i t e . S t o n e h o u s e C r e e k p r o v i d e h a b i t a t f o r c o h o , 
s o c k e y e a n d p i n k s a l m o n w h i l e B r o n s o n C r e e k s u p p o r t s s o c k e y e 
s a l m o n , ( f i g u r e 1 ) . 

T h e c o m p a n y w a s u s i n g c y a n i d e t o r e c o v e r g o l d a n d s i l v e r 
f r o m t h e i r u n d e r g r o u n d m i n e . A c o p p e r c o n c e n t r a t e c o n t a i n i n g 
g o l d v a l u e s w a s a l s o p r o d u c e d . T h e t a i l i n g s p o n d d i s c h a r g e s 
t o J o h n n y C r e e k a t r i b u t a r y o f B r o n s o n C r e e k . 

S i t e d e s c r i p t i o n 

S t a t i o n L o c a t i o n R e m a r k s 

1 

5 

6 

J e k i l l R i v e r u p s t r e a m 
o f C r a i g R i v e r 

S t o n e h o u s e C r e e k i n 
C r a i g v a l l e y b o t t o m 

C r a i g R i v e r U p s t r e a m 
o f S k y C r e e k 

J o h n n y C r e e k u p s t r e a m 
o f m i l l d i s c h a r g e 

S i t e o n t h e f l o o d 
p i a i n 

S i t e o n t h e f l o o d 
p i a i n 

S i t e o n t h e f l o o d 
p l a i n 

S i t e d o w n s t r e a m o f 
a i r s t r i p 

T a i l i n g s p o n d s u p e r n a t a n t E n d o f t h e p i p e 

J o h n n y C r e e k d o w n s t r e a m 
o f m i l l d i s c h a r g e 

B r o n s o n C r e e k u p s t r e a m 
o f J o h n n y C r e e k 

B r o n s o n C r e e k d o w n s t r e a m 
o f J o h n n y C r e e k 

S i t e a t t h e s t r e a m 
c r o s s i n g 

S i t e 5 0 0 m e t r e s 
b e l o w t h e g l a c i e r 

S i t e b e l o w t h e 
B r o n s o n C r e e k 
c a n y o n 

M a t e r i a l a n d M e t h o d s 

T h e s i t e w a s v i s i t e d o n A u g u s t 5 , 1 9 8 8 . N o f l o w m e a s u r e m e n t s 
w e r e t a k e n a t t h e s i t e s . W a t e r c h e m i s t r y a n d s e d i m e n t s d a t a 
w e r e c o l l e c t e d a t t h e e i g h t s t a t i o n s e x c e p t f o r s e d i m e n t a t 
s t a t i o n 5 . T h e f o l l o w i n g c h e m i c a l p a r a m e t e r s w e r e a n a l y s e d 
: a l k a l i n i t y , p H , c o n d u c t i v i t y , t o t a l r e s i d u e s , n o n 
f i l t e r a b l e r e s i d u e s , a n d s u l p h a t e . T h e s e s a m p l e s w e r e k e p t 
c o o l w i t h i c e u n t i l a n a l y s i s . D i s s o l v e d m e t a l s w e r e 





f i l t e r e d t h e s a m e d a y t h r o u g h a 0 . 4 5 m i c r o n c e l l u l o s e 
n i t r a t e m e m b r a n e f i l t e r . T o t a l a n d d i s s o l v e d m e t a l s w e r e 
p r e s e r v e d w i t h n i t r i c a c i d ( 0 . 5 m l / 1 0 0 m l o f s a m p l e ) . A l l 
s a m p l e s w e r e c o l l e c t e d w i t h c l e a n p o l y e t h e l e n e b o t t l e s . T h e 
b o t t l e s f o r m e t a l a n a l y s i s w e r e p r e v i o u s l y a c i d w a s h e d . T h e 
h a r d n e s s w a s d e t e r m i n e d f r o m t h e d i s s o l v e d m e t a l s a m p l e . 

I n d u c t i v e l y C o u p l e d A r g o n P l a s m a ( I C P ) w a s u s e d f o r t h e 
t o t a l a n d d i s s o l v e d m e t a l a n a l y s i s a n d g a v e a r e a d i n g o f 
t w e n t y - s i x m e t a l s . F o r c a d m i u m , c o p p e r , a n d l e a d t h e 
s a m p l e s w e r e r e a n a l y s e d w i t h t h e g r a p h i t e f u r n a c e w h e n t h e 
v a l u e s w e r e b e l o w t w o t i m e s t h e d e t e c t i o n l i m i t o n t h e I C P 
p r o c e d u r e . 

S e d i m e n t s a m p l e s w e r e c o l l e c t e d f r o m t h e s t r e a m b e d , b e l o w 
t h e w a t e r l e v e l , w i t h a c l e a n a c r y l i c c o r e r . F o u r r e p l i c a t e s 
w e r e t a k e n a t e a c h s i t e s . T h e s a m p l e s w e r e t r a n s f e r e d i n t o 
k r a f t b a g s a n d k e p t c o o l u n t i l a n a l y s i s . T h e s a m p l e s w e r e 
a i r d r y e d , s e i v e d t o < 1 5 0 u r n , d i g e s t e d w i t h a q u a r e g i a , a n d 
a n a l y s e d f o r h e a v y m e t a l s u s i n g I C P . A p o r t i o n o f t h e 
s e d i m e n t s w e r e a l s o i g n i t e d a t 5 5 0 ° C i n a m u f f l e f u r n a c e . 
T h e l o s s o f w e i g h t w a s r e p o r t e d a s v o l a t i l e r e s i d u e s a n d t h e 
r e m a i n i n g r e s i d u e s w e r e r e p o r t e d a s f i x e d r e s i d u e s . 

R e s u l t s 

T h e w a t e r m e t a l r e s u l t s c a n b e f o u n d i n T a b l e 1 , w h i l e t h e 
o t h e r w a t e r q u a l i t y r e s u l t s a r e f o u n d i n T a b l e 2 . T h e 
s e d i m e n t d a t a a r e r e p o r t e d i n T a b l e 3 . 

D i s s o l v e d t r a c e m e t a l s w e r e n e a r o r b e l o w t h e d e t e c t i o n 
l i m i t e x c e p t f o r c o p p e r a t s t a t i o n 2 a n d 5 w h e r e t h e l e v e l s 
w e r e 1 . 3 a n d 1 . 5 u g / 1 r e s p e c t i v e l y . T o t a l m e t a l s w e r e 
i n f l u e n c e d b y t h e h i g h n o n f i l t e r a b l e r e s i d u e s o n t h e 
B r o n s o n C r e e k s y s t e m . T h e h i g h e s t t o t a l c o p p e r 
c o n c e n t r a t i o n s w e r e f o u n d a t s t a t i o n 7 b e l o w t h e B r o n s o n 
C r e e k g l a c i e r w i t h a n a v e r a g e o f 2 2 u g / 1 w h i l e t h e m i n e 
s u p e r n a t a n t w a s 1 3 . 6 u g / 1 . T h e t o t a l c o p p e r c o n c e n t r a t i o n a t 
s t a t i o n 8 w h e r e t h e s a l m o n a r e , w a s 1 4 . 7 u g / 1 . J o h n n y C r e e k 
s t a t i o n s 4 , a n d 6 s e e m e d t o p i c k u p l e a d ( 4 . 8 a n d 8 . 6 u g / 1 
r e s p e c t i v e l y ) w h i l e t h e m i n e s e f f l u e n t t o t a l l e a d w a s b e l o w 
t h e 0 . 5 u g / 1 d e t e c t i o n l i m i t . T h e s a m e p h e m o m e n o n c o u l d b e 
o b s e r v e d f o r z i n c i n J o h n n y C r e e k . 

N o c y a n i d e s w e r e d e t e c t e d a t a n y o f t h e s i t e s a m p l e d . I t 
s h o u l d b e m e n t i o n n e d , h o w e v e r , t h a t o u r d e t e c t i o n l i m i t f o r 
t o t a l c y a n i d e a n d w e a k a c i d d i s s o c i a b l e i s 3 0 u g / 1 . 
C o n d u c t i v i t y r e a d i n g s w e r e h i g h a t t h e d i s c h a r g e d u e m a i n l y 
t o t h e l e v e l s o f c a l c i u m , s o d i u m , a n d s u l p h a t e s . 

T h e a r s e n i c s e d i m e n t l e v e l s w e r e e l e v a t e d a t s t a t i o n 8 ( 1 4 9 
u g / g ) . T h i s i n c r e a s e c o u l d n o t b e r e l a t e d t o J o h n n y C r e e k 



s i n c e s e d i m e n t s l e v e l s w e r e b e l o w t h e d e t e c t i o n l i m i t o f 
8 u g / g . S u b s t a n t i a l c o p p e r c o n c e n t r a t i o n s w e r e f o u n d i n t h e 
B r o n s o n C r e e k s e d i m e n t s ( 3 5 2 . 5 u g / g a t s t a t i o n 8 ) c o m p a r e d 
t o J o h n n y C r e e k l e v e l a t s t a t i o n 6 ( 4 3 . 5 u g / g ) . T h e h i g h e s t 
m e r c u r y l e v e l s w e r e f o u n d a t s t a t i o n 7 w i t h a n a v e r a g e o f 
0 . 0 3 8 u g / g . T h e m e r c u r y c o n t e n t i n t h e s t u d y a r e a w e r e 
r e l a t i v e l y l o w . L e a d a n d z i n c s e d i m e n t c o n c e n t r a t i o n s w e r e 
h i g h e s t a t s t a t i o n 8 , h o w e v e r n o s i g n i f i c a n t d i f f e r e n c e s 
c o u l d b e d e t e c t e d w i t h s t a t i o n s 7 , a n d 6 . O r g a n i c m a t e r i a l 
v a r i e s f r o m . 4 5 t o 3 . 7 % o f t h e s e d i m e n t s c o m p o s i t i o n . T h e 
h i g e s t v a l u e w a s a t s t a t i o n 8 a n d l o w e s t v a l u e s o n t h e C r a i g 
R i v e r a n d J o h n n y C r e e k . 
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I n t r o d u c t i o n 

T h e S k y l i n e p r o j e c t i s l o c a t e d i n t h e I s k u t v a l l e y d r a i n a g e 
s y s t e m . T h e m i n e i s l o c a t e d o n a p l a t e a u w e s t o f J o h n n y 
M o u n t a i n a t a n e l e v a t i o n o f 3 5 0 0 m e t r e s . T h r e e c r e e k s d r a i n 
t h e p l a t e a u , S k y C r e e k t o t h e n o r t h w e s t , S t o n e h o u s e C r e e k 
t o t h e w e s t a n d J o h n n y C r e e k t o t h e n o r t h e a s t . T h e f i r s t 
t w o c r e e k s d r a i n i n t o t h e C r a i g R i v e r w h i c h s u s t a i n s 
c h i n o o k , c o h o , p i n k , a n d s o c k e y e s a l m o n . S t o n e h o u s e C r e e k 
w o u l d b e m o r e a f f e c t e d b y t h e m i n i n g d e v e l o p m e n t t h a n S k y 
C r e e k . C o h o , s o c k e y e a n d p i n k s a l m o n i n h a b i t t h e m o u t h o f 
S t o n e h o u s e C r e e k . J o h n n y C r e e k d o e s n o t s u p p o r t s a l m o n 
r e s o u r c e s a n d i t f l o w s i n t o B r o n s o n C r e e k . S o c k e y e s a l m o n 
c a n b e f o u n d w h e r e B r o n s o n e m p t i e s i n t o t h e I s k u t R i v e r 
( F i g u r e 1 ) . 

T h e c o m p a n y i s d e v e l o p i n g a u n d e r g r o u n d m i n e u s i n g c y a n i d e 
t o e x t r a c t g o l d a n d s i l v e r . A s w e l l , a c o p p e r c o n c e n t r a t e 
c o n t a i n i n g s o m e g o l d w i l l b e s e n t o f f f o r s m e l t i n g . T h e 
t a i l i n g s s u p e r n a t a n t w i l l b e d i s c h a r g e d t o J o h n n y C r e e k 
w h i l e t h e m i n e w a t e r w i l l b e d i s c h a r g e d t o S t o n e h o u s e C r e e k 

S i t e d e s c r i p t i o n 

S t a t i o n L o c a t i o n 

1 

4 

5 

6 

7 

8 

J e k i l l R i v e r u p s t r e a m 
o f C r a i g R i v e r 

C r a i g R i v e r u p t r e a m 
o f J e k i l l R i v e r 

S t o n e h o u s e C r e e k d o w n 
s t r e a m o f C a m p C r e e k 

S t o n e h o u s e C r e e k i n 
C r a i g v a i l e y b o t t o m 

C r a i g R i v e r d o w n s t r e a m 
o f S t o n e h o u s e C r e e k 

B r o n s o n C r e e k u p s t r e a m 
o f J o h n n y C r e e k 

J o h n n y C r e e k d o w n s t r e a m 
o f t h e t a i l i n g s p o n d 

B r o n s o n C r e e k d o w n s t r e a m 
o f J o h n n y C r e e k 

R e m a r k s 

S i t e o n t h e f l o o d 
p l a i n 

S i t e o n t h e f l o o d 
p l a i n 

S i t e o n J o h n n y M t 
p i a t e a u 

S i t e b e l o w t h e b e a v e r 
d a m , o r a n g e s e e p s p r e s e n t 

S i t e o n t h e e a s t s i d e 
o f t h e f l o o d p l a i n 

S i t e 5 0 0 m e t r e s b e l o w 
t h e g l a c i e r 

S i t e o n J o h n n y M t 
p i a t e a u 

S i t e b e l o w t h e B r o n s o n 
C r e e k c a n y o n , e a s t s i d e 
o f t h e c r e e k 

M a t e r i a l a n d M e t h o d s 

T h e s i t e w a s v i s i t e d o n A u g u s t 6 - 7 1 9 8 7 . E i g h t s t a t i o n s 

yd 





w e r e s a m p l e d f o r w a t e r q u a l i t y a n d s e d i m e n t a n a l y s i s . 
T r i p l i c a t e w a t e r s a m p l e s w e r e c o l l e c t e d a t e a c h s t a t i o n s . 
T h e f o l l o w i n g c h e m i c a l p a r a m e t e r s w e r e a n a l y z e d : 
a l k a l i n i t y , p H , c o n d u c t i v i t y , t o t a l r e s i d u e s , n o n f i l t e r a b l e 
r e s i d u e s , a m m o n i a , n i t r i t e , n i t r a t e , a n d s u l p h a t e . S a m p l e s 
w e r e k e p t c o o l w i t h i c e u n t i l a n a l y z e d . T o t a l c y a n i d e a n d 
t h i o c y a n i d e w e r e p r e s e r v e d w i t h s o d i u m h y d r o x i d e t o r a i s e 
t h e p H a b o v e 1 2 . T o t a l o r g a n i c c a r b o n a n d i n o r g a n i c c a r b o n 
s a m p l e s w e r e p r e s e r v e d b y t h e a d d i t i o n o f f e w d r o p s o f 
c o n c e n t r a t e d h y d r o c l o r i c a c i d . D i s s o l v e d m e t a l s w e r e 
f i l t e r e d t h e s a m e d a y t h r o u g h a 0 . 4 5 m i c r o n c e l l u l o s e 
n i t r a t e m e m b r a n e f i l t e r . T o t a l a n d d i s s o l v e d m e t a l s w e r e 
p r e s e r v e d w i t h n i t r i c a c i d ( 0 . 5 m l / 1 0 0 m l o f s a m p l e ) A l l 
s a m p l e s w e r e c o l l e c t e d w i t h c l e a n p o l y e t h e l e n e b o t t l e s . T h e 
b o t t l e s f o r m e t a l a n a l y s i s w e r e p r e v i o u s l y a c i d w a s h e d . T h e 
h a r d n e s s w a s d e t e r m i n e d f r o m t h e d i s s o l v e d m e t a l s a m p l e . 

I n d u c t i v e l y C o u p l e d P l a s m a ( I C P ) w a s u s e d f o r t h e t o t a l a n d 
d i s s o l v e d m e t a l a n a l y s i s a n d g a v e a r e a d i n g o f t w e n t y - s i x 
m e t a l s . F o r s i l v e r , c a d m i u m , c o p p e r , a n d l e a d t h e s a m p l e s 
w e r e r e a n a l y z e d w i t h t h e g r a p h i t e f u r n a c e w h e n t h e v a l u e s 
w e r e b e l o w t w o t i m e s t h e d e t e c t i o n l i m i t o n t h e I C P 
p r o c e d u r e . . T o t a l m e r c u r y s a m p l e s w e r e p r e s e r v e d w i t h 5 m l 
o f a d i c h r o m a t e ( 0 . 0 5 % w / V ) a n d n i t r i c a c i d {5% V / V ) 
s o l u t i o n a n d a n a l y z e d w i t h a n o p e n f l a m e l e s s a t o m i c 
a b s o r p t i o n s p e c t r o p h o t o m e t e r . 

F o u r r e p l i c a t e s a m p l e s w e r e c o l l e c t e d f o r s e d i m e n t u s i n g a 
p l a s t i c c o r e r a t e a c h s i t e . T h e s a m p l e s w e r e d r i e d a t 1 0 3 C 
s e i v e d a n d t h e f r a c t i o n l e s s t h a n 1 5 0 m i c r o n s w a s d i g e s t e d 
i n a q u a r e g i a . T h e l e a c h a t e w a s a n a l y z e d w i t h t h e I C P 
m e t h o d , a n d r e p o r t e d o n a d r y w e i g h t b a s i s . 

R e s u l t s 

T h e w a t e r m e t a l r e s u l t s c a n b e f o u n d i n T a b l e 1 , w h i l e t h e 
o t h e r w a t e r q u a l i t y r e s u l t s a r e f o u n d i n T a b l e 2 . T h e 
s e d i m e n t s d a t a a r e r e p o r t e d i n T a b l e 3 . 

A l l w a t e r s a m p l e s h a d a f a i r a m o u n t o f n o n f i l t e r a b l e 
r e s i d u e w h i c h w a s r e f l e c t e d i n t h e t o t a l m e t a l r e s u l t s . M o s t 
o f t h e d i s s o l v e d h e a v y m e t a l s c o n c e n t r a t i o n s w e r e n e a r o r 
b e l o w d e t e c t i o n l i m i t . A l k a l i n i t y a n d h a r d n e s s d e c r e a s e d a t 
S t a t i o n 8 c o m p a r e d t o l e v e l f o u n d a t S t a t i o n 6 a n d 7 . T h e 
l e v e l o f t h i o s u l p h a t e ( C N S ) r a n g e d f r o m 0 . 6 t o 2 . 7 m g / 1 . 
T h e r e i s n o e x p l a n a t i o n " f o r t h e m o m e n t f o r t h e s e h i g h 
l e v e l s . 

C h r o m i u m a n d mercury c o n c e n t r a t i o n s w e r e n o t s i g n i f i c a n t l y 
e l e v a t e d i n t h e s e d i m e n t s . C a d m i u m c o n c e n t r a t i o n s w e r e 
h i g h l y v a r i a b l e ( 1 2 t o 7 1 % ) . T h e a v e r a g e c o n c e n t r a t i o n a t 
S t a t i o n 6 w a s h i g h w i t h 6 . 6 u g / g . Z i n c c o n c e n t r a t i o n s w e r e 
l o w e r i n t h e C r a i g R i v e r s t a t i o n s w h i l e c o m p a r a b l y h i g h e r 
l e v e l s w e r e f o u n d f o r t h e c r e e k s d r a i n i n g J o h n n y M o u n t a i n . 



S e d i m e n t c o n c e n t r a t i o n s a t S t a t i o n 8 s h o w e d h i g h l e v e l s i n 
a r s e n i c , c o p p e r , a n d l e a d . T h e d a t a d o n o t i n d i c a t e a 
s u b t a n t i a l c o n t r i b u t i n g f a c t o r f r o m t h e u p s t r e a m s t a t i o n s 
( S t a t i o n 6 a n d 7 ) . T h e o b s e r v a t i o n o f o r a n g e s t a i n n i n g s o n 
t h e w e s t w a l l o f t h e B r o n s o n C r e e k c a n y o n , b e l o w J o h n n y 
C r e e k , m a y i n d i c a t e t h a t a h i g h m e t a l c o n t e n t t r i b u t a r y 
c o u l d b e r e s p o n s i b l e f o r t h i s i n c r e a s e . L o s s o n i g n i t i o n w a s 
u s u a l l y b e l o w 1% e x c e p t f o r t h e B r o n s o n C r e e k s t a t i o n s ( 2 . 1 
a n d 5 . 0 % ) w h e r e s u b s t a n t i a l v e g e t a t i o n i n t h e v a l l e y c o u l d 
s u g g e s t t h i s i n c r e a s e . 
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INTRODUCTION 

The Skyline mine is located in the Iskut valley drainage system. The 
mine is located on a plateau west of Johnny Mountain at an elevation of 3,500 
metres. Drainage is southwest via Stonehouse Creek then northwest via the Craig 
River into the Iskut River. The tailings pond discharges to Johnny Creek which 
flows northest into Bronson Creek then north to the Iskut River (Figure 1). 

Salmon resources are found at the mouth of several creeks surrounding 
the mine si t e . Stonehouse Creek provides habitat for coho, sockeye, and pink 
salmon while Bronson Creek supports sockeye salmon. 

The company was originally using cyanide to recover gold and silver 
from their underground mine. A copper concentrate containing gold values was 
produced later. The mine operated 1988 to 1990. 

Site description 

Station Location 

1 J e k i l l River upstream of Craig 
River 

2 Stonehouse Creek upstream 

3 Stonehouse Creek downstream 

4 Johnny Creek upstream 

5 Johnny Creek downstream 

6 Bronson Creek upstream 

7 Bronson Creek downstream 

Remarks 

Site on the floodplain 

1 km downstream from mill 

At mouth on Craig River 

Upstream of mill discharge 

Downstream of tailings pond 

500 metres below the glacier 

Below Johnny Creek 2 km above 
Iskut River 

8 Tailings pond Supernatant discharge 
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MATERIALS AND METHODS 

The site was visited on July 29, 1989. Samples from Station 7 were 
— collected on July 30 during a v i s i t to the Snip Project. Water chemistry 

samples were collected at a l l eight stations though only one replicate was taken 
mm from the tailings pond discharge (Station 8). Sediment samples were collected 

at a l l stations except Station 8. Water quality analysis included alkalinity, 
pH, conductivity, total residues, non-filterable residues, and sulphate. The 
samples were packed with ice un t i l analysis. Dissolved metals were filtered the 
same day through a 0.45 micron cellulose nitrate membrane f i l t e r . Total and 
dissolved metals were preserved with 0.5 ml n i t r i c acid per 100 ml. A l l samples 
were collected in clean polyethylene bottles. The bottles for metal analysis 
were previously acid washed. Hardness was determined from the dissolved metal 
sample. 

mm • 

Inductively Coupled Argon Plasma (ICP) was used for the total and 
dissolved metal analysis and gave a reading of twenty-eight metals. Copper 
samples were re-analysed with the graphite furnace when the values were below 
two times the detection limit of the ICP procedure. Analytic procedures were in 
accordance with the Environment Canada, Pacific Region, Laboratory Manual 
(Anon., 1979). 

imi 

Sediment samples were collected from the streambed with a clean acrylic 
ytt corer. Four replicates were taken at each sites. The samples were transferred 

into kraft bags and kept cool u n t i l analysed. The samples were air dried, 
j sieved to <150 um, digested with aqua regia, and analysed for heavy metals using 

ICP. A portion of the sediments were ignited at 550° C in a muffle furnace. 
The loss of weight was reported as volatile residues and the remainder as fixed 
residues. yd 
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RESULTS 

The water metal results can be found in Table 1, while the other water 
quality results are found in Table 2. The sediment data are in Table 3. 

Total and dissolved metals were near or below the detection limit 
except for aluminium, barium, calcium, iron, magnesium, manganese, and sodium. 
Runoff from the glacier (Station 6) had elevated chromium (0.018 mg/1), copper 
(0.048 mg/1), iron (15.97 mg/1), magnesium (6 mg/1), manganese (0.615 mg/1), 
silic o n (20.77 mg/1), and titanium (0.88 mg/1), partly due to the high NFR (270 
mg/1). Downstream at Station 7, the glacier runoff influence could be seen in 
elevated Total chromium (0.065 mg/1) and copper (0.043 mg/1) levels. Total 
copper (0.298 mg/1), iron (7.99 mg/1), magnesium (3 mg/1), manganese (0.478 
mg/1), lead (0.007 mg/1), and zinc (0.155 mg/1) levels were high in samples from 
Stonehouse Creek. There levels are a reflection of unsettled slurry draining 
from the mine adit. There were no remarkable differences between metal 
concentrations in Johnny Creek above and below the tailings discharge (Stations 
4 and 5). The tailings pond discharge (Station 8) was high for boron (0.25 
mg/1), calcium (54.2 mg/1), manganese (0.401 mg/1), sodium (48.9 mg/1), and 
strontium (0.275 mg/1), and low for aluminium (0.19 mg/1), si l i c o n (0.74 mg/1), 
and titanium (0.009 mg/1) compared to the other stations. Samples from Station 
8 were also high in filterable residues (410 mg/1), hardness (144 mg/1), and 
sulphates (230 mg/1). 

Sediment samples had metal concentrations above the detection limit for 
a l l metals except cobalt, silver, and tin. Sediments from Bronson Creek had 
high metal levels, especially for arsenic, lead, molybdenum, and nickel, 
reflecting the sediment load from the glacier. Cadmium (2 ug/g) was unusually 
high at the mouth of Bronson Creek (Station 7). Copper (1029 ug/g) and lead (74 
ug/g) were elevated in sediments from Stonehouse Creek (Station 2). Mercury was 
elevated in sediments from Johnny Creek (0.03 ug/g and 0.018 ug/g from Stations 
4 and 5 respectively). Volatile residues were about 1% in a l l sediments except 
those from Bronson Creek which were about 5%. 
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Table 2 Water Quality - Immediates - Skyline Project 
July 29. 1989 

ALK PH COND DISICP DISICP S04 NFR FR 
Station HC HT 
Number KG/L REL • U. UKHO/C MG/L HG/L MG/L MG/L MG/L 

Repl. 1 11.9 7.4 28 12.8 13.3 3 48 22 
Repl. 2 11.9 7.4 28 12.7 13.1 3 50 18 

1 Repl. 3 11.9 7.4 28 12.7 13.1 2 45 19 
Average 11.9 7.4 28 12.7 13.2 3 43 20 
S.D. 0.0 0.0 0 0.1 0.1 1 3 2 

Repl. 1 29.9 7.9 93 39.5 40.0 15 130 60 
Repl. 2 29.9 7.9 93 39.1 39.7 15 180 70 

2 Repl. 3 34.8 8.1 93 39.6 40.3 14 150 60 
Average 31.5 8.0 93 39.4 40.0 15 170 63 
S.D. 2.8 0.1 0 0.3 0.3 1 17 6 

Repl. 1 30.3 7.8 78 36.8 37.2 7 27 48 
Repl. 2 38.8 8.3 78 37.1 37.4 8 28 50 

3 Repl. 3 29.9 7.9 78 36.9 37.3 8 28 49 
.im Average 33.0 3.0 78 36.9 37.3 8 28 49 

S.D. 5.0 0.3 0 0.2 0.1 1 1 1 

Repl. 1 19.9 7.7 39.5 18.1 18.7 13 130 28 
Repl. 2 19.9 7.7 39.5 17.4 17.8 14 127 20 

4 Repl. 3 19.9 7.7 40.0 17.9 18.5 14 131 20 
Average 19.9 7.7 39.7 17.8 18.3 14 129 23 
S.D. 0.0 0.0 0.3 0.4 0.5 1 2 5 

Repl. 1 19.9 7.6 53 20.9 21.5 8 115 30 
Repl. 2 19.9 7.7 53 20.5 21.0 7 130 30 

5 Repl. 3 19.9 7.7 53 20.7 21.3 7 120 30 
Average 19.9 7.7 53 20.7 21.3 7 122 30 - S.D. 0.0 0.1 0 0.2 0.3 1 8 0 

Repl. 1 34.3 8.1 • 80 33.0 33.6 17 260 60 
Repl. 2 33.3 8.2 75 36.2 36.7 17 280 60 

— 
6 Repl. 3 27.9 7.9 30 34.0 34.5 17 270 60 

Average 32.0 8.1 78 34.4 34.9 17 270 60 
S.D. 3.6 0.2 3 1.6 1.6 0 10 0 

Repl. 1 26.9 7.9 90.0 40.1 40.7 15 109 50 
Repl. 2 27.4 7.9 38 40.2 40.8 16 109 50 

7 Repl. 3 27.4 7.9 90 41.0 41.7 16 110 50 
Average 27.2 7.9 89 40.4 41.1 16 109 50 
S.D. 0.3 0.0 1 0.5 0.6 1 1 0 

UN. 8 Reol. 1 26.4 7.8 530 143 144 230 <5 410 

i i i 
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INTRODUCTION 
imi 

The Skyline mine is located in the Iskut valley drainage system. The 
mine is located on a plateau west of Johnny Mountain at an elevation of 3,500 
metres. Drainage is southwest via Stonehouse Creek then northwest via the Craig 

mi River into the Iskut River. The tailings pond discharges to Johnny Creek which 
flows northest into Bronson Creek then north to the Iskut River (Figure 1). 

lad 
Salmon resources are found at the mouth of several creeks surrounding 

the mine site. Stonehouse Creek provides habitat for coho, sockeye, and pink 
salmon while Bronson Creek supports sockeye salmon. 

— The company was originally using cyanide to recover gold and silver 
from their underground mine. A copper concentrate containing gold values was 

u* produced later. The mine operated 1988 to 1990. 

Site description 
nmt —• 

mm 
Station Location Remarks 

mm 

2 Stonehouse Creek upstream 1 km downstream from mill 

•M 3 Stonehouse Creek downstream At mouth on Craig River 

A Johnny Creek upstream Upstream of mill discharge 
mi 

5 Johnny Creek downstream Downstream of tailings pond 

6 Bronson Creek upstream 500 metres below the glacier 

7 Tailings pond Supernatant discharge 

8 Mine level 10 Substantial flow from mine works 

9 Mine level 11 Substantial flow from mine works - 10 Mine level 12 Substantial flow from mine works 

11 Bronson Creek downstream Below Johnny Creek 2 km above 
Iskut River 

yd 

m 





MATERIALS AND METHODS 

The site was visited on July 22, 1990. Samples from Station 11 were 
collected on July 21 during a v i s i t to the Snip Project. Water chemistry 
samples were collected at a l l nine stations though only one replicate was taken 
from the mine level seepages and the tailings pond discharge (Stations 7 - 10). 
Sediment samples were collected from Bronson, Johnny, and Stonehouse Creeks only 
(Stations 2 - 6 ) . Water quality analysis included alkalinity, pH, conductivity, 
total residues, non-filterable residues, and sulphate. Ammonia, n i t r i t e , and 
nitrite/nitrate analysis was included for the tailings pond and mine level 10 
samples. The samples were packed with ice unt i l analysis. Dissolved metals 
were filtered the same day through a 0.45 micron cellulose nitrate membrane 
f i l t e r . Total and dissolved metals were preserved with 0.5 ml n i t r i c acid per 
100 ml. A l l samples were collected in clean polyethylene bottles. The bottles 
for metal analysis were previously acid washed. Hardness was determined from 
the dissolved metal sample. 

Inductively Coupled Argon Plasma (ICP) was used for the total and 
dissolved metal analysis and gave a reading of twenty-eight metals. Analytic 
procedures were in accordance with the Environment Canada, Pacific Region, 
Laboratory Manual (Anon., 1979). 

Sediment samples were collected from the streambed with a clean acrylic 
corer. Four replicates were taken at each site. The samples were transferred 
into kraft bags and kept cool un t i l analysed. The samples were air dried, 
sieved to <150 urn, digested with aqua regia, and analysed for heavy metals using 
ICP. A portion of the sediments were ignited at 550° C in a muffle furnace. 
The loss of weight was reported as volatile residues and the remainder as fixed 
residues. 



RESULTS 

The water metal results can be found in Table 1, while the other water 
quality results are found in Table 2. The sediment data are reported in Table 3. 

Total and dissolved metals were near or below the detection limit for 
antimony, arsenic, beryllium, molybdenum, nickel, selenium, silver, and tin. 
The highest sample NFR was from mine level 10 (Station 8) at 1330 mg/1, with the 
Bronson Creek stations and mine level 11 (Station 9) also considerably higher 
than the remaining sites. Not surprisingly, metals were generally elevated at 
Stations 6, 8, 9, and 11. This pattern held for total aluminium (highest at 
Bronson Creek downstream - 36.2 mg/1), barium (highest at mine level 10 - 0.95 
mg/1), calcium (highest at mine level 10 - 107 mg/1), total iron (highest at 
mine level 10 - 49.3 mg/1), magnesium (highest at mine level 10 - 23 mg/1), 
manganese (highest at mine level 10 - 3.24 mg/1), sodium (highest at mine level 
10 - 8.7 mg/1), phosphorus (highest at Bronson Creek downstream - 2.1 mg/1), 
total lead (highest at mine level 10 - 0.47 mg/1), sil i c o n (highest at mine 
level 10 - 46 mg/1), strontium (highest at mine level 10 - 2.74 mg/1), titanium 
(highest at Bronson Creek downstream - 1.99 mg/1), vanadium (highest at Bronson 
Creek downstream - 0.11 mg/1), and zinc (highest at mine level 10 - 1.35 mg/1). 

In addition, total cobalt (0.216 at Station 6), total chromium (0.035 
at Station 11), and total copper (0.117 mg/1 at Station 11) were elevated in 

Bronson Creek. Also, levels of manganese (0.203 mg/1), strontium (0.152 mg/1), 
and zinc (0.042 mg/1) were slightly elevated at Stonehouse Creek upstream 
(Station 2). The tailings pond discharge tended to be clean except for boron 
(0.41 mg/1), calcium (45 mg/1), dissolved copper (0.19 mg/1), potassium (35 
mg/1), and sodium (9.2 mg/1). Except for calcium these were the highest values 
measured. 

Metals at or near their detection limit in sediment samples included 
antimony, cobalt, molybdenum, silver, and tin. Sediment metal concentrations 
tended to be highest in samples from the Bronson Creek stations. These included 
aluminium, arsenic, barium, calcium, cadmium, chromium, copper, lead, magnesium, 
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Table 2 Water Quality - Immediates - Skyline Project 
July 22, 1990 

ALK PH DISICP DISICP NH3 N02 N02.3 S04 NFR TR 
Station HC HT 
Suaber MG/L REL.U. MG/L MG/L MG/L MG/L MG/L MG/L MG/L MG/L 

Repl. 1 29 7.6 36.8 37.4 12.4 54 140 
Repl. 2 28 7.6 37.5 38.1 12.7 54 130 

2 ReDl. 3 30 7.6 37.2 37.8 12.7 62 150 
Average 29 7.6 37.2 37.8 12.6 57 140 
S.D. 1 0.0 0.4 0.4 0.2 5 10 

Repl. 1 25 7.6 28.5 28.9 5.8 32 90 
Repl. 2 25 7.6 28.4 28.9 6.8 35 90 

3 ReDl. 3 25 7.5 29.0 29.3 7.2 33 90 
Average 25 7.6 28.6 29.0 6.6 33 90 
S.D. 0 0.1 0.3 0.2 0.7 2 0 
Repl. 1 18 7.5 17.4 17.8 3.1 35 70 
Repl. 2 17 7.5 17.4 17.7 2.4 32 70 

4 Reel. 3 18 7.5 17.1 17.7 2.2 31 90 
Average 18 7.5 17.3 17.7 2.6 33 77 
S.D. 1 0.0 0.2 0.1 0.5 2 12 

Repl. 1 17 7.4 19.2 19.7 6.0 30 80 
Repl. 2 17 7.4 19.0 19.5 6.3 32 70 

5 .RGDI . 3 IS 7.4 18.9 19.4 6.3 31 70 
Average 17 7.4 19.0 19.5 6.2 31 73 
S.D. 1 0.0 0.2 0.2 0.2 1 6 

Repl. 1 35 8.0 36.2 36.9 17.4 660 840 
Repl. 2 37 7,9 36.3 38.0 16.8 680 820 

6 Real. 3 "35 7.9 37.3 .39.3 16.9 715 890 
Average 36 7.9 36.6 38.1 . 17.0 685 850 
S.D. 1 0.1 0.6 1.2 0.3 28 36 

7 Repl. 1 <1 4.3 118 119 2.61 0,22 2.13 165 <5 320 

8 Repl. 1 131 8.0 278 284 5.77 0.409 10.1 173 1330 1870 

9 Repl. 1 107 7.8 160 162 — — 64.6 594 940 

10 Repl. 1 60 7.9 90 91.4 - - - . . . 42.9 52 210 

Repl. 1 43 8.0 45.6 46.3 19.4 563 740 
Repl. 2 44 8.1 45.9 46.6 20.2 625 810 

11 Ret>i. 3 41 8.0 45.4 46.2 19.3 581 850 
Average 43 8.0 45.6 46.4 — 19.6 590 800 
S.D. 2 0.1 0.3 0.2 0.5 32 56 

Note: Station 11 sampled Julyp21, 1990, as Station 2 of Snip Project 
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mercury, nickel, phosphorus, sodium, and strontium. Aluminium (13.7 mg/g), 
cadmium (2.6 ug/g), chromium (8.1 ug/g), and magnesium (7.5 mg/g) were also 
elevated at Stonehouse Creek upstream (Station 2). Barium (269 ug/g), calcium 
(12 mg/g), mercury (0.01 ug/g), and strontium (74.7 ug/g) were also elevated in 
Johnny Creek sediment samples, especially those from Station 4. Sodium (333 
ug/g) and chromium (33.8 ug/g) were elevated in sediments from Stonehouse Creek 
downstream (Station 2) as well as from Bronson Creek. 

Other notable results include the lowest lead (10 ug/g, highest from 
Station 11 - 40 ug/g), potassium (2 mg/g), and zinc (88.4 ug/g) concentrations 
in sediments from Stonehouse Creek downstream, and very high copper levels at 
Stonehouse Creek upstream (1458 ug/g). Manganese reversed the usual pattern as 
i t was present in low concentrations from Bronson Creek sediment (900 ug/g), as 
well as in Stonehouse Creek downstream sediment (418 ug/g). Metals present at 
similar levels in sediments from a l l stations included beryllium, iron, 
potassium, phosphorus, s i l i c o n (except elevated at Station 11), titanium, 
vanadium (except elevated at Station 3), and zinc (except low at station 3). 
At 3%, volatile residues were highest at Bronson Creek downstream (Station 11). 
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