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ABSTRACT 

D u r i n g J u l y o f 1991, a b a s e l i n e s t u d y was c o n d u c t e d b y t h e E n v i r o n m e n t a l 

P r o t e c t i o n B r a n c h - Yukon D i v i s i o n t o document e n v i r o n m e n t a l 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 t h e B r e w e r y C r e e k mine p r o p e r t y e a s t o f Dawson / C i t y , Y u k o n . The 

s t u d y was c a r r i e d out i n response to the p r o p o s e d development o f a h a r d r o c k mine 

a t the B r e w e r y C r e e k P r o p e r t y i n t h e n e a r f u t u r e . 

Most w a t e r q u a l i t y p a r a m e t e r s met t h e C a n a d i a n Water Q u a l i t y G u i d e l i n e s . 

The e x c e p t i o n s were t o t a l a luminum a t S t a t i o n 7 (Brewery C r e e k ) , t o t a l c o p p e r 

a t S t a t i o n 9 ( K l o n d i k e R i v e r ) and t o t a l z i n c a t S t a t i o n 3 ( L a u r a C r e e k ) . S t r e a m 

s e d i m e n t c h e m i s t r y was c o m p a r a b l e t o s e d i m e n t c o m p o s i t i o n s f o u n d i n o t h e r 

m i n e r a l i z e d a r e a s i n t h e Y u k o n . B e n t h i c i n v e r t e b r a t e p o p u l a t i o n s were 

s i g n i f i c a n t i n numbers and d i v e r s i t y . 



R E S U M E 

En J u i l l e t 1991, l a d i v i s i o n de l a P r o t e c t i o n de 1 1 E n v i r o n n e m e n t (Yukon) 

a c o n d u i t e une e t u d e de b a s e p o u r d o c u m e n t e r l e s c o n d i t i o n s e n v i r o n n e m e n t a l e s 

p r e s de l a p r o p r i e t e de B r e w e r y C r e e k a l ' e s t de l a v i l l e de Dawson, Y u k o n . 

L 1 e t u d e f u t p r o d u i t e en r e p o n s e au f u t u r p r o j e t de d e v e l o p p e m e n t m i n i e r . 

L a p l u p a r t des p a r a m e t r e s de q u a l i t e de l ' e a u r e n c o n t r e n t l e s Normes 

C a n a d i e n n e s de Q u a l i t e de l ' E a u . C e r t a i n e s e x c e p t i o n s fu irent p a r c o n t r e 

i d e n t i f i e e s : 1 ' a l u m i n i u m t o t a l a l a s t a t i o n 7 (Brewery C r e e k ) , l e c u i v r e t o t a l 

a l a s t a t i o n 9 ( K l o n d i k e . R i v e r ) e t l e z i n c t o t a l a l a s t a t i o n 3 ( L a u r a C r e e k ) . 

L a c h i m i e des s e d i m e n t s e t a i t c o m p a r a b l e aux s e d i m e n t s a n a l y s e e s dans d ' a u t r e 

r e g i o n s m i n e r a l i s e s du Y u k o n . L e s p o p u l a t i o n s d ' i n v e r t e b r e s b e n t h i q u e s f u r e n t 

s i g n i f i c a t i v e s t a n t en nombres q u 1 en d i v e r s i t e . 
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1.0 I N T R O D U C T I O N 

, In J u l y o f 1991, E n v i r o n m e n t a l P r o t e c t i o n B r a n c h - Yukon D i v i s i o n conduc ted 

a b a s e l i n e i n v e n t o r y o f s e v e r a l K l o n d i k e R i v e r t r i b u t a r i e s . The s t u d y a r e a 

encompasses the Brewery C r e e k M i n i n g P r o p e r t y s i t u a t e d e a s t o f Dawson C i t y (see 

F i g u r e 1) . The s t u d y was d e s i g n e d t o a s s e s s t h e b a s e l i n e w a t e r q u a l i t y , s t r e a m 

sediment c h a r a c t e r i s t i c s and the s t r e a m b e n t h i c i n v e r t e b r a t e p o p u l a t i o n s . Sample 

s i t e s e l e c t i o n was b a s e d on m i n i n g e x p l o r a t i o n a c t i v i t y and p r o p o s e d mine 

d e v e l o p m e n t p l a n s t h a t e x i s t e d as o f J u l y , 1991. 

S i n c e the c o m p l e t i o n o f t h e . f i e l d work, the l e v e l o f e x p l o r a t i o n a c t i v i t y 

i n the a r e a has expanded and mine development p l a n s have p r o g r e s s e d s i g n i f i c a n t l y 

( J i l s o n , 1993) . T h e r e f o r e , r e a d e r s s h o u l d n o t e t h a t t h e i n f o r m a t i o n i n t h i s 

r e p o r t may not a d e q u a t e l y a d d r e s s a l l s i t e s and d r a i n a g e s t h a t may p o t e n t i a l l y 

be i m p a c t e d by the development o f a g o l d mine and m i l l f a c i l i t y t h a t i s c u r r e n t l y 

b e i n g p r o p o s e d . 



- 2 -

2.0 S T U D Y A R E A 

The s t u d y a r e a ' s l o c a t i o n i s a p p r o x i m a t e l y 57km e a s t o f Dawson C i t y . T h i s 

a r e a i s n o r t h o f t h e K l o n d i k e R i v e r and b o r d e r e d on t h e West b y Lee C r e e k and on 

the e a s t by Brewery Creek. (See F i g u r e 2) . A c c e s s t o t h e mine e x p l o r a t i o n a r e a i s 

v i a the Dempster Highway a n d . a n e x i s t i n g roadway h i s t o r i c a l l y known as t h e Yukon 

D i t c h R o a d . 

S u b s i s t e n c e h u n t i n g , f i s h i n g , t r a p p i n g and s m a l l s c a l e t i m b e r h a r v e s t i n g 

t a k e p l a c e i n the a r e a . P l a c e r m i n i n g a c t i v i t y o c c u r s on s e v e r a l K l o n d i k e R i v e r 

t r i b u t a r i e s and on t h e K l o n d i k e R i v e r downstream o f t h e s t u d y s i t e , however , 

t h e r e a r e no a c t i v e p l a c e r o p e r a t i o n s i n t h e a r e a o f p r o p o s e d mine d e v e l o p m e n t . 

The o n l y n o t a b l e i n d u s t r i a l development t h a t has t a k e n p l a c e h i s t o r i c a l l y i n t h e 

a r e a i s t h e now abandoned h y d r o e l e c t r i c f a c i l i t y a s s o c i a t e d w i t h t h e K l o n d i k e 

R i v e r a n d N o r t h K l o n d i k e R i v e r . . The f a c i l i t y d a t e s b a c k t o t h e e a r l y p a r t o f 

t h i s c e n t u r y and was i n i t i a l l y d e s i g n e d t o p r o v i d e power t o l a r g e ' g o l d m i n i n g 

dredges i n the Hunker and G r a n d v i l l e C r e e k a r e a . - I n s u b s e q u e n t y e a r s t h e power 

g r i d was ex tended t o s u p p l y power t o Dawson C i t y . The f a c i l i t y was abandoned i n 

1966 ( G r e e n , 1977) . 

Noranda E x p l o r a t i o n C o . L t d . o r i g i n a l l y s t a k e d t h e B r e w e r y C r e e k p r o p e r t y 

i n 1987. C o n s i d e r a b l e i n t e r e s t has been g e n e r a t e d s i n c e t h i s b a s e l i n e work was 

c o n d u c t e d . L o k i G o l d C o r p o r a t i o n , the p r e s e n t o w n e r / d e v e l o p e r , e s t i m a t e s r e s e r v e s 

o f e i g h t m i l l i o n t o n s and a v e r a g i n g 0.2 g r a m s / t o n n e g o l d . E x p l o r a t i o n a c t i v i t y 

on t h e p r o p e r t y c o n t i n u e d t h r o u g h o u t 1992, 1993 ( J i l s o n , 1 9 9 3 ) . A n a d v a n c e d 

e x p l o r a t i o n p r o g r a m was c a r r i e d o u t i n 1994 t o f u r t h e r d e l i n e a t e r e s e r v e s . 

The g e o l o g y i s d e s c r i b e d as "a l a r g e , l ow g r a d e o x i d e g o l d d e p o s i t h o s t e d 

b y C r e t a c e o u s q u a r t z m o n z o n i t e and u n d e r l y i n g greywacke o f t h e D e v o n o -
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M i s s i s s i p p i a n E a r n Group . The p r o p e r t y i s l o c a t e d i n u n g l a c i a t e d t e r r a i n e on t h e 

west edge o f t h e S e l w y n B a s i n , , a d j a c e n t t o t h e T i n t i n a F a u l t . " (Yukon M i n f i l e 

116B 160, B r e w e r y C r e e k , 1 9 9 1 ) . 

N i n e sample s i t e s were e s t a b l i s h e d i n t h e s t u d y a r e a (see F i g u r e 2 ) . Water 

q u a l i t y , s t r e a m s e d i m e n t s and b e n t h i c i n v e r t e b r a t e s were c h a r a c t e r i z e d a t 

S t a t i o n s 1 t h r o u g h 8. A t S t a t i o n 9, o n l y w a t e r q u a l i t y was c h a r a c t e r i z e d . F l o w 

e s t i m a t e s f o r each o f t h e t r i b u t a r y s treams s i t e s were d e t e r m i n e d . A d e s c r i p t i o n 

o f e a c h o f t h e s t a t i o n s i s p r o v i d e d i n T a b l e 1. 

FIGURE 1: LOCATION OF STUDY AREA 
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TABLE 1 SAMPLE STATION DESCRIPTIONS 

I s ta t ion L o c a t i o n D e s c r i p t i o n 

6 3 ° 5 8 . 8 0 ' N 1 3 8 ° 2 3 . 5 8 ' W , K l o n d i k e 
R i v e r . ~ l k m downstream o f Lee 
C r e e k a l o n g t h e r i g h t b a n k . 

W a t e r , s e d i m e n t and b e n t h i c 
sample s were c o l l e c t e d c l o s e t o 
s h o r e . i n 0.3m w a t e r d e p t h . The 
s i t e i s c h a r a c t e r i z e d by b r o a d 
a c t i v e b r a i d e d s t r e a m c h a n n e l s 
i n t e r d i s p e r s e d w i t h o l d r i v e r 
c h a n n e l s , l o g jams , g r a v e l b a r s 
and s m a l l i s l a n d s ; s h o r e l i n e 
v e g e t a t i o n c o n s i s t s m a i n l y o f 
g r a s s e s and w i l l o w . 

6 4 ° 0 1 . 4 9 ' N 1 3 8 ° 0 3 . 2 7 ' W , ' 
K l o n d i k e R i v e r downstream o f 
B r e w e r y C r e e k a l o n g t h e r i g h t 
b a n k . 

W a t e r , s e d i m e n t and b e n t h i c 
samples were c o l l e c t e d c l o s e t o 
s h o r e i n 0.3m w a t e r d e p t h . The 
s i t e i s c h a r a c t e r i z e d b y b r o a d 
a c t i v e b r a i d e d s t r e a m c h a n n e l s 
i n t e r d i s p e r s e d w i t h o l d r i v e r 
c h a n n e l s , l o g jams , g r a v e l b a r s 
and s m a l l i s l a n d s ; s h o r e l i n e 
v e g e t a t i o n c o n s i s t s m a i n l y o f 
g r a s s e s and w i l l o w . 

6 4 ° 0 0 . 3 3 ' N 1 3 8 ° -29.95'W, Lee 
C r e e k u p s t r e a m o f P a c i f i c C r e e k . 

The s i t e i s c h a r a c t e r i z e d b y 
c o n f i n e d m e a n d e r i n g c r e e k 
c h a n n e l h e a v i l y b u r d e n e d w i t h , 
wood d e b r i s and l o g jams; 
S t r e a m banks up t o 3m i n h e i g h t 
and u n s t a b l e where t h e r e i s 
s t a n d i n g t i m b e r ; v e g e t a t i o n 
c o n s i s t s o f some g r a s s e s , 
w i l l o w and s t a n d s o f h e a v y 
s p r u c e and p o p l a r t i m b e r ; 
s u b s t r a t e composed p r i m a r i l y o f 
a c o b b l e / b o u l d e r m i x t u r e 
i n t e r m i x e d w i t h f i n e s a n d s . 

6 4 ° 0 0 . 3 2 ' N 1 3 8 ° 2 8 . 7 1 ' W , Lee 
C r e e k u p s t r e a m o f t h e Yukon D i t c h 
Road c r o s s i n g . 

The s i t e i s c h r a c t e r i z e d b y a 
low g r a d i e n t and g e n t l e 
m e a n d e r i n g s t r e a m c h a n n e l f r e e 
o f wood d e b r i s ; u n i n t e r r u p t e d 
s t r e a m f l o w ; v e g e t a t i o n 
c o n s i s t s o f a s p e n , w i l l o w w i t h ' 
some g r a s s e s a l o n g s t a b l e 
s t r e a m b a n k s ; s u b s t r a t e 
composed l a r g e l y o f g r a v e l , 
sands and f i n e s ; some s m a l l 
c o b b l e p r e s e n t . 



- 5 -

TABLE 1 ( C o n t ' d ) 

Locations Descriptions 

6 3 ° 5 9 . 7 6 ' N 1 3 8 ° 2 2 . 6 0 ' W , Lee 
C r e e k u p s t r e a m o f t h e K l o n d i k e 
R i v e r . 

The s i t e i s c h a r a c t e r i z e d b y a 
s h a r p m e a n d e r i n g s t r e a m c h a n n e l 
i n t e r r u p t e d f r e q u e n t l y b y wood 
d e b r i s and l o g jams; deep w a t e r 
common a l o n g o v e r h a n g i n g b a n k s ; 
s t r e a m banks s t a b l e ; s h o r e l i n e 
v e g e t a t i o n c o n s i s t s m a i n l y o f 
w i l l o w , l a r g e p o p l a r w i t h some 
g r a s s e s ; s u b s t r a t e composed o f 
f i n e g r a v e l s , s a n d and f i n e s ; 
some c o b b l e s p r e s e n t . 

6 4 ° 0 1 . 3 1 ' N 1 3 8 ° 0 6 . 7 1 ' W , G o l d e n 
C r e e k u p s t r e a m o f t h e K l o n d i k e 
R i v e r ; s i t e l o c a t e d a t "WQ2" 
s t r e a m l e v e l gauge . 

The s i t e i s c h r a c t e r i z e d by a 
c o n f i n e d s t r e a m c h a n n e l w i t h 
l i t t l e meander; u n i f o r m f l o w 
w i t h few r i f f l e s ; d e p t h 
u n i f o r m ; v e g e t a t i o n c o n s i s t 
m a i n l y o f t h i c k o v e r h a n g i n g 
w i l l o w and a l d e r g r o w t h ; p o p l a r 
p r e s e n t ; s u b s t r a t e somewhat 
cemented; p r i m a r i l y c o b b l e 
i n t e r m i x e d w i t h s a n d and f i n e s . 

6 4 ° 0 1 . 5 2 ' N 1 3 8 ° 0 0 . 9 9 ' W , B r e w e r y 
C r e e k u p s t r e a m o f t h e K l o n d i k e 
R i v e r . 

The s i t e i s c h a r a c t e r i z e d by a 
w i d e s t r e a m c h a n n e l w i t h l i t t l e 
meander; f r e q u e n t g r a v e l b a r s , 
p o o l s , and r i f f l e s ; o c c a s i o n a l 
i n t e r r u p t i o n o f f l o w b y wood 
d e b r i s and l o g jams; o v e r 
h a n g i n g u n s t a b l e s t r e a m banks 
(1 - 2m h i g h ) where t h e r e i s 
s t a n d i n g t i m b e r ; - v e g e t a t i o n 
c o n s i s t s m a i n l y o f w i l l o w and 
s p r u c e / p o p l a r s t a n d s ; s u b s t r a t e 
composed o f b o u l d e r and c o b b l e 
i n t e r m i x e d w i t h s a n d and f i n e s . 

6 3 ° 5 9 . 7 6 ' N 1 3 8 ° 1 4 . 8 1 ' W , L a u r a 
C r e e k u p s t r e a m o f t h e K l o n d i k e 
R i v e r a t Yukon D i t c h Road 
C r o s s i n g . 

The s i t e i s c h a r a c a t e r i z e d by a 
n a r r o w p o o r l y d e f i n e d s t r e a m 
c h a n n e l , low g r a d i e n t ; s a m p l i n g 
done a t c l e a r i n g where c h a n n e l 
c u t s t h r o u g h t h e Yukon D i t c h 
R o a d ; s u r r o u n d i n g v e g e t a t i o n 
p r i m a r i l y g r a s s e s w i t h some 
w i l l o w ; s u b s t r a t e c o n s i s t s o f 
f i n e g r a v e l s , sands and f i n e s . 

6 3 ° 5 6 . 6 5 ' N 1 3 8 ° 3 8 . 1 2 ' W , 
K l o n d i k e R i v e r , l e f t b a n k , 
a p p r o x i m a t e l y , 20km downstream 
Lee C r e e k n e a r K l o n d i k e Hwy. 

o f 

The s i t e i s c h a r a c t e r i z e d b y 
w i d e b r a i d e d r i v e r c h a n n e l s 
w i t h numerous g r a v e l b a r s and 
i s l a n d s ; a c c u m u l a t i o n s o f wood 
d e b r i s and l o g jams f r e q u e n t ; 
s u b s t r a t e b o u l d e r and c o b b l e 
i n t e r m i x e d w i t h s a n d and f i n e s . 
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3.0 METHODS 

I n s i t u measurements and sample c o l l e c t i o n o c c u r r e d between J u l y 30 and 

A u g u s t 1, 1991. Sample s i t e s were s e l e c t e d b a s e d on t h e p r o g r e s s o f e x p l o r a t i o n 

work and the p o t e n t i a l f o r mine development a t t h e t i m e o f t h e s u r v e y . A c c e s s t o 

t h e s i t e s was b y v e h i c l e , a l l t e r r a i n v e h i c l e (ATV) o r h e l i c o p t e r . 

3.1 Water Q u a l i t y and Quantity 

C o l l e c t i o n a n d p r e s e r v a t i o n o f w a t e r s a m p l e s was c a r r i e d o u t as o u t l i n e d 

i n the ' " S a m p l i n g f o r W a t e r Q u a l i t y " handbook p u b l i s h e d b y E n v i r o n m e n t C a n a d a . 

A l l s i t e s v i s i t e d d u r i n g t h e s t u d y were s a m p l e d f o r d i s s o l v e d and t o t a l m e t a l s : 

A l u m i n i u m (AI) 

A n t i m o n y (Sb) 

A r s e n i c (As) 

B a r i u m (Ba) 

B e r y l l i u m (Be) 

B o r o n (B) 

Cadmium (Cd) 

C a l c i u m (Ca) 

Chromium (Cr) 

C o b a l t (Co) 

C o p p e r (Cu) 

M e r c u r y . (Hg, t o t a l o n l y ) 

I r o n (Fe) 

L e a d (Pb) 

Magnes ium (Mg) 

Manganese (Mn) 

Molybdenum (Mo) 

N i c k e l (Ni) 

P h o s p h o r o u s (P) 

S e l e n i u m (Se) 

S i l i c o n (S i ) 

S i l v e r (A) 

S o d i u m (Na) 

S t r o n t i u m (Sr) 

T i n (Sn) 

T i t a n i u m ( T i ) • 

V a n a d i u m (V) 

Z i n c (Zn) 

c o n d u c t i v i t y , pH, f i l t e r a b l e r e s i d u e , n o n - f i l t e r a b l e r e s i d u e , ammonia, n i t r i t e , 

n i t r i t e + n i t r a t e , o r t h o p h o s p h a t e , s u l f a t e , c o l o r , t u r b i d i t y , h a r d n e s s , c h l o r i d e 

and t o t a l phosphorus were a l s o a n a l y s e d . I n s i t u measurements o b t a i n e d i n c l u d e 

w a t e r f l o w e s t i m a t e s (as t o t a l d i s c h a r g e ) , t e m p e r a t u r e , , p H , c o n d u c t i v i t y and 

d i s s o l v e d oxygen. S t r e a m d e p t h and v e l o c i t y were measured u s i n g a wading r o d and 

a M a r s h M c B i r n e y M o d e l 201D P o r t a b l e W a t e r C u r r r e n t M e t e r . W a t e r v e l o c i t y was 

d e t e r m i n e d u s i n g t h e " S i x - t e n t h s - d e p t h M e t h o d ( U n i t e d S t a t e s D e p a r t m e n t o f t h e 

I n t e r i o r , . 1975) . T o t a l d i s c h a r g e was c a l c u l a t e d b a s e d on t h e i n t e r v a l w i d t h , 
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d e p t h and v e l o c i t y u s i n g t h e " M i d s e c t i o n Method" f o r m u l a ( U n i t e d S t a t e s 

D e p a r t m e n t o f t h e I n t e r i o r , 1 9 7 5 ) . 

F o r the p u r p o s e o f q u a l i t y c o n t r o l , S t a t i o n 4 was sampled i n t r i p l i c a t e and 

f i e l d b l a n k s o f d i s t i l l e d water were p r e p a r e d and s u b m i t t e d as h i d d e n b l a n k s w i t h 

t h e sample s e t t h a t was s h i p p e d to t h e l a b . Water samples were s u b m i t t e d t o t h e 

E n v i r o n m e n t a l Canada C h e m i s t r y Lab i n V a n c o u v e r f o r a n a l y s i s . 

The p r o c e d u r e s used i n the a n a l y s i s o f water and s e d i m e n t s samples were i n 

a c c o r d a n c e w i t h the Environment Canada - C o n s e r v a t i o n and P r o t e c t i o n L a b o r a t o r i e s 

S t a n d a r d O p e r a t i n g P r o c e d u r e s M a n u a l . ' 1 

3.2 Sediments 

Sediment samples were c o l l e c t e d i n . t r i p l i c a t e a t S t a t i o n s 1 t h r o u g h 8 u s i n g 

a T e f l o n s c o o p . E a c h i n d i v i d u a l s e d i m e n t g r a b sample was p l a c e d i n a p a p e r 

g e o c h e m i c a l bag and o v e r p a c k e d i n a p l a s t i c b a g . Samples were l a t e r f r o z e n f o r 

p r e s e r v a t i o n a n d ' m a i n t a i n e d i n t h i s s t a t e u n t i l t h e t i m e o f a n a l y s i s . Sed iment 

samples were a n a l y z e d f o r m e t a l s c o m p o s i t i o n : 
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A l u m i n i u m (AI) 

A n t i m o n y (Sb) 

A r s e n i c (As) 

B a r i u m (Ba) 

B e r y l l i u m (Be) 

B o r o n (B) 

Cadmium (Cd) 

C a l c i u m (Ca) 

Chromium (Cr) 

C o b a l t (Co) 

C o p p e r (Cu) 

I r o n (Fe) 

L e a d (Pb) 

Magnes ium (Mg) 

Manganese (Mn) 

Molybdenum (Mo) 

N i c k e l (Ni) 

P h o s p h o r o u s (P) 

S e l e n i u m (Se) 

S i l i c o n (S i ) 

S i l v e r (A) 

S o d i u m (Na) 

S t r o n t i u m (Sr) 

T i n (Sn) 

T i t a n i u m ( T i ) 

V a n a d i u m (V) 

Z i n c (Zn) 

S e d i m e n t samples were a l s o a n a l y s e d f o r p a r t i c l e s i z e d i s t r i b u t i o n . Sed iment 

samples were s u b m i t t e d t o t h e E n v i r o n m e n t a l P r o t e c t i o n C h e m i s t r y Lab i n V a n c o u v e r 

f o r a n a l y s i s . 

The p r o c e d u r e s used i n the a n a l y s i s o f s ed iments samples were i n a c c o r d a n c e 

w i t h the Env ironment Canada - L a b o r a t o r i e s S t a n d a r d O p e r a t i n g P r o c e d u r e s M a n u a l . 

3 . 3 Benthic Fauna 

B e n t h i c i n v e r t e b r a t e samples were c o l l e c t e d u s i n g a Hess t y p e s a m p l e r . The 

s a m p l e r was 3 4 . 5 c m i n d i a m e t e r and was e q u i p p e d w i t h a 250/^m n y l o n mesh n e t . 

T h r e e r e p l i c a t e sa mple s were r a n d o m l y c o l l e c t e d a t S t a t i o n s 1 t h r o u g h 8. 

S a m p l i n g was c a r r i e d out i n mid c h a n n e l a t each o f t h e t r i b u t a r y s i t e s and a l o n g , 

t h e r i g h t bank a t t h e K l o n d i k e R i v e r s i t e s . 

B e n t h i c samples were p r e s e r v e d i n the f i e l d u s i n g a 10% f o r m a l i n s o l u t i o n . 

Samples were l a t e r s u b m i t t e d t o D r . C h a r l e s Low, a c o n t r a c t i n v e r t e b r a t e 

t a x o n o m i s t , i n V i c t o r i a , B . C . f o r s o r t i n g , e n u m e r a t i o n and i d e n t i f i c a t i o n . A l l 

i n v e r t e b r a t e sa mple s have b e e n r e t a i n e d b y t h e d e p a r t m e n t a t t h e W h i t e h o r s e 

O f f i c e . 
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I n d i c e s o f b e n t h i c community d i v e r s i t y and evenness were c a l c u l a t e d u s i n g 

t h e f o l l o w i n g f o r m u l a ( P i e l o u 1975) : 

n 
S p e c i e s D i v e r s i t y (H') = - £ (P ± l o g ^ P j J 

i = l 

'Where, PL = nL / N 

ni = number o f i n d i v i d u a l s i n t h e i t h most s p e c i f i c 
t a x o n o m i c g r o u p ( i e . genus) a t one sample l o c a t i o n . 

N = t o t a l number o f i n d i v i d u a l s i d e n t i f i e d t o s p e c i f i c 
t a x o n o m i c g r o u p ( i e . genus) a t one s a m p l e l o c a t i o n . 

n = t o t a l number o f t a x o n o m i c g r o u p s ( i e . genus) 
i d e n t i f i e d a t one sample l o c a t i o n . 

E v e n n e s s ( J ' ) = H ' / l o g 1 0 n 

P e r c e n t S i m i l a r i t y Index: The b e n t h i c i n v e r t e b r a t e c o m m u n i t i e s c o l l e c t e d 

d u r i n g t h e two s u r v e y s were compared u s i n g a p e r c e n t s i m i l a r i t y i n d e x (Psc) 

f o r m u l a d e s c r i b e d , b y B r o c k (1977) : • 

k 
P s c = 100 - 0 .5 £ l a _ b l 

i = l 

where a and b a r e , f o r a g i v e n g e n u s , p e r c e n t a g e o f t h e t o t a l s amp le s A and B 

w h i c h . t h a t genus r e p r e s e n t s . The a b s o l u t e v a l u e o f t h e i r d i f f e r e n c e i s summed 

o v e r a l l g e n e r a , k . The Psc compares t h e p e r c e n t a g e o f g e n e r a p r e s e n t a t two 

d i f f e r e n t l o c a t i o n s b u t i s n o t a c o m p a r i s o n o f t o t a l i n v e r t e b r a t e abundance . The 

i n f o r m a t i o n p r o d u c e d b y t h e p e r c e n t s i m i l a r i t y i n d e x was p l o t t e d i n t o a c l u s t e r 

u s i n g t h e n e a r e s t n e i g h b o u r c l u s t e r i n g . m e t h o d ( L e g e n d r e , L . , 1 9 8 4 ) . 
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4 . 0 R E S U L T S 

4.1 Water Q u a l i t y and Quantity 

T h e w a t e r q u a l i t y d a t a i s p r o v i d e d i n A p p e n d i x I . S t r e a m f l o w s were 

measured, a t e a c h o f t h e K l o n d i k e R i v e r t r i b u t a r y s i t e s s a m p l e d . T h e r e i s no 

l o n g t e r m f l o w m o n i t o r i n g d a t a a v a i l a b l e f o r any o f t h e t r i b u t a r y s t r e a m s 

s a m p l e d , however , some c o m p a r i s o n s c a n be made w i t h t h e f l o w d a t a f r o m two 

h y d r o m e t r i c m o n i t o r i n g s t a t i o n s l o c a t e d n e a r b y on m a j o r t r i b u t a r i e s o f t h e 

K l o n d i k e R i v e r . 

T r i b u t a r y f lows a t the t ime o f s a m p l i n g r a n g e d f r o m 0 .03 m V s e c a t S t a t i o n 

8, L a u r a C r e e k , t o 5 .64 m 3 / s e c a t S t a t i o n 7, B r e w e r y C r e e k (see A p p e n d i x I , 

T a b l e 1) . F i g u r e 3 shows m o n t h l y mean f l o w v a l u e s f o r two h y d r o m e t r i c s t a t i o n s 

l o c a t e d i n the g e n e r a l v i c i n i t y o f the s t u d y a r e a ( the N o r t h K l o n d i k e R i v e r and 

the L i t t l e South K l o n d i k e R i v e r ) . The w a t e r , s e d i m e n t and b e n t h i c i n v e r t e b r a t e 

s a m p l i n g c o m p l e t e d i n t h e p r e s e n t s t u d y took p l a c e a t o r near the end o f the peak 

f low p e r i o d f o r t h i s a r e a as d e p i c t e d by t h e a v e r a g e m o n t h l y f l o w p a t t e r n s shown 

i n F i g u r e 3 . The f l o w e s t i m a t e f o r B r e w e r y C r e e k (5.64 m V s e c ) , when compared 

w i t h t h e L i t t l e South K l o n d i k e R i v e r average f o r t h e month o f J u l y (8 .09 m V s e c ) , 

shows t h a t Brewery Creek i s o f s i g n i f i c a n t s i z e . ( a p p r o x i m a t e l y 70%). The o t h e r 

s t r e a m s s a m p l e d i n t h e s t u d y a r e a a r e c o n s i d e r a b l y s m a l l e r i n s i z e and v o l u m e , 

a c c o u n t i n g f o r l e s s t h a n 20% o f t h e B r e w e r y C r e e k v o l u m e . 
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FIGURE 3 : MONTLY MEAN FLOWS FOR NORTH KLONDIKE AND LITTLE SOUTH KLONDIKE 
RIVER HYDROMETRIC STATIONS 

JAN FEB MAR APR MAY JIN JUL AUG SEP OCT NOV DEC 
MONTH 

-o- NORTH KLONDIKE RIVER (1975- 1991) 

LITTLE SOUTH KLONDIKE RIVER (1983 - 1991) 

Itnftxmaliofi extracted from Environment Canada HYDAT CD-ROM <1991)[ 

I n s i t u measurements i n d i c a t e t h a t S t a t i o n 6 (Golden Greek) i s p o s s i b l y 

i n f l u e n c e d more so by g r o u n d w a t e r s o u r c e s t h a n t h e o t h e r c r e e k s t h a t were 

s a m p l e d . T h i s i s r e f l e c t e d b y t h e l o w e s t t e m p e r a t u r e and h i g h e s t c o n d u c t i v i t y 

measured i n t h e s t u d y a r e a compared t o t h e o t h e r sample s t a t i o n s . 

A l l i n s i t u measurements ( i . e . t e m p e r a t u r e , c o n d u c t i v i t y , pH and d i s s o l v e d 

oxygen) and t h e p h y s i c a l p a r a m e t e r s a n a l y s e d i n t h e ' w a t e r samples ( i . e . 

f i l t e r a b l e and n o n - f i l t e r a b l e r e s i d u e s ) show t h a t each o f the s treams are t y p i c a l 

o f s m a l l t o medium s i z e d r a i n a g e s found i n o t h e r p a r t s o f t h e Yukon ( M a t h e r s , e t 

a l , 1981 ) . 

I n a d d i t i o n , n u t r i e n t s a n d t o t a l m e t a l s c o n c e n t r a t i o n s were a l s o t y p i c a l 

o f Yukon s t r e a m s and were g e n e r a l l y w e l l be low t h e recommended l e v e l s f o r t h e 

p r o t e c t i o n o f a q u a t i c l i f e ( C a n a d i a n W a t e r Q u a l i t y G u i d e l i n e s , 1987) . However, 

t h e r e were some e x c e p t i o n s : t o t a l aluminum c o n c e n t r a t i o n s a t S t a t i o n 7 (Brewery 

C r e e k ) e q u a l l e d t h e u p p e r l i m i t o f t h e recommended maximum o f 0 .1 mg/L; . t o t a l 

copper' a t S t a t i o n 9 K l o n d i k e R i v e r (0.0028 m g / L ) , S t a t i o n 8 L a u r a Creek (0.0029 

m g / L , ) ' and S t a t i o n 6 G o l d e n C r e e k (0 .0029 mg/L) e x c e e d e d t h e recommended l i m i t 

o f 0 .002 mg/L (where t o t a l h a r d n e s s i s 60 - i 2 0 m g / L as CaC0 3 ) ; and t o t a l z i n c 

c o n c e n t r a t i o n s a t S t a t i o n 3, Lee C r e e k (0 .048 mg/L) e x c e e d e d t h e recommended 

l i m i t o f 0 .03 m g / L . 
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D i s s o l v e d meta l s d a t a f o r t h e samples c o l l e c t e d were d e c l a r e d i n v a l i d due 

to c o n t a m i n a t i o n o f samples . The s o u r c e o f the c o n t a m i n a t i o n was not d e t e r m i n e d , 

however , t h e ' f i e l d f i l t e r i n g a p p a r a t u s i s s u s p e c t e d . 

C o n t a m i n a t i o n o f f i e l d b l a n k s f o r e x t r a c t a b l e and t o t a l c o p p e r was' a l s o 

n o t e d . The s o u r c e o f t h i s c o n t a m i n a t i o n i s a t t r i b u t e d t o t h e EP - Yukon Lab 

water d i s t i l l i n g apparatus and has been n o t e d i n the p a s t as the s o u r c e o f c o p p e r 

i n d i s t i l l e d w a t e r b l a n k s . 

4.2 Sediments 

Sediment meta l s and p a r t i c l e s i z e a n a l y s i s d a t a i s p r o v i d e d i n Appendix I I , 

T a b l e s 1 and 2. M e t a l s a n a l y s i s o f s e d i m e n t s c o l l e c t e d a t S t a t i o n s 1 t h r o u g h 8 

r e v e a l some m i n o r d i f f e r e n c e s i n s e d i m e n t m e t a l s c o m p o s i t i o n between c r e e k s . 

C a l c i u m , cadmium, c o p p e r , magnes ium, molybdenum, n i c k e l , p h o s p h o r u s , s t r o n t i u m , 

v a n a d i u m and z i n c l e v e l s were a l l s l i g h t l y h i g h e r i n c o n c e n t r a t i o n a t a l l Lee 

C r e e k S t a t i o n s compared t o t h e o t h e r s i t e s s a m p l e d . I n a d d i t i o n , a r s e n i c was 

found to be lower i n c o n c e n t r a t i o n a t t h e Lee C r e e k S t a t i o n s t h a n l e v e l s a t t h e 

o t h e r s i t e s sampled i n the s t u d y a r e a . The h i g h e s t a r s e n i c l e v e l s were found a t 

S t a t i o n 6, Golden C r e e k . The o n l y o t h e r anomaly n o t e d - i n t h e s e d i m e n t d a t a was 

the s l i g h t l y h i g h e r c o n c e n t r a t i o n s o f l e a d a t S t a t i o n 6 (Go lden C r e e k ) , S t a t i o n 

7 (Brewery Creek) and S t a t i o n 8 ( L a u r a Creek) as compared w i t h t h e o t h e r s i t e s 

s a m p l e d . 

S t r e a m sed iment p a r t i c l e s i z e d i s t r i b u t i o n was c l a s s i f i e d u s i n g t h e 

W e n t w o r t h S i z e c l a s s i f i c a t i o n s y s t e m . O v e r a l l , s t r e a m s e d i m e n t s i n the s t u d y 

a r e a c o n s i s t p r i m a r i l y o f s a n d and c o a r s e g r a n u l a r m a t e r i a l . The p e r c e n t a g e 

d i s t r i b u t i o n r a t i o a t most o f t h e s i t e s were h e a v i l y i n f l u e n c e d b y t h e m a t e r i a l 

i n t h e >2.Omm s i z e r a n g e . However , s e d i m e n t s a t s t a t i o n 3 (Lee C r e e k u p s t r e a m 

o f P a c i f i c C r e e k ) , S t a t i o n 4 (Lee C r e e k u p s t r e a m o f t h e Yukon D i t c h Road) and 
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S t a t i o n 7 (Brewery Creek) tended t o have a s i g n i f i c a n t p e r c e n t a g e o f m a t e r i a l i n 

the medium to v e r y c o a r s e sand s i z e c l a s s e s (0.25 - 0.5mm, 0 .5 - 1.0mm and 1.0 -

2.0mm). ' 

4 . 3 Bottom Fauna 

A b e n t h i c i n v e r t e b r a t e t a x o n o m i c l i s t a n d t h e sample r e s u l t s a r e p r o v i d e d 

i n A p p e n d i x I I I , T a b l e s 1 and 2. F i g u r e s 4 and 5 and T a b l e s 2 and 3 summarize 

t h e b e n t h i c i n v e r t e b r a t e d a t a c o l l e c t e d . 

The d o m i n a n t b e n t h i c i n v e r t e b r a t e g r o u p t h r o u g h o u t t h e s t u d y a r e a was o f 

the o r d e r D i p t e r a (see F i g u r e 4 ) . Among t h i s g r o u p , t h e g r e a t e s t p e r c e n t a g e o f 

abundance was r e p r e s e n t e d b y t h e F a m i l y C h i r o n o m i d a e . A s h i f t i n dominance f r o m 

t h i s g r o u p was f o u n d a t S t a t i o n 5 (Lee C r e e k downstream) a n d . S t a t i o n 6 ( G o l d e n 

Creek) where t h e F a m i l y L u m b r i c u l i d a e o f t h e O r d e r O l i g o c h a e t a was f o u n d t o be 

s i g n i f i c a n t l y more abundant . As w e l l , t h e O r d e r E p h e m e r o p t e r a , r e p r e s e n t e d o v e r 

h a l f o f t h e p o p u l a t i o n i n terms o f abundance a t S t a t i o n 1 ( K l o n d i k e R i v e r 

d o w n s t r e a m ) . 
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Figure 4: Percentage Abundance of Major Benthic Invertebrate Taxonomic Groups 
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• 

( ) 20 40 60 80 
1 1 1 

Model Model 

Klondike River d/s Klondike River d/s 

Klondike River u/s 
E3 Ephemeroptera i E3 Ephemeroptera i 

vi Lee Creek u/s 
OJ 

•4-* 
C O 

J5» Lee Creek @ bridge 
Q . 

E 

• Trichoptera j. vi Lee Creek u/s 
OJ 

•4-* 
C O 

J5» Lee Creek @ bridge 
Q . 

E 

B Plecoptera | 
vi Lee Creek u/s 
OJ 

•4-* 
C O 

J5» Lee Creek @ bridge 
Q . 

E 

• Diptera (other) 

El Chironomidae 

O Oligochaeta 

! 

vi Lee Creek u/s 
OJ 

•4-* 
C O 

J5» Lee Creek @ bridge 
Q . 

E 

• Diptera (other) 

El Chironomidae 

O Oligochaeta 

( 0 

w Lee Creek d/s 

• Diptera (other) 

El Chironomidae 

O Oligochaeta 

• Diptera (other) 

El Chironomidae 

O Oligochaeta 1 
Golden Creek Bother 

Brewery Creek Brewery Creek 
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Model based on mean %abundance of major groups found at all sample sites. 1 

A benthic invertebrate a n a l y s i s summary can be found i n Table 2. 

Population densities ranged from 2,834 individuals/m 2 at Station 6 (Golden Creek) 

to 16,117 individuals/m 2 at St a t i o n 4 (Lee Creek at the Yukon Ditch Road 

c r o s s i n g ) . Population d e n s i t i e s at other s t a t i o n s were r e l a t i v e l y low i n 

comparison except Station 8 (Laura Creek), where density was i n excess of 10,000 

individuals/m 2. D i v e r s i t y (H') and Evenness.(J') were high at most s i t e s . The 

exceptions were the stations with the highest density, Stations 4 and St a t i o n 8. 
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TABLE 2 SUMMARY OF BENTHIC INVERTEBRATE SAMPLING 

1 
Lower 

Klondike 

2 
Upper 

Klondike 

3 
Lee 

Creek 

4 
Lee 

Creek 

5 
Lee 
Creek 

6 
Golden 

Creek 

7 
Brewery 

Creek 

8 
Laura 

Creek 

Sanple Date 31-Jul-91 31-JQ1-91 31 -Jul-91 31-Jul-91 31-Jul-91 31 -Jul-91 31-Jal-91 31-Jul-91 

Total # of laxa 58 61 54 50 53 44 58 55 

Mesh Size (AOR) 250 250 250 250 250 250 250 250 

Total #o£ Invertebrates 1751 1349 1728 4516 2794 794 1050 2845 

Hess Sanpler Area (nf) 0.0934 0.0934 0 .0934 0.0934 0.0934 0.0934 0.0934 0.0934 

Nunfcer o£ Sanples/Station 3 3 3 3 3 3 3 3 

Total Area Sanpled (m2) 0.2802 0.2802 0.2802 0.2802 0.2802 0.2802 0 .2802 .0.2802 

Density of Individuals/tn? 6249 4814 6167 16117 9971 2834 3747 10153 

Diversity (H') ' 1.034 1.223 1.157 0 .817 1.124 1.172 1.265 0 .730 

Total # of Genus Taxa 46 49 41 38 39 30 45 39 

Evenness (J') 0.622 0.723 0 .717 0.517 0.706 0.794 0.765 0 .459 

The n e a r e s t n e i g h b o u r c l u s t e r method was u s e d t o show t h e p e r c e n t a g e 

s i m i l a r i t y , between s t a t i o n s s a m p l e d (see T a b l e 2 and F i g u r e 4) S i m i l a r i t i e s 

g r e a t e r t h a n 60% a r e u n d e r l i n e d i n T a b l e 2. 

TABLE 3 PERCENTAGE SIMILARITY OF BENTHIC INVERTEBRATE POPULATIONS 
AT EACH STATION SAMPLED 

S t a t i o n s s t a 2 s t a 3 s t a 4 s t a 5 s t a 6 s t a 7 s t a 8 
S t a . 1 5 5 . 1 9 36. 64 34 .42 36 .25 2 2 . 6 0 51 . 67 2 8 . 3 5 
S t a . 2 50 .11 45 .57 44 .12 26 .28 7 5 . 9 8 4 3 . 5 0 
S t a . 3 6 3 . 7 4 47. 61 39 . 41 5 6 . 0 6 32 .22 
S t a . 4 42 .67 31 .79 46 .77 30 .45 
S t a . 5 6 5 . 0 7 47 .14 2 9 . 7 7 
S t a . 6 32:90 2 6 . 7 5 
S t a . 7 41 .56 
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Figure 5 Cl u s t e r A n a l y s i s of Benthic Community Based on Percentage S i m i l a r i t y 

S i m i l a r i t y above 60% was n o t e d o n l y i n 3 p a i r s o f s t a t i o n s : S t a t i o n 7 and 

2 (76%), S t a t i o n s 5 and 6 (65%) and S t a t i o n s 3 and 4 (64%). Among t h e s i t e s 

sampled , s i m i l a r i t y g r e a t e r t h a n 40% was most f r e q u e n t l y a s s o c i a t e d w i t h S t a t i o n 

7, S t a t i o n 2 and S t a t i o n 5. 
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5.0 CONCLUSIONS 

1. C a n a d i a n Water Q u a l i t y G u i d e l i n e s f o r F r e s h w a t e r A q u a t i c L i f e were 

e x c e e d e d f o r t o t a l a luminum, t o t a l c o p p e r and t o t a l z i n c s e p a r a t e l y a t 

t h r e e s i t e s . The g u i d e l i n e s were met on a l l o t h e r i n s t a n c e s . 

2. S tream sediment c h e m i s t r y was v a r i a b l e between s i t e s . Lee C r e e k s e d i m e n t s 

were h i g h e r i n cadmium, c o p p e r and z i n c c o n c e n t r a t i o n s and l o w e r i n 

a r s e n i c c o n c e n t r a t i o n s when compared to t h e o t h e r s i t e s s a m p l e d . O v e r a l l , 

m e t a l s c o n c e n t r a t i o n s and s e d i m e n t c h a r a c t e r i s t i c s were c o m p a r a b l e t o 

o t h e r m i n e r a l i z e d s i t e s i n t h e Y u k o n . 

3. B e n t h i c p o p u l a t i o n s appear t o be s i g n i f i c a n t i n abundance a n d d i v e r s i t y a t 

t h e s t a t i o n s s a m p l e d . B e n t h i c p o p u l a t i o n s i n L a u r a C r e e k and G o l d e n 

C r e e k , b o t h o r i g i n a t i n g f r o m t h e mine e x p l o r a t i o n a r e a , were 

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

d o m i n a n t t a x a p r e s e n t . 
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 ĉ. 

a, 0 co ro 

Fa
 ds 

m
ia

 

ro T J ro 0 

-H 01 -H M Cj S s O J J 3 0 T > 

E o a UH O 0 CO Cj -H Cj a S s S s rH 0 

rH Cj CO 0 E ro J 3 4 3 0 

cu CJ CJ as 

Cd 
Cu 
OJ < 

os 
Cd 03 
2 
2 

i—i CM rn r- r-
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