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ABSTRACT 
The Fu l ton  River drainage system services the water  requirements of  

a diversified  local economy. Chapman and Fulton  Lakes support a varied 
sport  fishery and wildlife resource. The multimillion dollar federal 
Fish  enhancement installations a t  the m o u t h  of  the Fulton River are of 
paramount importance n o t  only t o  the Babine area h u t  also t o  the Prince 
Rupert f ishing industry. 

One of the mines on this watershed, Hallmark Resources Ltd .  , has 
i n  the past posed a hazard t o  the  aquatic biota. In July 1974 the Environ- 
mental Protection Service conducted a survey of  'the  existing chemical , 
physical and biological  parameters of  Cronin Creek and its  tributaries 
adjacent t o  the mine s i te  t o  assess abatement  measures instituted by the 
new  management of the mine. 

Near pristine conditions were encountered i n  the waterhsed i n  the 
v i c i n i t y  o f  the Hallmark property. The natural waters were  found t o  be 
soft w i t h  low levels of residues, metals and biogenic salts. A diversified 
b io t a  was recorded and indexed. 

By relating  future survey results t o  the chemical, physical and 
b io logica l  conditions established i n  this  report, minor degradation of 
water q u a l i t y  can be detected and corrective measures can be  recomnended 
before detrimental effects become a major issue. 



Le  systsme  d'bcoulement  des  eaux  de  la  rivi'ere  Fulton  pourvoit  aux  besoins 
d'une  6conomie  locale  diversifi6e.  Les  lacs  Chapman et Fulton  offrent  aux  sportifs 
sa  faune  et  ses  poissons.  Les  installations  de  plusieurs  millions  de  dollars du 
gouvernement  f6d6ra1, 3 l'embouchure  de  la  rivisre  Fulton,  sont  d'une  importance 
primordiale  non  seulement  pour  la  r6gion  de  Babine,  mais  aussi  pour  l'industrie 
de  la  p&he 2 Prince  Rupert. 

Une  des  mines  situges  dans  ce  bassin  hydrographique,  la  Hallmark  Resources Ltd., 
pr6sentait  autrefois  un  danger  pour  la  vie  aquatique  de  cette  region.  En  juillet  1974, 
le  Service  de  protection  de  1'Environnement a men6  une  6tude  de  base  pour  decouvrir 
les  paramztres  chimique,  physique  et  biologique  du  ruisseau  Cronin  et  de  ses 
affluents  dans  la  r6gion  de  la  mine,  pour  juger  de  l'efficacit6  des  mesures  prises 
par  la  nouvelle  direction  pour  r6duire  la  pollution  des  eaux. 

On a retrouv6  les  conditions  naturelles  d'autrefois  dans  ce  bassin  prss  de 
l'emplacement  de  la  compagnie  Hallmark.  Les  eaux  naturelles  se  r6v6lZrent  douces 
et  porteuees  d'une  faible  quantit6  de  dgpzts,  de  m6taux  et  de  sels  biogenetiques. 
On a observ6  et  class6  les  specimens  de  cette  vie  aquatique  varibe. I1 est  possible 
de  d6couvrir  une  faible  dGtGrioration  de  l'environnement  en  comparant apres coup 
les  observations  (chimiques,  physiques  et  biologiques) 3 celles de l'btude  de 
base.  On  peut  dans  ce  cas  proposer  des  mesures  pour  empzcher  que  des  Cldments 
nocifs  n'en  viennent Zi cr6er  un  probl'eme  majeur. 
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1. INTRODUCTION 
The Environmental Protection Service i s  engaged i n  monitoring 

programs of the various industrial concerns t h a t  constitute  potential 
hazards t o  the receiving water qua l i ty .  The  Water and Land Quality Group 
is  specifically concerned w i t h  measuring deleterious  effects t o  the 
fisheries resource as specified i n  the Fisheries Act. 

Information gathered from these studies provides a basis for early 
detection of possible environmental damage and subsequent  recomnendations 
for  remedial action. This surveillance  report  presents  the  results of 
selected  physical, chemical and biologic.al parameters of Cronin Creek and . 
the watershed adjacent t o  Hallmark  Resources Ltd . ,  on July 25, 1974. 

2. THE STUDY AREA 
Cronin  Creek and the various tributaries under study l i e  w i t h i n  the 

mineralized Babine  Range approximately 20 a i r  mailes northeast of Withers, 
B . C . ,  midway between the Bulkley River  Valley and the Babine  Lake  Basin 
(Figure 1 ). 

The underlying bedrock of  this mountainous area consists o f  Paleozoic 
sediments w i t h  Tertiary  extrusions. Long and continued erosion o f  the 
granitic cores o f  some mountains  has  exposed outcroppings w i t h  surface min- 
erals of wide v a r i a b i l i t y .  The t h i n  layer of  l i th ic  podzols support a 
"fragmented subalpine spruce-pine forest." The coniferous canopy hosts 
stands of  western  black and white spruce,  alpine fir  and pioneer lodgepole 
pine. Boreal  deciduous species of aspen, poplar  and white birch t h a t  are 
typical of  the Babine Lake shore1 ine  also border the water courses of the 
study area. Mt. Hyland and Mt. Cronin, two nearby  peaks, are g lac ia ted  
and the annual  snowpak of over 60 inches persists u n t i l  late July. 

Cronin  Creek and its  tributaries drain and transect the area 
adjacent t o  the Hallmark development before discharging t o  Chapman Lake, 5 
miles east o f  the property. Peamouth Chub,  rainbow and cutthroat trout 
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i n h a b i t   C r o n i n  Creek t o   w i t h i n   a p p r o x i m a t e l y  two m i l e s   o f   t h e   m i n e   s i t e .  

A l o g  jam a t   t h a t   p o i n t   l i m i t s   t h e i r   u p s t r e a m   m i g r a t i o n .   I n   a d d i t i o n   t o  
the  aforement ioned  species Chapman and Fu l ton  Lakes  support   populat ions o f  
l a k e   t r o u t ,   l a k e   w h i t e   f i s h  and long  nose  suckers.   Salmonids  were  h istor-  
i c a l l y  excluded  from  these  two  lakes  by a w a t e r f a l l   - s i t u a t e d   a t   t h e   o u t f l o w  
o f   F u l t o n  Lake. The Fu l ton  Dam now o c c u p i e s   t h i s   s i t e .  

Chapman Lake d ra ins   t o   t he   Fu l ton   R ive r   wh ich   t hen   f l ows   eas te r l y  

toward  Babine  Lake. An $8 mil l i o n   n a t u r a l   r e s o u r c e  enhancement p r o j e c t  
a t   t h e  mouth o f  the  r iver,   developed  by  the  Fisher ies  and  Marine  Services,  
u t i l i z e s   w a t e r   f r o m   t h i s   s y s t e m   f o r   t h e   i n c u b a t i o n   o f   s o c k e y e   f r y   i n  more 
than 5 m i l e s   o f   a r t i f i c i a l  spawning  channels. The enhancement p r o j e c t  
w i th   des ign   expec ta t i ons   f o r   i nc reas ing   t he   annua l   ca tch   by  one m i l l i o n  

f i s h ,  will increase  the  landed  value  by $5 m i l l i o n  (Smith, A.D., 1973a). 

3 .  HALLMARK RESOURCES LTD. (N . P. L.  ) 
The p roper t y  o f  Hallmark  Resources i s   l o c a t e d  on t h e   n o r t h   s i d e   o f  

Cronin  Creek, f i v e   m i l e s   w e s t   o f  Chapman Lake  and t h r e e   m i l e s   e a s t   o f  

Cronin  Mountain. It i s  one o f   t he   o ldes t   commerc ia l l y -ope ra ted   m ine -m i l l  
complexes i n  B r i t i s h  Columbia. Ore produc t ion  commenced i n  t h e   e a r l y  

p a r t   o f   t h e   c e n t u r y  and  has  been c a r r i e d   o u t  on a s m a l l   s c a l e   o f   t h e   l a s t  
21 years.  

The s i l ver ,   go ld ,   lead ,  zinc, cadmium  and copper   ore  deposi ts  are 

found i n   q u a r t z   v e i n s  and f r a c t u r e d  zones o f   r h y o l i t e  above the  5,000 f o o t  
leve l   o f   Cron in   Mounta in .   Recent   exp lo ra t ion  has  uncovered  several new 

veins on t h e   s u r f a c e   w h i c h   i n f e r   o r e   r e s e r v e s   o f  open p i t  dimensions. 
Present  annual   product ion i s   l i m i t e d   b y   t h e   s e v e r i t y   o f   t h e  

extended  winters  and t h e   h i g h   e l e v a t i o n   o f   t h e   o r e  body. Working o f   t h e  
var ious   sha f ts  and d r i f t s   b e g i n s  i n  e a r l y  June  and  ends i n  l a t e  November. 
As a r e s u l t   t h e  mine i s   r e q u i r e d   t o   p r o d u c e  7,300 s h o r t   t o n s  of o re   pe r  
annum o v e r   s i x  month p e r i o d   t o   s u p p l y   t h e  mill a t  a r a t e   o f  40 tons  per  

day. The p r e s e n t   p r o d u c t i o n   r a t e   o f  40 tons  per  day i s  scheduled t o  i n -  
crease t o  70 tons  per  day i n  1975 when the  needed r e h a b i l i t a t i o n  of t he  

o re   d ress ing  mill i s  completed. 
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The extractive  metallurgical  process  consists of grinding  the 
ore and drawing o f f  lead and zinc  concentrates from denver f lotat ion  cel ls .  
Silver,  gold, copper and zinc  are found reportinq  to  the  lead  concentrate 
while lead,  si lver,  cadium and gold are found reportinq  to the zinc 
concentrate. 

Reagent requirements  are  varied and extensive. In the  lead 
c i r c u i t  Methylisobutylcarbinol (M. I .  B. C.  ) i s  used as a frother w i t h  2-200 or  
Aerofloat 31 as a promoter.  2-238, 343 and 350 are a1 so required for  
promotion while small amounts of NaCN and ZnS04 are used as  iron and  
sphalerite  depressants,  respectively. 

In the  zinc  circuit  lime i s  used for pH adjustment and M.I.B.C. 
produces the needed froth.  CuS04.XH20, 1-350 and 2-343 are used i n  varying 
amounts t o  proportion  the  concentrate  quality. 

Mill ta i l ings  are  conveyed by launder a t  a rate o f  25,000 IGPD to 
two small impoundments excavated from the  valley  walls approximately 1,000 
fee t   eas t  of the m i  11 s i t e .  The decant  water i s  then reclaimed and returned 
to  the mil 1 for  process  re-use. A1  though the  excavated  material used for  
the impoundment dykes i s  considered impermeable, a seepage  reclaim ditch 
i s  provided. Details of the  construction may  be obtained from the Wright 
Engineers Ltd. (1973) report on the Cronin Mines ta i l ings pond design. 
Seepage or runoff is  intercepted  before i t  reaches Cronin Creek  and returned 
to  the  tai l ings pond. Present impoundment f ac i l i t i e s   a r e  adequate for two 
years  while  indiestions  are  that  the mine could  operate for 50 years  or more. 

During the samplina ac t iv i t i e s  flow rates were h i g h ,  b u t  not 
excessive and there was no evidence of  seepage from the tailings dams. Because 
of the  highly  toxic  reagents  contained i n  the ta i l ings  (Hawley 1972b) i t  i s  
conceivable t h a t ,  d u r i n g  the heavy spring  runoff,  tailings  supernatant and  
water from the  reclaim  ditch  could  constitute a hazard t o  the  biota  of Cronin 
Creek, Chapman Lake, and possibly  the lower reaches o f  the F u l  ton River System. 
This possibi l i ty  should n o t  be discounted,  particularly dur ing  peak run-off 
periods. For example, i n  1971,  the British Columbia Fish and Wildlife Branch 
documented fish k i l l s  which resulted from the accidental  discharging o f  
m i  11 ta i l ings  into Cronin Creek by the previous owners, 
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Kindra t  Mines  Ltd.  However,  the  present  owners  have i n s t i t u t e d  sever(11 
imDrovements  such as r e l o c a t i n g   t h e   t a i l i n g s  irnpoundrllents away fro111 
the  creek  banks,   d i rect ing  sur face  runof f   around  the mill proper t y  
and i n c r e a s i n g   s u r v e i l l a n c e   o f   t h e   r e c l a i m  system.  These  measures, if 

m a i n t a i n e d ,   a r e   l i k e l y   t o   s i g n i f i c a n t 1 . y   r e d u c e   t h e ' p o s s i b i l i t y   o f  a r e -  

occurence o f   t h e  1971 mishap. 

4. MATERIALS AND METHODS 

4.1 Mon i to r i ng   S ta t i ons  

S ix   permanent   s ta t ions   were   es tab l i shed  fo r   th is   base l ine   survey  
and f u t u r e   m o n i t o r i n g   o f   t h e   w a t e r   q u a l i t y   a d j a c e n t   t o   t h e   m i n i n g   s i t e .  

All s i t e s  were  marked w i th   two - foo t  wooden s takes   d i sp lay ing   f l uo rescen t  
r e d   p a i n t  and t h e   s t a t i o n  number. A seven th   s ta t i on   rep resen t ing   t he  

t a i l i n g s  pond decant  water was a l s o   e s t a b l i s h e d   b u t  will vary i n   l o c a t i o n  

as new t a i l i n g s  ponds a r e   u t i l i z e d .  The mill s i t e ,   t a i l i n g s  ponds  and 
samp l ing   s ta t i ons   a re   i nd i ca ted   i n   F igu re   2 .   Fou r   s ta t i ons ,   i nc lud ing   t he  
c o n t r o l  were   se lec ted   fo r   b io log ica l   documenta t ion .  

All c r e e k   s t a t i o n s   w e r e   t y p i f i e d   b y   s h a l l o w   f a s t   r u n n i n g   w a t e r  

w i th   la rge   aggregate   bo t tom  subs t ra te  and  no aquatic  macrophytes.  Table 1 
prov ides  a b r i e f   d e s c r i p t i o n  o f  each s i t e  and an e x p l a n a t i o n   o f   i t s  

mon i to r i ng   f unc t i on .  All s i t e s   a r e   e a s i l y   a c c e s s i b l e   f r o m   e x i s t i n g  roadways. 

4.2 Measurement o f   Phys ica l   Parameters 

Water  temperatures  were  determined i n   t h e   f i e l d   w i t h  a cent ig rade 
thermometer. The f l o w   r a t e s  o f  Higgins  Creek and t h e   t h r e e   s t a t i o n s  on 
Cronin Creek  were  measured w i t h   t h e   a i d   o f  a Teledyne  Gurley-622  f lowmeter. 
These readings,  combined  with  average  depths  and  widths o f   t h e   s t r e a m  

(measured w i t h  a s tee l   t ape )  were  used to   ca lcu la te   approx imate   s t ream  f lows.  

One l i t r e  samples o f  water   were  co l lected a t  each s i t e ,  and s to red  
i n   p o l y e t h y l e n e   b o t t l e s   u n t i l   a n a l y s e t i   f o r   r e s i d u e   c o n t e n t .   W i t h i n   s i x   h o u r s  

o f   c o l l e c t i o n ,   t u r b i d i t y  and c o n d u c t i v i t y  measurements  were a l s o  made on 
the  samples w i t h  a Hach 1860A Turbidimeter  and a Se ibo ld  LTB c o n d u c t i v i t y  
meter . 
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TABLE 1: HALLMARK RESOURCES LTD.  MONITORING STATIONS 

S t a t i o n  
Number Funct ion D e s c r i p t i o n  

1 

2 

5 

6. 

9 

Mine  drainage 

Cronin  Creek. Above 
i n f l u e n c e   o f   o r e  
d ress ing   p lan t  

Mine  drainage above 
i n f l u e n c e   o f   o r e  
d ress ing   p lan t .  

Cronin Creek p r i o r  
t o  t h e   a d d i t i o n   o f  
Higg ins Creek - 
i n c l u d e s   e f f e c t s   o f  
o re   d ress ing   p lan t  

H i  ggi  ns  Creek.  Total 
f l ow   be fo re   en te r i  ng 
Cronin  Creek.  Control. 

Croni n  Creek 

Tai  1 i ngs  pond 
decant  water 

1 8 "   b o u l d e r s ,   i n t e r s t i c e s   f i l l e d  
w i t h  1 t o  3 inch  aggregate.  Steep 
drop ,   we l l  shaded w i t h   f o r e s t  
canopy. A l g a l   l a y e r  on la rge   rocks .  

Main  channel - 6" r o c k   w i t h  1 t o  
3 inch  stones,  sand  bars  consist-  
i n g   o f  pea  gravel  and  coarse sand. 
Much l o g   d e b r i s   t r a n s v e r s i n g  
s t ream.  A lga l   layer   on  large 
rocks.  Open t o  some sun1 i g h t .  

3 t o  8 inch   rock ,  m i  xed w i t h  pea 
gravel  and coarse  sand. 

Main  channel 6 t o  8 inch  boulders 
w i t h  1 t o  3 inch   rock .  Bend w i t h  
i n s i d e  sand bar.   Braided above  and 
be low  s ta t ion .  Open t o  some sun- 
l i gh t .   A lga l   g rowth  on l a rge r   rocks .  

Approximately 30' slope,  cascading 
over 2 foot   boulders.   Pools   behind 
b o u l d e r s   f i l l e d   w i t h  sand. Algae 
covered  rocks. We1 1 shaded by f o r e s t  
canopy. 

Channel i zed  area, f a s t  f l  owi  ng r i  ff l e .  
Assorted 1 t o  6 inch  rock,   complete 
exposure t o  sun. 



-8- 

Tota l   res idues were  computed as t h e   m a t e r i a l   r e m a i n i n g   i n  a 

v e s s e l   a f t e r   t o t a l   e v a p o r a t i o n   i n  a m u f f l e   f u r n a c e   a t  103OC f o r  2 hours. 

F i l t e r a b l e   r e s i d u e s   a r e   t h a t   p o r t i o n   o f   t h e   t o t a l   r e s i d u e   w h i c h  pass  through 

a 4.25 cm Whatman GF/C f i l t e r  paper  and  remain i n  a v e s s e l   a f t e r   t o t a l  

e v a p o r a t i o n   a t  103OC f o r  2 hours (APHA, 1971).  Analyses f o r   t o t a l ,  

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  were  performed a t   t he   Env i ronmen t  
Canada Water Q u a l i t y   L a b o r a t o r y   i n  West Vancouver. 

4.3  Water Chemi s t r y  

The Wink le r  Method f o r   d i s s o l v e d  oxygen (D.9.) de te rm ina t ion  
was employed (APHA, 1971). A 300 ml sample c o l l e c t e d   i n  a B.O.D. b o t t l e  
was preserved i n  t h e   f i e l d   w i t h  2 m l s   o f   a l k a l i - i o d i d e - a z i d e   r e a g e n t  and 
2 mls o f  manganous s u l f a t e   s o l u t i o n .   T i t r a t i o n   a g a i n s t  a .025N sodium 

t h i o s u l f a t e   s o l u t i o n  was comp le ted   w i th in   s i x   hou rs   o f   p rese rva t i on .  
The pH o f   t h e   w a t e r  was determined i n   t h e   f i e l d  wi th a narrow  range "Hach 

K i  t. 'I  

Two o n e - l i t r e  samples  were c o l l e c t e d   a t  each s i t e  i n  po lye thy lene 
b o t t l e s .  The f i r s t  was preserved i n   t h e   f i e l d   w i t h  5 m ls   o f   concen t ra ted  

HN03 fo r   ex t rac tab le   me ta l   ana lyses .  The second was f i l t e r e d   u s i n g  a 
Sar to r i ous  membrane f i  1 t e r i  ng  apparatus  and 0.45 1.I c e l l   u l o s e   n i t r a t e   p a p e r .  

The f i l t r a t e  was preserved  w i th  5 m l s   o f  
f o r   d i s s o l v e d   m e t a l s .  

Metal  analyses were performed 
Qual i ty L a b o r a t o r y   i n  West Vancouver. D i  

concent ra ted  HN03 and  analysed 

a t   t h e  Environment Canada Water 
r e c t   a s p i r a t i o n  i n  c o n j u n c t i o n   w i t h  

a Jarrel-Ash 82-800 a tomic   abso rp t i on   un i t  was employed i n   t h e   a n a l y s e s   o f  
a l l   me ta l s   excep t   l ead   wh ich  was prev ious ly   complexed  wi th  ammonium 1- 
p y r r o l   i d i n e  - di th iocarbamate (A. P. D. C. ) ex t rac ted  and aspi ra ted  (Smi th,  
A.E. 1973b, Smith A.E. 1973c) 

4.4. B i o l o g i c a l  Assessment 
4 .4 .1   B ionut r ien ts .  An a d d i t i o n a l  one l i t r e   w a t e r  sample.was c o l l e c t e d  

a t  e a c h   s t a t i o n   f o r   n i t r a t e ,   p h o s p h a t e  and s u l f a t e   c o n t e n t  and kept   coo l  and 

i n   t h e   d a r k  u n t i l  analysed. Samples  were ana lysed  four  weeks f rom  the   da te  
o f   c o l l e c t i n g .  
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To ta l  NO2 and NO3 are  determined  using  the  Technicon  automated 

system, NO3 i s reduced t o  NO2 on a copper-cadmi um c o l  umn and a c i  d i  f i e d .  
Under a c i d i c   c o n d i t i o n s  NO2 r e a c t s   w i t h   s u l   f a n i l  amide  and N-1 -naphthy le thy len-  

ed iamine  d ihydroch lo r ide   to   fo rm a redd ish   pu rp le  azo  dye. The i n t e n s i t y  

o f   t h e   d y e   i s  measured a t  550 m p  us ing  a 5 cm f l o w   c e l l .  

Phosphates  are  converted  to  or thophosphates  by  acid  d igest ion.  
These reac t   w i th   t he   mo lybda te   i on  (Mo04)-2 t o   f o r m  complex  heteropoly- 

acids  which  are i n   t u r n   r e d u c e d   w i t h   a s c o r b i c   a c i d   t o   f o r m  a molybdenum 
b lue  complex co lou r .  The absorbance i s  measured a t  882 m y  on a Technicon 
co lo r ime te r .  

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

known c o n c e n t r a t i o n   o f   b a r i u m   c h l o r i d e   i n  a non-aqueous medium a t  a pH 

range o f  1.5 t o  4.0. In te r fe rences   a re  removed  by i o n  exchange. Thor in  
i s  used as an ind i ca to r   caus ing  a peachy p ink  endpoint .  

De te rm ina t ion   o f   these b i o n u t r i e n t s   ( b i o q e n i c   s a l t s )  was a l s o  

performed a t   the   Env i ronment  Canada Water Q u a l i t y   L a b o r a t o r y   l o c a t e d   a t  
West Vancouver. D e t a i l s   o f   t h e  methods  employed a re   desc r ibed  i n  APHA(1971). 

4.4.2  Periphyton. A sample o f   a l g a e  was co l lec ted   f rom  rock   sc rap ings  
a t   s t a t i o n s  2, 4 and 5 and p laced   i n to   separa te   j a rs   w i th   wa te r   f rom  the  

same p o i n t .  These  samples  were  examined a t  Environment Canada Fresh  Water 
B io logy   Labora tory  i n  Nor th  Vancouver w i t h   t h e  a i d  o f  a Wi ld  M40 i n v e r t e d  

microscope  and  severa l   b io log ica l   keys  (Prescot t ,  1962; P resco t t  1970; 
P a t r i c k  and  Reimer, 1966). The dominant  species  present were i d e n t i f i e d  and 
a l i t e r a t u r e   s e a r c h  was  made f o r   i n f e r e n c e   o f   t h e i r   h a b i t a t   p r e f e r e n c e   t o  

water   qual  i ty. 

4.4.3 Benth ic   Inver tebra tes .   Three   separa te   samples   fo r   powla t ion  
d i s t r i bu t i on   o f   ben th i c   o rgan isms  were o b t a i n e d   f r o m   r i f f l e   a r e a s   o f  
s t a t i o n s  2, 4, 5 and 6 w i t h  a one square   foo t   c i rcu la r   sampler .  The samples 

were l a t e r   p r e s e r v e d   w i t h  a f o r m a l i n   s o l u t i o n  and forwarded  to   the  Envi ronment  
Canada Fresh  Water  Biology  Laboratory a t   N o r t h  Vancouver f o r   s o r t i n g ,   c l a s s i f i c a t i o n  
and enumera t i on .   I den t i f i ca t i on  was achieved  using a Wild M5 Stereo 

Microscope, a Wi ld  M11  Compound Y ic roscope  and  b io loq ica l   keys :   inc lud ing  

Pennak (1953), Ward and  Whipple  (1959),  and  Usinger  (1968). 
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The i n v e r t e b r a t e   d a t a  was s u b j e c t e d   t o  two d i f f e r e n t   a n a l y s e s :  

(a )  Organisms  were p l a c e d   i n t o   g r o u p s   w i t h   r e s p e c t   t o   t h e i r  
s e n s i t i v i t y   t o   p o l l u t i o n   i n  accordance w i t h  MacKenthun's 

(1969)  standards.   Mayf l ies  (Ephemeroptera),   stonef l   ies 

(P lecoptera) ,  and c a d d i s f l i e s   ( T r i c h o p t e r a ) ,   c a t e g o r i z e  
c lean  waters ,   wh i le  sludgeworms  can t o l e r a t e  a l a r g e  amount 

o f   p o l l u t i o n .  

( b )  The Wilhm  and Dorr is   (1968)  measure o f   d i v e r s i t y  (a), which 

re1   a tes   benth ic  comnuni t i e s   t o   w a t e r   q u a l  i ty was a l s o  
appl ied.  The formula  which was f i r s t   d e r i v e d   b y   M a r g a l e f  

(1956)  from  information  theory  and  expanded by Wilhm  and D o r r i s  
(1968) i s  as f o l l o w s :  

S 

a = - 7 - log2 7 ni 'i 
n 

i=l 

where ;I = d i v e r s i t y   p e r  sample 
ni = t o t a l  number o f   i n d i v i d u a l s   p e r   t a x o n  

n = t o t a l  number o f   i n d i v i d u a l s   p e r  sample 

s = t o t a l  number o f   t a x a  

The d i v e r s i t y   i n d e x  (;I) i s  a numerical   value  which  represents 

t h e   r e l a t i v e   " v a r i e t y   o f   l i f e "  i n  t h e  sample by r e l a t i n g ' t h e  
number o f  i n d i v i d u a l s   i n  each  taxon t o   t h e   t o t a l  number o f  

taxa. 

Wilhm  (1968) and Cole  (1973) f e l t   t h a t   v a l u e s   o f   l e s s   t h a n  
one  f rom  the  index (a) were  more rep resen ta t i ve   o f   a reas   o f  

heavy p o l l u t i o n   w h i l e   v a l u e s  above 3 suggested  clean  and/or 
h i g h l y   p r o d u c t i v e   w a t e r .  

P i e l o u ' s  (1966,  1977)  "evenness"  index  (J)  presented  below 
was a lso  determined 

z 
Where  Jmax = 1 

a = t o t a l  number o f   s p e c i e s  sampled 
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5. 

5.1 

The evenness index ( J )  i s  a measure o f  proportionate 
distribution of the numbers in each taxa .  In a 
normal population the numbers are more or   less  evenly 
distributed between each taxa.  Therefore,  the 
higher  the  value o f  J the more  normal the  population 
distribution and the more valid  the  value of  d .  
Statist ical   calculations were performed on a Hewlett 

Packard 9830A computer . 
RESULTS and DISCUSS ION 

Physical Parameters 

Although generally n o t  directly  toxic,  physical  parameters such 
as turbidi ty ,  temperature and flow rates  often  influence  the  quality of the 
aquatic environment and the na tu ra l  b i o t a  as much as chemical pollutants. 
Vast changes i n  these  physical  characteristics may resu l t  when ta i l ings from 
a m i n i n g  operation  are  discharqed  directly i n t o  receiving  waters. 

Turbidit,y  conductivity and residue measurements are sumnarized i n  
Table 2.  Turbidity  as  determined by the Nephelometric method, which 
measures scattered l i g h t  from a formazin polymer standard ( A P H A ,  1971) indic- 
ated t h a t  all  the  streams and the  tai l ings pond supernatent were relat ively 
clear.  Formazin T u r b i d i t y  Units (FTU'S) of less  t h a n  5 are  essentially 
transparent while  values of  100 appear slightly  translucent  to  the  eye. 
B e c a u s e   t h e  m i  11 h a d   b e e n   s h u t  down f o r  a n   e i g h t   h o u r   p e r i o d   p r i o r  to the 
study, the ta i l ings pond supernatent  (13 FTU'S) was probably clearer t h a n  
normal. This would, however, indicate t h a t  t he  t a i l ings  possessed excellent 
s e t t l  i n g  characterist ics.  

Total residues and f i  1 terable  fractions were low  ('50ppm)  and 
indicative o f  clear  water  except a t  the unnamed creek  draining  the mine area 
(Station 3 ) .  Even a t  this station  total  residues were moderate b u t  the 
ta i l ings pond supernatent  contained  levels  that  could markedly influence the 
water  quality of Cronin Creek i f  allowed t o  escape. Waters w i t h  80 t o  400 
ppm concentrations o f  suspended solids sometimes support  f isher ies ,  b u t  are poor even i n  
the lower part o f  this range, while  greater than 400 ppm concentrations  are 
totally  unsuitable for fish l i f e  (Gammon, 1970). 
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TABLE 2: TURBIDITY, RESIDUE AND CONDUCTIVITY  MEASUREMENTS, 

J u l y  25,  1974 - 

Tota l  Non-Fi 1 t r a b l e   F i  1 t r a b l e   C o n d u c t i v i t y  
T u r b i d i t y  Residues  Residues  Residues* umho-cm-l 

S t a t i o n  FTU ' s ppm+ - 2.5 ppmt - 2.5 ppmt - 2.5 

1 4.5 42 42 (2.5 84 

2 1.9 45 45 (2.5 68 
3 2.9 135  135 (2.5 2 50 
4 1 .I3 36  36 4 . 5  74 

5 .9 30 30 <2.5 69 

6 2.0 35  35 <2 .5 92 

9 13.0 658 654 4.0 430 

* obta ined  by   sub t rac t ion  

Conduc t i v i t y ,   wh ich   i s  a measure o f   t h e   w a t e r ' s   a b i l i t y   t o   c o n d u c t  
e l e c t r i c a l   c u r r e n t ,   i s   a l s o   a s s o c i a t e d   w i t h   t h e   t o t a l   f i l t r a b l e   r e s i d u e  

content.   Approximately 60% t o  70% o f  f i l t r a b l e   r e s i d u e s  i n  most n a t u r a l  
w a t e r s   a r e   a t t r i b u t a b l e   t o   c o n c e n t r a t i o n s  o f  e l e c t r i c a l l y   m o b i l e   i o n i c  
cons t i t uen ts .  This re7a t ionsh ip  appears t o  ho ld  t r u e   h e r e   e x c e p t   i n   t h e  

case o f  t h e   t a i l i n g s .   T h i s  may be  due t o   h i g h   l e v e l s   o f   n o n - i o n i z e d  . 
so lub le   o rgan ics ,  and n o n - i o n i z e d   c o l l o i d a l   I n o r g a n i c s   r e s u l t i n g  from 
f l o t a t i o n   a g e n t s .  

Heavy s i l t i n g  can be de le te r i ous   t o   mac ro - inve r teb ra tes  and f i s h  

populat ions.   Most   mol luscs  requi re   so l id   sur faces on wh ich   t o   a t tach .  
Mayf ly   popu la t ions  abandon areas   sub jec ted   to   scour ing   by   f ine   sand  par t i c les .  . 
S i l t i n g   r e d u c e s   t h e  number o f   s h e l t e r e d   c r e v i c e s   w h i c h  many ben th i c  
organisms  seek o u t  a n d   o f t e n   r e s u l t s   i n   t h e   " s i l t i n g - o v e r "  and  poss ib le  
a s p h y x i a t i o n   o f   d e v e l o p i n g   f i s h  eggs.  Gross s i l t a t i o n  can  cause phys i ca l  

damage t o   g i l l  membranes, r e s u l t i n g   i n  reduced  gaseous  exchange  and 
b e h a v i o r a l   a b n o r m a l i t i e s .   D i r e c t   e n t r y   o f   t a i l i n g s   i n t o   t h e   w a t e r s h e d   w o u l d  
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u n d o u b t e d l y   r e s u l t   i n   d e l e t e r i o u s   e f f e c t s  on t h e   b i o t a   o f   C r o n i n  Creek  and 

p o s s i b l y   t h e   f i s h e r i e s   r e s o u r c e  downstream as p r e v i o u s l y  documented i n  

1973  and  would  therefore  not   be  acceptable.  
A t  t he   t ime   o f   samp l ing   t he re  was no i n d i c a t i o n   o f  seepage  from 

the  new t a i l i n g s  impounments.  However,  below S t a t i o n  2 t h e r e  was d e f i n i t e  

e v i d e n c e   t h a t   t a i  1 i ngs  had r e c e n t l y  been a1 lowed t o  escape  from an o l d  
t a i l i n g s  impoundment probably   dur ing a mill upset. An emergency bas in   ab le  
t o   c o n t a i n   s p i l l s  and i n t e r m i t t e n t   s u r g e s   f r o m   t h e  mill complex cou ld   e l im-  

i n a t e   p o t e n t i a l l y   d e l e t e r i o u s   d i s c h a r g e s   o f   t h i s   n a t u r e .  
Water  temperatures , d isso lved  ox,ygen and % s a t u r a t i o n   a r e  

d e p i c t e d   i n   f i q u r e  3. All streams d r a i n   r u n o f f   f r o m   t h e   m e l t i n g  snopak 

and probab ly  a p o r t i o n   o f  a nearby  glacier.  Stream  temperatures  were 
s l i g h t l y  above f r e e z i n g  and increased as d i s t a n c e   f r o m   t h e i r   o r i g i n .  

Conversely,   d issolved oxygen 1 eve1 s decreased s l  i ght1.y. 
D isso lved oxygen , n o t   u s u a l l y  a problem  associated  wi th   mine 

e f f l u e n t s  was found t o  be  above  100% s a t u r a t i o n   a t   a l l  sample s i tes   ( temper -  

ature  and a1 ti tude  corrected) .  
T e m p e r a t u r e   i s  an impor tan t   f ac to r   i n   s t ream  eco logy .   Pe r iod i sm 

and cercadian  rhythms o f   t h e  many aquatic  orqanisms  are  dependant on n a t u r a l  
seasonal  changes i n  temperature.   Fecundi ty   ra tes,   the number o f   genera t i ons  

per  year,   b iomass  product ion and the   spec ies   p resen t   a re   a l so   re la ted   t o   t he  
p reva i l i ng   cond i t i ons .   T rou t ,   t he   dominan t   spec ies   i n  Chapman Lake, a r e  
v e r y   s e n s i t i v e   t o   f l u c t u a t i o n s   i n   a m b i e n t   c o n d i t i o n s  and cannot   sus ta in  
temperatures  above 25OC o r   s h o r t a g e s   o f  O2 f o r   l o n g   p e r i o d s  (Hynes, 1970). 

Approx imate  f low  ra tes were recorded  dur ing  the  survey.  As a 
genera l   ru le ,   f low  ra tes   o f   these  s t reams  reach  the i r  maximum i n  t h e   e a r l y  
summer, a f t e r   s p r i n g   r a i n s  and m e l t i n g  snow. Minimum f low  ra tes  can  be 
expected i n  mid-winter.  

Flow r a t e s   o f   C r o n i n  and H igg ins  Creek  on J u l y  25, 1974  were  as 
f o l l o w s :   S t a t i o n  2, 35 c f s ;   S t a t i o n   4 ,  49  cfs;   Stat ion 5,  45 cfs;  
S t a t i o n  6, 89 c f s .  
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Figure 3 :  DISSOLVED OXYGEN,  PERCENTAGE SATURATION and 
TEMPERATURE  MEASUREMENTS. July 2 5 ,  1 9 7 4 .  

5.2 Water  Chemistry 

A summary of  the  heavy  metal  content  of  the  water  samples i s  
Presented i n  Table 3, t o g e t h e r   w i t h  a calculated  hardness  value. These 
Provide an e f f e c t i v e   i n d e x   t o   w h i c h   f u t u r e   w a t e r   q u a l i t y  changes may be 
re1  a ted.  

The w a t e r s   ( e x c e p t   f o r   t h e   t a i l i n g s )   a d j a c e n t   t o   t h e   H a l l m a r k  
p roper t y  were  found t o  be low i n   t o t a l   c a l c i u m  and  Magnesium  and there fore  

cons ide red   so f t   i n   t e rms   o f   t o ta l   ha rdness   (100  ppm  CaC03 equ iva len ts ) .  
Water low i n   c a l c i u m  and  Magnesium i o n s   ( s o f t )   i n c r e a s e   t h e   t o x i c i t y .  
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o f  many m e t a l s   t o   a q u a t i c   l i f e   b y   s e v e r a l   f o l d  (E.P.A., 1973).  For 

i ns tance  cadmium (Cd)  which i t s e l f   a c t s   s y n e r g i s t i c a l l y   w i t h   Z i n c  and 

o t h e r   m e t a l s   t o   i n c r e a s e   t o x i c   e f f e c t s   i s   c o n s i d e r e d   " s a f e "   a t  0.03  mg/l 

i n  hard   waters   bu t   "sa fe"   on ly   a t  0.0004 mg/l i n   s o f t   w a t e r s  (E.P.A., 1973). 

S t a t i o n  1 which  drains  the  mine  area  appears  to be h igher   than 

normal i n   d i s s o l v e d   z i n c  (0.06 m g / l )   i n d i c a t i n g   t h a t   l e a c h i n g  may 
be occurr ing.   Z inc,   which i s   a l s o   g r e a t l y   a f f e c t e d   b y   w a t e r  hardness, 
i s  regarded  acceptable a t  the  0.03  mg/ l   level  i n  hard  water (E.P.A., 1973). 
I n   s o f t   w a t e r  such  as Cronin Creek a la rger   sa fe ty   marg in   shou ld  be 
considered  as 0.04 ppm z i n c   i n   s o f t   w a t e r   p r e v e n t e d   t h e   h a t c h i n g  of rainbow 

t r o u t  (McKee & Wolf , 1963). 

The U.S. Envi ronmenta l   Protect ion Agency a l s o  recommends t h a t  
t h e   c o n c e n t r a t i o n   o f   l e a d   i n   w a t e r   s h o u l d   n o t  exceed 0.03 mg/l 
(E.P.A. , 1973). I n  o r d e r   t o   p r o t e c t   t h e   a q u a t i c   l i f e   o f   C r o n i n  Creek,  mine 
drainage  above  the mill s i t e   s h o u l d  be k e p t   t o  a  minimum. 

The t o t a l   c o n c e n t r a t i o n   o f   i r o n  was we l l   be low  tox i c   t h resho lds  

(0.2 mg/ l )  (McKee and  Wolf,  1963) and i n   a l l  cases  undetectable i n   t h e  
d i sso l ved   s ta te .  Chromium,  molybdenum  and n i c k e l  were a lso  be low  detectable 

concent ra t ions .  

The t a i l i n g s   s u p e r n a t a n t  was f o u n d   t o  be  extremely  hard 

(320 ppm  CaC03 equ iva len ts )   bu t   ve ry   l ow   i n   d i sso l ved   me ta l   con ten t .  

No f i s h   b i o a s s a y  o f  t h e   t a i l i n g s   s u p e r n a t a n t  has  been  conducted.  However, 
i t  would appear t h a t  if t h e   t a i l i n g s  were a c u t e l y   t o x i c   t o   f i s h ,   f a c t o r s  

other  than  metals  would  be  suspect. 

pH values,  presented i n  F igu re  4 are  cons idered  ' 'normal"   for  
a q u a t i c   l i f e  and w i t h i n   t h e   a c c e p t a b l e   r a n g e   o f   6 . 0   t o  9.0  (Todd,  1970). 

5.3 B i o l o g i c a l  Assessment 

5.3.1 Benth ic   Inver tebra tes .   Popu la t ions   o f   inver tebra tes ,   each  w i th  
the i r   un ique  requ i rements  have  proven t o  be e x c e l l e n t   i n d i c a t o r s   o f  changes 
i n   t h e i r  environment. A1 1 organisms  have  spec i f ic   to lerance  ranges  to  many 

d i f f e ren t   env i ronmen ta l   f ac to rs .  Some a r e   h i g h l y   t o l e r a n t   o f   m o d i f i e d  

cond i t i ons ,   o the rs   a re   modera te l y   t o le ran t  and those  that   cannot   cope  wi th  
even small   environmental changes a r e   h i g h l y   i n t o l e r a n t .  
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Figure 4: pH of NATURAL WATERS and TAILINGS 
SUPERNATENT. July 25, 1974. 

In pristine ecological conditions a diversifikd  flora and fauna 
exists  (tolerant and non-tolerant) i n  a highly integrated, interdependent 
system., Evan a subtle  disruption of this system may manifest itself in 
a l a r g e  re-adjustment i n  the relat ive populat ion proportions. For example, 
a change in the nutrient supply may cause  reduced  numbers o f  some species. 
while others become  more prominent. 

Biological communities are  excellent  indicators of environmental 
stress. Community structure  will  adjust t o  stress by shifts in species 
diversity,  density and dominance (Smith, R.L. 1966). However,  sudden 
changes i n  the b io t a  also occur quite  naturally from season t o  season and 
year t o  year. I t  must be remembered tha t  in most communities there 
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l i e s  a redundancy i n  members a t  any one t r o p i c  Irwl ontl I I I I ~ .  l b r . o ( t v  1 ' .  

most   spec ies   f rom  to ta l   e l im ina t ion   by   f luc tua t ing   seasona l  changes.  

T h e r e f o r e ,   b i o l o g i c a l   d a t a ,   b i o t i c   i n d i c e s  and s i g n i f i c a n t  changes i n   b i o l o g i c a l  

c o n u n i t i e s   m u s t  be analysed  by  an  exper ienced  ecolog is t  who has  an  under- 
s t a n d i n g   o f   t h e   i n t e r a c t i o n   o f   t h e   e n v i r o n m e n t  and  fauna. 

samples o f   t h e  summer program. The i n v e r t e b r a t e s  were i d e n t i f i e d   t o   f a m i ' l y  

and t h e n   p l a c e d   i n t o  one o f   th ree   g roups .  Group 1 i s  cons ide red   h igh l y  

t o l e r a n t   o f   p o l l u t e d   w a t e r s ,  Group 11, moderate ly   to lerant ,   and Group 111, 
v e r y   i n t o l e r a n t .   F i g u r e  5 g r a p h i c a l l y  shows t h e   r e l a t i v e   p r o p o r t i o n s   o f   t h e s e  

th ree   g roups   a t   S ta t i ons  2, 4 ,  5 and 6. 

Table 4 represents   the  combined  counts o f   t h r e e   i n v e r t e b r a t e  

The d a t a   i n d i c a t e s   t h a t   i n   a l l  cases  Groups I1  and I11 a r e   w e l l  
r e p r e s e n t e d   w i t h   o n l y   l i m i t e d   r e p r e s e n t a t i o n   f r o m  Group I (e.g. 1% t o  2% a t  

each s t a t i o n . )   I n  optimum cond i t i ons ,  however,  Group 111 usua l ly   fo rms  the  
larger   propor t ion.   Diptera,   especia l ly   Tendipedidae  (midges)   formed  the 
b u l k   o f  Group 11, whi le  Ephemeroptera  (Mayf l ies)  and  Plecoptera  (Stonef l ies) 

f o r m e d   t h e   m a j o r i t y   i n  Group 111. A f u t u r e   r i s e   i n   t h e   p r o p o r t i o n   o f  Group I 
a t   t h e  expense o f  Group 111 may be i n d i c a t i v e   o f  a degrading  environment. The 

i n v e r t e b r a t e   d i s t r i b u t i o n   h e r e   i n d i c a t e s   t h a t   t h e   w a t e r s   o f   C r o n i n  Creek a re  
i n   s a t i s f a c t o r y   c o n d i t i o n s .  It also   sugges ts   t ha t   t he   qua l i t y  has  improved 
d r a s t i c a l l y   s i n c e   t h e   l a t e   1 9 6 0 ' s .   I n v e r t e b r a t e   s a m p l i n g   a t   t h a t   t i m e  
revea led  a complete  absence o f  organisms  downstream o f   t h e  mine. 

The c a l c u l a t e d   v a l u e s   f o r  d ( d i v e r s i t y )  and J (evenness) f o r  each 
s i t e  sampled  on the  survey  are  presented i n   t a b l e  5. D i v e r s i t y   i n d i c e s   o f  

the  benthic  communit ies  near  the  Hallmark  development  averaged 2.010. This 
r e l a t i v e l y   l o w  average may be a t t r i b u t a b l e   t o   t h e   l a c k   o f   a c c u m u l a t e d  

n u t r i e n t s   i n   t h e s e   c o l d   n o r t h e r n   s t r e a m s ,   o r   t o   t h e   r e c o v e r y   o f   t h e   s t r e a m  
b i o t a   f r o m   t h e   e a r l i e r   d i s c h a r g e   o f   t a i l i n g s   t o   C r o n i n  Creek. It has a l s o  
been suggested  that  some s e n s i t i v i t y   o f   t h e   i n d e x   i s   l o s t  when d i v e r s i t i e s  
a re  based on higher  taxonomic  categor les  (Eglof f  & Brakel,  1973). 

Phyco log i s t s   be l i eve   t ha t   mos t   spec ies   o f   a lgae   a re   ava i l ab le  
i n   a l l  streams ( i f  thoroughly  examined) and f l o u r i s h  when c o n d i t i o n s  become 

s u i t a b l e ( o p p o r t u n i s t s . )  
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TABLE 4: POPULATION DISTRIBUTIONS OF BENTHIC INVERTEBRATES AT  STATIONS 

2, 4, 5 AND 6. July 25th,1974 

S t a t i o n  Number 

2  4 5 6 

Group I ( p o l l u t i o n   T o l e r a n t )  
01 i goc hae t a  
Platyhelminthes, Rhabdocoel 

Group I 1  (modera te l y   t o le ran t )  
D ip te ra  

He1 i d a e  
Deuterophlebi   idae 
Empidi  dae 
Simul i idae  
Tendi  pedi  dae 
Rhagionidae 
Dol  ichopodidae 

Arachnida 
Hydracarina S P .  1 
Hydracarina sp. 2 

Group I11 ( i n t o l e r a n t )  

Coleoptera  Elmidae 
Ephemeroptera 

Bae t i dae 
Heptageniidae 

P lecoptera  
Per1  odi  dae 
Chl o roper l  i dae 

T r i chop te ra  Rhyacophi 1 i dae  

2  3 

1 

19 
2 

2 96 

30 

1 1 
5 8 
2 16 

45 605 
2 
5 

27 1 79 
1 4 

1 

3 1 45 
22 35 21 4 

44 10 27 
2  4 

4  3 5 

1 

1 

1 
1 36 

1 

23 
2 

8 
45 

26 

3 

TOTAL INDIVIDUALS 423  131  1,120  247 

TOTAL  TAXA 10 I f  15  11 
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F i g u r e  5: THE PERCENTAGE DISTRIBUTION OF GROUPS I, I1 
AND'III FOR STAI'IOhS 2, 4 ,  5 and 6 .  J u l y  25 ,  
1974.  

\ 

Table 5: CALCULATED VALUES OF 3 AND J FOR STATIONS 2, 
4 ,  5 AND 6. Culy 2 5 ,  1974.  

~ 

S t a t i o n  a J (evenness) 

1 . 6 0 2  

2 .434  

1 . 9 9 9  

2 .005  

0 .482  

0 .703  

0 . 512 

0 .580  

x a = 2 .010  
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5 . 3 . 2 .  Per iphyton 

Large  a lgae  b looms  resul t   f rom  nut r ient   excess,  changes i n  
temperature,  changes i n   f l o w  and o ther   fac to rs   wh ich   a re  sometimes l i n k e d  

wi th  i n d u s t r i a l   d i s c h a r g e s  (Hynes 1970) .   Dur ing  the  b io log ica l   survey no 
blooms  were  observed.  Table 6 l i s t s   t h e  dominant  species  from  rock 
ScraPings a t   s t a t i o n s  2, 4, and 5. 

Palmer  (1963) l i s t e d   t h r e e  of   the  dominant  species  present  at  

t h e s e   s t a t i o n s   ( O s c i l l a t o r i a ,  Gomphonema, Euglena)   as  "h igh ly   to lerant  
o f   p o l l u t i o n " .  However l i t t l e   i s  known o f   t h e   r e l a t i o n s h i p  between p o l l u -  
t a n t s  and the   to le rance  o f   var ious   a lgae  spec ies .   In   fu tu re   surveys   per i -  
phyton  populat ions  would  have  to be q u a n t i f i e d   i n  a s i m i l a r  manner  as the  
ben th i c   i nve r teb ra tes   t o   f ac i l i t a te   suppor t i ng   wa te r   qua l i t y   assessmen t .  

5 .3.3.   B ionutr ients  

Table 7 summarizes the   b ionu t r i en t   con ten t   o f   t he   wa te r   a t   each  
s t a t i o n .   N a t u r a l   s u l f a t e  (SO4) l e v e l s   o r i g i n a t e   f r o m   l e a c h i n g   o f  common 

m i n e r a l s ,   t h e   o x i d a t i o n   o f   p y r i t e s   o r  as t h e   o x i d i z e d   s t a t e   o f   o r g a n i c  
m a t t e r   i n   t h e   s u l f u r   c y c l e .  They were  found t o  be i n  low  concent ra t ions  
i n  a l l  s t r e a m s ,   b u t   s l i g h t l y   e l e v a t e d   l e v e l s   o f  SO4 a t   s t a t i o n  3 gave 
f u r t h e r   i n d i c a t i o n   t h a t   l e a c h i n g   m i g h t  be o c c u r r i n g   a t   t h e   m i n e   s i t e .  

The h i g h   l e v e l s   o f   s u l f a t e s   i n   t h e   t a i l i n g s  ponds  were p r i m a r i l y  due t o  
breakdown  products o f   t h e  mill reagents  such  as 2-350, 2-343,  2-238 
(a1 1 xanthates) ,  ZnS04 (depressant) ,  and CuS04 ( a c t i v a t i n g   a g e n t )  
(Hawl ey 1972a, Hawl ey  1972b). 

I n  most  instances, NO3,  NO2 and PO4 were  undetectable i n   t h e  

natura l   waters .  The tai l ing  supernatant  produced  measurable amounts b u t  
we1 1 below  hazardous  levels  as  discussed  by McKee and  Wolf  (1963). Even 
the  use o f  A e r o f l o a t  31 , an amyl d i th iophosphor ic   ac id   p romoter ,  showed 
no s i g n i f i c a n t   a c c u m u l a t i o n   o f  PO4 i n   t h e   t a i l i n g s .  

Hypo the t i ca l l y   t he   d i scha rge  o f  excessive amounts  of b iogen ic  

s a l t s  t o  Cronin  Creek  could  resul t  i n  the  overabundant  growth o f  a lgae 
and  zooplankton i n  bo th  Chapman and  Fulton  Lakes. I n  extremes t h i s  can 

r e s u l t   i n   c o n c o m i t a n t   o d o r s ,   r e d u c t i o n   i n  oxygen  from acce le ra ted  

eu t roph ica t i on   o f   t he  two r e s e r v o i r s .  What e f f e c t   t h i s  may have on the  
deve lop ing   f i sh  eggs and  algae  growth i n   t h e  spawning  gravels  downstream 
i s   n o t  known. 
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TABLE 6: THE  DOMINANT SPECIES OF ALGAE  FOUND ON LARGE ROCKS AT  STATIONS 
2, 4, and  5. J u l y  25, 1974 

Cyanophyceae Baci 11 ariophyceae  Chlorophyceae 
Stat ion  (Blue  qreen a1  gae)  (Diatoms)  (Green a1 gae) 

2 Osci 11 a t o r i  a Hannaea arcus  Volvocal  es 
M i r i d i o n   c i r c u l a r e  
Gomphonema sp.  Euglena 
Diatoma  sp. 
Synedra s p. 

4 

5 

Hannaea arcus  Thorea 
D i a t o m  sp. 
Synedra sp.  

Hannaea arcus  Thorea 
Diatoma sp. 
Synedra sp. 
M e r i d i o n   c i r c u l a r e  

TABLE 7: BIONUTRIENT  ANALYSES, J u l y  25, 1974 

<. 01 <. 005 7 .011 
<. 01 < .005 6 <.01 
<. 01 <. 005 12 <.01 
C.01 <. 005 6 C . 0 1  
<. 01 <. 005 5 <. 01 
<. 01 <. 005 6 .021 

.77 .066 110 .020 

< i nd i ca tes   l ess   t han   t he   de tec t i on  limit 
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6. CONCLUSIONS 

Physical ,   chemical  and b i o l o g i c a l  measurements i n  Cronin  Creek 
upstream and  downstream o f   the   mine   revea led   no   obv ious   adverse   e f fec ts  on 

the  aquatic  environment. A d i v e r s i f i e d   m a c r o i n v e r t e b r a t e   b i o t a  was r e -  
corded. The chemical and b io log ica l   parameters  documented shou ld   p rov ide  
an e f f e c t i v e   b a s e l i n e   t o   f u t u r e   m o n i t o r i n g .  

Drainage  from  above  the mill s i t e   ( S t a t i o n s  2 and 3)  conta ined 
s l i g h t l y   e l e v a t e d   l e v e l s   o f   m e t a l s ,   r e s i d u e s  dnd s u l f a t e s   i n d i c a t i n g   t h a t  

leach ing  may be occu r r i ng  on the  exposed  rock  faces o f   t h e   w a s t e r o c k   o r  
mine.  Tests  should  be  oerformed on  samples o f  wasterock  and  exposed  faces 

o f  below  grade  ore t o  determine i f  an a c i d   g e n e r a t i o n   p o t e n t i a l   e x i s t s .  I f  
these   t es ts   p rove   pos i t i ve  and leach ing  becomes se l f   genera t i ng   t h rough  

m ic rob ia l   ac t i on   t o   p roduce   excesses   o f   su l fu r i c   ac id ,   con t i nuous   mon i to r i ng  
and pH t rea tment   o f   the   mine   d ra inage may be necessary. 

The Hal lmark  operat ion has r e s u l t e d   i n   a d v e r s e   e f f e c t s  on the  
l o c a l   f i s h e r i e s   i n   t h e   p a s t   b u t   t h e   i n c o r p o r a t i o n   o f   a b a t e m e n t   f a c i l i t i e s  
has min imized  the 1 i k e l i  hood o f  a reoccurrance. I f  p r o d u c t i o n   i s   t o   c o n -  
t i n e  as planned, new t a i l i n g s  impoundments will have t o  be developed as 

t h e   c a p a c i t y   o f   e x i s t i n g   f a c i l i t i e s  will on ly  meet  1976 requirements.  
I n   a d d i t i o n   t o  new impoundments,  emergency f a c i l i t i e s   s h o u l d  

be p r o v i d e d   i n   t h e   e v e n t   t h a t   t h e   r e c y c l e  pumps s h o u l d   f a i l .   C r o n i n  Creek 

cannot be considered a dumping  ground  even  under emergenc,y s i t u a t i o n s .  
I f open p i t   p r o j e c t i o n s   a r e   r e a l i z e d ,   t h e   o p e r a t i o n   i s   e x p e c t e d  

t o   r e s u l t   i n   t o p o g r a p h i c a l  changes, mill r e l o c a t i o n  and new impoundment 
needs. I n   t he   even t   o f   expans ion   o r  changes i n   m i n i n g  methods  Environment 

Canada should  be  consulted i n   t h e   e a r l y   s t a g e s  o f  the  development  design 
to   min imize  env i ronmenta l  damage to   the   watershed  in   genera l  and t o  ensure 

t h a t  op t imum  water   qua l i t y   i s   ma in ta ined  fo r   sa lmon id   p roduc t ion   a t   the  
Ful   ton Ri ver  enhancement f a c i  1 i t i e s .  
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