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ABSTRACT 

A predevelopment  study was undertaken by the  Environmental 
Protect ion  Serv ice  in   the  watersheds  near   the TOM Property i n  MacMillan 

Pass, Yukon i n  Ju ly ,  1981. 

The presence of   ore  minera l  s i n   t h e   s t u d y   a r e a   i s   r e f l e c t e d  by 

t h e i r  presence i n  water and sediment. All streams  have s o f t   w a t e r   w i t h  

1 ow buf fer ing  capaci ty .   Wi th   the  except ion  o f   the  South MacMi 1 l a n  

R i v e r   a l l   s a m p l i n g  streams show very  low  natura l  pH l e v e l s  and elevated 
metal   concentrat ions  that  make them unsu i tab le   f o r   d r i nk ing   wa te r  and 

a q u a t i c   l i f e .   T h i s   i s   p r o b a b l y  why the  numbers of  bottom  fauna 
c o l l   e c t e d  were  low. 

The metal s of  concern when a m i  ne  and m i  11 become a c t i v e  will 
be arsenic,  cadmium, copper, manganese, n i c k e l ,   s i l v e r ,   l e a d  and zinc.  



RESUME 

En j u i l l e t  1981, l e  Service de l a  p r o t e c t i o n  de l 'environnement 

a e n t r e p r i s   u n e   e t u d e   p r g l i m i n a i r e   p o r t a n t   s u r   l e s   b a s s i n s  

h y d r o l o g i q u e s   s i t u e s   p r e s  de l a   c o n c e s s i o n  TOM, au c o l  MacMi 1 l a n  

(Yukon). 

L'analyse de 1 'eau e t  des  sediments a r6v416 l a  presence de 
minerais dans l a  rcg ion   sur   laque l le  a port4  l 'Gtude.  L'eau  douce  des 

cours  d'eau  de l a  region a une f a i b l e   c a p a c i t g  comme s o l u t i o n  tampon. 

S i  l 'on  excepte l e   b r a s   s u d  de l a   r i v i g r e   M a c M i l l a n   t o u s   l e s   c o u r s  

d'eau  Etudigs  ont un pH nature1   t r6s  bas e t  de for tes  concentrat ions de 
mgtaux, ce  qui   rend  leur eau improp re  d l a  consommation e t  d l a   v i e  

aquatique.  C'est  probablement  pourquoi l e  nombre d ' g c h a n t i l   l o n s  de 

faune  benthique  pr6levGs a 6 t 6  s i  bas. 
Les  rnetaux qu'on  peut  s 'at tendre B t r o u v e r   l o r s q u e   l a   m i n e   e t  

1 'usine  seront en a c t i v i t e   s o n t   l ' a r s e n i c ,   l e  cadmium, l e   c u i v r e ,   l e  

manganGse, l e   n i c k e l ,   l ' a r g e n t ,   l e  plomb e t   l e   z i n c .  
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INTRODUCTION 

I 

m 

The Environmental  Protection  Service  conducted  a study on 
J u l y  7, 1981 t o   o b t a i n  background  information on the water   qua l i ty ,  
sediment composition and  bottom  fauna i n  the watershed  of the TOM 
property i n  the MacMillan Pass  area  (See Figure 1). The information 
der ived from the study will enable the Environmental   Protection  Service 
t o  a s ses s  the qual i ty  of the streams i n  the vici  n i  t y  of the TOM 

proper ty ,  which is  expected t o  be developed  as  a fu l ly  operational mine 
and camp. 

A t  t h e  time of the study the   p roper ty  was i n  the f i n a l  
explora t ion   s tage  w i t h  a t h i r t y  t o  f i f t y  person camp  on site. 

1.1 Background 

Original  staking  occurred on the TOM claims i n  MacMillan Pass 
i n  1951, when minera l iza t ion  was discovered by Hudson- Bay Exploration 
and  Development Company L t d .  prospectors  working  off the Canol Road 
(Marchand,  1978).  Intense  development work continued by the company, 
p r imar i ly  on the  discovery  or  "West" zone d u r i n g  a three year   per iod  
between  1951  and  1953. The development work cons is ted  o f  geological 
mapping, soil  sampling and trenching,  as  well   as 5436 m (17,853 f t )  of 
diamond dri 11 i ng i n  39 holes  (Freberg 1976). 

Because of i t s  remote l o c a t i o n ,  the property  lay idle u n t i l  
1966 when a  small  crew  resurveyed the o r ig ina l  g r id  set up  i n  1951  and 
conducted  geological mapping,  geochemical s o i l  surveys and a magneto- 
meter survey (Freberg  1976).  Further work i n  1967 resulted i n  the  
discovery of  an addi t ional   nearby  mineral izat ion,  the "East"  zone. A 
t o t a l  of  4946 m (16,130 f t )  o f  diamond d r i l l i n g  was completed on the 
Eas t  zone by 1968 i n  conjunct ion w i t h  add i t iona l  geochemical  sampling 
and  mapping (Carne  1979). During the summer of 1969 the company rebuilt  
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t h e  Canol Road from Ross R ive r   t o   t he   p roper t y  and upgraded  the  exist- 

i n g   a i r s t r i p   ( C r a i g  and  Laporte,  1970). 
I n t e r e s t   i n   t h e   a r e a  was recen t l y  renewed w i th   the  1975 

d iscovery   o f   another   bar i   te - lead-z i   nc -s i1   ver   m inera l i za t ion   depos i t   s ix  
k i l omete rs   wes t   o f   t he   o r i g ina l  TOM claims  (Carne,  1979).  Further work 

was conducted  during  the summer o f  1978  (Marchand,  1978)  and i n  August 

1979 add i t iona l   c la ims were s taked  to   cover  a possible  southern  exten- 
s i o n   o f   m i n e r a l i z a t i o n  on the  main TOM Group (Department  of   Indian and 

N o r t h e r n   A f f a i r s  1981) (see  Figure  2) .  
Dur ing  the 1981-1982  season, the Hudson Bay Mining and 

Smelt ing Company Ltd.  operated  under a water   au thor iza t ion   fo r   the  camp 
under  the  Northern  Inland  Waters  Act. The company s e t  up a 30 t o  50 

person camp which was f u l l y   o p e r a t i o n a l  between March 20, 1981  and 

November 20, 1981. The camp's da i ly   water   requi rement  was estimated a t  

9000 1 i t r e s   p e r  day (2000 I G P D )  and was  pumped from  Sekie Creek 1. A1 1 

camp sewage was t r e a t e d   i n  a smal 1 package sewage t rea tment   p lan t  and 
was discharged  to a t i l e   f i e l d .  Any drainage  from  the t i l e   f i e l d  would 

have  entered  Sekie Creek 2 upst ream  of   Stat ion 4. The camp i s   l o c a t e d  
near  the TOM mine  ad i ts ,   e levat ion 1455 m (4774 f t )  and i s  accessible 
by a 3 km company road  which  leaves  the  Canol Road a t  Sekie Creek  2. 
Two p o r t a l s   a t   t h e  same e leva t i on   bu t  50 m a p a r t   c u r r e n t l y   e x i s t   a t   t h e  

mine. They j o i n   a t   t h e  main  adi t ,  35 m i n s i d e   t h e  mine. 
Dur ing  the 1981-82  season  Hudson Bay Min ing and Smelt ing 

Company Ltd.  also  operated  under a water  author izat ion  for   underground 

development  under  the  Northern  Inland  Waters  Act. M i  ne seepage water 

was used for   min ing  operat ions.  Waste water was t r e a t e d   i n  a s e t t l   i n g  
pond ins ide   t he  m i  ne  and was then pumped from a clean  water sump 
outs ide  to   form  Rust  Creek which  then  flowed i n t o   S e k i e  Creek 2. 
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Over the summer, mine water   discharge was estimated t o  be 765 
1 i tres/mi nute (170  gal / m i n )  and was pumped intermittently from the 
c l ean  water sump. In the winter of  1981-82 the mine water  discharge 
was e s t ima ted   t o  be 1035 litre/min (230  gal/min)  and  again was 
intermittently pumped. 

In March 1982  bad  ground  and  excess  water  forced  termination 
of the underground  development 100 m (350 f t )  s h o r t  of t a r g e t .  A t  t h a t  
time, a total   of  1800 m (6038 f t )  of f u l l  face  development and  an addi- 
t iona l  equiva len t   foo tage  of  200 m (642 f t )  of miscellaneous excavation 
was completed. Fol  1  owing the te rmina t ion ,  the 1 ower drifts were 
al lowed  to  f i l l  w i t h  water   and  previous  his tor ical   data   suggests   that  
unpumped flow  from the por t a l  will s t a b i  1 i z e   a t  540-810  1 i tres/mi n 
(120 - 180  gal / m i n )  . A t  this time the TOM camp s i te  i s  on standby w i t h  
a watchman/caretaker on duty.  His duties are t o  maintain t h e  camp and 

asse ts ,   co l lec t   water   samples  and  record  weather  observations on a 
regul a r   b a s i  s. 

Snow survey  data was c o l l e c t e d  ha1 fway between the a i r s t r i p  
and the camp i n  the winter of  1981-82 by Hudson Bay Mining and Smel t i  ng 
Company Ltd.  Wind gauge  readings a t  the MacMillan Pass a i r s t r i p  were 
a1 so taken  and  weather  data was c o l l e c t e d .  

Basel ine  information on the MacMil lan   Pass   a rea   has  been 
c o l l e c t e d  by several  groups.  General  environmental studies include 
those  by: Amax Environmental  Services  Group,  1976; Gi l l ,  1975; 
McNicholl ( e d i t o r )  1980;  and  Pearson  and  Associates,  1981.  Water 
q u a l i t y  studies inc lude   those  by: Brown, 1982; Monenco Consultants 
L td . ,  1982; and  Pearson  and  Associates,  1982.  Waterflows, wildlife 
and/or fish information i s  repor ted  by: Gi l l ,  1979;  and the Department 
of   Ind ian   Affa i r s  and  Northern  Development,  1982. These r e p o r t s   a r e  
mentioned  as references for   addi t iona l   in format ion  b u t  an eva lua t ion  of 
their conten ts  is not a p a r t  of this r epor t .  
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Due t o   i t s  remote location,  the  eventual  development  of a 
mine on the  TOM property will probably depend on the  concurrent 

development o f   o the r   p roper t i es   i n   t he   a rea  so t h a t   j o i n t   f a c i l i t i e s  

can be used. The Nor th  Canol road  must a1 so be improved and t h i s   i s  
be ing  p lanned  wi th in   the  next  few years. 

1.2 M i  nera l  i z a t i  on Descri D t i  on 

A s t r a t a  bound z inc - lead   depos i t   ex i s t s   a t   t he  TOM property 

i n   t h e  MacMil l a n  Pass  area. The TOM proper ty  and the  nearby JASON 

proper ty   (F igure   2 )   con ta in  two physical  l y  separate  galena-sphaleri   te- 

b a r i   t e   l e n s e s   i n   b l a c k   s h a l e   o f   t h e  1 ower Earn  Group o r  "B1 ack 
Clast ic" .   Both  are  near   the  nor th   east   marg in  o f   the Selwyn  Basin, 
(Department o f   I n d i a n   A f f a i r s  and Northern  Development,  1981). 

The m i n e r a l i z a t i o n  on the  TOM property  occurs i n  two tabu la r  

bodies. The East  zone i s  160 m long, 3 m t o  20 m t h i c k  and d ips  

s teep ly  west. The West zone, a  much l a r g e r  body w i t h  a length   o f   about  
1200 m and a th ickness   o f  3 m t o  60 m ,  d ips  50" t o  70"  west.  (Carne, 
1979). As o f  May 1982, the  proven and probable  reserves  are 9.8 mil - 
l i o n  tonnes  (10.8 m i l l i on   t ons )   ave rag ing  75.5 gm/tonne  (2.2 oz/ ton) 

s i l v e r   ( A g ) ,  7.5% z inc  (Zn)  and 6.4% lead  (Pb)  (Bidwell ,   1982). Some 

o f   the   minera ls   tha t   a re   p resent   in   the   o re   a re :   ga lena (PbS) , sphal- 

e r i   t e  (ZnS), p y r i t e  (FeS2) , c h a l c o o y r i   t e  (CuFeS2) , c h a l c o c i   t e  (Cu2S) , 
bournoni t e  (PbCu  SbS3), bou langer i   te  (PbgSbqS11) , t e t r a h e d r i t e  

(Cu12(Ag)SbqS13) , p r o u s t i t e  (Ag3AsS31, and p y r a r g y r i t e  (Ag3SbS3). They 
occur   wi th   quar tz  and s i d e r i t e  (FeC03)  (Carne,  1979). 
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STUDY AREA 

m 
The TOM property i s  1 ocated w i t h i n  the Selwyn Mountain Range 

near the divide between the Yukon and MacKenzie River drainage systems, 
i n  an area called MacMillan Pass. The property l ies primarily above 
the timber line. A sparse cover of stunted a1 pine trees and shrubs 
exist a t  lower elevations along the flanks of the river Val ley. 

The TOM property is located 9 km west of the Yukon-Northwest 
Territories border a t  coordinates 63" 08'N and 130" 06'W, and the 
claims l i e  on the south side of the Canol Road. The claims are 222 km 
from  Ross  River and 624 km (380 miles) from  Whitehorse by road. The 
underground  workings and permanent camp are  accessible v i a  a 3 km road 
1 eaving the Canol Road a t  Sekie Creek 2. A gravel surfaced 600 metre 
a i rs t r ip   is  located between the Canol Road and the South  MacMillan 
River on the  northern section of the property. 

Hudson Bay Exploration and Development Company L t d .  owns the 
TOM property. These  claims are bordered t o  the west by Aberford 
Resources Ltd . ,  who own the JASON property. Other  major claim groups 
i n  the area, including the Amax Tungsten property, are shown in Figure 
2 .  I t  i s  1 i kely t h a t  some of these will be devel  oped i n t o  mines 
simultaneously i n  order t o  take fu l l  advantage of j o i n t  facil i t ies i n  
this remote region. 

The water  bodies t h a t  would be affected by further develop- 
ment of the TOM property are the South  MacMil l a n  River, which runs t o  
the north of the property, and some of its  tributaries. The South 
MacMi 11 an River i s  part of the Yukon River  system. Arctic gray1 i ng, 
chinook salmon, whitefish and slimy sculpins  are known t o  use  some 
reaches of the South MacMil l an  River. The river  is a1 so used by 
recreational  canoeists and kayakers. 

Elevations of the study area vary from 1180 m t o  1465 m. The 
climate a t  MacMill an Pass i s  more severe than Whitehorse  because of i t s  
higher elevation and more northerly location. Environment Canada does 
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not  collect meteorological da ta  near the TOM property, b u t  da ta  can be 
extrapolated from  Tsichu River, elevation 1265 m ,  located 24 km north 
i n  the Northwest Territories. The 20 year mean annual temperature a t  
Tsichu  River was calculated t o  be -7.7"C w i t h  a mean temperature i n  
July of 10°C. The extreme temperatures recorded from the years 1975 t o  
1981 were -51.1OC and 27.2"C. Precipitation is  relatively heavy 
because  Tsichu  River and the Tom property are located on the south 
westerly windward slopes of the MacKenzie/Selwyn mountain range. The 
annual precipitation a t  Tsichu  River i s  approximately 500 mm. Of this 
500 mm, 200 mm falls  as rain and 300 mm fa1 1 s as snow. As a compari- 
son, the Whitehorse area mean annual temperature i s  -1.3"C. The 
Whitehorse mean annual precipitation i s  approximately 270 mm and i s  
relatively evenly  divided between rain and snow (Wahl , 1981). Because 
the TOM property i s   a t  a re la t i ve l y   h ighe r   e leva t i on   t han   t he  surroun- 

d i n g  topography i t  will probably  have lesser extremes of temperature 
t h a n  the Tsichu  River. 

Sample stations were located on the South MacMillan River and 
i t s  tributaries. In t o t a l ,  ten sample sites were chosen, and their 
locations  are shown i n  Figure 3. A description of the sample sites  is 
provided i n  Table 1. Sample sites are illustrated by photographs i n  
Figures 4 - 13. 
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FIGURE 3 TOM  PROPERTY  STUDY  AREA - SHOWING CREEKS,   M INERAL 
CLAIMS  AND  SAMPLE  STATIONS 
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F I G U R E  4 S T A T I O N  1 ON THE  SOUTH  MACMILLAN  RIVER, 150 METRES  UPSTREAM 

FROM  SOUTH  MACMILLAN  RIVER  BRIDGE 3. VEGETATION  CONSISTS OF 

BUCKBRUSH,  SPRUCE AND GRASSES. 
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F I G U R E  5 STATION 2 ON TOM CREEK 8 METRES  UPSTREAM OF CAMP B A C K F I L L  
AND 30 METRES  UPSTREAM OF A  WATERFALL  WHICH  ACTS  AS  A 

BARRIER TO F I S H .   L I C H E N  AND MOSS SPARSELY COVER  ROCKS TO 

THE  WATER'S EDGE. 
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F I G U R E  6 S T A T I O N  3 ON S E K I E  CREEK 2, 10 METRES  UPSTREAM OF THE TOM 

CAMP. L ICHEN,  MOSS, GRASSES AND LABRAnOR  TEA  SPARSELY  COVER 

ROCKS  TO  THE  WATER'S  EDGE. F A L L S   J U S T  DOWNSTREAM OF S T A T I O N  

ARE A BARRIER TO F I S H .  
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F I G U R E  7 STATION 4 ON S E K I E  CREEK 2, 50 METRES BELOW I T S  CONFLUENCE 

W I T H  TOM CREEK. VEGETATION  CONSISTS OF SPARSE  LICHEN AND 

MOSS ON ROCKS. 
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FIGURE 8 STATION 5 LOCATED  AT  THE  TOM  MINE  ADIT  NEAR  THE  TOM  CAMP. 
ADIT  WATER  IS  PUMPED  INTERMITTENTLY TO FORM RUST  CREEK. 
NO  VEGETATION  IN  DISTURBED  AREA OF MINE  PORTAL. 
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F I G U R E  9 S T A T I O N  6 ON S E K I E   C R E E K  2, 15 M E T R E S  DOWNSTREAM  FROM ITS 
CONFLUENCE WITH R U S T   C R E E K .   V E G E T A T I O N   C O N S I S T S   O F   S P A R S E  
L I C H E N  AND MOSS ON SCREE  ROCKS.  WATER QUALITY  GREATLY 
C H A N G E D   D U R I N G   I N T E R M I T T E N T   D I S C H A R G E   O F   A D I T  WATER  FROM 
R U S T   C R E E K .  
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F I G U R E  10 STATION 7 ON  UNNAMED CREEK 1, 15 METRES  UPSTREAM FROM I T S  
CONFLUENCE  WITH  SEKIE CREEK 2. VEGETATION  CONSISTS OF 

MOSSES,  WILLOWS,  SPRUCE AND GRASSES.  STEEP  RAVINE  WITH 

WATERFALLS .!i KM UPSTREAM  WHICH  ACTS  AS  A  BARRIER TO F I S H .  
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F I G U R E  11 S T A T I O N  8 ON S E K I E  CREEK 2, 90 METRES  UPSTREAM OF I T S  

INTERSECTION  W' ITH  THE NORTH  CANOL  ROAD.  SPARSE  VEGETATION 

INCLUDES BUCKBRUSH,  MOSSES AND L ICHENS.  WATER Q U A L I T Y  

GREATLY CHANGED DURING  INTERMITTENT  DISCHARGE OF A D I T  WATER 

FROM RUST  CREEK. 
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F I G U R E  12 STATION 9 ON MACINTOSH  CREEK, 5 METRES  UPSTREAM OF I T S  

INTERSECTION  WITH  THE NORTH  CANOL  ROAD. VEGETATION  INCLUDES 

BUCKBRUSH,  MOSSES AND L ICHENS.  
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F I G U R E  13 S T A T I O N  10 ON THE  SOUTH  MACMILLAN  RIVER 200 METRES DOWN- 

STREAM OF i T S  CONFLUENCE  WITH  MACINTOSH  CREEK.  VIEW 

UPSTREAM.  AREA AROUND THE  RIVER I S  SWAMPY. LUSH  VEGETATION 

INCLUDES BUCEBRUSH,  GRASSES AND MOSS. 
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METHODS 

Access t o  sample s i t e s  1, 4, 5, 6, 8, 9 and  10 was by  truck. 
Sample s i t e s  2, 3 and 7 requ i red  a short   h ike.  Each s t a t i o n   w i t h   t h e  

excep t ion   o f   S ta t i ons  6 and 8 was sampled  once on J u l y  7, 1981.  Water 
q u a l i t y   a t   S t a t i o n s  6 and 8 was sampled a t  two d i f f e ren t   t imes  on J u l y  

7 ,  1981 t o  assess   the   in f luence  o f   the   in te rmi t ten t   d ischarge  o f   ad i t  
water   in to   Rus t  Creek. Samples 6A and 8A were c o l l e c t e d  when mine a d i t  

water was being  discharged  into  Rust Creek and subsequently i n to   Sek ie  
Creek 2. Wi th in  one hour   o f   co l lec t ion  a t  S ta t ions  6A and 8A a second 

sample was c o l l e c t e d   a t   t h e  same locat ions,  now ca l l ed   S ta t i ons  6B and 
8R, a t  which  time m i  ne a d i t  water was not  being pumped i n t o  Rust Creek. 

3.1 Water Oual i t v  

Water samples  were co l l ec ted  and preserved a t  each o f   the   ten  

(10) sample s i t e s  as described i n  Appendix I ,  Table 1. 
Temperature, pH, f low and conduc t i v i t y  were  measured i n   t h e  

f i e l d  by the  Environmental   Protect ion  Service  staf f .   Dissolved Oxygen 
(DO) was measured the  same day as c o l l e c t e d   i n  camp a t  MacMillan Pass. 

All other  water  qual i ty  analyses were done by Laboratory  Services, 
Environmental  Protection  Service, 4195 Marine  Drive, West Vancouver, 
B.C. Ana ly t i ca l  methods are  described i n  Appendix I ,  Table 1. 

Single  grab samples of  water were c o l l e c t e d  and preserved 

where  necessary fo r   ana lys i s   o f   conduc t i v i t y ,  pH, co l   ou r ,   t u rb id i t y  , 
f i l t e r a b l e   r e s i d u e  (FR), non - f i l t e rab le   res idue  (NFR), t o t a l   a l k a l i -  
n i t y ,   t o t a l  hardness, total   inorganic  carbon  (TIC),   total   organic 

carbon (TOC), t o t a l  phosphates, n i t r i t e ,   n i t r a t e ,  ammonia, sulphate, 

cyanide,  chlor ide and the   fo l low ing   ex t rac tab le   meta ls :  
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A1 umi num (A1 
Antimony  (Sb) 

Arsenic  (As) 

Barium  (Ba) 

Bery l l ium  (Be)  

Cadmium (Cd) 

Calcium  (Ca) 
Chromium (Cr)  

Cobalt  (Co) 

The perc 

Copper (Cu 1 
I ron   (Fe )  
Lead (Pb) 

Magnes i um (Mg 

Manganese (Mn) 

Mercury ( Hg 

Molybdenum (Mol 

Nickel   (Ni  1 
Potassium (K) 

:ent   d isso lved oxygen (% DO) s 

Selenium  (Se) 

S i l i c o n   ( S i  1 
S i l ver   (Ag)  

Sodi um (Na ) 
Stront ium ( S r  1 
T i n  (Sn)  
Ti tan ium  (T i  

Vanadi um (V 

Zinc  (zn) 

a t u r a t i o n  was ca lcu la ted  
by f i r s t   d e t e r m i n i n g   t h e   d i s s o l v e d  oxygen sa tura t ion   concent ra t ion  (S' 
from the  formula: 

S'  = S - P (APHA e t  a1 1975) 
760 

where S '  = dissolved  oxygen (DO) sa tu ra t i on   concen t ra t i on   a t  

t h e   i n   s i t u   t e m p e r a t u r e  and atmospheric  pressure 
S = d isso lved oxygen (DO) sa tu ra t i on   concen t ra t i on   a t  

sea l e v e l   f o r   i n   s i t u   t e m p e r a t u r e  

P = atmospheric  pressure i n  mm o f  mercury (mm Hg) a t  
s i t e   e l   e v a t i  on 

The percent   d isso lved oxygen sa tu ra t i on  was obtained by u s i n g   t h e   r a t i o  

o f   f i e l d   d i s s o l v e d  oxygen  and S '  i n  the  fo l lowing  formula:  

Fie'd Do x 100 = % DO Satura t ion  

where F ie1  d DO = Dissolved Oxygen concentrat ion measured i n  
S' 

t h e   f i e l d  

I 

Y 

Y 
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3.2 Sediments 

I 

Y 

II 

Sediment  samples  were collected a t  the same time as water 
samples a t  a1 1 stations on Ju ly  7, 1981. However, sediments were not 
collected a t  S t a t ion  5 as the a d i t  water came directly from the mine 
and i n t o  a metal pipe. Four  sediment  samples  were collected a t  each 
s i te ,  using an a1 uminum shovel to  scoop the samples into label led Whirl 
Pak bags. A description of sediment collection, preparation and 
analysis methods is  given i n  Appendix I ,  Table 2. All sediment  samples 
were shipped t o  Vancouver by air for  analysis a t  Laboratory Services, 
Environmental Protection  Service, West  Vancouver, British Columbia. 

One sediment  sample  per station was analysed for cyanide 
concentration. The other  three sediment  samples  were  each  analyzed for 
particle  size and the following leachable metals: 

A1 umi num ( A 1  
Antimony (Sb)  
Arsenic (As) 
Bari um ( Ba) 
Ber.yl1 i u m  (Be) 
Cadmium (Cd) 
Calcium (Ca) 
Chromium (Cr) 
Copper ( C u  1 

3 . 3  Bottom Fauna 

Iron (Fe) 
Lead ( P b )  

Magnesium (Mg) 
Manganese (Mn)  
Mercury (Hg) 
Molybdenum (Mol 
Nickel ( N i  
Phosphorus ( P I  
Potassium (K 1 

Sel eni um (Se 1 
Si1 icon ( S i  1 
Si1 ver (Ag) 
Sodi um ( Na) 
Strontium (Sr) 
T i n  (Sn)  
T i t a n i u m  ( T i  1 
Vanadi um (VI  
Zinc ( z n )  

Bottom fauna were  sampled a t  nine of the ten Environmental 
Protection Service sampling stations. The a d i t ,  S t a t ion  5, was unsui t- 
able for bottom fauna collection as the water was flowing out of the 
m i  ne through a metal pipe. Samples  were collected a t  the same time as 
water and sediment  samples on July 7, 1981. Three  samples  were 
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c o l l e c t e d  a t  each s i t e   u s i n g  a 30 cm x 30 cm Surber  sampler ( t o t a l  area 

i s  900 cm2) w i t h  a mesh s i ze   o f  0.76 mm. Bottom  fauna  col lect ion, 
p reserva t ion  and i d e n t i f i c a t i o n  methods are  given i n  Appendix I ,  Table 
3. 

D ive rs i t y   i nd i ces  were calculated  from  the  bottom  fauna  data 

col lected,  using  the  formula  descr ibed  by  Pielou  (1975) as fo l lows:  

9 
Species  Divers i ty   (H ' )  = - c ( P i   l o g l o   P i )  

i =1 
where P i  = n i /N 

n i  = t o t a l  number o f   i n d i v i d u a l s   i n   t h e  

i t h  genus i n  one sample 
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  genus and/or  species  taxonomic 

l e v e l   i n  one sample 

g = t o t a l  number of genera i n  one sample 

The use 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  genus leve l   i ns tead  of to  species 
l e v e l   r e s u l t s   i n   s l i g h t l y   l o w e r   d i v e r s i t y   i n d i c e s   ( H ' )   v a l u e s  (Hughes, 
1978) .   Ind iv idua ls   tha t   weren ' t   iden t i f ied   to  genus or  species  level  

were no t   i nc luded   i n   t he   spec ies   d i ve rs i t y   ca l   cu l   a t i on   bu t   a re  1 i sted 

i n  Appendix I V Y  Tab1 es 1 and 2. 

3.4 F ish  - 

The study  ob ject ive was t o   c o l l e c t   f i s h  by e l e c t r o f i s h i n g   i n  

o rde r   t o   ob ta in   t i ssue  samples for   meta ls   analys is .  However, a1 1 

s t a t i o n s   p r e s e n t e d   d i f f i c u l t i e s   t o   e l e c t r o f i s h i n g  and t h i s  method could 

n o t  be used. Notes were made  on whether sample streams  looked  suitable 

f o r   f i s h   h a b i t a t .  
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4 RESULTS AND DISCUSSION 

4.1 Water Quality 

u 

am 

1 

I 

TOM property water qual i ty  data  i s  l i  sted i n  Appendix I I .  
Detection limits and analytical procedures for water qua l i ty  are found 
i n  ADpendix I ,  Table 1. A1 1 values were  compared t o  the recommended 
levels for  drinking water and aquatic l i f e  which are listed i n  Appendix 
I ,  Table 4. 

Some of the parameters  exceeding d r i n k i n g  water criteria were 
t u r b i d i t y ,  ammonia ( N H y N ) ,  hardness, nitr i te (NOz-N), aluminum 
( A 1  1, arsenic  (As), cadmium (Cd) ,  iron (Fe), lead ( P b ) ,  manganese (Mn) 
and nickel ( N i ) .  Ammonia concentrations and hardness were found to  be 
the  highest a t  S t a t i o n  5 (mine a d i t )  and during pumping of the mine a t  
S t a t i o n  6A (Sekie Creek 2 ) .  Ammonia was a l so  found t o  be h i g h  a t  
Station 8A, 8B (Sekie Creek 2 )  and Station 9 (MacIntosh Creek). 
Nitrite exceeded drinking water standards a t  Stations 5, 6 and 8. 
Elevated ammonia and nitrite  levels a t  these stations could be attri- 
buted to  explosives used i n  the underground  mining operation. High 
values for  turbidity a t  a l l  stations except 1 and 7 could be associated 
w i t h  elevated levels of iron as we1 1 as other dissolved and suspended 
matter i n  the water. A l u m i n u m  and manganese levels were h i g h  a t  a1 1 
sample locations except a t  S t a t ion  7 (Unnamed Creek). High levels for 
arsenic were exhibited a t  Stations 6A, 8A,  8B and 9 (MacIntosh Creek). 
I t  is  assumed t h a t  these levels were attributable t o  natural elevated 
1 eve1 s found i n  ground water. The  same could be said for the elevated 
cadmium levels which  were found a t  Stations 4, 6A, 6B, 8A,  8B (Sekie 
Creek 2 )  and S t a t i o n  9 (MacIntosh Creek). Nickel levels exceeded 
recommended levels for  d r i n k i n g  water a t  S t a t i o n  9 and values for lead 
exceeded the limits for d r i n k i n g  water a t  Stations 5, 6A, 68, 8A and 
8B. Dramatic increases in lead levels occurred a t  S t a t i o n  6A and 8A, 
which  suggests t h a t  the pumping of a d i t  discharge was the main source 

a 
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o f  contaminat ion.   Support ing  data  f rom  Stat ion 5 ( a d i t ) ,  however,  does 

n o t   r e f l e c t   t h i s .   S i n c e  sample c o l l e c t i o n   a t   t h i s   s i t e   o c c u r r e d  much 

1 a t e r  i n  the  day it i s  probab le   tha t  work i n   t h e  mine had  changed and 
was no l onger   con t r i bu t i ng   l ead  and o the r   cons t i t uen ts   t o   t he   ad i t  
water. All measurements of  selenium  (Se) i n  the  study  area were below 
the   ana lys is   de tec t ion  limit o f  0.075 mg/l Se, a l though  th is   de tec t ion  

1 imi t i s  above the   d r ink ing   water   leve l   o f  0.01 mg/l Se. The concen- 
t r a t i o n s   o f  a1 1 the  elevated  metal s r e f l e c t   t h e  Dresence of   mineral  s 

conta in ing  them i n   t h e  TOM ore body. 

The to ta l   organic   carbon  analys is  on Sekie Creek 2 above and 

be l  ow the   exp lo ra t ion  camp showed no increase  bel  ow the camp suggesting 

t h a t  waste  water from the camp  was no t   a f fec t i nq   Sek ie  Creek 2. 

A rev iew  o f   the  TOM property  water  qual i ty data  ind icates 
t h a t  several parameters did not meet with the recommended levels  for 

a q u a t i c   l i f e .  A t  S t a t i o n  7 (Unnamed Creek)   non- f i l terab le  res idue and 
conduc t i v i t y   a re   l ow   fo r   suppor t i ng   hea l thy   aaua t i c   l i f e .   To ta l  

phosphate (PO4-P)  reached ver.y h i g h   l e v e l s   a t   S t a t i o n  9 (Macintosh 

Creek 1. I r o n   l e v e l s  exceeded recommended l e v e l s   f o r   a q u a t i c   l i f e   i n  

a l l   s t a t i o n s   e x c e p t   S t a t i o n  1 (South  MacMil lan  River), and S t a t i o n  7 
(Unnamed Creek).  Arsenic  levels were h i g h   a t   S t a t i o n s  6A, 8A, 8B and 

9. A1 uminum 1 eve1 s were  above recommended l e v e l s   f o r  a1 1 samDl e 

s tat ions.   Hiqh cadmium l e v e l s  were  demonstrated f o r   a l l   s t a t i o n s  

excep t   f o r   S ta t i on  7, which had a measurement below  the  detection limit 
o f  0.0010 mg/l , a1 though t h i s   d e t e c t i o n  1 imi t is   g rea te r   t han   t he  

recommended a q u a t i c   l i f e   l e v e l   o f  0.0002 mg/l. Copper concentrat ion 

was h i g h   a t   a l l  sample l oca t i ons   excep t   f o r   S ta t i on  5 (mine   ad i t )  and 

S t a t i o n  7. Nickel  occurred i n   h i g h   c o n c e n t r a t i o n s   a t   a l l   s t a t i o n s  
except a t   S t a t i o n  2 (TOM Creek)  and  Stat ion 7 (Unnamed Creek). 

Elevated  background  levels  for  lead  were  found  upstream  of 

t h e   a d i t   a t   S t a t i o n s  3 and 4 as we l l  as downstream a t   S t a t i o n s  6B, 8R 

and 10. However, even higher,  more dramat ic   leve ls  were found  during 
a d i t  Pumping a t   S t a t i o n s  6A and 8A. S t a t i o n  5 ( a d i t )   d i d  n o t  r e f l e c t  

t h i s  due t o   t h e   t i m e   a t  which  the samples  were  taken  here.  Zinc  (Zn) 

exceeded recommended l e v e l s   f o r   a q u a t i c   l i f e   a t   a l l   s t a t i o n s   e x c e p t  
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I 

S t a t i o n  7. Naturally high background levels were also found for zinc 
b u t  once again a marked increase was seen a t  S t a t i o n  6A, which suggests 
t h a t  a d i t  discharge was contributing t o  the contamination. Dissolved 
oxygen was lower than the recommended levels a t  S t a t i o n  9. These 1 ow 
levels could be attributed t o  ground water i n  the area and/or chemical 
interferences w h i c h  have frequently arisen w i t h  the dissolved oxygen 
measurement.  Background pH 1 eve1 s were found t o  be nearly 2 pH units 
below the 6.5 lower criteria limit a t  Stations 2 ,  3 ,  4 ,  6B, 7 ,  8B and 
9.. S t a t i o n  8A a1 so had a low pH, apparently not affected by m i  ne a d i t  
discharge a t  the time S ta t ion  8A  was sampled. 

Mining activities on the TOM property have affected Sekie 
Creek 2 as was illustrated by the higher levels of turbidity,  arsenic, 
copper, iron, nickel, lead and zinc in downstream Sekie Creek 2 when 
compared t o  upstream Sta t ions  2 ,  3 and 4. Turb id i ty  was increased by 
the flow of mine a d i t  water i n t o  Sekie Creek 2. 

Background stations on Sekie Creek 2 and MacIntosh  Creek 
already have low pH levels and h i g h  metal concentrations t h a t  make  them 
unsuitable for d r i n k i n g  water and aquatic l ife.  

In the Sou th  MacMillan  River parameters such  as aluminium, 
cadmium, copper,  nickel and zinc were slightly elevated over 
recommended levels  for aquatic l i f e .  Due t o  i t s  low buffering 
capacity, the addition of more acid and metals t o  the South Macmillan 
River during mine  development would be detrimental . 
4.2 Sediments 

4.2.1 Sediment  Metal Concentrations. Sediment  metal concentrations 
are given i n  Appendix I I I ,  Table 1. Sediment  metal concentrations  are 
compared t o  those i n  other Yukon streams  as  given i n  Mathers e t  a1 , 
1981.  Metals t h a t  were higher are shown for each station i n  Table 2. 
Many metal s are present i n  h i g h  concentrations reflecting the mineral s 
present i n  the area, b u t  the highest levels were found a t  Stations 6 
and 8 which are downstream of a d i t  discharge. The presence of some of 
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TABLE 2 TOM PROPERTY STATIONS WITH H I G H  SEDIMENT METALS 
CONCENTRATIONS 

S t a t   I o n   L o c a t   i o n   H I g h   m e t a l   c o n c e n t r a t i o n s  

1 S o u t h   M a c M l l   I a n   R l v e r  As,  Ba, Cd,  Cu, N I ,  Zn 

2 Tom Creek  As,  Ba,  Cu,  Fe, V 

3 Sek I e   C r e e k  2 As,  Ba, Hg, Pb 

4 S e k l e   C r e e k  2 As,  Ba, Cd, Hg, Pb, Zn 

6 S e k l e   C r e e k  2 As,  Ba,  Cd,  Cu,  Fe,  Hg,  Pb, V ,  Zn 

7 Unnamed  Creek  As,  Ba,  Fe,  Pb, V 

8 S e k i e   C r e e k  2 A s ,  Ba,  Cd, Fe, Hg, Pb, V ,  Zn 

9 M a c l n t o s h   C r e e k  A s ,  Ba,  Fe, V 

10 S. M a c M I l   I a n   R i v e r  As,  Ba,  Cd, Cu, N i ,  Pb, Zn 
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these metal s has a1 ready  been  noted i n  the water qual i ty results. 
Further  disturbance and future mi  ne and mil 1 development may cause  the 
leaching o f  other metals present a t  h i g h  levels i n  sediments, t o  the 
aquatic environment. 

4.2.2 Sediment Particle Size Analysis. The results of the sediment 
particle  size  analysis  are given i n  Appendix 111, Table 2. Most of the 
sediment  samples  were coarse w i t h  a h i g h  percentage of the particles 
1 arger than 149 um. S t a t ion  3 (Seki e Creek 2 )  had the finest sediment 
w i t h  32% finer than 149 um. Only the portion of sediment smaller than 
149 um was analysed for metals since these particles  are judged t o  have 
the most effect on the aquat ic  environment. 

4.3 Bottom Fauna 

A taxonomic l i s t  of bottom fauna collected i n  the TOM 
property study i s  given i n  Appendix IV, Table 1. Appendix IV, Table 2 
1 i sts  the numbers of i ndi v idua l  s i n  each taxonomic group i n  each 
sample, and the diversity index for t h a t  sample. A summary of the TOM 
property bottom fauna numbers and diversity  is given i n  Table 3. 

The diversity index i s  a measure of community structure and 

relative  stability. Communi t ies of h i g h  diversity  are characterized by 
1 arge numbers of species w i t h  no single species overwhelmingly 
abundan t .  Communities of low diversity contain few species some of 
w h i c h  are represented i n  disproportionately h i g h  numbers. Generally 
diversity values greater t h a n  0.90 i n  l o g l o  (or 3.0 i n  log2)  are 
found i n  unpolluted, productive waters  while heavily polluted waters 
have values less t h a n  0.30 in log10 (or 1.0 i n  l o g z ) ,  (Archibald, 
et  a1 , 1981). 

The diversity indices and numbers  per d i n  this study  area 
are lower than those reported for other a1 pi  ne streams i n  the nearby 
Howard's  Pass area o f  Yukon by Archibal d ,  e t  a1 , 1981. Stations 1 , 3, 
6 ,  8 and 9 displayed zero diversity while Stations 2 ,  4 ,  7 and 10 
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T A B L E  3 SUMMARY OF T H E   T O M   P R O P E R T Y   B O T T O M   F A U N A   D I V E R S I T Y  
I N D I C E S  AND  NUMBERS 

IL 

Y 

D I V E R S l   T Y   N U M B E R   C A L C U L A T E D  
STAT I ON NUMBER (H' ) PER F T ~  NUMBER  PER M2 

1-1 0 0 0 
1-2 0 1 1 1  
1-3 0 0 0 

2- 1 0 13  140 
2-2 0 23  247 
2-3 0 e29 28  30 1 

3- 1 0 1 1 1  
3- 2 0 2 22 
3- 3 0 0 0 

4- 1 0 0 0 
4- 2 0 . 2 2  6 6 5  
4-3 0 0 0 

5-1 X X X 

5-2 X X X 

5-3 X X X 

6- 1 0 1 1 1  
6-2 0 0 0 
6-3 0 0 0 

7-1  0.25 5 6  6 0 3  
7-2  0.19 38 409 
7-3 0 e 2 9  29  312 

8- 1 0 0 0 
8-2 0 0 0 
8-3 0 1 1 1  

9 -  1 0 21 2 26 
9-2 0 18  194 
9-3 0 8 86 

10-1 0 0 0 
10-2  0.48 3 32 
10-3  0.28 3 32 

x = n o t  s a m p l e d  

M 

1 

H D  

I 

a 

0 

L 

PI 

L 

I 

n 
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demonstrated  very  low  diversi ty and  numbers. S t a t i o n  5 (mine   ad i t )  was 

n o t   s u i   t a b l e   f o r  sampling. The low  d ivers i ty   va lues  found can be  more 

approp r ia te l y   a t t r i bu ted   t o   t he   l ow  pH, co ld   c l imate ,  1 ow hardness and 

1 ow conduct iv i t y   va lues  seen fo r   these  waters   than  to   po l lu t ion .  As a 
resul t ,   the  s t reams sampled i n   t h i s  study  appear t o  have  a low 
capab i l i t y   to   suppor t   bo t tom fauna and thus   f i sh   popu la t ion .  

A t o t a l   o f  252 bottom  fauna  were  collected i n   t h e  TOM 
property  study  area.  Stat ions 1 and 10 (South  MacMillan  River)  had  low 

counts  of  one and s i x   i n d i v i d u a l s   r e s p e c t i v e l y .   S t a t i o n s  3 ,  4, 6 and 8 
(Sekie Creek 2 )  a1 so had low  counts  of  three,  six, one  and  one 
ind i v idua ls   respec t i ve l y .   S ta t i on  7 f a r  surpassed a l l   o t h e r   s t a t i o n  

counts   wi th  a t o t a l   o f  123 i n d i v i d u a l s   o r  49% o f  the   to ta l   bo t tom fauna 
c o l  1 ec ted. 

The most  abundant genus was Heterot r issoc l   ad ius sp. w i t h  99 

i nd i v idua ls   co l l ec ted .   Th i s  genus belongs  to  the  Order  Diptera,  Phylum 
Arthropoda. A rev iew  o f  taxonomic  groups  found a t  TOM and a t  Howard's 

Pass (A rch iba ld ,   e t  a l ,  1981) shows t h a t  seven o f  the  eleven  found i n  
t h e  TOM study were common to  both.  However,  54 taxononic .groups  were 

i d e n t i f i e d  a t  Howard's Pass as opposed t o  11 i n   t h e  TOM study. 
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APPENDIX I 

COLLECTION,  PRESERVATION,  ANALYSIS OR 
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A P P E N D I X  I l l  T A B L E  2 TOM  PROPERTY  SED I M E N T   P A R T  I C L E  S I  ZE 
A N A L Y S I S  - J U L Y  7, 1981 

t I 
P E R C E N T   C O N C E N T R A T I O N  

S T A T  I ON 
NUMBER >500 250-500  150-250 63-1 50 <63 

urn  urn  urn urn urn 

I 1 - 1  65.7  21 .o 7.7  4.5 1 .l 
1-2 
1-3 

2- 1 
~ 2-2 

2- 3 

3- 1 
3- 2 
3- 3 

67.8 
80 e9 

95 e 0  
85 e 6  
86.3 

36 e2 
16.4 
38.7 

20  -7 
13.3 

2.9 
8.5 
8.3 

19.6 
13.3 
25 e 8  

6 - 6  
3.4 

0.9 
3.2 
3.0 

16.4 
22.0 
16.9 

3.2 
1.9 

0.5 
1.6 
1 e 5  

18.0 
14.1 
13.9 

1.7 
0.5 

0.7 
1.1 
0.9 

9.8 
34.2 
4.7 

4- 1 46.2 23.7 14.5 12.1  3.5 
4-2 57.7 19.3 11.7 8.2 3.1 
4- 3 74 - 0  13.3 6.5 4.9  1.3 

6- 1 87.1 5.4  3.0 2.8  1.7 
6-2 83.5 6.1  3.4 2.2  4.8 
6- 3 73.7 9.2  5.4 6.6 5.1 

7-1  76.0 11.9 5.8  4.5  1.8 
7-2 79.6 8 -0 3.9  4.2  4.3 
7-3 71 e l  13.9 6.8 4.7  3.5 

8- 1 74.4 12.4 6 - 8  3.8  2.6 
8-2 82 a 6  11.9 3.6  1.4  0.5 
8-3 81 .o 11.9 4.1 2.0 0.9 

9- 1 71 - 8  12.2 5.9  5.4  4.7 
9-2 62 e 8  13.4 6 a 9  8.7  8.2 
9- 3 66.7 13.3 6 e 6  7.2  6.2 

10-1 72 -7 15.9 6 e 5  3.3 1 e 6  

10-2 81  e7 12.0 4.1 1 e7 0.5 
10-3 65.9 9 - 6  8.8 10.0  5.7 
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APPENDIX I V  

BOTTOM FAUNA  DATA 
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Phy I um: A r t h r o p o d a  

C l a s s :   I n s e c t a  

O r  d e r  : P l e c o p t e r a  

Fami l y :  Nemour i dae  

Zapada  sp. 

O r  d e r  : D i p t e r a   u n i d e n t i f i e d   a d u l t  

Fami 1 y :  C u l i c i d a e   a d u l t  

Fami I y:  Ch i ronomidae   adu  I t  

Ch i ronomidae   pupae  

S u b f a m i l y :   O r t h o c l a d i i n a e  

E p o i c o c l a d i u s  

E u k i e f f e r i e l l a  sp. 

Heterotrissoc~adius sp.  

P s e c t r o c l a d l u s  sp. 

T h i e n e m a n n i e l f a   s p .  

O r d e r :  Hymenoptera   adu I t 
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