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ABSTRACT

A baseline study of the watershed near the proposed Marbaco
Mine in northwestern British Columbia and proposed Marbaco Mill in
south-central Yukon was conducted by the Envirommental Protection
Service from June 24 to June 26, 1981. The water quality, bottom fauna
characteristics and sediment quality of nine sampling stations were
documented and evaluated.

Generally, the water chemistry parameters in the Tootsee-
Rancheria watersheds showed no unusual Tlevels. The bottom fauna
results were representative of generally clear, unpolluted mountain
streams. The high silver (Ag), lead (Pb) and zinc (Zn) concentrations
in the adit sediments reflected the presence of the mine ore body. The
high arsenic (As), cadmium (Cd) and iron (Fe) concentrations in the
adit sediments reflect the presence of gangue minerals associated with
the mine ore body. When the proposed mine and mill go into operation,
concentrations of arsenic and cadmium are of possible concern and
treatment of effluents may be required to prevent environmental damage
downstream.



- i -

RESUME

Du 24 au 26 juin 1981, le Service de la protection de
1'environnement a fait une &tude portant sur les secteurs du bassin
hydrographique avoisinant la mine proposée de Marbaco, située dans le
nord-ouest de la Colombie-Britannique, et de la scierie proposée de
Marbaco, située dans le centre sud du Yukon. On a choisi neuf points
d'échantillonnage afin d'établir et d'évaluer les paramétres de 1'eau,
les caractéristiques de la faune aquatique des profondeurs et la
qualité des sediments.

En général, les paramétres chimiques de 1'eau du bassin de
Tootsee-Rancheria n'ont révéle aucun niveau inhabituel. Les résultats
de la faune aquatique des profondeurs etaient représentatifs de
ruisseaux de montagne clairs et non pollués. Les fortes concentrations
d'argent (Ag), de plomb (Pb) et de zinc (Zn) dans les sé&diments
d'adduction reflétaient la présence du corps minéralisé de la mine.
Les concentrations &levées d'arsenic (As), de cadmium (Cd) et de fer
(Fe) dans les sédiments d'adduction reflétaient 1a présence des
minerais de gangue du corps minéralisé. A la mise en service de la
mine et de la scierie, les concentrations d'arsenic et de cadmium
pourraient poser un probléme et le traitement des effluents pourra &tre
nécessaire pour éviter de la pollution en aval.
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1 INTRODUCTION

In February 1981, Marbaco Resources Ltd. submitted an
application to the Yukon Territorv Water Board for the construction of
a mill and further development of a camp site in the Rancheria area,
Yukon Territory. The ore is to be produced from a mine located in
British Columbia, 16 km south of the proposed mill and camp.

The drainage systems that could be potentially affected by
the mine and mill activity are part of the Tootsee-Rancheria-Liard
River system. The study area 1is located 100 km upstream of the
community of Watson Lake (see Figure 1). The Rancheria and Tootsee
Rivers support resident fish such as Dolly Varden, whitefish and Arctic
arayling. The Rancheria and Tootsee Rivers are used for recreational
fishing only. »

The Environmental Protection Service undertook a baseline
study of the watershed in the vicinity of the proposed mine and mill.
The purpose of this study was to qather baseline information in order
to document and assess the existing quality of the streams and rivers.
In order to obtain this baseline information, water quality, sediments
and hottom fauna samples were collected on June 24-26, 1981.

1.1 Background

The location of the Marbaco project is in the vicinity of the
Klondike Silver and Logjam properties. The proposed mill and unoccu-
pied camp site are near the Tootsee River at latitude 60°04'N, longi-
tude 130°18'W, approximately 16 km north of the mine development in
British Columbia which is at latitude 59°55'N and longitude 130°25'W.
The access road in connection with the mine, proposed mill and camp has
been in existence for a number of years. The company has intentions of
uparading the road and constructing proper stream crossing in order to
accommodate vehicles and mining equipment.
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There are two mine adits; the upper adit is located at an
elevation of 1370 m and the lower adit is at an elevation of 1290 m.
The upper adit is dry but the lower adit presently discharges approxi-
mately 0.1 m3/s of water. The silver-lead-zinc ore body belonging to
Marbaco Resources Ltd. has estimated reserves of 73,000 tonnes, with a
grade of 333 gm/t (10.7 oz/ton) silver, 2.8% lead and 6.03% zinc. The
country rock consists primarily of limestone intruded by the Cassiar
batholite. The gangue minerals associated with the ore body consist
mainly of sulphides (Marbaco Resources, 1981).

Once Marbaco Resources begins conventional underground mining
operations, the estimated ore production will be 90 tonne per day with
a 20 m3/day water requirement. Water for the mine will be obtained
from the mine itself and excess mine water will be discharged through
the 1290 m adit. It is not known what progress was made in developing
the mine in 1981.

Water for the oroposed mill will bhe obtained by damming off a
small creek (unnamed creek 1) at its outflow from a pond and redirect-
ing all fiow to the mill. Approximately 200 m3/day of water will be
required for use 1in the proposed mill. Decant from the proposed
tailings pond would enter unnamed creek 2. Unnamed creek 2 flows
through the proposed mill and unoccupied camp site to the Tootsee
River.

No progress was made in constructing the proposed mill or
improvements on the camp site in 1981. When the mine and mill go into
operation, production will last five to eight years.



2 STUDY AREA

The study area of the proposed Marbaco mine and mill site is
in the Tootsee-Rancheria Rivers watershed. This area is Tlocated
approximately 100 km by road north of Watson Lake and 370 km by road
south of Whitehorse (Figure 1). The claims and proposed mine are
situated in British Columbia and the proposed mill site is located 16
km north of the mine but in the Yukon Territory. They are all in the
Tootsee and Rancheria River watersheds which subsequently drain into
the Liard River system.

Samples were taken at nine sites, the locations of which are
shown on Figure 2. A description of the sample sites is provided in
Table 1. Photographs of Stations 1 to 9 are shown in Figures 4 to 12.
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FIGURE 3. AERTAL VIEW O~ TOOTSEE LAKE.



FIGURE 4. STATION 1 ON THE TOOTSEE RIVER. LOCATED AT
A FORD ON THE MARBACO MINE ROAD.

FIGURE 5. STATION 2 LLOCATED AT THE MARBACO 1290 m MINE
ADIT.



FIGURE 6. AERTAL VIEW OF STATION 3. LOCATED NEAR A
GRAVEL BAF ON THE TOOTSEE RIVER.



FIGURE 7. STATION 4. LOCATED AT A LAKE JUST BEYOND
THE MARBACO MILL AND CAMP SITE. UNNAMED
CREEK 1 DRAINS LAKE.

FIGURE 8. STATION 5. LOCATED ON UNNAMED CREEK 2,
300 m UPSTREAM FROM THE MARBACO MILL AND
CAMP SITE.



FIGURE 9.

STATION 6. LOCATED ON UNNAMED CREEK 2, 50 m
DOWNSTREAM OF MARBACO MILL AND CAMP SITE.



FIGURE 10C. AERTAL VIEW OF STATION 7 ON THE TOOTSEE
RIVER.
NOTE: X' IS THE LOCATION WHERE UNNAMED
CREEK 2 ENTERS THE TOOTSEE RIVER.



FIGURE 11.

ERTAL V EW OF STATION & ON THE RANCHER!A RIVER,

v

APRTAL VIEW 00 STATION 9 ON THE RANCHERIA
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3 METHODS

Access to sample sites 1, 2, 3, and 7 was by helicopter and
to sample sites 4, 5, 6, 8 and 9 by truck. Each site was sampled once
in the period June 24-25, 1981.

3.1 Water Quality

Water samples’ were collected and preserved at each site as
described in Appendix I Table 1. Water samples were collected from
Stations 1, 2, 4, 5, 6, 8 and 9 on June 24, 1981 and from Station 3 and
7 on June 25, 1981.

Temperature, flow, pH and conductivity were measured in the

field. Dissolved oxygen was measured in the Environmental Protection
Service laboratory in Whitehorse. All other water quality analyses
were done by Laboratory Services, Environmental Protection Service,
4195 Marine Drive, West Vancouver, B.C. Analytical methods are
described in Appendix I Table 1.

Water samples were collected and preserved for analysis of
conductivity, dissolved oxygen, pH, colour, turbidity, filterable
residue, non-filterable residue, total alkalinity, total hardness,
total phosphate, nitrate, nitrite, ammonia, sulphate, cyanide, chloride
and the following extractable metals:

Aluminum (A1) Copper (Cu) Selenium (Se)
Antimony (Sb) Iron (Fe) Silicon (Si)
Arsenic (As) Lead (Pb) Silver (Ag)
Barium (Ba) Magnesium (Mg) Sodium (Na)
Beryllium (Be) Manganese (Mn) Strontium (Sr)
Cadmium (Cd) Mercury (Hg) Tin (Sn)
Calcium (Ca) Molybdenum (Mo) Titanium (Ti)
Chromium (Cr) Nickel (Ni) Vanadium (V)
Cobalt (Co) Potassium (K) Zinc (Zn)
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The percent dissolved oxygen saturation was calculated by
first determining the dissolved oxygen saturation concentration from
the formula:

S' =S _P_(APHA et al 1975)
760
where S' = Dissolved Oxygen (DO) saturation concentration at
the in situ temperature and atmospheric pressure.
S = DO saturation concentration at sea level for
in situ temperature.
P = Atmospheric pressure in mm of mercury at site

elevation.
The percent dissolved oxygen saturation was obtained by
using the ratio of field dissolved oxygen and S' in the
following formula:

Field DO , 1499 = % DO Saturation
Sl

3.2 Sediments

Sediment samples were collected at Stations 1, 2, 4, 5, 6, 8
and 9 on June 24, 1981 and at Stations 3 and 7 on June 25, 1981. Four
sediment samples were collected at each site, using an aluminum shovel,
and then scooped into labelled Whirl Pak bags. A description of
sediment collection, preparation and analysis methods is given in
Appendix I, Table 2. The sediments were shipped to Vancouver for
analysis at Laboratory Services, Environmental Protection Service, 4195
Marine Drive, West Vancouver.

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

Wi



Aluminum (A1)
Antimony (Sb)
Arsenic (As)
Barium (Ba)
Beryllium (Be)
Cadmium (Cd)
Calcium (Ca)
Chromium (Cr)
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Iron (Fe)

Lead (Pb)
Magnesium (Mg)
Manganese (Mn)
Mercury (Hg)
Molybdenum (Mo)
Nickel {N1)
Phosphorus (P)

Selenium (Se)
Silicon (Si)
Silver (Ag)
Sodium (Na)
Strontium (Sr)
Tin (Sn)
Titanium (Ti)
Vanadium (V)

Copper (Cu) Potassium (K) Zinc (Zn)

3.3 Bottom Fauna

Bottom fauna was sampled at Stations 1, 2, 4, 5, 6, and 9 on
June 24, 1981 and at Stations 3 and 7 on June 25, 1981. Three samples
were taken at each site using a 30 cm x 30 cm Surber sampler (total

area 900 cm?) with a mesh size of 0.76 mm. Bottom fauna samples were
not obtained at Station 8 because the river was too deep.

Bottom fauna collection, preservation and identification
methods are given in Appendix I, Table 3.

To statistically calculate diversity indices from the
invertebrate data collected, the formula described by Pielou (1975)
was used:

9
- L (Pj Tog1o Py)

]

Species diversity (H')

i-1
where: Pj = nj/N
n; = total number of individuals in

the ith genus in one sample.
N = total number of individuals
identified to genus level in one
sample.
g = total number of genera in one
sample.
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The use of individuals identified only to the genus level
rather than to species level results in slightly lower H' values.
(Hughes 1978).

The diversity indices calculated for the samples are listed in
Appendix 1IV.

3.4 Fish

The study objective was to collect fish by electrofishing in
order to obtain tissue samples for metals analysis. However, all
stations presented difficulties to electrofishing and this method could
not be used. An unsuccessful attempt was made to collect fish at

Stations 8 and 9 by angling.
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4 RESULTS AND DISCUSSION

4.1 Water Quality

The water chemistry data is summarized in Appendix II. All
water data was compared to the "Water Quality Criteria" listed in
Appendix I, Table 4.

The water chemistry data for samples from the Rancheria and

Tootsee River watersheds did not exceed water quality criteria for
public drinking water except for hardness which slightly exceeded the
recommended level. Only two parameters, aluminum and zinc, exceeded
recommended levels for aquatic 1life.

At all stations the dissolved oxyaen was high with the
exception of the adit (Station 2) which had a percent dissolved oxygen
saturation of 69%. Colour, pH and turbidity all demonstrated levels
that were within "acceptable 1imits" for public drinking water.

Total alkalinity, filterable and non-filterable residue were
within levels recommended for drinking water and within acceptable
1imits recommended for aquatic life.

According to Taylor et al (1979), total! hardness levels that
exceed 150 mg/1 CaCO3 constitute hard water. Total hardness slightly
exceeded acceptable limits of 80-100 mg/1 CaCO3 for drinking water at
four stations, the highest result being 192 mg/1 CaCO3 at Station 4.

A11 other parameters such as POg, NOp, NO3, SOs, CN
and C1 were within recommended levels for drinking water and aquatic
life. The cyanide detection 1imit used in this study was greater than
the recommended levels for aquatic 1life, however, all results were
“less than" the detection limit of 0.03 mg/1.

‘ Generally, the extractable metal concentrations did not
exceed water dua1ity criteria. Silver concentrations were less than
the 0.05 mg/1 level for drinking water but the detection limit of 0.030
mg/1 used in this study was greater than the 0.0001 mg/1 upper recom-
mended level for aquatic life. Aluminum met the criteria for drinking
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water but slightly exceeded the 0.1 mg/1 1limit for aquatic life at
Station 2 with a level of 0.181 mg/1, and Station 8 with a level of
0.117 mg/1. Cadmium was within the acceptable Tlimits for drinking
water; but again the detection limit of 0.0010 mg/1 exceeded the recom-
mended level of 0.0002 mg/1 for aquatic life. A1l cadmium results were
"less than" the detection limit. 7Zinc was within the acceptable levels
for drinking water, but slightly exceeded the recommended levels for
aquatic life of 0.03 mg/1 at Station 1 with a level of 0.0582 mg/1 and
Station 2 with a level of 0.0306 mg/1. All other metal concentrations
were within acceptable values for drinking water and recommended levels
for aquatic life.

4.2 Sediments

The sediment data is given in Appendix III. Most of the
metal concentrations in the sediments appeared similar to sediment
metal concentrations found in other Yukon streams (Burns 1980). As
would be expected, silver, lead and zinc concentrations were higher at
the adit (Station 2) than at other stations. Sediment concentrations
were 43 to 80 mg/kg Ag, 3,300 to 7,150 mg/kg Pb and 5,560 to 8,080
mg/kg Zn. These concentrations reflect the presence of the silver-
lead-zinc ore body at the Marbaco mine. Arsenic, cadmium and iron
sediment concentrations were also higher at the adit. The sediment
levels were 273-367 mg/kg As, 18.5 to 26.3 mg/kg Cd and 53,300 to
72,300 mg/kg Fe. These high concentrations probably reflect the
presence of these metals in waste minerals closely associated with the
ore. Since arsenic and cadmium are very toxic to aquatic 1life,
concentrations of these metals will have to be kept Tow in mine and
mill effluents.

Nther metals in sediments that exceeded concentrations found
in other Yukon streams (Burns 1980) were copper, mercury, molybdenum
and nickel at Station 1, a control creek above the mine adit.
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4.3 Bottom Fauna
A taxonomic 1list of bottom fauna collected in the Marbaco

study is given in Table 2. A list of diversity indices and numbers per
m2 qs given in Table 3. The numbers of individuals per taxonomic
aroup in each sample and the diversity index for each sample are listed
in Appendix IV.

The diversity index is a measure of community structure and
relative stability. Communities of high diversity are characterized by
large numbers of species with no single species overwhelmingly abun-
dant. Communities of low diversity contain few species, some of which
are represented in disproportionately high numbers. High diversity is
characteristic of relatively undisturbed, unpolluted waters. Low
diversity 1is often associated with disturbed, stressed or polluted
waters.

In general the diversity indices found in this study were
similar to those vreported by Archibald et al (1981) for other
unpolluted streams in the Yukon. However, zero diversities were found
in subsamples of Stations 1, 6 and 9. The low diversity at Station 1
was probably due to a road crossing through the stream. Diversity was
affected by sediment at Station 6 as a result of a recently installed
culvert. It was not known why the diversity was low at Station 9.

Unshaded sample sites (2, 3 and 4) had larger numbers of
individuals per sample than the other sites. These sites also had the
most taxonomic groups present. Cinygmula genus of order Ephemeroptera
and Procladius genus of order Diptera were the two most common qenera
represented. The genus Cinygmula was represented in seven out of eight
stations and the genus Procladius was represented in six out of eight
stations.

4.4 Fish

' Although no fish were collected, a school of Arctic grayling
was observed feeding at Station 8, and good lake trout fishing was
reported in Tootsee Lake. The streams in the Tootsee-Rancheria water-
shed are thus utilized by fish at the present time.
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TABLE 2 BOTTOM FAUNA TAXONOMIC GROUPS FOUND IN THE MARBACO STUDY
AREA (Numbers are cross referenced to the groups llsted
In Appendix V).
Phylum: Annellda
Class: Oilgochaeta
Order: Piesloptera
Famlly: Tublificldae
Te Tublfex sp.
2. Famlly: Enchytraeldae
Phylum: Arthropoda
Class: Crustacea
Order: Copepoda
Famlly: Cyclopolda
3. Eucyclops speratus
Ciass: Arachnoldae
4. Order: Acarl
Class: Insecta
Order: Plecoptera (stonefly)
Family: Chloroperilinae
Se Alloperia spe.
Famiiy: lsogeninae
6. Arcynopteryx spe.
Famlly: Nemour idae
7. Nemoura (Zapada) spe
8. Prostola sp.
Family: Per iodldae
9. Cultus spe.
10. Diura sp.
11, Kogotus spe
Order: Ephemeroptera (mayfly)
Famlly: Baetldae
12. Ameletus spe.
13, Baetls spe
Famliy: Ephemerellldae
14. Ephemerella levls
15. Ephemerella proserplina

1G]
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TABLE 2 BOTTOM FAUNA TAXANOMIC GROUPS FOUND IN THE MARBACO STUDY
AREA (contlnued)
Family: Heptagenlldae
16« Clnygmula sp.
17. Epeorus sp.
18. Rithrogena sp.
Family: Siphlonuridae
19. Siphlonurus spe.
Order: Hemlptera
Famlly: Saidldae
20. Saldolida Spe
Order: Homoptera
21. Fam!ly: Aphldlidae
Order: Trichoptera (caddlisfly)
22. Cases, empty
Famlly: Brachycentrlidae
23. Brachycentrus sp.
24, Famlly: Limnephlilidae, juvenlle, undetermlned
25. Asynarchus spe.
26. Desmona spe.
27. Drusinus sp.
28. Halesochlila taylor]
Famliy: Rhyacophlllidae
29. Agapetus sp.
30. Rhyacophlla tucula
31 Order: Leplidoptera, larva, undetermined
Order: Coleoptera
Famiiy: Hallpllidae
32. Hallplus spe.
33, Order: Diptera, adult (truefiy)
34. Famliy: Chlronomldae, adults
35. Chironomlidae, pupae
36. Cardiocladius spe.
37. Crictopus spe
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TABLE 2 BOTTOM FAUNA TAXANOMIC GROUPS FOUND IN THE MARBACO STUDY
AREA (contlnued)
38, Dicrotendlipes sp.
39. Euklefferlella spe.
40, Heterotrissocladlius sp.
41, Micropsectra sp.
42, Poiypedilum sp.
43, Procladlus spe.
Famliy: Ceratopogonlidae
44, Palpomyia spe.
Famiily: Cullcidae
45, Anopheles sp., pupa
Famlly: Empididae
46 . Weldemannla sp.
47. Family: Stmulldae, larvae, undetermlned
48. Prosimullum onychodactylum, pupa
Famlly: Tlpullidae
49, Dicranota sp.
50, Hexatoma spe
51. Paradeiphomyla sp.
524 Famliy: Tanypodinae, undetermlned
53. Corynoneura sp.
54, Phylum: Mol lusca, empty shellis
Class: Gastropoda
Order: Cytenobranchliata
Famliy: Lymnaeldae
55. Lymnaea stagnalls
Class: Pelecypoda
Famlily: Sphaerlldae
564 Pisldium spe.
57 Class: Turbellarla

-
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TABLE 3 SUMMARY OF MARBACO STUDY BOTTOM FAUNA DIVERSITY INDICES
AND NUMBERS

STATION NUMBER DIVERSITY NUMBER CALCULATED
(H') PER NUMBER PER
FT2 M2
1-1 0.47 21 226
1-2 0 39 420
1-3 0.40 114 1227
2-1 0.82 33 355
2-2 0.82 36 388
2-3 0.74 12 129
3-1 0.78 32 344
3-2 0.79 18 194
3-3 0.67 35 377
4-1 0.78 42 452
4-2 0.58 27 291
4-3 0.51 30 323
5-1 0.57 9 97
5-2 0.45 4 43
5-3 0.30 3 32
6-1 0.45 5 54
6-2 0 12 129
6-3 0.49 20 215
7-1 0.70 17 183
7-2 0.55 7 75
7-3 0.24 4 43
9-1 0.60 4 43
9-2 0 4 43
9-3 0.69 19 205
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APPENDIX I
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L
APPENDIX 111 TABLE 2 MARBACO SEDIMENT PARTICLE SIZE ANALYS!S -
JUNE 24-25, 1981
e
PERCENT COMPOSITION
o
STATION
NUMBER >500 um 250-500 um 150=250 um 63-150 um <63 um
-—
. 2=1 85.9 7.6 2.8 2.6 1.1 -
2=-2 72.1 7.4 5.4 8.0 7.1
3-1 61.3 33.5 4.0 1.0 0.2
3-2 60.9 34.5 3.3 1.1 0.2 -
3-3 57.3 36.6 4.6 1.3 0.2
4-1 68.3 12.0 545 6.9 7.3 -
4=-2 48.4 15.1 9.3 11.5 15.7
4-3 62.7 13.0 6.3 8. 9.9
e
5-1 78.8 18.7 1.7 0.6 0.2
5-2 67.9 28.9 2.3 0.8 0.1
5-3 69.5 26 .9 2.4 0.8 0.4
) [T
6-1 2647 24,2 17.8 22.5 8.8
6-2 76.0 14,4 4.7 3.2 1.7
6-3 71.8 17.2 4,2 2.8 4.0 "
7-1 44,3 38.4 11.7 4.6 1.0
7-2 24.9 58.5 12.3 3.6 0.7 -
7-3 37.4 42.1 14.9 4.8 0.8
8-1 1.2 5.9 22.9 47.3 22.7
8-2 1.5 5.5 25.5 37.7 29.8 -
8=-3 1.5 5.8 22.9 47.5 22.3
9-1 2.9 34,2 35.2 24.1 3.6 .
9-2 3.1 33.6 37.1 21.5 4.7
9-3 3.8 37.0 35.1 20.7 3.4
| T
[

Lo
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APPENDIX IV

- BOTTOM FAUNA DATA
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