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ABSTRACT

A survey of water quality and biological conditions in the
streams on the Iona Silver Mine Ltd. property was carried out in July
1981. The purpose of the study was to obtain baseline data on water,
sediment and biological conditions for use as comparison standards when
evaluating future wining development in the area. The water and sedi-
ment chemistry 1in the lower reaches of Cache Creek reflect the
characteristics of and appear to be influenced by groundwater drainage
from mineralized areas. The quality criteria of the water downstream
from the mixing zone of Cache Creek on the Ketza River shows no impact
on the environment.
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RESUME

Une analyse de Tla qua]ité et des conditions biologiques des
cours d'eau de la propriete de la Iona Silver Mine Ltd., a eté
effectuee au mois de juillet 1981. Le but de cette etude fut d'obtenir
des donnéés de base sur 1'eau, les sediments et les conditions
biologiques comme reférence pour comparer avec 1'evaluation des futurs
déVeloppements miniers dans 1la région. La chimie de 1'eau et des
sediments de 1la partie en aval du ruisseau Cache reflete 1les
caracteristiques et 1'influence des sources souterrainnes drainant la
région mineralisée. Les criteres de qualite des eaux en aval de la
zone de brassage des eaux de la r%viere Ketza et du ruisseau Cache,
indiquent aucun impact sur 1'environnement.
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1 INTRODUCTION

A survey of water quality, sediment composition and
biological conditions was conducted July 29-31, 1981 in the Ketza River
watershed at Iona Silver Mines Ltd. claims southeast of the town of
Ross River (Figures 1 and 2). The purpose of the survey was to obtain
baseline information on the environmental quality of streams draining
an area known to contain silver-lead ore deposits.

1.1 Background

The first recorded observations of silver-lead mineralization
in the area was made in 1946 by prospectors working for the Hudson Bay
Mining and Smelting Company. In 1955 further work was carried out in
the area by Conwest Exploration Ltd. Between 1965 and 1969 Silver Key
Mines and Stump Mines carried out geochemical surveys and undertook
further undergound development.

Since 1972 Iona Silver Mines or its principals have acquired
the rights to all of the known important silver-lead veins and other
mineral occurrences 1in the area. Iona initiated, in 1977, an
exploration program that included geological mapping, geochemical
sampling and trenching. This exploration program continued through to
1980 and included further geochemical sampling, diamond drilling and
underground development. During the period since initial observations
of silver-lead mineralization were made, seven adits have been
developed on the 90 mineral claims which Iona Silver Mines Ltd.
controlled in 1981 (Figure 2). The more recent development work has
concentrated on the K18B and Al adits in which reserves are estimated
for each at 55,000 tons grading 17 ounces per ton silver and 12% lead
(Hicks, 1979, Sadlier-Brown and Nevin, 1978, DIAND, 1981).

During 1979 and 1980 Iona Silver Mines Ltd. consultants met
with various government officials to explain the project and indicate
the potential for mine development. The proposed mine/mill complex
would operate on a year-round basis at a nominal rate of 100 tons per
day. Of the ore processed, it is expected that 90% would be from Al
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and 10% from K18B and possible future development of other deposits at
Lap 10, F3. The K18B and Al adits are located at elevations of 3700
ft. and 5300 ft. respectively and exhibit water discharge at certain
times of the year.

Preliminary investigations have identified areas near the
confluence of Cache Creek with the Ketza River as the preferred mill
and tailings pond locations although no detailed geotechnical work has
been completed to date.

Iona has indicated that an environmental evaluation of the
project and additional geotechnical work will be undertaken prior to
further development. No progress on further environmental, geotechni-
cal work or mill/mine development occurred during 1981.

The geology of the area has been summarized by Hicks (1979)
as follows:

“The property lies within an area of deformed and sedimentary
rocks ranging in age from Proterozoic to Mississipian and compris-
ing essentially a complex depositional basin which has been
severely modified by tectonic processes including intrusion,
volcanism, faulting, folding and hydrothermal activity. Dominant
structural features are four major faults which shape the area
geologically.

Probably subsidiary to these main faults are faulting and fractur-
ing on a local scale which, combined with hydrothermal activity,
have produced sulphide bearing veins of economic interest......
They appear to cut virtually all rock types, although by analogy
with similar deposits elsewhere, it may be anticipated that
certain host rocks will be more favourable than others. The
gangue is essentially siderite, accompanied by quartz and calcite.

The veins contain shoots of massive to near-massive
argentiferous galena, associated with freibergite and minor
pyrite...... In addition to the normal mode of occurrence,
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massive galena may form veins in the wallrock without
siderite gangue and in other cases disseminated galena and
freibergite occur within siderite.

In addition to the veins there is evidence of at least one
occurence which may represent a bedded sulphide deposit
carrying significant silver and lead."



2 STUDY AREA

The study area 1is centred at approximately 132° 12'W
longitude and 61° 32'N Latitude near the junction of the Ketza River
and Cache Creek on the north slopes of the Pelly Mountains. It is 48
km, by air, south of the community of Ross River and is accessible via
the Campbell Highway and a 40 km access road which borders the Ketza
River (Figure 1).

The area lies within the Pelly Mountains Ecoregion (Oswald
and Senyk, 1977) which is characterized by elevations of up to 2400
metres and a typical relief of up to 1500 metres. The climate of the
ecoregion is characterized by a mean annual precipitation of 625mm,

more at higher elevations, and a mean annual temperature of -4°C to
-6°C. The major valley bottoms are generally deeply mantled with

glaciofluvial and morainal materials and locally ponded fine-textured
lacustrine sediments. Bedrock outcrops are abundant on the ridges but
generally obscured by talus on the lower slopes. The vegetation is
characterized by open growing black and white spruce in valleys or on
lower slopes. Lodgepole pine is common in areas that have been burned
over and balsam poplar and aspen are present on warmer flood plains in
the valley bottom. The tree line occurs between 1350m to 1500m above
sea Tlevel. Although the general area 1lies 1in the discontinuous
permafrost zone (Oswald and Senyk, 1977) permafrost was routinely
encountered during exploration trenching (Hicks, 1979).

Samples'were taken at eight locations in the Ketza River and
Cache Creek drainages at elevations between 1075m and 1675m.  The
location of the sample stations is shown in Figure 2 and described in
Table 1. Photographs of Stations 1 to 8 are illustrated in Figures 3
to 10.
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FIGURE 3

STATION #1. ON EAST FORK OF KETZA RIVER UPSTREAM
ALL IONA SILVER ACTIVITY.

oF



FIGURE 4 STATION  #2. LOWER Al ADIT (Aly). LOCATED 25m

DOWNFILLL FROM ADIT Alz. ADIT WATER DRAINS EAST VIA
UNNAVED CREEK 1 TO THE WEST FORK OF THE KETZA RIVER.



FIGURE 5 STATION #3, LOWER K18 ADIT (K18,) 50m BELOW KI18,.
LOCATED 1km UPSTREAM FROM THE KETZA RIVER ACCESS
BRIDGE. ADIT WATER DRAINS TO THE EAST INTO KETZA RIVER
VIA A SHORT UNNAMED CREEK.



FIGURE © STATION #4 LOCATED OH THE KETZA RIVER O.7km UPSTREAM
FROM THE KETZA RIVER ACCESS BRIDGE. NOTE THE BEAVER
DAY IMPEDING WATER FLOW.
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FIGURE 7 STATION #5. LOCATED ON CACHE CREEK AT THE WESTERN
BOUNDARY OF THE IONA SILVER CLAIMS UPSTREAM OF ALL IONA
SILVER ACTIVITY.



FIGURE 8 STATION  #0. MOUTH OF F5 ADIT. WATER DRAINS INTO
UNNAME Y CREEK 3 AND THEN TO CACHE CREEK.

FIGURE G STATION #7 ON CACHE CREEK CLOSE TO ITS CONFLUENCE WITH
THE KETZA RIVER. VIEW UPSTREAM.



FIGURE 10 STATION 8. ON KETZA RIVER LOOKING UPSTREAM AT CAMP
CLATIA #1, DOWNSTREAM OF A_L IONA SILVER ACTIVITY.
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3 METHODS

Sampling was done once at each sample location during the
period of July 29-30, 1981. A1l sample sites had road access although
at the time of sampling Station 2 was not accessible by vehicle.
Sampling at Station 4 was limited to collection of fish for tissue
metal analysis.

3.1 Water Quality

The methods of collection and preservation for water samples
are summarized in Appendix I, Table 1. Field measurements included
temperature, pH, conductivity and flow estimates.

Samples were collected for Taboratory analysis of dissolved

oxygen, conductivity, ammonia, colour, turbidity, non-filterable
residue (NFR), Ffilterable residue (FR), total alkalinity, total
phosphate, nitrite, nitrate, sulphate, chloride, cyanide, total silica,
total mercury, total hardness and the following extractable metals:

Aluminum (A1) Copper (Cu) Selenium (Se)
Antimony (Sb) Iron (Fe) Silver (Ag)
Arsenic (As) Lead (Pb) Sodium (Na)
Barium (Ba) Magnesium (Mg) Strontium (Sr)
Beryllium (Be) Manganese (Mn) Tin (Sn)

Cadmium (Cd)
Calcium (Ca)
Chromium (Cr)
Cobalt (Co)

The

laboratory analyses,

Molybdenum (o)
Nickel (N1)
Potassium (K)

Titanium (Ti)
Vanadium (V)
Zinc (Zn)

with the exception of dissolved

oxygen levels which were done in the Whitehorse laboratory, were sent
to the Environmental Protection Service Regional Laboratory in West

Vancouver.

The percent dissolved oxygen saturation was calculated by

first determining the dissolved oxygen saturation from the formula:

[ 30

ik

L 317
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s' =5 P (APHA et a1 1980)
760

where S' = dissolved oxygen (DO) saturation concentration at
the in situ temperature and atmospheric pressure

S = dissolved oxygen (DO) saturation concentration at
sea level for in situ temperature
P = atmospheric pressure in mm of mercury (mm Hg) 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

—_X
SI

where Field DO

100 = % DO Saturation

Dissolved Oxygen concentration measured in
the field

A11 the data of water quality are given in Appendix II.

3.2 Sediments

Sediment samples were taken in triplicate at each station.
The samples were shipped to the Environmental Protection Service,
Laboratory Service, 4195 Marine Drive, West Vancouver, B.C. for
Teachable metals and particle size analysis.

A description of the sediment collection, preparation and
analysis methods is given in Appendix I Table 2 while the results of
the analysis are given in Appendix 111 Table 1 and 2.

3.3 Bottom Fauna
The bottom fauna samples were collected in triplicate with a

Surber sampler. The collection, preservation and identification
methods are given in Appendix I Table 3.
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To statistically evaluate the invertebrate data collected,
indices of diversity and evenness were calculated using the formulae
described by Pielou (1975).

n
Species Diversity (H') = -z (P§ log1p Pi)
i=1
where: Pj = nj/N
nj = total number of individuals in the
ith genus in one sample
total number of individuals identified
to genus and/or species taxonomic
level at one station
n = total number of genera collected at
one station

N

Evenness (J') = H'/log n
A description of the taxonomic groups is given in the Appendix IV
Tables 1 and 2.

3.4 Fish
Fish collection was be means of a Smith-Root Type VIII
Electrofisher in which electroshocking was done for a distance of 150-

200 m at suitable stations. Some stations were not considered as
potential fish habitat because of steep gradients or inadequate flow
and therefore not sampled.

Dorsal muscle tissue was removed from the fish collected,
kept frozen in plastic bags and sent to the Environmental Protection
Service Regional laboratory in West Vancouver for analysis of fish tis-
sue metals. The preparation involves the freeze drying and grinding of
the tissue to obtain a homogeneous mixture, which was then subjected to
low temperature ashing and dilute acid to digest the organic material.
The analysis was then performed using the Inductively Coupled Argon
Plasma (ICAP) combined with optical Emission Spectrometer.

The fish used for the analysis were arctic grayling
(Thymallus arcticus) and slimy sculpin (Cottus cognatus). The results
are shown in Appendix V.

=il
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4 RESULTS AND DISCUSSION

4.1 Water Quality

The area sampled is drained by Cache Creek and the Ketza
River into which many small intermittent streams drain. At least a
small portion of the flow in Ketza River and Cache Creek is contributed
by groundwater flow from mine adits. Stations 2, 3 and 6 are located
at adits and had groundwater flows of approximately 0.0026 m3/s,
0.0013 m3/s and 0.008 m3/s respectively. The Ketza River is
shallow at Station 8 and has an estimated flow of 2.51 m3/s. There
is no data to show relative contribution to the flow from surface or
groundwater drainage however because of the mountainous terrain and
high snow pack it is thought that surface runoff is the greatest
contributor during the open water period.

The temperature of the water clearly indicates which water
comes from surface locations and which comes from underground sources.
Stations 2, 3 and 6 have temperatures of 2° and 4° C at the end of July
while the other stations have temperatures between 9° and 11° C at the
same time which indicates the warming effect during surface runoff.

The percent dissolved oxygen saturation ranges from 87% to
91% except at Station 3 where the saturation is 78%. All the dissolved
oxygen levels are greater than 8.0 mg/1. The pH is rather basic,
ranging from 8.2 to 8.4 as measured in the laboratory. The colour is 5
colour units or less and the turbidity is less than one except for
Station 2 where it was 1.9 FTU. This level of 1.9 is not considered
high and may have been created by bottom disturbance during sampling.

Conductivity values are seen to be highest at stations where
groundwater discharge at an adit was sampled. Stations 2, 3 and 6 had
field conductivity values of 550, 438 and 340 umhos/cm respectively
which are consistently greater than at other stations. The conduc-
tivity values reflect the amount of dissolved solids (filterable resi-
due) in water and the values for filterable residues found in this
study follow a similar pattern. The values for filterable residue are
712, 542 and 438 mg/1 at stations 2, 3 and 6 respectively. At these
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same stations the hardness of water is very high, ranging between 324
and 551 mg/1 as CaCO3. At stations 1, 5, 7 and 8 values were much
lTower for filterable residues (213-251 mg/1) and hardness (174-202 mg/1
as CaC0j3). These values for hardness are considered above the
acceptable limits for drinking water (Health and Welfare, 1978). High
hardness values have been shown to reduce the toxicity of heavy metals
to fish, (EPA, 1972) and Berube and Gilbert (1971) have reported that
fish develop more slowly in hard water. Total alkalinity values follow
the same general pattern as hardness, filterable residue and conduc-
tivity with the stations at flowing mine adits showing highest values
with generally lower values at stations on Cache Creek and Ketza River.
Values at these stations (stations 1, 5, 7 and 8) ranged from 124-187
mg/1 which is well above the minimum level (20 mg/1) considered
adequate for aquatic life (Thurston, et al, 1979).

Phosphorus was below the detection limit of .005 mg/1 in
every station. The amount of nitrite was below the detection Timit in
every station (<0.005 mg/1) except for Station 3 where the amount was
0.015 mg/1. The amount of nitrate was less than .05 mg/1 at every
station. The 1low values of phosphorus and nitrates may limit
productivity.

The amount of sulfate varied according to the origin of the
water supply. The surface waters contained sulphates in a range of
30.9 mg/1 to 68.8 mg/1 which is normal in natural conditions. The
groundwater at mine adits showed a high content of sulphate which
contributed to increases in the filterable residue content. At Station
2 the level was 238 mg/1, 162 mg/1 at Station 6 and 115 mg/1 at Station
3. This high sulfate level is probably due to oxidation of the sulfide
deposit which contains lead and silver. Mining and processing of these
ores to extract the metals may result in significant acid generation in
the tailings from oxidation of sulphides to sulphates.

At all stations, the cyanides are below the detection limit
of 0.03 mg/1. The average concentration of chloride in natural fresh
water is 8.3 mg/1 (Wetzel, 1975) and the water at lona Silver property
doesn't contain more than 1.4 mg/1.

It
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The detection 1limit for silver (0.03 mg/1) is much higher
than the recommended level for aquatic 1life (0.0001 mg/1) (Inland
Waters Directorate, 1980) therefore no accurate assessment of potential
impacts can be made except to note it was below detection limits at all
stations. The same problem occurs with cadmium and selenium. Aluminum
levels were within the recommended levels for aquatic life (Ontario
Ministry of Environment, 1978) and it is not considered a problem with
respect to drinking water. Arsenic levels are all within the recom-
mended level (0.05 mg/1) for aquatic life and drinking water. The
values for cobalt, chromium, mercury, molybdenum, nickel, strontium,
tin, titanium and vanadium are all below detection 1limit and below
recommended levels for drinking water and within acceptable levels for
aquatic life where such levels have been specifically established. At
Station 6, lead is present at 0.025 mg/1 and zinc is present at 0.059
mg/1. The recommended levels for aquatic life are .01 mg/1 for Tlead
and .03 mg/1 for zinc (Inland Waters Directorate, 1980).

4.2 Sediment

4.2.1 Sediment Particle Size Analysis. The particle size analysis

results shown in Appendix III Table 2 are based on the materials sieved
in the lab. During field collection the larger gravel, cobbles and
boulders were removed during sampling. The results therefore generally
show a lower percentage of coarse materials (>500 um) than actually
exists in situ. This may also be true for the fine materials which
become suspended in water during sampling and are lost downstream. The
data presented in Appendix III Table 2 illustrate that there is
considerable variation among the replicate samples at specific stations
which reflects the variability encountered and the problems associated
with obtaining truly representative sediment samples. Station 6 is
seen to have a relatively higher percentage of fine silts and clays
than the other stations. The results obtained for metal contents of
the sediments is based on the fraction of the sediment sample that is
smaller than 150 um. Considering the texture composition of the
sediment samples and taking an average of the three replicates at each
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station the percentage of the total sediment sample analyzed for metals
content from the stations, varies from 2.4% at Station 7 to 43.9% at
Station 6.

4.2.2 Sediment Metal Analysis. The results of analysis for metals
and cyanide levels in the sediments are presented in Appendix III Table

2.

Background levels for arsenic have been reported for many
areas by numerous authors and considerable variation is seen in natural
background levels. At Iona Silver the highest levels occur at Station
3 (563 mg/kg), Station 5 (248.3 mg/kg), Station 7 (185.33 mg/kg) and
Station 8 (121.66 mg/kg). Frye (1973) suggested that for Lake Michigan

8 mg/kg can be considered as background. Hamence (1967) suggested that
sediment levels of arsenic greater than 75 mg/kg should be considered

exceptional. The levels identified here would be considered excep-
tional by Hamence however the sediments being sampled are in a heavily
mineralized area that has some arsenic compounds associated with ore
bodies so one would expect elevated levels to exist.

Frye (1973) has suggested a background level of 40 ppm is
normal for chromium. This level is exceeded in the current study at
Station 1 (59.6 mg/kg) and Station 3 (49.6 mg/kg). In a study by
Mathers et al (1981) three of seven Yukon streams studied had chromium
values equal to or greater than the highest value found in the present
study.

The background levels for copper in sediments varies between
15.1-143.0 mg/kg. Frye (1973) has indicated background levels in Lake
Michigan are 30 mg/kg and German (1972) had indicated background levels
for copper of 150 mg/kg in the Thunder Bay District of Ontario.
Mathers et al (1981) found a range of sediment copper values from 11-64
mg/kg.

The iron content ranges between 21,900 mg/kg and 68,600
mg/kg. The abundance of such minerals as freibergite, siderite and
pyrite which contain iron indicates that such values are not
unexpected.

e

"
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Lead occurs at concentrations from a low of 21.6 mg/kg at
Station 1 to a high of 1,199 mg/kg at Station2. Frye (1973) suggests
background levels of 15-30 mg/kg in bottom sediments as natural in Lake
Michigan while Shimp et al (1971) indicate levels of 25-133 mg/kg as
being natural background levels for the same area. Mathers et al
(1981) identify a range of 11-125 mg/kg for lead in sediments of seven
Yukon streams. The high levels such as found at Stations 2, 3, 6 and 7
in the present study is not unexpected in areas where deposits of
galena, a lead sulphides, exist in large quantities. Because of the
high natural lead levels in the sediments of lower Cache Creek any
additional input that 1is subject to oxidation may increase metal
content in the waters which would be of concern from a water quality
perspective.

4.3 Bottom Fauna
At the seven stations sampled a total of 227 orgamisms,

comprising 38 taxa, were collected from all samples. The densities
calcualted from a mean of 3 samples for each station show a wide range
of values. The highest density of organisms was found at station 1
(269 individuals/m2) while the Tlowest was at station 2 with no
organisms found and station 3 with 57 individuals/m2. Stations 2 and
3 have groundwater flowing from the mine adit. The average number of
individuals for all stations is 116/m2. This value shows a low
number of organisms compared to other environmental studies (Mathers et
al, 1981, Godin 1984, Soroka 1984 unpublished data). The differences
may be due to the poor benthic habitat where the stations near the mine
adits don't receive organic imput either by terrestrial or in situ
production. Some of the stations (Stations 2, 3 and 6) where located
very close to the adit opening. The sampling procedures may also
affect the densities by ineffectively catching the organisms.

The low numbers of individuals affect the calculation of the
diversity and evenness indices and the validity of the information
given. Hugues 1978 shows how the diversity index can be affected by
factors other than pollution. For example, in the present study at
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TABLE 2 SUMMARY OF THE IONA SILVER BOTTOM FAUNA INDICES
AND DENSITY
STATION NUMBER CALCULATED
NUMBER PER FT2 NUMBER
{mean of 3 samples) PER M2

1 25 269
2 0 0
3 5 57
4 -- -
5 10 104
6 9 100
7 13 140
8 13 140

STATION DIVERStTY INDEX EVENNESS

NUMBER H! J!
1 0.69 0.69
2 0.0 0.0
3 0.88 0.97
4 ———— _——-
5 0.76 0.84
6 0.26 0.43
7 0.75 0.78
8 0.97 0.87
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station 3 where we see the lowest density, the diversity is 0.88 and
evenness is 0.97 (Table 2) which are both higher than the values at the
control station (station 1) located above any mine influence.

Stations 1, 7 and 8, located in riffles area of Cache Creek
and Ketza River, were dominated by Cinygmula sp. (Ephemeroptera) which
shared dominance at station 5 with Zapada sp. and Alloperla sp.
(Plecoptera). Station 6, located on ground water flow from a mine adit
was dominated by Pseudodiamesa sp. (Chironomidae).

4.4 Fish
Two different species have been collected for the metal

analysis of their muscle tissue: the slimy sculpin (Cottus cognatus)
and the arctic grayling (Thymallus arcticus). The grayling (4
individuals) were caught at Station 4 on Ketza River while the sculpins
(6 individuals) were caught at Station 7 on Cache Creek. No weights,

lengths and age were taken from the fish.

The tissue metal analysis for grayling can be compared with
results obtained from another portion of the Pelly River drainage
(Archibald, 1981). The present study shows that the following metals
were present in concentrations from 2 to 5 times greater: calcium (5),
copper (2), manganese (3), phosphorus (2), strontium (5), and zinc (2).
There is little reference material available to relate these results
to. Because the Arctic grayling spends only the summer months in small
streams' unless over-wintering habitat is available, and retreats to
major rivers to over-winter, it is not possible to determine a
reltationship between metal 1levels in tissues and those levels in
water.

If the tissue metal concentration of the two species is
compared on a dry weight basis the grayling typically has a lower or
equal concentrations for most metals. Exceptions are that potassium
and manganese levels are at least twice as high in arctic grayling.
For most metals the slimy sculpin contains levels several times higher

-

than grayling as follows:
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Aluminum (20x) Iron (22x) Sodium (1.5x)
Barium (2x) Lead (7x) Strontium (1.5x)
Cadmium (3x) Manganese (6x) Titanium (4.5x)
Copper (1.5x) Silica (8.5x) Zinc (2x)

A tissue analysis done on the prickly sculpin (Cottus asper) (Reid,

McGreer 1981), living in an aquatic system receiving the waste of
tailings ponds of a large copper-lead-zinc mine, shows a range of metal
concentrations lower than what was found in our analysis. The cadmium
range from .05 to .09 ug/g, copper 1.0-3.0 ug/g, lead 1.0-2.0 ug/g and
zinc 40-90 ug/g for five different stations. Those values are
considered to be in the range of tissue levels reported in the
literature (Reid, McGreer 1981). Compared to this data, the metal
levels in the present study are higher for cadmium (6x), copper (3x),
lead (2x) and zinc (2x). For copper, it has been found that the small
fish accumulated more copper per unit of body weight (Anderson and
Spear 1980). It is probable that this may apply to the other heavy
metals as well, since the metabolism of a smaller individual is greater
thus the bioaccumulation is favoured. '

T
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APPENDIX I

COLLECTION, PRESERVATION, ANALYSIS OR
IDENTIFICATION METHODS AND WATER
QUALITY CRITERIA
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APPENDIX II

WATER QUALITY DATA
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APPENDIX III

SEDIMENT DATA
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APPENDIX 111 TABLE 1 IONA SILVER SEDIMENT PARTICLE SIZE
ANALYSIES - JULY 30, 1981
PERCENT COMPOSITION
STATION
NUMBER >500 250-500 150-250 63-150 <63
um um um um um
1-1 46-4 2704 1’09 605 708
1-2 82.6 0 10.1 3.4 3.9
1-3 37.8 48.9 8.9 2.3 2.0
2-1 62.0 7.5 5.0 8.7 16.8
2-2 72.4 8.4 4.6 7.7 6.9
2-3 69.8 7.9 4.6 6.6 11.1
3-1 67.5 10.9 3.8 4.7 13.1
3-2 61.9 6.3 4.0 7.0 20.8
3-3 51.0 9.9 5.8 12.8 20.5
5—1 8902 6.7 15 008 1.8
5-2 8508 8-5 203 200 1-4
5=3 88.6 7.5 1.6 1.0 1.3
6-1 41.9 6.5 5.5 25.0 21.1
6-2 35.7 8.8 9.3 21.7 24 .5
6-3 39.1 11.5 9.7 21.9 17.8
7-1 89.5 6.0 1.8 1.8 0.9
7-2 86.1 10.1 2.1 1.1 0.6
7-3 83.1 10.0 4.0 2.2 0.7
8-1 64.6 17 .1 9.0 7.0 2.3
8~-2 59.3 29.0 8.0 3.3 0.4
8-3 61.8 22.0 10.0 3.9 2.3
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APPENDIX IV

BOTTOM FAUNA DATA



-
APPENDIX 1V TABLE 1 BOTTOM FAUNA TAXONOMIC GROUPS FOUND
IN THE IONA SILVER WATERSHED (Numbers 1,
2, 3 etc. are cross referenced to data -
in Table 2 of Appendix IV)
Phytum: Annelida -
Class: Oligochaeta
Order: Haplotaxia
1. Family: Enchytraeldae -
Phy fum: Arthropoda
Class: Insecta
Order: Plecoptera b
Family: Nemour idae
2. Zapada sp.
L]
Family: Capniidae
3. Capnla sp.
L
Family: Perlodidae
4. Arcynopteryx sp.
Family: Chloroperilidae -
5. Alloperla spe.
6. Order: Ephemeroptera adult Wit
Family: Heptageniidae
7. Cinygmula sp.
8. Epeorus spe. ™
Family: Siphlonuridae
9. Ameletus sp.
e
Family: Baetidae
10. Baetis spe.
[ ]
Family: Ephemerel lidae
1. Ephemerella doddsi (mou!t)
Order: Trichoptera v
Family: Hydropsychidae
12. Arctopsyche sp.
L]
Famiiy: Glossomatidae
13. Agapetus sp.
=
Family: Rhyacophiloidae
-
* Numbers correspond to actual individuals identified and listed in
Appendix iV, Table 2.
-
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APPENDIX 1V TABLE 1 BOTTOM FAUNA TAXONOMIC GROUPS FOUND
IN THE IONA SILVER WATERSHED (contlinued)
(Numbers 1, 2, 3 etc. are cross referenced
to data in Table 2 of Appendix V)
14. Rhyacophila tucula
15. Family: Limnephiloidae (undet. juve.)
16. Order: Lepidoptera (larva)
17. Order: Diptera (undet. damaged)
18. Family: Tipulidae
19. Erioptera sp.
20. Pseudol imnophila spe.
21, Tipula sp.
Family: Simuliidae
22. Onychodactylum sp. pupa
23. Family: Chironomidae pupae
Subfamily: Diamesinae
24. Pseudodiamesa sp.
25 . Subfamily: Orthocladiinae
26. Brillia spe
27. Cardiocladius spe
28. Cricotopus sp.
29. Heterotrissocladius sp.
30. Orthocladius sp.
31. Parametriocnemus sp.
32, Psectrocladius sp.
33. Trichocladius sp.
Subfamily: Chironominae
34. Xenochironomus spe.
Family: Empididae
35 . Clinocera spe.
36. Hemerodromia sp.
37. Family: Muscidae (undet. adult)
Order: Homoptera
38. Family: Aphididae (terr)
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APPENDIX V

FISH TISSUE METAL CONCENTRATIONS
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