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An environmental impact study and a mini feasability study
have been completed and documented.

The environmental study focused on the occurrence of GALIUM
TRIFOLIUM and OSMORHIZA DEPAUPERATA, which are two small plants which
do not usually occur so far north. They are, however, not uncommon
plants. As well, 2 water quality study was done in order to have
baseline data on the watercourses before nining commences.

The mine feasibility study estimates and evaluates projected
costs, ore reserves, geology and mine development proceedures.
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Summary
In-situ measurements of water gquality parameters were conducted on the
South Macmillan River and Hoodoo Creek in 1935 in the same manner as in
previous vears. Data recording water temperature, dissolved oxygen, salinity,
conductivity and pH were gathered. In addition, since we installed a graduated
plate, water stage measurements were recorded for the South Macmillan River.
Measurements of water discharge were made on the South Macmillan River and
Sekie, Tom and Rat CreeKs and are related to stream stages as recorded from

staff plates installed on each stream. Discharges in early August were 3.475,

0.233, 0.129, 0.080 m3 respectively. Using government data and staff readings to
be gathered in late fall of 1985, good estimates of low fall discharges will be
possible. At our request, however, the Ross River federal land use officer will
be making winter measurements of the depth of the South Macmillan River, thus

permitting a more direct indication of the yearly low flow volumes.



JASON WATER STUDIES: 1985

Introduction

In 1935 water guality records were made in the same manner as in 1983 and
1984. In addition, records of stream discharge (volume of stream flow) were made

on four streams. The results of these projects are described below.

Water Quality Records

The water quality measurements were continued in the manner established in
1983. That is, in—-situ measurements were made in the South Macmillan River and
in the Hess tributary sometimes Known as Hoodoo Creek at locations previously
established. Records of water temperature, dissolved oxygen content, salinity,
conductivity and pH were made as in previous years. Since a staff guage was
installed this year, see below, the stage of South Macmillan River is also
recorded with the daily measurements. Measurements were taken daily in the
early evening. For additional details of locations and techniques see Brown

(1933).
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WATER GUALITY MEASUREMENTS:

Date Location Temp Dis’d Oxygen Temp

South Macmillan River

Aug 9 Upstream 7.5 2.0 8.0
Bridge 8.0 9.1 8.0
Aug 10 Upstream 7.0 i0.0 6.0
Bridge 7.0 9.7 4.5
Aug 11 Upstream 7.0 8.6 7.2
Bridge 7.0 8.7 8.0
Aug 12 Upstream 6.8 9.2 7.0
Br idge 7.0 8.7 7.0
Aug {3 Upstream 7.0 9.0 8.8
Bridge 7.0 7.1 8.0
Aug 14 Upstream 7.5 2.1 8.0
Bridge 8.0 8.6 8.5
Aug 13 Upstream 7.0 8.3 7.0
Bridge 7.0 8.2 8.0
Aug 16 Upstream 7.0 7.2 8.0
Bridge 7.0 7.2 8.5
Aug 17 Upstream 5.5 8.3 5.0
Bridge 4.0 8.3 5.0
Aug 18 Upstream 8.2 4.7 ?.0
Bridge 8.5 6.8 2.9
Hoodoo Creek
Aug 14 Upstream 6.3 9.9 7.0
Downstream 7.0 2.9 8.0
Aug 18 Upstream 6.0 8.1 9.2
Downstream 4.0 8.0 6.2
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Discharge Measurements

In August 1985 we installed staff plates at one site on each of four streams
in the Macmillan Pass area. These plates permit reading water height, or stage,
at any time. Readings will be taken weekly by the camp caretaker until the plates
are too trozen to be legible. These readings will be submitted when they are
completed.

To convert stage measurements into the desired discharge measurements a
series of direct measurements of water discharge must be made, at different
stages, to create a regression curve. The regression curve can then be used to
provide an estimate of discharge for any given stage. Since we were only present
at one time ot year, during which stage varied little, we can provide only one pair
of stage and discharge measurements. However, comparison with data from Water
Resources Division (1934) can provide a regression curve for the South Macmillan
River, Sekie CreeKk and Tom Creek. (I have included as an appendix their data on
our streams. Sekie Creek and Tom CreekK are referred to therein as Sekie Creek #1
and Sekie Creek 82 respectively.)

A current meter and related equipment were provided by the Department of
Indian and Northern Affairs, Water Resources Division in Whitehorse. During our
é{ay in Macmillan Pass we spoke with John Jenning, of the Ross River DIAND
office, When he indicated that he would be taking winter snow depth
measurements in Macmillan Pass, we requested that he also measure the depth of
the water in the South Macmillan River, depth being the only feasible
measurement in mid-winter. He agreed. Thus by spring of 17848 we will have
some direct measurement of the low flow of the South Macmillan River. Since the
fall discharge measurements recorded here were intended to estimate that value,
this government assistance will provide better data that was expected., Jenning’s
data will be forwarded when received.

The discharges of the streams measured are below.




MACMILLAN PASS DISCHARGE MEASUREMENTS: 1985

Date Location Stage* Discharge (m3/sec)
Aug 9 Sekie Creek (by Jason Camp) 40 0.233
Aug 9 Tom Creek (by Canol road) 25 0.129
Aug 9 Rat CreekK (by Nipple Mt. road) 30 0.080
Aug 10 S. Macmillan R (at Aberford Br.) 70 3.475

* measured in cm from an arbitrary base

lLiterature Cited

Brown, G., 1983. Jason Water Quality Studies: 1983, Unpublished report
submitted to Aberford Resources Ltd. by Biological Research
Services, Calgary.

Water Resources Division, 1984. Yukon Water Resources Hydrometric
Program Historical Summary 1975-1983. Department of Indian and
Northern Affairs, Whitehorse, 214 pp.



APPENDIX

DIAND STREAMFLOW DATA FOR THE SOUTH MACMILLAN RIVER,

SEKIE CREEK #1 AND SEKIE CREEK #2
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29BBOO2 - Bouth MacMillan River #2 at Km 438.6 North Canol Highway

Year

1975

1976

1977

1978

Location:
Drainage

Record Length:

Flow:

63°06 10

130912y

Area: 190 sq km
1975 - 1980 C
1981 -~ R
Natural

Crest Gauge Summary

Year  Date Discharge (cms)

1975 June 11 - July 6 %8.5%

1976 Before June 8 19.95

1977 Before June 9 22.07

1978 June 1 - June 28 26.13

1979 June 29 - July 17 21.21

1980  Aug 8 — Sept 14 11.45

Discharge Summary
Date Flow (cms) Year Date
June 11 18.838 1979 June 29
July 6 16.284 Aug 3
Aug 7 4.856 Aug 13
Aug 28
June 8 14.668 Sept 10
June 24 13.618
Aug 28 2.930 1980 May 24
June 22

June 9 1%.709 July 20
July 23 8.088 Aug 1
Sept 8 2.843 Sept 14
June 1 14.583
June 28 16.404
July 27 6.927
Aug 23 4.564
Sept 20 2.630

Flow (cms)

16.280
9.894
6.044
3.215
2.327

7.291
9.026
8.184
10.132
3.281




Year

1981
1982
1983

Year

1981
1982
1983

118
Maximum Instantaneous
Date Discharge (cms)
June 8 28.31
June 13 24 .47
June 1 51.87
Maximum Daily
Date Discharge (cms)
July 3 18.79
June 14 21.52
June 1 48.41

South MacMillan River #2

Minimum Instantaneous

Date Discharge (cms)
Sept 5 4.00
Avg 31 2.57
Sept 12 3.87

Minimum Daily

Date Discharge (cms)
Sept 6 4.05
Sept 4 2.58
Sept 12 3.90
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DAY MAY JONE

1

2

3

4

5

6 17.36
7 16.25
8 18.60
9 16.29
10 15.73
11 15.00
12 14.32
13 15.55
14 16.59
15 15.23
16 13.36
17 11.47
18 10.55
19 9.81
20 9.66
21 10.16
22 11.34
23 12.3%
24 10.78
25 10.43
26 10.78
27 12.54
28 14.24
29 12.75
30 12.29
31
TOTAL 3%33.41
MEAN 13.34
MAX. 18.60
MIN. 9.66
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1981

DAITY DISCHARGE (CMS)

JULY

1%.00
16.26
18.79
17.79
17.16
14.81
13.66
13.70
13.09
13.26
15.04
16.12
13.71
12.08
11.95
13.05
13.09
12.88
12.25
10.90
11.30
11.07
9.85
9.18
9.29
11.03
12.58
11.51
10.27
11.30
10.75

400.73
12.93

18.79
9.18

AUG

9.29
8.63
9.14
11.88
13.56
14.83
12.29
10.63
9.89
9.63
9.07
8.56
7.85
7.72
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SEPT

4.84
4.47
4.41
4.22
4.13
4.05
7.74

16.48

South MacMillan River #2

OCT

MEAN

10.91




DAY MAY JUNE

1

2

3

4

5

6

7 8.47

8 10.45

9 12.22
10 13.71
1 17.68
12 20.66
13 20.73
14 21.52
15 19.70
16 14.52
17 10.87
18 11.14
19 15.28
20 20.67
21 15.49
22 11.27
23 10.78
24 10.24
25 10.37
26 10.41
27 11.25
28 11.70
29 12.04
30 10.49
31
TOTAL 331 .65
MEAN 13.82
MAX . 21 .52
MIN. 8.47

DAILY DISCHARGE (CMS)

1982

JULY

10.15
10.08
10.85
9.17
8.58
7.86
7.29
7.56
7.08

AUG

5.84
6.30
5.89
5.26
4.90
5.50
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South MacMillan River #2

OCT

MEAN

7.44
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TOTAL

MIN.

B OBk M
SN’

DAY MAY

JUNE

48.41

40.35
20.91

15.64
15.00
14.71

14.80
13.27
11.80
11.67
15.17
18.36
16.%39
16.96
19.51

21.30
21.20
22.88
26.73
24.40
27.45
36.89
35.32
29.21

31.22
32.15
28.99
24.95
22.48
20.34

698.43

25.28
48.41
11.67
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1983
DAILY DISCHARGE (CMS)

South MacMillan River #2

JULY AUG
19.65 5.95
17.62 8.04
15.89 6.52
14.20 5.67
13.42 5.07
10.51 4.90
8.10 4.68
7.65 4.28
7.46 4.05
6.99 4.85
7.80 5.86
9.37 6.9%
11.85 6.44
10.19 5.69
8.19 5.47
7.52 5.79
6.97 6.65
6.17 7.10
6.01 6.46
5.7 5.74
5.34 5.64
5.60 6.12
5.52 7.46
4.96 8.94
4.63 9.72
4.39 8.55
4.4 9.%6
4.94 7.90
4.90 6.99
4.76 6.32
4.3 6.11
255.0% 199.24
8.23 6.43%
19.65 9.72
4.31 4.05

5.54
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29BBO03 -~ Sekie Creek #1 at Km 445.6 North Canol Highway

Location: 63°08'N  130%14'W
Drainage Area: 14.2 sq km

Record Length: 1981 - 1982 C
Flow: Natural

Crest Gauge Summary

Year Date Discharge (cms)
1981 Aug 5 1.75
1982 June 16 - 18 1.49

*NOTE: Miscellaneous Data available

Discharge Summary

Year  Date Flow (cms)

1981 June 8 1.476
June 22 0.589
July 3 1.722
July 31 0.920
Aug 13 0.570

1082 June 6 0.522
June 18 0.953
July 2 1.148
July 30 0.504
Aug 13 0.445
Aug 26 0.248
Sept 23 0.1
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29BBX04 - South MacMillan River at Pan Ocean Bridge

Location: 63°10'N  130%14'W
Drainage Area: 130 sqg km

Record Length: 1981 - 1982 C
Flow: Natural

Crest Gauge Summary

Year Date Discharge (cms)
1981 July 3 > 8.56
1982 June 18 > 9.21

NOTE: Miscellaneous Data Available

Discharge Summary

Year Date Flow (cms)
1981 June 17 5.027
J July 3 8.557
July 31 4.756
Mg 13 3.286
1982 June 6 4.619
June 18 9.209
July 17 1.342
July 30 2.542
hug 13 3.8%1
Mg 26 2.004

N’




29BBO0S - MacIntosh Creek at Km 448.3% Nofth Canol Highway

124

Location: 63°08'N  130914'W
Drainage Area: 1.3 sq km
Record Length: 1981 - 1982 C
Flow: Natural
Crest Guage Summary
Year Date Discharge (cms)
1981 Sept 3 0.21
1932 June 18 0.33
NOTHE: Miscellanecus Data Available
Discharge Summary
Year Date Flow (cms)
1981 July 6 0.012
July 31 0.010
Aug 13 0.015
1982 June 18 0.03%33
July 2 0.026
Aug 26 0.0C9
Sept 10 0.004
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29BBOC6 - Sekie Creek #2 at Km 450 North Canol Highway

Location: 63°10'N  130°12'W
Drainage Area: 5.2 sq km

Record Length: 1981 - 1982 C
Flow: Natural

Crest Gauge Summary

Year Date Discharge (cms)

1981 Sept 8 0.78
1982 June 18 - July 2 0.72

NOTE: Miscellaneous Data Available

Discharge Summary

Year Date Flow (cms)

1981 June 8 0.344
June 20 0.112
July 6 0.255
July 30 0.134
Aug 13 0.148

1982 June 7 0.222
June 18 0.274
July 2 0.274
Aug 13 0.147
Aug 26 0.096
Sept 23 0.097
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GALIUM AND OSMORHIZA IN MACMILLAN PASS
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SUMMARY

Early work in the Macmillan Pass area showed that two rare plant species are

found there. DBoth species, Galium triflorum and Qsmorhiza depauperata are

several hundred Kilometres farther north than any previous discovered
occurrence. Initially they were found together, only on south-facing slopes of a
calcareous mountainside. Such sites provide conditions favourable to northern
occurrences of many plant species. Since these plants were recorded on the list
of YuKon rare plants, they seemed likely to present complications for
development.

This study was initiated because the presence of several other south-facing
talcareous slopes in the Macmillan Pass area offered the possibility that the two
species might be locally common, even if they were rare at the scale of the
Territory. Field work in 1985 revealed that the two species were both
widespread, although nowhere abundant, on the site of the first discovery, Nipple
Mountain. One of the two, Galium was also discovered on another site several
Kilometres away. Given the limited amount of territory that was examined and
the difficulty of finding small, rare plants in dense willow thickets, these results
tend to confirm the assumption that the plants are locally common. While more
detailed study would be desirable if development was imminent, including
verification of Osmorhiza in another site, this conclusion is adequately supported

for the present. No additional work is needed in the near future.




Introduction

In 1923 1 identified the presence of two species in the Macmillan Pass area
that were on the list of Yukon rare species (Douglas et al 1931). These were

Galium triflorum Michx. (Sweet-Scented Bedstraw) and Osmorhiza depauperata

Phill. (Sweet Cicely) (Figure 1). Both plants are also several hundred Kilometres
farther north than previously recorded (Hulten 1948, Porsild and Cody 1980). The
plants were found very close together, in the same vegetation type, and in only
one place: on the south-facing slope of Nipple Mountain. With these rare plants
present in very small numbers and only in one place it was clear that they could
be a particularly sensitive element of the environment in the case of
development.

The study outlined here was designed to test the possibility that the plants
were not restricted only to one place on Nipple Mountain but were more
widespread. We hoped that by carefully examing a few special environments
where the species were likely to occur that we could find additional populations.
Such a find would reduce the botanical significance of the original discoveries and

thus reduce the likelihood that the plants would complicate development plans.
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3. Osmorhiza depauperita Phill.

Washingtonia obtusa Coult. & Rosc; Osmorhiza obtusa (Coult. & Rose) Fern.

Similar to O. chilensis, but rays and pedicels divaricate; fruit clavate, with narrow

base, densely hispid at base.

Woods. Described from Valle de las Nieblas, Chile.

4. Galium triflorum Michx.

Sweet-Scented Bedstraw

Dark-green plant; stems from creeping rhizome, more or less retrorsely scabrous,
decumbent, simple or remotely forking; leaves elliptic-lanceolate, cuspidate, 1-
nerved. 6 in a whorl; peduncles axillary, mostly 3-flowered; flowers pedicellated,
small, greenish-white; fruit densely hooked, bristly.

Moist woods, thickets. Described from Canada.

Coumarin-scented after drying.

Figure 1: Galium triflorum and Osmorhiza depauperata

From: Hulten 1968




Likely Habitats and Areas Examined

The attributes of the site where both species were discovered are typical of those
of plants at the northern edge of their range. A south-facing slope provides a warmer
microenvironment, representative ot conditions farther south, and is often a location
for northern outliers. Furthermore, the calcareous nature of the soils on Nipple Mtn.
provides both a particularly nutrient-rich environment and a type of environment
relatively unusual in the eastern Yukon. Both conditions contribute to the likelihood
that the mountain would support species that are not common in the Macmillan Pass
region. In trying to find additional populations of the two species, the first step was
to identify sites which have similar characteristics.

It seemed likely that the hospitable conditions provided by calcareous soils were
essential to the growth of the two species. In four years of studies of the Jason
property the plants had been found nowhere else. So only calcareous sites were
considered. The local geological map (Abbott 1983) provided an indication of those
outcropings of the Road River Group (limestones and calcareous shales-51D1) where
appropriate soils could be expected just downslope of the bare outcrops. Of all such
locations, those with southtacing slopes and those that were accessible to the existing
road system were identitied.

In the available time, four different sites were examined (Figure 2), First, Nipple
Mountain was examined in greater detail, since the plants were Known to be present
there but the pattern of distribution was not known. A south-facing exposure on Jason
Mountain and another on the mountain just to the west of Nidd Creek, within the
Cominco claims, were visited. The other accessible calcareous area, just off the Canol
Road near the NWT border, did not have any south facing slopes but offered a large
amount of territory and a variety of potential habitats. All sites were reached by
walking and were inspected by hiking within appropriate vegetation types
(willow-dominated slopes with herbaceous understory). The extreme difficulty of
movement within willow stands made progress slow and thus reduced the amount of

territory that could be examined.




Calcareous Outcron

Possible Habitat




Populations Found and Probable Habitats

The discovery of plants in a site is positive evidence that the habitat there
supports them. Failure to find them in a sampled portion of a large area
otherwise typical of sites of their presence does not prove that they are not
there somewhere. Our studies were not detailed enough to make that second
conclusion, especially in light of the sparseness with which the two species grow
on Nipple Mt. The chart (Table 1) summarises the principal data collected at the
sites studied. From the locations where plants were found, a map of potential
habitat has been prepared (Figure 3). The potential habitat is tentatively
identified based upon the locations of identified populations, the existence of
similar overstory vegetation and other site characteristics as identified from

base maps and by the site visits.

Table 1: Characteristics of Potential Galium and Osmorhiza Sites

Spec. Pres Site Aspect Elev’'n Slope Top.Posn Seed/Flowerc#) Veqg.
Osm/Gal Nipple 180 1500 45 up/mid 5,F --
Osm Nipple 220 1480 45 up/mid S() Yes
Osm Nipple 164 1375 30 mid S{313> Yes
Osm/Gal Nipple 114 1375 20 mid SCZ200+>/F(20+) Yes
Osm/Gal Nipple 1046 1375 30 mid S,F Yes
Osm/Gal Nipple 100 1375 30 mid 5,F Yes
Osm Nipple 92 1375 30 mid S Yes
None Nipple 84 1375 30 mid 0 0
None Nipple 28 13795 30 mid 0 0
Gal Cominco 210 1400 30 mid F Yes
None' Jason 210 1500 - up/mid 0 0
None Canol 270 1350 20 mid o 0

Rep.




The vegetation at all sites of Galium and Osmorhiza occurrence was dominated by

willow (Salix spp., including Salix glauca and Salix lanata), since only such sites were

searched. The two species seem to prefer the understory although in three locations
Osmorhiza was found in small openings and in one place Galium was found in an

open—-grown patch of Epilobium. A small percentage of fir Abies lasiocarpa is common at

most sites of occurrence. Common associated herbs are Valeriana sitchensis, Mertensia

paniculata, Epilobium angustifolium, Rubus arcticus, Viola epipsila and Hieracleum

lanata.

The two species seem to prefer very similar habitats, with Osmorhiza found in a
slightly greater latitude of conditions. Most occurrences were around 1400 meters in
elevation. Even though that is the elevation of the Nipple Mountain road, near which
most of this year’s observations were made, last year’s observations and the
pccurrences away from the road were also about that elevation. All occurrences were on
fairly deep deposits (over { m wherever measurements were possible) of loose materials
downslope from exposures of calcareous bedrock. Aspects varied from south-west to
almost directly east-tacing.

Except for the Cominco site, where only a single Galium plant was found, Osmorhiza
was found wherever Galium was found and was significantly more abundant than Galium
in each of these locations. Nowhere was either species abundant. They exceeded 5% of
the ground cover only in one microsite of about one by five meters, where both species

occurred and together accounted for 50% or more of cover.
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Conclusions and Recommendations

It is clear that the two species exist over a much wider area, and in much greater
numbers on Nipple Mountain than was expected from the conditions at the sites of their
original discovery. It appears that Osmorhiza is substantially more common than Galium
in locations where they occur together and is more widely distributed on Nipple
Mountain. However, the only occurence off that mountain was of Galium and that was of
a single plant. Both species were rare plants in all places where found. Thus it can be
concluded that the plants are predictibly present in the Macmillan Pass area over an
area of at least a square kilometer, including a range of exposures and elevations. In
the light of their relative abundance and habitat latitude on Nipple, it is likely that they
both exist on other sites nearby as well. Confirmation of this only exists for Galium
thus far, but in the light of the very limited time available for field checks,it seems very
likely that Osmorhiza would be found if suitable effort was devoted to the search. Both
species probably exist in a variety of locations in the Macmillan Pass area.

Having ascertained that the plants exist in relatively substantial numbers and over a
variety of landscape conditions, the immediate concern has been addressed. It is not
likely that the presence of these plants would be a major complication to development of
the Jason property. This conclusion does not mean that they should no longer be
considered: they should be an element in the environmental planning if a mine is
developed and more detailed studies would be necessary to permit such planning.
However, this study provides all the information that seems needed at this time and no
further investigations of these species seem warranted without further progress in

development plans.
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2.1 GEOLOGY AND ORE RESERVES

INTRODUCTION

The Tom and Jason deposits consist of massive to
laminated sulphides and sulphates which are rich in lead,
zinc, silver, barium and iron. It is believed that the
deposits accumulated syndepositionally on the sea floor during
the Late Devonian and were precipitated from exhaled
hydrothermal brines near the margins of a small graben.

The Tom and Jason deposits are located near the eastern
margin of the Selwyn Basin, a large northwest striking trough
which contains a several thousand metre thickness of
Proterozoic through Middie Paleozoic sedimentary rocks (Figure
1). These lead-zinc-silver deposits are localized within the
Macmillan Fold Belt, a west-trending feature 30 x 60
kilometres in size which transects the regional northwest
structural trend (Figure 2).

The structure and stratigraphy of the Macmillan Fold Belt
are shown in simplified form in Figure 2. The map area is
underlain by a diverse assemblage of sedimentary, and to a
lesser extent volcanic rocks, ranging in age from Hadrynian to
Triassic. The Tom and Jason properties, as well as a number
of stratiform barite deposits, occur in the Central Block of
the Macmillan Fold Belt. The Central Block is distinguished
from the adjacent blocks because it contains a much thicker
sequence of Road River and Lower Earn Group rocks, and because
coarse clastic turbidite sequences of the Lower Earn Group and
volcanic rocks of the Upper Road River Group are restricted to
it.
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The geological features suggest that the Central Block is
a submarine fan complex localized within a fault bounded
basin. Localization of the Tom and Jason deposits within this
graben appears to have genetic significance, as
syndepositional faults within, and bounding the basin probably
acted as loci for the movement of hydrothermal fluids. The
stratiform deposits are underlain by cross-cutting,
discontinuous zones of brecciated, silicified and carbonatized
rock cut by veinlets of quartz, ankerite, and to a lesser
extent, galena, sphalerite, chalcopyrite and pyrrhotite.

Five distinct mineralized zones have been discovered on
the two properties: the West Zone and East Zone at Tom; and
the South Zone, Main Zone and End Zone at Jason (Figure 2).
A1l of the mineralized zones conform to stratigraphy, dip
steeply and are crudely to well laminated. The Tom East and
West Zones occur in a southerly plunging anticline (Figures 3,
4, 5 and 6); the Jason Main and South Zones occur in an
easterly plunging syncline (Figures 7, 8 and 9); and the Jason
End Zone occurs in a steeply dipping slice of rocks bounded by
faults. The relative stratigraphic position of the five zones
is difficult to determine because of stratigraphic and
structural complexities.

Two principal ore mineral facies have been identified
both at Jason and Tom: a sulphide facies which is high grade
and a chert-barite facies which comprises the bulk of the
tonnage. These facies vary considerably both between zones
and within a given zone. 1In addition to the two principal
facies, a chert facies which is similar in character to the
chert-barite facies occurs in the Main Zone and a zone of
footwall alteration occurs stratigraphically below the West,
South and End Zones.
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The sulphide facies is highly variable, massive to banded

and contains varying amounts of sulphides, iron-rich
carbonate, barite and quartz. Sulphide minerals are
relatively coarse grained (commonly 500-1000 um) and consist
of galena, sphalerite, pyrite, pyrrhotite, chalcopyrite and
tetrahedrite. Gangue minerals include quartz, barite,
ankerite, siderite, kaolinite and illite. The sulphide facies
provides the bulk of the high grade, silver-rich tonnage in
the Tom East Zone, the south portion of the Tom West Zone and
east portion of the Jason South Zone.

The chert-barite facies is the most extensive and
thickest facies in the Tom West Zone, the Jason South Zone and
it comprises about 50% of the Jason Main Zone; it is absent in s
the Tom East Zone and the Jason End Zone. The facies is
characterized by interbeds of chert and barite containing well
defined layers of disseminated, fine grained, predominantly
iron-poor sphalerite with minor galena, pyrite and pyrrhotite.
Individual laminae are parallel to mildly convoluted and are
locally interbedded with argillite.

Ore reserve calculations were carried out by determining
areas of influence around diamond drill hole intercepts on
longitudinal sections constructed on the various ore lenses.
Areas of influence were calculated by measuring the areas of
polygons around each drill hole piercement point. The
polygons were constructed by connecting the internal
perpendicular bisectrices of 1ines joining adjacent drill
holes. The areas of influence around drill intercepts of the
various zones are shown on Figures 10 to 17.

2 - 13



2.1.2

Table 2.1-1 summarizes the geological reserves on both
the Jason and Tom Properties. A total of 21.9 million tons of

proven, probable and possible ore grading 6.91% lead, 7.76%
zinc and 2.29 opt silver has been delineated.

TOM WEST ZONE

The Tom West Zone is a slightly folded tabular body
dipping 70° to the west (Figures 4 and 5). It is up to 41
metres thick (averages about 24 metres), 600 metres long and
extends from surface to 360 metres down dip where it is open
(Figures 10 and 11). The Tom West Zone conformably overlies
pyritic sand banded shale and is conformably overlain by
laminated cherty shale. The zone contains two principal
facies: a sulphide facies at its southern end which is higher
grade and presumed to be proximal to the source of
hydrothermal fluids, and a more distal, lower grade baritic
facies which comprises the majority of the mineralization.

The sulphide facies consists of massive sulphides at the
base overlain by laminated sulphides. The basal section is
massive to poorly laminated anhedral galena and sphalerite of
variable grain size, commonly 500-1000 um, with subordinate
barite. Small euhedral pyrite grains occur as a minor phase.
Stratigraphically higher in the sulphide facies the grain size
decreases (200-400 um) and barite becomes more abundant. The
stratigraphic top of the sulphide facies of the West Zone
consists of laminated chert with thin laminae of sphalerite,
minor fine grained galena and laminae of spheriodal pyrite.

2 - 14



Zone

TOM EAST

TOM WEST
Footwaill

Hanging wall

TOM TOTAL

JASON SOUTH
Upper Lens
Middle Lens
Lower Lens

JASON MAIN
JASON END
JASON TOTAL

TOTALS
Proven
Probable
Possible

GRAND TOTAL

TOM AND JASON
GEOLOGICAL RESERVES

TONNAGE (Short Tons) Grade
Proven Probable Possible % Pb % In  opt Ag
ToM

2,576,217 12.80 9.68 4.88
3,764,523 5.38 7.78 1.72
2,008,010 7.26 9.20 1.94

1,030,730 1.74 7.69 0.10
507,916 0.96 7.22 0.03

9,887,396 7.09 8.53 2.33

JASON

4,255,771 10.40 6.66 4.71

1,859,457 10.04 2.27 2.28

245,209 5.82 8.67 3.74

5,011,516 2.08 9.75 0.06

605,619 10.30 2.78 2.34

11,977,572 6.76 7.12 2.25

COMBINED

7,371,470 7.46 8.43 2.60
11,863,213 5.92 8.44 2.06

2,710,285 9.72 2.96 2.43

21,864,968 tons 6.91 7.76 2.29

TABLE 2.1-1
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The chert-barite facies comprises the bulk of the Tom
West Zone mineralization. Barite is the dominant mineral;
chert is abundant at the stratigraphic base and top of the
zone. Barite generally occurs as equant grains up to 150 um
in size either in monomineralic bands or with galena and
sphalerite grains. Where folded, the barite commonly exhibits
a preferred shape orientation axial planar to the folds.
Galena (50-250 um) occurs as isolated grains or patches in a
baritic matrix or rarely as monogranular laminae. Sphalerite
is generally pale honey coloured and shows a similar
distribution to galena but occurs more frequently as
monomineralic layers. Minor euhedral grains of pyrite are
commonly associated with chert layers. Witherite is commonly
found associated with chert layers, particularly towards the
stratigraphic top of the West Zone. It is dominantly
interstitial to the quartz and chalcedonic spheriods of the
chert. Large idioblastic celsian crystals which overgrow and
displace the bedding fabric are spectacularly developed in the
baritic facies. At the stratigraphic top of the chert-barite
facies pyrite occurs in chert layers. The pyrite occurs
principally as small (<60 um) spheroids commonly displaying
radial and concentric zoning with incorporated sphalerite and
galena. These textures, together with the large celsian
crystals attest to significant diagenetic growth of both
sulphide and silicate phases.

The Tom West Zone has been tested by 49 drill holes and
about 550 metres of underground workings. The reserves are
summarized in Table 2.1-1. In view of the apparent geological
continuity and persistent distribution of metal values in the
West Zone, the reserves are classified as proven where the
distance between piercement points of intercepts of acceptable
width and grade is 60 metres or less and probable where the

2 - 18




2.1.3

distance is 60 to 90 metres. A cut-off grade of 7% lead plus
zinc has been used in the West Zone. 1In the high grade
(proximal), southern portion of the West zone, the metal
values are generally well above cut-off and the zinc to lead
ratio is about 1:1. Further to the north, lead values are
markedly lower while zinc values gradually decrease. This
results in zinc/lead ratios of approximately 3.5:1 at the 7%
cut-off boundary. The northern portion of the West Zone has
higher grade values concentrated near the hanging wall and
footwall contacts separated by a lower grade section which
generally grades 3-4% zinc and minor lead. As a result,
separate tonnages have been calculated for the footwall and
hanging wall portions of the West Zone (Figures 10 and 11).
The lower grade section has been included in the reserve when
it would be impractical to leave it behind during mining.

TOM EAST ZONE

The Tom East Zone is a series of intensely contorted,
fault bounded pods of high grade laminated barite, chert,
sphalerite and galena. The East Zone is in the structurally
complex core of the anticline where it is in fault contact
with sand banded shale and chert pebble conglomerate (Figures
3, 4, and 6). The zone has a strike length of 325 metres and
dips vertically. Drilling on the 1,450 level has cut off
mineralization at depth. The East Zone has an average width
of about 10 metres and has been tested by 32 diamond drill
holes and about 140 metres of lateral development on the 1,450
level (Figures 6 and 12).

East Zone mineralization consists of laminae and bands of
barite, sulphides and chert which are highly folded and

contorted. The barite occurs as fine to medium, equant to
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2.1.4

elongate grains either in monomineralic bands or with
interstitial galena and sphalerite. Galena varies in size
from 50 um interstitial grains in a baritic matrix to coarse
recrystallized masses in monomineralic bands or remobilized
into fractures. Sphalerite occurs as pale honey coloured to
vermillion coloured fine grains (<100 um) in monomineralic
bands and laminae, or as isolated anhedral grains in a baritic
matrix. Pyrite occurs as variably sized (up to 500 um)
euhedral grains or as small (<30 um) spheroidal clusters.

The same parameters were used to classify ore reserves as
those used in the Tom West Zone resulting in the delineation
of 2.6 million tons of high grade proven reserves (Table 2.1-1)
with a zinc to lead ratio of about 0.7:1.

JASON SOUTH ZONE

The Jason South Zone consists of a series of up to three
moderately folded tabular bodies with a maximum strike length
of 400 metres and a down dip extension of 600 metres. It dips
about 85° north near surface but flattens to about 60°N at
depth (Figure 9). True thickness varies from less than 2
metres near surface to over 50 metres in multiple zones at
depth. The South Zone has been intersected by 18 drill holes
at a spacing of roughly 100 metres. It is open in all
directions except near surface where it has been tested along
strike. The South Zone consists of a high grade proximal
massive sulphide facies and a Tower grade chert-barite facies;
both similar in many respects to the facies described above
for the Tom West Zone. It is hosted by a series of slumped
shales.

2 - 21




The massive sulphide facies occurs on the east side of
the South Zone (Figure 13). It is texturally variable but in
general is massive to banded in character and contains varying
amounts of sulphides, iron-rich carbonates and quartz.
Sulphide minerals are relatively coarse grained and include
galena, iron-rich sphalerite, pyrite, pyrrhotite and minor
chalcopyrite. The only silver-bearing mineral which has been
positively identified is tetrahedrite. The massive sulphide
facies is rich in lead and silver and contains the highest
grade minerlization in the South Zone. The facies is
underlain by a cross-cutting footwall alteration zone. Rocks
within this alteration zone are silicified and carbonatized
and are cut by a stockwork of quartz, siderite, ankerite,
pyrite, sphalerite, galena, pyrrhotite and chalcopyrite.

The chert-barite facies, on the west side of the South
Zone, is more extensive and thicker than the sulphide facies.
The chert-barite facies is characterized by interbeds of chert
and barite containing well laminated layers of disseminated,
predominantly iron-poor sphalerite with minor galena, pyrite
and pyrrhotite. These sulphide minerals are relatively fine
grained. Thin argillite interbeds occur Tocally in this
facies. The chert-barite facies is zinc-rich, poor in silver
and generally lower in grade than the massive sulphide
facies.

The three tabular lenses which comprise the South Zone
are referred to as the upper, middie and lower lenses (Figure
9). Varying thicknesses of barren sedimentary rock separate
the three lenses. The upper lens of the South Zone is the
best developed lens in the drill tested area (Figure 13). The
lower two lenses are developed at depth but are absent near
surface (Figures 14 and 15).
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2.1.5

In the South Zone, a cut-off grade of 8% Pb + Zn
equivalent over a true width of 3 metres was used, Holt
(1979). Seventeen drill intercepts through the upper lens
exceed the minimum grade requirements; six holes through the
deeper, portion of the middle lens are ore grade; and one
drill hole through the deepest, most easterly portion of the
lower South Zone lens satisfies the grade requirements.
Potential for additional ore grade material at depth in the
middle and lower lenses is considered to be excellent. The
breakdown in tonnage estimates for the South Zone is shown in
Table 2.1-1.

The average distance between drill holes cutting the
South Zone long section is 90 metres. The tonnage in the
upper lens, which has good grade continuity and is well
bedded, is classified as Probable. The middle and lower
lenses are geologically continuous but have poorer grade
continuity than the upper lens and the tonnage defined by them
is therefore classified as Possible.

JASON MAIN ZONE

The Jason Main Zone is a tabular body which dips 85°
south and is roughly 700 metres in strike length by 500 metres
down dip. It varies in thickness from 3 to 18 metres,
averaging about 8 metres and is thickest near the surface. It
is hosted by sand banded shale within a fault bounded block.
The Main Zone is comprised of chert-barite facies similar to
that found in the Jason South Zone and the Tom West Zone and a
chert facies which is slightly higher in grade and is unique
to the Main Zone.

2 - 26




2.1.6

The chert facies which occurs at the east end of the Main
Zone comprises most of the "ore grade" portion of this zone.
It is texturally similar to the chert-barite facies but
contains only minor barite. The chert facies is cut by
numerous bedding plane faults and has a punky character. It
grades about 5% higher in lead plus zinc than the Main Zone
chert-barite facies.

The higher grade portion of the Main Zone is relatively
uniform in metal values averaging between 10 and 13% lead plus
zinc with a Zn:Pb ratio of about 5:1. A cut-off grade of 8%
Pb+Zn over a true width of 3 metres was used for determining
intervals to be included in the tonnage calculations. Fifteen
drill intercepts through the higher grade chert facies of the
Main Zone exceed the cut-off grade (Figure 16). The tonnage
defined by this area of the Main Zone is summarized in Table
2.1-1.

The Main Zone has been tested by 30 diamond drill holes
and is open along strike to the east and west (Figure 16).
The average distance between adjacent drill holes in this area
is 95 metres. Due to the continuous, uniform, well bedded
nature of the Main Zone mineralization, the tonnage is
classified as Probable.

JASON END ZONE

The Jason End Zone is a tabular galena-rich massive
sulphide lens which dips at about 85° to the north and has
been traced for 150 metres on surface by trenching and to a
depth of 150 metres by diamond drilling. It varies in
thickness from less than one metre to about 11 metres (Figure
17). Testing of this zone has been 1imited to 4 diamond drill
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holes and as a consequence it is open in all directions. The
End Zone occurs in Lower Earn Group sandy and silty shales
near their contact with the Road River Group.

The End Zone has a massive, poorly laminated character
and poor geological continuity, and therefore the tonnage is
classified as Possible. The tonnage calculations are
summarized in Table 2.1-1.

2.1.7 POTENTIAL FOR ADDITIONAL RESERVES

The potential for the delineation of additional reserves
at Tom and Jason is excellent. Of the five zones discovered
to date, only two, the Tom East and the Jason Main, have been
extensively drill tested along strike; the other three are
open in at least one direction. In addition, the prospective
package is poorly exposed and less than 50 percent of its
strike length has been tested by reconnaissance diamond
drilling. Further exploratory drilling will very likely
result in the discovery of new zones in areas covered by
overburden. Numerous promising targets defined by geology,
geochemistry and geophysics remain to be tested.

In the Tom West Zone, at the southern end, potential
exists for an estimated four million tons of ore between the
900 and 1,200 metre levels in the main ore shoot (Figure 10).
This area could be tested from underground drilling stations
on the existing hangingwall development on the 1300 metre
level. The Tom East Zone is cut off by faults and although
the area to the north of the East Zone has been tested
extensively, potential does exist for the discovery of
additional fault bounded blocks, especially to the south
(Figure 12).
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At Jason, The South Zone has excellent potential to
provide additional reserves. The South Zone has been tested
along strike near surface without success (Figure 13) but it
is open at depth in all directions. This potential should be
investigated from underground drill stations rather than
surface. The End Zone has only been tested by five diamond
drill holes. Systematic drilling both along strike and at
depth is warranted. The Main Zone is a less promising target
for additional reserves because it is "cut off" in all
directions by low grade intercepts. However, it is
geologically open in all directions and could provide
additional ore reserves if the grade increases again along
strike.
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2.2 MINING

2.2.1 SUMMARY

A1l mining at Tom and Jason will utilize high
productivity trackless underground mining methods. The Tom
orebodies and the Jason South Zone orebody will be mined by
the vertical crater retreat system without backfilling.
Poorer ground conditions in the Jason Main Zone will require
backfilling and sublevel retreat mining will be employed with
fi11 provided from borrow pits.

A11 crushing will be done underground. Tom ore will be
conveyed to the concentrator through an adit serving as the
main mine access. The Jason South Zone will be serviced by a
shaft and access to the Jason Main Zone will be by decline.
A11 Jason ore will be truck hauled 5 km to the concentrator.

Major surface facilities will be centralized at the
concentrator/power plant/service complex with services and
facilities provided at the individual mine sites kept to a
minimum. Care has been taken to ensure adequate provision for
mine drainage and ventilation.

Production will commence from the Tom East orebody in

Project Year 2 and full annual production of 1,575,000 tons
will be attained in Year 3.
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2.2.2 MINING METHODS

.1 Vertical Crater Retreat Mining

The Tom and Jason South orebodies will be mined by the
vertical crater retreat (VCR) mining method. Despite
requiring a considerable amount of preproduction
development, this mining system is very cost effective as
the open stoping production mining is both low cost and
safe. Avantages inherent in the VCR system are:

0 Breaking can proceed well ahead of extraction so the
production rate can easily be maintained.

0 The stope can be kept full of broken ore thus
minimizing wall sloughing and dilution.

0 Good fragmentation is achieved thus reducing secondary
blasting.

0o No backfill is required.

The orebody is divided into 30 metre long stopes
extending from footwall to hangingwall and separted by 15
metre pillars. A footwall drift driven 15 metres from the
ore provides access to drawpoints at 10 metre intervals
along the stope length. The stope is completely undercut
at the drawpoint level and the back taken down to an 8
metre height.
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Drill sublevels are driven at 40 metre vertical
intervals and slashed out from footwall to hangingwall.
From these sublevels a 3 metre x 3 metre pattern of 6 1/2"
parallel subvertical blastholes are drilled to the opening
below. Blasting is done with high density slurry explosive
and each blast breaks off the bottom 2.5 metres of ore in
the stope. Scooptraus load the ore at the stope bottom
drawpoints and then transport it to a crushing station
orepass.

Subievel Retreat Mining

Extensive faulting in the Jason Main Zone will
necessitate a mining system employing fill to ensure
adequate ground support. Sublevel retreat mining was
selected as it is productive, well suited to the 10 metre
average ore width and borrow pits to provide fill can be
readily established nearby.

Drifts are driven the full length of the ore at 15
metre vertical intervals and slots cut at the extremities.
The ground between drifts is drilled with 2 inch upholes
and broken while retreating to the entry cross cut. As
blasting and mucking proceeds, the void is filled with
coarse waste which is passed down the fill raise and placed
in the stope by scooptram.

Mining proceeds from the top down. The sequence,
level by level, is development, drilling, blasting, mucking
and filling. Several levels can be in production at the
same time by keeping each upper level ahead of the one
below.
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Development and mining will be highly mechanized and

very productive. Development will be predominantly with
hydraulic jumbos, 3-1/2 or 5 yd3 scooptrams, and 13 or 27
ton trucks. Production will depend on hydraulic drill
wagons, 5 yd3 scooptrams and 27 ton trucks. Auxiliary
equipment includes Anfo trucks, roof bolter and grader.

2.2.3 TOM MINE DESIGN

.1 Mine Layout

The Tom orebodies are located in a mountain east of
the Macmillan River Valley. Access for mining will be via
a 10' x 12' adit 2775 metres in length. The portal will be
located in the valley near the mill at elevation 1225
metres. As well as safe entry free from avalanche danger,
the adit will provide gravity mine drainage, an ore
conveyorway and a good location for further exploration.

The steeply dipping configuration of the ore zones
plus competent ground conditions permits the use of the
highly productive vertical crater retreat (VCR) mining
system described in Section 2.2.2. Scooptrams will
transport the ore from the stopes to orepasses feeding 42"
x 48" jaw crushers. There will be three crusher stations
located so as to minimize haulage distances. The crushed
ore (-10") will discharge into surge pockets and then onto
conveyors which will transfer it to the main conveyor
system in the adit. This system will employ 42" steel cord
belts and the conveyor structure will be suspended from the
adit back. The crushed ore will be discharged to the
coarse ore storage pile outside the portal adjacent to the
mill.
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.2 Ventilation

Ventilation for initial development will be provided
by surface fans and plastic ducting. For the main
conveyorway this system will be employed for almost a year
so a small individual heating plant will be required.

The permanent ventilation system will utilize the 1440
metre exploration adit to Tom Valley as the air intake.
Each of the ore zones will be fed air by an 84" fan; that
for the East Zone located on the 1440 cross-cut while the
West Zone fan will be situated on the main decline exiting
the 1440 level. The circuits will be completed with raises
to surface and from the 1310 level to the 1440 level within
the West Zone.

A building at the 1440 level adit will contain two
direct-fired propane air heating units. Each heater will
have a capacity of 20 million BTU/hr and be capable of
heating incoming air from -40°C to +10°C.

Drainage

While the exploration decline was being driven from
the 1440 level, serious problems were created by water
flows particularly in the conglomerate formation. It is
not known how significant water flows will be during
production but the 1% gradient on the main conveyorway
provides a gravity drainage system with the capability of
handling large volumes.

The existing decline to the West Zone is full of
water. After this is pumped out with portable pumps a

2 - 3]



permanent sump and pump station will be established on the
1310 level with 300 USGPM pumps discharging to the Tom
Valley via the 1440 adit.

Pumping will be required in the East Zone during
development but this will be replaced with gravity drainage
once the conveyorways are completed.

Grouting will probably provide adequate water control
during development but water problems during stoping could
be more serious. Hydrological studies should be undertaken
as soon as activity resumes in order to anticipate
potential problems and plan remedial action.

Facilities and Services

Changehouse and office facilities for 250 crew and 25
staff are provided in the main concentrator/power
plant/service building. A1l machine shop, electrical and
mobile equipment repair facilities are also located in this
building.

Compressed air will be suppliled from a compressor
room located on the 1440 metre level. Two 3500 CFM
compressors will be installed. High pressure (250 PSI) air
for the ITH stoping drills will be supplied by individual
compressors near each drill.

Mine development will initially be done using portable
diesel generators in the main conveyorway and the 1440 adit
portal. Once the main power plant is operational,
electricity will be supplied to underground substations at
13.8 kV before being transformed to 4.16 kV and 600 V for
consumption.

2 - 38



A11 water for drilling and other operational uses will

be provided by drill holes. Potable water will be supplied
to underground from the surface plant.

.5 Mining Equipment

Development will be done using hydraulic jumbos, 5
yd3 scooptrams and 27 ton trucks. Stope drilling will
employ ITH drills and 8 yd3 scooptrams will transport
broken ore to the crushing stations.

2.2.4 JASON SOUTH ZONE MINE DESIGN

.1 Mine Layout

The Jason orebodies lie west of the Macmilian River on
the opposite side of the North Canol Road from the Tom ore
zones. Jason ore will be trucked to the concentrator via a
new road 1.8 km long, across a Bailey bridge on the river
and along a 3.0 km section of the North Canol Road.

Access to the Jason South orebody will be provided by
a shaft consisting of three 6' x 6' compartments, two for
hoisting and one for a manway, services and ventilation
duct. One hoisting compartment will contain a skip only
and the other a skip and cage in balance. The shaft will
be serviced by an 1800 HP drum hoist which will be used for
both the shaft sinking and development phase and for later
production. Shaft construction will be with 6" x 8" and 8"
x 8" B.C. fir.

The shaft collar will be at 1220 metres and the bottom
at 490 metres. The crusher will be located at the 550
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level and the loading pocket at the 520 level. The main
mining levels are 500, 600, 700, 800, 900 and 966 metres.
The 500 level will be accessed by a decline from the 600

level.

As the steeply dipping ore configuration is suitable
and the ground conditions are expected to be similar to
those at Tom, the Jason South orebody will also be mined by
the vertical crater retreat method. Broken ore from the
stopes will flow by gravity to the crushing station where
it will be passed through a 42" x 48" jaw crusher. The
crushed ore will be transferred by conveyor to the loading
pocket, hoisted to surface and dumped into one of two 750
ton ore bins. The bins will discharge the ore into 35 ton
rear dump trucks for the haul to the concentrator.

Ventilation

The 200,000 CFM ventilation fan is located on surface
and supplies air to the mine via a centrally-located
ventilation raise. Distribution of air to the working
areas is controlled by doors on each of the levels.
Exhaust raises at the extremities of the orebody carry the
air upward, eventually to the 966 level and from there
through a single raise to surface.

Mine air heating is provided by 20 million BTU/hr
propane heaters on surface. The system is identical to
that for Tom and will be located in a small building
adjacent to the shaft.
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.3 Drainage

Underground water conditions at Jason South are not
known, but in view of the problems experienced at Tom
allowance has been made for substantial volumes. Sumps
will be cut on the 550 and 900 levels and three pumps
installed in each sump. Capacity of each pump will be 800
USGPM at 1500 ft of head and it is hoped that normally one
pump will be able to handle the load.

Facilities and Service

Jason personnel will use the changehouse and office
facilities in the concentrator/power plant/service complex.
A1l major maintenance facilities are also located in this
complex. Underground equipment which cannot be readily
taken to surface will be serviced and repaired in an
underground maintenance shop.

As well as the hoist the headframe building will
contain electrical distribution panels, the mine air
compressors and a small shop area.

Electricity from the main power plant will be
transmitted by overhead pole line to a substation near the
shaft where it will be transformed down from 13.8 kV to
4.16 kV and 600V for distribution.

Water for both surface and underground will be
provided by a pressure system operating from a small
pumphouse on the Macmillan River.
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.5 Mining Equipment

Development drilling will be done with pneumatic jumbos.
Stope drilling will employ ITH drills with individual high
pressure compressors. Mucking will be done with 3 1/2 yd3
scooptrams or pneumatic mucking machines. Development
raising will be done conventionally on timber and with
Alimak raise timbers.

2.2.5 JASON MAIN ZONE MINE DESIGN

.1 Mine Layout

The Jason Main Zone which outcrops just under surface
overburden will be accessed by a decline from surface.
This will lead down to the crushing station at elevation
1125 metres. From this point both an incline and a decline
will provide access to mining sublevels. Top of the
incline will be the 1245 level which will be driven in both
waste and ore. A fill raise will be carried through to
surface from the waste drift.

Surface drilling indicates a considerable amount of
faulting in the Main Zone and the ground is expected to be
less competent than that in the other ore zones. This
situation dictated a mining method employing fill and led
to the selection of the sublevel retreat system described
in Section 2.2.2.

.2 Ventilation

The 200,000 CFM ventilation fan is located in a
building on surface and delivers fresh air to a ventilation
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raise. After distribution to the working places the air is
exhausted up raises at the ore extremities to the 900 level
and from there up the decline to surface.

Air heating is by 20 million BTU/hr propane heaters
identical to those at Tom and Jason South.

Drainage
The Main Zone mine will have one permanent sump on the
720 level. Three pumps will be installed in the sump each

capable of delivering 800 USGPM at 1500 ft of head.

Facilities and Services

There will be a small service garage at the Main Zone
mine. All other maintenance, changehouse and office
facilities will be provided by the concentrator/power
plant/service complex. Electricity at 4.16 kV will be
provided from the substation at the Jason South mine and
transformed locally to 600 V. Water will be provided from
the Macmillan River pumphouse.

Mining Equipment

Hydraulic jumbos, 3 1/2 or 5 yd3 scooptrams and 13
or 27 ton trucks will be used for development. Production
will employ hydraulic drill wagons, 5 yd3 scooptrams and
27 ton trucks.

Equipment for quarrying fill will include a blasthole
drill, front-end loader and dump trucks.
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2.2.6 PRODUCTION SCHEDULE

The current project schedule assumes that ore
production commences from the Tom East zone in Project Year
2, Month 6. Full annual production of 1,575,000 tons is
achieved from Tom in Year 3. Production from the Jason
South mine begins in Year 4 and that from the Jason Main
Zone in Year 9. Project 1ife is a minimum of 15 years.
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Tom/Jason Mining Schedule

Note: Jason SHW = Jason South Hangingwall
Jason SM - Jason South Middle Lens

Ore Production
Tonnage Grade
(103 tons) Pb% In%  Ag opt

Year 2 - Tom East 513.0 14.35 8.01 4.65
Tom West 143.0 6.55 7.91 1.68
Total 656.0 12 .65 7.99 4.00
Year 3 - Tom East 848.7 9.35 8.31 3.75
B Tom West 726.3 6.55 7.91 1.68
Total 1575.0 8.06 8.13 .77
Year 4 - Tom East 350.0 10.84 8.82 4.97
Tom West 893.8 6.43 8.51 2.10
Jason SHW 331.2 15.22 5.57 6.93
Total 1575.0 9.26 8.00 3.75
Year 5 - Tom East 350.0 8.36 8.14 3.38
Tom West 700.0 5.44 6.87 2.14
Jason SHW 525.0 14.41 5.94 6.48
Total 1575.0 9.08 6.84 3.87
Year 6 - Tom East 350.0 13.00 8.74 5.04
Tom West 700.0 6.18 71.76 1.99
Jason SHW 525.0 9.31 6.03 4.30
Total 1575.0 8.74 7.40 3.44
Year 7 - Tom East 255.0 11.11 7.56 3.20
Tom West 795.0 6.15 7.40 1.97
Jason SHW 525.0 6.88 5.97 3.26
Total 1575.0 7.20 6.95 2.60
Year 8 - Tom West 1050.0 3.49 6.26 0.67
Jason SHW 525.0 4.15 7.00 2.08
Total 1575.0 3.71 6.51 1.14
Year 9 - Tom West 965.9 3.66 6.86 0.91
Jason SHW 525.0 6.38 4.97 3.33
Jason Main 83.1 1.70 10.52 2.19
Total 1574 .0 4.46 6.42 1.78

TABLE 2.2-1

Sheet 1
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Year 10

Year 11

Year 12

Year 13

Year 14

Year 15

Jason SHW

Jason SM

Jason Main
Total

Jason SHW

Jason SM

Jason Main
Total

Jason SHW

Jason SM

Jason Main
Total

Jason SHW

Jason SM

Jason Main
Total

Jason SM
Jason Main
Total

Jason SM
Jason Main
Total

Ore Production

Tonnage Grade

(103 tons) Pb % n % Ag opt
525.0 13.76 6.62 6.09
283.0 1.70 10.52 2.19
745.5 1.97 7.52 0.12
1553.0 5.91 7.76 2.51
525.0 10.74 5.05 5.03
283.0 1.71 9.44 2.02
765.0 1.72 7.77 0.03
1573.0 4.73 7.16 2.06
525.0 5.34 6.66 2.62
283.0 2.03 7.01 1.67
765.0 1.72 7.77 0.03
1573.0 2.98 7.26 1.19

90.4 1.77 7.63 1.04
485.0 2.36 6.26 1.57
1000.0 1.32 5.94 0.02
1575.0 1.67 6.14 0.56
575.0 2.07 8.00 1.81
1000.0 1.72 8.68 0.03
1575.0 1.85 8.43 0.68
230.9 2.33 5.35 1.40
485.5 1.19 8.27 0.03
716 .4 1.56 7.33 0.47
TABLE 2.2-1
Sheet 2
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2.3.8 PLANT PERFORMANCE AND PRODUCTION SCHEDULE

Table 2.3-3 Mill Feed Grades and Recoveries
Table 2.3-4 Concentrate Production
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2.3 MILLING

2.3.1

SUMMARY

Mineralogical examinations of the Tom and Jason ores
reveal that they are finely-grained massive sulphides with
relatively simple intergrowth patterns within the mineral
assemblage. This would indicate that they should be amenable
to treatment by differential flotation. Individual flotation
testwork on the two ores proved that this was the case and
provided data for a preliminary commercial plant design.
Testwork done on Tom ore only indicated that it was amenable
to autogenous grinding and this was incorporated into the
preliminary flowsheet. Further testwork on both flotation and
grinding is necessary to provide information for detailed
design and permit improved metallurgical results to be
forecast.

As the design currently stands the concentrator is a 5000
tons/day plant with fully-autogenous primary grinding and
secondary pebble milling. The grinding units could be
converted to semi-autogenous and ball milling operating mode
respectively if required. Coarse lead flotation is
incorporated in the grinding circuit to prevent overgrinding
of galena. The other flotation circuits and dewatering
circuits are standard lead/zinc practice.

Average annual production at full operating rate is
119,000 tons of Pb concentrate (68% Pb, 23 opt Ag) and 160,000
tons Zn concentrate (56% Zn). Overall forecast recoveries are
91, 79 and 79 for Pb, Zn and Ag respectively.
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2.3.2 MINERALOGICAL INVESTIGATIONS

Microscopic examinations of Tom ore samples were made by
Michigan Tech while samples of Jason ore were studied by Hazen
Research. Their findings were similar and the key results are
summarized below.

0 The predominant sulphide minerals are sphalerite, galena
and pyrite. Tetrahedrite is also commonly present while
chalcopyrite, marcasite and pyrrhotite are found less
frequently.

0 While quite coarse in some higher grade samples, the
sulphides are generally fine grained. The sphalerite is
typically in the 30-40 um particle size range while the
galena varies widely from 5 to 300 um. Despite their
fineness, the sulphide particles exhibit relatively
simple intergrowth patterns.

0 The major gangue minerals are quartz, barite and
siderite.

0 The gangue minerals are coarser than the sulphides with
particle sizes generally in the range of 150 - 300 um.

0 A11 of the major minerals except quartz have good
cleavages, are brittle and relatively soft.

0 Samples of Jason Main Zone ore contain carbonaceous
material, usually as stringers in the gangue but
occasionally intermingled with pyrite- sphalerite
intergrowths.
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0 There is also some evidence of oxidation in the Jason
Main Zone samples.

In summary, the mineralogical investigations indicate an
ore which will need to be finely ground in order to liberate
the minerals but which should then be amenable to differential
flotation. The presence of carbonaceous material and
oxidation in the Jason Main Zone will likely make this ore the
most difficult from which to obtain acceptable metallurgical
results.

2.3.3 FLOTATION TESTWORK

.1 Tom QOre

Initial flotation testing of Tom ore was done in 1979
by Hudson Bay Mining and Smelting at Flin Flon. The
flowsheet developed utilized a lime -SOp treatment to
depress zinc while floating lead. Metallurgical results
were not acceptable with the principal problems being low
concentrate grades and high losses of zinc to the lead
concentrate.

In 1981 the Institute of Mineral Research at Michigan
Tech was commissioned to do further flotation testing of Tom
ore. A total of five samples, two from Tom West and three
from Tom East, were submitted and tested to varying
degrees.

The flowsheet developed by Michigan Tech is unusual for
a lead/zinc circuit in that no lime or other pH modifier is
used. Zinc depression during lead flotation is accomplished
with high dosages of zinc sulphate (2.2 1b/ton) and sodium
sulphite (2.5 1b/ton).
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TOM ORE BENEFICIATION

(Developed By Michigan Tech. University)

FEED

|

PRIMARY GRIND

J

Dosage
Reagent  (1b/ton)

Lead NapS03 2.5
PRIMARY LEAD Circuit  NaCN 0.45
ROUGHER FLOTATION InS04 2.2
AX-325 0.23
M.1.B.C. 0.10
NO. 1 LEAD -
CLEANER FLOTATION Zinc CuSO4 1.5
Circuit  AX-325 0.15
AF-25 0.05
'JO. 2 LEAD M-I-B-C- 0-05
CLEANER FLOTATION “T‘”“““’}
REGRIND
REGRIND ZINC ROUGHER
< FLOTATION ~* FLOTATION ~—— =T
ZINC CLEANER
FLOTATION
¥ | ¥
FINAL LEAD FINAL ZINC  ZINC CL. FINAL
CONCENTRATE CONCENTATE  TAILINGS TAILINGS

Figure 2.3-1
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The best results achieved by Michigan Tech were with
the last two samples tested, identified as East #3 and West
#2. Results of these tests are summarized below:

Grind Assays Distribution (%)
Composite (% -325M) Pb % 7In% Agopt Pb In Ag

East #3

Feed 88 12.2 10.5 4.03 100 100 100
Pb Conc. 65.5 10.8 18.1 92.5 17.6 77.8
Zn Conc. 1.99 59.2 2.21 76.2

West #2

Feed 86 12.3 10.8 4.75 100 100 100
Pb Conc. 68.6 8.35 24.5 91.1 13.8 80.8
Zn Conc. 3.16 53.4 3.12 64.6

Mercury in the ore was found to be associated with the
sphalerite. Cleaned zinc concentrates from the above tests
contained 344 and 850 ppm Hg respectively

.2 Jason Ore
0 Bulk Flotation

In 1981 and 1982 Bacon Donaldson & Associates of
Vancouver performed initial flotation tests on Jason
ore. The main focus of their work was on producing a
bulk concentrate followed by depression of sphalerite
into a separate concentrate. Although this method did
yield good lead concentrate grades at fairly reasonable
recoveries, the zinc metallurgy was unacceptable in
terms of both concentrate grades and recoveries. This
approach was not pursued further.
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Jason South Zone

In April 1982 two composite samples of Jason
South Zone ore were submitted to Hazen Research of
Golden Colorado. Following mineralogical examination
they concluded that differential flotation was
feasible and they devised a flowsheet which
incorporates coarse lead flotation between two stages
of grinding. The ore is initially ground to -200M and
the coarse lead tailings are thickened and reground to
-400M. The reagent balance for this flowsheet follows
conventional lead/zinc practice and employs lime for
pH control. Results of Hazen's testwork on the two
Jason South composites are summarized below:

Grind Assays Distribution (%)

Composite Mesh Pb % Zn % Ag opt Pb Zn Ag

1-1
Feed
Pb Conc.
Zn Conc.

1-2
Feed
Pb Conc.
Zn Conc.

1-1 & 1-

Feed
Pb Conc.
Zn Conc.

-200/-400 3.04 5.10 1.05
55.3 93.4
57.3 91.2

-200/-400 13.10 2.67 3.77
76.4 94.4
52.0 84.3

2
-200/-400 8.19 3.93 2.41
71.6 18.5 95.8 80.4
61.3 4.1 87.9 9.6
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Lead concentrate from the combined feed composite
contained 300 ppm As and 600 ppm Sb. The zinc
concentrate contained 900 ppm Hg.

Jason Main Zone

Initial tests using the South Zone flowsheet for
Main Zone ore yielded satisfactory zinc metallurgy but
the lead concentrate grade (19% Pb) and recovery (50%)
were unacceptably low. In addition, the consumption
of collector was unusually high. Further study
jdentified the principal problem to be the presence of
soluble ferrous sulphate formed by the partial
ozidation of sulphides in the ore. Hazen showed that
the ferrous sulphate could be precipitated and its
effect negated by air oxidation of the ground pulp
prior to lead flotation. However the zinc depressants
also tended to precipitate during the air oxidation so
the flotation procedure was modified to add these
after grinding and oxidation rather than before
grinding as previo