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EXECUTIVE SUMMARY

North American Tungsten Corporation Ltd. INATCL) is considering the development of a
world-class tungsten deposit located in the Yukon near Macmillan Pass, on the border
between the Northwest Territories and the Yukon Territory. This terrain study was
completed by EBA as part of environmental assessments required for project planning and
regulatory submissions leading to MacTung Project approvals and implementation.

This terrain component of the biophysical assessment for the MacTung study area includes
the results of a review of previous studies, air photo interpretation, field checking and
terrain mapping revisions. Terrain mapping includes definition of polygons with similar
terrain  attributes such as sutrficial material type/genesis, sutface expression,
geomorphological processes (where applicable), drainage, and soil texture.

The MacTung terrain study area straddles the Yukon and NWT border within the Selwyn
Mountain Ecoregion of the Taiga Cordillera Ecozone of Canada at an elevation of 1,725 m
to 1,800 m a.sl. The landscape of the study area varies from gentle to flat terrain on the
valley floor to steep relief on glacially scoured, upper hillslope bedrock slopes. The terrain
mapping study area (about 4,200 ha) for the MacTung project was defined to include the
proposed mine production area footprint and options under consideration.

Till (moraine) is the most common surficial material mapped in the study area. Morainal
deposit textures ranged from gravelly silty sand to silty sand and most commonly consists of
a sand matrix with variable silt and gravel content. Colluvium on upper valley hillslopes is
typically coarse, blocky material derived from ongoing erosion of upslope bedrock.
Colluvium on lower valley hillslopes ranged from sandy gravel with some silt to silt with
some sand.

Sites near the mine access road in the NWT are identified that may be suitable for good
granular borrow. Further exploration and testing is required to identify potential granular
sources on the Yukon side.

Active geomorphological processes in the study area include rockfall, debris slides, debris
flows, avalanches, gully erosion and permafrost processes (e.g., rock glaciers).

Low soil temperatures, short growing season and slow rates of plant reproduction, organic
accumulation and decomposition contribute to poorly developed soils. Most of the soils in
the study area are Regosols or Brunisols. Some organisols have developed in flat, pootly-
drained areas on the valley floor and crysosols exist in some areas where organic layers
provide sufficient insulation to allow frozen soil horizons to develop.
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1.0 INTRODUCTION
1.1 BACKGROUND

North American Tungsten Corporation Ltd. INATCL) is considering the development of a
wortld-class tungsten deposit located in the Yukon near Macmillan Pass, on the border
between the Northwest Territories and Yukon (Figure 1). The mine site is located in the
Selwyn Mountains at an elevation of 1,725 m to 1,800 m a.s.l. The mine site is located
650 km (400 air km) northeast of Whitehorse and is accessible by the Canol Road, a gravel
surfaced road to the southern Yukon that is open only during summer months. The mine
site is linked to the Canol Road east of Macmillan Pass by a 10 km access road.

NATCL retained EBA to conduct a terrain study in the MacTung Project area (study area).
This information is required for project planning and regulatory submissions leading to
MacTung project approvals and implementation. The terrain and soils mapping comprised
part of the comprehensive environmental baseline study being conducted within the
MacTung study area which includes components such meteorology, hydrology, fisheries and
aquatic studies, vegetation, archaeology, wildlife studies and water sampling.

2.0 SCOPE

The terrain component of the biophysical assessment for the MacTung study area included
project initiation, review of previous studies, study area boundary definition, air photo
interpretation, field checking, terrain mapping revisions and preparation of figures and this
report.

To initiate the terrain mapping, the project objectives and the local study area boundaries
were defined. The following documents were assembled and reviewed:

« Air photos

« Previous relevant reports

» Previous geology mapping and soil descriptions
» Previous geotechnical sub-surface reports

Terrain mapping for the local study area was based on the Guidelines and Standards for
Terrain Mapping in B.C. and Terrain Classification System for British Columbia, Version 2
(RIC, 1996 and 1997 resp.)

Terrain Mapping was completed at Terrain Survey Intensity Level D (TSIL D). TSIL D
includes field checking of 0 to 25% of polygons by vehicle and flying. The typical
objectives of TSIL D are preliminary mapping to produce a terrain map at a scale between
1:20,000 and 1:250,000. Terrain mapping includes creating polygons with similar terrain
attributes such as surficial material type/genesis, surface expression, geomorphological
processes (where applicable), drainage, and soil texture (where known).
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3.0

3.1

3.2

STUDY AREA

The MacTung study area occurs in both the Yukon and the NWT adjacent to where the
North Canol Road crosses the border between the two Territories. The site lies within the
Selwyn Mountain Ecoregion of the Taiga Cordillera Ecozone of Canada. The Selwyn
Mountain Ecoregion is characterized by high elevation mountain ranges that contain alpine
glaciers such as those located on nearby Keele Peak (2,970 m a.s.l.). Elevations range from
745 m a.s.l. to 2,970 m a.s.l.. The Selwyn Mountains give rise to the highest levels of annual
precipitation (600-700 mm) in the Yukon outside the Coast Mountains (Yukon Ecoregions
Working group 2004). Mean annual temperatures for the region are -5 °C to -8°C, ranging
from an average of -20 °C in January to 8 °C in July. The region lies in the discontinuous
permafrost zone, however, the study area is likely within the continuous permafrost zone
due to its high elevation of between 1,300 m a.s.l. to 2,200 m a.s.l.. Approximate land cover
in the Selwyn Mountain Ecoregion is 65% boreal/subalpine coniferous forest, 20% alpine
tundra, and 15% rockland (Yukon Ecoregions Working Group 2004). The regional study
area has been defined in previous reports and terrain definition for the region is outside the
scope of this study.

The terrain mapping study area for the MacTung project was defined to include the
probable footprint of the mine production area. This includes areas such as buildings,
roads, mill site, tailings ponds and borrow areas. The study area also includes areas within
the adjacent valleys and valley sideslopes that could potentially impact the mine footprint
area. Initially, the focus was on the Yukon side of the Yukon-NWT border, but the study
area was later expanded to include a potential mine production area on the NWT side.
The NWT side was the focus of previous studies (AMAX 1981; EBA,1983).

SITE DESCRIPTION

The project area defined for terrain mapping is about 10 km by 4 km (40 km?), with the
proposed mine site near the centre (Figure 2). Within the terrain study area, valley bottoms
measure between 1,160 m a.s.l. and 1,400 m a.s.l. Alpine peaks range from 1,800 m a.s.l. to
2,200 m a.s.l. Terrain is highly variable in the study area due to depositional and erosional
differences and variable permafrost conditions. Valley bottoms tend to be flat to gentle
gradient and valley sideslopes are steep with much open bedrock.

The Yukon / NW'T border is located on the continental divide. The Yukon side is within
the Yukon River watershed which drains to the Pacific Ocean. The NWT side is within the
Mackenzie River watershed which drains to the Arctic Ocean.

GEOMORPHOLOGY AND GEOLOGY

The landscape of the study area varies from gentle to flat terrain on the valley floor to steep
relief on glacially scoured, upper hillslope bedrock slopes. The area landscape is the result
of montaine glaciation that scoured valley hillslopes, creating steep rock headwalls with
associated colluvial slopes below. On the lower valley hillslopes and floor, morainal
deposits form lower gradient slopes and low relief irregular terrain.
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The general site geology and topography have been extensively described and documented
in previous reports. The site is located within the Selwyn Mountain Range, which is
characterized by extreme relief with pointed summits, steep sideslopes and narrow valleys.
Evidence of glaciation is widespread. The lower valley areas were affected by continental
ice sheets which deposited varying thicknesses of till, while the upper elevations have been
affected more recently by alpine glaciation. Lower valley slopes are typically covered in
colluvium due to erosion processes, landslides and surface flowslides. In the immediate
vicinity of the mine, bedrock geology consists of laminated shales and phyllites. These were
intruded by granitic blocks which form the higher, more competent peaks.

The proposed mine site has elevations varying from 1,524 m (5,000 ft) at the bottom of
Dale Creek valley to about 1,890 m (6,200 ft) near the proposed mill site. The Selwyn
Mountains are very rugged, with sharp peaks and steep side slopes. The valleys tend to be
narrow and slightly rounded. The higher areas of the mountains have little or no surficial
soils while the lower slopes and valley bottoms are covered with thin deposits of residual
soils and glacial tills. Kames and eskers deposits are visible in the Dale Creck valley and
extend eastward into the Tsichu River valley.

Due to the generally weak and fissile nature of the parent rocks in the area, which are
generally highly schistostic metamorphic rocks, most granular deposits are of poor quality.
Granular material suitable for concrete aggregate has not been reported near the proposed
plant area. However, at least one source of talus gravel that may be suitable for road
surfacing was identified on the south side of Dale Creek near the existing bridge
(Geocon1983 cited in Golder Associates 1981). Initial indications are that concrete
aggregates may have to be obtained by crushing local competent bedrock.

4.0 METHODS

4.1 PREVIOUS REPORTS

According to AMAX (circa 1983), weather studies were first undertaken for the area in 1968
with environmental and socio-economic studies first conducted in 1973. Of the many
studies completed since, four studies that provide a background of the terrain and geology
of the area are:

Golder Associates. 1981. Report to AMAX Northwest Mining Company Ltd. on
Geotechnical Investigations for Tailing Disposal at MacTung

Geocon Inc. 1983. Conceptual Geotechnical Evaluation. Proposed Mine. Report.

EBA Engineering Consultants. 1983. Geotechnical Evaluation. Proposed MacTung
Mine, MacMillan Pass, Yukon, Northwest Territories.

AMAX Northwest Mining Company Limited. 1982. Initial Environmental Evaluation
of the MacTung Project Yukon and Northwest Territories.
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4.2

o Kershaw, G.P. and Kershaw, L.J. 1983. Geomorphology and Vegetation of the
MacTung Study Area, Yukon/N.W.T. Prepared for AMAX Northwest Mining Co. Ltd.,
Vancouver. 85 p.

Kershaw (1983) provides a reconnaissance level interpretation of the terrain and surficial
geology within the local study area, covering about 450 km”.

TERRAIN CLASSIFICATION SYSTEM

The Terrain Classification System is designed for the classification of surficial materials,
landforms and geomorphological processes. It has been specifically developed to provide
an inventory of the terrain features in the landscape and to show their distribution, extent
and location. The system is scale independent and provides base data applicable for a wide
range of natural resource applications including planning, management, effects assessment
and research. The data are conveyed in map form by the use of terrain symbols and is
conducive to computer digital storage, management and processing.

The process results in the production of a terrain map that shows the distribution of
surficial (Quaternary) deposits and related landforms. It also provides information about
present day geomorphological processes such as debris slides, permafrost and erosion.

Terrain mapping consists of project planning, review of previous reports and geology, air
photo interpretation and initial classification of terrain, field-checking, post-field terrain
revisions and mapping. The methods and approaches for each phase are discussed below.

Project planning and initial review included defining the objectives and the purpose of the
work, a detailed literature review of prior geology and terrain classification for the study area
and defining the survey intensity. Level D survey intensity (RIC 1996) was determined to
be adequate for the 22,500 hectare local study area. A Level D survey intensity protocol
includes investigation of up to 25% of the terrain polygons.

Terrain mapping was completed by Jack Dennett, P.Geo. (BC). Field checking was
conducted by Jack Dennett and Glenn Rudman, M.Sc. between July 4" and July 10™ 2006.
Representative terrain polygons were accessed mostly on foot or by road with some
assistance by helicopter to access remote areas. Terrain descriptions and data from hand
excavated soil pits were recorded on standardized field form. Mapping of terrain was based
on the Terrain Classification System for British Columbia (RIC 1997). All plot positions
were recorded using a Garmin 76 Global Positioning System with accuracy of between
6 to 20 m.

Terrain field checking included observations at 42 field stations with additional overview
mapping from the air and strategic view sites. A total of 145 polygons were mapped in the
terrain study area. TField checking intensity was 24%. This meets the requirements for
Terrain Survey Intensity Level D terrain mapping.
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Air photo interpretation of the terrain was completed on 1:30,000 scale, black and white air
photographs flown in July 1996. Specifically, the air photographs used to cover the local
study area were Flight Line A28283, photographs 49 to 53, and 24 to 28.

Terrain maps were completed using ArcGIS version 9.1. Reconciliation of all polygons was

completed to ensure quality assurance and control.

RESULTS

TERRAIN CLASSIFICATION INVENTORY

Terrain mapping was completed within the terrain study area, which includes the main
valley and hillslopes on each side of the NWT/Yukon border. The study area extends into
the Yukon about 7 km west of the border and about 4.5 km east into the NWT. During the
course of the study, 145 terrain polygons were delineated within a study area covering an
area of about 4200 ha. A statistical summary of the four general terrain units classified in
the area (colluvium, till, fluvial and bedrock) is presented on Table 5.1.

TABLE 5.1 TERRAIN CLASSIFICATION INVENTORY FOR THE MACTUNG AREA, YUKON/NWT

Surficial Material Type Symbol Number of Polygons Percent of Total
Colluvium C 44 30
Till (moraine) M 59 41
Fluvial A 1 1
Bedrock R 41 28
TOTAL 145 100
PERMAFROST

The area falls within the discontinuous permafrost zone. However, the study area is within
a high elevation alpine zone with a low mean annual temperature (-7.7°C to -8.5°C) and the
area climate is likely similar to conditions found in the continuous permafrost zone.
Continuous permafrost terrain is generally expected wherever the mean annual air
temperature is less than about -5°C. Permafrost was not intersected in any of the shallow
hand excavated pits evaluated during the 2006 terrain field program. However, permafrost
was intersected at some of the boreholes and testpits advanced on the NWT side in 1980

(Golder Associates 1981).
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5.3

5.4

SURFICIAL MATERIALS

Colluvium on upper valley hillslopes is typically coarse, blocky material derived from
ongoing erosion of upslope bedrock. Colluvium on lower valley hillslopes ranged from
sandy gravel with some silt to silt with some sand. Colluvium in the valley bottom is
generally similar to the till texture.

Morainal deposit texture ranged from gravelly silty sand to silty sand and most commonly
consists of a sand matrix with variable silt and gravel content. Hand excavated testpits on
the Yukon side of the study area indicated generally similar soil textures to those found in
testpits and boreholes reported in previous reports from the NWT side.

Fluvial materials have accumulated in some low gradient stream channel areas on the valley
floor. Soil textures of these fluvial materials are expected to have increased silt and sand
content.

Previous reports identify sites on the NWT side that may be suitable for good granular
borrow (Golder Associates 1981). Boreholes 80-17A and 80-18 report 6.0 m thick
intersections of sand and gravel. Testpits 79-9 and 79-10 report intersections of up to 2.7 m
sand and gravel, and boreholes 75-8 and 75-9 report 3.8 m to 5.6 m sand and gravel
(Figure 3). Further exploration and testing is required to identify potential granular sources
on the Yukon side.

TERRAIN DESCRIPTION

The bedrock slopes of the upper valley walls and cirques are typically steep (greater than
70%) and moderately steep (50 to 70%). They are rapidly drained. Snow accumulations in
the area are heavy and the moderately steep to steep slopes are likely subject to avalanching.
Rockfall is the primary erosional process on these slopes. A possible relic debris slide about
20 ha in area was mapped on a north valley hillslope about 6 km west of the Yukon / NWT
border.

Colluvium most commonly occurs on moderately steep (50-70%) to moderate (27-49%)
gradient, well drained blocky talus slopes below bedrock headwalls. Colluvium on lower
gradient (moderate to gentle) lower valley slopes is more weathered and is typically covered
by a thin organic horizon with ground vegetation. Lower valley slopes are typically
moderately well to moderately drained. Colluvial fans are abundant on the lower reaches of
tributary streams, where colluvium has been deposited from debris flows and alluvial
processes. Fans are typically imperfectly drained near the toe.

Till deposits in the study area may be the result of basal deposits, lateral and terminal
moraines and other intra-glacial deposits formed during periodic glacial advance and retreat
throughout deglaciation. Very compact soils reported at test sites on the NWT side (Golder
Associaties 1981) may be basal tills. Loose material, forming ridges and hummocks on the
valley floot, are probably from intra-glacial deposition. Recent fluvial deposits on the flat
areas of the valley floor have formed silt rich plains
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5.5 GEOMORPHOLOGICAL PROCESSES

Six geomorphological processes, rockfall (-Rb), debris slides (-Rs), debris flows (-Rd),
avalanches (-A), gully erosion (-V) and rock glaciers (-Z), are active in the study area.

Rockfall involves the release of relatively small masses of rock (e.g., a single block or a few
cubic metres) and movement downslope by freefall, rolling and bouncing. This is the most
common process in the area and results in the formation of extensive talus slopes.

Debris slides occur when a mass of glacial drift or colluvium becomes detached from a
hillside and moves rapidly downslope by sliding along a shear plane. Debris slides are
initiated on steep hillsides by the sliding of weathered till and/or colluvium along a shear
plane that coincides with the contact between weathered till and unweathered till, or
between colluvium and till, or between any of these materials and bedrock. A possible relic
debris slide about 10 ha in area was mapped on a north valley hillslope about 6 km west of
the Yukon / NWT border.

A debris flow is the rapid flow of a mass of viscous material, consisting of mud, sand,
stones and/or organic debris. A debris flow is often initiated when a debris slide enters a
stream channel and may move downslope for several hundred metres or more. They are a
significant source of stream sediment and deposition on colluvial fans in lower reach run-
out zones. Small, periodic debris flows are probably an ongoing process within valley
sideslope stream channels and contribute to the colluvial fan deposits mapped in the study
area.

Avalanches are rapid slides or flows of snow. Rocky debris and vegetative material are
commonly transported by the snow. Avalanches probably play a part in downslope
transport of some colluvial material in the study area

Gullies are small ravines with v-shaped profiles that form in drift and bedrock. In the
terrain study area gullies on the valley sideslopes are mostly active, with most erosion
probably taking place during spring run-off. The presence of gullies indicates erodable
material, such as till, colluvium and weathered bedrock.

Rock glaciers are typically thick talus deposits with an ice-rich core and have a lobate,
tongue-shaped form. They can form where deep blocky colluvium over permafrost receives
sub-surface flow from an upslope basin. Rock glaciers are usually active, moving
downslope at a very slow rate, and have a moderately steep, active escarpment on the
downslope face. Numerous rock glaciers are mapped in the study area.

5.6 SOILS

Terrain field checking indicated the lack of well developed soil profiles, which is typical of
arctic alpine environments. Soils are absent on the upper, steep to moderately steep slopes
where erosional processes are active. Low soil temperatures, short growing season and slow
rates of plant reproduction, organic accumulation and decomposition contribute to pootly
developed soils. Most of the soils in the study area are Regosols or Brunisols. Regosols

‘A
=
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occur at high elevations in association with till deposits and Brunisols generally occur at
lower elevations in well drained locations. Organisols have developed in flat, poorly drained
areas on the valley floor. Crysosols exist in some areas where organic layers provide
sufficient insulation to allow frozen soil horizons to develop. Palsas — hummocks of frozen
peat with ice-rich cores — were mapped on the valley floor about 2.6 km east of the
Yukon/NWT border.

6.0 DISCUSSION AND CONCLUSIONS

The results of the terrain mapping characterize a landscape typical of northern alpine
mountainous terrain. Surficial material ranges from coarse textured colluvial talus on
middle to upper slopes to sandy gravelly silt colluvium and till on lower slopes.

Much of the colluvium and till should be suitable as general fill. Previous reports identify
sites on the NWT side that may be suitable for good granular borrow as sand and gravel
intersections between 2.7 m and 6.0 m were located.

Hand excavated testpits on the Yukon side of the study area indicated generally similar soil
textures to those found in testpits and boreholes reported in previous reports from the
NWT side.

Geomorphological processes identified in the study area include rockfall, debris slides,
debris flows, avalanches, gully erosion and permafrost processes (e.g., rock glaciers).
Colluvium and bedrock dominate the upper valley hillslopes and moraine is the common
soil cover on the lower valley hillslopes and main valley floor.

Although the area is within the zone of discontinuous permafrost, continuous permafrost is
more likely to occur in the high elevation alpine climate. Permafrost features are mapped in
the area.

Most of the soils in the study area are Regosols or Brunisols. Organisols have developed in
flat, pootly drained areas on the valley floor. Crysosols have developed in some areas where
organic layers provide sufficient insulation for frozen soil horizons to develop.

7.0 CLOSURE

The information and analyses contained in this report and maps are based on the results of
previous reports, air photograph interpretation, current understanding of regional terrain
and geology, and on limited observations of land-surface conditions. In most of the study
area, subsurface conditions (e.g., characteristics of subsurface materials and subsurface
hydrologic conditions) are interpreted from surface observations or air photo interpretation
with only reconnaissance scale field checking.

EBA is pleased to present North American Tungsten Corporation Ltd. with this Terrain
Study report for the MacTung project. The report has been produced to aid project
planning and future regulatory submissions leading to MacTung project approvals and

‘A
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implementation. We are confident that the data and associated information presented in
the report will assist in supporting this objective.

Further information on the use of this report is presented in the attached General
Conditions, which form a part of the report.

Respectfully submitted,
EBA Engineering Consultants Ltd.

Prepared by:
.f/ﬁ ’
(4

Jack Dennett, P.Geo.(BC)

Senior Project Geoscientist
direct line: 668 2071 extn. 230
e-mail: jdennett@eba.ca

Reviewed by:
e vt p I
[NAXZIA N
( CNMUXTE -
J. Richard Trimble, M.Sc. (Eng), P. Eng. Richard Hoos, M.Sc., R.P. Bio.
Project Director - Engineering Practice Principle Consultant
direct Line: (867) 668 2071 extn. 222 direct Line: (604) 685 0017 extn. 239
e-mail: rtrimble@eba.ca e-mail: thoos@eba.ca
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Photo 1
MacTung July 2006. Soil pit on colluvial, mid-valley slope

Photo 2
MacTung July 2006. Excavation of soil testpit on lower valley hill slope
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Photo 3
MacTung July 2006. Valley floor and steep sideslopes characteristic of the study area

Photo 4
MacTung July 2006. Moderately steep talus slopes with periglacial processes (CK-Z)
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Photo 5
MacTung July 2006. Rock glacier (Cjk-Z) near mine access road on south valley hillslope, located about four
kilometers east of the Yukon NWT border

Photo 6
MacTung July 2006. Common till (moraine) texture on valley floor
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Photo 7
MacTung July 2006. View east of morainal terrain on valley floor at the eastern extent of the terrain study area

Photo 8
MacTung July 2006. Moderately steep to steep valley sideslopes in the NWT side of the terrain study area.
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Photo 9
MacTung July 2006. Gullying (-V) through thick till deposits on south-facing valley

Photo 10
MacTung July 2006. Palsas (ice-core peat) in thick organic deposits on valley floor in NWT side of terrain study area.
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