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1.0 INTRODUCTION

EBA Engineering Consultants Ltd. (EBA) is presently managing a Yukon geothermal exploration
program for Yukon Energy Corporation (YEC). The Swift River Region was identified by the
project team as an area that includes favourable geology units that should be evaluated for
geothermal potential. Recent volcanics, from late Tertiary to Quaternary time, occur throughout a
large area of north-central British Columbia and across the border into the Yukon. Lava flows,
basalt plateaus, cinder fields and cinder cones from this volcanism cover vast areas south of the
study area, with Mt. Edziza (2787 m asl) in the Stikine Plateau being the most notable and also the
Level Mountain Range west of Dease Lake and northwest of the Stikine River.

The Swift River study area in south-central Yukon and adjacent British Columbia includes the
Cassiar Mountains, Dorsey Range and south to the Atsutla Range. The approximate study area
boundaries extend to Morley River and Morley Lake in the west, to the west edge of the Liard Plain
in the east, and to the Tuya Lake — Jennings River, BC area in the south. The northern boundary of
the study area extends to the south shore of Wolf Lake and the headwaters of Irvine and Cabin
Creeks in the Yukon. The area is within the Liard First Nation and Teslin Tlingit Council traditional
territories in the Yukon and within the Dease River First Nation traditional territories in BC. The
study area extends about 100 km south of the Alaska Highway (Figure 1).

2.0 PURPOSE AND METHODS

The purpose of the project was a desk-top exercise to study the geology north and south of the
Swift River area and to ascertain and evaluate the occurrences of recent volcanic deposits. Recent
volcanic activity could indicate that magmatic heat sources (magma) may be closer to the surface,
L.e., that these areas could have a higher geothermal gradient.

Evaluation of the Swift River Area (Phase 013 of the Yukon Geothermal Exploration Project)
included literature research and review of previous geological mapping and reports. The geology of
the study area was researched by internet searches and by compiling regional geology mapping and
reports available at resource libraries and the Geological Survey of Canada (GSC). In order to better
understand the regional geological setting, geology adjacent to the study area was also reviewed,
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particularly in the Dease Lake mapsheet to the south that has significant exposures of the young
volcanics.

3.0 RESULTS AND DISCUSSION

31 BACKGROUND GEOLOGICAL SETTING

The geology unit of interest is relatively young volcanics of the Northern Cordilleran Volcanic
Province (or Stikine Volcanic Belt), named for the Stikine Volcanics of the Stikine River map area to
the southeast, including Mount Edziza on the Stikine Plateau and the adjacent Spatsizi Plateau.

The Northern Cordilleran Volcanic Province (NCVP) is a large area of recent volcanism that
stretches from just north of Prince Rupert into the Yukon Territory and the Alaska border
(Figure 1). It is the most active volcanic region in Canada, containing more than 100 volcanoes,
three of which erupted in the last few hundred years (two witnessed by people). These volcanoes
formed due to extensional cracking of the crust in response to the Pacific Ocean plate dragging
northward along the edge of the North American plate, toward the Aleutian subduction zone. This
belt includes Mt. Edziza, Level Mtn., Tseax Cone (240 years), Lava Fork (360 years), and Ruby Mtn.
(103 years) in BC and Volcano Mountain in the Yukon, also a target of the Yukon-Wide Geothermal
Exploration project. Mount Edziza and the surrounding volcanoes make up one of the largest areas
of young volcanic activity in Canada. The largest and oldest is the Level Mountain Range that
occupies an area of 1,800 km® has a volume of more than 860 km’ and occurs just south of the
study area. The most recent eruptions, which postdate the last glaciation, are represented by rough
irregular flow surfaces with collapsed lava tubes, pahochoe [relatively smooth, free flowing] lava and
undisturbed ash and bombs (GSC, 1957).

The NCVP is adjoined by a cluster of volcanic plugs in central British Columbia. The southern
boundary of the NCVP is parallel with south-western Stikinia and is characterized by separate
volcanic vents and erosional remains of lavas south of the small community of Stewart. The eastern
boundary of the NCVP is the Cassiar Terrane. The northern and western boundaries are adjoined
by the Yukon-Tanana and Cache Creek terranes with volcanics in eastern Alaska and weathered
remains of older lava flows just north and west of Dawson City in west-central Yukon (GSA 2000).

The NCVP is part of an area of intensive earthquake and volcanic activity around the Pacific Ocean
called the Pacific Ring of Fire. However, the NCVP is commonly interpreted to be part of a gap in
the Pacific Ring of Fire between the Cascade Volcanic Arc further south and the Aleutian Arc
further north; although it is recognized to include over 100 independent volcanoes that have been
active in the past 1.8 million years. At least three of them have erupted in the past 360 years, making
it the most active volcanic area in Canada.

The NCVP has been a zone of active volcanism since it began to form 20 million years ago. Unlike
other parts of the Pacific Ring of Fire, the NCVP has its origins in continental rifting — an area
where the Earth's crust and lithosphere is being pulled apart (GSC 2008). This differs from other
portions of the Pacific Ring of Fire as it consists largely of volcanic arcs formed by subducting
oceanic crust at oceanic trenches along continental margins circling the Pacific Ocean (USGS 1999).
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The continental crust at the Northern Cordilleran Volcanic Province is being stretched at a rate of
about 2 cm per year. When the stored energy is suddenly released by slippage across the fault at
irregular intervals, it can create very large earthquakes, such as the magnitude 8.1 Queen Charlotte
Islands earthquake of 1949 (NRC 2008). These movements in the North American crust can cause
the near surface rocks to fracture along steeply dipping faults parallel to the rift zone. Hot magma
rises between these fractures to create passive or effusive eruptions. Volcanoes within the NCVP
are located along short northerly trending segments which in the northern part of the volcanic
province are unmistakeably involved with north-trending rift structures, including synvolcanic
grabens and grabens with one major fault line along only one of the boundaries (half-grabens)
(Wood, 2001). Grabens are indicative of tensional forces and crustal stretching.

Two major north-trending faults hundreds of kilometres long extend along the east and west
boundaries of the NCVP (Tintina and Denali fault systems), which extend from northern British
Columbia to central Alaska and have been tectonically active since the Cretaceous period as strike-
slip faults. The volcanics comprising the NCVP are consistent with the rifting environment.
(Wood, 2001).

Seismic activity within the study area is relatively subdued compared to other areas of northern BC
and the Yukon, although the Tintina Trench near the eastern boundary of the study area has a more
defined linear trend of increased seismic activity.

Active or recently active thermal springs are found in several areas along the western flank of the
Stikine Volcanic Plateau, including Elwyn springs (36°C), Taweh springs (46°C), and inactive springs
near Mess Lake. All three hydrothermal areas are near the youngest lava fields on the plateau and
are probably associated with the most recent volcanic activity at Mount Edziza. No reports of hot
springs within the study area were found.

The presence of hot springs in the NCVP indicates the existence of magmatic heat. Thermal springs
form if water percolates deeply through the crust and heats up from the primal magmatic heat under
the surface. After the groundwater is heated, the heated groundwater rises to the surface to form a
hot spring. In some cases, the heated groundwater may rise along extensional faults related to
rifting. The Lakelse Hot Springs near Lakelse Lake Provincial Park in northern British Columbia,
near Terrace, is interpreted to be one such example. With a temperature of 89 C, the springs are the
hottest in Canada. It is also possible that the magma associated with the Nass Valley eruption 250
years ago to the north rose along the same north trending fault lines fueling the Lakelse Hot Springs
(NRC 2009).

3.2 RESULTS AND STUDY AREA GEOLOGY

The study area is included in the Tuya Volcanic Field. Extensive basalt of the Tuya Formation can
be seen from the Alaska Highway west of the Rancheria road side lodge. These volcanics were
deposited by recent (Tertiary to Quaternary time) events that have been emplaced within older units
throughout the area. The number and size of these occurrences of recent volcanics increases from
north to south and large areas south of the study area are covered by volcanic flows (Figure 2).
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Geology of the study area has been mapped by the GSC at 1:250,000 scale. The young volcanic
units of interest for this study were reviewed mainly on three mapsheets (Table 1).

TABLE 1 RECENT VOLCANIC UNITS MAPPED IN AND SOUTH OF THE STUDY AREA

TIME DESCRIPTION LOCATION AREA Malsllfeet
Tertiary @ and 65.4 M. icular olivine basalt;
ertiary () an a vesicular olivine basalt; Yukon Wolf 105B
Quaternary to present Lake
Tertiary () and 65.4 Ma Tuya Formation: lava, tuff, agglomerate, Jennings
. BC . 1040
Quaternary to present | recent volcanic vent; River
Late Tertiary to 23.7 Ma basalt, olivine basalt; minor trachyte and Dease
. BC 104]
Quaternary to present rhyolite; Lake

Although outside the study area, the geology of the Dease Lake area was reviewed because the target
volcanics have the most prominence in this area and occupy greater than one-fifth of the mapsheet,
including the flat-lying basalt of Level Mountain on the Stikine and Nahlin Plateau.

Only one relatively small occurrence of recent volcanics could be found mapped in the Yukon. It
occurs on the Alaska Highway at Spencer Creek, about 30 km east of Daughney Lake. Additional
occurrences are found along the Alaska Highway in BC and throughout all but the area between
Swan Lake and Klinkit Lake in the northwest quadrant of map 1040. Numerous small occurrences
of the Tuya Formation occur along the Alaska Highway where it follows the Swift River. Flat-lying
olivine basalt at least 75 m thick occurs in the Rancheria River valley. The top of the basalt is
marked by a relatively flat bench, but the base is everywhere concealed by drift. The most
prominent occurrences are located in the southeast quadrant of the mapsheet in the area of Tuya
Lake where they form numerous prominent mountains and buttes (Metah Mountain, Isspah Butte,
Mount Josephine, Ash Mountain and Tuya Butte).

4.0 CONCLUSIONS AND RECOMMENDATIONS

The geological setting in the study area is favourable for geothermal exploration. Small exposures of
recent volcanics are found throughout a large portion of the Swift River region over an extensive
area. Hot springs, including the highest thermal spring water temperature in Canada, are associated
with similar volcanics south of the study area; however, no thermal springs are known to occur
within the study area.

Evidence of recent volcanic activity throughout the region suggests there is potential for elevated
geothermal gradient. Remnant heat from this activity at relatively shallow depth and connective
geology to deeper magma sources may be expected.

Based on the findings of this program, it is probable that an elevated geothermal gradient could
occur in the study area. Options to explore this possibility include a winter open-water survey to
prospect for thermal springs, a summer field reconnaissance to measure field parameters at water
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features located at exposed areas of young volcanics, and drilling to directly measure sub-surface
temperature and interpolate the geothermal gradient.

To further advance geothermal exploration in this area, a cost-effective follow-up to this study is a
winter open-water survey, which could probably be accomplished in one to two days. A summer
program to assess water features at the occurrences of Tuya Formation volcanics is also a feasible
next step, but there are about 75 occurrences of the volcanics in the study area, some quite extensive
with multiple water features, and a helicopter-supported program over about three days would likely
be required to carry out this exploration task. Mobilization would be from Whitehorse with a crew
based in Teslin to carry out the work.

A drilling program would typically be required to evaluate the geothermal gradient. Another option
would be to investigate the extent of mineral exploration at base metal occurrences near Tootsee
Lake in the east-central part of the study area. If diamond drill holes were advanced during property
development, one or more of these may be open and available for monitoring of deep water
temperature. Helicopter support would likely be required to access the site, but the work would
likely be completed in one day. There is a moderate to high risk that caving of boreholes or other
blockages could preclude access to the full borehole depth.

Beyond technical factors, there are other issues relating to suitable proximity to power grids, land
use and ownership, and other social and economic factors that should be assessed at an early stage
of geothermal resource assessment but are outside the scope of this work. The distance from the
existing power transmission grid and remote access likely precludes further development at this time
and advancement of an extensive exploration program is not recommended until an economic
analysis concludes that development would be cost-effective. However, proceeding with potential
assessment of geothermal gradient using existing boreholes from mineral exploration could provide
a useful assessment of the geothermal potential for minimal cost.
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5.0 LIMITATIONS OF REPORT

This report and its contents are intended for the sole use of YEC and their agents. EBA does not
accept any responsibility for the accuracy of any of the data, the analysis or the recommendations
contained or referenced in the report when the report is used or relied upon by any Party other than
YEC, or for any Project other than the proposed development at the subject site. Any such
unauthorized use of this report is at the sole risk of the user. EBA’s General Conditions are
provided in Appendix A of this report.

We trust that the foregoing information meets your present requirements. If you have any questions
or require further information, please contact the undersigned.

EBA Engineering Consultants Ltd.

Jack T. Dennett, P.Geo. Stephan Klump, Ph.D.
Senior Project Geoscientist Hydrogeologist

phone: 867-668-2071 ext 230 phone: 867-668-2071 ext 250
e-mail: jdennett@eba.ca e-mail: sklump@eba.ca
Attachments: Figure 1: Location Map

Figure 2: Study Area and Geology
Appendix A: EBA’s General Conditions
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GEO-ENVIRONMENTAL REPORT — GENERAL CONDITIONS

This report incorporates and is subject to these “General Conditions”.

1.0 USE OF REPORT AND OWNERSHIP 3.0 NOTIFICATION OF AUTHORITIES

This report pertains to a specific site, a specific development, In certain instances, the discovery of hazardous substances or
and a specific scope of work. It is not applicable to any other conditions and materials may require that regulatory agencies
sites, not should it be relied upon for types of development and other persons be informed and the client agtees that

other than those to which it refers. Any variation from the site  notification to such bodies or persons as required may be done
or proposed development would necessitate a supplementary by EBA in its reasonably exercised discretion.

investigation and assessment.

This report and the assessments and recommendations
contained in it are intended for the sole use of EBA’s client.
EBA does not accept any responsibility for the accuracy of any
of the data, the analysis or the recommendations contained or
referenced in the report when the report is used or relied upon
by any party other than EBA’s Client unless otherwise
authorized in writing by EBA. Any unauthorized use of the
report is at the sole risk of the user.

This report is subject to copyright and shall not be reproduced
either wholly or in part without the prior, written permission of
EBA. Additional copies of the report, if required, may be
obtained upon request.

2.0 ALTERNATE REPORT FORMAT

Where EBA submits both electronic file and hard copy
versions of reports, drawings and other project-related
documents and deliverables (collectively termed EBA’s
instruments of professional service), only the signed and/or
sealed versions shall be considered final and legally binding.
The original signed and/or sealed version archived by EBA
shall be deemed to be the original for the Project.

Both electronic file and hard copy versions of EBA’s
instruments of professional service shall not, under any
citcumstances, no matter who owns or uses them, be altered by
any party except EBA. The Client warrants that EBA’s
instruments of professional service will be used only and
exactly as submitted by EBA.

Electronic files submitted by EBA have been prepared and
submitted using specific software and hardware systems. EBA
makes no representation about the compatibility of these files
with the Client’s current or future software and hardware
systems.
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