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December 17, 2013 
 
Mr. Paul West-Sells 
Casino Mining Corporation 
2050 - 1111 West Georgia St. 
Vancouver, BC, V6E 4M3 
 
Dear Paul, 
 
Re: The Casino Project – Preliminary Geotechnical Study for the proposed Freegold Road Upgrade  

1. Introduction 

Casino Mining Corporation (CMC) proposes to develop a copper-gold mine at their Casino Property, situated 
approximately 280 km northwest of Whitehorse, Yukon (Figure 1).  The proposed mine comprises an open pit 
operation with an operating life of 22 years.  The site is currently accessed by fixed-wing aircraft or helicopter.  
An all-season road is needed to facilitate the development and operation of the mine.  It is proposed to provide 
road access to the mine site by upgrading the existing Freegold Road and by constructing a new road, referred 
to as the ‘Freegold Road Extension’. 

Knight Piésold Ltd. (KP) was commissioned by CMC to prepare a Project Proposal for the Casino Project for 
submission to the Yukon Environmental and Socioeconomic Assessment Board (YESAB) Executive Committee 
and to provide input to the Feasibility Study design of the project.  This report presents the findings of a 
preliminary geotechnical study for the proposed ‘Freegold Road Upgrade’ section.  The report is intended to 
provide background information pertinent to the planning and preliminary design of the road upgrade, in addition 
to providing input to the Project Proposal.  The study incorporates a geotechnical desk top study and an air 
photo interpretation, undertaken to identify terrain hazards and potentially hazardous permafrost-related 
features.  The report has been prepared exclusively for CMC in relation to the Casino Project. 

2. Background 

The Freegold Road is an active, unpaved resource road in Central Yukon that extends northwest from the village 
of Carmacks to placer mines in the Seymour Creek Valley and Big Creek Valley (Figure 2).  The road is 
maintained by Yukon Highways and Public Works.  The road extends for a distance of approximately 83 km to a 
former crossing point of Big Creek where a bailey bridge has been washed out. 

In the mid-1990s, the Yukon Government completed a design for the upgrade of an approximately 32 km-long 
section of the Freegold Road starting at the Mount Nansen Road intersection.  The Yukon Government also 
selected a preliminary route for truck traffic to by-pass the village of Carmacks.  This bypass, hereafter referred 
to as the ‘Carmacks By-pass Route’ connects directly to the Klondike Highway near Km 354 at the Garvice 
Industrial Subdivision.  The ‘Carmacks By-pass Route’ crosses the Nordenskiold River approximately 4 km 
upstream from the existing Freegold Road Crossing. 

In 2012, Associated Engineering (AE) prepared a Scoping Study for the upgrade of the Freegold Road  
(AE, 2012).  AE adopted the Yukon Government’s functional design for the east part of the route and established 
a functional design for the west part of the route.  This is the alignment assessed in this report.  However, since 
the completion of this assessment the Freegold Road Upgrade alignment has been updated and, portions of the 
new alignment deviate significantly from the alignment presented in this report.  The information presented here-
in is no longer applicable for these portions.  The portions of the Freegold Road Upgrade alignment presented in 
this report that differ from the alignment presented in the YESAB Proposal are: 
 Km 0.4 to Km 1.1 
 Km 3.8 to Km 4.4 
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 Km 46.7 to Km 47 
 Km 48 to Km 49.3 
 Km 50.7 to Km 59.8 
 Km 60.5 to Km 60.8 
 Km 61.7 to Km 62.7 
 Km 63.7 to Km 63.9 
 Km 64.9 to Km 65.1 
 Km 65.9 to Km 66.4 
 Km 67.6 to Km 70.3, and 
 Km 83.1 to Km 83.8. 

3. Scope of Work 

The study comprised: 
 A review of the published geology maps of the area 
 Air photo interpretation (API), and 
 Terrain mapping for those portions of the route that, based upon the findings of the slope angle analyses 

and the nature of the surficial geology, are expected to include broad areas of ‘potentially unstable’ terrain. 

The Study Section extends from Carmacks to the Bow Creek crossing at approximately Ch. 70.5 km.  The 
remainder of the Freegold Road Upgrade alignment, extending to the Big Creek Crossing at Ch. 83 km, was 
included in an earlier study (KP, 2012). 

4. Site and Project Description 

4.1 Physiography and Drainage 

The site is located on the east and north slopes of the Dawson Mountain Range within the Klondike Plateau 
Physiographic Area.  The alignment follows the west side of the Yukon River Valley as far as Ch. 24 km.  The 
road then heads west along the toe of the slopes on the north side of the Crossing Creek Valley.  There is a 
major catchment divide at approximately Ch. 53 km.  The remainder of the route follows the toe of the slopes on 
the north side of the Seymour Creek Valley.  The ground elevation ranges from approximately 600 m above sea 
level (ASL) at Carmacks to approximately 1000 m ASL at the watershed between Crossing Creek and Seymour 
Creek. 

Bedrock outcrops are limited in occurrence, comprising occasional cliffs and residual knobs (tors).  The first  
53 km of the alignment lies within an area affected by the middle Pleistocene Glaciation.  The alignment 
traverses hummocky kame and kettle topography comprising glaciofluvial sands and gravels as far as Ch. 24 km 
with ‘rolling’ glacial till morphology predominating from Ch. 24 km to Ch. 53 km.  There are some areas of 
moderately steep (50% to 70%) terrain.  The area to the west of Ch. 53 km was not affected by the middle 
Pleistocene Glaciation.  The valley profiles are typically asymmetric in this area with shallower north-facing 
slopes being the result of enhanced sheetwash and solifluction processes on these ‘sheltered’ slopes.  The 
alignment traverses areas of moderately steep terrain at the toe of the north side of the Seymour Creek Valley 
between Ch. 62 km and Ch. 70.5 km. 

4.2 Climate 

The climate of the region is described as cold and semi-arid.  The mean annual temperature is between 
approximately -4°C and -8°C and the mean annual precipitation is 300 mm (Smith et al., 2004).  The 
mountainous terrain of central Yukon is prone to thermal inversion (EBA, 2004).  This means that the mean 
annual air temperature is commonly lower in the valley bottoms.  This microclimate effect often results in the 
presence of thicker permafrost on the valley bottoms. 
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5. Desk Study 

5.1 Site History 

A range of all-season roads, winter roads and access trails have been developed over several decades to 
support regional mining operations.  Historical air photos indicate that access had been established from 
Carmacks to the Big Creek Valley, to the west of the Study Site, by 1961 and that placer mining operations 
initiated in the region sometime between 1961 and 1989 (KP, 2012). 

Provincial watershed fish habitat suitability maps, prepared by the Yukon Placer Mining Secretariat, were 
examined as part of the Desk Study.  The mapping indicates historical mining on the north side of the Seymour 
Creek Valley, approximately 6 km east of the confluence with Bow Creek. 

5.2 Published Geology 

5.2.1 Surficial Geology Maps 

An extract from the Geological Survey of Canada`s 1:100,000-scale published surficial geology maps covering 
the site area (Jackson, L.E. 1997 and Jackson, L.E,. 1997a) is presented on Figures 3 and 4.  The mapping 
shows a clear divide in the vicinity of Ch. 53 km, with extensive glacial deposits occurring to the east of that 
location, but only occurring locally in the area to the west.  This divide coincides with the approximate western 
limit of the middle Pleistocene Glaciation (Duk-Rodkin, 2010).  The portion of the alignment to the west of  
Ch. 53 km was only affected by the older Pliocene to early Pleistocene Glaciation. 

The surficial geology along the initial north-south trending portion of the Freegold Road alignment predominantly 
comprises glaciofluvial sands and gravels according to the published surficial geology map (Jackson, 1997).  
The glaciofluvial sands and gravels are indicated to have a discontinuous surface cover of eolian sands and 
silts.  Glacial till is mapped in the vicinity of Ch. 24 km to Ch. 52 km of the alignment.  Loess deposits are 
mapped locally in the vicinity of Ch. 26 km and Ch. 30 km.  Alluvium is mapped in the vicinity of the proposed 
Nordenskiold River Crossing along the Carmacks Bypass Route and in the vicinity of Ch. 12.5 km of the main 
alignment. 

Colluvium blankets the mountain slopes in the area to the west of Ch. 52 km.  Alluvial complex sediments (APMX) 
are mapped along the valley floor between approximately Ch. 45 km and Ch. 67 km.  These soils comprise 
alluvial sands and gravels interstratified with colluvium, re-worked loess and organic soils according to the 
published surficial geology map.  They are indicated to have a blanket bog cover that is generally less than  
1 m-thick.  Organic soils are mapped on the valley floor in the vicinity of Ch. 55 km.  A terrace of glaciofluvial 
sands and gravels is mapped in the area to the south of the alignment in the vicinity of Ch. 70.5 km. 

Intermittent bedrock outcrops are mapped in the vicinity of the alignment, in particular in the areas upslope from 
Ch. 15 km to Ch. 21 km and Ch. 45 km to Ch. 46 km.  Tors are mapped on the upper slopes on the north side of 
the Seymour Creek Valley in the vicinity of Ch. 58 km to Ch. 61 km of the alignment and on the upper slopes on 
the south side of the Seymour Creek valley in the vicinity of Ch. 67 km to Ch. 69 km of the alignment. 

The published mapping indicates the presence of thermokarst features on the lower slopes on the south side of 
the Crossing Creek Valley in the vicinity of Ch. 50 km to Ch. 52 km of the alignment (Figure 3).  Landslides are 
mapped in the natural terrain, upslope from Ch. 8 km to Ch. 19 km of the alignment. 

5.2.2 Bedrock Geology 

The Canadian Geological Survey’s provincial scale published bedrock geology map for the Yukon Territory 
(Gordey and Makepeace, 2001) indicates the bedrock geology along the initial portion of the alignment, 
(approximately as far as Ch. 26 km) comprises basalts and breccias with some crystal tuff and some 
sedimentary rocks belonging to the Upper Cretaceous Carmacks Formation.  The floor of the Crossing Creek 
Valley follows the alignment of an east-northeast trending geological fault.  Bedrock belonging to the Carmacks 
Formation is mapped on the south side of the fault and granodiorite on the north side.  A geological fault is also 
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mapped along the floor of the Seymour Creek Valley.  The bedrock geology in this valley comprises granitic 
rocks and bedrock belonging to the Carmacks Formation. 

5.3 Permafrost Conditions 

Permafrost is widespread but discontinuous in the northern Dawson Range (Bond and Lipovsky, 2011).  The 
surficial geology mapping indicates the alluvial complex sediments contain segregated ice lenses and ice 
wedges. 

5.4 Geological and Geomorphological Model 

The following geological/geomorphological model was developed for the east-west trending valleys in the site 
area by AECOM in their early work on the project: 
 

 
This model is considered to apply to the portion of the route to the west of Ch. 52 km, which was not affected by 
the middle Pleistocene Glaciation.  

The key features of the model are: 
 The ‘sheltered’ north-facing slopes have a shallow permafrost table.  Sheetwash and solifluction occur 

during seasonal melting within the active layer and result in colluvial soils intermixing with organic soils and 
loess deposits to form poorly-drained colluvial aprons at the toes of the slopes. 

 The south-facing slopes have a deeper permafrost table or are free of permafrost.  Permafrost-related 
processes are far less prevalent on these slopes and the surficial soils tend to be better drained. 

 There is a depressed permafrost table associated with the main watercourse on the valley floor. 
 The valley profile is distinctly asymmetric with shallower slope angles occurring on the north-facing slopes as 

a result of sheetwash and solifluction. 
 Tors develop in granite bedrock outcrops on the hill tops as a result of mechanical weathering. 

5.5 Fish Habitat and Previous Placer Mining 

Provincial watershed fish habitat suitability maps prepared by the Yukon Placer Mining Secretariat were 
examined as part of the Desk Study.  The maps indicate that the first 6 km reach of Seymour Creek heading 
east from its confluence with Bow Creek generally has ‘moderate habitat suitability’ and that the upper reaches 
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of the catchment generally have ‘moderate to low habitat suitability’.  Current placer mining operations are 
mapped on both sides of the valley approximately 4 km upstream of the confluence.  An area of previous placer 
mining is mapped on the north side of the Seymour Creek Valley, approximately 6 km upstream from the 
confluence with Bow Creek.  The reach of Crossing Creek that the alignment follows is indicated to have 
‘moderate to low habitat suitability’.  The Freegold Road crosses the lower reach of Murray Creek at  
Ch. 12.5 km.  The lower reach of this creek is indicated to have ‘moderate to high habitat suitability’.  The 
Nordenskiold River is indicated to have been affected by previous placer mining. 

6. Air Photo Interpretation 

Air photos were obtained from the National Air Photo Library and inspected with a stereoscope.  Black and white 
contact prints taken in 1990 at a scale of 1:25,000 were inspected.  The air photos inspected  
(Ref. A 27668 No.’s 39 to 96) cover the full length of the alignment.  In addition, 1:20,000 scale air photos taken 
in 1994 were inspected for the Carmacks area (Ref. A28155, No.’s 12 and 13 and Ref. A26590 No.’s 02 and 03) 
and colour 1:20,000 scale air photos taken in 2009 were inspected for the portion of the alignment between  
Ch. 62 km and Ch. 70 km. 

7. Findings of the Geotechnical Study 

The findings of the study are detailed below and illustrated on Figures 5 to 18. 

7.1 Geological Model 

The API confirmed the general geological model for the Study Area developed in the desk study.  The surficial 
geology along the Carmacks Bypass Route predominantly comprises glaciofluvial sands and gravels.  The 
glaciofluvial sands and gravels extend as far as approximately Ch. 26.5 km of the alignment, where it is 
interpreted that a break of slope marks the contact with glacial till.  The glaciofluvial sands and gravels are 
expected to be capped, locally, by loess deposits comprising silts and fine sands.  The alignment crosses a 
fluvial plain in the vicinity Ch. 11 km to Ch. 12.5 km and fluvial fans in the vicinity of Ch. 9.5 km, Ch. 12.5 km and 
Ch. 22 km.  The surficial geology is interpreted to predominantly comprise glacial till between Ch. 26.5 km and 
Ch. 52 km.  Loess deposits may also occur, locally, along this portion of the alignment.  The alignment traverses 
the toe of a colluvial fan in the vicinity of Ch. 34.5 km.  A possible solifluction lobe was identified in the west part 
of the fan.  The alignment traverses a fluvial plain and a fluvial fan between Ch. 37.5 km and Ch. 38.5 km.  
Areas of organic soils were identified in the vicinity of Ch. 27 km, Ch. 30 km and Ch. 32 km.  The Freegold Road 
Upgrade alignment follows a straighter course than the existing alignment meaning that it extends, locally, onto 
colluvial aprons, fluvial plains and fluvial fans.  These areas have a relatively sparse tree cover, are poorly-
drained and are interpreted to have a surface cover of organic soils and/or fine mineral soils.  The interpreted 
extents of the possible organic soils in these areas are indicated on Figures 8 to 13.  The organic soils identified 
on the valley floors are possibly ice-rich with permafrost occurring at shallow depth. 

In the area to the west of Ch. 52 km, the weathered bedrock is generally overlain by colluvium.  This portion of 
the proposed alignment also follows a straighter course than the existing alignment and it too extends into 
inferred areas of organic soils, e.g. Ch. 60.5 km to Ch. 62.5 km and Ch. 66 km. 

7.2 Permafrost  

Permafrost degradation features in the form of thaw lakes and thermokarst depressions were identified in the 
vicinity of Ch. 11.5 km, Ch. 14 km and Ch. 30 km to Ch. 37.5 km of the alignment.  There is generally no clear 
association between the permafrost degradation features identified and anthropogenic processes.  However, a 
thaw lake and a thermokarst depression were identified close to the existing road in the vicinity of Ch. 11.5 km of 
the alignment.  There is no clear evidence of recent forest fires in the 1990 air photos that could have resulted in 
permafrost degradation. 
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7.3 Terrain Hazards 

7.3.1 Landslides 

In this report, landslides are described as either ‘recent’ or ‘relict’.  ‘Recent’ landslides are devoid of vegetation, 
partly re-vegetated or re-vegetated with pioneer species, only, in the 1990 air photos.  ‘Relict’ landslides are 
completely re-vegetated. 

A possible relict slump and a recent slide were identified upslope from the alignment in the vicinity of Ch. 8 km 
(Figure 17).  A recent debris slide was identified at a meander bend on the west bank of Seymour Creek near 
Ch. 69 km of the alignment (Figure 5).  Recent debris slides were observed in cut slopes along the Freegold 
Road in the vicinity of Ch. 34 km of the alignment (Figure 12).  

Two possible thaw slump/flows were identified in the north-facing slopes of the Seymour Creek Valley in the 
vicinity of Ch. 61 km of the alignment (Figure 6).  A possible skin flow was identified in the vicinity of  
Ch. 70.5 km.  The north-facing slopes along the west portion of the Seymour Creek Valley are interpreted to 
have a shallow active layer, locally, with the active layer becoming saturated with melt water during the summer 
months resulting in soil creep and solifluction. 

7.3.2 Snow Avalanches 

Snow avalanches generally occur on terrain with slope angles of approximately 27 to 40 degrees.  The route 
passes through some areas of moderately steep terrain that could be susceptible to snow avalanches. 

7.3.3 Fluvial Geomorphology Hazards 

In the 1990 air photos, the Nordenskiold River follows a markedly different course in the vicinity of the proposed 
crossing point than its current alignment as shown on the google earth imagery (Figure 18).  It is therefore 
interpreted that the river has undergone meander migration since 1990 in the vicinity of the proposed bridge site.  
An abandoned channel was also identified in the area to the north of the bridge site (Figure 18). 

The Freegold Road Upgrade alignment is adjacent to pronounced meander bends of creeks in the vicinity of  
Ch. 29 km and Ch. 32.5 km.  The proposed alignment crosses an abandoned meander in the vicinity of  
Ch. 70 km. 

Placer mining operations have likely added significant quantities of sand and gravel into the streams, locally, in 
particular into Seymour Creek in the vicinity of the final 6 km of the alignment.  Due to the added sediment, the 
placer mine streams and the major streams that receive the sediment can be less stable and more prone to 
channel erosion, re-location and flooding. 

8. Terrain Mapping 

8.1 Study Areas 

Terrain mapping was undertaken in areas deemed to be relatively susceptible to terrain hazards based upon the 
findings of the API.  Terrain Mapping was undertaken along the steeper western portion of the alignment  
(Ch. 58 km and Ch. 70.5 km).  Mapping was also undertaken for the proposed Carmacks Bypass Route, where 
the API indicated the river channel to be susceptible to meander migration. 

8.2 Terrain Mapping 

Terrain mapping was undertaken using the available air photos, as detailed in Section 6 of the report.  The 
mapping follows the system described in Howes and Kenk (1997). 

8.3 Findings of Mapping 

The terrain maps are presented on Figures 19 to 22.  The terrain mapping undertaken in the vicinity of  
Ch. 58 km to Ch. 70.5 km confirmed the valley slopes generally have a surface cover of colluvium.  Bedrock is 
interpreted to be at or very close to ground surface at the hill tops and along the hillside spurs.  Colluvial fans 
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were mapped at the confluences of some of the tributary valleys with the main one; in particular, in the vicinity of 
Ch. 58 km, Ch. 63 km, Ch. 67 km and Ch. 68 km.  Soliflucted slopes were identified on the south side of the 
valley.  The alignment crosses fluvial plains in the vicinity of Ch. 64.5 km to Ch. 66 km and Ch. 68.5 km to  
Ch. 69 km.  The alignment crosses areas of organic soils along the valley floor in the vicinity of Ch. 60.5 km to  
Ch. 64.5 km.  Anthropogenic soils associated with previous placer mining were mapped along the valley floor 
and along tributary valleys in the area west of Ch. 61 km. 

The terrain mapping undertaken for the proposed Carmacks Bypass Route confirmed that the surficial geology 
predominantly comprises glaciofluvial sands and gravels.  There is an approximately 100 m-wide fluvial plain on 
the west bank of the Nordenskiold River. 

8.4 Reliability of Mapping 

The terrain mapping was undertaken to Terrain Survey Intensity Level ‘E’ (MoF, 1999).  Factors detracting from 
the accuracy of the mapping are the absence of field-truthing, the limited availability of survey-based contour 
maps and ortho-imagery and difficulties of mapping through vegetation cover.  In addition, interpretation of 
historical air photos was outside the scope of work. 

9. Engineering Considerations 

9.1 Permafrost 

The Study Site lies within an area of widespread discontinuous permafrost.  It is interpreted that permafrost is 
present locally in the north-facing slopes of the Seymour Creek Valley and Crossing Creek Valley as well as in 
organic soils on the valley floors.  Ice-rich soils may be encountered, locally, in these areas.  Permafrost is 
interpreted to be generally absent in the glacial deposits to the east of Ch. 52 km.  However, permafrost may be 
present, locally, in the fluvial plain and fluvial plain deposits along this portion of the alignment, particularly in the 
vicinity of Ch. 11 km to Ch. 13 km of the alignment.  Permafrost is interpreted to be absent or present at depth in 
close proximity to the major watercourses and in the south-facing colluvial slopes. 

Permafrost is susceptible to thermal disruption and may thaw.  Thaw lakes and thermokarst depressions provide 
evidence of permafrost degradation at the Study Site.  Permafrost degradation can occur both during and after 
construction, resulting in the possibility of differential settlement of embankments and bridge foundations, slope 
instability and enhanced erosion and sediment delivery to watercourses.  It will be important in areas of ice-rich 
soils to adopt construction methods that prevent disturbance of the permafrost.  The key objective in such an 
environment is to maintain a stable permafrost regime.  Some non-anthropogenic permafrost degradation 
should, however, be anticipated, and the extent to which this key objective can be achieved will partly depend 
upon the relative influences of non-anthropogenic and anthropogenic permafrost degradation.  Processes that 
can lead to permafrost degradation are identified below: 

Non-Anthropogenic Processes 

Some non-anthropogenic processes that could lead to permafrost degradation in the Study Area are considered 
to be:  
 Forest fires initiated by lightning strikes 
 Natural terrain landslides 
 Natural stream avulsions 
 Windthrow, and 
 Climate change. 

Anthropogenic processes 

Some anthropogenic processes that could lead to permafrost degradation are considered to be:  
 Removal of vegetation – the thick layer of sphagnum moss provides effective insulation  
 Alteration to surface water drainage 
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 Creating standing bodies of water that are in direct thermal contact with the surficial soils  
 Implementing inadequate road drainage 
 Stockpiling 
 Stream avulsions resulting from placer mining 
 Man-made fires, and 
 Climate change. 

9.2 Earthworks 

The alignment is expected to traverse local areas of permafrost terrain that may include ice-rich soils.  In areas 
of known or suspected ice-rich soil, it will be important to develop design solutions and construction 
methodologies that mitigate possible permafrost degradation; for example, constructing the road on an 
embankment of non-frost susceptible fill without disturbing the surface cover of moss.  The surface water 
management strategies implemented should prevent water ‘ponding’, which can lead to permafrost degradation.  
Ditching at the toe of embankments should be avoided in areas of known ice-rich soils. 

9.3 Landslides and Terrain stability 

Landslides were only identified in the roadside slopes of the Freegold Road in the vicinity of Ch. 34 km of the 
alignment.  The relatively low occurrence of landslides in the roadside slopes is attributed to the fact that the 
alignment follows the north sides of the Crossing Creek Valley and Seymour Creek Valley, which are expected 
to have little or no permafrost.  The study indicated solifluction to be active on north-facing colluvial slopes in the 
west part of the Seymour Creek Valley.  The Freegold Road Upgrade alignment follows the north side of the 
valley in this area and therefore avoids the hazard areas.  The alignment crosses the toe of a possible 
solifluction lobe in the vicinity of Ch. 35 km.  The terrain is gently sloping in this area and the stability is unlikely 
to be unduly affected by the road construction. 

9.4 Erosion Potential 

The API highlighted local occurrences of silty and organic soils along the alignment.  These soils are expected to 
have a relatively high susceptibility to erosion. 

9.5 Other Hazards 

Placer mining operations have likely added significant quantities of sand and gravel into the streams in the west 
part of the Study Site.  Due to the added sediment, the placer mine streams and the major streams that receive 
the sediment can be less stable and more prone to channel erosion, re-location and flooding.  It is possible that 
any bridges or culverts located close to placer mining operations will need to be designed to take account of 
higher throughput of debris and possible higher flows and flood elevations. 

10. Conclusions 

A preliminary geotechnical study has been undertaken for the proposed Freegold Road Upgrade alignment.  The 
study included a desk top study and API.  Terrain mapping was undertaken in areas deemed to be relatively 
susceptible to terrain hazards based upon the findings of the API. 

There is interpreted to be a clear divide in the nature of the surficial geology in vicinity of Ch. 52 km of the 
alignment with extensive glacial deposits occurring in the area to the east of that location, but only occurring 
locally in the area to the west.  Areas of organic soils were identified, locally, along the west part of the 
alignment.  The Freegold Road Upgrade alignment follows a straighter course than the existing alignment, 
meaning that it extends, locally, onto colluvial aprons, fluvial plains and fluvial fans.  These terrain units are 
interpreted to have a surface cover of organic soils and/or fine mineral soils.  The organic soils identified on the 
valley floors along the west part of the alignment are possibly ice-rich with permafrost occurring at shallow depth.  
There is uncertainty regarding the nature and thickness of the organic soils as well as the ice content in these 
areas.  The study identified local indicators of permafrost degradation including thaw lakes and thermokarst 
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depressions.  In areas of known or suspected ice-rich soil, it will be important to develop design solutions and 
construction methodologies that mitigate possible permafrost degradation, for example constructing the road on 
an embankment of non-frost susceptible fill without disturbing the surface cover of moss. 

The terrain mapping undertaken in the vicinity of Ch. 58 km to Ch. 70.5 km confirmed the valley slopes generally 
have a surface cover of colluvium.  The terrain mapping indicated solifluction to be active on north-facing 
colluvial slopes in the west portion of the Seymour Creek Valley.  The Freegold Road Upgrade alignment follows 
the north side of the valley in this area and therefore generally avoids the hazard areas.  Anthropogenic soils 
associated with previous placer mining were mapped along the valley floor and along tributary valleys in the area 
west of Ch. 61 km.  The terrain mapping undertaken for the Carmacks Bypass Route indicated there is an 
approximately 100 m-wide fluvial plain on the west bank of the Nordenskiold River. 

The study highlighted possible occurrences of silty and organic soils at the site.  These soils include loess 
deposits along the east part of the alignment and colluvial apron, fluvial plain and fluvial fan deposits along the 
west part.  Silt and organic soils are especially prone to erosion. 
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4.  FREEGOLD ROAD UPGRADE ALIGNMENT IS FROM 
ASSOCIATED ENGINEERING, MAY 2013.
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