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SUMMARY 
 
 

• This report describes the initial, or pre-field, phase of the terrain 

stability mapping done for Blocks B and C of TFL 49, an area that 

encompasses 58,258 ha at the northern end of the tree farm licence, 

located on the Thompson Plateau, to the west of the north end of 

Okanagan Lake. 

• Tasks completed for this initial phase were: acquisition of a set of 

aerial photographs for Block C (photos for Block B were already in 

place); review of existing background information and earlier mapping 

and ensuring that the terrain stability mapping criteria for this project 

would be consistent with that of other projects in the area; pre-typing 

of aerial photographs, with the focus on the steeper ground where 

field work should be concentrated; and initiation of the GIS set-up, 

including acquisition and preparation of TRIM files and controlling the 

aerial photos to the TRIM digital elevation model in preparation for the 

monorestitution line-transfer process. 

• A summary of the physiography and geomorphic history of the region 

and a discussion of some specific features of the terrain geology and 

terrain stability conditions that were identified in TFL B and C are 

presented. A few scanned images of the typed aerial photos are 

inserted to demonstrate the level of pre-field mapping that was done 

and to show some representative examples of the terrain of the area. 

• A proposed work plan, with tentative schedule and budget, to 

complete the terrain stability mapping for Blocks B and C of TFL 49, is 

presented. 
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INTRODUCTION 
 
 
At the request of Riverside Forest Products Limited (RFP) in March 2003, work 

was initiated by Denny Maynard & Associates Ltd. (DMA) on a terrain stability 

mapping (TSM) project for TFL 49 A and B and adjacent Forest Licences A18667 

and A18689. Available time and funding in the 2002/03 fiscal year limited the 

scope of the work, of which the following completed tasks helped to form the basis 

of subsequent work: 

 

• Assessed existing TSM in TFL 49 to determine the amount of upgrading and/or 

new mapping required; ensured that any existing GIS files were clean and 

readily compatible for merging with new mapping. Prepared a work plan and 

budget for completing TSM of the TFL and adjacent forest licences. 

• Purchased aerial photo coverage for the entire proposed work area. 

 

In 2004, RFP retained DMA to upgrade the existing TSM (completed by Quaterra 

Environmental Consulting Ltd. in March, 1999) for the north block of TFL 49A 

(33,762 ha).This work has been completed and submitted in the 2004-05 fiscal 

year. Concurrently, RFP also retained DMA to begin work on detailed terrain 

stability mapping for Blocks B and C of TFL 49, an area that encompasses 58,258 

ha at the northern end of the tree farm licence. The aforementioned forest licences 

adjacent to the TFL were not included in this work. 

 

This report describes the initial, or pre-field, phase of work done for TFL 49 B and 

C. It includes the method of study for pre-field assessment, a summary of the 

physiography and geomorphic history of the region with some preliminary 

assessment of terrain stability conditions in the study area, and a concluding 

outline of a proposed work-plan for completing the TSM. 
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LOCATION and PHYSIOGRAPHY 
 
 
The area of interest is the northern part of TFL 49, which is located west of the 

north end of Okanagan Lake (Figure 1). Block B encompasses an area of 44,678 

ha within TRIM map sheets 92I 040 & 050 and 82L 021, 022, 031, 032, 041, 042, & 

051, mostly south of the community of Westwold. The smaller Block C (13,580 ha) 

is located to the north-east of Falkland in TRIM map sheets 82L 043, 052, 053, & 

063. A GIS analysis by RFP of this TFL land-base using TRIM contour data 

showed that about 9,360 ha are considered to be moderate to steeply sloping 

(>40% average gradient). 

 
The close proximity of this TFL to transportation corridors and population and 

industrial centres has contributed to fairly extensive modification of the forest 

landscape.  Forestry activity has been on-going since the early 20th century, 

probably beginning with selective logging and agriculture-related land clearing, 

eventually expanding to more extensive clearcutting in recent times. This, 

combined with the natural fire history of interior forests, results in a mosaic of stand 

ages ranging from immature to mature. As a consequence of the historical 

development in the region, an extensive network of roads exist which provide 

excellent access throughout most of the forest operating areas. Road quality 

ranges from well-maintained mainline logging roads, to old, overgrown and 

impassable (to vehicle) tracks. 

 

The northern part of TFL 49 is on the Thompson Plateau, the western unit of the 

southern Interior Plateau Physiographic Region (Mathews, 1986). The uplands 

consist of rounded mountains and ridges and rather uniform, low-relief plateau 

topography with a median elevation of about 1250-1500 m a.s.l.; most of the 

bordering ridge-crest elevations are below 2000 m. Tahaetkun Mountain at the 

south-east corner of Block B is the highest peak in the area at 2039 m a.s.l. Most 

of the TFL is within the watershed of Salmon River, the main stem of which rises 
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on the plateau at the south end of Block B before descending into its broad, 

easterly-flowing, lowland valley that is a main corridor containing transportation 

facilities and agricultural and rural-residential land uses. 

 

Regional bedrock is dominated by coarse-grained intrusive and metavolcanic rocks 

from Jurassic to Tertiary age, in places containing inclusions of older 

metasediments and commonly overlain by younger volcanics. However, 

geomorphology of the region is mainly a product of geological events which 

occurred in the Tertiary and Quaternary Periods (the two most recent geologic time 

periods).  This physiographic evolution began with uplift of the pre-Tertiary interior 

plateau causing erosional dissection of the raised surface to accelerate.  With 

recurrent glacial erosion and deposition during the Pleistocene Epoch (the last 1± 

million years), major valleys were further modified; glacial erosion in headwall 

valleys may have increased local relief and ruggedness, elsewhere surfaces were 

smoothed.  During the last major glaciation (Fraser Glaciation), the ice flowed in a 

south – southeasterly direction.  Deposition of surficial deposits was usually most 

extensive along valley lowlands, often resulting in thick accumulations of pre-

glacial, glacial, and/or post-glacial sediments.  Bedrock-controlled uplands and 

valley walls are mainly covered with relatively thin surficial materials.  Mass 

movement activity is concentrated on the steeper slopes, mainly the valley walls 

and creek and gully scarps. 

 

Mean annual precipitation in the region varies widely with elevation and geography.  

In very general terms, Farley (1979) shows an annual precipitation range between 

about 300-750 mm from Okanagan Lake to the western plateau highlands.  Much 

of the precipitation (greater than 50%) falls as snow, particularly at higher 

elevations; thus, peak runoff flows are primarily associated with snowmelt although 

annual extremes are often caused by rainfall on melting snow. 
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METHOD of STUDY 

 

Initial review of existing TSM in TFL 49 B was done as part of the earlier overview 

assessment of terrain stability requirements for the entire northern area of the TFL 

(Denny Maynard & Associates Ltd., 2003). This existing mapping was of limited 

use as it covered only a small part of the area of interest and was at a lower level 

of detail than would be required for this project. Nevertheless, a minor amount of 

relevant background information was gained. This mapping included 395 ha of 

Ingram Creek watershed that overlapped into the western edge of Block B 

(Geoterrain Consultants, 1998) and about 7,000 ha of reconnaissance TSM done 

in the northern part of Block B that was within the watershed of Monte Creek 

mapped by Quaterra Environmental Consulting Ltd  (1998). 

 

A complete set of 1994, 1:15,000, colour aerial photographs covering Block B had 

been purchased as part of the earlier overview project (Denny Maynard & 

Associates Ltd., 2003). Aerial photos for Block C, from the same 1994 coverage, 

were purchased as part of this project. RFP supplied 1:40,000 contour maps, 

compiled from standard TRIM with 20 m C.I., themed by slope class to provide a 

generalized breakdown of the distribution of steeper ground in these two blocks of 

the TFL. 

 

Prior to beginning the pre-typing of the aerial photographs, existing surficial and 

bedrock geologic resources were reviewed (e.g. Fulton, 1975 and Roed and 

Greenough, 2004) as regional refresher material, but more emphasis was put on 

retaining consistency with the recent detailed TSM done in the adjacent Block A of 

TFL 49 (Quaterra Environmental Consulting Ltd., 1999 and Denny Maynard & 

Associates Ltd., 2005). Preliminary overview of the aerial photos and slope-class 

maps for Blocks B and C showed that, although the areas of slope greater than 

40% were fairly concentrated, at least a third of the map area (probably about 

20,000 ha) would require thorough photo and field assessment to reliably interpret 
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accurate and detailed polygons of potentially unstable (class IV) and unstable 

(class V) terrain. For most of the remaining gentle to moderately sloping ground, 

detailed photo mapping augmented with a strategically planned, lower level of field 

checking should produce sufficiently reliable mapping to stratify the stable (class I 

to III) terrain; however, even on gentler slopes, potentially sensitive sites such as 

where underlain by glaciolacustrine fine-textured sediment or where steeply 

dissected by narrow creek channels, more careful attention could be warranted. 

 

The pre-typing of aerial photos was done by Denny Maynard, P. Geo. and Tedd 

Robertson, P. Geo. (pending). Maynard was responsible for photo mapping the 

southern three-quarters of Block B and Robertson did the photo interpretation at 

the north end of B (roughly the Monte Creek watershed) and for all of Block C. 

Because time was limited by budget constraints, the pre-typing focused on the 

steeper ground where field work should be concentrated; the intent was to provide 

a reasonable level of stratification of the class III, IV, and V terrain but not to spend 

much time on detailed splitting of the gently to moderately sloping ground. The pre-

typed polygons are identified by a simplified terrain symbol consisting only of the 

main surficial material type(s), the landform or surface expression, a generalized 

slope class, and occurrence of any geomorphic process(es). At the post-field, final 

typing stage more detail, such as material textures, drainage, and actual slope 

gradient ranges, will be added to the terrain polygon symbols; terrain stability 

classes will also be assigned to the polygons at the final mapping stage. 

 

The terrain mapping by photo interpretation followed standard procedures 

(Guidelines and Standards for Terrain Mapping in British Columbia, Resources 

Inventory Committee, 1996) and used the standard classification system (Terrain 

Classification System for British Columbia: Version 2, 1997, Howes and Kenk, 

1997). Techniques important for assessing terrain stability were also adhered to 

(Mapping and Assessing Terrain Stability Guidebook, Second Edition, Forest 

Practices Code of BC, 1999). Important terrain-attribute criteria that are used for 

the classification of terrain stability (see Table 1) were referred to during the photo-
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interpretive mapping. A few representative examples of the typed aerial photos are 

shown later in the report. 

 

The other task completed for this initial work phase was the preliminary GIS set-up, 

which is necessary to prepare for the eventual digital transfer of the final terrain 

polygons from the aerial photos to the map base. Chartwell Consultants Ltd. of 

North Vancouver, BC was subcontracted to carry out this work.  

 

The topographic base mapping was extracted from provisional B.C.G.S. TRIM 

digital files to create a 1:20,000 map base of TFL 49 B and C and surrounding 

areas. RFP supplied the TFL boundary in digital form and that was added to the 

map file. Figure 1 has been extracted from the more detailed topographic mapping 

that will serve as the base for compilation of the final TSM product.  

 

The other step in the GIS set-up to be completed was establishing the photo-map 

control so that the terrain polygons could eventually be transferred directly from the 

aerial photos to the TRIM digital elevation model by the monorestitution process 

(Maps 3D program) which corrects for vertical distortion of the photo mapping. This 

was done according to specifications described in Standards for Digital Terrain 

Data Capture in British Columbia; Terrain Technical Standard and Database 

Manual, Version 1, June/98 Resources Inventory Committee, 1998). 
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TERRAIN GEOLOGY 

 

A summary map of bedrock geology (Fulton, 1975) in the Monte Creek – Salmon 

River area partially covered by Block B and C of TFL 49 shows that most of the 

area is underlain by the Tertiary plateau volcanic rocks of the Kamloops Group. 

Minor inclusions of granitic plutons and older sedimentary rock types (upper 

Palaeozoic limestone and conglomerate of the Cache Creek Group) occur in Block 

B, whereas this latter assemblage is the main bedrock underlying Block C. 

 

Evolution of the current Okanagan landscape began several tens of millions of 

years ago (late Cretaceous - early Tertiary geologic time) with uplift of the interior 

mountain-plateau complex.  During periods of tectonic quiescence, a low-relief 

landscape developed from on-going erosion and deposition; late Tertiary uplift 

reactivated more aggressive erosion causing established streams to incise 

relatively deeply and steeply into the more subdued upland surface.  Remnants of 

this activity are represented by the juxtaposition of the deeply entrenched valleys, 

such as those occupied by Monte Creek and Salmon River, with the surrounding 

rounded hill-slopes on the Thompson Plateau. 

 

The recurrent glacial erosion and deposition of the Pleistocene Epoch (the past 

million+ years) further modified the area to its present-day form.  Sediments and 

landforms generated during the last major (Fraser) glaciation and deglaciation 

should be well preserved in the study area.  Evidence of earlier glacial activity on 

the plateau would have been largely removed or covered, but some information 

can be reconstructed from events preserved in the Okanagan and Thompson 

valleys (Fulton, 1975).  Post-glacial erosion and deposition over the past 10,000-

12,000 years (Holocene Epoch) have also contributed to late-stage modification of 

the surficial landscape.  Road and Greenough (2004) describe this landscape 

evolution in a very understandable way for non-geoscientists. 
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The on-set of the Fraser Glaciation began about 30,000 years ago with the 

formation of higher-elevation cirque glaciers.  Piedmont glaciers continued to grow 

and thicken, coalescing into the southerly-flowing Cordilleran Ice Sheet where 

surface flow patterns became less controlled by ground-surface topography.  At the 

glacial maximum, about 15,000 years ago, the ice covered even the highest 

plateau peaks.  Associated with this ice flow was extensive deposition of sub-

glacial sediment known as till; this was plastered onto the pre-existing surface as a 

mantle over the underlying topography or as thicker infills into valleys and 

depressions.  In places, sub-glacial erosion dominated over deposition, resulting in 

little till being laid down and the surface smoothed and scoured to bedrock. 

 

Deglaciation must have commenced and progressed relatively quickly – as 

radiocarbon dates indicate that even in the north Okanagan it was underway at 

least by about 11,000 years ago (Fulton, 1975).  The ice sheet probably separated 

into stagnating and retreating valley glaciers occupying main valleys such as 

Okanagan and Thompson. On the upland plateaus and mountain ridges a 

downwasting ice-cap gradually dissolved into smaller bodies of detached, 

stagnating ice.  This in-situ melting resulted in ice-entrained sediment being left as 

thin surface mantles or as chaotic hummocks of loose, coarse debris known as 

ablation till. 

 

Considerable meltwater was also released, which eroded into the surficial and 

bedrock surface, creating well-defined meltwater channels; materials eroded and 

transported by the meltwater subsequently deposited along the temporary 

drainages.  Deposits of sand and gravel (glaciofluvial sediment) of variable 

thickness are usually preserved as remnants of this deglacial activity.  In some 

places, lakes and ponds would have been temporarily impounded, creating short-

lived sites where fine sediment (sand to clay) accumulated to form deposits of 

glaciolacustrine origin. 
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Meltwater flows from the plateau surface concentrated along what were probably 

also pre-Fraser drainages; thus, formation of present-day incised reaches of main 

creeks and their tributary streams and gullies usually initiated with meltwater 

erosion which cut rapidly into the glacial and deglacial sediments that infilled older 

valleys and drainage-way depressions, often through and into underlying bedrock.  

The main valleys occupied by Salmon River and Monte and Chapperon creeks 

served as major spillways for meltwater draining from the uplands to the 

Okanagan, Thompson, and Nicola valley lowlands, respectively. 

 

During the transition from deglacial to post-glacial conditions the un-vegetated land 

surface would have been most vulnerable to erosive processes, and the 

downcutting of creeks would have accelerated.  Erosion by surface runoff and 

mass movement processes would have been fairly active on the steeper slopes, 

particularly those which were developing in response to creek downcutting.   

 

Fluvial and slope erosion and deposition continued through post-glacial time, but 

would have been at decreased levels to that which immediately followed 

deglaciation.  Common landforms representative of this later-stage fluvial activity 

include floodplains, tributary fans, and creek-side terraces. 

 

Other common types of surficial materials and landforms produced in post-glacial 

time were colluvial deposits consisting of weathered bedrock on sloping surfaces 

or as accumulations of mass movement debris, in-situ veneers of disintegrated 

bedrock on subdued surfaces, and wetland depressions infilled by organic matter 

and/or fine lacustrine sediment.   

 

Geomorphic processes of weathering, mass movement, erosion, and deposition 

have contributed fairly significantly to post-glacial modification of some landscapes 

in the map areas.  Process modifiers are attached to the terrain labels on the pre-

typed photos where geomorphic processes are active or have significantly affected 

or modified a landscape unit.  Processes active during deglaciation (i.e. 
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channelling by meltwater flows, formation of kettle holes by melting ice) have been 

mapped where they modified the existing surface but these are not considered to 

be indicative of active erosion. 

 

Gullying and landsliding are the main processes of erosion occurring on the 

forested slopes; these are affected by complex interactions of many factors, 

including climate, bedrock geology, topography, and characteristics of 

unconsolidated materials.  Snow avalanching was not identified as an active 

process in the mapped areas although this does not preclude the occurrence of 

minor snow movements on isolated higher-elevation, sparsely vegetated, steeper 

slopes. 

 

Large, individual gullies and intensely gullied slopes are important landscape 

features because they represent sites of previous to recurrent erosion and/or mass 

movement activity.  They also have the potential to transport eroded debris long 

distances from mid and upper slopes to the valley floors.  High and steep 

headwalls and sidewalls of the deeply incised valley-wall gullies may also be sites 

of bedrock-related instability.  Evidence of debris transportation may exist at the 

gully mouths in the form of debris cones or fans (mapped as colluvial or fluvial 

depending on whether landsliding or stream flow was the main transportation 

agent).  Many of these gully systems are formidable physical obstacles as well as 

being active sources of sediment. 

 

Gullies in surficial deposits could be important sediment sources, particularly where 

banks have been destabilized.  These usually occur on mid to lower valley slopes 

and, often, along high creek scarps.  Where active gully channels directly connect 

to a floodplain the potential for sedimentation is highest.  Inactive gullies, formed by 

processes no longer operating, are relatively common where thicker till and/or 

glaciofluvial deposits occur.  These are considered to have a slightly higher 

instability and erosion potential than surrounding open slopes but their 

sedimentation potential will be determined by their connection to a watercourse. 
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Mass movement is the downslope transfer of earth materials under the influence of 

gravity.  Landslide activity in the map areas, while not extensive, mainly occurs on 

certain terrain types in both natural and previously logged settings, although some 

development-related anomalies (e.g. small, low-angle slumps) probably also exist.  

Scarps and canyon-like walls bordering deeply incised gullies and creeks contain 

the most evidence of historic to actively recurrent landslides which usually relates 

to lateral channel erosion or undermining scour that accompanies downcutting over 

time.  Debris failures usually range from dry slides and ravels in granular sediment, 

to slump-flow failures in finer-textured sediment and saturated till, to a combination 

of such failure types.  These are often most common where on-going erosion has 

created oversteepened sites and exposed stratigraphic discontinuities and 

subsurface seepage, and because these are mostly closely adjacent to active 

channels, they pose a high risk for causing watercourse sedimentation.  In places, 

where deep erosional incision intersects bedrock, banks of ravelling colluvium and 

crumbling rock faces also exist.   

 

Sites of active or recurrent instability are, for the most part, readily apparent on the 

aerial photographs.  Some of these are in unlogged areas, others are on logged 

portions of scarps and gully walls, and others appear to likely have a connection to 

diverted road drainage from above.  Field evidence often further confirms that even 

the thickly forested segments of the steeper and higher scarps and gully walls 

exhibit small-scale evidence (e.g. seepage, surface sloughing, rapid soil creep) 

suggesting moderate to high instability-erosion potential, particularly where surficial 

material is thick.  Sections of these erosional slopes have likely been recurrently 

moving since post-glacial downcutting began and increased instability may be 

probable if they are excessively disturbed. 

 

Landslides on forested, uniform, open slopes are very rare, but other historic 

evidence (toe-slope debris fans, subtle vegetation changes) suggests that some 

failure events have likely initiated from valley-side headwall to mid-slope small 
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basins.  These are old (100-200 yrs+) events which could relate to unusual 

circumstances (e.g. intense rainfall after wildfire denudation); thus, it is difficult to 

absolutely link them to present-day conditions although it provides an indication of 

potential instability. 

 

Steep, bedrock-dominated slopes also show evidence of historic to recent 

landslide activity, although much of this does not directly affect, or would be 

affected by, forestry activity. Of geologic interest are the large, deep-seated 

rockslides in the Kamloops Group volcanics, originally identified by Fulton (1975) 

and described by Evans (1983). The main group of these landslides occurs in 

Salmon Valley, west of Woods Lake (Figure 2), and another, less obvious one, at 

the south-west end of Monte Lake. They (ibid.) suggested that downcutting and 

headward erosion along the paths of glacial meltwater draining from the plateau 

during deglaciation caused the loss of lateral support and resulted in these large-

scale slope movements. Thus, these landslides can be considered as relict 

features with a very low potential for reactivation.  Present-day hazards associated 

with these old slides would be mainly from occasional rockfall off the headwall cliffs 

or possible collapse and ravel of talus piles (particularly if undercut by road 

construction); areas affected from these types of events are fairly isolated with 

limited downslope impacts.  

 

 Other discontinuous cliff exposures are scattered throughout Blocks B and C, 

most usually protruding at the break-in-slope between plateau uplands and valley 

walls (Figures 3 and 4).  Rockfalls and cliff topples, originating at the weathered or 

fractured surface of the rock mass, appear to be the main failure types.  These 

often have little effect on forestry operations because such rock slopes are usually 

considered inoperable; downslope talus aprons will usually indicate the area of 

potential hazard from rockfall runout.   On some of the longer, and what appeared 

to be, more weathered rock slopes, such as the south-west face of Bouleau 

Mountain and north-west of Falkland, the hazards from recurrent rockfalls, small 

rockslides, and colluvial slides could have more significant downslope affects.   
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Figure 2.  Example of the terrain associated with the pre-historic landslides in Kamloops 

Group Volcanic bedrock. Two of the five landslides along Salmon River Valley (Block B) 

are shown; on the north side, the headscarp is visible, but on the south side only the toe of 

the debris from a much larger slide can be seen on this photo.   
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Figure 3.  Narrow plateau ridge south-west of Westwold and east of Stephens Lakes         

in Block B. The undulating and hummocky, shallow-to-rock upland is flanked by steep, 

colluvial-bedrock units and some very steep cliffs, particularly on the east-aspect scarp. 
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Figure 4.  Actively failing bedrock headwall in a gully tributary to Blair Creek in Block C, 

north-west of Falkland. Gullied and failing, thick till occurs near the confluence of Blair and 

Bolean creeks. 
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TERRAIN STABILITY ASSESSMENT 

 

The pre-typed terrain polygons have not been assigned a stability classification 

rating based on this preliminary mapping; however, the identification of key 

attribute criteria, such as slope steepness and occurrence of active erosion 

processes, can be used to tentatively assess relative stability conditions. Table 1 is 

an example guideline for qualitatively determining terrain stability classes based on 

the mapped attributes of the individual terrain polygons. This table has been 

developed for use in the dry, southern interior of the province and has been 

successfully applied to other TSM projects in nearby areas of similar physiography 

and terrain geology (Denny Maynard & Associates Ltd., 2001, 2002, and 2005). 

 

Terrain stability ratings provide a relative assessment of the likelihood of occurrence 

for a post-logging landslide to initiate, but give no indication of expected landslide 

frequency, magnitude, or impact.  Ratings are intended to "flag" potential problem 

areas but are not detailed or reliable enough to make operational decisions. 

Problems of instability are expected to be most severe in classes V and IV.  There is 

a high likelihood for landslide initiation within class V units during and following road 

construction and following conventional clearcutting.  Class IV units have a lower 

likelihood for clearcut failures but bladed trail and road-associated problems are 

probable if special construction and maintenance techniques are not considered. 

 

Usually there are only minor to no instability problems expected on classes I, II, and 

III units following logging.  However, it should be noted that within class III terrain, 

small areas may occur which are potentially unstable; in effect these are inclusions of 

class IV ground which are too small to identify during 1:20,000-scale mapping.  

Similarly, inclusions of stable ground may occur within class IV and V units. In some 

areas, highly variable or complex terrain types could be intermixed and mapped as 

composite units which could have different instability potential.  In these cases, the 

entire polygon would be labelled as the more severe class (Forest Practices Code of 

BC, 1999). 
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Table 1:  Guidelines for Terrain Stability Classification 
 
 

Stability 
Class 

Dominant 
Gradient 

Range (%) 

Material Characteristics and Landforms  Slope Process Slope Drainage Slope 
Morphology 

I less than 25 medium-coarse textures and organics; 
till, weathered rock, colluvium, 
(glacio)fluvial, bedrock 

None   

 less than 10 fine textures; (glacio) lacustrine and 
(glacio) marine 

   

II 20-60 rock-dominated, irregular ground with 
discontinuous coarse textured veneers 

None  

 20-45 coarse-textured till, colluvium, (glacio) 
fluvial 

  

 10-40 medium to finer textured till, colluvium  wet slopes or 
those 

 10-30 fine-textured (glacio) lacustrine and 
(glacio) marine 

 with prominent 
seepage sites 
and 

III 40-75 rock-controlled complexes of coarse-
medium textured till, colluvium and/or 
(glacio) fluvial; talus slopes 

inactive or minor 
gullying. 

which have 
gradients 
dominantly 

 30-70 erosional, constructional, or mantled 
slopes of medium-coarse textured till, 
colluvium, and/or (glacio) fluvial 

 within 5-8% of 
an upper 
gradient range,  
may be 
assigned 

 25-65 medium to finer textured till and 
colluvium 

 to the next 
highest stability 

 20-50 fine-textured (glacio) lacustrine and 
(glacio) marine 

 Class 

IV greater than 
75 

bedrock and coarse colluvial mantles inactive or minor 
gullying; rockfall. 

 

 greater than 
70 

coarse-textured colluvium & (glacio) 
fluvial 
 

  

 greater than 
65 

coarse-textured till 
 

  

 greater than 
60 

medium to fine textured till, colluvium; 
(glacio) fluvial with finer interlayers 

minor, small-
scale sloughs; 
gullying 

 
 

     
 30-65 fine-textured (glacio) lacustrine and 

(glacio) marine 
Inactive or minor 
gullying,  
small-scale 
slump-flows. 

 

V any gradient All active and/or 
recurrent 
failures and/or 
readily 
identifiable 
small-scale 
instability 

 

 greater than 
60 

fine-textured (glacio) lacustrine and 
(glacio marine and clay-rich till 

none  

 greater than 
40 

 gullied  

 
 
Bedrock-
controlled 
slopes with 
irregular or 
benched 
topography have 
greater inherent 
stability; units 
with gradients 
dominantly close 
to a lower 
gradient range 
may be 
assigned to the 
next lowest 
stability class 
 
 
Erosional scarps 
and/or open-
slope 
units which 
have, or contain 
prominent 
concave  
forms and which 
have gradients 
dominantly 
within 5-10% of 
an upper 
gradient range, 
may be 
assigned to the 
next highest 
stability class 
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Terrain stability concerns are greatest where steeper slopes, surficial material types 

and stratigraphy, and active erosion processes exist in combination to create a high 

likelihood for occurrence of landslides.  These areas would be denoted by a class V 

stability rating and should be considered most sensitive for forestry operations where 

they directly border main creeks and their perennial-flow tributary streams and gullies 

(e.g. Figure 4).  Dominant terrain types in this category are: high creek scarps and 

bordering gullied slopes consisting of failing thick till and stratigraphic complexes of 

granular fluvial-glaciofluvial and/or fine-textured glaciolacustrine sediment overlying 

(or possibly underlying) till; crumbling and ravelling colluvium and bedrock canyon 

walls bordering some creek reaches and steep-gradient gully tributaries; and high 

banks of surficial material (usually till, some gravel) overlying bedrock along tributary 

streams and gullies. 

 

Other sensitive terrain types that may require restrictions to extensive forestry 

development would be those slopes with moderate to high likelihood for instability 

that are slightly removed from, but remain directly connected to a main receiving 

water body (either by a perennial-flow tributary or by a uniform, steep runout slope) 

(Figure 5).  This includes: all remaining segments of deeply incised creeks and 

tributaries and other connected slopes (no obvious instability evidence); terraced and 

gullied glaciolacustrine deposits where stability classes would be mainly IV with some 

inclusions of III; and class V slopes related to bedrock instability. 

 

Unstable slopes (stability class V) that are completely disconnected from the creek 

systems usually involve steep, upper colluvial-bedrock terrain where the failures are 

associated with crumbling rock and colluvial slides and ravels or occur on mid-slope 

till and colluvial mantles where small-scale debris slides and flows occur in 

association with seepage concentration and/or gullies on moderate to moderately-

steep gradients.  Landslides usually would not travel far beyond the initiation zone 

because they are often dry and/or irregular surface gradients and morphology could 

create confined runout zones; although, if entrained in gully runoff, the debris could 
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become more fluid and transport farther downslope.  These slopes of bedrock-related 

instability mostly occur on the high cliff faces and gullied headwalls below the ridge 

lines bordering parts of the plateau edges (e.g. Figures 2 and 3). Many of these sites 

would have limited forestry values because of access difficulties and poor timber 

values so development impacts are lessened. 

 

Open-slope stability class IV terrain includes mainly colluvial-bedrock slopes 

averaging over 70% gradient, with lesser areas of well-drained till mantles and gravel 

slopes in excess of 65%, (may be as low as 55-60% where highly gullied or very 

wet).  Development concerns would often be road-related, but harvesting could also 

be potentially damaging on wet or erodible sites.  Because of this moderate to high 

landslide and/or erosion potential, the proximity of such terrain types to tributary 

gullies and small streams should be considered in the development plans. 

 

A large proportion of the operable forest land, much of it previously logged, is on 

stability class II and III terrain (Figure 6).  The likelihood of post-logging landslide 

occurrence is considered low for most well-drained colluvial and gravel slopes less 

than 65-70%, dry till-slope mantles less than 60-65%, and the bedrock-controlled 

ridged and hummocky terrain, so there would usually be few terrain constraints to 

logging operations. Again, the most sensitive sites would occur adjacent to creeks 

and streams, particularly where seepage or small surface channels could occur on 

potentially erodible materials. 

 

Stability and erosion concerns would usually be minimal on class I terrain (Figure 6).  

Subdued surfaces of dry, fluvial and glaciofluvial landforms (raised fans and terraces) 

and till-mantled lowlands, broad benches, and upland plateaus are the main operable 

areas.  Other class I types are mainly organic and depressional till or lacustrine 

wetlands and floodplains where logging activities would usually be restricted by such 

factors as high water table, flooding, poor timber values, and/or high fish and wildlife 

values.  
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Figure 5.  Large gully systems north of Falkland in Block C. Potentially unstable slopes 

exist in the upper basins; concern would be for the potential runout onto valley-floor fans if 

a landslide were to occur. 
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Figure 6.  Plateau area of Block C near Spa Lake. Gentle to undulating ground is mostly 
logged. Forested, moderate to moderately steep terrain flanks a small creek valley to the 
east. 
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TSM COMPLETION: PROPOSED WORK PLAN 
 
The work completed on this initial phase of the TSM of Blocks B and C of TFL 49 

was intended to be preparatory to the main work plan necessary for completing the 

mapping project. The photo pre-typing that was completed to date will allow for 

planning and carrying out a program of field work. The GIS set-up work has 

completed the preparation for the monorestitution line-transfer process; once the 

final photo mapping is done, the polygon boundaries can be transferred directly 

onto the digital map base. 

 

The work necessary to complete the mapping for Blocks B and C is outlined below, 

separated into phases: pre-field planning; field work; post-field data compilation; 

GIS mapping; and final reporting. A general schedule and a time and cost estimate 

are provided for each phase. The total cost of these phases of work, estimated to 

complete the project is $137,725, or about $2.36/ha. Denny Maynard, P. Geo. and 

Tedd Robertson, P. Geo. (pending) would do all the field work; Denny Maynard 

would be responsible for the final photo mapping and reporting. Chartwell 

Consultants Ltd. would continue as the GIS sub-contractor. 

 

Pre-Field Planning 

 

• Review of pre-typing and finalizing planned field traverses; most of the area is 

readily accessible via vehicle and foot traverses. It is anticipated that at least 

2/3 to 3/4 of the ground checking will involve separate traverse by Maynard and 

Robertson in the areas where steeper and/or complex terrain have been 

identified. The few areas of difficult access are mostly inoperable forest on very 

steep, rocky ground so field checking will likely be less intensive on such 

slopes; use of helicopter to access or visually check such sites would not be 

cost-effective nor especially productive. 

• About one week of professional time would be completed in late May/05. 

• Estimated cost is $2,550 for professional fees. 
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Field Work 

 

• Thorough ground checking by foot traverses of all areas of concentrated steep 

ground with an objective of visiting most of the class IV and V polygons. 

Independent traverses by Maynard and Robertson should achieve a mapping 

rate-of-progress of up to about 500 ha/day for each; therefore, roughly 20,000 

ha of the steeper ground and its adjacent terrain could be thoroughly field 

checked in about 20 days. This would leave about 10 days for more widespread 

ground checks via vehicle on the well-roaded, gentler slopes and also allow 

time to investigate less accessible, isolated patches of steeper ground. This 

field approach should ensure at least an overall high-level TSIL C reliability with 

TSIL B reliability for the potentially unstable and unstable terrain; checking all 

class IV and V polygons would not be a cost-effective or productive use of time 

when some of these will be remote and/or inoperable sites. 

• Liaison with Tim Giles, Regional Geomorphologist of the Southern Interior 

Forest Region, early in the field program to ensure compatibility with acceptable 

regional stability interpretations. 

• To be done as two field trips (about 16 days each, including travel) probably in 

early summer (finish in July/05). 

• Estimated costs are $43,700 for professional fees and $11,000 for expenses. 

 
Post-Field Data Compilation 

 

• Final photo typing would thoroughly review, modify, and/or re-map all the areas 

of moderate to steep slopes based on incorporation of the field data. It is not 

expected that a significant amount of boundary-line changes would be made in 

the gentler sloping areas, but all terrain labels would be thoroughly reviewed to 

ensure that they reflect the field data. Each mapped polygon would have a 

complete terrain classification label and stability rating. 
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• All final typed photos for the new mapping to be submitted to Chartwell 

Consultants Ltd. for GIS mapping by October, 2005; approximately 8 weeks of 

professional time (~ 3 photos/day) is allocated. 

• Estimated cost is $26,775 for professional fees. 

 

GIS Mapping 

 

• Polygon lines and on-site symbols transferred from aerial photos to TRIM DEM 

by monorestitution; the polygons would be collected seamlessly (i.e. no breaks 

at map-sheet boundaries) for each of the two blocks.  

• Editing by professional of plotted line-work and site symbols; compilation of 

database and preparation of draft maps to be completed by January/06.  

• Labelling of polygons and preparation of map legends; editing by professional 

of completed maps and data-base. 

• Mapping to be finalized prior to March, 2006; approximately 4 weeks of 

professional and technician time for editing, legend preparation, etc. are 

required (based on an estimate of about 4500 polygons for the map areas and 

editing time of ~ 100 polys/hour each for line-work and for data-base). 

• Estimated costs are $10,600 for professional and technician fees and $37,300 

($.64/ha) for GIS. 

 

Final Reporting 

 

• Preparation of a technical report of the project work and coordination of final 

map deliverables from Chartwell; digital files will be submitted in both IGDS and 

ArcInfo formats. 

• Final maps and report to be submitted for Q.A. review prior to late March, 2006; 

approximately 2 weeks of professional and technician time to ensure that maps 

and report are properly finalized and thoroughly edited and that all deliverables 

are submitted in a timely and organized manner. 

• Estimated cost is $5,800 for professional and technician fees. 



 28

 

REFERENCES 

 
Denny Maynard & Associates Ltd., 2001.  Terrain Classification, Terrain Stability, 

Surface Erosion Potential, and Sediment Delivery Potential of Mission-
Kelowna and Trout-Peachland Community Watersheds.  Prepared for 
Riverside Forest Products Ltd., Kelowna Operating Area, Kelowna, BC. 

 
Denny Maynard & Associates Ltd., 2002.  Upgrade of Terrain Classification, Terrain 

Stability, Surface Erosion Potential, and Sediment Delivery Potential of 
Tranquille-Watching and Peterson-Rosen Community Watersheds.  Prepared 
for Weyerhaeuser Company Ltd., Kamloops Operating Unit, Kamloops, BC. 

 
Denny Maynard & Associates Ltd., 2003.  Report of Terrain Stability Mapping, Project 

Initiation and Work-Plan Proposal and Budgets, TFL 49 and Licenses.  
Prepared for Riverside Forest Products Limited, Armstrong, BC. 

 
Denny Maynard & Associates Ltd., 2005. Terrain Stability Mapping Upgrade of TFL 

49A – North (FIA SOTSA 4397001). Prepared for Riverside Forest Products 
Limited, Lumby, BC. 

 
Evans, S.G., 1983.  Landslides in Layered Volcanic Successions with Particular 

Reference to the Tertiary Rocks of South-Central British Columbia.  
Unpublished PhD thesis, Dept. of Geology, University of Alberta, Edmonton, 
Alberta 

 
Farley, A.L., 1979.  Atlas of British Columbia: people, environment, and resource use.  

University of BC Press, Vancouver, BC 136p. 
 
Forest Practices Code of BC, 1999. Mapping and Assessing Terrain Stability 

Guidebook. Second Edition. BC Environment, Victoria, BC. 
 
Fulton, R.J., 1975.  Quaternary Geology and Geomorphology, Nicola-Vernon Area, 

BC.  Geological Survey of Canada Memoir 380.  Ottawa, Ont. 
 
Geoterrain Consultants (Foxview Management Ltd.), 1998. Ingram Creek Watershed, 

Detailed Terrain and Terrain Stability Map (T.S.I.L. C). Prepared for Riverside 
Forest Products Limited, Armstrong, BC. 

 
Howes, D.E. and E. Kenk (Eds.), 1997.  Terrain Classification System for British 

Columbia: Version 2, 1997.  MoE Manual 10.  Update by Resource Inventory 
Branch, Ministry of Environment, Lands, and Parks.  Victoria, BC 102 p. 

 
Mathews, W.H. (compiler), 1986.  Physiography of the Canadian Cordillera; 

Geological Survey of Canada Map 1701A, scale 1:5,000,000. 



 29

 
Quaterra Environmental Consulting Ltd., 1998. Reconnaissance Terrain Stability 

Mapping of Monte/Scuito Creeks (T.S.I.L. D). Prepared for Riverside Forest 
Products Limited, Armstrong, BC. 

 
Quaterra Environmental Consulting Ltd., 1999.  TFL 49A Terrain Stability Report 

(T.S.I. Level C).  Prepared for Riverside Forest Products Limited, Armstrong 
Division, Armstrong, BC. 

 
Resources Inventory Committee, 1996.  Guidelines and Standards for Terrain 

Mapping in British Columbia.  Government of BC, Victoria, BC. 
 
Resources Inventory Committee, 1998.  Standards for Digital Terrain Data Capture in 

British Columbia; Terrain Technical Standard and Database Manual, Version 
1, June/98, Government of BC, Victoria, BC. 

 
Roed, M.A. and J.D. Greenough (Eds.), 2004.  Okanagan Geology.  Kelowna 

Geology Committee, c/o Geology Dept., Okanagan University College, 
Kelowna, BC. 

 
 
 


