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ABSTRACT

The Geomorphology of Vancouver Island is a series of nine thematic maps, one of which is a 
map of mass wasting potential for Vancouver Island. This report represents a description 
of the Mass Wasting Potential Map and the results of analyzing the regional character of 
landslide potential. Vancouver Island has been divided into four major zones: the Wet 
West Coast, Moderately Wet Central Island, Moderately Dry East Coast, and Alpine 
(zones I–IV, respectively). Landslide frequencies are proposed at 0.012, 0.007, and 
0.004 events per square kilometre per year for zones I–III respectively, and several times 
higher for zone IV. Mass movements in zones I–III are generally dominated by debris 
slides and debris flows averaging about 11,000 m2, but ranging nearly three orders of 
magnitude. The Alpine Zone (Zone IV) contains substantial areas of rock fall and snow 
avalanches in addition to debris slides and flows. Two sub-zones related to bedrock 
geology were established because of associated differences in landslide behaviour: the 
Island Plutonic Suite appears to be more stable under natural (typically unfractured and 
unweathered) conditions, but is less stable under conditions that alter the rock (e.g., 
road building and frost shattering), and the Sicker Group is generally less stable than 
adjacent bedrock types. Other geological considerations were also incorporated into the 
map. The impact of logging and road building on landslide frequency is considered. 
Results indicate that logging activities increase landslide frequencies by more than 10 
times, and the presence of roads increases landslide area by 22 to 43 times. These results 
corroborate previous studies. 
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INTRODUCTION AND BACKGROUND

Vancouver Island has been the subject of many landslide studies (Howes 1981; VanDine 
and Evans 1992; Guthrie 1997, 2002, 2003; Sterling 1997; Guthrie and Van der Flier 
Keller 1998; Millard 1999; Jakob 2000; Rollerson et al. 2002; Guthrie and Evans 2004; 
Chatwin 2005; and others), but to date, no study has attempted to systematically 
divide and characterize the regional character of instability island-wide. The reasons are 
several, but foremost among them is that the data previously available was insufficient 
to realistically tackle such a daunting task. 

Built on a large body of archived data, now generally available digitally, as well as the 
most current research, the regional characterization of Vancouver Island’s mass wasting 
potential is presented herein.

Vancouver Island is 31 788 km2 of predominantly steep rugged topography ranging 
from sea level to 2200 m. The central and largest part of the island consists of the 
Vancouver Island Ranges, representing steep mountains composed of volcanic and 
sedimentary rocks intruded by granitic batholiths. Deep fiords and long inlets dissect 
the western coast, and lowlands frame the northern tip and the eastern coast from 
Victoria to Campbell River. Pleistocene glaciation has severely modified the landscape 
by rounding and smoothing lowlands and carving steep U-shaped valleys and fiords in 
the mountainous regions. The broad valley bottoms contain substantial glaciofluvial 
deposits, and till and glaciofluvial sediments mantle middle and lower slopes. Vancouver 
Island is divided into 11 physiographic regions (Figure 1); see Yorath and Nasmith 
(1995) for a more detailed discussion. 

Precipitation varies widely on Vancouver Island, from less than 700 mm y–1 around 
Victoria to nearly 6000 mm y–1 on the west coast. As a rule, isopleths for precipitation run 
lengthwise along the island, with the east coast being drier than the west (Environment 
Canada 1993). Precipitation falls primarily as rain during the winter months. The west 
coast receives more than 2600 mm y–1 of precipitation, with most locations receiving 
more than 3000 mm y–1 at sea level; the central island receives 1600 mm y–1 to 2600 mm 
y–1 at lower levels; and the east coast receives slightly more than 600 mm y–1 to about 
1600 mm y–1 at or near sea level (Environment Canada 1993). 

Vancouver Island lies approximately 100 km east of the surface trace of the Cascadia 
subduction zone. Consequently, the region is tectonically active and undergoing short-
term elastic cycle uplift of 1–2 mm y–1 (Adams 1984; Dragert 1987), much of which is 
recovered by coseismic subsidence during great (larger than magnitude 9 on the Richter 
Scale) earthquakes that occur about every 500 years (Clague and Bobrowsky 1999; 
Hutchinson et al. 2000; Blais-Stevens et al. 2003), for a net gain of about 0.5 mm y–1 
(Hutchinson et al. 2000).

Geology, physiography, climate, and tectonic regime combine on Vancouver Island to 
produce a steep, youthful terrain that is generally prone to landsliding.

Landslides on Vancouver Island are commonly attributed to large storms (Guthrie 1997; 
Guthrie and Evans 2004) and less commonly, but importantly, to earthquakes such as 
the 1946 earthquake near Courtenay (Mathews 1979; Evans 1989). It is clear, however, 
that whatever the ultimate trigger mechanism, landslides are a result of the cumulative 
effect of major physical controls.
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METHODS

Data was acquired or extracted from digital maps of bedrock geology, terrain mapping, 
digital elevation models, and biogeoclimatic and precipitation zones. The base for 
the map of mass wasting potential was created by combining polygons that had been 
mapped as containing landslides or gullies on 1:50,000 terrain maps (see Appendix I 
for list of maps and mappers), with areas on a simplified digital elevation model (DEM) 
of Vancouver Island (at 100 m2 resolution) with slopes steeper than 60% (31º). The 
data were combined in a geographic information system (GIS; ArcView®); in aggregate, 
the area of potential mass wasting represents about a third of the terrain on Vancouver 
Island. This area was then divided into four major zones and two sub-zones according 
to available biogeoclimatic data, bedrock geology, precipitation, and terrain features 
(Figure 2). Zones were hypothesized to be differently vulnerable to landslide type and 
frequency on the basis of physiographic and climatic controls. The extent to which this 
was true was assessed by using previous research (Howes 1981; VanDine and Evans 
1992; Guthrie 1997, 2002, 2003; Sterling 1997; Guthrie and Van der Flier Keller 
1998; Millard 1999; Jakob 2000; Rollerson et al. 2002; Guthrie and Evans 2004) and 
a calibration test study.

Landslide data and characteristics were gathered for each major zone. For the test study, 
665 landslides were documented over 35 sites randomly chosen from the mass wasting 
potential map, encompassing a total of 200 km2 of terrain. 

Each of the 35 randomly selected sites on the mass wasting map represented the centre 
of a stereo air photograph triplet framed to cover about 6 km2 on the 1:20,000 air 

Figure 1. The physiographic 
regions of Vancouver Island 
(Yorath and Nasmith 1995). 
Note that the Island is 
dominated by the rugged 
Vancouver Island Mountain 
Ranges (north and south) and 
the steep Fiordlands.
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photographs. The total sampled area was distributed roughly proportional to the relative 
amount of area each zone occupies on the map. The air photo interpretation was based 
on the most recent available photographs and represents a snapshot of each site. As 
expected, the air photographs included terrain not demarcated as having potential for 
mass wasting. These areas were flatter parts of the terrain where it was unlikely that a 
landslide would occur. In all, about half of the terrain analyzed was part of that null 
set (essentially less than 60%, or 31º, slope with no previously mapped landslides). 
Consequently, while stratifying the data in the selection process to examine frequency 
of landslides in each zone, we were also able to test the accuracy of the map. The 
resulting inventory, coupled with previous research, allowed landslide frequency values 
to be tentatively assigned to each zone, highlighting the difference in vulnerability or 
landslide potential of each zone. In addition, a qualitative characterization of each zone 
was gathered and is presented below.

Definitions

For the analysis, landslides were organized into three major categories: debris slides and 
debris flows, rock falls and talus slopes, and snow avalanches.

Debris slides and debris flows

Debris slides are extremely rapid (see Table 1 for landslide velocities), shallow, mass 
movements of unconsolidated material that begin as translational failures, but may (and 
often do) break up as velocity or water content increases and become an avalanche or 
flow. An avalanche or flow occurs with a loss of cohesion of the displaced material, and in 

Figure 2. Schematic 
representing the gathering 
of data for a mass wasting 
potential map for Vancouver 
Island, British Columbia.

Velocity
Descriptiona

Velocity

Movement 
type

Extremely
Rapid

>5m/sec

Very
Rapid

3m/min– 
5m/sec

Rapid

1.8m/hr–
3m/min

Moderate

13m/mo– 
1.8m/sec

Slow

1.6m/yr– 
13m/mo

Very
Slow

16mm/yr– 
1.6m/yr

Extremely
Slow

<16 mm/yr

aWorld’s fastest sprinters run at about 10m/sec. An average person runs at about half that. 
A brisk walk is about 1.7m/sec.

Falls

    Topples

(avalanches)   Slides and Flows  (slow earth flows)

Table 1. Velocities of typical 
coastal landslide movement 
types (landslide data from 
Cruden and Varnes 1996).
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Figure 3. Stereo air 
photograph of a debris slide 
into a river on Vancouver 
Island. 

Figure 4. Photograph of 
a debris slide from a road 
on Vancouver Island. For 
this study, landslides were 
recorded if they were larger 
than 500 m2 (this one is 
substantially larger).

Figure 5. A stereo air 
photograph of a channelized 
debris flow on Vancouver 
Island. Note several smaller 
debris flows on the adjacent 
slope.
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the case of the flow, a gain in water content. In both avalanches and flows, the landslide 
behaves as a fluid. Figures 3 and 4 show examples of typical debris slides. A channelized 
debris flow is a debris flow that enters a confined channel. These landslides usually travel 
considerable distances and are common in coastal British Columbia (Figure 5). 

Rock falls and talus slopes

Rock falls are an extremely rapid displacement of rock from a steep surface, typically 
characterized by some component of falling through the air, bouncing, and/or rolling of 
material. Rock falls may be discrete events, easily recognized as a separate landslide, or 
as iterative events occurring repeatedly over hundreds or thousands of years. Talus slopes 
are the cumulative product of repeated rock falls, often very small (i.e., as small as one 
stone at a time). 

Rock falls may break up on impact and continue downslope with fluid behaviour. 
This behaviour is typically referred to as an avalanche or sturzstrom. Rock falls may 
consequently be very large, like some well-known landslides (e.g., the Hope and Frank 
landslides), or may be very small, as previously mentioned.

In this report, rock falls refer to falls of any size. Often, large areas of continuous rock fall 
were observed and outlined on the air photographs. Consequently, statistical analysis of 
rock falls from this data set is of limited use, but the qualitative descriptions offer more 
information. Figure 6 shows a rock fall as it appears on an air photograph.

Other rock hazards in mountainous areas include rock slides, rock slumps, and sackungs 
(very large tension cracks in mountains). Although noted on some air photographs, these 
features were considered to be separate populations of hazards, involving substantially 
longer time frames and characteristics. An example of a dropped block, probably related 
to a massive rock slump, can be seen at the bottom of Figure 7. Only general qualitative 
data were gathered for these features. 

Figure 6. A stereo air 
photograph of a rock fall 
on Vancouver Island. (A) 
indicates a recent discrete 
rock fall event from the steep 
rocky sidewall. The deposit 
becomes part of (B), the talus 
slope, indicative of many such 
events and smaller rock falls 
as well. In many places in the 
landscape, rock falls are easily 
identified as unique features 
in time and space, but in 
the Alpine Zone particularly, 
this separation becomes 
very difficult. Consequently, 
the real value of rock fall 
data from this study lies in 
qualitative descriptions rather 
than statistical analysis. 
Several other landslides 
including rock falls are evident 
in the photographs. 
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Snow avalanches

Snow avalanches are the extremely rapid fluid movement of snow and debris downslope 
from a steep source area. Snow avalanches repeatedly use the same tracks and may occur 
several times in a single year. As a consequence, identification of snow avalanches really 
refers to identification of avalanche tracks, not discrete events. Again, as with rock falls, 
statistical analysis of snow avalanches is of limited use because it describes the spatial 
characteristics of snow avalanches but not the frequency of occurrence. 

Figure 7 shows snow avalanches on a stereo air photograph pair. Figure 8 shows a typical 
mountain environment on Vancouver Island with most of the landslide types described 
represented in some form.

Cautions: Scale and Regional Variability

The mass wasting map for Vancouver Island, which describes the general character 
and nature of several zones across the island, is based on a combination of earlier and 
current research and data. The map is limited by scale and the many rules that went 
into its production. Perhaps the main limiting factor is the 60% (31º) slope break that 
was applied to most areas of the island (some more conservative slopes were chosen for 
areas with known plastic clay content). Landslides will occur on areas not mapped as 
high potential on this map. Similarly, the results described below represent an average 
response to the landscape; local variability will be large. It is expected that this map will 
provide users with an overall understanding of the primary areas of concern and the 
differing character and nature of landslides across Vancouver Island. 

The minimum resolution of the digital product is 1 ha, and the map is considered good 
to a scale of 1:100,000. 

Figure 7. Stereo pair showing 
snow avalanches off a steep 
slope on Vancouver Island. 
(A) indicates the edge an 
avalanche track. Snow 
avalanche tracks usually 
have uniform low vegetation 
across a definite path. A large 
rock fall is evident at (B) and 
a dropped block, probably 
related to a rock slump at (C). 
Several smaller landslides are 
evident in the photographs.
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RESULTS AND DISCUSSION

General Results

For analysis, 665 landslides were recorded over 200 km2 of terrain. Of these, most were 
debris slides and flows (69% or 456 landslides), and most of the remainder were rock 
falls and talus slopes (23% or 151 landslides). Snow avalanches accounted for about 
9% (58) of the landslides documented. Table 2 describes the average sizes and total area 
disturbed by the different landslide types recorded. 

Approximately 78% of the landslides had initiated within the area specifically mapped 
as landslide potential. Most of the remainder were within 100 m (a single pixel on the 
map) of the same zones. From analysis of air photographs, the main reasons for landslide 
initiation in the null set (areas not mapped specifically as having landslide potential; 
see Methods for discussion), rather than in an area assigned to mass wasting potential, 
were that the pixel resolution (1-ha minimum pixel size for the digital elevation model) 
generalized or smoothed over the effects of smaller steep slopes, and that sudden slope 
breaks were not always accurately represented, also because of the pixel resolution. The 
rationale behind the selection of criteria for the mass wasting map remained acceptable 
at the 1:20,000 level of interpretation. In addition, about 65% of the landslides that 
initiated in the null set (excluding the Alpine Zone) were related to logging (harvesting 
or road failures). That is, about 88% of natural landslides occurred within the mapped 
mass wasting zones, despite the resolution problems and underlying assumptions. 
There is a reasonable probability that locally over-steepened road fills or harvesting 
disturbances and water rerouting could have caused landslides to occur on slopes less 
steep than those incorporated into the map. 

Figure 8. Snow avalanches 
and rock falls on Mount 
Colonel Foster, Vancouver 
Island.



Geomorphology of Vancouver Island: Mass Wasting Potential8 Geomorphology of Vancouver Island: Mass Wasting Potential 9

Mass Wasting Potential Map Zones

The Vancouver Island Mass Wasting Map divides the island into four major zones on the 
basis of slope, biogeoclimatic zone, generalized precipitation zones, and terrain polygons 
previously mapped as having landslides or gullies. The four major zones are (Figure 9 
and map):

Zone I: Wet West Coast

Zone II: Moderately Wet Central Island

Zone III: Moderately Dry East Coast

Zone IV: Alpine 

Table 2. Size and area of 
landslides from 35 randomly 
selected sites over 200 km2 of 
terrain on Vancouver Island.

Figure 9. A digital capture 
of the 1:400 000-scale 
Vancouver Island Mass 
Wasting map. Green, blue, 
yellow, and red represent 
zones I–IV, respectively. 
Lighter and darker shading 
of each colour indicates the 
Island Plutonic Suite and 
Sicker Group sub-zones, 
respectively. See full size map 
and text for details.

aA conservative estimate of volume, from the equation Volume = 0.1549  Area1.0905 (Guthrie and Evans 2004). The 
equation determines the typical volume for shallow landslides (depth <1 m). Shallow colluvium is the major deposit on 
Vancouver Island, but deeper landslides are known to occur in tills and colluvial and glacial outwash deposits.
bArea measurements of snow avalanches and rock falls include, in some cases, coalescing fans and deposits in which it 
was difficult to distinguish individual events. Consequently, the average area and upper range limit is misleading. Instead, 
the mean size describes the average area of continuous disturbance by rock falls or snow avalanches; nevertheless, there 
are several large unique examples of both mass wasting types.

Landslide Type

Debris slides / flows
Rock falls and talus
Snow avalanches

Size (m2)

Mean  Range

11°620  220–107°875
48°670b  635–769°262b

97°425b  3221–760°360b

Total Disturbed Area 

(km2) 

5.3
7
5.6

Total Disturbed Volumea 

(_106 m3) 

2
unknown
unknown
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Human activity (forestry, mining, road building, and urban and rural development) is 
similar on the steep slopes of the first three zones, but is relatively rare in the Alpine Zone 
(urban development on the East Coast generally does not take place on steep slopes).

In addition, there is evidence that the behaviour of landslides—and therefore landslide 
rates—is influenced by bedrock geology. Therefore, two sub-zones for each major unit 
were added on the basis of statistical analysis of the effects of bedrock and previous 
research. Currently, the two sub-zones are:

(b) Island Plutonic Suite

(c) Sicker Group

The differences in landslide behaviour in these zones are discussed below. The influence 
of bedrock on landslide rates, although typically easy to recognize on a site basis, is 
difficult to generalize on a regional basis because of the confounding influence of several 
other factors (including human influence). Consequently, the sub-zones are based on 
the best available current knowledge, but the definitions may be improved in future 
studies. 

Wet West Coast (Zone I)

Zone I, the Wet West Coast, is generally characterized by steep fiords rising out of the 
ocean to about the first major height of land break. Precipitation is high and generally 
falls as rain from November to March. Mature forest blankets the natural landscape and 
there is little exposed bedrock. Standing water and streams are relatively difficult to see 
beneath the forest canopy. 

Debris slides and debris flows are the dominant landslide type, and only two rock 
falls were identified in the sampled areas within this zone. Table 3 compares landslide 
distribution for all the zones, including this one. 

Table 3. The number of 
landslides in each zonea. 

aThe counts in this table have not been corrected for area and are not directly comparable between zones; 
however, they are an excellent indication of the relative landslide activity within each zone.

 

Zone

Wet West Coast
Moderately Wet Central Island
Moderately Dry East Coast
Alpine

Total

Debris slides/flows

151
91
27
187

456

Rock falls

2
6
7
136

151

Snow avalanches

n/a
n/a
4
54

58

Moderately Wet Central Island (Zone II)

Zone II, the Moderately Wet Central Island, is characterized by steep terrain and 
numerous small rock outcrops. Overall, the land is densely vegetated and the natural 
landscape is covered by mature conifers. This region is heavily logged and, like Zone 
II, is dominated by debris slides and debris flows. The fundamental difference between 
Zone I and Zone II is related to climate: Zone II receives about half the precipitation 
of Zone I. Again, precipitation falls primarily as rain in the winter months. Reduced 
precipitation directly reduces landslide frequencies. 
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Moderately Dry East Coast (Zone III)

Zone III, the Moderate Dry East Coast, receives substantially less rain than zones I 
and II, and consequently the natural vegetation is less dense. There is more exposed 
bedrock, particularly at higher elevations, and rock falls account for about a quarter of 
the landslides identified in this zone. Much of Zone III overlies the Nanaimo Lowlands 
and there are few steep slopes as a consequence. Because much of the zone is flat and 
rainfall is low, landslide frequencies in this zone are relatively low. Zone III has been 
heavily logged, and it contains the largest area of urbanization and agricultural land on 
Vancouver Island. Consequently, although landslide frequencies are low, landslides have 
the potential to substantially impact humans and infrastructures that are largely absent 
from other zones. Landslides in Zone III tend to occur along steep stream banks or 
ocean shorelines.

Alpine (Zone IV)

Zone IV, the Alpine, is a high-elevation zone of steep cliffs and plateaus, exposed 
bedrock, ponded water, steep gorges, substantial seasonal and some permanent snow, 
and generally sparse vegetation. Debris slides and flows, rock falls, and snow avalanches 
are common (Table 3) and, in fact, this is the only zone for which snow avalanches are 
notably present. In addition, all three landslide types frequently overlap and coalesce 
both into themselves and into one another. There is little human development in this 
zone, and it is largely limited to a few transportation corridors and minor amounts of 
logging or mining. Frequency statistics for landslides were impractical to derive in the 
Alpine zone.

Frequency Distribution

Landslide density, or the number of landslides per unit area, was calculated for each of 
the four zones and is presented in Table 4. The results indicate the number of landslides 
per square kilometre present in any of the sample squares. It is important to recognize 
that this is not equivalent to the number of landslides that initiated within the sample 
squares. Density (per square kilometre) was converted to frequency (per square kilometre 
per year) by using a correction factor of 50 (see discussion in the section “The influence 
of logging on landslide rates,” below), which is the median of correction factors applied 
by Jakob (2000) in Clayoquot. 

Table 4. Density and 
frequency of naturala 
landslides by zone for 
Vancouver Island. 

Zone

Wet West Coast
Moderately Wet Central Island
Moderately Dry East Coast
Alpine

Density (km-2)

1.18
0.71
0.34
4.63

Landslide rateb

(km-2yr-1)

0.024
0.014
0.007
0.093

Landslide ratio 
to Wet West Coast

1
0.6
0.3
3.9

aNatural means not related to human activity. 
bFrequency was calculated using a correction factor of 50 (based on Jakob, 2000). 
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The natural landslide frequency (in areas without logging or road building) is higher in 
all zones (including the moderately wet, alpine, and dry zones) than previous research 
suggests for the west coast of Vancouver Island (Jakob 2000; Guthrie and Evans 2004). 
Guthrie and Evans (2004), for example, determined landslide rates of 0.0105 debris 
slides km–2 yr–1 for Brooks Peninsula and adjacent lands, and suggested even then that 
the results indicated higher-than-average levels of natural instability for Vancouver 
Island. There are several possible explanations for the discrepancy between past research 
and current results. First, the correction factor (50 years for natural landslides) may be 
wrong. Such a possibility is not unreasonable, but adjusting the correction factor several 
years in either direction changes the frequency only slightly and is unlikely to account 
for the difference. Second, the sample size may be too small to properly describe the 
condition. Although there was substantial local variability, there was no reason to expect 
or believe that the areas under examination did not represent the zones. Some more 
likely explanations for the difference in frequency are: (a) Sampled areas were primarily 
stratified by examining areas of expected landslide susceptibility and adjacent terrain. 
Many of the adjacent areas tended to be slopes that approached 60% (31º). Other 
studies, on the other hand, are typically based on watershed boundaries and include 
large areas of flat terrain and lower-valley moderate and gentle slopes. (b) Some studies, 
including one on Brooks Peninsula (Guthrie and Evans 2004), noted channelized debris 
flows, but did not include them in the analysis. They have been included here. (c) 
Finally, and most importantly, the sample area plots were determined by a box outline 
on an air photograph and bore no relationship to watershed boundaries. Consequently, 
landslides were counted if they crossed the box boundary, that is, if there was a landslide 
within the boundary, it was counted, whether or not it initiated within that same 
boundary. If the size of sample areas were increased such that there were no landslides 
crossing the boundaries (such as a height of land), the total landslide count would be 
proportionally reduced, because those landslides that did cross the boundary would be 
counted only once. 

Despite the difference in landslide rates between this and other studies, the data are 
internally consistent and therefore accurately represent the difference between zones. 
Of particular interest, the Alpine Zone is almost four times as active as the Wet West 
Coast Zone, whereas landslide frequencies for zones II and III diminish consecutively 
by about a third each.

Frequency data by Guthrie (2002), Guthrie and Evans (2004) and Jakob (2000) for 
watersheds on Vancouver Island suggest that the methods used in this study yield 
landslide rates approximately twice those of previous watershed studies conducted to the 
height of land. Consequently, a preliminary divisor of 2 is recommended to determine 
the regional landslide frequency (across all zones and land uses) on a watershed basis 
(see Table 5). Common sense dictates that this method will not work in areas of 
extensive lowlands or plateaus. Further, this method may underestimate the number of 
channelized debris flows. Nevertheless, the results seem to generally agree with previous 
observations. Based on the work to date, Table 5 is recommended to the user interested 
in watershed-based frequencies.
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Table 5. Watershed-based 
landslide frequencies for 
Vancouver Island mass 
wasting zones compared with 
frequencies from previous 
watershed-based studies.

Landslides and Geology on Vancouver Island

Many analytical treatments of landslides are not sensitive enough to separate the major 
contributors like slope and land use from the relatively minor contributors such as 
slope shape, surficial material and, in particular, bedrock lithology. It remains common 
knowledge, however, that these conditions are often critical to failures at the site level. 
It follows that lithology, for one, has an influence on landslide frequencies at a regional 
level as well. 

Several authors have previously determined that landslide rates are lower over the Island 
Plutonic Suite, which consists of Jurrasic-aged granitic rocks, than over Karmutsen 
Volcanics, which are Triassic pillow and flood basalts that cover most of Vancouver 
Island, or the Bonanza Volcanics, which are Jurassic sub-aerial andesites (VanDine 
and Evans 1992; Guthrie 1997; Sterling 1997; Guthrie and Van der Flier-Keller 1998; 
Guthrie and Evans 2004). Specifically, landslides occur about 1.2 to several times less 
frequently over the Island Plutonic Suite than the overall landslide rates (VanDine and 
Evans 1992; Sterling 1997; Guthrie and Van der Flier-Keller 1998; Guthrie and Evans 
2004). 

Contrary results may be found: Guthrie and Evans (2004) and Jakob (2000) both found 
that in Clayoquot Sound, the post-logging rate of landslides was slightly (1.1–1.4 times) 
higher than expected over the Island Plutonic Suite. 

Other bedrock types also appear to influence landslide rates or conditions; Rollerson 
et al. (2002) examined the San Juan River watershed and determined that the Leech 
River Complex was more vulnerable to landslides. The Leech River Complex consists 
of greywacke, argillite, schists, and weakly metamorphosed siltstones that weather into 
plastic silts and clays. 

Guthrie (unpublished) recently looked at more than 3000 ha of unlogged land with 
slopes steeper than 60% (31º) over the Sicker Group, a Devonian-aged volcaniclastic 
sequence of tuffs and volcanic sandstones, to find that natural landslides occurred at 
twice the expected rate.

Guthrie and Evans (2004) determined that, on northwestern Vancouver Island, 
landslides occurred about 1.4 times more frequently over the Westcoast Crystalline 
Complex, which consists of Jurassic-aged gabbros, amphibolites, and schists.

Zone

Dry
Moderate
Wet
Wet and Moderate

Frequency,
this studya

(km-2 yr-1)

0.004
0.007
0.012
0.009

Previous Studies

Watershed

Mactushb

Artlishb

Brooksc

Clayoquotd

Frequency
(km-2 yr-1)

0.007
0.008
0.011
0.0055

Area required for 1
landslide per year in any
given watershed based 
zones in this study (km2)

250
143
83
111

aCorrected value (see discussion). 
bFrom Guthrie (2002) and Guthrie and Evans (2004). 
cGuthrie and Evans (2004). 
dJakob (2000) and Guthrie and Evans (2004). The Clayoquot study area is a combination of both Wet and 
Moderate zones. The low score may be related to the considerable portion of flat lowlands in this study area. 
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Table 6 summarizes current knowledge of the influence of bedrock on landslide rates 
on Vancouver Island. Included is a study that looks at the effects of bedrock geology 
and landslide frequencies for the mainland southern Coast Mountains (Rollerson et al. 
1998). This study suggests that similar results are resolvable for the coastal mainland of 
British Columbia.

Relative landslide rates for the major bedrock types were analyzed in this study with 
limited success. The Bonanza Group was not tested in the Alpine Zone. The Sicker 
Group did show substantially more landslides than expected, both before and after 
human activity, however, both the Sicker Group and Westcoast Crystalline Complex 
contained too few examples for a statistically meaningful analysis. Table 7 nevertheless 
corroborates the general results from previous research comparing the Island Plutonic 
Suite to the Karmutsen Volcanics. In this study, with respect to landslide frequencies, 
the Bonanza Volcanics were statistically indistinguishable from the Karmutsen Volcanics 
in an unlogged setting.

The data becomes more interesting when a comparison is made between logging 
and road related landslides and natural landslide rates. The Island Plutonic Suite and 
Bonanza Volcanics show a substantial relative increase in landslide frequency following 
logging and road building despite. Implications for the Island Plutonic Suite are 
discussed below. 

Sub-zone b: The Island Plutonic Suite

The Island Plutonic Suite consists largely of competent granodiorites that are inherently 
stable and resistant. These rocks have no preferred bedding planes to direct water 
movement at the sediment–bedrock interface (Guthrie and Van der Flier-Keller 1998 
reported preferential landslides beginning on dip-slope bedding), and are not commonly 
shattered below the Alpine Zone. Consequently, for zones I–III, in the natural setting, 
the Island Plutonic Suite tends to contain fewer than average landslides. The range 
appears to be broad, from slightly more than 1 to 4 times fewer landslides reported 
in the Tsitika River watershed on Vancouver Island (Guthrie and Van der Flier-Keller 
1998). The rate probably depends on the local character of the intrusion, as well as on 
the adjacent rock types. 

Of considerable import, however, is the growing case for an increase in landslide events 
occurring over the Island Plutonic Suite where logging is involved (Tables 6 and 8). 
Several field visits to the area have provided a possible explanation: the construction 
of roads through this formation requires blasting that results in substantially shattered 
bedrock. Island Plutonic Suite rocks weather to non-cohesive granular sands and gravels 
that have no residual strength on slopes steeper than about 32º. This condition was 
encountered in several areas where failed fill slopes travelled across several roads before 
reaching the valley below, often entraining additional fills in their path, or where 
shattered and recently weathered Island Plutonic Suite rocks resulted in substantial 
erosion and sediment problems and required continual road maintenance. 



Geomorphology of Vancouver Island: Mass Wasting Potential14 Geomorphology of Vancouver Island: Mass Wasting Potential 15

Table 6. Previous research 
showing landslide frequency 
relative to bedrock geology.

Bedrock 
formationa

Island Plutonic 
Suite

Island Plutonic 
Suite

Island Plutonic 
Suite

Island Plutonic 
Suite

Island Plutonic 
Suite

Island Plutonic 
Suite

Island Plutonic 
Suite

Leech River 
Complex

Sicker Group

Westcoast 
Crystalline 
Complex

Coast Plutonic 
Complexd

aBedrock types are described in text. 
bNatural landslide rates over the Island Plutonic Suite are lower than expected for the same regional area in the 
same study; we attribute the increase to shattered bedrock, probably related to road building. 
cThis area is similar to the area studied by Guthrie and Evans (2004) in note b. 
dMid-Cretaceous granitoid intrusions (not described in text).

Change in 
expected 
landslide 
frequency

1.5 times less 
than expected

4.3 times 
less than 
Karmutsen 
Volcanics

2.1 times per 
unit area less 
than Karmutsen 
Volcanics

Fewer landslides 
(amount not 
determined)

1.2 times less 
than expected

1.1 times more 
than expectedb

1.4 times more 
than expectedc

2 times more 
terrain units 
failing 
than average

2 times more 
than expected

1.4 times more 
than expected

2.8 times fewer 
terrain units 
failing

Location

Brooks Peninsula 
and Nasparti 
River

Tsitika River 
watershed

Tsitika River 
watershed

Vancouver 
Island

Clayoquot 
Sound

Clayoquot 
Sound

Clayoquot 
Sound

San Juan River

Clayoquot 
Sound

Brooks Peninsula 
and Nasparti 
River

Southern Coast 
Mountains of 
British Columbia

Additional 
information

No logging or 
road building

Study limited 
to landslides 
>1 ha

Study limited 
to channelized 
debris flows

Study limited 
to landslides 
>5 ha

Limited to 
natural 
landslides on 
slopes >60%

Limited to 
logging-related 
landslides 
on slopes >60%

Natural and 
logging-related 
landslides

Clearcut 
landslides 
>500 m2

Limited to 
natural 
landslides on 
slopes >60%

No logging or 
road building

Clearcut 
landslides 
>500 m2

Reference

Guthrie and 
Evans, 2004

Guthrie and 
VanderFlier-
Keller, 1998

Sterling,
1997

VanDine and 
Evans, 1992

Guthrie and 
Evans, 2004

Guthrie and 
Evans, 2004

Jakob, (2000)

Rollerson 
et al., 2002

Guthrie, 
unpublished

Guthrie and 
Evans, 2004

Rollerson 
et al., 1998
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Not surprisingly, if this reasoning holds, Island Plutonic Suite rocks in the Alpine 
Zone (Zone IV) are at least as vulnerable as the Karmutsen Volcanics to landslides (see 
Table 9). The argument lies in that the Alpine Zone is more active because of increased 
exposure and subsequent weathering and frost shattering, both of which fundamentally 
perform the same task as blasting.

The Island Plutonic Suite is differentiated on the Mass Wasting Potential Map by a 
lightening of the colour for each zone.

Table 7. Natural landslide 
frequencies for zones I–III 
for the dominant bedrock 
formations on Vancouver 
Island. 

Table 8. Logging-related 
landslide frequencies 
(including roads) for all zones 
for the dominant bedrock 
formations on Vancouver 
Island. 

Bedrock Geologya,b

Island Plutonic Suite
Karmutsen Volcanics
Bonanza Volcanics

No. of Landslides

7
47
18

Area 
(km2)

29.2
78.3
35.3

Frequency 
(100 km–2)

24
60
51

aThe Alpine Zone (Zone IV) was analyzed separately. Although landslides 
occurred within the Sicker Group, there were too few in zones I-III to analyze. 
bDifferences are significant at a = 0.001 (chi-square test). Subsequent testing
indicates no significant difference between Bonanza and Karmutsen Volcanics; 
the difference lies between these rock types and the Island Plutonic Suite. 

Bedrock Geologya,b

Island Plutonic Suite
Karmutsen Volcanics
Bonanza Volcanics

No. of Landslides

42b

25b

85

Area 
(km2)

10.8
14.1
17.5

Frequency 
(100 km–2)

389
177
487

aDifferences are significant at α = 0.001 (chi-square test).
bNote that landslide frequencies for the Island Plutonic Suite and Bonanza 
Volcanics are higher than in the natural case (Table 7). The Sicker Group has 
very high post-logging landslide rates, but the data is from one sample site, 
and was therefore not included in the analysis.

Landslide count

63
77

Area 
(km2)

15.3
19.9

aA Chi square test (X2=_(d2e-2)) indicates that the differences are not significant. 

Landslides 
(km-2)

4.1
3.9

Landslides 
(100 km-2)

412
387

Geologya

Island Plutonic Suite
Karmutsen Volcanics

Table 9. Natural landslides 
(debris slides and flows) in 
the Alpine Zone on Vancouver 
Island. The Island Plutonic 
Suite is not substantially 
different from the Karmutsen 
Volcanics in this zone, despite 
previous research and the 
results shown in Table 7.
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Sub-zone c: The Sicker Group

The Sicker Group appears to be more vulnerable to landslides than the typical case and, 
although that trend was observed in the data analyzed in this study for both logged and 
natural slopes, data was insufficient to offer anything more than a qualitative account 
of this difference (the Sicker Group is a relatively minor component of the overall 
geology of Vancouver Island). However, analysis of more than 3000 ha of steep slopes 
in the Sicker Group (Guthrie, unpublished) independent of this study revealed an 
increase in landslide frequencies of about two times. Consequently, the Sicker Group is 
differentiated as a darker shade of each zone on the Mass Wasting Potential Map.

Other potential sub-zones and bedrock considerations

There is sufficient evidence for the Leech River Complex to suggest that it behaves 
differently from most of the rock types on Vancouver Island (Rollerson et al. 2002). 
The largest difference, however, is that landslides fail on shallower slopes than predicted 
because of the presence of plastic soils formed from weathered bedrock. The Mass 
Wasting Potential Map accommodates behaviour over this formation by incorporating a 
change in the slope rule to include slopes steeper than 50% (27º) rather than the usual 
60% (31º). Although this number is a somewhat arbitrary, it seems to fit empirical 
observations in the relevant watersheds.

There is evidence that the West Coast Crystalline Complex also lends itself to increased 
numbers of landslides (Guthrie and Evans 2004), but additional field work reveals that 
this may be limited to the formation as it appears on the Brooks Peninsula and Nasparti 
Inlet, where the formation shows more weathering and metamorphosis than in other 
examples on Vancouver Island. The results for Brooks Peninsula (Guthrie and Evans 
2004) seem to fall within the range predicted for the Wet West Coast Zone in this study, 
and therefore no change has been made to the map. Please see Guthrie and Evans (2004) 
for more details.

From this study (Table 8), the Bonanza Volcanics are more susceptible to landslides after 
logging. Other studies have not been able to show a statistical relationship that favoured 
the Bonanza Volcanics (Rollerson et al. 2002, for example), but these results match 
some of the accumulated anecdotal field experience for Vancouver Island. More research 
is required to determine the extent to which this might be true, and the causes. In the 
meantime, a precautionary principle seems prudent when considering land management 
techniques over this rock type.

The influence of surficial geology on landslide rates

Several authors have tried to establish the influence of surficial geology on landslide rates 
on Vancouver Island, notably the terrain attribute studies of Rollerson et al. (1997, 2002) 
and, to a lesser extent, the report by Guthrie and Van der Flier-Keller (1998). However, 
results do not yet appear to be consistent enough to establish a regional comparison. A 
notable exception is the close relationship between landslides and gullying (Rollerson 
et al. 2002). Areas mapped as gullied on the terrain maps were therefore included as 
potential landslide areas on this map. No new analysis of surficial materials and landslide 
likelihood was conducted for this study.
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The Influence of Logging on Landslide Rates

Logging is spatially the dominant industry on Vancouver Island. Forest harvesting and 
road building are recognized as increasing the landslide frequency several times (Howes 
and Sondheim 1988; Rollerson 1992; Rollerson et al. 1998; Jakob 2000; Guthrie 2002; 
Guthrie and Evans 2004; Chatwin 2005). Recent research suggests that changing forest 
practices is reducing logging related landslide occurrences (Chatwin 2005). 

The impact of land use on mass movements can be determined in several ways. 
Landslides may be analyzed spatially and temporally to show differences in density or 
frequency. Average size, sediment transported, and connection to the stream network are 
other important considerations. Often, natural and logging-related landslide densities 
are compared within a watershed for practical reasons—typically that the watershed is 
being examined as part of a forestry operation. The best measure, however, is to compare 
landslide frequencies through time. Alternatively, if landslide densities are examined, 
then they should be stratified to unit area of potentially unstable slopes. The conundrum 
is simple—human activity concentrates landslides in both the spatial and temporal 
realms, and to use only one of these measures is misleading. Jakob (2000) applied a 
correction factor to landslides in Clayoquot gathered as a single dataset (density) to 
determine the frequency through time. Jacob recognized that we can identify landslides 
on air photographs (a) that are typically older than the period of extensive logging 
development, and (b) that the landslide signature lasts substantially longer in old growth 
forest because tree heights differ by tens of metres (Figure 10). 

Smith et al. (1983, 1986) determined that landslides in old growth forests were visible 
for 40–60 years and longer. Jakob (2000) determined that the period over which 
landslides scars remained visible in clearcut areas was 20 years. Jakob (2000) therefore 
divided logging-related landslide densities by a correction factor of 20 years, and the 
natural landslide densities by 40 and 60 years respectively. Arbitrarily splitting the 
difference, we apply a correction of 50 years here for natural landslides and 20 years for 
logging-related events. 

Table 10 shows the impact of logging on landslide frequencies on Vancouver Island from 
analysis in this study alone. Frequencies and densities are based on landslides counted 
in the study area and are not corrected for watershed (see discussion and Table 5 for 
details), but the ratio of increase is a relative measure and would remain unchanged.

Figure 10. Old landslides are 
relatively easy to identify in 
stereo air photographs from 
scars and differences in tree 
heights. The slides shown may 
be older than the correction 
factor of 50 years; however, 
they are easy to identify 
because of their large size.
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Table 10. The impact of 
logging on density and 
frequency of landslides in this 
study.

The Influence of Road Building on Landslide Rates

Roads are the single most important anthropogenic cause of landslides (Guthrie 2002) 
on Vancouver Island. Road building overloads and oversteepens slopes, and redirects 
and concentrates water. Roads, however, may be engineered to prevent landslides and, 
in some cases, even reduce the natural landslide hazard. The impact of roads on landslide 
frequency is often discussed in terms of events per kilometre, but this measure does not 
provide a way to compare the impact of roads directly with harvested or forested areas. 
Despite their linear appearance, roads represent an additional spatial component of the 
watershed, and we therefore multiply the road length by an average width of 20 m to 
determine the road area. The results reveal the relative spatial impact of road-related 
landslides against background levels (Table 11).

Zone

Wet West Coast

Moderately Wet 
Central Island

Moderately Dry 
East Coast

Alpine

Density
(km-2)

1.18

0.71

0.34

4.63

Frequencya 
(km-2yr-1)

0.024

0.014

0.007

0.093

Density
(km-2)

5.09

3.79

1.69

n/a

Frequencya 
(km-2yr-1)

0.255

0.189

0.085

n/a

Density

4.3

5.3

5

n/a

Frequency

10.6

13.5

12.1

n/a

Natural Logging related Ratio 
(logging related/natural)

aA correction factor of 50 years was applied to natural landslides and 20 years to logging related landslides 
based on Jakob (2000). 
bChi square analysis (_=0.01) indicates no significant difference between the frequency ratios of different 
zones.

Table 11. The relative contribution 

of roads to landslide frequencies 

on Vancouver Island in this study.

aRoad area = total road length x 20 m width. 
bFrom Table 4. 
cRoad density ratio = road related landslide density (road related landslides/area of roads)/natural 
landslide density.
dThe difference between zones were not statistically significant (_= 0.01) based on Chi square 
analysis. 
eThe Alpine Zone contained only 0.113 km2 of road and three road related landslides. Analysis of 
the results is unlikely to be representative.

Zone

Wet West Coast

Moderately Wet 
Central Island

Moderately Dry 
East Coast

Alpinee

Road related 
landslides

56

35

8

n/a

Area of roadsa 
(km2)

1.364

1.153

1.075

n/a

Natural landslide 
densityb (km-2)

1.18

0.71

0.34

n/a

Road density 
ratioc,d

35

43

22

n/a
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CONCLUSIONS

A Mass Wasting Potential Map was created that divides Vancouver Island into four main 
zones and two sub-zones. The major divisions are primarily related to climate and the 
minor divisions are related to bedrock geology: 

Zone I: Wet West Coast

Zone II: Moderately Wet Central Island

Zone III: Moderately Dry East Coast

Zone IV: Alpine 

Sub-zones:

(b) Island Plutonic Suite

(c) Sicker Group

Attributes have been assigned to each zone on the basis of the digital data available, 
previous research, and analysis of landslide data gathered in this study.

Thirty-five randomly selected sites on the map were sampled using recent stereo 
air photographs. The sampled sites covered a total of 200 km2 and contained 665 
landslides, most of which were debris slides and debris flows. The average size of debris 
slides and debris flows was slightly more than 11,000 m2, but the range spanned nearly 
3 orders of magnitude. 

Results of the analysis amongst zones demonstrate a statistically significant difference in 
landslide frequencies among zones, with each zone failing about a third as often as the 
adjacent wetter zone. The exception was the Alpine Zone which was four times more 
active than the Wet West Coast. 

Analysis and previous research around the influence of bedrock geology on landslide 
activity suggests that the Island Plutonic Suite is naturally more stable with fewer 
related landslides, but once shattered and weathered, can result in more than the 
expected number of landslides. The Sicker Group, Leech River Complex, and portions 
of the West Coast Crystalline Complex all appear to have higher numbers of landslides 
associated with them naturally, whereas the Bonanza Group may be more susceptible to 
landslides after logging. The latter conclusion should be considered preliminary.

Results of this study indicate that logging activities increased landslide frequency by 
slightly more than 10 times, regardless of zone. This is similar to the findings of previous 
studies, however, no attempt was made to separate landslides by era of practice. There is 
evidence that these rates are improving following the Forest Practices Code. Roads were 
also analyzed separately, and the results indicate that road building increases landslide 
densities by 22–43 times. 



Geomorphology of Vancouver Island: Mass Wasting Potential20 Geomorphology of Vancouver Island: Mass Wasting Potential 21

REFERENCES

Adams, J. 1984. Active deformation of the Pacific Northwest continental margin. 
Tectonics 3:449–472.

Blais-Stevens, A., J.J. Clague, and G.C. Rogers. 2003. Earthquake signature in Late 
Holocene Sediments in Saanich Inlet, British Columbia. Pages 69–75 in Proc. 
of 3rd Can. Conf. on Geotechnique and Natural Hazards. Can. Geotech. Soc., 
Alliston, ON. 

Chatwin, S. 2005. Managing landslide risk from forest practices in British Columbia. 
British Columbia For. Prac. Board Spec. Investig. Rep. 14, BC For. Prac. Board, 
Victoria, BC.

Clague, J.J., and P.T. Bobrowsky. 1999. The geological signature of great earthquakes 
off of Canada’s West Coast. Geosci. Can. 26:1–15.

Cruden, D.M., and D.J. Varnes. 1996. Landslide types and processes. Pages 36–75 
in A.K. Turner and R.L. Schuster, eds. Landslides, investigation and mitigation. 
Transp. Res. Board, Natl. Res. Counc., Washington, DC. Spec. Rep. 247.

Dragert, H. 1987. The fall (and rise) of central Vancouver Island: 1930–1985. Can. J. 
Earth Sci. 24:689–697.

Environment Canada. 1993. Canadian climate normals, 1961–90, British Columbia. 
Environ. Can., Atmos. Environ. Serv., Ottawa, ON.

Evans, S.G. 1989. The Mount Colonel Foster rock avalanche and associated 
displacement wave, Vancouver Island, British Columbia. Can. Geotech. J. 26:
452–477.

Guthrie, R.H. 1997. The characterization and dating of landslides in the Tsitika River 
and Schmidt Creek watersheds, Northern Vancouver Island, British Columbia. 
MSc Thesis, Univ. Victoria, Victoria, BC. 

Guthrie, R.H. 2002. The effects of logging on frequency and distribution of landslides 
in three watersheds on Vancouver Island, British Columbia. Geomorphology 43:
273–292.

Guthrie, R.H. 2003. Landslide frequencies and logging on Vancouver Island: an 
analogue showing varied yet significant changes. Pages 70–79 in P. Jordan and 
J. Orban, eds. Terrain stability and forest management in the Interior of British 
Columbia, Proc. of Workshop, 23–25 May 2001, Nelson, BC. B.C. Minist. For., 
Research Branch. Tech. Rep. 003. 

Guthrie, R.H., and S.G. Evans. 2004. Analysis of landslide frequencies and 
characteristics in a natural system, coastal British Columbia. Earth Surface Processes 
and Landforms 29:1321–1339.

Guthrie, R.H., and E. Van der Flier-Keller. 1998. The contribution of geology to debris 
slides on Vancouver Island, BC. Pages 1993–1999 in Proc. 8th Int. Congr., Int. 
Assoc. Eng. Geol. and Environ., Balkema, Rotterdam, The Netherlands. Issue 3.

Howes, D.E. 1981. Terrain inventory and geological hazards: Northern Vancouver 
Island. B.C. Minist. Environ., Assess. and Plann. Div., Victoria, BC. APD Bull. 5.



Geomorphology of Vancouver Island: Mass Wasting Potential20 Geomorphology of Vancouver Island: Mass Wasting Potential 21

Howes, D.E., and M. Sondheim. 1988. Quantitative definitions of stability classes as 
related to post-logging clearcut landslide occurrence. Pages 167–184 in Part II, 
Proc. 10th B.C. Soil Science Workshop. B.C. Minist. For., Land Manage. Rep. 56.

Hutchinson, I., J.P. Guilbault, J.J. Clague, and P.T. Bobrowsky. 2000. Tsunamis and 
tectonic deformation at the northern Cascadia margin: a 3000 year record from 
Deserted Lake, Vancouver Island, British Columbia. The Holocene 10:429–439.

Jakob, M. 2000. The impacts of logging on landslide activity at Clayoquot Sound, 
British Columbia. Cantena 38:279–300.

Mathews, W.H. 1979. Landslides of Central Vancouver Island and the 1946 
earthquake. Seismol. Soc. Amer. Bull. 69:445–450.

Millard, T. 1999. Debris flow initiation in Coastal British Columbia gullies. B.C. 
Minist. For., Vanc. For. Reg., Nanaimo, BC. For. Res. Tech. Rep. TR-002. 

Rollerson, T.P. 1992. Relationships between landscape attributes and landslide 
frequencies after logging: Skidegate Plateau, Queen Charlotte Islands. B.C. Minist. 
For., Victoria, BC. Land Manage. Rep. 76.

Rollerson, T.P., C. Jones, K. Trainor, and B. Thomson. 1998. Linking post-logging 
landslides to terrain variables: Coast Mountains, British Columbia–preliminary 
analyses. Pages 1973–1979 in Proc. 8th Int. Congr., Int. Assoc. Eng. Geol. and 
Environ. Balkema, Rotterdam, The Netherlands. Issue 3.

Rollerson, T.P., T. Millard, and B. Thomson. 2002. Using terrain attributes to predict 
post-logging landslide likelihood on southwestern Vancouver Island. B.C. Minist. 
For., Res. Sect., Vanc. For. Reg., Nanaimo, BC. For. Res. Tech. Rep. TR-015.

Rollerson, T.P., B. Thomson, and T. Millard. 1997. Identification of Coastal British 
Columbia terrain susceptible to debris flows. In Proc. 1st Int. Symp. on Debris 
Flows, 7–9 August, San Francisco. US Geol. Surv. and Am. Soc. Civil Eng., San 
Francisco, CA.

Smith, R.B., P.R. Commandeur, and M.W. Ryan. 1983. Natural revegetation, soil 
development and forest growth on the Queen Charlotte Islands: Progress report. 
BC Minist. For. and Minist. Environ., Fish/Forestry Interaction Program, Victoria, 
BC. Work. Pap. 7(83).

Smith, R.B., P.R. Commandeur, and M.W. Ryan. 1986. Soils, vegetation, and forest 
growth on landslides and surrounding logged and old-growth areas on the Queen 
Charlotte Islands, British Columbia. B.C. Minist. For., Victoria, BC. Land 
Manage. Rep. 41.

Sterling, S.M. 1997. The influence of bedrock type on magnitude, frequency and 
spatial distribution of debris torrents on northern Vancouver Island. MSc Thesis, 
Univ. B.C., Vancouver, BC.

VanDine, D.F., and S.G. Evans. 1992. Large landslides on Vancouver Island, British 
Columbia. Pages 193–201 in Proc. of Symp. on Geotechnique and Natural 
Hazards. Vanc. Geotech. Soc., Vancouver, BC.

Yorath, C.J., and H.W. Nasmith. 1995. The geology of Southern Vancouver Island: a 
field guide. Orca, Victoria, BC. 172pp.



Geomorphology of Vancouver Island: Mass Wasting Potential22 Geomorphology of Vancouver Island: Mass Wasting Potential 23

APPENDIX I

Source data and authors for the terrain mapping that was used to create the Vancouver 
Island Surficial Geology map. MOE = Ministry of Environment, EMPR = Ministry of 
Energy, Mines and Petroleum Resources, ENV CAN = Environment Canada. 
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