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Sediment transfer by shallow landsliding in the
Queen Charlotte Islands, British Columbia
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Abstract: Despite the importance of landsliding in routing sediment through mountainous drainage basins, few studies
have documented landsliding rates over extended time and space scales. We have investigated landsliding in surficial
material in the Queen Charlotte Islands using a large inventory of events, derived from aerial photography, covering an
area of 166.7 km2. The mean erosion rate for shallow landsliding is 0.10 mm·a–1, which is at the upper end of shallow
landsliding rates observed in the Pacific Northwest and coastal British Columbia, but several orders of magnitude lower
than rock-based landsliding rates reported in the literature. Probability distributions for landslide area and volume are
somewhat convex in form. Flattening of the curve found at low magnitudes may be due to sampling bias or physical
mechanisms inhibiting failure, and the steepening for high values may exist because the sampling period is not long
enough to adequately represent large events. Landslides generally initiate on hillslope gradients greater than 0.50–0.60.
The largest numbers of landslides occur on south- to southwest-facing slopes and east- to northeast-facing slopes. Most
events occur on concave and straight hillslopes in upper-slope positions. Landsliding rates were found not to be affected by rock type. Hillslopes in the Queen Charlotte Islands are often mantled by weathered Quaternary deposits and,
hence, landsliding events are not directly controlled by weathering of bedrock. About 31% of landslides identified in
this study deposited material in stream reaches, with about 83% of these landslides deposited in reaches with gradients
between 3% and 10%.
Résumé : Malgré la grande contribution des glissements de terrain à acheminer des sédiments à travers des bassins de
drainage montagneux, peu d’études ont documenté les taux de glissements de terrain sur une longue période de temps
et sur de grandes superficies. Nous avons fait des recherches sur des glissements de matériaux de surface dans les îles
de la Reine-Charlotte en utilisant un grand inventaire d’événements tirés de photographies aériennes couvrant une région de 166,7 km2. Le taux moyen d’érosion pour des glissements à faible profondeur est de 0,10 mm ·a–1, un taux qui
se retrouve à l’extrémité supérieure des taux de glissements observés dans le Pacific Northwest et sur la côte de la Colombie Britannique mais, selon la littérature, ce taux est de plusieurs ordres de grandeur inférieur aux taux de glissements de terrain dans les roches. Les distributions de probabilités pour la région et le volume des glissements ont une
forme légèrement convexe. L’aplatissement de la courbe pour des glissements de faible importance peut être dû au
biais d’échantillonnage ou à des mécanismes empêchant la rupture, alors que l’accentuation pour les valeurs supérieures peut découler d’une période d’échantillonnage qui n’est pas assez longue pour représenter les grands événements de
façon adéquate. Les glissements de terrain débutent généralement sur des pentes dont les gradients dépassent 0,5 à 0,6.
La majorité des glissements surviennent sur des pentes donnant entre le sud et le sud-ouest et entre l’est et le nord-est.
La plupart des événements ont lieu sur des pentes dont la partie supérieure est concave ou droite. Les taux de glissements ne dépendent pas du type de roche. Les pentes de terrain dans les îles de la Reine-Charlotte sont souvent recouvertes de dépôts du Quaternaire altérés etpar conséquent, les événements de glissements ne sont pas directement
contrôlés par l’altération du roc en place. Environ 31 % des glissements identifiés dans cette étude ont déposé du matériel dans les cours d’eau et environ 83 % de ces glissements ont déposé du matériel dans des sections des cours
d’eau dont les gradients étaient de 3 % à 10 %.
[Traduit par la Rédaction]
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Landsliding is an important mechanism of mass wasting
in humid mountain environments. To date, most landsliding
studies have been motivated by an applied perspective,
hence slope stability analyses and hazard prediction have
been major foci of such research (see, for example, the summary
in Turner and Schuster 1996). Despite a relatively good
understanding of the mechanics of individual landslides
(e.g., Carson and Kirkby 1972), significant topics such as the
cumulative effect of soil loss by landsliding under persistently
destabilizing land conditions or the persistent threat to
communication lines remain largely unquantified (but cf.
Hungr et al. 1999). Only a few studies have analyzed the
potential impacts of landsliding over large spatial and (or)
temporal scales (e.g., Hovius et al. 1997). This no doubt is
due to the difficulty of obtaining data of sparse, episodic
events on a continuing basis.
The most successful approach to date has been to collect
large inventories of mass-wasting events by analysis of aerial
photography. For example, Hovius et al. (1997, 2000) analyzed
the magnitude and frequency of landsliding based on aerial
photography for study areas in New Zealand and Taiwan.
They concluded that landsliding in “bedrock,” which would
include saprolites and deeply weathered rock, is the dominant
hillslope process operating in the Southern Alps of New
Zealand and the Central Range of Taiwan. These regions are
tectonically very active, making them particularly steep and
high, and they include extensive tracts of very young, poorly
lithified sediments and volcanic rocks. Contemporary regional
denudation rates in these mountain ranges were found to be
on the order of 10 mm·a–1, which exceeds values of bedrock
weathering defined in field studies (e.g., Heimsath et al.
1997) by at least two orders of magnitude. This suggests that
in these mountains landsliding in rock is an important process
controlling transfer of sediment to channels.
A different contemporary situation is found in the mountains
of the Queen Charlotte Islands, British Columbia. Although
they are located in a seismically active region, they are not
as steep or as high as the Southern Alps or the Central Range
Taiwan and the glacially scoured rocks remain considerably
more competent. Landslides in bedrock appear to be restricted
mainly to deeply weathered Masset volcanic rocks on Graham
Island, and none has occurred within the last 250 years
(Schwab 1998), though it is supposed that seismic activity
may trigger such events (Alley and Thomson 1978). Schwab
also identified large earthflows in bedrock declivities filled
with clay-rich till, but these are quite local in occurrence. In
comparison, the overwhelmingly dominant forms of mass
wasting today appear to be debris slides and debris avalanches
in surficial materials (collectively, shallow landslides) and
debris flows. It is probable that landsliding of glacially
emplaced soils has dominated hillslope change in the Queen
Charlotte Islands since the final retreat of the glaciers about
104 years ago.
An inventory of shallow landsliding events covering an
estimated 40 year period in selected drainage basins in the
Queen Charlotte Islands, collected by Rood (1984) in the
course of land-management investigations, is used in this
study to assess rates and characteristics of shallow
landsliding events. Field investigations of landslide ages in
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part of the study area (Schwab 1998) provide a basis to
make inferences about the causes of these events. To assess
natural rates and characteristics of landsliding events, only
landslides occurring in forested portions of the study area
are considered.
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Study area
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The Queen Charlotte Islands are located on the very edge
of the North American Plate. The Queen Charlotte Fault,
immediately offshore, experiences strike-slip motion as the
Pacific Plate slides northward past the North American
Plate. However, the orientation of the fault near the island
induces convergence estimated to be 10–20 mm·a–1, so the
islands are subject to flexural uplift (Riddihough and
Hyndman 1991). Estimates of contemporary uplift rate, based
on tide gauge analysis and levelling surveys, are about 1 mm·a–1
(Riddihough 1982; see also Clague et al. 1982).
More significant, however, is the level of seismicity on the
Queen Charlotte Fault. Stress accumulation resulting from
the relative motion of the Pacific and North American plates
(estimated to be about 58 mm·a–1) produces dextral strike-slip
motion with potential for a damaging event (Richter magnitude
M > 6.0) every 5–10 years (Milne et al. 1978). This represents
the greatest risk of seismic activity in Canada. The largest
historical earthquake was the August 1949, M = 8.1 event,
which reached Mercalli intensity X within the islands. In
comparison, an event in June 1946, with M = 7.3, located
under east-central Vancouver Island, apparently caused up to
250 landslides in the west and central areas of the island
(Mathews 1979). There is, then, a significant probability for
landslides to result from seismic activity in the Queen Charlotte
Islands.
The geology consists of highly fractured (soft) volcanics,
massive (hard) volcanics, intrusive granitic rocks, sandstone,
conglomerates, and limestones (Sutherland Brown 1968).
The highly fractured volcanics and sedimentary rocks, and
the granodiorites of certain plutons, weather readily and are
prone to gullying and sliding (Alley and Thomson 1978).
Upper valley-side slopes have been oversteepened by glacial
scouring. The climate is mild, wet, and very windy. Annual
precipitation ranges from 1300 mm on the eastern coast to
more than 3600 mm in the Queen Charlotte Ranges (Hogan
and Schwab 1990). Maximum wind gusts commonly exceed
100 km·h–1 and may exceed 190 km·h–1 (Alley and Thomson
1978). Glacially oversteepened slopes and high winds creating
stresses in the frequently saturated soil mass via tree roots
contribute to high rates of shallow landsliding. Landsliding
has been further aggravated in many locations recently by
logging on steep slopes (Rood 1984). Rates of mass wasting
may increase in clearcut areas as a result of construction of
logging roads, yarding disturbance of soils, and root decay
(Sidle et al. 1985).
Rapid, episodic mass movements in the Queen Charlotte
Islands generally occur on slopes greater than 20° (herein
referred to as steepland) on Moresby Island, on the western
one-third of Graham Island, and on most of the smaller islands
to the east of Moresby Island (Gimbarzevsky 1988). This
area includes two physiographic zones, the Queen Charlotte
Ranges and the Skidegate Plateau (Holland 1976, Fig. 1).
© 2002 NRC Canada
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Fig. 1. Study drainage basins, Queen Charlotte Islands, British Columbia.
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Mathews (1986) combined these two zones and referred to
them as the Queen Charlotte Ranges.
The landslide inventory analyzed in this paper encompasses
27 drainage basins covering a total area of 294 km2 (Fig. 1;
Table 1). Of this area, about 166.7 km2 (57%) is classified as
steepland. The study area includes 20 basins on Moresby Island
and seven on Graham Island. Ten of the study basins are located
in the Skidegate Plateau, with the remainder located in the

0

Queen Charlotte Ranges. Most of the drainage basins in this
study are underlain by Masset (soft volcanic), Karmutsen
(hard volcanic), and Haida and Honna (clastic sedimentary)
formations. Minor occurrences of other formations, principally
intrusive granitic rocks, are found in Government Creek, in
Mountain Creek, and on Burnaby Island. The steepland forested
terrain includes only old-growth forest.
The inventory totals 615 landslides. A preliminary analysis
© 2002 NRC Canada
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Table 1. Study drainage basins, Queen Charlotte Islands, British Columbia.
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Basin
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Hangover
Bonanza
Gregory
Cache
Riley
Mountain
Tarundl
Piper
Sachs
MacMillan
South Bay Dump
Mosquito Creek Tributary
Government
Armentieres
Security
Jason
Inskip
Crazy
Talunkwan Island
Powrivco
Windy Bay
Landrick
Marshall Head
Matheson Head
Burnaby Island
Two Torrent
Thurston Harbour
Total

Drainage area (km2)
21.2
47.4
36.7
1.5
28.7
12.8
11.3
4.2
17.8
6.2
4.0
5.4
16.1
4.0
33.9
11.9
13.0
6.0
4.5
4.3
10.7
2.1
8.7
6.7
12.0
3.9
6.1
351.1

Forested area (km2)
21.2
41.3
35.9
1.0
25.2
11.6
7.3
3.8
6.4
2.2
0.8
4.3
16.1
3.2
32.9
11.9
13.0
5.7
2.6
2.8
20.7
1.1
8.7
6.7
12.0
3.9
6.1
308.4

Forested steepland
area (km2)a
11.6
20.4
14.5
0.4
10.6
9.8
2.7
0.2
3.6
1.8
0.6
3.8
7.7
2.8
16.7
8.9
10.3
2.8
2.0
1.7
13.1
1.1
5.1
5.0
5.8
2.4
1.3
166.7

Physiographic
regionb

Dominant
geologyc

SP
SP
SP
SP
SP
QCR
SP
SP
SP
SP
SP
QCR
QCR
QCR
QCR
QCR
QCR
QCR
QCR
QCR
QCR
QCR
QCR
QCR
QCR
QCR
QCR

Masset Fm.
Masset Fm.
Masset Fm.
Masset Fm.
Yakoun Fm.
PTP
Skidegate Fm.
Haida Fm.
Haida Fm.
Haida Fm.
Honna Fm.
Karmutsen Fm.
Karmutsen Fm.
Karmutsen Fm.
Karmutsen Fm.
Karmutsen Fm.
Karmutsen Fm.
Haida Fm.
Masset Fm.
Masset Fm.
Masset Fm.
Masset Fm.
Karmutsen Fm.
Karmutsen Fm.
PTP
Haida Fm.
Masset Fm.
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a

Watershed area steeper than 20°.
QCR, Queen Charlotte Ranges; SP, Skidegate Plateau (Holland 1976).
c
Geologic formations (Fm.) are from Sutherland Brown (1968). Rock types are from Lewis (1982). Masset and Yakoun formations, soft volcanics;
Haida, Honna, and Skidegate formations, clastic sedimentary rocks; Karmutsen Formation, hard volcanics; PTP (posttectonic plutons), granites and granitelike rocks.
b

of their characteristics was given by Rood (1984, 1990). A
regional analysis covering the entire Queen Charlotte Islands,
which identified over 8000 landslide tracks, was presented
by Gimbarzevsky (1988), but the information about individual landslides was very limited. Schwab (1998) aged landslide tracks in several drainage basins on western Graham
Island, including ones in the inventory, and recognized that
many of the large, older events occurred during a few years,
particularly near the turn of the last century. The most recent
year to witness widespread landsliding was 1978.
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Aerial photography and measurements
Data were collected from two sets of aerial photographs.
Data for the Rennell Sound basins (Hangover to Riley, Table 1)
were extracted from 1 : 11 000 scale British Columbia
government black and white aerial photographs (flight lines
BC81059 and BC81083) flown on 22 and 24 July 1981.
Data for the remaining basins (Mountain to Thurston Harbour,
Table 1) were obtained from 1 : 13 000 scale colour photographs
(flight lines BCC325 and BCC326) flown between 27 August

0

and 3 September 1982. The aerial photographs were rectified
in a second-order stereophotogrammetric plotter to measure
horizontal distances, heights, and angles. Rood (1984) gives
further details of the data collection procedures and conventions.
Small landslides in forests are obscured by trees. For this
reason, a 200 m2 minimum size was imposed for inclusion
of a landslide in the data set. In any case, site variables at
magnitudes smaller than this value are difficult to measure.
As time since failure increases, the ground cover eventually
develops to a point where the required site information can
no longer be collected. This occurs for landslides in the
Queen Charlotte Islands after 40–60 years (Smith et al. 1983,
who worked on landslides within our study region). Scars
that were substantially revegetated and thought to be older
than 40–60 years are not included in the inventory (though
many such landslides were investigated in the field). The
frequencies and volumes of events are, therefore, divided by
40 years for the calculation of annual values. It is important
to recognize that this is an estimated value; the actual record
of surface “healing” undoubtedly is diachronous. To the extent
that major landslides older than 40 years are included in the
data base, annual estimates may be positively biased.
© 2002 NRC Canada
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Fig. 2. Landslide in surficial material in the Queen Charlotte Islands: (A) photograph of a 1978 landslide with volume of 12 000 m3
and gradient in the initiation zone of tangent slope 0.78; (B) sketch of the landslide, showing the principal features discussed in the
text; (C) vertical air photograph of the landslide, showing the view as analyzed photogrammetrically (black and white aerial photograph 30BC81059 No. 283). The arrow that locates the landslide in (C) also points to true north. The landslide is located in secondgrowth forest following previous failures at the site in 1917.
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Categorization of landsliding events
Shallow landslides are rapid, downslope movements of
unsaturated surficial material and organic debris (Varnes 1978,
see his fig. 2). These events are initiated at steep gradients
and often deposit material at changes in slope. In our study,
we do not discriminate between debris slides and debris
avalanches, which differ in their degree of saturation and
(or) cohesion (cf. Varnes 1978; Cruden and Varnes 1996).
Debris flows are distinct in appearance and are not included
in the data set, but landslides that gave rise to debris flows
are included. Landslides in the Queen Charlotte Islands
inventory are subdivided into those initiating on open slopes
and gully headwalls (referred to as primary slides herein)
and those on gully sidewalls. Gully sidewall events initiate
on the wall of the incised portion of the gully. Individual

0

landslides in our study vary in volume over about two orders
of magnitude, between 217 and 16 100 m3.
Landsliding characteristics
Landslide tracks, extending from initiation to deposition
point, are subdivided into initiation and transport zones (Fig. 2)
for the purposes of describing and estimating volumes of
landslides. The initiation zone is generally an area of complete
scour, typically including the steepest part of the landslide. The
transport zone is typically an area of lower gradient and may
be an area of both deposition and scour. Areas within the
transport zone may suffer some erosion. It represents the
zone of translation and eventual deposition of the landslide
mass.
In some cases, the initiation and transport zones are distinct
© 2002 NRC Canada
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Fig. 3. The relation between the volume of landslides determined
photogrammetrically and that determined by field survey. This
comparison includes some landslides in clearcut terrain.
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and in others they are not. The division between the initiation
and transport zones is generally based on the appearance of
the landslide track or on changes of slope. These zones are
often indistinguishable for smaller features, and measurements
were regarded as belonging to the initiation zone in cases of
uncertainty.
The initiation gradient is calculated from the difference in
elevation between the top and bottom of the initiation zone
and the projected length of that zone. The initiation width is
the average horizontal or plan width of the initiation zone.
Smith et al. (1983) measured 45 landslides and found that
the average depth of soil removal was 0.44 m. As this depth
corresponds roughly to the vertical resolution of the
photogrammetric plotter, differences in depth between failures
could not be directly measured. Almost all initiation depths
are assumed to be 0.50 m. The general appearance of a landslide
occasionally indicated a depth different from the average,
and in these cases depths of 0.25, 1.00, or 2.00 m were
estimated. Measurements in the transport zone were
generally made in a manner similar to those described for
the initiation zone. In some cases, however, it was not clear
how far most of the debris traveled, and no value was recorded.
Because the transport zone is typically an area of mixed
scour and deposition, the entrainment depth is typically defined
as one-half the value for the initiation zone, to compensate
for the lesser degree of scour. The total volume of each
event is estimated by combining length, width, and assigned
depth of the initiation zone and, when information was available,
the transport zone. Volumes of 40 landslides were also
determined in the field, and a comparison with the photogrammetric results is given in Fig. 3. On average, the
volume determined photogrammetrically is 15 m3 less than
that determined in the field, but it is evident that small landslides
are, on average, overestimated. For individual small landslides,
the photogrammetric estimate may depart from field estimates
by more than two times.
In addition to gradients and magnitudes, several other
landslide characteristics were documented. The aspect of
each landslide was assigned to the nearest major compass
point. Slope shape at the initiation zone was recorded as
concave, convex, straight, or complex. Complex slopes include

0

benched slopes as well as complex combinations of slope
elements. Slope position describes the relative location of
the landslide between local base level and maximum height
of the hillslope according to approximately one-third length
divisions; bottom, middle, and top. Lastly, the geologic
formation at each landsliding site was identified from maps
in Sutherland Brown (1968).
Important information on the connectivity between the
hillslope and fluvial system can be obtained by examining
where landslides deposit. All landslides were recorded as either
entering a stream or not. Streams are defined as channel
reaches with gradients less than 10%. Headward extensions
of streams are referred to as gullies; material that entered
and remained in a gully was not considered to have entered
the stream. Only the coarse fraction of the landslide was
considered, as information concerning the deposition of fine
materials and fluvial reworking of materials could not be
obtained from the photographs. Stream reaches were further
classified on the basis of gradient into three groups: 0.1–1%,
1–3%, and 3–10%. For each landslide event entering the
stream, the gradient category of the deposition reach was
recorded.
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Mass-wasting frequencies and yields
The inventory consists of 615 landsliding events in the
166.7 km2 of forested steepland terrain; that is 15.4 events
per year in the region, or about one event per decade in each
square kilometre of steepland. To normalize frequencies and
yields to values per unit area, they were divided by the total
area of forested steepland terrain. The annual landsliding
rate in the Queen Charlotte Islands is 0.092 events per
square kilometre of steepland. Jakob (2000) analyzed aerial
photography covering an area of 2292 km2 in Clayoquot
Sound, Vancouver Island, and obtained an annual landsliding
rate of 0.003 events per square kilometre of drainage basin.
The drainage area in this case was not restricted to just
steepland, making this a conservative estimate. Assuming
that steepland covers approximately half of the total drainage
basin area such as is found in the Queen Charlotte Islands,
the landsliding rate still remains an order of magnitude
lower than that found in the present study.
The total volume delivered from forested slopes over the
40 year period is 665 000 m3, which translates to a sediment
production rate of 99.7 m3·km–2·a–1 or an erosion rate of
0.10 mm·a–1 (Table 2) referred to the steepland area. Assuming
that the density of sediment is 1800 kg·m–3, the sediment
production rate due to landsliding observed in the Queen
Charlotte Islands is 2.9 × 104 t·a–1. The sediment production rate
referred to the total drainage area studied is 56.5 m3·km–2·a–1,
which can be compared with a range of 9–72 m3·km–2·a–1
compiled by Roberts and Church (1986; see also table 10 in
Sidle et al. 1985) from a wide review of landsliding investigations in forested terrain in the Pacific Northwest. The
figures include debris flows and are mostly derived from
unglaciated terrain in Washington, Oregon, and northern
California. The more extreme rates are reported from relatively
restricted areas. O’Loughlin (1972) measured a rate of
11 m3·km–2·a–1 in a 32 year record over 640 km2 consisting
mainly of steepland in coastal southwestern British Columbia;
this rate is an order of magnitude lower than that for the
© 2002 NRC Canada
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Table 2. Mass wasting by event type.
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Event type

No. of events

No. of eventsa
(km–2·a–1)

Primary
Gully sidewall
All types

475
140
615

0.071
0.021
0.092

a

75

Volume (m3)

Yielda
(m3·km–2·a–1)

Erosiona
(mm·a–1)

Mean

Median

Max.

Min.

92.0
7.9
100.0

0.0920
0.0079
0.1000

1290
378
1080

720
324
564

16100
1250
16100

1740
217
1580
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Referred to the steepland area, 166.7 km2. Max., maximum; Min., minimum.
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Fig. 4. Distribution of landslide volume by event type.
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Queen Charlotte Islands. Analysis was undertaken in the San
Juan River basin, southwest Vancouver Island, by Northwest
Hydraulic Consultants Ltd. (1994) for a 40 year window
(airphoto controlled) from 1952 to 1992. The basin consists
of mixed metamorphic and sedimentary rocks. In the forested
area of 560 km2, 128 events of magnitude greater than 300 m2
were identified, resulting in an erosion rate of 7 m3·km–2·a–1,
which is considerably lower than our result. This figure does
include debris flows and therefore is not strictly comparable
to our findings.
Primary landslides occur more frequently than gully sidewall
events (Table 2). The 40 year record of primary landslides
translates into one event occurring about every 14 years per
square kilometre of forested steepland in the study area. The
corresponding frequency for gully sidewall events is one
event every 48 years per square kilometre. Sidewall events
are often less than 200 m2 in area, and the sidewalls occupy
only a small percentage of the forested steepland. Mean erosion
rates on forested slopes are 0.092 and 0.0079 mm·a–1 for
primary and gully sidewall events, respectively. Primary
landslides account for 92% of the total volume.
The mean volume of individual landslides for both event
types is 1080 m3, with a median value of 564 m3 (Table 2),
implying a strongly skewed distribution. This is demonstrated
in Fig. 4, which shows a significant decrease in percent
occurrence with increasing volume. There are significant
differences between volumes of primary and gully sidewall
events (p << 0.001). The considerably lower volumes of the
gully sidewall events likely reflect the conditions of gully
formation and maintenance, whereby they develop relatively
rapidly by downward incision and maintain steep slopes subject
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to high seepage, so landslides occur relatively frequently but
entrain only modest volumes of weathered material. That the
spatial frequency of significant gully events nevertheless remains
roughly comparable with the frequency of primary events
reflects the relatively low proportion of gully area in the
landscape.
The total area of the landslides over the 40 year period is
1.76 × 106 m2. This result, if it were to be sustained in the
long term, indicates that the minimum time for all land that
has potential for failure to undergo landsliding is about 3800
years. The distribution of actual times to failure in the landscape
includes, of course, considerably greater times, since glacial
till remains present on some steep slopes.
The indicated rate of shallow landsliding in the Queen
Charlotte Islands steeplands, about 100 m3·km–2·a–1 or
0.10 mm·a–1, falls at the upper end of the range of results reported in the Pacific Northwest and coastal British Columbia.
Rates approaching this result have been found in unstable
terrain (e.g., Swanson and Dyrness 1975, 87 m3·km–2·a–1
over 21.4 km2 of forested steepland), but not as an average
for such a large area. However, the identical rate was estimated
by O’Loughlin and Pearce (1976) in a regional study from
North Westland, New Zealand. Order of magnitude larger
yields have been reported to be associated with individual
earthquakes in the Southern Alps of New Zealand and in Papua
New Guinea (see summary and table 9 in Sidle et al. 1985).
The Queen Charlotte Islands are known to have relatively
high rates of shallow landsliding, yet denudation rates remain
considerably lower than values for bedrock landsliding of
9 mm·a–1 in the Southern Alps (Hovius et al. 1997) and
7.7 mm·a–1 in Taiwan (Hovius et al. 2000). These regions
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Fig. 5. Magnitude–frequency analysis for primary events: (a) probability density function for landslide area; (b) probability density
function for landslide volume. Probability density is calculated by taking the number of landslides in a bin and dividing it by the total
number of landslides and the width of the bin.
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are tectonically very active; recent uplift rate is estimated to
be in the order of 10 mm·a–1 in the Southern Alps (Adams
1980; Bull and Cooper 1986) and 9–10 mm·a–1 in the Central
Range of Taiwan (Liew et al. 1990). These areas also have
steeper slopes and even higher precipitation than the Queen
Charlotte Islands and, in the case of Taiwan, have been subject
to a long-continued tropical weathering regime. Hence,
deep-seated landsliding is the dominant hillslope process in
these regions, whereas shallow landsliding, operating at
rates almost two orders of magnitude lower, is the dominant
process in the Queen Charlotte Islands, at least in the short
to intermediate term. Interestingly, the New Zealand and
Taiwan denudation rates may be in near-balance with
contemporary uplift, whereas in the Queen Charlottes denudation appears to be an order of magnitude smaller than
contemporary uplift. It is possible that the history of
glaciation has created this situation by removing deeply
weathered material.

Magnitude–frequency analysis
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One of the major obstacles when assessing landsliding
rates is the difficulty of obtaining data that are relevant over
medium to long time scales. Analysis of aerial photographs
can provide information on landsliding rates over decadal
time scales which can then be analyzed to understand the
magnitude–frequency distribution of landslides. Such information might be used to estimate the frequency of landsliding at
scales beyond those which are directly measurable.
Power-law models have been found to fit a significant
portion of the domain in magnitude–frequency distributions
for landsliding (e.g., Fuyii 1969; Sugai et al. 1994; Pelletier
et al. 1997; Hovius et al. 1997, 2000):
[1]

P(A) = κA–α –1

25

5

where P(A) represents the probability density for an event of
area A, κ is the rate of landsliding at unit area, and α is the

0

power-law scaling exponent. In this study, a reasonable
assumption can be made for landsliding depth, and hence
magnitude–frequency relations for landsliding volume, in
addition to landsliding area, can be evaluated. Because of
the contrasting nature of primary and gully sidewall events,
the data are analyzed separately for each group.
The primary landslide results for area and volume do not
show a true power-law fit (Figs. 5a, 5b). Both plots are
somewhat convex in form. The graphs show a flattening of
the data at low values of area and volume. Earlier studies
have noted a slope reversal or flattening at low magnitudes
(e.g., Hovius et al. 1997, 2000). This observation is often
attributed to sampling bias for low-magnitude landslides, but
it has also been suggested that the slope reversal may be due
to the exertion of physical mechanisms inhibiting failure,
such as anchoring due to vegetation (e.g., Hovius et al.
2000). Stark and Hovius (2001) have recently suggested
that, insofar as the relative paucity of small landslides is
real, the true frequency distribution may follow a double
Pareto distribution (rather than the single Pareto distribution
underlying the power-law plot). We have not followed this
theoretical issue. Inasmuch as we deliberately established a
lower limit of accepted resolution for our measurements, we
may expect our empirical sample to represent our target
population tolerably well.
The graphs also show a noticeable steepening at larger areas
and volumes. The temporal resolution is sufficiently short
that the largest events may not be properly represented (see
Schwab 1998). A period longer than 40 years would be
required to obtain a representative set of the largest (and
rarest) landslides. This may be the more serious source of
imprecision in our sample, but it is also possible that there
may be an upper limit for the likely size of landslides. Soil
depth, slope length, and maximum achieved landslide width
would combine to impose some physical upper limit. The
best-fit value of α for the portion of the graph in Fig. 5a
which displays a reasonably uniform negative slope is 0.80,
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Fig. 6. Magnitude–frequency analysis for gully sidewall events: (a) probability density function for landslide area; (b) probability density function for landslide volume.
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with a corresponding slope of –1.80. An α value greater than 1
indicates that smaller landslides dominate the distribution,
whereas a value less than 1 indicates that larger landslides
dominate. In this case, the value of α is less than 1, indicating
that larger landslides are relatively important in the distribution.
For comparison, values of α reported in the literature range
from 0.70 for the Central Range of Taiwan (Hovius et al.
2000) to 1.16 for the Southern Alps of New Zealand
(Hovius et al. 1997). The value of α for volume of primary
landslides in this study is 0.87, with a corresponding slope
on the probability density graph of –1.87 (Fig. 5b). The
gully sidewall results for area and volume differ considerably
from the results for primary landslides (Figs. 6a, 6b).
Although a decrease in probability with magnitude is
observed in both cases, the slopes for the portion of the lines
showing an approximately uniform gradient are much
steeper, having values of –3.20 and –2.94 for area and volume,
respectively. These results indicate that the smaller resolved
events dominate the distributions for gully sidewall events,
as suggested earlier in the paper.

Causes of landsliding in the Queen Charlotte
Islands
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Seismic shaking and strong storms are the potential causes
of landsliding in the Queen Charlotte Islands. Alley and
Thomson (1978) have speculated that large, bedrock-based
slumps, mainly in deeply weathered Masset rocks on Graham
Island, were triggered by seismic activity. All appear to be
covered by forest growth greater than 250 years old.
Heavy rainfall certainly is associated with the occurrence
of landslides on the Queen Charlotte Islands. Hogan and
Schwab (1991) showed that precipitation over a period of
several months is important in preconditioning hillslopes for
eventual failure, but that daily conditions and storm intensity
determine the actual triggering of landslides. If the soil is
wet, 22 mm of fresh rainfall in 24 h may trigger events. If

0

the soil is dry, 29 mm in 24 h is required. Regardless of
these conditional circumstances, storms exceeding 2 days in
length or a 24 h, 2 year return period may trigger landslides.
For most sites in the islands, the precipitation total for a 2
year storm falls between 35 and 70 mm in 24 h (Hogan and
Schwab 1990), exceeding the published threshold criterion
for failure of Innes (1983) but not that of Caine (1980).
Innes’s criterion was derived from a study of debris flow
initiation, hence is associated with slope instability in
topographic concavities, where downslope drainage is
convergent. Large numbers of failures in the Queen
Charlotte Islands are initiated in similar positions.
To examine further the causes of landslides, the ages of
504 features near the west coast of Graham Island, in the
Rennell Sound and Pivot Mountain areas, were determined
by dating of increment cores taken from trees in the successional
forest. The reestablishment of tree growth on bare ground is
very rapid in the Queen Charlotte Islands. Examined features
were mostly relatively large, greater than 1 ha in size. The
ages turn out to be highly clustered (Fig. 7) and they
predominantly occur in years that experienced notable
storms (storm history compiled by Septer and Schwab 1995).
In comparison, the most significant earthquakes experienced in
the Queen Charlotte Islands have not been associated with
notable occurrences of landsliding. In particular, the M = 8.1
event of 22 August 1949 occurred during the late summer
dry period when hillslope susceptibility would have been at
its annual low.
All the evidence suggests, then, that the overwhelming
majority of landslide activity in the Queen Charlotte Islands
is associated with the occurrence of major storms, mostly in
winter. A very high proportion of all the activity is associated
with severe storms recurring, on average, about once in
20–25 years. The lack of responsiveness to seismic events
may seem surprising, unless one supposes that, in this
seismically active region, surficial materials apt to fail under
seismic shaking mostly have done so long ago.
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Fig. 7. Percent distribution by year of 504 dated landslides, including those propagating debris flows for study areas on Graham Island.
The occurrence of notable storms and major earthquakes is also shown. Major storms are as recorded in Septer and Schwab (1995).
Because different observing stations operated at different times, there is no straightforward record of precipitation amounts available,
but all of the indicated storms delivered several hundred millimetres of rain in the region within a few days. The period of record for
the earthquake data begins in 1898. Earthquake events shown are ≥ Mercalli intensity VI at reference location 53°50′N, 132°50′W.
Note that three aftershocks reaching an intensity of VI occurred within 2 months following the 1949 earthquake.
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Fig. 8. Initiation gradients for landslide events.

Controlling variables of initiation

100

95

75

25

5

Initiation gradient
The data for all types of landslides indicate a threshold
gradient of about 0.50–0.60 (25°–30°, approximately) for
the initiation of landsliding (Fig. 8). This represents a
threshold gradient below which landslide initiation is very
unusual. When individual slopes will actually fail is dependent
on a variety of characteristics such as soil type, hydrology, and
hillslope curvature. Few landslides were initiated on gradients
greater than 1.2 (50°). Rather than reflecting an inability for
landslides to be initiated on steep slopes, this probably reflects
a situation in which very steep slopes are limited in areal extent.

0

Moreover, when very steep slopes are found in the landscape,
it is likely that they have failed long ago and that weathering
rates cannot keep up with mass wasting, hence exposed bedrock
occurs. Martin (2000), using this same data base for the
Queen Charlotte Islands, normalized transport fluxes for area
of the landscape in different gradient classes. A nonlinear
increase in the transport rate was found with increasing
gradient, indicating a much higher probability of failure on
steep slopes. The mean initiation gradient is 0.88 ± 0.21
(41°, with a one standard deviation range of +6.1° and –7.5°).
When analyzed according to event type, the mean initiation
gradient varies slightly from a value of 0.86 for primary
landslides to 0.91 for gully sidewall events. This difference
© 2002 NRC Canada
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Fig. 9. Slope aspect for landslide events.
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Fig. 10. (a) Slope form for landslide events. (b) Slope position for landslide events.
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may, in part, reflect the distribution of gradients in the
landscape, with gully walls having steeper gradients than
most primary slopes. The overall distribution of initiation
gradients is similar for all events and the two individual
categories of landslides.
To obtain a statistical measure of the significance of slope
gradient in localizing the occurrence and magnitude of
landslides, the Kruskal–Wallis test (Bradley 1968) was
employed to test the distribution among the categories
displayed in Fig. 8. The Kruskal–Wallis test is a
nonparametric analysis of variance, which can be employed
on ordinal data. Because of distribution problems, we have
also employed the test to study the distribution of landslide
volumes. We tested the two primary landslide types individually.
Landslide frequencies are non-uniformly distributed over nine
starting gradient classes (Fig. 8) for all landslide types (p <
0.001). However, volumes of landslides are not significantly
associated with starting gradients for primary or gully sidewall
events (p > 0.05).
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Slope aspect
The lowest numbers of landslides occur on northwest- to
north-facing slopes (Fig. 9). When analyzed according to
event type, the greatest proportion of primary landslides occur
on southwest- to south-facing slopes and northeast- to

0

east-facing slopes, whereas for gully sidewall events the
greatest proportion of landslides occur on east-facing slopes.
Gimbarzevsky (1988) also observed maximum frequencies
from south through northeast aspects. These distributions reflect
the southwesterly to easterly onshore wind directions associated
with the passage of North Pacific cyclonic storms, exposing
the slopes facing these directions to heavy precipitation and
large wind forces. The secondary northeast to easterly mode
might reflect the persistence of moisture on these aspects,
which are sheltered from direct solar heating.
Kruskal–Wallis tests reveal that all landslide types are
significantly clustered (p < 0.001; eight categories) with
respect to aspect, but that landslide volumes are not significantly associated with particular aspects for primary or gully
sidewall events (p > 0.10).
100

Slope form and position
The bulk of landslides occur on concave and straight
slopes (Fig. 10a). This reflects, in part, the distribution of
hillslope types over the study area. Primary landslides occur
predominantly on concave slopes, whereas gully sidewall
landslides occur in greatest numbers on straight slopes.
Overall, most landslides are initiated in upper-slope positions
(Fig. 10b). Primary landslides occur predominantly on mid- and
upper-slope positions; few occur in lower positions, yet gully
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Table 3. Erosion rates in study drainage basins, Queen Charlotte
Islands, British Columbia.
Erosion rate (mm·a–1)
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0

Basin

All
landslides

Primary
landslides

Gully sidewall
landslides

Hangover
Bonanza
Gregory
Cache
Riley
Mountain
Tarundl
Piper
Sachs
MacMillan
South Bay Dump
Mosquito Creek Tributary
Government
Armentieres
Security
Jason
Inskip
Crazy
Talunkwan Island
Powrivco
Windy Bay
Landrick
Marshall Head
Matheson Head
Burnaby Island
Two Torrent Creek
Thurston Harbour

0.0920
0.0550
0.1500
0.0000
0.0820
0.1100
0.0000
0.0000
0.1300
0.0000
0.1200
0.0920
0.0560
0.3700
0.1400
0.1200
0.2000
0.1200
0.0082
0.0150
0.0300
0.1000
0.0510
0.0540
0.1200
0.1600
0.0000

0.0830
0.0400
0.1300
0.0000
0.0710
0.1100
0.0000
0.0000
0.1300
0.0000
0.1200
0.0920
0.0490
0.3600
0.1300
0.1100
0.1900
0.1100
0.0038
0.0150
0.0290
0.0940
0.0460
0.0540
0.1100
0.1500
0.0000

0.0094
0.0150
0.0230
0.0000
0.0110
0.0000
0.0000
0.0000
0.0019
0.0000
0.0000
0.0000
0.0074
0.0079
0.0067
0.0070
0.0066
0.0070
0.0044
0.0000
0.0011
0.0100
0.0049
0.0000
0.0053
0.0062
0.0000

Note: All values were obtained by dividing the total volume of
landslides in a basin by the area of steepland in the basin and the 40 year
time period of the study.

Fig. 11. Gradient distributions for drainage basins with resistant
and less resistant geology, based on Terrain Resource Information Management (TRIM) digital map data for British Columbia.
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sidewall events occur mainly in lower-slope positions. Similar
results were observed by Gimbarzevsky (1988). Slope position
is confounded with slope form, and the relation seems to reflect
the pattern of slope shapes and the distribution of steep gradients in the Queen Charlotte Islands. Glaciated hillslopes
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are often concave, with the steepest portions in the upper-slope
positions and, as a result, a large proportion of steep slopes
occur at higher elevations or on upper slopes. Gully sides,
on the other hand, may steepen toward the base and even be
actively undercut by water flows in the gully.
Both primary and gully sidewall events are significantly
clustered in occurrence with respect to slope form (four
categories) and position (three categories) (p < 0.001). Overall
slope shape serves to confound these factors, as noted above,
so the outcomes do not reflect independent controls of landslide
occurrence. Volumes of primary landslides are also significantly
associated with these factors (p < 0.01), whereas gully sidewall
event volumes are not significantly associated with either
factor. The nonsignificant outcomes likely reflect the restricted
range of geometries and special starting conditions for landslides at these special sites in the landscape.
Geology
To analyze the effect of geology on landsliding rates, the
major geologic formation and corresponding rock type were
identified for each drainage basin (Table 3). These were then
divided into two groups on the basis of expected differences
in weathering rate (Alley and Thomson 1978); the first group
consists of the soft volcanics (Masset and Yakoun formations)
and clastic sedimentaries (Haida, Honna, and Skidegate
formations), and the second group consists of hard volcanics
(Karmutsen Formation) and granites and granite-like rocks
(posttectonic plutons (PTP)). Volumes of all landslide events
occurring in each basin were totaled and divided by the
steepland area and the 40 year time horizon of study. The
procedure was repeated for the primary landslides and gully
sidewall events occurring in each basin. Overall, primary
landslides account for the largest proportion of erosion.
Analysis of variance was performed on the derived denudation
rates to determine if there is a significant difference between
the two geologic groups. Differences in denudation rates
between geologic groups were found to be significant at the
level p = 0.03 for all landslides and the primary landslides
but there was no significant difference in denudation rates
found for the gully sidewall events.
The mean denudation rate for the soft volcanics – clastic
sedimentary rocks, however, is considerably lower than that
for the hard volcanics and granites. The mean denudation
rate for the soft rocks is 0.062 ± 0.060 mm·a–1 (±1 standard
deviation range) for all landslides and 0.057 ± 0.056 mm·a–1
for primary landslides only. The mean value for the hard
rock category is 0.13 ± 0.096 mm·a–1 for all landslides and
0.13 ± 0.093 mm·a–1 for primary landslides. The standard
deviations of the two groups are quite large relative to the
mean denudation rates, implying that these distributions, like
the summary results, are skewed.
This apparently counterintuitive result emphasizes the fact
that most slopes in the Queen Charlotte Islands are covered
by Quaternary deposits and the landslides occurring in these
materials are not controlled by the weathering of bedrock.
Further, the harder rocks support steeper, rock-controlled
slope gradients (Fig. 11).
The gully sidewall events are not affected by overall gradient
distribution in the landscape but are, instead, influenced by the
local steep gradients found at the edge of gullies. It may be
© 2002 NRC Canada
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Table 4. Statistics for transport distances of landslide events.
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Transport distance (m)

Event type

No. of
events

Mean

Median

Min.

Max.

SD

Primary
Gully sidewall
All types

284
63
347

106
23
91

75
20
60

5
5
5

610
60
610

92
15
89

Note: Max., maximum; Min, minimum; SD, standard deviation.
0

for this reason that no significant difference was found between
the two geologic groups in this case.

Transport distance and deposition in
stream channels
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Transport distance and location of deposits provide an
understanding of the role of landsliding in transferring
sediment through drainage basins. Material involved in
landsliding is often deposited at breaks in slope, which may
occur either on the hillslope itself or upon encountering the
channel system. The transfer of sediment from hillslopes to
the channel system is of importance because at least a part
of it is then moved farther on relatively quickly. Sediment
deposited in the channel may also perturb local stream gradients,
affecting sediment transport and storage, and adversely
affect fish habitat and the stream ecosystem.
Transport distance (the length of the transport zone) was
recorded for individual landslide events when discernible in
the aerial photographs. Measurements were recorded for 347
of the landslides (Table 4; Fig. 12). Transport distances for
primary landslides were found to be significantly different
(p < 0.001) from those of gully sidewall events. The mean
transport distance for all events is 91 m, whereas gully
events, which are initiated in close proximity to the channel
network, move considerably shorter distances.
The probability distribution for transport distances of primary
landslides displays a negative exponential relationship
(Fig. 13). Only a very few of these events travel distances
greater than 400 m. Transport distances for gully sidewall
events are always small, with no event moving a distance
greater than 100 m.
In addition to recording transport distance, each landslide
in the inventory was recorded as either depositing material in
the stream system or not, when possible (Table 5). The
stream system in this paper is considered to be that part of
the channel network having gradients of less than 10%
(approximately 6°). Gullies with gradients exceeding this
value are dominated by debris flows. Approximately 31% of
the landslides identified in this study deposited material in
stream reaches. The remainder of the landslides deposited
material either at breaks in gradient on hillslopes or in steep
debris flow channels (i.e., with stopping gradients > 10%).
In general, more primary landslides entered the stream system
than did gully sidewall events. Gully sidewall events are
more likely to deposit material in channels exceeding a gradient
of 10%.
Deposition location for landslides entering streams was
further classified when possible according to stream gradient
classes (Table 5). Most landslides entering streams were
deposited in reaches with gradients between 3% and 10%.
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Very few events were deposited in reaches between 0.1% and
1%. The observation that most landslides enter the channel
system either in debris flow reaches or in steep streams is
the simple consequence of gradient distribution in the landscape.
However, it emphasizes the key role that these steeper channels
have in transferring sediment through drainage basins, a role
that has largely been ignored heretofore.
Magnitude–frequency analysis was undertaken to assess
the distribution of initiation volumes for landslides entering
streams (Fig. 14a). The distributions imply strong dominance
by large events. No significant relation was found between
initiation volume and frequency for gully sidewall events.
In many cases, however, only a portion of the total volume
of an event entered the stream channel, with the remainder
being deposited along the valley flat and lower slopes. The
volumes of material actually deposited in the channel system
were estimated when possible. The distribution of these volumes
is not significantly different from that for all events (Table 6;
Fig. 15). Once again, the means and medians are greatest for
primary landslides and are much lower for gully sidewall
events. The distinct difference in the average volumes
between the two categories is significant (p << 0.001).
Magnitude–frequency distributions were also calculated for
these volumes (Fig. 14b). Large events again dominated
primary landslides and, once again, no significant relation
was found for gully sidewall events.
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Conclusions
Despite widespread interest in slope stability analysis and
hazard mapping, relatively few landslide inventories have
been published in the literature. This study presents a landslide
data base for natural rates of landsliding in the soil mantle in
the Queen Charlotte Islands, British Columbia. A total of
615 events occurring over a period of about 40 years within
166.7 km2 of steepland terrain were analyzed in significant
detail. Primary landslides were found to be the most frequently
occurring event type, accounting for 95% of the total volume
eroded. Magnitudes of primary events are significantly
greater than those for gully sidewall events. When all types
of event are considered, there is a return period of one event
every 11 years per square kilometre of forested steepland.
Erosion rates due to landsliding are about 0.10 mm·a–1,
which is high in comparison with other rates reported for the
Pacific Northwest. The Queen Charlotte Islands represent a
particularly active region of shallow landsliding as a result
of oversteepened slopes and a humid climate. Nonetheless,
these rates are two orders of magnitude lower than those
reported in the literature for deep-seated landsliding.
Shallow landslides and debris flows in dominantly glacially
emplaced soils probably have dominated mass wasting in the
Queen Charlotte Islands during the Holocene Epoch, but it is
possible that the role of shallow landsliding may not be so
significant when considering the very long term evolution of
the region. More rarely occurring, deep-seated landslides
may then assume greater significance, as has been demonstrated
by N. Hovius and his collaborators in several mountain regions
of the world.
Frequency distributions were calculated for both area and
volume of landslides. The power-law scaling exponent for
area of primary events (0.8) falls within the range of values
© 2002 NRC Canada
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Fig. 12. Transport distances of landslide events.
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Fig. 13. Probability distribution of transport distances.
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reported in the literature for deep-seated landsliding and
indicates dominance by relatively large events. The absolute
interpretation of this result must, of course, be made in light
of the largest plausible events in the class. All the landslides
studied are substantially smaller than the characteristic size
of deep landslides. The exponent for areas of gully sidewall
events (2.2) is considerably steeper than those found for primary
landslides in this study and deep events in other studies and
indicates dominance by small events. The former result suggests
that regional studies of mass wasting due to landsliding may
be carried out without undue concern for the contribution of
unresolved small events.
The threshold gradient for failure is about 0.50–0.60, with
a mean value of 0.88. The distribution of initiation gradients
is similar for the three types of landsliding events. The highest
proportion of primary events occurs on southwest- to
south-facing slopes and northeast- to east-facing slopes,
whereas for gully sidewalls the greatest proportion of landslides

0

Table 5. Percentage of landslides entering streams and different
stream reach types.
Did not enter

Entered

Gradient class

Event type

stream (%)

stream (%)

0.1–1%

1–3%

3–10%

Primary
Gully sidewall
All types

64
86
69

36
14
31

3.6
0.0
3.0

13.8
12.0
14.0

82.6
88.0
83.0

occurs on east-facing slopes. Distributions of events probably
reflect onshore wind directions associated with North Pacific
cyclonic storms, which expose slopes facing these directions
to heavy precipitation and winds. Primary events occur
predominantly on concave slopes, whereas gully sidewall
events occur in greatest numbers on straight slopes. Primary
landslides initiate mainly on mid- and upper-slope positions,
with few occurring along the lower portion of slopes. Gully
sidewall events occur in lower-slope positions. Slope position
is confounded with slope form, however, and the relationship
may reflect the pattern of slope shapes and gradient distributions
in the Queen Charlotte Islands.
The mean denudation rate for soft volcanics and clastic
sedimentary rocks was found to be considerably lower than
that for hard volcanics and granites. Hillslopes in the Queen
Charlotte Islands are often mantled by Quaternary deposits
that behave much like soils weathered in place but are not in
fact derived from the underlying rock. Hence, landsliding
events are not actually controlled by weathering of bedrock.
Furthermore, resistant rock types support a higher proportion
of terrain at steep gradients than basins dominated by less
resistant rock types.
Transport distance was greatest for primary events, whereas
gully events, which are initiated in close proximity to the
channel network, move much shorter distances. Approximately
31% of the landslides identified in this study deposited material in stream reaches, with about 83% of these landslides deposited in reaches with gradients between 3 and 10%. The
fact that most landslides enter high-gradient channel reaches
is the consequence of gradient distribution in the landscape.
Information of the type presented in this paper provides
© 2002 NRC Canada
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Fig. 14. Probability density distributions: (a) initiation volumes of landslides entering streams; (b) portion of landslides entering stream
channel.
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Fig. 15. Landslide volumes of events entering streams.

Table 6. Statistics for portion of landslide volumes entering streams.
Volume (m3)

Event type

No. of
events

Mean

Median

Min.

Max.

Primary
Gully sidewall
All types

138
17
155

1180
197
1070

500
200
500

100
50
50

1680
126
1610

Note: Max., maximum; Min., minimum.
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baseline information with which to compare impacts of human
disturbances, such as logging, on landsliding rates. In addition,
the results of magnitude–frequency analysis can provide
important data to construct stochastic rules for mass wasting
in landscape evolution models (e.g., Benda and Dunne 1997).
For example, results on the spatial frequency of shallow
landslides presented in this report suggest that landsliding
visits a significant proportion of steepland terrain at time
scales on the order of 1000 years, and hence can be satisfactorily modelled as a diffusion process for longer time
scales. This in effect assumes that landsliding is occurring at

0

an equable rate across the landscape, at time scales which
are significantly greater than about 3000 years.
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