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ABSTRACT 

Soil mass movements constitute a dominant geomorphic process in Rennell 
The area has economically important forest and fisheries resources. 

t harvesting accelerated the natural level of mass wasting. Conflicts 
en forest and fisheries managers developed. The B.C. Ministry of 
t s  undertook a research project to provide resource managers with in- 
tion for decision making. This paper describes the characteristic fail- 
ites and the factors leading to the initiation of mass wasting. Land 
"actices to reduce the incidence of mass wasting are recommended. 

orest Hydrologist, and Research Extension Forester, respectively, 
rch Group, B.C. Ministry of Forests, Smithers, B.C. Canada. 
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RESUME 

Les deplaeements de terrain constituent un processus g€omorphologiqu 
dominant dams le detroit de Rennell. Les ressources forestieres et 
halieutiques sont 5conomiquement importantes pour la region. La r€colte du 
bois a accel6rB le niveau nature1 d'srosion en masse. Des conflits sent 
apparus entre les gestionnaires des p@ches et ceux de la forst. Le Ministry 
of Forests de la Colombie-Britannique a entrepris un projet de recherche 
de fournir aux gestionnaires des ressources des renseignements pernettant de 
fonder leurs dscisions. La presente eommunieaton decrit les endroits typique 
oil ont lieu des glissements de terrains et lee facteurs menant 2 l'€rosion en 
msse. on y formule des reeommandations pratiques d'utilisation des terres 
propres B reduire l'incidence de ce type d'Brosion de masse. 
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INTRODUCTION 

vements c o n s t i t u t e  a dominant geamorphic process i n  areas of 
s, high r a i n f a l l ,  s t rong winds, and seismic a c t i v i t y .  They are 

sses involving the  downslope movement of l a r g e  masses of s o i l ,  
, pr imar i ly  under t h e  inf1"ence of gravi ty .  The types of 

t processes described i n  t h i s  repor t  are genera l ly  Less than 
th .  Synonyms f o r  these  prooesses are s o i l  mass movements, 
l ands l i de s ,  mass wasting, mass eros ion ,  s l i d e s ,  slope f a i l -  

oquia l ly ,  mud s l i d e s .  

e n t s  are of concern t o  the  f o r e s t  manager because f o r e s t  land 
of ten  acce l e r a t e  n a t u r a l  l e v e l s  of i n s t a b i l i t y .  Mass move- 
lt i n  Loss of l i f e ,  equipment, road investments,  and growing 

ion  o£ spawning and r ea r ing  areas; obst ruc t ion  t o  f i s h  pass- 
ion  i n  a e s t h e t i c  va lues .  

und is loca ted  on the  west coas t  of t h e  queen Cha r lo t t e  
an  area with economically important  f o r e s t  and f i s h e r i e s  

i s  a l s o  an area of high na tu ra l  l e v e l s  of mass crasting. As 
ing  progressed t o  s t eepe r  s lopes  i n  t h e  l a t e  1960's mass 

came more cornon i n  c l e a r c u t  areas and along f o r e s t  roads. 
f i s h e r i e s  managers were concerned wi th  mass wasting but  lacked 

f o r  sound decis ion  making. This p ro j ec t  was i n i t i a t e d  i n  1976 
c h a r a c t e r i s t i c  f ea tu re s  of f a i l u r e  s i t e s  and provide recornen- 

f o r e s t  management. 

DESCRIPTION OF THE STUDY AREA 

e l l  Sound s tudy area i s  located on t h e  west coas t  of Graham 
major nor thern  i s l and  of the  Queen Cha r lo t t e  I s l ands  (Figure 1). 
s along the ea s t e rn  shores  of Rennell Sannd and covets 160 square 

f o r e s t  land.  

dy area i s  loca ted  on the  western edge of the  Skidegate Pla teau .  
sur face  is w e l l  d issec ted  i n  t h e  area. Elevation ranges from 
800 meters and h i l l s i d e  s lopes  range from 200 t o  60°. The h i l l -  

'ssected by deep (10-metre p lus)  V-notch g u l l i e s  i n  the  bedrock 
Gully s idewal ls  average 45O and headwalls approach 60'. 

a 1  form of the  topography was developed p r i o r  t o  the  Ple isea-  
was during the  Fraser Glacia t ion  t h a t  t h e  bedrock was carved, 

dened, s lopes  steepened, and morainal  ma te r i a l  spread over much 
Sutherland Brown, 1968). Mass movements occur i n  morainal and 
e r i a l s ,  and i n  bedrock. 

( t i l l )  depos i t s  occur as veneers o r  b lankets  i n  va l l ey  bottoms, 
i d d l e  s lopes ,  and along r idges .  The till matrix i s  clay loam 
athered till is blue  grey i n  colour,  i s  highly compact and has  
l i t y .  The contac t  between weathered and unweathered till is 

r was observed t o  flow a long t h i s  contac t .  Humic ma te r i a l  is 
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i s s e c t e d  h i l l s i d e  i n  t h e  s tudy area. Debris t o r r e n t s  have 
curred i n  t h e  two V-notch g u l l i e s  ( t o  the  l e f t ) .  Debris aval- 
ches have occurred i n  t h e  depress ional  channels ( cen t e r  t o  r i gh t ) .  

contac t  zone above the  unweathered t i l l .  Weathered till 
ur due t o  pedogenic processes but  is genera l ly  brown t o  dark 
of weathering is va r i ab l e ,  but usual ly  exceeds 2 m. on gentle 
eep s lopes  t h e  depth i s  less, r e f l e c t i n g  the  a c t i v e  geornorphic 

the  dominant s u r f i c i a l  ma te r i a l  i n  t h e  s tudy area. The 
colluvium and the  i n t ense  weathering and mass movement proces- 
e r a t e  i t  serve as a cons tant  reminder of the  inherent  i n s t a b i l i t y  
n (Alley and Thomson, 1978). Colluvium is found as t h i n  veneers 
pes and r idges ,  and as aprons and fans along t h e  base of s lopes ,  
lies till or  bedrock. Colluvium i s  derived from bedrock and t o  a 
till. The matrix has a sandy loam ts loamy sand texture .  

a the r ing  and water washing r e s u l t s  i n  coarser tex tures ,  higher 
n t  contents  and bands or lenses  wi th in  the colluvium. 

, sedimentary, and p lu ton i c  bedrock u n i t s  are present  i n  the  
The volcanic  and sedimentary u n i t s  have we l l  developed v e r t i c a l  

a 1  j o i n t s .  These break the  rock i n t o  smal l  polygonal blocks,  
o i s t u r e  percola t ion  t o  g r ea t  depths and enhancing weathering. 
rock weathers t o  form a coarse grained,  cohesionless and erod- 

h a r l o t t e  Ie lands  are the  most se ismica l ly  a c t i v e  area i n  
and Brown, 1968). The most a c t i v e  movement i s  along the  

t e  Faul t ,  whieh i s  loca ted  off t h e  west coast of the i s lands .  
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This fault forms part of the circum-Pacific continental margin fault li, 
age. 

The study area lies within the Coastal Cedars Pine Hemlock niogeo- 
climatic zone (Pojar and Annas, 1980). This zone is characteristic 

miit 
of the outer British Columbia coast north of Vancouver Island. ?he c,mci 
cia1 forests are ~~mposed of Sitka spruce (Pioea sitchensis), western , 
(Tsuga heterophylla), westem red cedar (Thuja plicata), and yell or^ cedar 
(chamaecyparis nootkatensis). Red Alder (Rlnus rubra) is found on disturb 
sites - along streams, on mass movement tracks and on old roads. ~~l~~~ 
most coastal forests, shrubs and herbs in the study area are almost absen 
m i s  is attributed to the severe browsing by deer. (Poiar et al., 1980). 

~ o o t h g  depth is generally less than 30 to 40 cm. There is an abunda, 
of roots in the surface mineral and organic horizons. On the better drail, 

@sites, rooting is deeper but seldom extends to the soil-bedrock interface, 
In Gleysolic soils, rooting depth seldom exceeds 15 to 20 cm. 

me west coasf of the Queen Charlotte Islands is one of the windiest 
and wettest regions in Canada. Table 1 represents a climatic sumniary of 
data recorded between 1975 and 1978 in Reonell Sound. The maximum hourly 
wind speed recarded during the period is 54 km/h (gusts are not recorded), 
~h~ winds generally originate in the southwest; however, destruetiV 
winds causing trees to blow down occur both up and down valleys. me aver- 
age annual precipitation in Rennell Sound is 2,300 m, with October and 
November being the wettest months. While precipitation amounts recorded 
during storms are similar to two other stations on the west coast of the 
Charlottes, average annual precipitation is almost twice as great at the 
other stations. Tasu has a 17 year average annual precipitation of 4218% 
and Sewell Inlet has a 7 yr. average of 4169 m. We speculate that the lac 
tion of the climetological station results in an underestimation of annual 
precipitation. 

me short period of climatological records for Rennell Sound precludes 
a meaningful determination of extreme storm return periods. Table 2 pre- 

sents precipitation data for sto- known to have initiated mass wasting. 
These s t o m  are generally greater than 127 mm (5 inches) in a 24 hour 
period and occur annually. Precipitation events of greater than 250 m in 
a 3 day period are estimated to have a 5 to 10 year return interval. 

The silvicultural system used is clearcutting with natural regeneratio 
Recently clearcuts have been planted with Sitka spruce. Clearcut openings 
range from 100 to 500 acreas. The cable yarding equipment used is highlead 
with recent modifications to a slackline system. 

METHODS 

Information on mass movements was collected using 20 and 80 chain 
aerial photographs, ground inspection, and helicopter reconnaissance. 
Data cards were used to describe mass movements and failure sites. Site 

factors included aspect, elevational, slope angle, slope type, slope positin 
slope length, bedrock, landforms, soil, rooting depth, drainage, vegetation, 





and mass movement process. Mass movements were classified on the basis 
moisture content, rate of movement and type of material. The processes 
are: debru slides; debris avalanches; debris flows; debris torrents; and 
~l~m~-~arthflows (Varnes, 1958; Swanston, 1976). 

Site information on mass movements identified on aerial photographs 
but not ground inspected, was obtained through air photo interpretation, 
topographic maps, and helicopter reconnaissance. Measurements were made 
by transferring identified mass movements from 20 chain photos to a 20 
ropographic map. The measurements included: slope angle, elevation, 
aspect, slope ~osition, slope length. Other site factors were determined 
by air photo interpretation. 

g 
'= 

RESULTS AND DISCUSSION 

A total of 435 mass movements were inventoried in Rennell Sound; 322 in 
the natural forest, 71 in clearcuts, and 42 on forest roads. The average 
slope at the initiation point is 36 degrees. 

A simplistic approach to the identification of slope stability hazard 
can be made by using an average slope angle. This value can be mapped a,i,j 

logging or forest roads prohibited in the "red area". However, this is not 
a valid option for forest and fisheries resource managers because mass 
movements occur over a broad range of slopes. Some of the most damaging 
can occur on slopes less than 25O. It makes little resource management 
sense to 'lock up' timber on sreep yet stable terrain, or to log on gentle 
but unstable terrain adjacent to streams. 

We found that by identifying mass movement processes, characteristic 
failure sites can be described. For the Rennell Sound study area, slope, 
soil moisture, landform, terrain features, land use practices, and in some 
cases minor vegetation, are the significant site factors in describing 
potentially unstable sites. The importance of these factors varies for 
each mass movement process, reflecting the difference in moisture status 
and level of confinement of the moving material (Tables 3, 4, and 5). 

Debris Slides 

Debris slides have the lowest mositure content of the mass movement 
processes. They are shallow (less than 50 deep) failures involving 
the rapid downslope movement of unsaturated soil and forest debris by slid- 
ing and rclling. Debris slides start on the shedding position of steep 
uniform hillsides. Slope angles range from 30 to 40 degrees and most 
commonly are between 36 and 40 degrees. Soils are shallow; podzols deve- 
loped in colluvial or morainal veneers, or folisols over bedrock. The 
failure plane is along a weathering front in the bedrock or at the col- 
luvial/bedrock interface. The bedrock may be smooth or highly jointed. 
A debris slide track is characteristically a straight swath down the hlll, 
but it may fan out over the slope. Debris slides stop at a reduction m 
elope angle. However, if the slide becomes confined in a channel or 



ly, debris avalanches or torrents can develop. In these cases . continue along slopes lower than 10 degrees. 
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s slides in natural forests occur in thrifty mature stands and 
no indicator plant species. No single triggering agent can be 
Based on the age distribution of debris slides the authors 
that the slides are initiated by rainstorms with a 10 to 25 year 
riod, combined with wind. 

s slides in clearcuts occur as a result of yarding disturbance 
n root strength. Slides initiated by yarding disturbance occur 
rding operations, if soils are wet, or during the first fall rains. 
develop during rrinter storms. Slides comencing two to five years 
ging are attributed to root strength deterioration. The full 
on of logs during yarding operations will reduce failures resulting 
ding disturbance. Debris slides resulting from root strength loss 
e avoided. The maintenance of an organic root web is essential 
stability on these sites. 

initiated debris slides have resulted from: 1) sidecasting large 
small amounts of waste material (soil, debris, and rock); 2) by 

arge amounts of waste material on the outside edge of the road; and 
nstructing a road base with fill material (i.e. a road that is not 
ched). In these situations the slope is maintained primarily by 
tional resistance to sliding. Sane mechanical slope support may 
ed by buried stumps and trees. The slope, under these conditions, 
to be overloaded. Failure of overloaded slopes will occur when 
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soils are wer: during road construction, during winter stoma, or when th 
mechanical support provided by trees and stumps is lost. 

Debris slides, rock falls, and dry ravel front cutbsnks are also 
problematic on slopes greater than 36 degrees. Excavating for a stable 
bed removes support for soils and bedrock upslope. Dry zavelliog and rock. 
falls resulr where rhe bedrock is weathered and highly jointed. If roads 
are not maintained or put to bed, blocked ditches and culverts lead to a 
concentration of runoff. This has lead to debris avalanches. 

Long-reach yarding systems are a means to avoid building mid-slope 
roads. Considerable thqught must be given to the practability of mid slope 
roads and to the problems associated with disposing endhaul and waste 
marerial. The following preventive measures should be undertaken to reduce 
~tability problems: 1) design roads to be narrow and fullbenched; 7) side- 
=ast of waste material should be carefully scrutinized; 3) waste material 
from road construction and maintenance should not be piled on the outside 
of the road; 4) adequate road drainage structures should be installed and 
maintained; inactive roads should be cross ditched and put to bed: 5) rack- 
falls and ravelling should be expected where road excavation is into deeply 
weathered volcanic bedrock. 

Debris Avalanches 

Debris avalanches involve the rapid do~mslope movement of soil, rocks, 
and forest debris at or near saturation. Failure initiates in a receiving 
or depressional landscape position. However, surface features are not 
always apparent. Frequently subsurface soil drainage features (piping) 
play a critical role (Chamberlin, 1972). Slopes at the initiation zone 
range from 24  to 42 degrees. Slopes f o r  debris avalanches are generally 
less than for debris slides, reflecting the influence of soil water. Soils 
at the initiation zone are podzols, developed in shallow colluvial or mor- 
ainal deposits. The initial failure plane is along a weathering front in 
bedrock or at the soillbedrock interface. As the avalanche progresses, 
failure is within unconsolidated material. Dovmslope movement character- 
istically is confined to a depressional channel, however, debris avalanches 
can fan out over a slope. Movement can continue across slopes lower than 
10 degrees due to the high moisture content. 

Debris avalanches in natural forests appear to be initiated by three 
day storms with a 2 to 5 year return period (approximately 200-250 m) 
(Figure 3 ) .  

Debris avalanches in clearcuts characteristically occur on receiving 
sites wifh slopes greater than 30 degrees. Debris avalanches commence one 
to four years after harvesting. The organic root web and evapotranspiration 
appear to be essential in maintaining slope stability on dep~easional and 
receiving sites. Failures resulting from the alteration of surface runoff 
can be reduced by lifting logs clear off the ground. However, debris 
avalanches resulting from combined root strength deterioration and increases 
in soil moisture through reduced evapotranspiration can not be avoided. 
Rapid reforestation may possibly restore sufficient root strenpth and eva- 





F~gure 4. Two major debris avalanches in a clearcut flank a smaller 
debrls avalanche that occurred ap~rox~mately 40 years before 

Figure 5. Debris avalanches occur on roads as a result of excess sidecast 
piling waste material on the outside of a road edge, and in- 
adequate road drainage. 
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lity is questionable; 3) excavate material to bed 
ng and depressiooal sites, using coarse shot rock as a 
surface water movement through the fill; 4 )  not sidecast 
nto dspressional and receiving sites: 5) not piling larg 

te material from road construction and maintenance, on the 
f a road in a depressional or receiving site, and 6 )  building 
ngineered specifications for drainage, and carrying out the 
rt and ditch maintenance. 

mping should be expected from cut banks where the soils are 
o moderately well drained. 

ows involve the rapid downslope movement of water saturated 
, by true flow processes. Flows initiate in seepage and 

ositions of fine textured morainal blankets (greater than 1 
Flows generally initiate on slopes of less than 25'. Move- 
inue across level ground as long as the materials are in a 

vements initiated as debris flows were not observed in the 
t of the study area. Mass movements were, however, recognized 

bris flow conditions. The progression of debris slides and 
debris flows, occurs as slope lengfh and complexity tend to 
ent down depressional channels, increasing the water content. 

e units with the following characteristics are typical of clear- 
ocinted with debris flows: receiving or depressional sites on 
and at the base of slopes; slope angle of less than 20 
y drained soils (Humic Gleysols and Ferro-Humic Podsols); 
Seepage water may be present. The landform is a morainal 
16 have a clay loam texture. Debris flows occur in the 

nd winter following harvesting. Reduced evapotranspiration 
the most important causative factor. 

struction on gentle slopes in the valley bottoms and at higher 
ve initiated debris flows. These sites are ~haracteristically 
deep soils in depressional, receiving, and seepage sites, 
osition zones of historic debris avalanches. Hillslopes are 
22 degrees. Liveworts and seepage water are frequently 
with a thick black mucky organic surface horizon of a . The soils have a clay loam texture and a gleyed blue-grey 

landform is a morainal blanket, or a morainal blanket/collwial 
x, or a morainal blanket/colluvial blanket complex. 

lowe initiate on slopes aslow as 15 degrees as a result of 
t gleysolic soils with large amounts of fill, sideeast and 

al. These failures can initiate during road construction regard- 
on, if wet conditions prevail, or following construction during 
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Slumping from cut banks is an additional problem in deep, wet soils 
Slumping initiates as a result of basic soil physics. The soil must 
OX near saturation before water emerges from the cutbank. This saturated 
state results in reduced soil cohesion, and increased weight and pore 
pressure; factors which lead to reduced cutbank stability. 

During field engineering, if gleysolic soils (in depressional of see 
age sites, or in the depositional zone ofhistoric debris avalanches) 
identified and stability ia questionable, the ares should be avoided wher 
practicable by changes in road alignment and by revision Qf the grade lin 
During the construction, as soon.as a gleyed soil is identified by the 
operator, construction should stop; and then construction techniques should 
be altered in order to construct a stable road. A stable road can be 
constructed by timing construction to avoid wet periods, and 1) not de- 
positing or sidecasting waste material into the depressional area where 
gleysolic soils have been identified; 2) excavating all the gleyed material 
to a competent base of unweathered till or bedrock (full benching); 3) 
placing a blanket of coarse ballast rock into the excavation as the road 
base and fill. The coarse blanket distributes the weight of the road and 
provides drainage for ground water under the road; k )  providing adequate 
drainage away from the area; ensure that road drainage structures do not 
increase that amount of water in the Brea, and 5) avoiding high cut banks; 
minor ~l~mping should be expected to occur. 

Debris Torrents 

slopes in the study area are incised by steep V-notch gullies. In the 
gullies are intermittent to perennial first and second order streams. ~h, 
gradient of these gullies is generally greater than 35 degrees, with side 
slopes in excess of 45 degrees, and slopes near gully headwalls approach 
and exceed 60 degzees. Soils on the steeper portions of side slopes and at  
gully headwalls are ~olosols. On the more gentle upper side slopes pod. 
zolic soils are present, developed in shallow colluvial or morainal deposi 

We think that all steep V-notch gullies are geomorphically active sit 
for soil mass movement in the Rennell Sound study area. This view is also 
held by Alley and Thomson (1978). The inherent instability of gullies is a 
function of climate, and extremely steep slopes in the gullies and on adjaca 
hillsides. Weathering, of surficial material and bedrock leads to ravelling 
and debris sliding from side slopes and gully headwalls. Debris accululatio 
in the gully channel are mobilized through debris torrents. Torrents are 
initiated by concentrated stom runoff or by a mass movement from adjacent 
hill sides. The gully channel is scoured tobedrock and in many instances 
debris and sediment is transported to third order streams. 

It appears that three-day storm events with a five-year return perio 
(250 nrn) are sufficient to initiate debris torrents in natural forests. 
frequency of a natural debris torrent occurrence within a given gully is 
=elated to the rate of debxis accumulation within the gully channel, and t 
the occurrence of soil mass movements on adjacent hill slopes. 

~atural erosion processes are accelerated in V-notch gullies through 
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sediments. 

logs clear of the ground will reduce failures initiated by 
turbance, but will not reduce slides due to root strength 

ation. Debris torrents may be reduced, but not eliminated, by 
logging debris from gullies, and by lifting logs clear of the 
rough full suspension while yarding. 
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xaterial is constantly moving down V-notch gully channels. 
built across gullies with fills rather than with bridges or bridge type culverts 

construct the channel, frequently acting as a dam; failing under stress, 
Debris torrents, avalanches and slides frequently occur m gullies above a 
road.  he road may act as a check dam, reducing the immediate impact .f 
the mass movement. However, the road may fail in time, resulting in an 
even larger debris torrent. Thus, given that gullies are active mass move- 
ment sites, roads should be constructed so that debris, as well as water 
can flow down the V-notch gullies. This is very important, especially if 
roads are to be left unmaintained rather than removing the gully crossings, 

To reduce the size of roads in gullies, they may be constructed with 
a rolling dip. This, however, leads to another problem; the gully becomes 
a low point in the road and thus sediment is transported to the gully, 
hence enters the stream system. If it is necessary to cross gullies roads 
should be located on benches - sites where gullies are not deep. 

Debrls torrents and slides initiated by roads constructed through gully 
headwalls are unavoidable. Gullies are characterized by steep headwalls irith 
slopes in excess of 40 degrees and often approaching and exceeding 60 degrees 
Sozls at the headwall are lithic or nonexistent. The bedrock is highly 
jointed with the exception of the plutonic rocks. Seepage water is often 
present, flowing over the bedrock. 

The inherent instability of gully headwalls is created by geologic 
eroslon. A situation exists where even a minimal amount of sidecast or 
waste material overloading the slope will fail. Pull bench roads located 
through gully headwalls may appear to be stable, but it must be recognized 
that sidecast is unavoidable during construction even with the endhaul~ng 
of waste material. The extremely hlgh cut banks necessary for construction 
of full bench road through gully headwalls become a continual problem. The 
highly jointed, deeply weathered volcanic and sedimentary bedrock of the 
study area set conditions for rock falls and dry ravel. 

The extreme instabxlity of gully headwalls must be recognized. Road 

constructlo" through gully he 

Slump-Earthflows 

Slum-earth£ laws oec sitione wlthin the . . 
study area. In valley bottoms, slump-earthflows have occurred historically 
on the edge of deep morainal benches. These movements produced a charac- 
teristic slump basin with a scarp five to seven meters in height, and a 
narrow lower opening thraugh which the soil flow issued. No active slump- 
earthflows were observed in these deep morainal benches. 

On hillslopas, slump-earthflows occur in large, low gradient gully 
basins. These movements involve the slvmping of deep morainal material, 
exposing a headwall. Below the headwall, there is a ponding of water, and 
a saturated soil mass. Downslope, the following features are present: 
tension cracks, tilted and bowed trees, advances of saturated soil tongues 
and series of smaller slumps. Drainage patterns are poorly developed, but 



are found, cutting gullies into the slowly moving mass. The 
low, and all the other active erosional processes associated 
ad to the formation of a fan at the base of the slope. Even 
rms, the streams draining the slump-earthflow become turbid. 

gest mass movement in the study area is a slump-earthflow. On 
, the presence of large bowed Sitka spruce suggest that move- 
n active fdr a period in excess of 250 years. Swanston and 
) state that the history of an individual slump-earthflow 

ver thousands of years. This adds to their conclusion that, 
eartbflws are slow moving, deep-seated, poorly drained features, 
torm events probably have much less influence on their movement 
urrence of the other soil mass movement processes. Forest 
as not been conducted on, or adjacent t o  slump earthflows in 
ea. This discussion focuses on the hazards of doing so, empha- 
the erosional effects could be significant - not only for the 
low, but for all the other erosional processes occurring on 
moving failure. 

t vegetation reduces surface erosion and appears to be a very 
ctor controlling movement. Tree roots act as an organic web 
s s  unstable areas, redvcing movement. Evapotranspiration 
water content of slump-earthflows. The removal of forest cover 

apotranspiration and increases soil moisture levels. Swanston 
n (1976) hypothesized that this increase in soil moisture con- 
o increased rates of movement. 

eration of slump-earthflows and its associated erosional processes 
row valleys of the study area will cause major impacto to the 
ironments. For this reason, clearcutting the stands on slump- 
should not be undertaken. Clearcutting in stands adjacent 

earthflaws should not be condvcted unless windfirm boundaries can 
d, and then, pnly if there will not be an increase in wind exposure 
rest stand on the slump-earthflows. 

d construction has not been undertaken on the natural slump-earthflows 
tudy area. However, experience with these mass movements has been 
sewhere. Swanston and Swanson (1976) summarizes: roads result in the 
f additional water onto slump-earthflows, the undercutting of toe 
the piling of rock and debris on stump blocks, all which lead to an 

e in the movement of slump-earthflows. To these impacts may be added 
ration of traffic and yarding equipment. They noted that once such 
ve been destabilized, they may continue to move at accelerated rates 

ss movements along clearcut boundaries initiate as a direct result of 
re of standing timber to storm winds. Windthrow and the stresses caused 
amic loading reduce shear strength and increase shear stress, and 
ned with high levels of soil moisture, initiate mass movement events 
ston, 1969). Debris slides develop on steep shedding sites, and debris 
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avalanc~le~ on steep, de~ressional or receiving sites. Debrie 
develop in gullies as a direct result of windthrow initiated slides at 
gully headwalls or along gully sidewalls. 

Windthrow-initiated soil mass movements can possibl~ be reduced by 
locating windfirm boundaries. These boundaries must be Parallel to ,to 
winds. They should not be located on shallow organic soils or on slopes, 
excess of 40 degzees. Boundaries should not be located along gully hesdvu 
They ~hauld be located well above or a good distance below gully headwall 
on stable soils. 

CONCLUSIONS 

Mass movements constitute a dominant geomorphic process in the xemc 
Sound study area. The mass movements can be classified by Process; debri 
slides; debris avalanches; debris flows; debris torrents; and slmp-e,,th 
flows. The different processes occur an characteristic sites. A simple 
description of these sites is adequate for field recognition. 

We found that slope, soil moisture, landform, terrain features, and 
some cases minor vegetation are the significant site factors in describh 
a potentially unstable site. The importance of these factors varies for 
each mass movement process, reflecting the difference in moisture status 
and level of confinement of the moving material. 

s 
The main factors initiating mass movement in the natural forest are ' 

heavy precipztation, high winds, and soil moisture (piping). The importanrc 
of these factors vary for each mass movement process. 1 

The main factors leading to mass movements in clearcuts are: root 
decay; debris accumulation in gullies; yarding disturbance; location of 

1 
felling boundaries, increases in soil moisture; and heavy precipltatlon. 
Measures can be taken to reduce some of these factors but root decay, 
especially on V-notch gully sidewalls, cannot be prevented. 

i 
3 

The main factors leading to mass movements on forest roads are: exces- 
sive sidecasting; roads built on fill material; roads built through gullies 
and across gully headwall.; inadequate or lack of drainage structures; in- 
adequate maintenance; failure to put roads to bed; and steep, high cutbanks, 
Measures can be taken t o  reduce most of these factors. I 

Logging planning using terrain maps, adeqvate fieldwork by staff 
trained in mass wasting, and scheduling of road construction to avoid 
operating on sensitive sites during wet weather, are measures that will 
reduce the occurrence of mass movements. However, some highly unstable 
sites should be considered as Proteetian Farests because of their proximity 
to streams, plantations, or roads, or because of the safety hazards inherent 
in conducting operations on them. 
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