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501l mass movements constitute a dominant geomorphic proecess in Rennell
ound.  The area has economically important forest and fisheries resources.
donenco orest harvesting accelerated the patural level of mass wasting. Conflicts

etween forest and fisheries managers developed. The B.C. Ministry of
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“Wre sites and the factors leading to the iritiation of mass wasting. Land
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RESUME

Les déplacements de terrain constituent un processus g&omorphol,
domipant dans le détroit de Rennell. Les ressources forestidres at
halieutiques sont Economiquement importantes pour la région. La récolte du
bois a accéléré le niveau naturel d’érosion en masse. Des conflits sont
apparus entre les gestlomnaires des plches et ceux de la for8t. Le Minigr,
of Forests de la Colomble~Britannique a entrepris un projet de recherche afiy
de fournir aux gestionnaires des ressources des renselgnements permettant de
fonder leurs décisions. La présente communicaton décrit les endroits t¥plqueg
odl ont lieu des glissements de terrains et les factours memant i 1'&rosigy an
masse., On y formule des recommandations pratiques d'utilisation des terveg

propres 4 r&duire 1'incidence de ce type d'é&rosion de masse.

8lgue
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INTRODUCTTION

5 movements constitute a dominant geomerphic process in areas of
ite pes, high rainfall, strong winds, and seismic activity. They are
yat processes involving the downslope movement of large masses of soil,

tni ebris, primarily under the influence of gravity. The types of
the ment processes described in this report are generally less than
-ar 1 depth. Synonyms for these processes are soil mass movements,

eated landslides, mass wasting, mass erosion, slides, slope. fall-
st and ¢olloquially, mud slides.

15 movements are of concern to the forest manager because forest land
ces often acvelerate natural levels of imstability. Mass move-
‘Yesult in loss of life, egquipment, road investments, and growing

jcgradation of spawning and rearing areas; obstruction to fish pass—
nd réduction in aesthetlc values.

gnngli_sound is located on the west coast of the Queen Charlotte
It is an area with economically important forest and fisheries
It is aliso an area of high natural levels of mass wasting. As

fisheries managers were concerned with mass wasting but lacked
on for sound decision making. This project was imitiated in 1976
ine characteristic features of failure sites and provide recommen—
5% forest management.

DESCRIPTION OF THE STUDY AREA

Rénnell Sound study area is located on the west coast of Graham

he major northern island of the Queen Charlotte Islands (Figure 1).
iegs along the eastern shores of BRennell Sound and covers 160 square
a-of forest land.

dtudy area 1s located on the western edge of the Skidegate Plateau.
au surface is well dissected in the area. Elevation ranges from

‘to 800 meters and hillside slopes range from 200 to 60Y., The hill-
‘disgected by deep (i0-metre plus} V-notch gullies in the bedreck

)i Gully sidewalls average 450 and headwails approach 60°,

general form of the topography was developed prior to the Pleisto-
©1t was during the Fraser Glaciation that the bedrock was carved,
roadenad, slopes steepened, and morainal material spread over much
{Sutherland Brown, 1968). Mass movements occur in morainal and
aterials, and in bedrock.

al (ti1l) deposits occur as veneers or hblankets in valley bottoms,
d middle siopes, snd along ridges. The till matrix 1s clay loam
mweathered till is blue grey in colour, is highly compact and has
ability. The contact between weathered and unweathered till is
Water was observed to flow along this comtact. Humic material is
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_dissected hillside in the study area. Debris torrents have
ccurred dn the two V-notch gullies {to the left). Debris aval-
nches have occurred in the depressicnal channels (center to right).

und: in the contact zone above the unweathered till. Weathered till

olour due to pedogenic processes but is generally brown to dark

epth of weathering is variable, but usuaily exceeds 2 m. or gentle
steep slopes the depth is less, reflecting the active geomorphic

viim 1s the domirant surfieial material in the study area. The

f coliuvium and the intense weathering and masg movement proces-—
enerate it serve as a constant reminder of the ivherent instability
in {(Alley and Thomgon, 1978). Colluvium is found as thin veneers
pes and ridges, and as aprons and fans along the base of slopes,
erlies till or bedrock. Colluvium is derived from bedrock and to a
xtent till. The matrix has a sandy loam to loamy sand texture.
yiweathering and water washing results in coarser textures, higher
gment contents and bands or lenses within the colluvium,

gedimentary, and plutonic bedrock units are present in the
The voleanic and sedimentary units have well developed vertical
tal joints., These break the rock into small polygonal blocks,
molsture percolatiom to great depths and enhancing weathering.

¢ rock weathers te form a coarse grained, cohesfonless and erod-

ieen Charlotte Islands are the most seismically active area in
Sutherland Brown, 1968). The most active movement ig aleng the
otte Fault, which is located off the west coast of the islands.
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This fault forms part of the circum-Pacific continental margin fauiy Tk
' 'S
age.

The atudy area lies within the Coastal Cedars Pine Hemlock Biogao-
climatic Zope {Pojar and Annas, 1980). This zone is characteristic Of mect
of the outer British Columbla coast north of Vancouver Island. The COmuch
cial forests are composed of Sitka spruce (Picea sitchensis), westery hee;«.
(Tsuga heterophylla), western red cedar (Thuja plicata), end yelloy Cedam 0,
{Chamascyparis nootkatensis)._ Red Alder (Alnus ruabra) 1s found on distuib
sites - along streams, on mass movement tracks and on old roads, Unlike 4
most coastal forests, shrubs and herbs in the ‘study area are almost absang
This is attributed to the severe browsing by deer. (Pojar et al., 19spy,

Rooting depth is generally less thapn 30 to 40 cm. There is ap abunda,
of roots im the surface mineral- and organic horizons. On the better drai"e;t.
“ gites, rooting is deeper but seldom extends to the soil-bedrock loterface, -
I Gleysolic soils, rooting depth seldom exceeds 15 to 20 cm.

The wast coast of the (ueen Charlotte Islands is one of the windiest
and wettest regions in Canada. Table 1 represents a climatic suwmary of
data recorded between 1975 and 1978 in Rernell Sound. The maximum hourly
wind speed recorded during the pericd is 54 km/h {gusts are not recorded),
The strong winds generally originate in the southwest; however, destructiy
winds causing trees to blow down cccur both up aund down valleys. The aver-
ape annual precipitation in Rennell Sound is 2,300 wm, with Gctober and
November being the wettest months, While precipitation amounts recorded
during storms are simllar to two pther statlons on the west coast of the
Charlottes, average annual precipitation is almost twice as great at the
other statlons. Tasu has a 17 year average annual precipitation of 4218 gy
and Sewell Inlet has a 7 yr. average of 4169 mm. We speculate that the loe.
tion of the elimatological station results in an underestimation of annuai
precipltation.

The short pericd of climatological records for Remnell Sound precludes
a meaningful determination of extreme storm return periods. Table 2 pre-
sents precipltation data for storms known to have initiated mass wasting.
These storms are generally greater than 127 mm (5 imches) in a 24 hour i
pericd and occur annually. Precipitation events of greater than 250 mm in -
a 3 day period are estimated to have a 5 to 10 year return interval.

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

METHODS

Information on mass movements was collected using 20 and 80 chain
aerial photographs, ground inspsetion, and helicopter reconnaissance.
Data cards were used to describe mass movements and failure sites, Site
factors included aspect, elevational, slope angle, slope type, slope positlon i
slope length, bedrock, landforms, soil, rooting depth, drainage, vegetation, i
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: ciimsztelogical information, Rennell EBound, Queen Charlotte Islands

Haximm hourly Dominant Moathly Total Precipitation *+  Precipitation
wind spaed Wind Direction {mm) . Extreme 3 day
(kms'h) . Pericd (nm}

Y1976 1977 1978 1976 1977 1973 1975 1976 1977 1978 1976 1977 1978
* 38 29 * 89 4 i * 117 67 " 57 ax
* 54 as * s £ 476 * 340 155 L 98 49
* 2 26 b 8W  sW 165 * 260 . 197 A 7l 55
* 34 n & 54 5@ 208 * 160 128 * &6 0

a9 g 35 W | E 113 3 w a0 46 30 40
23 27 23 W i W 192 4 113 19 6 a5 kd
24 klv) 25 W & sW 136 138 b4 30 55 50 15
23 21 * W 59 * 134 68 4% 151 18 42 £9
42 23 # 3 W * 149 * 186 264 52 41 80
A4 44 A7 5W sW 8w 719 * 633 508 98 159 7B
37 40 36 SW SW sW Tre 238 %% 207 198 59 98
as a1 * W # 380 100 230 0] 62 L1

59 *

Harsh R.D., pers. comm., 1974, Alr Studles Branch, B.C. Minilatry of the Environment.
Ciimate of British Columbia, 1975, B.C. Dept, of Agriculture,

. Storm events known te have initiated mass wasting, 1974~1978
Rewneil Sound, Queen Charlotte Ialsnds

Pracipiration Extreme Freclpitation (mm) Staticn
Moanth Day ™ 1 Day 2 Day 3 Day
Sept an 24 . 1
3l 25 25 110 195 AES - Camp Shield Bay
et 1 75
2 21
Oet. 6 18 . o o )
1 tg3 . 193 . 357 475 AES « Camp Shielde Bay
B 164
13 30 S
14 ‘163 T 163 193 AES — Catp Shields Bay
21 91
22 75 91 165 AES — Camp Shields Bay
Oct 30 162
. I L 162 171 243 AES - Camp Shields Bzy
Fov 1 72%
2 2%
Nov i 20 . . ) X 3
z i27 . 127 178’ 198 RAB = Goapel Point
3 sL. . .
Oct 30 130 . e . .
3 82 130 . 212 278 HAB ~ Goapel Polat
Hov 13 66 '

: Shialds Bay Station tlosed. Precipitation estimate extrapolated from othar west cossak
atations experiencing the same storm.

Camp Shielda Buy”, Atmospheric and Enviromment Servica Canadz, Station operated Erom September 1974
i through Wovember 1975. The Station was located 10 kilometers from the present Goapel polnt Station.
The camp location generally experiences higher rainfall during storms than Gospel Foint,

éuspel Point climatologica® station, ALy Studies Branch, B.C. Hiniatry of the Environment. Climatological

day extends 9:00 am to 9:00 am the followlng morning. Station established May &, 1976, aftuated 12 m above
vea level on n pentle wesk facing alope,
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and mass movement process. Mass movements were classifled on the basis
moisture content, rate of movement and type of material. The Procesgeg
are: debris slides; debris avalanches; debris flows; debris torrents; apg
slump-earthflows (Varnes, 1958; Swanston, 1976).

of

Site information on mass movements identified on aerial photographg
but net ground inspected, was obtained through air photo interpretatioq
topographic maps, and helicopter reconnaissance. Measurements were madé
by transferring identified mass movements from 20 chain photos to a 20 s
topographic map. The measurements included: slope angle, elevation,
agpect, slope position, slope length, Other site fattors were determinegq
by air photo interpretation.

hain .

RESULTS AND DISCUSSION

A total of 435 mass movements were inventoried in Rennell Sound; 327 4,
the natural forest, 71 in clearcuts, and 42 or forest roads. The average
slope at the initiation polnt is 36 degrees.

A simplistic appreach to the identification of slope stability hazard
can be made by using an average slope angle. This value can be mapped ang
logging or forest voads prohibited in the ''red area’. However, this is potr
a valid option for forest and Tisheries resource managers because mass
movements occur over a broad ramge of slopes. Some of the most damaging
can occut on slopes less than 259, It makes little resource management
gense to "lock up’ timber on steep yet stable terrain, or to log on geuntle
but unstable terrain adjacent to streams.

We found that by identifying mass movement processes, characteristie
failure sites can be described. For the Rennell Sound study area, slope,
s0il moisture, landform, terrain features, land use practices, and in some
cases minor vegetation, .are the significant site factors im 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 3).

Bebris §lides

Pebris slides have the lowest mositure content of the mass movement
processes, They are shallow (less than 50 cm deep) failures involving
the rapid downslope movement of unsaturated soil and forest debris by slid-
ing and relling. Debris slides start on the shedding position of steep
upiform hillsides. Slope angles range from 30 to 40 degrees and most
commenly are between 36 and 40 degrees. Solls are shallow} podzols deve-
loped in colluvial or morainal veneers, or follsols over bedrock. The
failure plane is along a weathering front ‘in the bedrock or at the col-
luvial/bedrock interface. The bedrock may he smooth or highly jointed.
A debris slide track is characteristically a stralght swath down the hill,
but it may fan out over the slope. Debris slides stop at a reduction in
slope angle. However, if the slide becomes confined in a channel or
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uiiy, debris avalanches or torrents can develep. In these cases
van continue along slopes lower than 10 degrees.

gummary of mass movements in the natural forest

SLOPE RANGE S0IL LANDFORM MOTSTURE FACTORS
BROAD  NARROW  MEAN OR TERRATN

FEATURE
31-40 36-40 3% Shaliew Cv Shedding Wind Throw
felisols 10-25 year
or podzols storm
24-42 36-4¢ 35 Podzols £r Receiving  Holsture
My ot slight piping, 2-5
depresslon  year storm
Channel Gradient > L e ¥-notch Raceiving 3 day,
Kl o pully 5 year stoim
Sides > 40 5 o €r or Cb ™aas movement
Headwalla 40° - 60 with from adjacsnt
organlc pslope into
material V-potch gully
in
channel
607 headwall moderate — Wb in a Recelving  Molsture
slope on movement low
gradient
gully

baain
not chservad

ré no indicator plant specles. HNo single triggering agent can be
ated, Based on the age distribution of debris slides the authors

e that the siides are initilated by rainstorms with a 10 to 25 year
eriod, combined with wind.

debris slides In clearcuts cccur as a result of yarding disturbance

8 in root strength. Slides initiated by yarding disturbance occur
yarding operations, if seils are wet, or during the first fatl rains,
n develop during winter storms. BSlides commencing two to five years
logging are attributed to root strength deterioration. The Ffull
pension of logs during yarding operations will reduce failures resulting
m:varding disturbance. Debris slides resulting from root strength loss
not:be avoided. The maintenance of an organic root web 1s essential

pe stability on these sites,

onstructing a road base with f£fill material (i.e. a road that is not
nched). In these situations the slope is maintained primarily by
ictional reslstance to sliding., Some mechanical slope support may
tovided by buried stumps and trees., The slope, under these conditions,
gaid to be overloaded. Failure of overloaded slopes will occur when
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“Tabla 53

Summaty table of maas moveinen:u saacciated with foreat roads

Roads

Process Characterfatic LandEorm Melstury Factare Recommendatians
n Slops
Debrin >16° Cw/R Shedding  Sidecast Avold sidecasting
glides I £111 (road Full bench roads.
£111 and full
aldecast benchad)
material Piling pon't pile waste
waste material on outside
material on  of road,
outaide of
road.
Debris >36° Cv/R, Shedding Steep, high Expect erosion on
alides, He/R cutbanks these cutbanks,
rockfalld, highly must be adequataly
nd dry jointed maintained ond put to
tivel In bedrock bed Following yse or
‘cutbanks ditches become plugged,
Tuneff da concentrated,
and debris avalanches
resyle.
{Debriz 2° - 3° Ov, @b,  Recelving  Sidecastfog  Full bench toads,
avalanches Cvfoh) ot large Endhaul where atability
in F111 Hv depressien- amounts of ia queationable.
al with wasce mater— Remove Humie Gleysola
sldecast moderate fal. Piling (black muck),
meterial ko poor large amounts Avetd aldecaating on
: drainage of waste on  Humic Glaysala, .
the outside Avold large wasts piles
of roads. on olitslde of roads.
Inadequate Build reads te enginear—
drainage ing speaifications,
and puer especlally deainage
maintenance. pCructures,
Malntain roada, pu
reads te bed. .
ebria <25% kb, Poorly Overloading  Avoid loading Humic
Cv/Mb,  drafned aoile with Gleysols.  Excavate
Ch/Hb depreasional low hearing  Humfe Gleysols, Full
or recelving grrengtha bench roada.
sites with Provide adequate
Humic Gleyaols, drainage avay from the
liverwerts and ajtea, Avoid high
aeepage watar. cutbanks and expect
debris flows or Blumps
from cutbanka,
(matutenanse problem
.site,}
V-noteh Guilied Recelving High Attempt to aveld croea—
E¢Trents guilieg Tertain cuthanks tng guklies. Crosa
o ¥-Hotch Chennel natural gullies where the
1lies "Gragient etosion channel gradient fa low,
: > materfial {e.g. on a beach),
Headwallg - blocking Avold headwall arees.
40 - 60“6 culverts, Use large bridge type
Sidea 2457, large filla, culverts or bridges to
avoid blockages by
erosional macerfat.
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soils are wet:; during road comstruction, during winter stofme, or whey the
mechanical support provided by trees and stumps is lost,

Debris slides, rock falls, and dry ravel from cutbanks are alse
problematic on slopes greater than 36 degrees. Excavating for a stable Tong
bed removes support for soils and bedrock upsiope. Dry ravelling and rgep.
falls result where the bedrock is weathered and highly jointed. If roadg
are not maintained or put to bed, blocked ditches and culverts lead tg 5
concentration of runoff. This has lead to debris avalanches.

Long-reach yarding systems are a means to aveid building mid-siope
roads. Considerable trhought must be given to the practability of wid slope
roads and to the problems associated with disposing endhaul and waste
material, The following preventive measures should be undertaken to reduce
stability problems: 1) design roads to be narrow and full benched; ) sige.
cast of waste material should be carefully scrutinized; 3) waste material
from recad construction and maintenance should not be piled on the outside
of the read; 4) adequate road drainage structures should be installed and
maintained; inactive roads should be cross ditched and put .to bed; 5) rock-
falls and ravelling should be expacted where rcad excavation is into deeply
weathered volcanie bedrock.

Debris Avalaunches

-Debris avalanches involve the rapid downslope movement of soll, 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 scil drainage features (piping)
play a critical role {Chamberiim, 1972). $Slopes at the initiation zome
range from 24 to 42 degrees. Slopes for debris avalanches are generally
less than for debrils 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 fronmt in
bedrock or at the soll/bedrock interface. As the avalanche progresses,
failure is within unconsciidated material. Downslope movement character-
istically is confined to a depressiomal chammel, 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 mm)
(Figure 3}.

Debris avalanches in clearcuts characteristically occur on receiving
sites with slopes greater than 30 degrees. Debris avalanches commence One
to four years after harvesting. The organic root web and evapotranspiration
appear top be essential in maintaining slope stability on depressicnal and
recelving sites. Failures resulting from the alteration of surface runoff
can be reduced by lifting logs clear off the ground. However, debris
avalanches resulting from cowbined toot strenmgth deterioration and increases
in soil moisture through reduced evapotranspiration can not be avoided.
Rapid reforestation may possibly restore sufficient root strength and eva—
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spiration to a site in 15 to 20 years (Harr 1976, after Kovnér
Jamer, },96"-}). (Eigure 4)

re 3. Mass moveménts constitute a dominant peomorphic process in
: Rernell Sound.

Debris avalanches associated with forest roads chavacteristically

ur on receiving sites or depressional sites with slopes between 25 and
6idegreecs. They are a result of slope overloading and the saturation of
111 and sidecast material. Failures eve initiated by: 1) sidecasting
rge amounts of waste material info receiving or depressional sites;
piling large amowmts of waste material on the outside of a road edge
ch is built over 4 depressional or receiving site; 3) inadequate road
rainage, and pocr ditch and culvert maintenance (Figure 5).

The occurrence of debris avalanches initiated by roads can be reduced
1) constructing full bench roads; 2} endhauling waste material from
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Figure 4. Two majofrdebfis avalanches 1n a clearcut flank a smaller
debris avalanchlie that occurtred-approximately 40 Yvears before
logging. . . :

Figure 5. Debris avalanches occur on roads as a result of excess sidecast
piling waste material on the cutside of a road edge, and in-
adequate road drainage.
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stability ig questionable; 3) excavate material to bedrock: whes .

eiving and depressional sites, using coarse shot rock ag a roadi:
subsurface water movement through the fill; 4} not sidecasting.

terial intc depressional and receiving sites; 5) not piling large

f waste material from road constructipn and maintenance, on. the

ge of a road in 2 depressional or receiving site, and 6) building

ke engineered specifications for draimage, and carrying ocut th

ulvert and ditch maintenance. )

slumping should be expected.from cut banks where the soils are
to moderately well dralned.

flows involwe the rapid downslope movement of water saturated
ebris, by true flow processes. Flows initiate in seepage and

al positions of fine textured morainal blankets (greater than 1

Y. ~Flows generally initiate on slopes of lese tham 25°. Move—
continue across level ground as long as the materials are in a

<. movements initiated as debris flows were not cheerved in the
rest of the study area. Mass movements were, however, trecogunized
ebris flow conditicns, The progression of debris slides and

to debrig flows, occcurs as slope length and complexity tend to
vement down depressional channels, increasing the water content.

scape units with the following characteristics are typical of clear—
associated with debris flows: receiving or depressional sites on

s, and at the base of slopes; slope angle of less than 20

corly drained soils (Humic Gleysols and Ferro-Humic Podzols);

and seepage water may be present. - The landform is a morainal

d s0ils have a clay loam texture. Debris.flows occur in the

cond winter foilowing harvesting. Reduced evapotranspiration

‘be the most important causative factor.

d’construction on géntle slopes in the valley bottoms and at higher
have initiated debris flows. These sites are characteristically
d deep soils in depressicnal, receiving, and seepage sites,
deposition zones of historic debris avalanches. Hillslopes are
nd 22 degrees, Liverworts angd seepage water are frequentiy

long with a thick black mucky organic surface horizon of a

ysol. The soils have a clay loam texture and 2 gleyed blue-grey

he Landform is a morainal blanket, or a morainal blapket/eolluvial
mplex, or a morainal blanket/colluvial blanket complex.

ris flows initiate on .slopes as .low as 15 degrees as a result of

ng wet gleysolic soils with large amounts of £i11, sidecast and
rial. These failures cap initiate during road construction regard—
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Slumping from cut banks is ar additional problem in deep, wet soilg
Slumping initiates as a result of basic soil physics. The scil wust be '
of near saturation before water emerges from the cutbank. This Sat“’-‘at&zt
state results in reduced soll cohesion, and increased weight and POTe yway,
pressure; factors which lead to treduced cutbank stability. er

During field engineering, if gleysolic soils {in depressional of see
age sites, or in the depositional zone of historic debris avalanches) arep“
identified and stability is questionable, the ares should be avoided Whers
practicable by changes in road. alignment and by revision.of the grade ling
During the construction, as soon. as a gleyed soil is identified by the :
operator, construction should stop; and then construction techniquas shoyTq
be altered in order to construct a stable road. A stable road can be
constructed by timing construction to avoid wet periods, and 1} net de-
positing or sidecasting waste material into the depressional area where
gleysclic soils have been identified; 2) excavating all the gleyed Tateriay
to a competent base of unweatheved till or bedrock (full benching); 3)
placing a blanket of coarse ballast rock intec the excavation as the roag
base and fill. The coarse blarket distributes the weight of the rcad ang
provides drainage for ground water under the road; 4) providing adequate
drainage away. from the area; ensure that road drainage structures do not
increase that amount of water in the area, aund 5)} avoiding hiph cut banks;
miner slumping should be expected to occur.

Debris Torrents

Slopes in the study area are incised by steep V-notch gullies. 1In the
gullies ave intermittent to perennial first and second order streams. The
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 degrees. Soils on the steeper portions of side slopes and at
gully headwalls are Folosols. On the more gentle upper side slopes Pgg-
zolic soils are present, developed in shallow colluvial or morainal deposits,

We think that all steep V-notch gullies are geomorphically active sites
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 ciimate, and extremely steep slopes in the gullies and on adjacent
hilisides. Weathering, of surficial material and bedrcck leads to ravelling
and debris siiding from side slopes and gully headwalls. Debris accululatlas
in the gully channel are mobiiized through debris torrents. Torvents arve
initiated by concentrated storm runoff or by a mass movement from adjacent
hill sides. The gully channel is scoured to.bedrock and in many instances
debris and sediment is transported. to third order streams.

It appears that three-day storm évents with a five-year return period :
(250 mm} are sufficient to initiate debris totrents in natural forests. The ‘&
frequency of a natural debris torrent occurrence within a given gully is 4
related te the rate of debris accumulation within the guily chsnpel, and to
the occurrence of soll mass movements on adjacent hill slopes.

Natural erosion processes are accelerated in V-notch guliies through
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bance, loss in tree root stremgth, dnd debris (slash pius™
ation in the gully channel. Yarding disturbance disrupts the
t systems, leading to debris sliding from gully side walls.

e slidirg and ravelling occurs throughout the complete gully
toot 'strength deteriorates. Debris accumulated in the gully is
4g-a rapid moving debris torrent through high storm runoff, or
11 'mass movements from adjacent hill slopes. Cuilies are often
‘tedrock as the torrent moves down the channel (Figare 6).

Debris torrents scour V-notch gullies, meobilizing debris and
sediments.

ng disturbance, but will not reduce slides due to root strength
ration. Debris torrents may be reduced, but not eliminated, by
ing logging debris from guliies, and by 1lifting logs cleax of the
- through full suspension while varding.

537




Material is comstantly moving down V-notch gully channels. Rpadg b;i
across gullies with fills rather than with bridpges or bridge type eulya it
construct the channel, frequently acting as a dam; failing under Stress,
Debris torrents, avalanches and slides frequently occur in guliies abova ﬁ
road. The read may act as a check dam, reducing the immediate impact of
the mass movement, However, the road may fail in time, resulting in ag
even larger debris torrent. Thus, given that gullies are active mass poy,.
ment sites, roads should be comstructed so that debris, as well as Water
can flow down the V-motch guilies. This is very important, especially {f
roads are to be left unmaintained rather than removing the gully crossingg,

tts,.

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

Debris torrents and slides initiated by roads constructed through gully
headwalls are unavoidable. Gullies are characterized by steep headwallg with
slapes in excess of 40 degrees and often approaching and exceeding 60 degreeg
Soils at the headwall are lithic or nonexistent. - The bedrock is highly
Jjointed with the exceptlion of the plutonic rocks. Seepage water iz often
present, flowing over the bedrock. R :

The inherent instability of pully headwalls is created by geologic
erosion. A situation exists where even a minimal amount of sidecast or
waste material overloading the slope will fail. TFull bench roads located
through gully headwalls may appear to be stable, but 1t must be recognized
that sidecast is unavoidable durlng construction even with the endhauling
of waste material. - The extremely high cut banks necessary for construction
of full bench road through gully headwalls become. a continual prcblem. The
highly jointed, deeply weathered volcanic and sedimentary bedrock of the
study area set conditions for rock falls and dry ravel.

The extreme instability of puily headwalls must be recognized. Road
construction through gully headwalls must be avoided:.

Slump-Earthflows

Slump-earthflows occur in two diffevent landscape positions within the
study area. In valley bottoms, slump-earthfiows 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 through which the soil flow. issued. No active slump-
earthflows were observed in these deep morainal bhenches.

On hilislopes, slump-earthflows cccur in large, low gradient gully
basins. These movements involve the slumping of deep morainal material,
exposing a headwall. Below the headwall, there is a ponding of water, and
a saturated soll 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

538




iame are found, cutting pullies into the slowly moving mass. The
ftﬁfiow, and all the other active erosional processes associated
lead to the formation of a fan at the base of the slope. Even
Lt ‘storms, the streams draining the slump-earthflow become turbid.

rgest mass movement in the study area is a slump-earthflow. On
ement, the presence of large bowed Sitka spruce suggest that move-
een active for a perioed in excess of 250 years. Swanston and
976} state that the history of an individual slump-earthflow

nd over thousands of years. This adds to their cenclusion that,
.jimp-earthflows are slow moving, deecp-seated, poorly drained features,
storm events probably have much less influence on their movement
ccurrence of the other soil mass movement processes., Forest

ing has not been conducted on, or adjacent to slump earthfiows in
d¥-area. This discussion focuses on the hazards of doing so, empha-—
st the erosional effects could be significant - not only for the

srest vegetation reduces surface erosion and appears to. be a very

t factor controlling movement. ' Tree roots act as an organic web

g atross unstable areas, reducing movement. Evapotranspiration

the water content of slump—earthflows. The vemcval of forest cover
evapotranspiration and increases soll molsture levels. GSwanston
inson. (1976) hypothesized that this increase in soil moisture con-—

i3 to increased rates of movement.

eleration of slump-earthflows and 1ts assoclated erosional processes
arrow valleys of the study area will cause major impacts to the
‘environments. For this reasom, clearcutting the stands on slump-
lows should not be undertaken. Clearcutting in stands adjacent
ump-earthflows should not be conducted wunless windfirm boundaries cam
ated, and then, only 1f there will not be an increase in wind exposure
he forest stand on the slump —earthflows.

Road construction has not been undertaken on the natural slump-earthflows
He-study area. However, experience with these mass movements has been
elsewhere. Swanston and Swanson (1976) summarizes: roads result in the
outing of additional water onto slump—earthflows, the undercutting of toe

the piling of rock and debris on stump blocks, all which lead to an
déase in the mevement of slump-earthflows. To these impacts may be added
ibration of traffic and yarding equipment. They noted that once such

eas have been destabilized, they may continue to move at acceleratad rates
everal years.

“

Tearcut Boundaries

“Mass movements along ciearcut boundaries initiaté as a direct result of
exposure of standing timber to storm winds. Windthrow and the stresses caused
ynamic loading reduce shear strength and increase shear stress, and

bined with high levels of soil moisture, initiate mass movement events
Janston, 1969). Debris slides develop on steep shedding sites, and debris
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avalanches on steep, depressional or recelving sites. Debris torrent
develop in gullies as a direct result of windthrow initiated sligdeg at
gully headwalls or along gully sidewalls.

Windthrow-initiated soil mass movements can possibly be Teduced y .
lecating windfirm boundaries. These boundaries must be parallel tq LRE
winds. They should not be located on shallow orpanic soils or on g
excess of 40 degrees., Boundaries should not be located along gully
They should be located well above or a good distance below gully he
on stable soils,

Stopy,
OPeg g,
beadug;
3dwailg

CONCLUS IONS

Mass movements constitute a dominant geomorphic process in the Rﬁl‘men
Sound study area. The mass movements can be classified by process; debyg o
slides; debrls avalanches; debris flows;. debris torrents; and slmnp»-eatth_'-
flows. The different processes occur on characteristic sites. A simple
description of these sites is adequate for fileld recognition.

We found that slope, soil molsture, landform, terrain features, apg in
some cases minor vepgetation are the significant site factoers in describing:
a potentially unstable site. The importance of these factors varies for
each mass movement process, reflecting the difference in molsture statug.
and level of confinement of the moving material.

The main factors initiating mass movement in the natural forest are
heavy precipitation, high winds, and soil meisture (piping)}. The importanc’
of these factors vary for each mass movement process.

The main factors leading to mass movements in clearcuts are: root
decay; debris accumulation in gullies; yardinpg disturbance; location of
felling boundaries, increases in soll molsture; and heavy precipitation,
Measures can be taken to reduce some of these factors but root decay,
especially on V-notch gully sidewalls, cannot be prevented.

The maln factors leading to mass movements on forest roads are!: exces-
sive sidecasting; roads built on fill material; roads.built through gullles
and across gully headwalls; inadequate or lack of drailnage structures; in- :
adequate maintenance; failure to put roads to bed; and steep, high cutbacks, '}
Measures can be taken to.reduce most of these factors.

Logging planning using terrain maps, adequate 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 Protection Forests 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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