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Figure 1. Photogra ph looking north of west shore of Ha wkesbury Isla nd showing deep sea ted gra vita tiona l slope 
deform a tion (DS GS D; bla ck a rrows), a lso ca lled tension cra cks or “sa ckungen.” The loca tion of a  la rge subm a rine 
la ndslide is one of two docum ented in Conwa y et a l. (2013).
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This m a p a rea  covers the surficia l geology a nd la ndslide inventory of the southern 23 km  of Dougla s Cha nnel. Dougla s
Cha nnel surficia l geology extends from  Prom ise Isla nd to Kiskosh Inlet on the west side a nd from  the southwestern tip
of Gribbell Isla nd to the southern portion of Ha wkesbury Isla nd. The highest eleva tion in this m a p a rea  is 1089 m  a t
Mount J enkinson on southern Ha wkesbury Isla nd. S urficia l geology com pila tion wa s ca rried out following the Geologica l
S urvey of Ca na da  S urficia l Da ta  Model (Deblonde et a l., 2012; Cocking et a l., 2016) com bined with the British Colum bia
Terra in Cla ssifica tion S ystem  (Howes a nd Kenk, 1997). The m a p a rea  is one of six surficia l geology m a ps tha t cover a ll
of Dougla s Cha nnel.
.....The m a in objective of the surficia l geology com pila tion is to provide ba seline inform a tion on surfa ce sedim ents a nd
slope processes for sta keholders a nd decision-m a kers. In a ddition to the surficia l geology, we ha ve com piled inform a tion
a bout la ndslides tha t were observed in the m a p a rea  (Ta ble 1).
.....Most of the surficia l geology consists of colluvium  or a  veneer of orga nic m a teria l cover (folisol; Agriculture Ca na da ,
1998) pa rtia lly m a ntling steep bedrock slopes. In lower lying a rea s, there a re pockets of till tha t were deposited during
the la st gla cia tion da ting ba ck to the Pleistocene. S om e of the va lleys loca ted close to the shoreline a re filled with
gla ciom a rine sedim ents. The highest eleva tion in this m a p a rea  where gla ciom a rine deposits a re found is a t roughly 80
m , loca ted a t the southwest edge of Gribbell Isla nd. S uperim posed on the gla cia l a nd degla cia l deposits a re m odern
Holocene strea m  sedim ents resulting from  a lluvia l processes.
.....The bedrock polygons ha ve been la beled R 2 a nd R 3 indica ting dom ina ntly igneous a nd m eta m orphic rocks,
respectively, ba sed on a va ila ble bedrock geology m a ps (Alldrick, 2002; Nelson et a l., 2014).
.....Interpreta tion of la ndslides wa s ca rried out using Cruden a nd V a rnes’ (1996) cla ssifica tion. Ma ppa ble la ndslide
deposits a nd la ndslide tra cks without m a ppa ble deposits a re com piled in Ta ble 1. The m a ppa ble la ndslide deposits a re
m a inly la beled Cf (debris flow fa ns). Active ta lus slopes, m a pped a s unit Ca , a re less com m on a nd la rger, pre-historic
bedrock slum ps a nd rock a va la nches, m a pped a s unit Cz, a re only identified in a  few pla ces. A la rge num ber of m a p
units consists of colluvium  tha t m a y not ha ve been a ssigned to a  specific la ndslide process (e.g. Cb = colluvia l bla nket;
Cv = colluvia l veneer). These units a re included in Ta ble 1 beca use they com m only conta in sm a ll a rea s of la ndslide
deposits. The m ost com m on type of la ndslide tha t occurs on these fjord slopes a re sm a ll, sha llow-sea ted tra nsla tiona l
slides. Their deposits a re usua lly too sm a ll to be m a pped or they run out into the ocea n. These slides a re la beled on the
m a p a s sedim ent tra nsport a rrows a nd a re included in Ta ble 1. S edim ent tra nsport a rrows depict debris slides a nd flows
consisting of m inera l a nd orga nic m a teria l (folic debris slides; Na gel 2000), sm a ll rock slides a nd rockfa lls, a nd/or a
com bina tion of these.
.....The south end of Ha wkesbury Isla nd conta ins deep-sea ted gra vita tiona l deform a tiona l structures (DS DGS ) (e.g.
Bovis, 1990; Crosta  et a l., 2013) tha t a ppea r geologica lly controlled, which m a y or m a y not be a ctive (Figure 1).
.....Terra in sta bility m a pping wa s a lso ca rried out for the m a p a rea  following the m ethod described by British Colum bia
Ministry of Forests (1999) for the Forest Pra ctices Code. Although this m ethod wa s developed for the forestry sector, it
ha s been used in a ssessing terra in sta bility for environm enta l a ssessm ents for resource developm ent projects, such a s
m ining a nd wind fa rm s in British Colum bia  a nd Y ukon. Terra in sta bility m a pping is intended to qua lita tively highlight the
potentia l la ndslide source a rea s ba sed on slope gra dient, surficia l m a teria ls, m a teria l texture, m a teria l thickness, slope
m orphology, m oisture conditions, a nd ongoing geom orphic processes (British Colum bia  Ministry of Forests, 1999).
Terra in polygons were ra ted a s sta ble to unsta ble (Cla ss I–V , respectively) a nd colour coded from  green to red,
respectively, for a ll types of la ndslides (Figure 2).  In som e ca ses on the surficia l m a p, two a dja cent polygons ha ve the
sa m e m a p la bel, e.g. Cv. They were not joined a s a  single polygon beca use the two were ra ted differently in term s of
terra in sta bility. The rea der ha s the option to genera te a  terra in sta bility m a p from  the downloa da ble da ta set a ssocia ted
with this m a p a rea .

Table 1. Com pila tion of the types of colluvia l deposits (C) in the m a p a rea , either a ssocia ted with a  la ndslide process, 
which includes sm a ller events tha t a re indica ted by a rrows, or deposits tha t a re not specifica lly tied to a  la ndslide 
process (i.e. colluvia l bla nket a nd veneer).

Unit Description No. of Occurrences
Landslide deposits and tracks

Cf Fa n sedim ents 27
Ca Apron or ta lus scree deposits 17
Cz Bedrock la ndslide deposits 2

S edim ent tra nsport direction 256
Colluvial deposits

Cv V eneer 247
Cb Bla nket 82
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L e chena l Dougla s est un fjord de 100 km  de longueur,
situé a u sud de la  m unicipa lité de Kitim a t, da ns le nord-
ouest de la  Colom bie-Brita nnique. L a  région
ca rtogra phique de Ha rtley Ba y couvre la  pa rtie sud du
chena l Dougla s, là où il rencontre le détroit W right et le
pa ssa ge V erney. L a  région recouvre éga lem ent l'île
Prom ise, la  pa rtie sud-ouest de l'île Gribbell, le sud-
ouest de l'île Ha wkesbury et la  rive ouest du chena l
Dougla s (continent), sur une dista nce d’environ 17 km
vers le sud depuis le bra s Kiskosh. L a  ca rtogra phie des
sédim ents superficiels, la  com pila tion des dépôts de
glissem ents de terra in et l’interpréta tion prélim ina ire des
types de substra tum  rocheux jusqu'à la  ligne de fa îte
ont été effectuées à l'a ide de photos a ériennes de la
Colom bie-Brita nnique à des échelles de 1/15 000 à
1/25 000 da ta nt de 2001, 2003 et 2007. L es résulta ts
d’a nciens tra va ux de ca rtogra phie réa lisés pa r les
a uteurs da ns des endroits isolés de la  région d’étude
ont été incorporés à la  com pila tion ca rtogra phique, à
la quelle s’a joutent a ussi des observa tions
com plém enta ires provena nt de tra va ux de
reconna issa nce sur le terra in effectués en 2015 et
2016. L a  photo (fig. 1), prise de la  côte sud-ouest de
l'île Ha wkesbury en direction nord, m ontre des
structures corresponda nt à l'expression en surfa ce
d’une déform a tion gra vita ire de pente profondém ent
enra cinée (flèches noires), que l’on a ppelle « fissures
de tension » ou « sa ckungen ».

Résumé
Dougla s Cha nnel is a  100 km  long fjord loca ted south of
the m unicipa lity of Kitim a t, in northwest British
Colum bia . The Ha rtley Ba y m a p a rea  covers the
southern portion of Dougla s Cha nnel where it m eets
W right S ound a nd V erney Pa ssa ge.  The a rea  a lso
covers Prom ise Isla nd, the southwest portion of Gribbell
Isla nd, southwest Ha wkesbury Isla nd, a nd a  stretch of
the western shore of Dougla s Cha nnel (m a inla nd) tha t
extends over a bout 17 km  southwa rd from  Kiskosh
Inlet.  Ma pping of surficia l sedim ents, com pila tion of
la ndslide deposits, a nd prelim ina ry interpreta tion of
bedrock types up to height of la nd were prim a rily ca rried
out using British Colum bia  a irphotos da ted from  2001,
2003, a nd 2007 ra nging in sca les from  1:15 000 to 1:25
000. Older, field-ba sed m a pping by the a uthors in som e
isola ted pa rts of the study a rea  wa s incorpora ted into
this m a pping, com plem ented with a dditiona l,
reconna issa nce-level field observa tion in 2015 a nd
2016. The photogra ph (Figure 1) ta ken from  the
southwest side of Ha wkesbury Isla nd, looking north,
shows the surfa ce expression of deep-sea ted
gra vita tiona l slope deform a tion fea tures (DS GS D; bla ck
a rrows) a lso ca lled tension cra cks or “sa ckungen”.

Abstract

J oint initia tive of the Geologica l S urvey of Ca na da  a nd
the W orld Cla ss Ta nker S a fety Project a t Tra nsport
Ca na da , conducted under the a uspices of North Coa st
a ctivity a s pa rt of Na tura l R esources Public S a fety

Geoscience Progra m .
Ma p projection Universa l Tra nsverse Merca tor, zone 9.

North Am erica n Da tum  1983
Ba se m a p a t the sca le of 1:50 000 from  Na tura l
R esources Ca na da , with m odifica tions.
Eleva tions in m etres a bove m ea n sea  level

The Geologica l S urvey of Ca na da  welcom es
corrections or a dditiona l inform a tion from  users.

Da ta  m a y include a dditiona l observa tions not portra yed
on this m a p.See m a p info docum ent a ccom pa nying the
downloa ded da ta  for m ore inform a tion a bout this

publica tion.
This publica tion is a va ila ble for free downloa d through

GEOS CAN (http://geosca n.nrca n.gc.ca /).
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Figure 2.  Terra in sta bility m a p of the southern portion of Dougla s Cha nnel ba sed on
British Colum bia ’s Forest Pra ctice Code (British Colum bia  Ministry of Forests, 1999).
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IV  - Modera te likelihood of la ndslide

V  - High likelihood of la ndslides
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Complex units: two m a p-unit designa tors a re used in ca ses where the surficia l cover form s a
com plex a rea  a nd the m a p units a re too sm a ll to be m a pped individua lly, yet constitute a
significa nt a rea l extent of the tota l polygon (e.g. Owb.Tb designa tes a n a rea  of orga nic bog
deposits with num erous outcrops of till bla nket). In such insta nces a  dot (‘.’) is used to sepa ra te
the m a p-unit designa tor.
Stratigraphic relationship: a  stra tigra phic rela tionship is shown with two m a p-unit designa tors
sepa ra ted by a  sla sh (‘/’) (e.g. GFv/Tb indica tes gla ciofluvia l veneer overlying till bla nket).

L a ndslide tra ck, sedim ent tra nsport direction
 
 
 

Geologica l bounda ry (confidence a pproxim a te)
 

L im it of m a pping

QUATERNARY  
 POST-FRASER GLACIATION  

 NONGLACIAL ENVIRONMENT  
 ANTHROPOGENIC DEPOSITS: rubble, dia m icton, gra vel a nd other 

founda tion m a teria ls; usua lly less tha n 5 m  thick; em pla ced by hum a n 
a ctivity for residentia l a nd industria l infra structure.

 

Undifferentiated anthropogenic deposits: Ha rtley Ba y villa ge.H

ORGANIC DEPOSITS: a ccum ula tions of pla nt m a teria l in va rious 
sta ges of decom position; typica lly 1 to 3 m  thick form ing fens a nd 
bogs in wetla nds; folic m a teria l grea ter tha n 10 cm  thick over bedrock 
in upla nd loca tions; orga nic deposits too sm a ll to be shown a t this 
sca le occur within other units. 

 

Organic deposits, bog: pea t, decom posing pla nt m a teria l, a nd m uck; 
sa tura ted with the groundwa ter ta ble a t or nea r the surfa ce; genera lly 
grea ter tha n 2 m  thick; form ing level to gently sloping freshwa ter 
wetla nds. 

Owb

Organic veneer: pea t, decom posing pla nt m a teria l, a nd m uck in a  
freshwa ter wetla nd; less tha n 2 m  thick; m a y ha ve som ewha t 
discontinuous covera ge. 

Ov

Undifferientiated folic material: upla nd orga nic m a teria l of forest origin 
(lea f litter, twigs, bra nches, m osses a nd m uck) a ccum ula ted directly 
over bedrock; grea ter tha n 10 cm  thick; m ore tha n 40 cm  thick 
overlying till; occurring on upla nd a nd sloping loca tions in cool, m oist 
a nd hum id forest ecosystem s; ra rely sa tura ted with wa ter; prone to 
debris slides a nd debris a va la nches when disturbed or when 
sa tura ted during intense ra infa ll events.

O

COLLUVIAL AND MASS-WASTING DEPOSITS: dia m icton a nd 
rubble; non-sorted to poorly sorted; m a ssive to m odera tely stra tified; 
a ccum ula ted from  gra vity-induced m ovem ent or va rious m a ss-wa sting 
processes, ra nging from  slope wa sh to la rge la ndslides; com position 
dependent on source m a teria ls a nd type of depositiona l process. 

 

Colluvial fan sediments: dia m icton a nd rubble; va ria ble thickness; m a y 
conta in orga nics; m a y be m odera tely stra tified; a ccum ula ted a s a  fa n 
or cone a t the m outh of a  steep–gra dient strea m  or gully from  debris 
slides a nd flows, debris floods a nd/or snow a va la nches. 

Cf

Colluvial apron or talus scree: rubble a nd block a ccum ula tions; 1 to 10 
m  thick; m a ssive; form ing a prons a nd cones a t the ba se of steep 
(grea ter tha n 40°) slopes; often a ccum ula ted due to rock fa ll a nd/or 
sm a ll rock slides. 

Ca

Undifferentiated landslide debris: rubble a nd block fra gm ents of 
bedrock; form ing hum m ocky a ccum ula tions on lower slopes a nd 
va lley floors; derived from  la rge but ina ctive or dorm a nt rock slides 
a nd slum ps; genera lly 1 to 10 m  thick, but m a y exceed 10 m  thickness 
nea r the toe of la rge la ndslides. 

Cz

Colluvial veneer: dia m icton a nd rubble; less tha n 2 m  thick; m a inly 
derived from  disintegra tion of upslope bedrock on m odera te to steep 
slopes; strongly conform s to the surfa ce expression of the underlying 
la ndform . 

Cv

Colluvial blanket: dia m icton a nd rubble; 2 to 5 m  thick; m a inly derived 
from  disintegra tion of upslope bedrock on m odera te to steep slopes;  
typica lly conform s to the surfa ce expression of the underlying 
la ndform  a nd m a y include sm a ller deposits of unconsolida ted debris 
a t the toe of m inor la ndslide a nd snow a va la nche tra cks.

Cb

Undifferentiated colluvial deposits: dia m icton a nd rubble a ccum ula ted 
from  slow gra vity-induced m ovem ent a nd/or va rious sm a ller m a ss 
m ovem ent processes; 1 to 3 m  thick. Occurs in seconda ry unit only.

C

ALLUVIAL (FLUVIAL) SEDIMENTS: gra vel a nd sa nd with m inor silt; 
com m only stra tified; genera lly well sorted except in a lluvia l fa ns; 
deposited by m odern strea m s. 

 

Floodplain sediments: usua lly sa ndy, gra velly deposits; 1 to 5 m  thick; 
form ing fla t to gently sloping surfa ces a dja cent to strea m  a nd river 
level; prone to flooding; la rger, low-gra dient cha nnels a re often 
bordered by low surfa ces m a ntled by overba nk sa nd, silt, a nd orga nic m a teria l.

Ap

Alluvial fan sediments: sa nd a nd gra vel, with dia m icton; poorly sorted; 
usua lly 2 to 10 m  thick; loca ted a t the toe of slopes where a  strea m  
issues from  a  confined cha nnel a nd a t the m ouths of na rrow va lleys. 

Af

Alluvial veneer: sa nd a nd gra vel; deposited by strea m s; less tha n 2 m  
thick.Av

Alluvial blanket: sa nd a nd gra vel; deposited by strea m s; grea ter tha n 
2 m  thick. Ab

MARINE SEDIMENTS: cla y, silt, sa nd, a nd gra vel settled from  
suspension in sa lt wa ter or deposited by subm a rine gra vity flows; well 
to m odera tely well sorted; well stra tified to m a ssive; shells m a y be 
present; bea ch sedim ent a ccum ula ted or m odified by shoreline 
processes; occurs close to present-da y shorelines.

 

Marine terrace sediments: cla y, silt a nd sa nd; va ria ble thickness; 
form ing low terra ces a bove the present sea  level.Mt

Marine beach sediments: sa nd a nd gra vel; well-sorted; well rounded; 
va ria ble thickness; a ccum ula ted by wa ve a ction.Mr

Marine deltaic sediments: sa nd a nd gra vel with m inor silt a nd cla y, 
likely gra ding finer with depth; va ria ble thickness; low, gently sloping 
surfa ce a bove the present sea  level; deposited a t the m outh of a  
strea m . Occurs in seconda ry unit only.  

Md

Marine veneer: cla y, silt a nd sa nd; less tha n 2 m  thick. Mv

Marine blanket: cla y, silt a nd sa nd; m ore tha n 2 m  thick. Occurs in 
seconda ry unit only.Mb

POSTGLACIAL ENVIRONMENT ASSOCIATED WITH DEGLACIATION  
 GLACIOMARINE SEDIMENTS: cla y, silt, sa nd, a nd gra vel; m a ssive 
or la m ina ted; ice-ra fted stones, rhythm ic bedding (m m  to cm  thick) 
a nd m a rine shells m a y be present; bedding m a y be distorted due to 
subm a rine gra vity flows; deposited in a  m a rine environm ent in 
rela tively close proxim ity to gla cier ice, ice shelves or floa ting ice, or 
sedim ent-la den gla cia l m eltwa ter strea m s.

 

Glaciomarine veneer: m a inly cla y, silt, a nd sa nd; less tha n 2 m  thick; 
sedim ent cover m a y be discontinuous in pla ces a nd follows the 
underlying m orphology. 

GMv

Glaciomarine blanket: m a inly cla y, silt, a nd m inor sa nd; grea ter tha n 2 
m  thick; extensive deposits m a y exceed 10 m  thickness.GMb

Undifferentiated glaciomarine sediments: of unknown texture, extent, 
a nd thickness; usua lly overla in by la ter post-gla cia l or Holocene 
sedim ents or exposed on a n erosiona l slope (sca rp). Occurs in 
seconda ry unit only.

GM

FRASER GLACIATION (WISCONSINAN)  
 PROGLACIAL AND GLACIAL ENVIRONMENT  

 GLACIOFLUVIAL SEDIMENTS: sa nd a nd gra vel with m inor dia m icton; 
well sorted to poorly sorted; well to poorly stra tified; va ria ble thickness; 
deposited by gla cia l m eltwa ter a t or in close proxim ity to sta gna ting or 
retrea ting gla ciers; bedding m a y ha ve been disrupted loca lly following the 
m elting of supporting ice. 

 

Glaciofluvial terrace sediments: sa nd a nd gra vel; stra tified to m a ssive; 
1 to 10 m  thick; form ing terra ced deposits a long va lley wa lls or 
a ssocia ted with m eltwa ter cha nnels a nd perched well a bove m odern 
a lluvia l deposits. 

GFt

Glaciofluvial veneer: sa nd a nd gra vel; genera lly less tha n 2 m  thick; 
sedim ent cover m a y be discontinuous in pla ces a nd follows the 
underlying m orphology. 

GFv

GLACIAL ENVIRONMENT  
 TILL: dia m icton consisting of poorly sorted pebbles, cobbles, a nd 

boulders in a  sa ndy to cla yey m a trix; directly deposited by gla ciers; 
m a y conta in sm a ll inclusions of gla ciofluvia l sedim ents, especia lly in 
va lley bottom s a nd nea r the m ouths a nd ba nks of m eltwa ter cha nnels; 
includes till tha t ha s been reworked due to gra vity on steep slopes. 

 

Till veneer: dia m icton; less tha n 2 m  thick on a vera ge; underlying 
bedrock m orphology is discernible a nd where till cover is 
discontinuous, bedrock outcrops a re a bunda nt. 

Tv

Till blanket: dia m icton; m ore tha n 2 m  thick on a vera ge; continuous till 
cover with few bedrock outcrops; conform ing to a nd loca lly obscuring 
topogra phy of underlying units. 

Tb

Undifferentiated till: till deposits of unknown extent a nd thickness; 
usua lly overla in by post-gla cia l non-gla cia l sedim ents; till exposed on 
a n erosiona l slope (sca rp). Occurs in seconda ry unit only.

T

WEATHERED BEDROCK: rock fra gm ents of rubble to block size, with 
va ria ble a m ounts of residua l silt, sa nd or cla y, depending on the 
origina l bedrock type; derived from  bedrock tha t is decom posed or 
disintegra ted in-situ by m echa nica l or chem ica l wea thering. 

 

Weathered bedrock veneer: less tha n 2 m  thick; discontinuous cover 
with a bunda nt bedrock outcrops.W v

PRE-QUATERNARY  
 BEDROCK: Pa leozoic, Mesozoic a nd Cenozoic igneous a nd 

m eta m orphic bedrock outcrops; includes bedrock covered by 
unconsolida ted or orga nic m a teria l tha t is less tha n 10 to 20 cm  thick. 

 

Dom ina ntly igneous bedrock.R 2

Dom ina ntly m eta m orphic bedrock.R 3


