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ABSTRACT 

T h i s  r e p o r t  i d e n t i f i e s  areas o f  s l o p e  i n s t a b i l i t y  a l o n g  t h e  01 dman 

R i v e r  and i t s  t r i b u t a r i e s  i n  t h e  v i c i n i t y  o f  L e t l i b r i d g e ,  A l b e r t a .  Based 

p r i i n a r i l y  on a  r e v i e w  o f  v e r t i c a l  a e r i a l  photographs,  t h e  areas o f  s l o p e  

i n s t a b i l i t y  have been ana lyzed  w i t h  r e s p e c t  t o  t h e  f a i l u r e  mode and t h e  

p o s s i b l e  cause o f  i n s t a b i l i t y .  

I n  genera l ,  l a n d s l i d e  a c t i v i t y  occu rs  i n  two separa te  areas:  

e i t h e r  a l o n g  t h e  Oldman R i v e r  v a l l e y  w a l l s  o r  a l o n g  t h e  t r i b u t a r y  v a l l e y s  

wh ich  d r a i n  i n t o  t h e  Oldman R i v e r .  The s l i d e s  common t o  t h e  Oldman R i v e r  

v a l l e y  a r e  r e 1  a t i v e l y  l a r g e  and t y p i c a l l y  i n v o l v e  a  t r a n s 1  a t i o n a l  t y p e  o f  

f a i l u r e .  The s l i d e s  formed a l o n g  t h e  t r i b u t a r y  v a l l e y s  a r e  g e n e r a l l y  much 

s m a l l e r  i n  a r e a l  e x t e n t  and e x h i b i t  p r i m a r i l y  a  r o t a t i o n a l  t y p e  o f  

movement. 

The l a n d s l i d e s  a l o n g  t h e  main r i v e r  v a l l e y  a r e  v e r y  o l d  and 

r e l a t i v e l y  s t a b l e .  I t  i s  suspected t h a t  t h e  f o r m a t i o n  o f  t h e  r i v e r  v a l l e y  

s l i d e s  a r e  conte:nporatieous w i t h  t h e  f o r m a t i o n  o f  t h e  p o s t - g l  a c i  a1 r i v e r  

v a l l e y .  The combined r o t a t i o n a l - t r a n s l a t i o n a l  r i v e r  v a l l e y  s l i d e s  a r e  based 

a l o n g  o r  i n  t h e  Upper Cretaceous bedrock.  Large a l l u v i a l  t e r r a c e s  d e p o s i t e d  

w i t h i n  t h e  v a l l e y  f l o o d p l a i n  p r o v i d e  n a t u r a l  t o e  e r o s i o n  p r o t e c t i o n  and 

s t a b i l i z i n g  berms f o r  a  number o f  t h e  r i v e r  v a l l e y  s l i d e s .  

I n  a d d i t i o n  t o  t h e  n a t u r a l l y  o c c u r r i n g  r i v e r  v a l l e y  l a n d s l i d e s ,  a t  

l e a s t  one s l i d e  area i s  suspected o f  b e i n g  i n i t i a t e d  by an th ropogen ic  

causes. A s e r i e s  o f  slurnps and c r a c k s  a l o n g  a  s t r e t c h  o f  t h e  west  hank o f  

t h e  Oldman R i v e r  i s  b e l i e v e d  t o  be due t o  subsidence o v e r  o l d  c o a l  n i ine 

work ings.  



ABSTRACT (continued) 

The t r i b u t a r y  va l l eys  (commonly r e fe r r ed  t o  a s  coulees)  forin a  

major p a r t  of t h e  regional physiography i n  t h e  p l a ins  port ion of southern 

Alberta .  The coulees a r e  comprised of s teep  va l ley  vralls with f l a t  bottolns 

and r e l a t i v e l y  s teep  gradients .  In t h e  Lethbridge a r e a ,  the  coulees a r e  

more pronounced on t h e  e a s t  ( o r  windward) s i d e  of t h e  Oldqan River va l ley .  

One of t h e    no st pro,ninent c h a r a c t e r i s t i c s  of the  coulees i s  t h e i r  prefer red  

o r i e n t a t i o n  of N 70" E .  The formation of t h e  coulees have had an overa l l  

s t a b i l i z i n g  e f f e c t  on t h e  Oldrnan River va l l ey  wal l s  by reducing t h e  average 

s lope angle.  

I n s t a b i l i t y  along t h e  coulees i s  r e l a t i v e l y  recent  and c o n s i s t s  

prililarily of silallow ro ta t iona l  l ands l ides .  In t h e i r  natural  s t a t e ,  t h e  

s t eep  coulee walls  (up t o  40 degrees) a r e  s t a b l e .  Development along t h e  

c r e s t  of the  coulees i s  one of t h e  major causes of coulee l ands l ide  

a c t i v i t y .  Coulee l ands l ides  a r e  typ ica l ly  caused by one o r  a  combination of  

t h e  following a c t i v i t i e s :  a  r i s e  i n  t h e  loca l  groundwater t a b l e ,  f i l l  

placement along the  c r e s t  of coulees,  uncontrol led discharge of sur face  

water runoff and i r r i g a t i o n  water onto coulee s lopes  and ponding of water 

near t h e  c r e s t  of s lopes.  

The reco~n~nendation of a  s a f e  setback d is tance  from the  r i v e r  
va l l ey  wa l l s  i s  a  d i f f i c u l t  task  f o r  general development along t h e  p r a i r i e  

up1 and. As a  r e s u l t ,  a conserva t ive  approach regarding recommendations has 

been taken. For preliminary purposes, i t  i s  recommended t h a t  a  setback 

d i s t ance  equal t o  t h e  depth of the  va l ley  be used fo r  any proposed 
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developments a d j a c e n t  t o  t h e  01 dinan R i v e r  v a l l  ey. Wi th  r e g a r d  t o  

deve lop~nent  a long  t i l e  cou lees ,  i t  i s  recoinlnended t h a t  a  p e r i m e t e r  r o a d  such 

a s  Scen ic  D r i v e  be used t o  separa te  t h e  c o u l e e s  f ro in  any f u t u r e  r e s i d e n t i a l  

o r  co in~nerc ia l  deve l  opnent. 

F i n a l  d s c i s i o n s  f o r  se tback d i s t a n c e s  s h o u l d  be per for lned by a  

qua1 i f i e d  g e o t e c h n i c a l  e n g i n e e r i n g  firm w i t h  c o n s i d e r a t i o n  g i v e n  t o  l o a d i n g  

o r  u n l o a d i n g  o f  s lopes  and p o s s i b l e  changes i n  t h e  groundwater regime. 
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INTRODUCTION 

PURPOSE 

This report  represents  the r e s u l t s  of a  general slope s t a b i l i t y  

eva lua t ion  along the Oldnan River and i t s  t r i b u t a r i e s  in  the v i c in i ty  of 

Lethbridge, A1 be r t a .  The objec t ives  of the evaluat ion were as follows: 

- t o  iden t i fy  areas along the r i v e r  bank which exh ib i t  signs of 

previous i n s t a b i l i t y  or  a re  present ly  unstable.  

- t o  iden t i fy  f a i l u r e  modes and any geological f ac to r s  present ly  

a f f e c t i n g  s lope s t a b i l i t y .  

- t o  evaluate  the e f f e c t  of development along or  adjacent  to the r i v e r  

va l ley .  

- t o  recom~nend a  safe setback dis tance from the valley walls where 

developments will  not be a f fec ted  by slope i n s t a b i l i t y .  

1.2 SCOPE 

The study incorporated an ae r i a l  photograph analys is  and f i e l d  

inves t iga t ion  of the Oldman River in  the v i c i n i t y  of Lethbridge, A1 ber ta .  

The s te reoscopic  examination of ae r i a l  photographs covered a  period from 

1950 t o  1980. These ae r i a l  photographs were used to iden t i fy  d e t a i l s  of 

f a i l u r e  mode, l oca t ion ,  s i z e  and present  s t a t u s  of the  s l i d e .  Inferences 

have been made with respect  to groundwater condi t ions ,  s u r f i c i a l  geology and 

bedrock s t r a t ig raphy .  



A f i e l d  reconnaissance was conducted f o r  two weeks i n  'lay 1981 t o  

p r o v i d e  v e r i f i c a t i o n  o f  t h e  f e a t u r e s  i d e n t i f i e d  f rom t h e  a e r i a l  photographs 

such 3 5  exposures o f  s o i l s  i n  backscarps,  l o c a l  seepage areas o r  s p r i n g s ,  

and c o n f i r m a t i o n  o f  t o e  e r o s i o n ,  g u l l y i n g  and f i l l  placement. 

I n  a d d i t i o n  t o  t h e  a e r i a l  photographs and f i e l d  reconnaissance, a  

r e v i e w  o f  p u b l i s h e d  and unpub l i shed  r e p o r t s  and maps was conducted. These 

sources i n c l u d e d  bedrock geology,  bedrock topography,  hydrogeology , 
s u r f i c i a l  geology,  s u r f a c e  topography and l o c a l  geo techn ica l  r e p o r t s .  

1.3 LOCATION 

The s tudy area l i e s  a l o n g  a  13 k i l o m e t r e  reach o f  t h e  Oldman R i v e r  

i n  t h e  v i c i n i t y  o f  L e t h b r i d g e ,  A l b e r t a  w i t h i n  Townships 8 and 9, Range 21 

N e s t  o f  t h e  F o u r t h  M e r i d i a n  and Townships 8  and 9, Range 22, West o f  t h e  

F o u r t h  1" i r id ian.  The l i m i t s  o f  t h e  s tudy  are'a a r e  shown on Drawing 1. 

1.4 CLIMATE AND VEGETATION 

The c l i m a t e  o f  sou the rn  A l b e r t a  i s  s e m i - a r i d  w i t h  c o l d  w i n t e r s ,  

f r e q u e n t  ch inooks  and h o t  summers. The mean annual p r e c i p i t a t i o n  a t  

L e t h b r i d g e  i s  425 mm, w i t h  62 p e r c e n t  o f  t h e  p r e c i p i t a t i o n  f a l l i n g  as r a i n .  

Due t o  t h e  h o t  summers and s t r o n g  wind c o n d i t i o n s ,  t h e  mon th ly  mean 

p o t e n t i a l  e v a p o t r a n s p i r a t i o n  r a t e  exceeds t h e  average month ly  p r e c i p i t a t i o n  

f rom May t o  October,  y i e l d i n g  a  m o i s t u r e  d e f i c i t  o f  about  343 mm. 

The p r o x i m i t y  o f  t h e  a rea  t o  t h e  Rocky Mountains r e s u l t s  i n  r a p i d  

changes i n  t h e  weather  p a t t e r n .  Warm ch inook winds i n  w i n t e r  can r a i s e  

tempera tu res  d r a m a t i c a l l y  w i t h i n  a  few hours,  and i n  some i n s t a n c e s  m e l t  a l l  

snow c o v e r  i n  s e v e r a l  days. 
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Natural runoff i s  very low due to the f l a t  lying topography away 

from the r iver  valley. Rapid runoff occurs only i n  areas adjacent to the 
main  r iver  valley. 

This area of southern Alberta forms part of the 'short  grass 

p r a i r i e ' .  Apart from the major r iver  valleys, no native trees grow in the 

area. The native vegetation includes blue grass, spear grass, sage and 

cactus. Today, l i t t l e  native vegetation remains, as m s t  of the land i s  

cult ivated.  Local crops include wheat, barley, oats,  sugar beets and 

vegetables. 

I r r iga t ion  i s  a vi ta l  component of the farming in the area. 

Extensive i r r iga t ion  systems are used to sustain the needs of the local 

farmi ng community . 
On many valley slopes, the existence of shrubs and small trees 

(such as saskatoons and choke cherries)  indicate areas of higher moisture 

content. This may be due to groundwater seepage, ponded water associated 

with surface runoff or possibly an area of snow d r i f t  accumulation jus t  

below the brow of a ridge or  hi1 1. 

1.5 PHYSIOGRAPHY 

The preglacial topography of the area has been modified 

considerably by the e f fec t s  of glaciation. A mantle of d r i f t  has i n f i l l ed  

the preglacial lows producing a landscape of gently rol l ing prai r ie .  

The present-day river valleys were carved quite rapidly when large 

quant i t ies  of meltwater were available as the Laurentide glaciers made the i r  

f inal  re t rea t  from the area. 



Near Lethbridge, the 01 dman R ive r  v a l l e y  i s  approximately 95 

metres deep and va r ies  i n  w id th  from 1.5 t o  3.0 k i lometres.  The r i v e r  

v a l l e y  separates two d i f f e r e n t  geomorphic u n i t s ,  i n d i c a t i n g  some form o f  

g l a c i a l  contac t  o r i g i n .  

There i s  only  one t r i b u t a r y  stream w i t h i n  t h e  l i m i t s  o f  t h e  study 

area which flows i n t o  t h e  Oldman River. Referred t o  l o c a l l y  as ' S i x  M i l e  

Coulee', t h i s  t r i b u t a r y  system i s  s i t u a t e d  south o f  the  c i t y  on t h e  eas t  

bank of the  Oldman River  (see Drawing 1). The stream which f lows along t h e  

base o f  t h i s  f l a t  bottom coulee undercuts the  v a l l e y  w a l l s  a t  meander bends, 

causing oversteeping o f  the  banks and numerous cases o f  slope i n s t a b i l i t y .  

The t r i b u t a r y  v a l l e y  system i n  t h e  area i s  o f  major importance 

when analyz ing the  l a n d s l i d e  a c t i v i t y  o f  t h e  region. An examination o f  

a e r i a l  photographs o f  the  p l a i n s  p o r t i o n  o f  southern A lber ta  reveals the  

ex is tence o f  a ser ies  o f  short ,  narrow, p a r a l l e l  o r  subpara l le l  coulees 

t r i b u t a r y  t o  the  main r i v e r  va l ley .  The d i s t i n c t i v e  p a t t e r n  o f  al ignment 

extends from Lethbr idge t o  Pincher Creek i n  t h e  Rocky Mountain F o o t h i l l s .  

Several poss ib le  hypotheses regarding t h e  poss ib le  format ion o f  the  coulees 

have been proposed, inc lud ing :  subsurface s t r u c t u r a l  con t ro l ,  the  r o l e  o f  

reg iona l  slopes, the  e f f e c t  o f  l i t h o l o g i c a l  d i f fe rences,  and wind act ion.  

The dominant f ea tu re  o f  these coulees i s  t h e i r  p re fe r red  al ignment 

o f  N 70° E. Steep-walled v a l l e y s  w i t h  a d e n d r i t i c  drainage p a t t e r n  and 

r e l a t i v e l y  steep grad ien ts  are t h e i r  notable c h a r a c t e r i s t i c s .  The coulees 

are  genera l l y  dry, only  ca r r y ing  s u r f i c i a l  r u n o f f  a f t e r  heavy r a i n s  and 

occas iona l ly  dur ing  per iods o f  abundant snowmel t. The a d d i t i o n  o f  

s t o m a t e r  r u n o f f  o r  i r r i g a t i o n  over f low has resu l ted  i n  eros ion and 

oversteeping along the  base o f  a number o f  these coulees. 
I 



I n  the  Lethbr idge area, the  coulees e x h i b i t  a more developed and 

mature appearance on t h e  e a s t  ( o r  windward) s ide o f  t h e  Oldman River  va l ley .  

The average l e n g t h  o f  the  coulees on t h e  eas t  and west banks i s  1.0 and 0.65 

k i lometres,  respect ive ly .  

I n  a paper by Beaty (1975), three outstanding c h a r a c t e r i s t i c s  o f  

these coulees were noted: 

(1) t h e i r  p r e f e r r e d  o r i e n t a t i o n  o f  N 70' E, which corresponds w i t h  the  

mean d i r e c t i o n  o f  the  dominant chinook winds i n  southern A lber ta  

( 2 )  t h e  development o f  t h e  these coulees on l y  i n  t h e  southwestern 

corner  o f  A lbe r ta  which experiences the  most pronounced e f f e c t  o f  

chinooks 

( 3 )  t h e i r  dominant l o c a t i o n  on windward topographic surfaces. 

The argument t h a t  t h e  coulees are a r e f l e c t i o n  o f  s t r u c t u r a l  

fea tures  i n  bedrock beneath a veneer o f  unconsol idated ma te r ia l s  i s  

discounted by Beaty due t o  an inadequate explanat ion as t o  t h e i r  ex is tence 

p r i m a r i l y  i n  the  southwest corner  o f  Alber ta and a l so  t h e i r  dominant 

tendency t o  occur on windward v a l l e y  walls. I n  a study by Babcock (1977) 

which compared bedrock j o i n t s  and f rac tu res  i n  ove r l y i ng  Ple is tocene 
l a c u s t r i n e  deposits,  i t  was concluded t h a t  there was no r e l a t i o n  between t h e  

two major j o i n t  se ts  and t h e  development o f  the  coulees. 

Beaty proposed t h e  f o l l o w i n g  model t o  describe t h e  o r i g i n  o f  t h e  

coulees: 



(1) the general drainage p a t t e r n  was establ ished 6,000 - 8,000 years 

ago and s u f f i c i e n t  r e l i e f  had developed f o r  coulee formation 

( 2 )  strong southwesterly winds a f fec ted  windward va l l ey  slopes by: 

- r e t a i n i n g  l e s s  snow 

- the c l imate  w i t h i n  a few cent imetres o f  the surface was 

considerably d r i e r  because o f  s o l a r  r a d i a t i o n  and s t rong 

winds. 

These fac to rs  l e a d  to decreased vegetat ion cover and surfaces 

which were much more suscept ib le to erosion. 

( 3 )  wind-driven snow and r a i n  carved narrow, elongated s u r f i c i a l  

furrows on southwester ly fac ing  slopes 

( 4 )  coulee enlargement was then continued by the  erosional work o f  

surface runof f .  

Attempts t o  d u p l i c a t e  the process i n  a labora tory  using an 

e l e c t r i c  fan and a v a r i e t y  o f  s o i l s  and m i s t u r e  contents have not proven 

successful .  

Todate, there does n o t  appear t o  be agreement regarding the  

process responsible f o r  coulee formation. 

Another i n t e r e s t i n g  physiographic fea tu re  common to the  area i s  

the  small s tep - l i ke  s t ruc tu res  c a l l e d  te r race t tes ,  t h a t  develop on the  



valley walls. These te r race t tes  or catsteps,  vary in height from a few 

centimetres to two metres and average one half to one metre i n  width. They 

generally form on steep hi1 l s ides  as a resu l t  of the development of slippage 

planes and subsequent slumping of the surf ic ia l  soi l  (see Photo 1). 

1.6 PREVIOUS WORK 

The area was i n i t i a l l y  investigated by Or. James Hector, a 

geologist,  w i t h  the Pa l l i s e r  Expedition in the l a t e  1850's. A more detailed 

geological investigation was undertaken by G.M. Dawson, in 1875. Dowling, 

i n  1917, prepared a geological map of southern Alberta which broadly 

outlined the preglacial drainage pattern of the area. The physiographic 

development of southern Alberta was described by Williams and Dryer in 

1930. 

Horberg, in 1952, separated and mapped several t i l l  deposits in 

the Lethbridge area. In 1961, Stalker published the f i r s t  map of the 

preglacial valleys in southern Alberta which was l a t e r  mdif ied and updated 

by Geiger i n  1965. The quaternary stratigraphy of southern Alberta was 

described by Stalker i n  1962. 

Detailed bedrock and hydrogeologic studies were conducted by 

Geiger i n  1965 and 1968, respectively. Additional groundwater studies were 

carried out by Nielsen i n  1970 and a more general hydrogeologic study of the 

Lethbridge- Fernie area was completed by Tokarsky i n  1974. 

A summary of current geological maps of the Lethbridge area are 

l i s t ed  in Table 1. 



Photo 1: View of t e r race t tes  formed on many of the steep-walled coulees and 

valleys i n  the Lethbridge area. 



TABLE 1 

INDEX OF CURRENT GEOLOGICAL MAPS 

OF THE LETHBRIDGE AREA 

Hydrogeol ogy 

Tokorsky, 0. 1974. Hydrogeology o f  the Lethbridge-Fernie Area, Alberta. 

A.R.C. Report 74-1 (Scale 1" = 4 m i l es )  

Bedrock Topography 

Geiger, K.W. 1965. Bedrock Topography o f  Southwestern Alber ta.  

A.R.C. Report 65-1 (Scale 1" = 4 m i l es )  

S u r f i c i  a1 Geology 

Sta lker ,  A. MacS. 1962. S u r f i c i a l  Geology, Lethbridge (eas t  ha1 f 1, 
Alber ta.  G.S.C. Map 41-1962 (Scale 1" = 4 m i l e s )  

S ta l ke r ,  A. MacS. 1959. S u r f i c i a l  Geology, F o r t  McLeod, A1 ber ta.  

G.S.C. Map 21-1958 w i t h  d e s c r i p t i v e  notes 

(Scale 1" = 4 m i l es )  

Bedrock Geology 

I r i s h ,  E.J.W. 1967. Geology, Lethbridge, Alber ta.  

G.S.C. Pre l im inary  Series Map 20-1967 w i t h  d e s c r i p t i v e  notes 

(Scale 1" = 4 m i l es )  

NOTE: A.R.C. - Alber ta Research Counci l  

G.S.C. - Geological Survey o f  Canada 



Deta i l ed  geotechnical s tudies by R.M. Hardy and Associates Ltd. 

(1977a, 1977b, 1978a, 197Bb) have been conducted t o  assess t h e  foundation 

cond i t ions  and t h e  o v e r a l l  coulee s t a b i l i t y  f o r  proposed r e s i d e n t i a l  

developments on both  t h e  west and eas t  banks o f  t h e  Oldman River.  Klohn 

Leonoff Consultants (1975) conducted a geotechnical i n v e s t i g a t i o n  t o  

evaluate slope i n s t a b i l i t y  i n  t h e  Park Royal Subdiv is ion f o r  the  C i t y  o f  

Lethbridge and a l so  a d e t a i l e d  geotechnical eva lua t ion  i n  1970 f o r  the  

Un ive rs i t y  o f  Lethbridge. 

Beginning i n  t h e  l a t e  1800's and cont inu ing  through t o  the  mid 

1900's, coal was mined ex tens ive ly  along the  r i v e r  v a l l e y  i n  t h e  Lethbridge 

area. Due t o  these coal min ing operations, subsidence has occurred 
throughout the  area c o n t r i b u t i n g  t o  numerous cracks, slumps and 1 andsl i des 

along the  Oldman River. 

One o f  t h e  s l i d e  areas has been i d e n t i f i e d  by R.M. Hardy and 

Associates Ltd. (1977a) as be ing  caused by subsidence. Although a d e t a i l e d  

study o f  o l d  mining records was n o t  conducted, i t  i s  suspected t h a t  other  

areas near the  r i v e r  v a l l e y  may have experienced subsidence due t o  coal 

mining and poss ib ly  t r i g g e r e d  some form o f  lands1 i d e  a c t i v i t y .  



GEOLOGY 

GEOLOGIC BACKGROUND 

Widespread advances and regressions o f  e p e i r i c  seas during the 

Upper Cretaceous epoch provided the environment f o r  depos i t ion  of sediments 

over the p l a i n s  area o f  Western Canada. Sedimentation cont inued through the 

Cretaceous, Paleocene and T e r t i a r y  epochs. Formation o f  the  Rocky Mountains 

occurred dur ing  the Eocene, which saw a per iod  o f  major u p l i f t  fo l lowed by 

extensive erosion. It i s  estimated t h a t  up to 600 metres o f  sedimentary 

rock was eroded p r i o r  to the Quaternary and g lac ia t i on .  

The Quaternary a f fec ted  p r a c t i c a l l y  a1 1 o f  western Canada. 

G lac ia l  i c e  and i t s  associated processes deposited a mantle o f  d r i f t  over 

the e n t i r e  study area. A s i g n i f i c a n t  mod i f i ca t i on  o f  the  drainage system 

occurred as the southwester ly advancing g lac ie rs  d i ve r ted  the o r i g i n a l  r i v e r  

drainage channels. As the g l a c i a l  i c e  re t rea ted  from the area, the d iver ted  

streams were o f t e n  unable to recover t h e i r  former channels due to i n f i l l i n g  

o f  the p r e g l a c i a l  va l leys  w i t h  g l a c i a l  deposits. 

Four major g l a c i a l  advances have been i d e n t i f i e d  i n  the Lethbridge 

area. These are discussed i n  more d e t a i l  i n  Sect ion 2.5. D r i f t  thickness 

i n  the study area i s  est imated t o  range up to 90 metres. 

The exposed bedrock i n  the study area cons is ts  o f  Upper Cretaceous 

sediments deposited i n  both marine and f resh  water environments. The 

bedrock deposi ts  comprise gent ly  d ipping shale, s i l t s t o n e  and sandstone 

s t ra ta ,  w i t h  in te rspersed beds o f  coal and bentoni te.  For  the most par t ,  

the exposed Upper Cretaceous rocks are poor ly  indurated and are o f ten  

r e f e r r e d  to as ' s o f t  rocks'  o r  'hard c lays ' .  Cementation by s i l i c a  o r  

carbonate have made some o f  the sandstone and s i l t s t o n e  s t r a t a  competent. 



2.2 REGIONAL GEOLOGY 

Lethbr idge i s  s i t u a t e d  i n  t h e  southern p l a i n s  reg ion  o f  A lber ta  

about 65 k i l ome t res  nor theast  o f  the  eastern l i m i t  o f  the  F o o t h i l l s  

d is turbed b e l t .  The study area i s  loca ted  on t h e  western l i m b  o f  the  

Sweetgrass Arch A n t i c l i n e ,  east  o f  the  A l b e r t  Syncline. The exposed 

formations are  progress ive ly  younger from eas t  t o  west w i t h  a l l  s t r a t a  

d ipping gent ly  i n  .a wester ly  o r  southwesterly d i r e c t i o n .  The magnitude of 

the  d i p  increases from eas t  t o  west, w i t h  the  beds averaging 11.5 t o  13 

metres per  k i l o m e t r e  i n  the  Lethbridge area. 

Several t h r u s t  f a u l t s  have been i d e n t i f i e d  and mapped by I r i s h  

(1967). One major f a u l t ,  the  Monarch f a u l t  zone, i s  an imbr i ca te  zone 

i n v o l v i n g  the  uppermost beds o f  the  Bearpaw, the  Blood Reserve, and t h e  

lower beds o f  t h e  S t .  Mary Formations. Another smal ler  t h r u s t  f a u l t  i s  

known t o  cross t h e  Oldman River  i n  an area n o r t h  o f  i t s  conf luence w i t h  the 

St. Mary River. 

Numerous minor f a u l t s  w i t h  v e r t i c a l  separat ions o f  about one metre 

are present i n  t h e  area. These have caused many problems i n  the  pas t  dur ing  

coal mining operat ions. 

Two prominent j o i n t  se ts  are common throughout the  region.  The 

main j o i n t  d i r e c t i o n  l i e s  i n  a general northeast-southwest d i r e c t i o n ,  wh i l e  

a secondary s e t  l i e s  i n  a northwest-southeast d i r e c t i o n .  

2.3 BEDROCK GEOLOGY 

The s t r a t i g r a p h i c  column i n  t h e  Lethbr idge area, as described by 

I r i s h  119671, i nc ludes  the  fo l l ow ing  formations: 



ERA - PERIOD 

Cenozoic Qua te rna ry  
( P l e i s t o c e n e )  

Mesozoic 

T e r t i a r y  

Upper Cretaceous 

R i v e r  g r a v e l s  & 
& g l a c i a l  d e p o s i t s  
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Kneehi 11 s  T u f f  Zone 
St .  Mary R i v e r  
Blood Reserve 
Bearpaw 
01 dman 
Foremost 
Pakowski 
M i l k  R i v e r  

The g e o l o g i c a l  f o r m a t i o n s  t h a t  o u t c r o p  o r  occu r  immed ia te l y  be low 

t h e  u n c o n s o l i d a t e d  g l a c i a l  d e p o s i t s  i n  t h e  s tudy area a r e  o f  Upper 

Cretaceous age, and i n c l u d e  t h e  Oldman and Bearpaw Format ions (Drawing 2 ) .  

These two f o r m a t i o n s  a r e  d i scussed  i n  t h e  f o l l o w i n g  s e c t i o n s .  

01 dman Format ion:  

Beds o f  t h e  Oldman Format ion,  which conformably  o v e r l i e  t h e  

Foremost Fo rmat ion  c o n s i s t  o f  i nterbedded and i n t e r l e n s e d  green, g r e y  and 

l i g h t  g rey  sha le ;  s i l t y  sha le ;  so f t ,  g rey  and l i g h t  g rey  weathered, 

a r g i l l a c e o u s  sandstone. T h i n  c o n c r e t i o n a r y  i r o n s t o n e  bands and l i m e s t o n e  

beds a r e  p r e s e n t  a t  some l o c a l i t i e s .  Hard, grey ,  ca l ca reous  sandstone beds 
occur  a t  some h o r i z o n s  and t h i c k ,  crossbedded, l i g h t - g r e y  wea the r ing ,  

l e n t i c u l a r  sandstone u n i t s  a r e  t y p i c a l  o f  t h e  upper p a r t  o f  t h e  f o r m a t i o n  

( I r i s h ,  1967). Near t h e  t o p  o f  t h e  f o r m a t i o n  a r e  a s e r i e s  o f  c o a l  beds and 

carbonaceous s h a l e s  r e f e r r e d  t o  as t h e  L e t h b r i d g e  Member. T h i s  member i s  

g e n e r a l l y  used as  a  marker between t h e  Oldman and o v e r l y i n g  Bearpaw Shale  

Formation. 
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Outcrops of t h e  Oldman Formation a r e  exposed along the  val ley of 

t h e  Oldman River north and south of t h e  City of Lethbridge. 

Bearpaw Formati on: 

The Bearpaw Formation r e s t s  conformably upon t h e  beds of the  

Oldman Formation. I r i s h  (1967) described t h e  formation a s :  

"grey-weathering, dark grey o r  brownish grey sha le  and s i l t y  

sha le ;  spheroidal i rons tone  concret ions;  f ine-grained,  clayey 

sandstone; and bentoni te  beds." 

tdost of t h e  sha le  weathers t o  small angular  fragments but  f i n e  

f l a k e s  a r e  produced in a s i m i l a r  manner. The upper 6.5 metres of the  

Bearpaw Formation conta ins  numerous t h i n  sandstone beds. 

Excellent exposures of t h e  Bearpaw s t r a t a  a r e  v i s i b l e  along t h e  

Oldman River val ley from Township 9 downstream t o  a poin t  about 8 kilometres 

north of Lethbridge ( s e e  Photo 2 ) .  

2.4 BEDROCK TOPOGRAPHY 

A mature s u r f i c i a l  topography was e s t ab l i shed  during t h e  extensive 

sub-aerial  erosion period p r i o r  t o  t h e  Quaternary. The bedrock channels 

t h a t  developed were broad with g e n t l e  va l ley  s lopes  and widely separated by 

low, well rounded upland areas .  The overa l l  drainage pa t t e rn  of t h e  

preglac ia l  r i v e r  system was s i m i l a r  t o  t h e  present-day drainage which flows 

i n  a general nor theas ter ly  d i r ec t ion .  Contour maps of t h e  bedrock sur face  

of  southern Alberta (Geiger,  1965) permit an i n t e r p r e t a t i o n  of the 





p r e g l a c i a l  d ra inage  system. Drawing 3 i l l u s t r a t e s  t h e  main p r e g l  a c i a l  

v a l l e y  thalwegs o f  southwestern  A lbe r ta .  

The ma jo r  p r e g l a c i a l  v a l l e y  t r a v e r s i n g  t h e  s tudy a rea  i s  t h e  

L e t h b r i d g e  V a l l e y .  The City o f  L e t h b r i d g e  s i t s  d i r e c t l y  ove r  t h e  p r e g l a c i a l  

L e t h b r i d g e  V a l l e y  which i s  10 t o  16 k i l o m e t r e s  wide (Geiger,  1965).  The 

c e n t r e l i n e  o f  t h e  v a l l e y  r u n s  i n  an e a s t e r l y  d i r e c t i o n  under t h e  c i t y ,  

i n t e r s e c t i n g  t h e  p r e g l a c i a l  B lood  and Whoop-Up V a l l e y s  a t  r i g h t  ang les ,  and 

t h e n  con t inues  e a s t - n o r t h e a s t .  

The impor tance o f  t h e  l o c a t i o n  o f  these p r e g l a c i a l  v a l l e y s  r e s i d e s  

i n  t h e  f a c t  t h a t  t h e y  a r e  t y p i c a l l y  f l o o r e d  w i t h  t h e  Saskatchewan Sands and 

Gravels.  In a d d i t i o n  t o  b e i n g  a ma jo r  source o f  g r a n u l a r  d e p o s i t s ,  t h e  

sands and g r a v e l s  have an o v e r a l l  s t a b i l i z i n g  e f f e c t  on t h e  v a l l e y  s lopes.  

The h i g h l y  permeable sands and g r a v e l s  a c t  as a d r a i n  l o w e r i n g  t h e  

groundwater t a b l e  i n  t h e  overburden, wh ich decreases t h e  po rewate r  p r e s s u r e s  

i n  t h e  ad jacen t  v a l l e y  s lopes  and i n c r e a s e s  t h e  o v e r a l l  s l o p e  s t a b i l i t y .  

2.5 SURFICIAL GEOLOGY 

Numerous e x c e l l e n t  exposures o f  t h e  P l e i s t o c e n e  and more r e c e n t  

d e p o s i t s  occur  a l o n g  t h e  Oldman R i v e r  v a l l e y .  They commonly i n c l u d e  a 
bedrock base o v e r l a i n  by  p r e g l a c i a l  g r a v e l s ,  severa l  till sheets  and v a r y i n g  

th i cknesses  o f  p o s t - g l a c i a l  depos i t s .  

The P l e i s t o c e n e  d e p o s i t s  o f  t h e  L e t h b r i d g e  area a r e  d i v i d e d  i n t o  

t h e  f o l l o w i n g  s t r a t i g r a p h i c  u n i t s  i n  o r d e r  o f  dec reas ing  age: Saskatchewan 

Sands and Grave ls ,  Wo l f  I s l a n d  sediments, basa l  t i l l, l o w e r  till number 1, 

l o w e r  till number 2, L e n z i e  s i l t s ,  upper  till and upper s i l t s  and sands. 





Horberg (1952) prov ided the f i r s t  d e t a i l e d  breakdown o f  the 

Ple is tocene deposits i n  the Le thbr idge area i d e n t i f y i n g  three d i s t i n c t  t i l l  

sequences: a basal till, a lower till and an upper till. The lower and 

upper t i l l s  are separated by a l a y e r  Horberg r e f e r s  to as the 'Lenzie 

S i l t s '  . More recent ly ,  t h i s  lower till has been subdivided i n t o  two 

separate till sheets by Geiger (1968) and N ie lsen  (1970). 

Although not  found i n  the Lethbr idge area, f u r t h e r  to the east,  

Westgate (1968) i d e n t i f i e d  a sequence o f  l a c u s t r i n e  sands, s i l t s  and c lays  

t h a t  conformably o v e r l i e  the Saskatchewan Sands & Gravels. These Wolf 

I s l a n d  sediments accumulated i n  e l  ongated p rog lac ia l  lakes t h a t  formed when 

the  o u t l e t  o f  the p reg lac ia l  r i v e r s  became blocked by i ce .  It would appear 

t h a t  these p rog lac ia l  lakes d i d  not  extend as f a r  back upstream as 

L e t h b r i  dge. 

A c o r r e l a t i o n  o f  the Lethbr idge Ple is tocene deposits as i d e n t i f i e d  

by Nie lsen (1970), w i t h  the Foremost-Cypress H i l l s  area studied by Westgate 

(1968) i s  shown i n  Table 2. 

F i ve  d r i f t  sheets have been i d e n t i f i e d  by Westgate (1965) i n  t he  

Foremost-Cypress H i l l s  area. O f  the f i v e  major g l a c i a l  advances i n  southern 

A lber ta ,  on ly  f ou r  penetrated as f a r  south as Lethbr idge (Drawing 4 ) .  

The i n d i v i d u a l  P le is tocene deposits are discussed b r i e f l y  i n  the 

f o l l o w i n g  sect ions. 

Underly ing the P le is tocene g l a c i a l  deposits and over ly ing  the  

Upper Cretaceous bedrock are the Saskatchewan Sands and Gravels. Upstream 

of Lethbr idge,  outcrops o f  the sands and gravels  have been observed above 

the Oldman Formation and downstream o f  Lethbr idge,  above the Bearpaw shales 
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W E S T G A T E ( 1 9 6 8 )  NIELSEN (1970) 

MAZAMA ASH HORIZON 
6600 YRS. B.P. 

SASKATCHEWAN 
GRAVEL 

z 36,000 YRS. B. P. 

SASKATCHEWAN 
GRAVEL 

> 54,500  YRS. B. P. 

UPPER SILTS 
OLDMAN DRIFT AND SANDS 

>13,000 YRS. B.P. 

UPPER T I L L  

ETZIKOM DRl F T  

PAKOWKI DRIFT 

WILD HORSE DRIFT 
20,000 - 24,000 

YRS. B.F! 

ELKWATER DRIFT 

LOWER T I L L  NO. 2 

- - ----  
BEDROCK MASSES HORZ. - - - - -  

LOWER T I L L  NO. I 

BASAL T I L L  



L E G E N D  

I C E  FRONTAL POSITION I OUTER L I M I T  O F  BASAL T l L L  

2 OUTER L l M l T  OF LOWER T l L L  NO I  

3 OUTER L l M l T  OF LOWER T l L L  NO 2 

4 OUTER L l M l T  O F  U P P E R  T l L L  



(see Photo 2).  The Saskatchewan Sands and Gravels cons i s t  o f  a clean, we l l  

sorted, round to subrounded r i v e r  gravel w i t h  a sand matr ix .  These granular  

deposits are genera l l y  conf ined to the f l o o r  o f  the p reg lac ia l  va l l eys  

having been deposited by p reg lac ia l  r i v e r s  f low ing eastward from the  

mountains. The i n i t i a t i o n  o f  g l a c i a t i o n  marked the end o f  deposi t ion o f  the  

sand and gravel.  Nie lsen (1970) has estimated t h a t  these deposi ts  vary i n  

thickness up t o  12 metres i n  the Lethbr idge area. 

The basal till i s  a we l l - indura ted  till l y i n g  d i r e c t l y  on bedrock 

o r  on the Saskatchewan Sands and Gravels. It i s  brownish grey i n  co lour ,  

very hard, columnar s t ruc tured,  w i t h  s a l t  deposi ts  a1 ong the  v e r t i c a l  

j o i n t s .  A t  the top o f  t h i s  basal till (which averages 1.3 metres i n  

thickness),  l i e s  a t h i n  l a y e r  o f  s i l t  and sand o f  possib le l a c u s t r i n e  o r  

f l u v i a l  o r i g in .  Horberg (1952) concluded t h a t  the basal till i s  much o lde r  

than the over ly ing  t i 1  1 s, probably o f  ea r l y  Wisconsin age. 

The remaining t i l l s  are suspected to have been deposited dur ing 

l a t e  or  'C lass i ca l '  Wisconsin time. Over ly ing the basal till i s  a dense, 

hard, j o in ted ,  clayey, calcareous 'Lower T i l l '  which var ies i n  th ickness 

from 4.5 t o  41 metres (Nie lsen,  1970). The lower, unoxidized p a r t  o f  the 

t i l l i s  a dark grey co lour ,  wh i l e  the upper p a r t  has ox id ized to a brown 

grey or  b u f f  co lour  to depths o f  about 3 metres. I t  i s  suspected t h a t  

groundwater i s  responsib le f o r  much of the ox id i za t i on .  Although the lower 

till does not  e x h i b i t  a columnar s t r u c t u r e  which i s  as pronounced as the 

basal till, i t  s t i l l  outcrops i n  near v e r t i c a l  exposures. 

The lower till i s  separated i n t o  a Number 1 and a Number 2 till by 

a discontinuous l a y e r  o f  Cretaceous shale r e f e r r e d  t o  as the 'Bedrock 

Masses' Layer, which va r ies  i n  thickness up to one metre. I t s  presence 

w i t h i n  the d r i f t  i s  d i f f i c u l t  t o  expla in,  but  i t i s  thought to have been 



f rozen i n t o  the base o f  a readvanci ng g l a c i e r ,  i n d i c a t i n g  an i n t e r s t a d i a l  

per iod.  

A d i s t i n c t ,  s t r a t i f i e d  l a y e r  r e f e r r e d  to as the 'Lenzie S i l t s '  

l i e s  above the Lower T i l l .  This  c lay,  s i l t  and sand l a y e r  o f  l a c u s t r i n e  and 

a l l u v i a l  o r i g i n  var ies i n  thickness from 3 t o  10 metres i n  the Lethbr idge 

area (Nielsen, 1970). Horberg (1952) suggests t h a t  the sediments were l a i d  

down "as an o f f - l a p  depos i t  i n  p r o g l a c i a l  lakes as the i c e  sheet t h a t  

deposited the lower till withdrew from the area". These l i g h t  brown s i l t s  

p rov ide  an exce l l en t  marker between the grey lower till and the  darker upper 

t i l l s  above the Lenzie s i l t s .  

The 'Upper T i l l '  which ove r l i es  the Lenzie s i l t s ,  i s  the f i n a l  

till sheet deposited i n  the area. The Lethbr idge Moraine, south and eas t  o f  

Lethbridge marks the f u r t h e s t  readvance o f  the i c e  t h a t  deposited the  upper 

till. E i the r  dark grey i n  co lour  where unoxidized or  b u f f  where ox id ized,  

the  upper t i l l i s  more massive i n  appearance than the lower till.. The 

thickness of the upper till va r ies  from 10 t o  40 metres (Nielsen, 1970). 

The s u r f i c i a l  sediments ove r l y i ng  the  upper till, r e f e r r e d  to as 

the  'Upper S i l t s  and Sands', were deposited dur ing the f i n a l  g lac ia l  r e t r e a t  

i n  g l  ac i  a1 Lake Lethbridge. "They inc lude a va r ie t y  o f  sediments: 

l a c u s t r i n e  s i l t s  and c lays,  g l a c i o f l u v i a l  sands and gravels, loess, a l l u v i a l  

wash, c o l l  uvium, volcanic ash, bu r ied  s o i l s ,  dune sands, f l o o d p l a i n  a l l uv ium 

and s u r f i c i a l  s o i l s "  (Horberg, 1952). Lacus t r ine  s i l t  and c lay  have a 

maximum thickness o f  approximately 13 metres i n  the  Lethbr idge area 

(Nielsen, 1970). A f t e r  the g l a c i a l  lakes had dr ied  up, some l a c u s t r i n e  

s i l t s  and sands were reworked by wind t o  form sand dunes and loess  

deposits.  



As  the f i n a l  g l a c i e r s  re t rea ted  t o  the northeast,  g l a c i a l  

me1 twaters were trapped forming p r o g l a c i a l  1  akes. Lake l e v e l s  f l uc tua ted  as 

t h e i r  shorel ines were breached, forming the  numerous meltwater channels 

throughout the  area. 

Development o f  the major r i v e r  va l l eys  probably took p lace a f t e r  

the  i c e  had re t rea ted  s u f f i c i e n t l y  f a r  t o  the  nor theast  t h a t  i t  no longer 

obs t ruc ted  f l ow  i n  t h e  normal nor theas ter ly  downslope d i rec t i on ,  b u t  wh i l e  

t he re  were s t i l l  immense q u a n t i t i e s  o f  meltwater ava i l ab le  t o  erode the  very 

deeply i nc i sed  major v a l l e y s  o f  the  present 1 andscape. As post-gl  ac ia l  

r i v e r s  began t o  es tab l i sh  t h e i r  present day courses, numerous gravel 

te r races  were deposited between the  top and bottom o f  the va l ley .  

Present ly ,  about 7 metres o f  gravel  f l o o r s  the  bedrock along t h e  Oldman 

R ive r  f l o o d p l a i n  a t  Lethbridge. 

A map i d e n t i f y i n g  the  present s u r f i c i a l  deposi ts  i n  the  Lethbridge 

area i s  shown on Drawing 5 .  

2.6 HYDROGEOLOGY 

The M i l k  R iver  Formation i s  t h e  major acqu i fe r  i n  southeastern 

Alber ta.  However, because i t  i s  l oca ted  a t  depths between 300 and 400 

metres, i t  i s  not  an economically feas ib le  water source. Other sources o f  

groundwater inc lude the  Dldman Formation and the Saskatchewan Sands and 

Gravels. The 01 dman Formation conta ins numerous sandstone 1 ayers and coal 

seams which can be poss ib le  acqui fers.  Although the  sandstone i s  o f  

considerable thickness, the  pe rmeab i l i t y  i s  1 ow due t o  t h e  m o n t m o r i l l i n i t e  



L E G E N D  

POST GLACIAL  DEPOSITS 

I L A T E - G L A C I A L  AND E A R L Y  POST-GLACIAL DEPOSITS I 

1 6  WIND DEPOSITS,  INCLUDING A R E A S  OF BLOW-OUTS:  SAND,  SILT 

1 3 .  L A K E  D E P O S I T S  , COARSE :SAND,  S I L T  

12. L A K E  DEPOSITS,  F I N E :  S I L T ,  MINOR CLAY ; LOCALLY VARVED 

i 

I G L A C I A L  ( L A U R E N T I D E )  DEPOSITS I 

15 . ALLUVIUM (modern  s t reom dePoel t8  ) :  GRAVEL. SAND, S I L T ,  MlNDR T l L L  AND BEDRDCK EXPOSURES 

14 A L L U V I U M  l * m m e d l o t e l ~  P O S I - O I ~ C I O ~  t e r r a c e  d c p o s ~ t s  of t h e  modern s t r e o m a ) :  G R A V E L ,  S A N D ;  
L O C A L  BEDRDCK EXPDSURES 

9 .  OUTWASH AND INWASH: GRAVEL.  SAND,  SILT ; $A, KAME DEPOSITS:  MOSTLY GRAVEL 

8 .  R E C E s s l O N A L  MORAINE I m o s t l y  d e p o s i t e d  by act ive i c e .  commonly rep rascn t inp  the lgmrt o f  o mlnor a loc io l  advancs 1: CHIEFLY T l L L  MlNDR SAND AND GRAVEL '  B o  MODIFIED BY STREAMS 
DURING DEPOSIT ION:  CHIEFLY COARSE GRAVEL ; 86, LOCALLY ~ O V E ' R E D  BY F lNE LAKE DEPOSITS 

7 .  HUMMOCKY MORAINE ( ~ O V I ~ J  doposl lod by stagnant i c e ,  generally near t h e  m o r g r n  o f  the 3s.-sheet): 
T I L L ;  70s L O C A L L Y  OVERLAIN BY F l N E  L A K E  D E P O S I T S :  7b. MOSTLY OVERLAIN BY 
WIND-DEPOSITED S ILT  ( l o e s s )  

5 .  GROUND MORAINE: TILLISD, L O C A L L Y  COVERED BY F l N E  L A K E  D E P O S I T S ;  Sb, L O C A L L Y  
COVERED BY COARSE L A N E  DEPOSITS OR ALLUVIUM; 5 c ,  L A R G E L Y  EXPOSED THROUGH REMOVAL 
BY WIND OF OVERLYING OUTWASH AND I N W A S H .  



which f i l l s  t h e  i n t e r g r a n u l a r  c racks .  A lso  w i t h i n  t h e  Oldman Format ion  a r e  

numerous c o a l  mine work ings  which have l o n g  been abandoned. An area n o r t h  

and west  o f  L e t h b r i d g e  i n v o l v i n g  an abandoned mine was i n v e s t i g a t e d  i n  t h e  

e a r l y  1960 's  as a  p o t e n t i a l  groundwater source f o r  t h e  C i t y  o f  Le thb r idge .  

A w e l l  was s u c c e s s f u l l y  l o c a t e d  and c o n p l e t e d  i n  an abandoned c o a l  mine 

t u n n e l .  The t o p  o f  t h e  c o a l  mine work ings were found about  20 met res  below 

t h e  f l o o d p l a i n  l e v e l  i n  S e c t i o n  12, Township 9, Range 22, N e s t  o f  t h e  4 t h  

M e r i d i a n  (Beck ie ,  1963). The impor tance o f  these o l d  c o a l  mines w i t h  

r e s p e c t  t o  s lope  s t a b i l i t y  i s  d i scussed  i n  f u r t h e r  d e t a i l  i n  S e c t i o n  4.3. 

The Saskatchewan Sands and Grave ls  c o n s t i t u t e  t h e  p r i n c i p a l  

a c q u i f e r  o f  t h e  s tudy area. These d e p o s i t s  have been exposed i n  severa l  

p l a c e s  by  p o s t  g l a c i a l  e r o s i o n  p e r m i t t i n g  d ra inage  o f  groundwater.  Except  

f o r  t h e  Whoop-up and S t i r l i n g  p r e g l a c i a l  v a l l e y s  (see  Drawing 31, t h e  

Saskatchewan Sands and Grave ls  a r e  m a i n l y  u n s a t u r a t e d  and a c t  as a  d r a i n  

c a r r y i n g  downward p e r c o l a t i n g  groundwater. The con t inuous  w a t e r  t a b l e  

b e g i n s  a t  o r  near  t h e  base o f  t h e  Saskatchewan Sands and Grave l .  

The o v e r l y i n g  g l a c i a l  and l a c u s t r i n e  d e p o s i t s  have a  much l o w e r  

p e r m e a b i l i t y  r e s u l t i n g  i n  perched water  t a b l e s  ove r  t h e  u n s a t u r a t e d  

Saskatchewan Sands and Grave ls .  T r a n s m i s s i v i t y  o f  t h e  t i l l s  and l a c u s t r i n e  

d e p o s i t s  as c a l c u l a t e d  by N i e l s e n  (1970) f rom a  number o f  f i e l d  t e s t s  a r e  

shown on Tab le  3. 



Tab le  3 

Average Transmi s s i v i  t i e s  o f  P l e i s t o c e n e  D e p o s i t s  
( A f t e r  N i e l  sen, 1970)  

Hor i zon  T r a n s m i s s i v i t y  Number o f  Measurements 
( I m p . g a l / d a y / f t )  

Upper T i l l  1.2 x 10-5  48 

L e n z i e  S i l t s  6.9 x 10-5 4 

Lower T i l l  9 .6  x 10-5 6 

Basal T i l l  4.0 x 10-4 2 

(Note :  T r a n s m i s s i v i  t y  i s  t h e  p r o d u c t  o f  a c q u i f e r  t h i c k n e s s  and 
permeabi l  i t y )  . 

The Upper T i l l ,  which i s  composed o f  reworked m a t e r i a l  f rom t h e  

e a r l i e r  d e p o s i t s  i s  massive and r e l a t i v e l y  s t r u c t u r e l e s s .  The L e n z i e  S i l t s  

c o n s i s t  p r i m a r i l y  o f  s i l t  and sand, and demonstrate a  h i g h e r  p e r m e a b i l i t y  

t h a n  the  Upper T i l l .  These r e s u l t s  i n d i c a t e  t h a t  j o i n t i n g  i n  t h e  t i l l s  

s i g n i f i c a n t l y  i nc reases  t h e  movement o f  groundwater. The l o w e r  permeabi 1  i ty 

o f  t h e  Upper T i l l  c o n t r o l s  t h e  r a t e  a t  which groundwater recharge occurs.  

I r r i g a t i o n  i n  t h e  r u r a l  d i s t r i c t s  has l e a d  to perched wa te r  t a b l e s  

between 1.2 and 3.0 met res  below grade (N ie l sen ,  1970). Water ing o f  lawns 

and gardens combined w i t h  l e a k y  sewer and wa te r  l i n e s  a l s o  c o n t r i b u t e  t o  

produce a  s i m i l a r  ' h i g h '  perched wa te r  t a b l e  i n  t h e  r e s i d e n t i a l  areas. 

I n f r a r e d  c o l o u r  p l a t e s  i d e n t i f y  t h e  r i v e r  v a l l e y  and cou lees as 

n a t u r a l  d i scharge  areas.  Groundwater f o r  t h e  g l a c i a l  d r i f t  i s  recharged i n  



À he Lethbridge Moraine a rea .  From a groundwater study conducted by Nielsen, 

almost a l l  piezometer i n s t a l l a t i o n s  indicated recharge condi t ions .  

Therefore,  t h e  majori ty of the  upland area surrounding the  r i v e r  va l ley  i s  a  

l a r g e  recharge area.  

Discharge areas  a r e  usual ly i d e n t i f i e d  by one of t h e  following 

f ea tu res :  sp r ings ,  seepage, perennial sloughs, phreatophytic vegeta t ion ,  

s a l t  p r e c i p i t a t i o n  and s a l i n e  s o i l s .  Springs, which a r e  not common i n  t h e  

study a rea ,  a r e  genera l ly  confined t o  t h e  coulees.  Analysis performed on 

sanples  taken from some of the  spr ings  indica tes  a  combination of 

groundwater and f r e sh  i r r i g a t i o n  water.  The lack of sp r ings  i n  t h e  a rea  
r e f l e c t s  the  general low permeabil i ty  of the  t i l l s .  

'Phreatophytes  a r e  defined a s  p l an t s  t h a t  habi tua l ly  obtain t h e i r  

water  supply from t h e  zone of s a t u r a t i o n ,  e i t h e r  d i r e c t l y  o r  through t h e  

c a p i l l  ary f r i n g e '  (Niel  sen,  1970). They general ly i n d i c a t e  t h e  presence of 

shallow groundwater desp i t e  a  lack of v is ib le '  water a t  the  land sur face .  

The major discharge areas  a r e  the  f loodpla ins  ad jacent  t o  the  

Oldman River,  which a r e  t y p i c a l l y  vegetated with willows, cottonwood and 

white  pop1 a r .  

Two major i r r i g a t i o n  canals  a r e  present  i n  the  study a rea ,  one on 

e i t h e r  s ide  of the  Dldman River. Main i r r i g a t i o n  canals  and l a t e r a l s  

opera te  from about May 1 s t  t o  September 30th each year .  The canal which 

s e r v i c e s  t h e  S t .  Mary I r r i g a t i o n  D i s t r i c t  (on the  e a s t  s i d e  of t h e  r i v e r )  

runs i n  a  nor ther ly  d i r e c t i o n  through t h e  City of Lethbridge. This canal i s  

l oca ted  well back from t h e  r i v e r  ( t y p i c a l l y  5 ki lometres)  con t r ibu t ing  

minimally t o  seepage which e x i t s  i n t o  t h e  coulees o r  r i v e r  val ley.  Seepage 

from i r r i g a t i o n  canals  can cause problems i f  located within c lose  proximity 



of any slopes by providing a cons tant  source of water, increasing porewater 

pressures and decreasing overal l  slope s t a b i l i t y .  

Limited i r r i g a t i o n  farming i s  pract iced near the  r i v e r  val ley on 

the e a s t  s ide  of Oldnan River due to the development of the c i t y  along the  

va l ley  c r e s t .  On the west s ide  of the r i v e r ,  i r r i g a t e d  farming i s  pract iced 

on land which borders the Oldman River val ley.  A number of i r r i g a t i o n  

l a t e r a l s  which supply water f o r  t h i s  area have overflows which empty 

d i r e c t l y  i n t o  the coulees.  This uncontrol led disposal of excess i r r i g a t i o n  

water has lead t o  ser ious  erosion problems and contr ibuted s i g n i f i c a n t l y  to 

slope i n s t a b i l i t y .  This p a r t i c u l a r  aspect  i s  discussed i n  f u r t h e r  de t a i l  i n  

Sect ion 4.0 as  a major cause of s lope i n s t a b i l i t y .  

Another water re la ted  problem which i s  present ly  being given nure 

cons idera t ion  by the Lethbridge City Engineering Department involves the  

disposal of stormwzter runoff .  With the  increased development of 

r e s i d e n t i a l  a r eas ,  there i s  a l so  a marked increase in areas which a r e  

impervious to surface water i n f i l t r a t i o n ,  such as paved roads, driveways, 

houses and parking l o t s .  In the e a r l i e r  years  of Lethbr idge ' s  ex is tence ,  

the  most convenient method of discharging the runoff from typical  high 

i n t e n s i t y ,  sho r t  duration summer rainstorms was in to  the neares t  coulee. 

Undisturbed, the coulees in  the Lethbridge area have developed re1 a t i v e l  y 

s t a b l e  s lopes.  Discharging high volumes of stormwater runoff i n to  these 

coulees causes severe erosion,  gul ly ing  and slope i n s t a b i l i t y .  The c i t y  i s  

ac t ive ly  aware of the potent ia l  problems of uncontrolled surface runoff and 

present ly  ensures t h a t  a l l  runoff i s  c a r r i e d  to the f loodplain level  of the  

Oldman River in  l a rge  diameter c u l v e r t s  before being discharged. 

Expansion of the c i t y  and development along the tops of the 

coulees i s  a major concern as l a n d s l i d e  a c t i v i t y  i s  not uncommon on these 

steep-walled coulees.  I n  t h e i r  natural  s t a t e ,  the coulees a re  r e l a t i v e l y  

s t a b l e ,  but  i n t e r f e rence  from anthropogenic (man-made) sources has dis turbed 

the d e l i c a t e  balance of equi l ibr ium causing i n s t a b i l i t y  a1 ong the  coulee 

wal l s .  



3.0 AIRPHOTO ANALYSIS 

3.1 P R O C E D U R E  

A n  a e r i a l  photograph ana lys i s  of the study area was conducted 

using a  number of various sources,  including black and white s t e reo  photos, 

colour  s t e r e o  photos, f a l s e  colour inf rared  photos and a i r  photo m s a i c s .  

The information u t i l i z e d ,  covered a  period between 1950 and 1980. A l i s t  of 

t h e  v e r t i c a l  ae r i a l  photographs used in the study i s  shown on Table 4. 

Airphoto pa i r s  were viewed with a  Nikon r e f l ex  stereoscope. The smaller  

s c a l e  ae r i a l  photographs (1:40,000) were used to provide an overview of the  

study area while the l a r g e r  sca le  ae r i a l  photographs (1:10,000) p e w i  t t e d  

more de ta i l ed  ana lys is  of the individual s l i d e  areas.  

S l ides  were typ ica l ly  i d e n t i f i e d  by sharp breaks in s lopes ,  barren 

a reas  on vegetated s lopes,  s t e p - l i k e  topography, c rescent  shaped cracks near 

the  c r e s t  and bulging debr is  in  the toe  area.  Each s l i d e  was described with 

respec t  to the mode of f a i l u r e  and present  s t a t e  of s t a b i l i t y .  The evalu- 

a t i o n  of each s l i d e  a l so  included areal ex ten t ,  slope angle, s lope height  

and t r i g g e r  mechanism responsible  f o r  the s l i d e .  With the range of ae r i a l  

photographs ava i l ab le  (1950-1980), an est imation of whether the  s l i d e  was 

a c t i v e  or  quiescent  could be determined. 

Vegetation was used as  a  key indica tor  fo r  possible  seepage 

e x i t i n g  the  s lope as well as ponded water near the c r e s t  or  on the s l i d e  

mass. The colour  and f a l s e  colour  inf rared  photos were useful f o r  ident i -  

fying zones of high so i l  moisture. 

Af ter  the ae r i a l  photographs had been reviewed, ground t ru th ing  

was used to f u r t h e r  i den t i fy  sub t l e  f ea tu res  of the individual s l i d e  a reas ,  

such as f i l l  placement, seepage a r e a s ,  erosion or  o ther  possible  sources 

which could cont r ibute  to slope i n s t a b i l i t y .  Detailed geotechnical s tud ie s  

conducted by consul tan ts  was u t i l i z e d  to analyze spec i f i c  s l i d e  a reas .  
? - 



TABLE 4 

YEAR - 

1949 - 1950 

INDEX OF VERTICAL AERIAL PHOTOGRAPHS 
OF THE LETHBRIOGE AREA 

B&W OR 
SCALE COLOUR - SOURCE - 

1:40,000 B&W A1 b e r t a  Energy and N a t u r a l  Resources 

1:31,680 B&W A1 b e r t a  Energy and N a t u r a l  Resources 

1:12,000 B&W A l b e r t a  i n e r g y  and N a t u r a l  Resources 

1:12,000 BGW A l b e r t a  Energy and N a t u r a l  Resources 

1:12,000 B&W A l b e r t a  Energy and l i a t u r a l  Resources 

[ I . R . )  

1 : 10,000 Col o u r  C i t y  o f  L e t h b r i  dge 

1:20,000 Co lou r  N a t i o n a l  A i r  Photo  L i b r a r y  

( I R .  (Energy,  Mines and Resources Canada) 

1 : 10,000 B&W A l b e r t a  Energy and N a t u r a l  Resources 



4.0 SLOPE STASILITY 

4 .1  INTRODUCTION 

The s l i d e  areas located within the study area have been reviewed 

and analyzed with regard to  t h e i r  f a i l u r e  mode, the suspected t r i g g e r  

mechanism and t h e i r  present  s t a t e  of s t a b i l i t y .  A de t a i l ed  descr ip t ion  of 

the s l i d e  a reas  i s  presented in the Appendix. Drawing 6 i d e n t i f i e s  a l l  the 

s l i d e  a reas  analyzed within the study area.  A summary of the  s l i d e  areas i s  

presented on Table 5. 

The s l i d e  areas in some ins tances  encompass one, two or  several 

s l i d e s .  In the case of Six Mile Coulee, the coulee walls along the e n t i r e  

length of the drainage channel a re  unstable r e su l t ing  in the  formation of 40 

t o  50 individual  lands1 ides .  

I t  should be noted t h a t  only the l a r g e r ,  s i g n i f i c a n t  s l i d e s  have 

been i d e n t i f i e d  and analyzed. Numerous small s l i d e s  were a1 so iden t i f i ed  

b u t  have not been included due to t h e i r  r e l a t i v e  ins igni f icance  to the  

overa l l  slope s t a b i l i t y  of the study a rea .  

G E N E R A L  

k ' i thin the study region, the l ands l ides  observed occurred in two 

d i s t i n c t  a reas :  e i t h e r  along the Oldman River val ley walls or along the 

coulees'which dra in  i n t o  the Dldman River. Typical ly,  the s l i d e s  common to 

the  Oldman River val ley were r e l a t i v e l y  l a rge  and involved a t r ans l a t iona l  

type f a i l u r e .  The s l i d e s  found along the coulees were general ly much 

smaller  i n  a rea l  ex ten t  and exhibi ted pr imar i ly  a  ro ta t ional  type mvement. 
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Al though  t h e  r o t a t i o n a l  and t r a n s l a t i o n a l  t y p e  l a n d s l i d e s  were t h e  

most common types  o f  movement, f l o w  and t o p p l i n g  f a i l u r e s  were a l s o  observed 

i n  t h e  s tudy area.  The f o l l o w i n g  s e c t i o n s  d i s c u s s  t h e  b a s i c  t y p e  o f  

movements i d e n t i f y i n g  t h e  s u r f i c i a l  f e a t u r e s  and mechanisas o f  t h e  v a r i o u s  

s l i d e  types.  

4.2.1 R o t a t i o n a l  S l i d e s  

The most common t y p e  o f  f a i l u r e s  i n  t h e  s tudy area a r e  r o t a t i o n a l  

s l i d e s .  R o t a t i o n a l  s l i d e s  a r e  g e n e r a l l y  c o n f i n e d  t o  t h e  overburden s o i l s  

w i t h  f a i l u r e  o c c u r r i n g  a l o n g  a  cu rved  f a i l u r e  p lane  which i s  o f t e n  cu rved  

upward i n  t h e  t o e  area. I n  t h e  head area,  t h e  movement may b e  p r i m a r i l y  

downward, w i t h  l i t t l e  apparent  r o t a t i o n ;  however, t h e  t o p  s u r f a c e  which 

forms t h e  head area i s  u s u a l l y  t i l t e d  back towards t h e  s lope.  I f  t h e  

f a i l u r e  s u r f a c e  i s  r e l a t i v e l y  sha l l ow ,  t h e  head area may tilt forwards.  The 

t o e  area o f  a  r o t a t i o n a l  s l i d e  i s  g e n e r a l l y  bu lged  o u t  w i t h  t h e  main body o f  

t h e  s l i d e  f o r m i n g  a  d i s t o r t e d  mass. S l i d e  Area No. 7 i s  an example o f  a  

t y p i c a l  r o t a t i o n a l  f a i l u r e .  

A f t e r  movement o f  a  r o t a t i o n a l  f a i l u r e  has occur red,  t h e  main 

sca rp  a t  t h e  head o f  a  slump may be a lmos t  v e r t i c a l .  I f  t h e  main  mass o f  

t h e  s l i d e  moves down f a r  enough, t h e  s teep  main sca rp  i s  l e f t  unsuppor ted 

and t h e  s tage  s e t  f o r  a  new f a i l u r e  a t  t h e  c r e s t  o f  t h e  s l i d e .  Tens ion 

c r a c k s  p a r a l l e l  t o  t h e  c r e s t  o f  t h e  s l i d e  and a l s o  w i t h i n  t h e  s l i d e  mass a r e  

commonly formed p r i o r  t o  and a f t e r  a  slump has occur red.  These t e n s i o n  

c r a c k s  p e r m i t  an i n g r e s s  o f  f r e e  water ,  which r e s u l t s  i n  an i n c r e a s e  i n  

po rewate r  p r e s s u r e  and l e a d s  t o  f u r t h e r  i n s t a b i l i t y .  k 'a ter  may a l s o  t e n d  t o  

pond w i t h i n  t h e  body o f  t h e  s l i d e ,  t rapped  by t h e  backward t i 1  t i n g  o f  



s l i d i n g  b l o c k s  wh ich  r e s u l t s  i n  t h e  f o r m a t i o n  o f  a  l o c a l  h i g h  groundwater 

t a b l e  and h i g h  poreblater  pressures.  By t h e  success ive c r e a t i o n  o f  s teep  

sca rps  and i n f i l t r a t e d  water ,  slumps o f t e n  become s e l f - p e r p e t u a t i n g  areas o f  

i n s t a b i l i t y  r e f e r r e d  t o  as a  m u l t i p l e  t y p e  movement. 

S i m i l a r  t o  mu1 ti p i e  r o t a t i o n a l  s l i d e s  a re  r e t r o g r e s s i v e  r o t a t i o n a l  

s l i d e s .  The t e r m  r e t r o g r e s s i v e  i s  used t o  d e s c r i b e  a  f a i l u r e  wh ich  b e g i n s  

i n  a  l o c a l  a rea  and e n l a r g e s  o r  r e t r e a t s  o p p o s i t e  t o  t h e  d i r e c t i o n  o f  

movement o f  t h e  f a i l e d  mass. S l i d e  No. 3-A i s  an example o f  a  t y p i c a l  

r e t r o g r e s s i v e  r o t a t i o n a l  s l i d e .  The i n i t i a l  i n s t a b i l  i t y  was caused by 

e r o s i o n  a t  t h e  base o f  t h e  s l o p e  by a  s t ream which f l o w s  a long  t h e  bo t tom o f  

S i x  M i l e  Coulee. The f i r s t  f o rm o f  movement p robab ly  c o n s i s t e d  o f  a  s h a l l o w  

r o t a t i o n a l  slump near  t h e  base o f  t h e  s lope.  T h i s  ove rs teepen ing  o f  t h e  

s l o p e  combined w i t h  c o n t i n u e d  e r o s i o n  a t  t h e  t o e  would have p r e c i p i t a t e d  a  

s l i g h t l y  l a r g e r  r o t a t i o n a l  f a i l u r e .  I n  t h i s  manner, t h e  main sca rp  would 

have r e t r e a t e d  ups lope t o  i t s  p r e s e n t  l o c a t i o n .  

The f i n a l  t y p e  o f  r o t a t i o n a l  f a i l u r e s  which a r e  common i n  t h e  

s tudy  area a r e  success ive  o r  s tepped r o t a t i o n a l  s l i d e s .  These t y p e s  o f  

movements a r e  p l a i n l y  v i s i b l e  a long  t h e  cou lee  w a l l s  and have been 

i d e n t i f i e d  e a r l i e r  as t e r r a c e t t e s .  Successive r o t a t i o n a l  s l i p s  c o n s i s t  o f  

an assembly o f  i n d i v i d u a l  s h a l l o w  r o t a t i o n a l  f a i l u r e s .  It i s  suspected t h a t  

success ive  s l i p s  g e n e r a l l y  spread up a  s l o p e  f rom i t s  base. Each i n d i v i d u a l  
s l i p  i s  u s u a l l y  o f  c o n s i d e r a b l e  l a t e r a l  e x t e n t ,  f o r m i n g  a  s t e p  a c r o s s  t h e  

e n t i r e  s lope.  



4 . 2 . 2  Trans1 a t ional  S l ides  

i n  t r ans l a t iona l  s l i d ing  the f a i l e d  so i l  mass mwes along a  nure 

o r  l e s s  planar surface with l i t t l e  or no ro ta t ional  backward t i l t i n g .  The 

majori ty of the  t r ans l a t iona l  type f a i l u r e s  in  the  study area a re  conibined 

ro t a t iona l  - t r ans l a t iona l  s l i d e s .  The upper portion of these s l i d e s  occurs 

along a  s teeply  curved backscarp through the overburden s o i l s .  The lower 

s l i d e  mass progresses outward e i t h e r  along the t o p  or  immediately beneath 

t h e  top of the bedrock. Movement of t r ans l a t iona l  s l i d e s  i s  commonly 

con t ro l l ed  by geological planes of weakness such as f a u l t s ,  j o i n t s ,  bedding 

planes o r  the in t e r f ace  between overburden and hard bedrock. Contrary to 
ro t a t iona l  s l i d e s  which e x h i b i t  a  bulging deformed toe ,  the toe area of a 
t r a n s l a t i o n a l  s l i d e  s l i d e s  out over the ground surface with l i t t l e  change in 

sur face  expression. 

Frequently,  when a  combined ro t a t iona l - t r ans l a t iona l  f a i l u r e  

occurs ,  a  port ion of the s l i d e  mass a t  the base of the  backscarp i s  

depressed in r e l a t i o n  to  the remainder of the lower s l i d e  mass. This sunken 

port ion of the surface morphology i s  r e fe r r ed  to as a  graben. A s l i d e  which 

expressed t h i s  graben f ea tu re  a f t e r  f a i l u r e  i s  the S taf ford  Avenue S l ide .  

I t  i s  suspected t h a t  the lower f a i l u r e  surface fo r  t h i s  s l i d e  occured a t  the  

contac t  between the overburden and the  bedrock. As the lower s l i d e  mass 

s l i d  out over the bedrock, the head area of the s l i d e  slumped to a  level 

lower than the  main body of the s l i d e .  This graben f ea tu re  i s  useful i n  

iden t i fy ing  t r ans l a t iona l  type f a i l u r e s .  



4.2.3 Flow S1 ides 

As infer red  by the  name, flow s l i d e s  a re  f a i l u r e s  which e x h i b i t  a  

viscous type of s u r f i c i a l  expression due to an oversa tura t ion  of the  so i l  

mass. A1 though some flow s l i d e s  can occur qu i t e  rapidly,  the flow s l i d e s  

found within the study area a re  r e l a t i v e l y  slow moving and shallow in depth. 

Both S l ides  No. 2 and 2 1  e x h i b i t  typical  flow type fea tures  within a  port ion 

of the s l i d e  mass. A t  S l ide  No. 2 1 ,  overflow from an i r r i g a t i o n  canal has 

been permitted to  flow uncontrolled onto the s lope face sa tu ra t ing  the local 

overburden so i l  s .  

4.2.4 Toppling Fa i lu re  

Toppling or  slabbing i s  a  r e l a t i v e l y  infrequent  node of f a i l u r e  

within the  study area .  I t  i s  general ly confined to  the steep upper 

backscarps of e i t h e r  ro ta t ional  or t r a n s l a t i o n a l  s l i d e s .  The l a c u s t r i n e  

sediments overlying the  g lac ia l  t i 1  1  s  a re  frequently shallow and a f t e r  a  

s l i d e  has occurred, the t i l l  of ten s tands in near ve r t i ca l  exposures. The 

upper exposed t i l l  forms a  columnar pa t t e rn  of ve r t i ca l  cracks which permits 

an ingress  of water. The softening e f f e c t  of water i n  summer and repeated 

freeze-thaw cycle i n  the winter  weakens the base of the ve r t i ca l  blocks 

u n t i l  a  toppling f a i l u r e  occurs.  

4.3 RIVERBANK INSTABILITY 

The height  of the Oldman River va l ley  walls  through the study area 

averages 95 metres and var ies  in  width from 1500 t o  3000 metres.  The width 

of the r i v e r  va l ley  a t  the f loodplain level  var ies  from 350 t o  1300 metres .  

The coulees draining in to  the Oldman r i v e r  val ley a re  much m r e  pronounced 

on the e a s t  s ide  of the r i v e r  val ley.  As a  r e s u l t ,  the e a s t  s ide  of the  



r i v e r  val ley i s  f l a t t e r  and does not e x h i b i t  any lands l ides  along the main 

r i v e r  val 1 ey. 

Along t h i s  reach of the r i v e r ,  the Oldman River has cut  in to  the 

bedrock which present ly con t ro l s  the path of the  r i v e r .  Although the r i v e r  

meanders within the confines of the f loodpla in ,  ac t ive  downcutting has 

p r a c t i c a l l y  ceased. Large a1 luvi  a1 t e r r a c e s  formed within the  val ley 

f loodplain provide a s t a b i l i z i n g  toe berm fo r  a number of the l a rge  

ro t a t iona l  - t r ans l a t iona l  lands1 ides .  

Near the cent ra l  portion of the study a rea ,  the bedrock changes 

from the  Oldman to  the Bearpaw Formation (see  Drawing 2 ) .  The Oldman 

Formation i s  general ly considered a r e l a t i v e l y  s t ab le  bedrock, while the  

Bearpaw i s  a more a c t i v e  formation. However, there does not appear to be a 

s i g n i f i c a n t  increase in lands l ide  a c t i v i t y  where the Bearpaw Formation i s  

exposed along the  r i v e r  va l ley ,  A study conducted by Roggensack (1971) 

along the Oldman and South Saskatchewan Rivers concluded t h a t  bedrock type 

was one of the  prime f a c t o r s  i n  i n i t i a t i n g  mass movement. River erosion and 

local  groundwater condit ions were a l so  c i t ed  as major f ac to r s  a f f ec t ing  

s lope s tab i  1 i  t y .  

In Roggensack's study, i t  was observed t h a t  g rea t e r  than 90 

percent  of the  lands l ides  occurred in meander bends, general ly downstream of 

the  point  of maximum curvature.  This i s  where the e f f e c t  of r i v e r  erosion 

i s  most pronounced. 

The l ands l ides  along the main r i v e r  val ley a re  typ ica l ly  very old 

and r e l a t i v e l y  s t ab le .  I t  i s  suspected t h a t  the  majority of these s l i d e s  

occurred while the  r i v e r  was ac t ive ly  downcutting and the g l ac i e r s  were 



r e t r e a t i n g  from the area.  The regional groundriater t ab le  a t  the time of 

f a i l u r e  i s  a l so  believed to be much higher than a t  present .  

The majority of the  s l i d e s  along the Oldman River valley within 

the  study area are combined r o t a t i o n a l - t r a n s l a t i o n a l  f a i l u r e s .  The Upper 

Cretaceous bedrock which forms the base fo r  the t r ans l a t iona l  mvement, has 

several f ea tu res  which con t r ibu te  to decreased bedrock shear s t rength .  One 

of these f ea tu res  i s  the presence of ' b e n t o n i t e '  a s  a component of the 

bedrock minerals  or in the  form of a continuous l aye r .  Bentonite possesses 

a f r i c t i o n a l  shear s t rength  considerably l e s s  than non-bentonitic bedrock. 

As a r e s u l t ,  bentoni te  r ich  bedrock provides a plane of weakness fo r  

t rans1 a t ional  movements. 

Another f a c t o r  which cont r ibutes  to  decreased shear s t rength  along 

hor i zon ta l ly  bedded rock underlying r i v e r  val leys i s  the process of val ley 

rebound. As the r i v e r  va l leys  were formed a f t e r  g l a c i a t i o n ,  the removal of 

overburden s o i l s  would have caused an e l a s t i c  rebound of the material along 

the  base of the val ley.  This process of val ley rebound i s  described by 

Matheson and Thompson (1973) as  an a n t i c l i n a l  r i s e  below the valley bottom 

and an upwarping of the s t r a t a  in  the val ley walls  towards the val ley edge 

which would have been accompanied by f lexual  s l i p  between the o r i g i n a l l y  

f l a t  l y ing  beds. The f lexual  s l i p  would have lowered the  shear s t rength  

along the bedding planes in the  val ley wal l s ,  leading to a grea ter  tendency 

f o r  l ands l ide  a c t i v i t y .  

The combined e f f e c t  of high porewater pressures ,  weakened bedding 

planes and toe  e ros ion  a re  believed to have i n i t i a t e d  the combined 

ro t a t iona l  - t r ans l a t iona l  s l i d e s  a1 ong the r i v e r  val ley banks. 



Although most of the major lands l ide  a c t i v i t y  along the Oldman 

r i v e r  val ley i s  believed to have been caused by natural forces ,  some s l i d e  

a reas  a re  suspected of being i n i t i a t e d  by anthropogenic sources. Sl ide Area 

No. 16 on the west bank of the Oldman River was evaluated by R.14. Hardy and 

Associates L t d .  (1977a) ,  with respect  to  the p o s s i b i l i t y  of developing t h i s  

area for  r e s iden t i a l  housing. A de ta i l ed  inves t iga t ion  of old coal mining 

records discovered t h a t  the  workings fo r  a t  l e a s t  two separa te  coal mines 

were located beneath the proposed r e s iden t i a l  development. 

Coal a t  Lethbridge was mined from a coal stratum (1.2 t o  1 . 3  

metres t h i c k )  near the upper pa r t  of the Oldman Formation. The depth of the  

coal mine workings a re  located approximately 100 metres below the p r a i r i e  

upland. Subsidence over the  coal mines appears to be responsible f o r  

several s e r i e s  of major cracks and two s l i d e s  located along the riverbank. 

Cracks produced by subsidence general ly para1 l e l  t h e  c r e s t s  of coulees in 

the  s l i d e  area. One major crack, some 90 metres in  length,  i s  suspected of 

forming the upper backscarp of a s l i d e  on the south s ide of one coulee. 

Vert ical  and horizontal displacements of u p  to 0.6 metres were noted across  

t h i s  crack. In addi t ion ,  a number of sink holes and depressions on the 

p r a i r i e  upland are  a l so  believed to have been caused by subsidence. 

4.4 COULEE INSTABILITY 

l n s t a b i l i  ty  along the  coulees c o n s i s t s  pr imari ly of shallow 

ro ta t iona l  and r e t rog res s ive  ro ta t ional  l ands l ides .  In t h e i r  natural s t a t e ,  

the  coulee walls  although r e l a t i v e l y  s teep ( u p  to 40 degrees) ,  a r e  s t ab le .  

However, i n t e r f e rence  from anthropogenic sources appears to be one of the  

major causes of l ands l ide  a c t i v i t y .  



Landslides i n i t i a t e d  by man i n  t h e  study area a r e  general ly the  

r e s u l t  of one o r  a  combination of t h e  following a c t i v i t i e s :  

- excessive watering of lawns and gardens i n  r e s iden t i a l  a reas  
- leakage of water from sewer and water mains 

- i r r i g a t i o n  of farmland in rura l  d i s t r i c t s  

- placement of f i l l  along t h e  c r e s t  of s lopes  
- uncontroll  ed discharge of su r face  water runoff and i r r i g a t i o n  

water onto s lopes  
- ponding of water near t h e  c r e s t  of s lopes.  

Water p lays  an important r o l e  i n  the  general s t a b i l i t y  of s lopes.  

As discussed in Sect ion 2.6, the  low permeability of t h e  upper t i l l  shee t  

con t ro l s  t h e  recharge r a t e  of t h e  underlying stratum. As a  r e s u l t ,  perched 

water t a b l e s  a re  commonly formed in the l a c u s t r i n e  o r  g l ac i a l  depos i t s  

overlying t h e  upper t i l l .  Due t o  t h e  low annual p r e c i p i t a t i o n  and high 

evaporation r a t e  i n  t h e  Lethbridge a r e a ,  the natural  groundwater t a b l e  would 

not  be an t i c ipa ted  t o  be i n  proximity of the  ground sur face .  However, with 

t h e  abundance of water supplied by rura l  i r r i g a t i o n  and urban watering, the  

groundwater t a b l e  i s  commonly s i t u a t e d  within one o r  two metres of the  

ground surface.  An increased groundwater t a b l e  r e s u l t s  i n  an increase  i n  

t h e  porewater pressure ,  a  decrease i n  t h e  e f f e c t i v e  s t r e s s  within the  s o i l  

mass and a  subsequent decrease i n  s lope s t a b i l i t y .  

S l i d e  Area No. 5 i l l u s t r a t e s  how watering of lawns a n d  gardens 

along t h e  c r e s t  of a  s lope can i n i t i a t e  l ands l ide  a c t i v i t y .  P r i o r  t o  1970, 

t h e  wal l s  of t h i s  p a r t i c u l a r  coulee were dry and s t ab le .  Af ter  cons t ruc t ion  

of  a ' convent  near t h e  c r e s t  of t h e  coulee,  watering of lawns and gardens i s  

suspected t o  have r a i sed  t h e  loca l  groundwater t a b l e .  By 1975,  two small 

shallow slumps had developed along t h e  c r e s t  of t h e  s lope.  L u s h  vegeta t ive  



growth i n d i c a t i v e  o f  groundwater d i scharge  i s  v i s i b l e  w i t h i n  the  s l i d e  

mass. 

Another area where s lope i n s t a b i l i t y  was i n i t i a t e d  by an inc rease  

i n  the  l o c a l  groundwater t a b l e  i s  S l i d e  Area No. 11. I r r i g a t e d  farming i s  

p r a c t i c e d  e x t e n s i v e l y  a long  t h e  west bank o f  t h e  r i v e r  v a l l e y .  An excess ive  

amount o f  i r r i g a t i o n  wa te r  a p p l i e d  to a  f i e l d  b o r d e r i n g  t h e  r i v e r  v a l l e y  

r e s u l t e d  i n  a  r i s e  i n  the  l o c a l  groundwater t a b l e  and t h e  development o f  

severa l  sha l l ow  r o t a t i o n a l  s l i d e s .  

Numerous o t h e r  s l i d e s  i n  t h e  s tudy area have been i n i t i a t e d  by a  

comb ina t ion  o f  anthropogenic  causes. The placement o f  f i l l  near t h e  c r e s t  

o f  a  s lope combined w i t h  a  r i s e  i n  t h e  groundwater t a b l e  have t r i g g e r e d  

s l i d e s  i n  S l i d e  Areas 140. 4 and 10. S l i d e  Area 140. 4 i s  a  major  l a n d s l i d e  

which occur red i n  t h e  Park Royal S u b d i v i s i o n .  T h i s  p a r t i c u l a r  s l i d e  was 

ana lyzed  by Y,lohn L e o n o f f  i n  1975. F i l l  was i n i t i a l l y  p laced  along t h e  

c r e s t  o f  a  cou!ee to extend t h e  backyards o f  homeowners. The placement o f  

f i l l  caused a  b lockage o f  n a t u r a l  subsur face dra inage and a  r i s e  i n  t h e  

l o c a l  groundwater t a b l e .  Water ing o f  lawns f u r t h e r  i nc reased  porewater  

p ressures  and e v e n t u a l l y  r e s u l t e d  i n  a  s lope f a i l u r e .  

S l i d e  Area No. 1 0  ( S t a f f o r d  Avenue S l i d e )  i s  a  s i m i l a r  example o f  

i n s t a b i l i t y  i n i t i a t e d  by  dumping o f  f i l l  a long  t h e  c r e s t  o f  a  cou lee and a  

r i s e  i n  t h e  l o c a l  groundwater t a b l e .  Up to 1961, t h e  cou lee  bank e x h i b i t e d  

no s igns  o f  i n s t a b i l i t y .  F i l l  was p laced  a long t h e  c r e s t  o f  t h e  cou lee and 

appears t o  have i n i t i a t e d  t h e  f i r s t  s l i d e  ( e v i d e n t  i n  t h e  1970 a e r i a l  

photographs) .  I n  t h e  mid  1970 's  an expansion o f  t h e  r e s i d e n t i a l  area 

a d j a c e n t  to t h e  cou lee  i s  suspected to have caused a  r i s e  i n  t h e  l o c a l  

groundwater t a b l e .  By 1978 a second s l i d e  had developed on t h e  cou lee  bank. 

The two s l i d e s  con t inued  to move and by 1981 had coalesced i n t o  one l a r g e  

s l i d e .  



U n c o n t r o l l e d  d i s c h a r g e  o f  su r face  r u n o f f  o r  excess i r r i g a t i o n  

wa te r  i n t o  t h e  cou lees  has been a  ma jo r  source o f  g u l l y i n g  and i n s t a b i l i t y  

on b o t h  s i d e s  o f  t h e  r i v e r .  S l i d e  Area 140. 6  e x h i b i t s  t h e  e x t e n s i v e  e r o s i v e  

a c t i o n  o f  u n c o n t r o l l e d  s u r f a c e  r u n o f f .  Sur face r u n o f f  f r o m  L e t h b r i d g e  uas 

b e i n g  d i scharged  i n t o  3 cou lees  on t h e  e a s t  bank o f  t h e  01 dman R i v e r  f o r  a  

number o f  y e a r s ,  e x t e n d i n g  back t o  b e f o r e  1950. T h i s  u n c o n t r o l l e d  d i s c h a r g e  

formed near  v e r t i c a l  w a l l s  ( 1 0  met res  h i g h )  a t  t h e  base o f  t h e  cou lees.  The 

l e n g t h  o f  e r o s i o n  extended f o r  a  l e n g t h  o f  760 met res  a l o n g  one o f  t h e  

cou lees.  A l though  t h e  base o f  these  t h r e e  cou lees was s i g n i f i c a n t l y  

downcut, no s i g n s  o f  ma jo r  i n s t a b i l i t y  developed. The o n l y  t y p e  o f  

i n s t a b i l i t y  which appears t o  have occur red  a r e  some t o p p l i n g  f a i l u r e s  a long  

t h e  s teep  w a l l s  a t  t h e  t o e  o f  t h e  c o u l e e  s lopes.  

Numerous examples o f  e r o s i o n  due t o  t h e  d i s c h a r g e  o f  excess 

i r r i g a t i o n  water  i n t o  cou lees  can be observed a l o n g  t h e  west  bank o f  t h e  

01 dman R ive r .  The excess i r r i g a t i o n  wa te r  erodes t h e  base o f  t h e  cou lees  

f o r m i n g  a  s teep " V "  n o t c h  a l o n g  t h e  base and s a t u r a t e s  t h e  s u r f a c e  o f  t h e  

s lopes.  Overs teepening o f  t h e  s l o p e  l e a d s  t o  t h e  f o r m a t i o n  o f  s h a l l o w  

slumps near  t h e  s l o p e  t o e  and i n  some cases develops i n t o  a  r e t r o g r e s s i v e  

r o t a t i o n a l  s l i d e .  

An extreme case o f  u n c o n t r o l l e d  i r r i g a t i o n  w a t e r  d i s c h a r g e  i s  

e v i d e n t  a t  S l i d e  Area No. 21. T h i s  s l i d e  i s  l o c a t e d  a t  t h e  sou the rn  l i m i t  
o f  t h e  s tudy a rea  on t h e  n o r t h  bank o f  t h e  Oldman R ive r .  The main 

i r r i g a t i o n  cana l  wh ich s u p p l i e s  w a t e r  f o r  fa rmers  on t h e  west  s i d e  o f  t h e  

r i v e r  t e r m i n a t e s  a t  t h e  t o p  o f  t h e  s lope.  Surp lus  i r r i g a t i o n  wa te r  has been 

d i s c h a r g e d  o n t o  t h i s  s l o p e  f a c e  f o r  many years ,  e x t e n d i n g  back t o  b e f o r e  t h e  

e a r l i e s t  s e t  o f  a i r  photos  (1950).  Steep-wal led g u l l i e s  formed b y  e r o s i o n  

d i s p l a y  numerous s h a l l o w  r o t a t i o n a l  f a i l u r e s .  T h i s  c o n t i n u a l  supp ly  o f  

w a t e r  has s a t u r a t e d  t h e  s l o p e  f o r m i n g  a  s e r i e s  o f  r e t r o g r e s s i v e  r o t a t i o n a l  

s l i d e s  and even a  few f l o w  s l i d e s .  



Ponding o f  wa te r  near t h e  c r e s t  o f  coulees i s  another  cause o f  

s l o p e  i n s t a b i l i t y .  S l i d e  Areas No. 18 and 19, a re  suspected to have beer, 

caused a t  l e a s t  p a r t i a l l y  by t h e  c o n s t r u c t i o n  o f  water  r e s e r v o i r s  by l o c a l  

fa rmers  a long  t h e  c r e s t  o f  these s lopes.  The ponded wa te r  would have 

i n c r e a s e d  porewater  pressures i n  t h e  s lope,  decreased t h e  e f f e c t i v e  s t r e s s  

and e v e n t u a l l y  l e a d  t o  a  s lope  f a i l u r e .  The s l i d e  mass o f  bo th  these areas 

e x h i b i t s  abundant v e g e t a t i v e  growth,  i n d i c a t i v e  o f  groundwater seepage. 

Genera l l y ,  un load ing  a t  t h e  t o p  o f  a  bank tends to inc rease  t h e  

s t a b i l i t y  o f  a  s lope.  However, i n  t h e  case o f  S l i d e  Area No. 7, a  s lope  

f a i l u r e  appears to have been p r e c i p i t a t e d  due to un load ing .  Approx ima te ly  

10 met res  o f  m a t e r i a l  were excavated f rom t h e  top  o f  a  k n o l l  f o r  use as road 

f i l l ,  f o r  t h e  c o n s t r u c t i o n  o f  Scenic D r i v e  on t h e  e a s t  bank o f  t h e  Oldman 

R i v e r .  F l a t t e n i n g  o f  t h e  k n o l l  r e s u l t e d  i n  a  tendency to c o l l e c t  r a t h e r  

t h a n  shed p r e c i p i t a t i o n .  I n  a d d i t i o n ,  t h e  un load ing  e f f e c t  r e s u l t e d  i n  an 

open ing o f  v e r t i c a l  f r a c t u r e s  i n  t h e  till. The open v e r t i c a l  c racks  would 

have p e r m i t t e d  an i n g r e s s  o f  wa te r  and an inc rease  i n  porewater  pressure.  

T h i s  i n c r e a s e  i n  porewater  p ressure  appears to have been s u f f i c i e n t  to cause 

m i n o r  t o e  i n s t a b i l i t y  and e v e n t u a l l y  a  l a r g e  r o t a t i o n a l  f a i l u r e .  

I n s t a b i l i t y  caused by t o e  e r o s i o n  i s  r e s p o n s i b l e  f o r  numerous 

s l i d e s  a long  t h e  coulees.  T h i s  t y p e  o f  i n s t a b i l i t y  i s  w e l l  d i s p l a y e d  a long  

t h e  e n t i r e  l e n g t h  o f  S i x  M i l e  Coulee.  The stream which f l o w s  a1 ong t h e  base 

o f  S i x  M i l e  Coulee has i n i t i a t e d  a  s l i d e  a t  a lmost  every meander bend. 

C o n s i s t i n g  p r i m a r i l y  o f  s h a l l o w  r o t a t i o n a l  f a i l u r e s  a t  t h e  base o f  t h e  

cou lee  w a l l  s, these s h a l l  ow slumps genera l  l y  r e t r o g r e s s  ups1 ope to t h e  c r e s t  

o f  t h e  coulee.  It i s  suspected t h a t  i r r i g a t i o n  o f  t h e  farmlands a d j a c e n t  t o  

S i x  M i l e  Coulee has a l s o  c o n t r i b u t e d  to t he  i n s t a b i l i t y  by r a i s i n g  t h e  l o c a l  

groundwater t a b l e .  



Slope s t a b i l i t y  within the study area has been i d e n t i f i e d  as  

occurr ing in two main areas.  These are located e i t h e r  along the Oldman 

Xiver val ley walls or along the coulees which drain in to  the  Oldman River.  

The s l i d e s  along the Oldman River a re  general ly a combined ro t a t iona l -  

t rans1  a t i  onal f a i l u r e  and cover a re1 a t i v e l  y l a rge  area.  S l ides  occurring 

along the coulees a re  smaller  in  areal  ex ten t  and t y p i c a l l y  exh ib i t  a 

ro t a t iona l  f a i l u r e  surface.  

The r i v e r  val ley s l i d e s  a re  a l l  r e l a t i v e l y  old and s t a b l e ,  and 

have not shown any recent  signs of movement o ther  than occasional toppling 

block f a i l u r e s  along the steep-wal led  backscarps. The formation of these  

l a r g e ,  deep seated s l i d e s  a re  probably contemporaneous with the formation of 

the  pos t -g lac ia l  r i v e r  va l ley .  Toe erosion and high groundwater condit ions 

a r e  suspected of being the primary t r i g g e r  mechanisms fo r  these r i v e r  va l ley  

s l i d e s .  'keakened bedding planes due to valley rebound and the presence of 

bentoni te  r ich bedrock are  other  f a c t o r s  which cont r ibute  to the s lope 

i n s t a b i l i t y .  

With the  present  topographic and hydrogeologic condit ions,  the  

p o s s i b i l i t y  of r e i n i t i a t e d  nwvement or  the  formation of new r i v e r  val ley 

s l i d e s  does not appear t o  be a l i k e l y  p o s s i b i l i t y .  However, should dumping 

of f i l l  o r  water on an inac t ive  s l i d e  mass o r  excavation a t  the  toe of the  

s lope be permit ted,  then the  r e i n i t i a t i o n  of s lope mvement i s  a 

p o s s i b i l i t y .  



I t  i s  i n t e r e s t i n g  t o  note t h a t  the formation of coulees on both 

the  e a s t  and west s ides of the Oldman River valley have had an overal l  

s t a b i l i z i n g  e f f e c t  with respec t  to the s t a b i l i t y  of the r i v e r  val ley s lopes.  

The formation of the coulees has r e su l t ed  in a general slope f l a t t e n i n g  of 

the  r i v e r  val ley walls .  The coulees a re  much w r e  prominent and well 

developed along the e a s t  s ide  of the  r i v e r .  As a r e s u l t ,  the major 

' r i ve rbank '  s l i d e s  a re  confined so le ly  to the west s ide of the  r i v e r  

va l ley .  

The majority of recent  l ands l ide  a c t i v i t y  within the study area 

can be d i r e c t l y  a t t r i b u t e d  to some form of anthropogenic in ter ference .  The 

following sec t ion  ou t l ines  the e f f e c t  of both rural and urban development 

on the s t a b i l i t y  of the coulees.  

The coulees in  t h e i r  n a t u r a l ,  undisturbed s t a t e  have developed 

well rounded tops with s teep s ide slopes and f l a t  bottoms. Due t o  

anthropogenic in t e r f e rence ,  the natural  s t a b l e  condition of these coulees 

has been s i g n i f i c a n t l y  a f f ec t ed .  The s ingle  most dominant f a c t o r  which has 

a l t e r e d  the equilibrium condition of these slopes i s  the  addi t ion  of water 

t o  the local groundwater regime. 

Although the west s ide  of the  Oldman River i s  pr imari ly used f o r  

a g r i c u l t u r e  and the e a s t  s ide fo r  urban development, coulees on both s ides  

of the  r i v e r  have been subjected to a decrease in s t a b i l i t y  due to a r i s e  

i n  the local  groundwater t a b l e .  As discussed in Sections 4 .3  and 4 .4 ,  a 
r i s e  i n  the groundwater t ab le  r e s u l t s  i n  increased pore pressures and a 

decrease in overal l  s t a b i l  i  ty .  



i r r i g a t i o n  c a n a l s  a r e  used e x t e n s i v e l y  t o  supp ly  wa te r  f o r  

f a r m i n g  th roughou t  t h e  L e t h b r i d g e  area. The e f f e c t  o f  i r r i g a t i o n  wa te r  i s  

t o  r a i s e  t i i e  l o c a l  groundwater t a b l e .  A t  l e a s t  one s e r i e s  o f  s l i d e s  ( S l i d e  

Area No. 11) can be d i r e c t l y  a t t r i b u t e d  t o  excess ive  i r r i g a t i o n  o f  farmland. 

i r r i g a t i o n  i s  b e l i e v e d  t o  be one o f  t h e  p r ime  f a c t o r s  i n i t i a t i n g  s l o p e  

f a i l u r e  i n  numerous o t h e r  s l i d e  areas. 

A m a j o r  prob lem a s s o c i a t e d  w i t h  t h e  e x i s t i n g  i r r i g a t i o n  system i s  

t h e  method o f  d i s p o s i n g  excess i r r i g a t i o n  water.  P r e s e n t l y ,  a  number o f  

i r r i g a t i o n  c a n a l s  t e r m i n a t e  a t  t h e  c r e s t  o f  a  cou lee o r  r i v e r  v a l l e y  s lope.  

The excess i r r i g a t i o n  wa te r  i s  p e r m i t t e d  t o  f l o w  u n c o n t r o l l e d  o n t o  t h e  f a c e  

o f  these  s lopes.  T h i s  r e s u l t s  i n  a  s a t u r a t i o n  o f  t h e  s l o p e  and a l s o  causes 

e r o s i o n  a long  t h e  base o f  t h e  cou lees.  E r o s i o n  a l o n g  t h e  cou lee  base 

r e s u l t s  i n  ove rs teepen ing  o f  t h e  s lope  and an i n c r e a s e d  p o s s i b i l i t y  o f  

f a i l u r e .  T h i s  prob lem o f  u n c o n t r o l l e d  d i s p o s a l  o f  excess i r r i g a t i o n  wa te r  

i s  p a r t i c u l a r l y  e v i d e n t  a t  S l i d e  Area No. 21. 

I n  urban areas,  t h e  l o c a l  groundwater t a b l e  i s  r a i s e d  by t h e  

w a t e r i n g  o f  lawns and gardens and by l e a k y  sewer and wa te r  mains. 

R e s i d e n t i a l  developments a d j a c e n t  t o  cou lees  o r  t h e  main r i v e r  v a l l e y  a r e  

d e f i n i t e l y  a  cause f o r  concern. The Park Royal S l i d e  i s  an e x c e l l e n t  

example o f  how t h e  combined e f f e c t  o f  h i g h  po re  p ressures  and t h e  placement 

o f  f i l l  on a  s l o p e  c r e s t  can i n i t i a t e  s l o p e  movement. 

A ma jo r  prob lem a s s o c i a t e d  w i t h  e x i s t i n g  and new r e s i d e n t i a l  

development i n  t h e  s tudy  area i s  t h e  d i s p o s a l  o f  s u r f a c e  r u n o f f .  I n  t h e  

p a s t ,  t h e  s u r f a c e  r u n o f f  c o l l e c t e d  by  t h e  s tormwater  sewer system had been 

d i sposed  d i r e c t l y  i n t o  t h e  cou lees.  T h i s  r e s u l t e d  i n  s e r i o u s  e r o s i o n  a l o n g  

t h e  base o f  t h e  cou lees  as  ev idenced by S l i d e  Area No. 6. Today, t h e  City 

o f  L e t h b r i  dge uses l a r g e  d iamete r  c u l v e r t s  t o  c a r r y  t h e  s to rmda te r  r u n o f f  

down t o  t h e  f l o o d p l a i n  l e v e l  o f  t h e  Oldman R ive r .  



Other ins tances  vrhere man's i n t rus ion  has caused or  contr ibuted t o  

s lope  i n s t a b i l i t y  include t h e  placement of f i l l  along t h e  c r e s t  of va l ley  

s lopes .  The S ta f fo rd  Avenue S l i d e ,  the  Lethbridge Communi ty  College S l i d e  

and the Park Royal S l i d e  a r e  a l l  examples where the  placement of f i l l  along 

t h e  c r e s t  of a  coulee has been one of the  prime f a c t o r s  i n i t i a t i n g  s lope 

f a i l u r e .  



An a n a l y s i s  o f  t h e  s tudy area has determined t h a t  s l i d e s  a long  t h e  

Oldnan R i v e r  v a l l e y  a r e  r e l a t i v e l y  o l d  and s t a b l e ,  w i t h  no s i g n i f i c a n t  s i g n s  

o f  movement a f t e r  1950. A1 though a p p a r e n t l y  i n a c t i v e ,  movement c o u l d  be 

r e i n i t i a t e d  w i t h i n  an o l d  s l i d e  mass i f  p r e c a u t i o n s  were n o t  t a k e n  w i t h  

r e g a r d  t o  developments near  these s l i d e s .  I f  e x c a v a t i o n  a t  t h e  t o e  o f  an 

o l d  s l i d e  o r  dumping o f  f i l l  o r  wa te r  o n t o  an o l d  s l i d e  mass was p e r m i t t e d ,  

movement c o u l d  be r e i n i t i a t e d .  F o r  these  reasons,  i t  i s  recommended t h a t  a 

c o n s e r v a t i v e  approach be used f o r  d e t e r m i n i n g  setback d i s t a n c e s  f rom t h e  

v a l l e y  w a l l s  f o r  any developments. F o r  p r e l i m i n a r y  purposes, i t  i s  

c o n s i d e r e d  t h a t  a  setback d i s t a n c e  equal t o  t h e  depth  o f  t h e  v a l l e y  be used 

f o r  any developments on t h e  p r a i r i e  up land  a d j a c e n t  t o  t h e  r i v e r  v a l l e y .  

W i t h  r e g a r d  t o  development a l o n g  t h e  cou lees,  i t  i s  recommended 

t h a t  f u t u r e  developments be s e v e r e l y  r e s t r i c t e d .  As has been ev idenced w i t h  

t h e  Park Royal  S l i d e ,  t h e  p o t e n t i a l  f o r  . t he  i n i t i a t i o n  o f  s l o p e  f a i l u r e s  i s  

h igh.  The cou lees  i n  t h e  s tudy area a r e  p r e s e n t l y  i n  a  s t a t e  o f  quas i -  

e q u i l i b r i u m .  It i s  apparen t  f rom t h e  numerous f a i l u r e s  t h a t  t h e  cou lees  a r e  

s e n s i t i v e  t o  m i n o r  changes  i n  l o a d i n g ,  u n l o a d i n g  o r  g r o u n d w a t e r  

f l u c t u a t i o n .  

It i s  recommended t h a t  a  p e r i m e t e r  road, such as Scen ic  D r i v e ,  be 
used t o  separa te  t h e  cou lees  f rom any r e s i  d e n t i  a1 o r  commerci a1 development. 

T h i s  p e r i m e t e r  r o a d  shou ld  f o l l o w  a l i n e  a l o n g  t h e  up land  p l a i n  which 

connec ts  t h e  heads* o f  a d j a c e n t  coulees.  No development shou ld  be p e r m i t t e d  

between t h i s  p e r i m e t e r  r o a d  and t h e  f l o o d p l a i n  l e v e l  o f  t h e  Oldman R ive r .  

? = 

* The head o f  a  c o u l e e  i n  t h i s  t e x t  i s  d e f i n e d  as l o c a t i o n  where t h e  
upper  end o f  a  c o u l e e  v a l l e y  i n t e r s e c t s  t h e  up land  p l a i n .  



Additional recommendations f o r  e x i s t i n g  and fu tu re  developments 

ad jacent  t o  the  r i v e r  va l l eys  o r  coulees include: 

- a de ta i l ed  geotechnical inves t iga t ion  of the  area t o  determine 

t h e  subsoi l  and groundwater condit ions 

- coal mining records should be reviewed t o  determine the  

p o s s i b i l i t y  of abandoned coal mines beneath the  prospective 

property 

- several  deep boreholes should be d r i l l e d  t o  iden t i fy  any 

recorded o r  uncharted coal mines 
- t h e  implementation of groundwater and slope monitoring programs 

t o  monitor any changes i n  the  local  groundwater system and 

slope condit ion 

- a r i g i d  control  regarding the  disposal of stormdater runoff.  

The present  method used by the  City of Lethbridge i s  e f f e c t i v e  

and should continue t o  be u t i l i z e d  

- the cont ro l  of excess i r r i g a t i o n  water in  a manner s imi l a r  t o  

t h a t  employed by the City o f  Lethbridge fo r  sur face  runoff.  

The recocnmendations presented within the  r epor t  a r e  s o l e l y  

intended f o r  use a s  a guide l ine  f o r  fu tu re  and e x i s t i n g  developments. The 

degree of i nves t iga t ion  and monitoring programs t o  be incorporated should be 

determined by t h e  degree of  r i sk  assoc ia ted  with t h e  proposed p ro jec t .  I f  
t h e  p r o j e c t  involves a commercial o r  r e s i d e n t i a l  development, where human 

1 ives  and cos t ly  s t r u c t u r e s  a re  involved, then a de t a i l ed  and extensive 

inves t iga t ion  and monitoring program should be incorporated.  A 1 ower r i s k  

p r o j e c t  such as  a roadway would requi re  a l e s s  extensive d r i l l i n g  and 

monitoring program. 
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APPENDIX 



SLIDE AREA: No. I 

LOCATION: LSD 1 & 2 - S e c .  18 - T w p .  8 -Rge.  21 -W4M 

DESCRIPTION: 

This area consists of a ser ies  of fa i lu res  (approximately 400 metres long) 

along the outside ( ea s t  bank) of a meander bend of the Oldman River. The 

f a i l u r e s  appear to have occurred as a movement of Pleistocene deposits 

across the top of the bedrock. Along th i s  reach of the r iver ,  bedrock i s  

exposed about two-thirds of the way up the valley wall. The steep banks 

below the fa i lures  are comprised of the 01 dman Formation. 

A recent movement (Slide 1 - A )  about 120 metres long, occurred between May 

1975 and July 1977. A crack immediately down slope from the c res t  i s  

v i s ib le  on the 1975 aerial  photographs. I t  i s  a dominantly rotational 

movement tha t  i s  suspected to have been triggered by seepage a t  the 

Pleistocene-Upper Cretaceous contact. These fa i lures  appear to occur 

rapidly, since the fa i led material does not build up to a restraining mass, 

b u t  rather cascades down the steep rock slope to the river forming a ta lus .  

The Oldman River, which flows along the base of the east  bank, i s  presently 

eroding the talus deposited a t  the base. Failures prior t o  1975 appear to 

be re la t ively  old as the r iver  has carried away any previously fa i led 

materi a1 . 
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SLIDE AREA: No. 2  

LOCATION: LSD 5  & 12 - Sec. 17 - Twp. 8 - Rge. 21 - W4M; 

LSD 8  - Sec. 18 - Twp. 8 - Rge. 21 - W4M 

DESCRIPTION: 

The s l i d e s  i n  t h i s  area are loca ted along the  east  bank o f  the Oldman River  

immediately downstream o f  S l i de  Area No. 1. The movements are dominated by 

f l o w  type features. Flanked t o  the east, l i e s  a  deposi t  o f  f l u v i o g l a c i a l  

sands and gravels which are present ly  being mined. There are i nd i ca t i ons  

t h a t  t h i s  s l i d e  area a lso invo lves  only Ple is tocene deposits. The f l ow  

fea tures  suggest t ha t  there has been an excess amount o f  water which has 

sa tura ted  the s o i l  mass. 

The s l i d e  f u r t h e s t  upstream (2-A), has a  f l ow  fea ture  extending down to the 

r i ve r ;  where i t  has deposited a  col l u v i a l  fan. This fan has been def lec ted  

downstream and i s  p resent ly  being eroded by the r i v e r .  

The adjacent s l i d e  downstream (2-B), shows s i m i l a r  f low features, which are 

l e s s  pronounced and e x h i b i t  on ly  minor slump features.  

S l i d e  2-C occupies the south bank o f  a  coulee, nor th  o f  Sl ide 2-8. This 

s l i d e  appears to be p r i m a r i l y  a  downward slumping o f  a  water saturated mass. 

It includes almost the e n t i r e  south side o f  the coulee. 

Judging from the vegetat ion, these s l i d e s  are old, but  s t i l l  a c t i v e l y  

creeping and could show a  major movement dur ing  an intense rainstorm. The 

d i f f e rence  i n  the s l i d e s  noted between the 1950 and 1980 a i r  photos 

i nd i ca tes  a  cont inuing increase i n  a c t i v i t y  which m y  be due, i n  pa r t ,  t o  

the  expansion o f  the gravel p i t .  
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SLIDE AREA: No. 3, S ix  M i l e  Coulee 

LOCATION: Sec. 16 & 17 -Twp.  6 -Rge.  21 - W 4 M ;  

Sec. 19 & 20 - Twp. 6 - Rge. 21 - W4M 

DESCRIPTION: 

This s l i d e  area comprises a1 1 the s l i d e s  (40 t o  50) a1 ong a major drainage 

channel ( c a l l e d  S ix  M i l e  Coulee), which extends f o r  several k i lometres i n t o  

the p r a i r i e  upland. The f l a t  bottom o f  the coulee which var ies up t o  15 

metres i n  width, c a r r i e s  a stream which meanders s lowly across the coulee 

base. The quant i ty  and v e l o c i t y  o f  water w i t h i n  the  stream are r e l a t i v e l y  

i n s i g n i f i c a n t ,  a1 though dur ing  per iods  o f  h igh r a i n f a l l  i t  i s  suspected t h a t  

the volume o f  water increases appreciably.  One o f  the major f ac to rs  

c o n t r i b u t i n g  to slope i n s t a b i l i t y  along S ix  M i l e  Coulee i s  the eros ion a t  

the  base o f  the coulee wa l ls .  

The ma jo r i t y  o f  the s l i des  are l oca ted  along the upper p o r t i o n  o f  the coulee 

where the banks cons is t  o f  l a c u s t r i n e  o r  g lac ia l  t i l l deposits. These 

s l i d e s  are t y p i c a l l y  shallow r o t a t i o n a l  f a i l u r e s  (see Photo 3 )  caused by a 

combination o f  toe erosion and an increase i n  porewater pressure. 

It i s  suspected t h a t  the a d d i t i o n  o f  i r r i g a t i o n  water t o  the groundwater 

system has cont r ibu ted  s i g n i f i c a n t l y  to slope i n s t a b i l i t y  along S ix  M i l e  

Coulee. F i r s t l y ,  the i r r i g a t i o n  water would ra i se  the  l o c a l  groundwater 

tab le ,  causing increased pore pressures and decreased slope s t a b i l i t y .  

Furthermore, the amount o f  water c a r r i e d  by the stream i s  increased by the  

add i t iona l  i r r i g a t i o n  water, which i n  t u r n  increases the toe  eros ion o f  the 

banks and r e s u l t s  i n  f u r t h e r  i n s t a b i l i t y .  

Another f ac to r  c o n t r i b u t i n g  to slope i n s t a b i l i t y  i s  the  placement o f  debr is  

and f i l l  along the c r e s t  o f  the  coulee wa l ls .  This p r a c t i c e  o f  dumping was 

noted a t  several l oca t i ons  dur ing  the  ground t r u t h i n g  inspect ion .  

Two o f  the more prominent s l i d e  areas along S ix  M i l e  Coulee have been 

examined i n  greater  d e t a i l  and are discussed i n  the fo l l ow ing  two sect ions. 



Photo 3: 

Aerial and ground level 

views of typical 
sections along S i x  Mile 

Coulee. Note failures 
a t  almost every meander 

bend of the stream. 



SLIDE AREA: NO. 3-A 

LOCATION: LSD. 15 - Sec. 16 - Twp. 8 - Rge. 21 - W4M 

DESCRIPTION: 

Located approximately 450 metres east o f  Highway 5 on the nor th  bank o f  Six  

M i l e  Coulee, t h i s  s l i d e  i s  f lanked by two smal ler  s l ides.  It i s  

approximately 26 metres high, 45  metres wide and 90 metres long, w i t h  an 

average slope angle o f  30". The s l i d e  i s  r e l a t i v e l y  o l d  showing no signs o f  

recent  movement. 

The e x i s t i n g  s l i d e  morphol ogy ind ica tes  a re t rog ress i ve  ro ta t i ona l  f a i l u r e .  

Erosion a t  the toe o f  the slope i s  suspected as the t r i g g e r  mechanism 

i n i t i a t i n g  f a i l u r e  a t  t h i s  l oca t i on .  The stream which i s  present ly  eroding 

a t  the toe, could eventua l ly  lead to fu r the r  f a i l u r e .  However, the low f l ow  

v e l o c i t i e s  of the stream i n d i c a t e  only  a minimal amount o f  erosion. It i s  

speculated tha t  the ma jo r i t y  o f  the eros ion occurs during the b r i e f ,  high 

i n t e n s i t y  rainstorms common i n  the area. 

The surface o f  the s l i d e  appeared dry support ing l i t t l e  vegetat ion, 

i n d i c a t i v e  o f  a low groundwater tab le .  Groundwater condi t ions a t  the t ime 

o f  f a i l u r e  are suspected +a have been h igher  than a t  present. 
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Photo 4: Aerial (above) and ground leve l  (below) views o f  Sl ide  No. 3-A. 

Note stream eroding t o e  of slope. 



SLIDE AREA:  No. 3-B, Lethbri dge Community College Slide 

LOCATION: LSD. 6 & 7 - Sec. 20 - Twp. 8 - Rge. 21 - W4M 

DESCRIPTION: 

This area consists of three separate s l ides  along a small coulee west of the 

Lethbridge Community College. F i l l  was placed a t  the upper end of the 

coulee prior t o  1975, possibly during the construction of the college. Some 

minor slope movement on the south coulee wall i s  detectable in the 1975 

aer ia l  photographs. The f i r s t  s l i de  3-B(l) ,  which involved undisturbed 

material ,  had developed by 1978. 

A second smaller scarp east  of Slide 3-B(1) i s  also evident in the 1978 

aer ia l  photographs. A s i t e  v i s i t  confirmed that  t h i s  second s l ide  3-B(2), 

was located through f i l l .  Several wet zones i n  the s l ide  face were also 

noted during the s i t e  inspection, indicative of groundwater seepage. The 

f i r s t  two s l ides  have presently coalesced b u t  are s t i l l  distinguishable as 

separate s l ide  areas. 

In the 1980 aerial  photographs, f i l l  was placed a t  the base of the f i r s t  and 

second s l ides ,  possibly i n  an attempt to a r r e s t  future mvement. Further 

west along the south coulee bank, another crack i s  visible on the 1980 

aer ia l  photographs. Several small toe fa i lu res  appear to have proceeded 

t h i s  th i rd  s l ide ,  3-B(3). 

The estimated slope angle of the 3 s l i d e s  pr ior  t o  f a i l u r e  varies between 

20" and 23'. The height of the slopes varies between 20 and 23 metres. A 

rotational type fa i lure  i s  common for  a l l  3 s l ides .  The cause of these 

s l i de s  i s  a combination of the fo l l  owing: 

- f i l l  placement a t  the top of the slope 

- a r i se  i n  the local groundwater table due to watering of 

1 awns 

- erosion along the base of the coulee, which has increased 

between 1975 and 1980. 
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SLIDE AREA: No. 4 ,  Park Royal Slide 

LOCATION: LSD. 3 & 4 - Sec. 29 - Twp. 8 - Rge. 2 1  - W4M 

DESCRIPTION: 

This s l i de  area i s  located along a coulee on the east  bank of the Oldman 

River and consists of two separate s l ide  areas. The f i r s t  s l ide  traverses 

the south coulee wall and consists of a series of old retrogressive 

rotational s l ides  which have shown no recent act ivi ty .  

The second s l ide ,  which i s  re la t ively recent, is  located on the north bank 

of the coulee. Basically a shallow rotational type fa i lu re ,  the s l ide  

consis ts  of two separate centres of ins tab i l i ty  which have presently 

coalesced. The length of unstable slope along the north coulee bank  i s  
approximately 335 metres with scarps i n  excess of 3 metres. This s l ide  has 

caused considerable damage to property along the top of the north coulee 

bank. 

A major geotechnical investigation was conducted by Klohn Leonoff (1975)  to  

analyze th i s  particular sl ide.  A brief summary of the events leading to the 

eventual f a i l u re  as identified by Klohn Leonoff are as follows. F i l l  was 

i n i t i a l l y  placed along the top of the coulee t o  extend the homeowners' 

backyards. The placement of f i l l  caused a blockage of the natural subsur- 

face drainage, resulting in a r i se  of the local groundwater table. The 

level of the local groundwater table was further increased by the watering 

of lawns and gardens, and also possibly from leaky water and sewer l ines.  

The combined effect  of the additional weight a t  the top of the slope and the 

increase in the pore water pressure in i t i a ted  a series of progressive 

lands1 ide movements. 
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SLIDE AREA: No. 5 

LOCATION: LSD. 14 - Sec. 30 - Twp. 8 - Rge. 21 - W4M 

DESCRIPTION: 

Two small s l ides  have developed along the north bank of a 30 metre deep 

coulee on the eas t  bank of the Oldman River, immediately west of 1 2 t h  Avenue 

South. Although re la t ively  small (only 10 and 15 metres in length), the 

presence of a convent only 10 metres from the c r e s t  greatly increases the i r  

significance.  

These shallow rotational s l ides  are confined t o  the upper portion of the 

slope involving surf ic ia l  lacustrine/glacial  deposits. Lush  vegetation 

within the s l i de  mass indicates groundwater seepage exit ing the slope face. 

Prior to construction of the convent, 1970 aer ia l  photographs indicate a 
dry, s table  slope, supporting only pra i r ie  grasses. After construction of 

the convent, watering of the lawns and gardens would have formed a local 

perched groundwater table.  I t  i s  suspected t h a t  an increase in pore 

pressure i s  the probable cause of the slope fa i lu res .  The slope fa i lures  

are readily vis ible  on the 1975 aerial  photographs. 

No deep seated mvement i s  suspected and the exist ing s l ides  do not appear 

t o  be regressing. However, should the s i tua t ion  be permitted t o  continue, 

these s l ides  could increase in s ize  and eventually pose a threat  to  the 

i n t eg r i t y  of the building. 
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SLIDE AREA: No. 6 

LOCATION: LSD. 9 & 16 - Sec. 25 - Twp. 8 - Rge. 22 - W4M; 

LSD. 13 - Sec. 30 - Twp. 6 - Rge. 21- W4M 

DESCRIPTION: 

This area consists  of three separate parallel coulees on the ea s t  s ide  of 

the 01 dman River which have experienced extensive erosion. Stormwater 

runoff from the adjacent residential  area has been directed i n to  these 

coulees and allowed t o  erode the bases. The coulees are ident i f ied on 

Drawing 17 as areas 6-A, 6-B and 6-C. 

Of the three coulees, erosion in the middle coulee (6-B) was the most 

severe. In the 1950 aer ia l  photographs, erosion of the  coulee bases extends 

back from the lower end of the  coulee for  a distance of approximately 200 

metres ,  440 metres and 200 metres f o r  cou lees  6-A, 6-8 and 6-C, 

respectively. The 1961 aerial  photographs indicate minimal increased 

erosion for  areas 6-A and 6-C. However, the  erosion in  coulee 6-8 had 

increased t o  a length of approximately 760 metres. 

The erosion of the coulees by surface runoff resulted in the formation of 

near vert ical  walls a t  the  coulee base, which are estimated t o  be 10 metres 
high. A1 though the  base of these three coulees was s ignif icant ly  downcut 

and the  overall slope angle increased, no signs of any major i n s t ab i l i t y  

developed. 

This practice of divert ing stormwater runoff in to  the  coulees i s  no longer 

permitted by the c i t y .  As a r e su l t  there a re  no present gullying problems 

in t h i s  s l ide  area. The only type of ac t iv i ty  presently evident i s  an 

occasional toppling block f a i l u r e  along the steep walls a t  the  base of the  

eroded coulees. 



SLIDE AREA: No. 6 (Continued . ..) 

Between 1970 and 1975, the City of Lethbridge Engineering Department placed 

a large diameter culver t  in the base of the middle coulee (6-8)  and 

backfilled the upper half of the coulee. The culver t  i s  used t o  carry 

surface runoff from the upland plain t o  the r iver  level .  This method of 

control l ing surface runoff has worked effect ively  and i s  presently 

considered standard practice for  the City Engineering Department. 

1980 aerial  photographs show tha t  additional backfil l ing in  the base of the 

coulee in 6-8 has l e f t  only 230 metres of the middle coulee unfil led.  No 

backfil l ing appears t o  have been performed in  e i ther  areas 6-A or  6-C. 
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SLIDE AREA: No. 7 

LOCATION: LSD. 8 - Sec. 36 - Twp. 8 - Rge. 22 - W41.1 

DESCRIPTION: 

This s l i d e  i s  s i t u a t e d  on the  no r th  bank o f  a coulee, on the  eas t  s ide o f  

the Oldman River,  south o f  Whoop-Up Drive. The top  o f  t h e  coulee was 

l e v e l l e d  o f f  as p a r t  o f  a road cons t ruc t ion  program along Scenic Dr ive  

between 1961 and 1970. The 1950 and 1961 a e r i a l  photographs reveal 

r a v e l l i n g  along the  lower p o r t i o n  o f  the steep coulee wa l ls ,  i n d i c a t i n g  

marginal coulee wa l l  s t a b i l i t y .  Minor slumps i n  1970, cont inued t o  increase 
i n  s i z e  u n t i l  1978 when a l a r g e  slump block fa i l ed .  No f u r t h e r  movement i s  

ev ident  a f t e r  1978. 

The s l i d e  i s  approximately 90 metres long and 27 metres high, w i t h  an 

estimated slope angle p r i o r  t o  f a i l u r e  o f  39". A sec t i on  through t h e  s l i d e  

i s  presented on Drawing 19. A r o t a t i o n a l  type f a i l u r e  i s  suspected. 

There are no signs o f  seepage on the  slope, o r  any apparent eros ion a t  the  

base. The coulee i s  we l l  i s o l a t e d  from any form o f  anthropogenic 

in te r fe rence,  w i t h  the except ion o f  the  t ime pe r iod  when t h e  top  o f  the  

coulee was l e v e l  l e d  o f f .  

Normally, unloading a t  the  top  o f  a bank would increase the  s t a b i l i t y  o f  a 

slope. However, t h i s  does n o t  appear t o  be the  case w i t h  t h i s  p a r t i c u l a r  

s l ide.  I t i s  suspected t h a t  dur ing  the  excavation process, more mater ia l  

would have been removed from t h e  cent re  o f  the borrow area, r a t h e r  than 

pe rm i t t i ng  heavy equipment t oo  c lose  t o  the  edge o f  t h e  coulee. This  would 

have l e f t  a  depression on t o p  o f  the coulee, and subsequently tend t o  

c o l l e c t  r a i n f a l l  r a t h e r  than shed it. I n  add i t ion ,  t h e  removal o f  t h e  upper 

s o i l  would have an unloading e f f e c t ,  which r e s u l t s  i n  s o i l  rebound and the  

opening of v e r t i c a l  f r a c t u r e s  i n  t h e  till. The opened v e r t i c a l  cracks would 

permi t  the  ingress  o f  sur face runo f f ,  causing a r i s e  i n  t h e  l o c a l  ground- 

water t a b l e  and increase i n  porewater pressure. The increase i n  porewater 

pressure appears t o  have been s u f f i c i e n t  t o  i n t i t i a t e  t h e  minor i n s t a b i l i t y ,  

which eventua l ly  l ead  t o  the  l a r g e r  slope f a i l u r e .  
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Photo 6: Ground level v i e w  of Sl ide No. 7 .  Note the flattened top of t h  

Coulee. 



SLIDE AREA: No. 8 

LOCATION: LSD. 9 & 10 - Sec. 36 - Twp. 8 - Rge. 22 - W4M 

DESCRIPTION: 

This area consists  of two separate sl ides in adjacent coulees. These 

coulees are si tuated west of the Gault Museum on the ea s t  bank of the Oldman 

River. Both s l ides  are presently inactive.  

There are few signs that  indicate a possible fa i lu re  mechanism. However, 

similar to Slide No. 7 ,  the top of the knoll which separates these 2 s l ides  

was levelled off between 1950 and 1961. The la rger ,  older,  north-facing 

s l i de  (8-A), experienced movement prior to 1950 and additional movement 

a f t e r  the knoll was levelled off .  

Ins tab i l i ty  developed on the south side of the knoll (Slide 8-8) prior to 

1970, b u t  has n o t  exhibited any additional movement a f t e r  1975. 

The south-faci ng s l i de  appears dry with l i t t l e  vegetation. The north-faci ng 

s l i de  supports considerably more vegetation, par t icular ly  on the east  edge 

of the s l i de  mass. Similar to Slide No. 7 ,  i t  is postulated tha t  the soil 

experienced a rebound a f te r  the knoll was levelled,  which permitted the 

opening of cracks, an ingress of water, and a r i s e  i n  the local groundwater 

table. The r i s e  in the groundwater table appears suf f ic ien t  to have 

i n i t i a t e d  slope i n s t ab i l i t y .  

A shallow rotational mode of f a i l u r e  i s  suspected for b o t h  of these s l ides .  

The s ize  of these s l ides  is s imilar ,  varying i n  length from 50 t o  60 metres. 

The exist ing slope angle for Slide 8-A is  26.5' and the slope height 26 

metres. A cross-section through Slide 8-A i s  shown on Drawing 21. 
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Photo 7: View l o o k i n g  south a t  S l i d e  8-A (Gaul t  Museum S l i de ) .  Note shrub 

growth on l e f t  s i d e  o f  s l i d e  mass i n d i c a t i n g  groundwater seepage. 



SLIDE AREA:  No. 9 

LOCATION: LSD. 15 and 16 - Sec. 36 - Twp. 8 - Rge. 22  - W4M 

DESCRIPTION: 

This area comprises s l ides  on both the north and south banks of a coulee 

located immediately west of Third Avenue South, on the eas t  bank of the 

Oldman River. The s l ides  are not presently vis ible  due to a major grading 

o ~ e r a t i o n  conducted between 1978 and 1980. 

Severe gullying along the base of the coulee resulted in the formation of 

steep wall s and a few small s l ides  a1 ong the toe of the slopes. The cause 

of t h i s  gullying i s  probably due to the direction of stormwater runoff into 

the coulee. By 1961, the small s l ides  had increased somewhat in s ize ,  b u t  

were no t  of major concern. In the 1970 aerial  photographs, a s ignif icant  

rotational s l ide  (9-A) had developed on the north bank of the coulee. 

Between 1970 and 1975, a major s l ide  approximately 180 metres i n  length 

occurred along the south bank of the coulee (9-8). The slope angle along 

the south bank pr ior  to f a i l u r e  i s  estimated to vary from 28" t o  3E0. The 

height of the slope i s  approximately 38 metres. Three small retrogressive 

rotational fa i lu res  are readily distinguishable a t  the toe of the slope 

preceding the major slope fa i lu re .  Steepening a t  the base due to erosion 

appears to be the pr inciple  t r igger  mechanism. 

A major grading program has presently s tabi l ized both banks of the coulee. 

Stabil ization comprised f i l l  placement a t  the base of the coulee to 

eliminate the steep walls and provide toe support, levell ing of the knoll 

which formed the north bank, and f la t tening of the south bank to a stable 

angle. 



SLIDE AREA: No. 10, Stafford Avenue Slide 

LOCATION: LSD. 6  - Sec. 7  - Twp. 9  - Rge. 21 - W4M 

This s l i de  area i s  located on a  south coulee bank north of Stafford Avenue, 

on the east  bank of the Oldman River. Slope ins tab i l i ty  appears to have 

been in i t i a ted  by a  combination of dumping along the c res t  of the coulee and 

a  suspected r i se  in the local groundwater table.  

Up to 1961, the south slope of the coulee was relat ively stable. 1970 

aerial  photographs show the formation of a  large crack approximately 40 

metres long, on the south slope. F i l l  appears to have been placed along the 

c r e s t  of the slope prior to f a i l u r e .  This i n i t i a l  sl ide i s  flanked to the 

e a s t  by a  very old s l ide .  

1978 aerial  photographs indicate t h a t  a  second sl ide was developing 

immediately west of the f i r s t  s l ide .  This second sl ide exhibited a  d i s t i nc t  

'graben' feature a t  the top and no noticeable bulging a t  the toe,  inferring 

a  translational fa i lu re  mechanism. The suspected mode of f a i l u r e  i s  

combined rotational - translational , with rotational movement occurring a1 ong 

the steep curved upper f a i l u r e  surface through the Pleistocene deposits and 

translational movement on the lower f a i l u r e  surface along the top of the 

Bearpaw Formation bedrock. 

The t r igger  mechanism causing f a i l u r e  of the second s l ide  i s  not readily 

apparent. There does not appear to have been any s ignif icant  placement of 

f i l l  i n  the vicinity of the s l ide  area. I t  i s  suspected tha t  a  r i se  in the 

local groundwater table i s  the t r i gge r  mechanism. 



SLIDE AREA: No. 10, S t a f f o r d  Avenue S l ide  (Continued ... ) 

Between 1970 and 1975, an area west o f  S i x th  S t ree t  North was developed f o r  

r e s i d e n t i a l  housing. The add i t i on  o f  these houses along the c res t  of the 

south coulee bank could have cont r ibu ted  to a r i s e  i n  the l oca l  groundwater 

t ab le  due to water ing o f  lawns and gardens and any leakage from sewers o r  

water pipes. This  increase i n  pore pressure appears to have been s u f f i c i e n t  

t o  i n i t i a t e  the second s l i d e .  

Although the 1980 a e r i a l  photographs show two separate s l i d e  masses, 

i nspec t i on  of the s l i d e  mass i n  1981, showed t h a t  the s l i des  had coalesced 

i n t o  one l a r g e r  s l ide .  During the f i e l d  reconnaissance i t was noted t h a t  

f i l l  was s t i l l  being placed a t  the top o f  slope. Present ly  the c r e s t  o f  the 

s l i d e  i s  only a few metres from S ta f fo rd  Avenue (see Photo 8 ) .  Should 

dumping o f  f i l l  along the c r e s t  o f  the slope be permi t ted to continue, there  

i s  a p o s s i b i l i t y  t h a t  a p o r t i o n  o f  the road may be claimed by the s l i de .  

The he igh t  o f  the slope i s  approximately 34 metres. The slope angle before 

f a i l u r e  i s  estimated t o  be between 28' and 31". The length  of slope 

i nvo l v ing  the two most recent s l i des  i s  approximately 100 metres. 





Photo 8: Aerial view (above) looking southeas t ,  and ground leve l  view 

(below) looking e a s t  a t  S l i d e  Area No. 10. Note old i n a c t i v e  

s l i d e  on l e f t  s i d e  of top photo and proximity of c r e s t  t o  Stafford 

Avenue. Lower photo shows recent ly  placed f i l l  a t  top of slope. 



SLIDE AREA: No. 11 

LOCATION: LSD. 2 - Sec. 14 - Twp. 9 - Rge. 22 - W4M 

DESCRIPTION: 

This area consis ts  o f  a number o f  s l i d e s  on both sides o f  a coulee on the 

west bank o f  the Dldman River .  The d r i e r  no r th  bank o f  the coulee conta ins 

on ly  one old, i n a c t i v e  s l i d e .  The south bank on the other  hand, d isp lays  

th ree  small s l i des  and considerable vegetat ion.  A sect ion through the m s t  

recent  of these s l i d e s  (11-A) i s  shown on Drawing 24. The estimated slope 

angle p r i o r  to f a i l u r e  i s  29.5". The s l i d e  i s  approximately 35 metres h igh  

and 90 metres long. 

The f a i l u r e  mode f o r  the three no r th - fac i  ng s l ides  i s  sha l l  ow r o t a t i o n a l  , 
character ized by steep backscarps and a bu lg ing  toe which breaks out partway 

up the slope. I t  i s  suspected t h a t  these s l i des  are breaking out a t  the 

Pleistocene-Upper Cretaceous contact.  

Discussions w i t h  the present proper ty  owner i nd i ca te  t h a t  the previous 

farmer had o v e r - i r r i g a t e d  the land and permi t ted  the excess water to r u n o f f  

i n t o  the coulees. This  excessive i r r i g a t i o n  would have caused a temporary 

l o c a l  r i s e  i n  the groundwater tab le ,  and i s  suspected o f  i n i t i a t i n g  the 

slope movements. 

The most recent  a c t i v i t y  occurred between 1961 and 1970. Present ly ,  the  

s l i d e s  along the south bank are i n a c t i v e  and have not exh ib i ted  any recent  

signs o f  movement. 
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-ound i e v e l  v iew o f  S l i d e  Mo. A l o o k i n g  s o u t h .  



SLIDE AREA: No. 12 

LOCATION: LSD. 1 and 8 - Sec. 11 - Twp. 9 - Rge. 22 - W4M 

DESCRIPTION: 

Th is  large,  o l d  l ands l i de  i s  loca ted  on the outs ide o f  a meander bend on t h e  

west bank o f  the Oldman River.  Although subdued somewhat by surface 

eros ion,  the surface topography i s  extremely broken and i r r e g u l a r .  

The pos tu la ted  f a i l u r e  surface o f  t h i s  600 metre long s l i d e  i s  a combined 

r o t a t i o n a l - t r a n s l a t i o n a l  f a i l u r e  seated i n  the under ly ing  Bearpaw Shale. 

The s l i d e  area averages 220 metres i n  width, 87 metres i n  height  and a 

present  slope' angle o f  22". This  s l i d e  i s  character ized by a steep 

backscarp and near -ver t i ca l  banks a t  the toe. Having occurred along an 

outs ide  meander bend o f  the r i v e r ,  the suspected t r i g g e r  mechanism which 

i n i t i a t e d  t h i s  s l i d e  i s  toe erosion. The s l i d e  i s  suspected of being formed 

wh i l e  the r i v e r  was a c t i v e l y  downcutting through the Ple is tocene sediments 

and ca rv ing  the present day va l l ey .  Although the  r i v e r  i s  located d i r e c t l y  

along the toe o f  the s l i d e ,  toe eros ion i s  r e l a t i v e l y  i n s i g n i f i c a n t .  

No major movements have occurred during the pe r iod  covered by the ae r ia l  

photographs (1950 - 1980). Some minor s labbing i s  p resent ly  occurr ing along 

the steep-wal led backscarp and a lso some minor eros ion a t  the toe by the  

01 dman R ive r  . 
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Photo 10: Aerial v iew o f  S l i d e  No. 12 l o o k i n g  west. 



SLIDE AREA: No. 13 

LOCATION : LSD. 2 - Sec. 11 - Twp. 9 - Rge. 22 - W4t4 

LSD. 10, 11, 14 & 15 - Sec. 2 - Twp. 9 - Rge. 22 - W4M 

DESCRIPTION: 

This area involves a number of separa te  s l i d e s ,  which extend f o r  a length of  

1400 metres along t h e  west bank of t h e  Oldman River, beginning a t  a po in t  

south of Highway 3A West, t o  just north of Highway 3 West. The s l i d e  a rea  

c o n s i s t s  of four  major riverbank s l i d e s  and two coulees exh ib i t ing  

i n s t a b i l i t y .  A b r i e f  discussion of t h e  four  riverbank s l i d e s  i s  presented,  
followed by a discussion of t h e  i n s t a b i l i t y  along the  two coulees. 

The four  major s l i d e s  e x h i b i t  a s i m i l a r  morphology cons is t ing  of a s t e e p  

backscarp w i t h  downdrop blocks i n  t h e  lower s l i d e  zone. Similar  t o  S l i d e  

140. 12, they were probably formed when t h e  r i v e r  was ac t ive ly  eroding t h e  

toe  of the slope. A l a r g e  t e r r a c e  has formed along t h i s  reach of t h e  west 

bank of the  Oldman River which prevents  f u r t h e r  toe  erosion. 

The postulated mode of f a i l u r e  i s  combined ro t a t iona l - t r ans l a t iona l  with t h e  

lower f a i l u r e  sur face  sea t ed  a t  t h e  bedrock - overburden in t e r f ace .  The top 

of  t h e  bedrock i s  est imated t o  be 10 metres  above t h e  present  r i v e r  l e v e l .  

Along t h i s  reach of the  Oldman River, t h e  he ight  of the  va l ley  wa l l s  from 

t h e  upland plain t o  t h e  r i v e r  t e r r a c e  leve l  i s  approximately 80 metres.  The 

most southerly of the  s l i d e s  (13-A), loca ted  south of Highway 3A i s  

approximately 130 metres i n  length .  S i tua t ed  between Highways 3 and 3A a r e  

S l i d e s  13-8 and 13-C, which a r e  approximately 300 and 170 metres long, 

respec t ive ly .  Located north of Highway 3 ,  S l i d e  13-0 has been p a r t i a l l y  

obscured by a major e a r t h f i l l  f o r  Highway 3,  which covers t h e  southern 



SLIDE AREA: No. 13 (Continued ... ) 

edge o f  the s l i d e .  These s l i des  are a l l  very o l d  and present ly  i nac t i ve ,  

w i t h  the except ion o f  some minor slabbing which occurs along the steep upper 

backscarp. 

The two coulees i n  t h i s  s l i d e  area are loca ted  between Highways 3 and 3A. 

One coulee separates S l ides  13-8 and 13-C and the o ther  coulee i s  s i t ua ted  

immediately south o f  Highway 3. 

Both coulees e x h i b i t  s i m i l a r  s u r f i c i a l  features. They both conta in o ld ,  

i n a c t i v e  lands1 ides  and are a1 so present ly  exper ienc ing a c t i v e  eros ion a1 ong 

the base o f  the coulees. The eros ion i n  the base o f  the coulees i s  caused 

by excess i r r i g a t i o n  water s p i l l i n g  d i r e c t l y  i n t o  the coulees. The surp lus 

water has eroded the base o f  the coulees, forming steep banks a t  the toe o f  

the slopes. Oversteeping a t  the toe o f  the slopes has i n i t i a t e d  some minor 

slumping (see Photo 11). 

Old i n a c t i v e  s l i d e s  are located on the slopes o f  both coulees. It i s  

suspected t h a t  these o lde r  s l i d e s  were developed as the coulees were being 

formed and surface eros ion  was a c t i v e l y  downcutting through the s u r f i c i a l  

sediments. 



Photo 11: (Upper p h o t o )  A e r i a l  v iew o f  S l i d e  No. 13-B. P r e s e n t l y  i n a c t i v e .  

(Lower p h o t o )  Small s h a l l o w  f a i l u r e  caused by e r o s i o n  and 

' overs teepening o f  bank a l o n g  base o f  cou lee i n  Sl  i d e  Area 

No. 13. 



SLIDE AREA: No. 14, Nord P r e c a s t  Concrete S l i d e  

LOCATION : LSD. 7  - Sec. 2 - Twp. 9  - Rge. 22 - W4l.1 

DESCRIPTION: 

T h i s  s l i d e  occurs  a l o n g  t h e  sou th  cou lee  w a l l ,  which f l a n k s  Highway 3A on 

t h e  west  s i d e  o f  t h e  Oldman R ive r .  Dumping a l o n g  t h e  c r e s t  o f  t h e  v a l l e y  

w a l l  a t  t h i s  s i t e  appears t o  have been common p r a c t i c e ,  even b e f o r e  1950. 

I n  1970 o r  s h o r t l y  be fo re ,  a  smal l  s l i d e  developed on t h e  f a c e  o f  t h i s  

s lope.  By 1975, t h e  s l i d e  had i n c r e a s e d  i n  area t o  i t s  p r e s e n t  l e n g t h  o f  70 

metres. The s l o p e  a n g l e  b e f o r e  f a i l u r e  i s  es t ima ted  t o  be 33". 

T h i s  sha l low r o t a t i o n a l  s l i d e  appears t o  have broken o u t  n e a r  m ids lope  and 

depos i ted  a  t a l u s  o f  m a t e r i a l  on t h e  lower  p o r t i o n  o f  t h e  v a l l e y  w a l l .  

A l though d i f f i c u l t  t o  s t a t e  c o n c l u s i v e l y ,  t h e  m a j o r i t y  o f  t h e  s l i d e  mass 

appears t o  c o n s i s t  o f  f i l l  and may p o s s i b l y  n o t  i n v o l v e  t h e  n a t i v e  s o i l s .  

The headscarp does n o t  appear t o  be r e t r o g r e s s i n g ,  however, t h e  main body o f  

t h e  s l i d e  mass does i n d i c a t e  a  s low downslope movement. The 1970 t o  t h e  

1980 a e r i a l  photographs i n d i c a t e  an es t ima ted  h o r i z o n t a l  component o f  

movement i n  t h e  o r d e r  o f  1 0  metres.  





Photo 12:  Aerial view of  S l i d e  Area No. 14. F i l l  placed a t  c r e s t  of s lope  

has i n i t i a t e d  shallow ro ta t iona l  s l i de .  



SLIDE AREA: I .  15 

L O C A T I O I J :  LSD. 16 - Sec. 35 - Twp. 8 - Ege. 22 - W4F1 

Located on t h e  west bank of t h e  Oldman River,  the  main Canadian Pac i f i c  

Zailway t r e s t l e  c rosses  through t h e  north end of t h i s  400 metre long s l i d e .  

Present ly i n a c t i v e ,  t h i s  old s l i d e  i s  a  typical  r o t a t i o n a l - t r a n s l a t i o n a l  

f a i l u r e  which probably f a i l e d  when the  r i v e r  was ac t ive ly  degrading. The 

e x i s t i n g  s l i d e  morphology c o n s i s t s  of a  s teep  upper backscarp with down drop 
blocks a t  the  base of the  slope. 

The 70 year  old railway t r e s t l e  which t r ave r ses  the  s l i d e  demonstrates t h a t  

t h e  t r e s t l e  has not upset the quas i - s t ab le  condit ions of t h i s  l ands l ide  

under t h e  e x i s t i n g  condit ions.  





Pi loto 13 :  A e r i a l  v i e w  o f  S l i d e  No. 15, l o o k i n g  south. S l i d e  i s  o l d  and 

p r e s e n t l y  i n a c t i v e .  Note r a i l w a y  t r e s t l e  c r o s s i n g  n o r t h  end o f  

s l i d e .  



S:!x h%EA: No. 16 

LOCATION: LSD 1 ,  8 & 9 - Sec. 35  - Twp. 8 - Rge. 2 2  - W4!4 

D E S C R I P T I O N :  

S i tua t ed  on the west bank of the Oldrnan River ,  t h i s  s l i d e  area involves a  

sec t ion  of land which has been subjected t o  coal mining operat ions a t  a  

depth of approximately 100 metres below the c r e s t  of the west val ley s lope.  

The area comprises a  s l i d e  in LSD 8, a  s l i d e  in LSD 9 and an extensive 

s e r i e s  of tension cracks along the  south bank of a  major coulee i n  LSD 1. 

A geotechnical study by R . M .  Hardy and Associates L t d .  (1977a) evaluated 

t h i s  sec t ion  of land with regard to a  proposed r e s iden t i a l  development. 

Their  inves t iga t ion  i d e n t i f i e d  two major coal mine workings underlying t h i s  

a rea .  Subsidence due to  the coal ninina i s  responsible  f o r  a  number of 

c racks ,  depressions and possibly the two s l i d e s .  The ' tension crack on the 

south bank of the coulee ( i n  LSD 1) forms a crescent  shape extending for  a  

length  of over 90 metres ,  with ve r t i ca l  and horizontal displacements u p  to  
0.6 metres.  

The two s l i d e s  occur a t  the ends of r idges or  spurs where t h e  f loodplain and 

west val ley wall i n t e r s e c t .  I t  i s  postulated t h a t  the s l i d e s  may have been 

t r igge red  by subsidence over old mine workings and a d i t s  which underl ie  t h e  

ends of the spurs.  80th s l i d e s  a re  charac ter ized  by steep headscarps ( u p  t o  
10 metres)  and a  hummocky lower s l i d e  nnrphology. No signs of recent  

movement a re  evident ,  although some a c t i v i t y  pe r iod ica l ly  occurs from the  

s t eep  &adscarp by a  toppling block type f a i l u r e .  

The general subsoil  condit ions i d e n t i f i e d  by Hardy's i nves t iga t ion ,  a r e  as 

fol lows:  s i l t y  c lay  varying in thickness from 0.3 t o  1.5 metres ,  a depos i t  

of c lay  t i l l  67 t o  73 metres th ick ,  underlain by Saskatchewan Sands and 

Gravels and bedrock. 
0 - 
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SLIDE AREA: No. 17  

LOCATION: LSD 1 - Sec. 25 - Twp. 8 - Rge. 22  - W4M 

LSO 15  8 16 - Sec. 24 - Twp. 8 - Rge. 22 - W4M 

DESCRIPTION: 

T h i s  area c o n s i s t s  o f  two s l i d e s  a d j a c e n t  t o  t h e  west  bank o f  t h e  Oldman 

i ( i v e r  and two s l i d e s  a long  a  cou lee.  An i n t e r e s t i n g  no te  regard ing  t h e  

l a n d s l i d e s  a long  t h e  r i v e r  i s  the  f a c t  t h a t  they occur  a long  one o f  t h e  few 

s t r a i g h t  s t r e t c h e s  o f  the  r i v e r .  As mentioned e a r l i e r  i n  t h e  t e x t ,  s l i d e s  

a d j a c e n t  to t h e  r i v e r  g e n e r a l l y  occur a t  a  p o i n t  immedia te ly  downstream o f  

t h e  lnaximum p o i n t  o f  c u r v a t u r e  i n  a  meander bend o f  t h e  r i v e r .  The 

t r i g g e r i n g  mechanism f o r  these two s l i d e s  a1 ong t h e  west bank o f  the  01 dman 

R i v e r  i s  n o t  r e a d i l y  apparent .  A l though  no d e t a i l e d  s tudy o f  t h e  coal  mine 

work ings  i n  the  area was undertaken, subsidence i s  suspected o f  be ing t h e  

most p robab le  t r i g g e r  mechanism. 

The l a r g e s t  s l i d e  i n  t h i s  area (17-A) c o n s i s t s  o f  down thrown b locks  a t  t h e  

base o f  t h e  s l i d e  and a  s e r i e s  o f  b l o c k s  p a r t  way down t h e  s lope face,  

i n d i c a t i n g  a  r e t r o g r e s s i v e  s e r i e s  o f  f a i l u r e s .  The suspected m d e  o f  

f a i l u r e  i s  combined r o t a t i o n a l - t r a n s l a t i o n a l ,  w i t h  t h e  t r a n s l a t i o n a l  

movement o c c u r r i n g  a long  t h e  o l d  mine t u n n e l s  and a d i t s  which were t y p i c a l l y  

near  r i v e r  l e v e l .  

South o f  t h e  l a r g e r  s l i d e  i s  a  s i m i l a r ,  b u t  s m a l l e r  r o t a t i o n a l - t r a n s l a t i o n a l  

s l i d e  ( 1 7 - B ) ,  which i s  a l s o  suspected o f  be ing  i n i t i a t e d  by subsidence over  

o l d  mine tunne l  s  and ad i  t s .  

The rema in ing  s l i d e s  i n  t h i s  area a re  s i t u a t e d  a long  a  cou lee which 

separa tes  the  two p r e v i o u s l y  ment ioned s l i d e s .  On t h e  n o r t h  bank near  t h e  

lower  end o f  t h e  cou lee,  a r e  t h e  remnants o f  an o l d  r o t a t i o n a l  s l i d e  w i t h  

mature,  w e l l  rounded topograph ic  f e a t u r e s .  It was p r o b a b l y  i n i t i a t e d  w h i l e  

t h e  cou lee  was a c t i v e l y  downcu t t i ng  th rough  t h e  overburden t i 1  1s . ' -  



SLIDE A R E A :  No. 17 (Continued ... ) 

The fourill  s l i d e  i n  t h e  area i s  located on the  south bank near t h e  upper end 

of t h e  coulee. This  smaller  s l i d e  (approximately 60 metres i n  length)  i s  

a l s o  a  shallow ro ta t iona l  f a i l u r e  confined t o  the  overburden s o i l s .  A 

deeply eroded trench with near v e r t i c a l  walls  forms t h e  base of t h i s  

V-shaped coulee. I t  i s  suspected t h a t  oversteepening a t  the  base of t h e  

coulee i s  t h e  probable t r i g g e r i n g  mechani sm f o r  t h i s  s l i d e .  

None of t h e  coulee o r  riverbank s l i d e s  a re  present ly ec t ive .  
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SLIDE AREA: t,lo. 18 

LOCATION: LSD. 3 - Sec. 19 - Twp.  8  - Rge. 21 - W4M 

This ro t a t iona l  s l i d e  i s  located on the south bank of a  coulee along the  

west bank of the Oldman River.  S i tua ted  near the c r e s t  of the south coulee 

bank, t h i s  small s l i d e  (only about 30 metres in  length)  breaks out near the  

top of the slope s p i l l i n g  debr is  down the  slope face.  I t  i s  suspected t h a t  

t h e  f a i l u r e  i s  confined to the overlying l a c u s t r i n e  deposi ts  and g lac ia l  

t i l l s .  

A small i r r i g a t i o n  canal e x i t s  onto the slope face immediately west of the  

s lope f a i l u r e .  Excessive vegeta t ive  growth i s  evident  a t  the point  where 

the  canal s p i l l s  over onto the s lope.  In addit ion a  water re ta in ing  dugout 

i s  located 20 metres back from the c r e s t  of the slope. I t  i s  suspected t h a t  

water supplied fo r  i r r i g a t i o n  and leakage from the dugout have caused a  

loca l  r i s e  in the groundwater t a b l e ,  an increase in porewater pressure and 

an i n i t i a t i o n  of s lope i n s t a b i l i t y .  

Aerial photographs ind ica t e  t h a t  the  s l i d e  occurred between 1970 and 1975. 

Water appears to have been ponded i n  t h e  dugout near the  c r e s t  of the coulee 

s i n c e  a t  l e a s t  1960. No addit ional  slope mvernents a re  evident  a f t e r  the  

i n i t i a l  f a i l u r e .  





Photo  14: Aerial view of Slide No. 18. Note excessive vegetative growth 

alongside slump; also a dugout located just back of the crest. 



SLIDE AREA: No. 19 

LOCATI Ol! : LSD. 4 - Sec. 19 - THP. 8  - Rge. 21 - 1.1411 

Located on t h e  sou th  bank o f  a  cou lee  on t h e  west  bank o f  t h e  Oldman R i v e r ,  

t h i s  s l i d e  appears t o  have been p r e c i p i t a t e d  i n  a  manner s i m i l a r  t o  S l i d e  

)!o. 18. The landowner c o n s t r u c t e d  a  smal l  dyke a t  t h e  t o p  o f  t h e  cou lee,  

between 1970 and 1975 t o  r e t a i n  s u r f a c e  r u n o f f .  I n  a d d i t i o n ,  t h e r e  i s  a  

w a t e r - f i l l e d  dugout  approx ima te ly  100 met res  sou th  o f  t h e  coulee.  Land use 

a l o n g  t h e  c r e s t  o f  t h e  c o u l e e  i s  i r r i g a t e d  farming.  The base o f  t h e  cou lee  

appears t o  have been eroded, fo rm ing  s teep  w a l l s  a t  t h e  t o e  o f  t h e  s lope.  

Small  a reas o f  l u s h  v e g e t a t i o n  on b o t h  s i d e s  o f  t h e  cou lee  i n d i c a t e  

groundwater seepage p r i o r  t o  c o n s t r u c t i o n  o f  t h e  dyke a t  t h e  upper  end o f  

t h e  coulee.  The combined e f f e c t  o f  i r r i g a t i o n ,  a  w a t e r - f i l l e d  dugout sou th  

o f  t h e  cou lee,  p l u s  t h e  a d d i t i o n  o f  ano the r  dugout a t  t h e  t o p  o f  t h e  cou lee  

r e s u l t e d  i n  a  r i s e  i n  t h e  l o c a l  groundnater  t a b l e .  The r i s e  i n  t h e  l o c a l  

groundwater t a b l e  produced an i n c r e a s e  i n  po rewate r  p ressure ,  a  subsequent 

decrease i n  s t a b i l i t y  and t h e  f o r m a t i o n  o f  a  130 met re  l o n g  l a n d s l i d e  

between 1978 and 1980. 

A s m a l l e r  s l i d e  i s  e v i d e n t  a t  t h e  t o e  o f  t h e  main s l i d e .  I t  i s  suspected 

t h a t  f a i l u r e  o f  t h e  ma jo r  s l i d e  was preceded by movement o f  t h e  s m a l l e r  

s l i d e .  T h i s  m a j o r  r o t a t i o n a l  s l i d e  ex tends f r o m  t h e  c r e s t  t o  t h e  base o f  

t h e  cou lee,  a  h e i g h t  o f  approx ima te ly  30 metres.  The average s l o p e  ang le  

b e f o r e  f a i l u r e  was a p p r o x i m a t e l y  29'. Due t o  t h e  r e c e n t  occur rence o f  t h e  

movement, t h i s  s l i d e  i s  c l a s s i f i e d  as a c t i v e .  



Photo 15: Aerial view of S l ide  No. 19. Note water s torage  ponds near c r e s t  
of coulee. Also small a reas  of lush vegetat ive growth, i n d i c a t i v e  

of groundwater seepage. 



SLIDE AP,EA: 140. 20 

LOCATION: LSD. 3 - Sec. 19 - Twp. 8 - Rge. 21 - W4M 

LSD. 1 4  - Sec. 18 - Twp. 8 - Rge. - 21 - W4M 

This area includes two old s l i d e s  on t h e  west bank of t h e  Oldman River which 

were probably formed when the  r i v e r  was s t i l l  ac t ive ly  downcutting and have 

long s ince  been inac t ive .  The f i r s t  s l i d e  ( i n  LSD. 3 )  i s  s i t u a t e d  along t h e  

r i v e r  va l ley  wall.  The second s l i d e  i s  located along t h e  north bank of a  

coulee ,  immediately south of t h e  f i r s t  s l i d e .  The lower port ion of t h e  

s lope  i s  r e l a t i v e l y  i n t a c t  with only the  overlying overburden apparent ly 

dis turbed.  A s i m i l a r  type of movement involving only t h e  overburden i s  a l s o  

suspected i n  the  f i r s t  s l i d e .  The thickness of overburden i s  estimated t o  

be 30 metres. 

The s lope movements a r e  very old with no obvious t r igge r ing  mechanism. A 

poss ib le  explanat ion f o r  the  overburden movement may involve a bedrock 

su r face  which had eroded l o c a l l y ,  leaving a  d ip  towards t h e  r i v e r  and 

coulee. This loca l  dipping sur face  would serve a s  a  plane f o r  a  postulated 

combined ro t a t iona l - t r ans1  a t ional  f a i l u r e .  



S L I D E  A R E A  NO . 20 
LSD 3, Sec . I9 . Tp.8,  Rg  . 21, W 4 / M  
LSD 14 . Sec . 18,Tp.8. Rp.21, W4/M 

SCALE 1 i S O D O  / SHEET I OF I 
DITE O C T O ~ ~ ~ ~ ~ ! ~ ~ ?  I MhWING No . 31 

E*V~I)O*UI*T 

SUBMITTED . . . . . . . . . . . . . . . . . . . .  
OATE . . . . . . . . . . . . . . . . . . . . . . . . . . .  

APPROVED . . . . . . . . . . . . .  
DATE . . . . . . . . . . .  

D ~ S ~ G N E D  . . . . . . . . . . . . . . . . . . . . . . . . .  
CHECKED . . . . . . . . . . . . . . . . . . . . . . . .  

DRAWN ... S .  . C.. . . . .  
CMECLED . . . . . . . . . . . . . . . . . . . . . . . . .  



SLIDE A R E A :  No. 21 

LOCATIO:,': Sec. 18 - Twp. 8 - Rge. 21 - bl4:I; 

Sec. 13 - Twp. 8 - Rge. 22 - W414 

DESCRIPTION: 

This s l i d e  area has developed along an outside meander bend, over a 1900 

metre s t r e t c h  on the  north bank of the  Oldman River. The height  of t h e  

va l l ey  walls  a re  approximately 100 metres. The s l i d e  area i s  composed of a 

s ec t ion  of i nac t ive  s lope  which extends f o r  a length of approximately 803 

metres and another  1100 metres which i s  c l a s s i f i e d  a s  present:y ac t ive .  The 

two areas  of the  s l i d e  mass a r e  discussed separa te ly .  

The a c t i v e  area (21-A) i s  present ly experiencing several types of 

i n s t a b i l i t y .  The major source of the  i n s t a b i l i t y  i s  excess i r r i g a t i o n  water 

which has been dumped onto t h e  s lope and permitted t o  run uncontrolled down 

t o  t h e  r i v e r  l eve l .  The main i r r i g a t i o n  canal which suppl ies  i ia ter  f o r  the  

farmers on t h e  west s i d e  of t h e  Oldman River, terminates  a t  the  c r e s t  of the  

s lope.  Surplus i r r i g a t i o n  water dumped onto t h e  s lope face has sa tu ra t ed  

t h e  1 ocal P le is tocene  sediments. The steep-wal led  gul l e y s  formed by erosion 

have experienced a number of shallow ro ta t ional  f a i l u r e s .  This p a r t i c u l a r  

f e a t u r e  i s  most r ead i ly  apparent  along t h e  e a s t  edge of t h e  s l i d e  mass. 

The continuous supply of water has formed a loca l  perched groundwater t a b l e  

r e s u l t i n g  i n  a s e r i e s  of r e t rog res s ive  ro t a t iona l  s l i d e s ,  p a r t i c u l a r l y  in 

t h e  cen t r a l  por t ion  of t h e  s l i d e  mass. In some p laces  t h e  s o i l s  have formed 

a flow type f a i l u r e  with t h e  su r face  morphology expressing a viscous f l u i d  

type of  movement. Several a r eas  of ponded water a r e  v i s i b l e  on t h e  face of 

t h e  s lope.  



SLIDE AREA: No. 21 (Continued .. . )  

Tne slope f a i l u r e s  appear t o  be general ly confined t o  t h e  s o i l s  overlying 

t h e  Upper Cretaceous bedrock. Near ve r t i ca l  exposures of the  Oldman 

Formation along the  eas t e rn  port ion of t h e  s l i d e  i n d i c a t e  the  bedrock i s  

r e l a t i v e l y  s t ab le .  In t h e  cen t r a l  por t ion  of the  s l i d e ,  deb r i s  has e i t h e r  

f a l l e n  o r  flowed overtop of the  bedrock forming a t a l u s  which va r i e s  u p  t o  

50 metres i n  width o r  more. Erosion a t  t h e  base of the  s lope removes 

material  which a c t s  as  a s t a b i l i z i n g  toe  berm. As t h e  t a l u s  i s  slowly 

eroded, i t  no longer  provides t o e  support f o r  the  material  f u r t h e r  upslope 

and r e s u l t s  i n  f u r t h e r  movement. 

The western port ion of the  s l i d e  (21-3)  exh ib i t s  a well rounded mature 

topography with no ind ica t ion  of recent  a c t i v i t y .  This s ec t ion  of t h e  s l i d e  

i s  est imated t o  have occurred while t h e  r i v e r  was doancutting. The s l i d e  

morphology c o n s i s t s  of a s t eep  backscarp, backward ro t a t ed  downdrop blocks 

on the  upper and lower s l i d e  zone. The S l ide  appears t o  be a combined 

mu1 t i p l e  r e t rog res s ive  ro t a t iona l - t r ans l a t iona l  type f a i l u r e  with the  lower 

f a i l u r e  sur face  a t  the  bedrock - overburden contact .  The bedrock contac t  i s  

est imated t o  be approximately 50 metres above r i v e r  l eve l .  A subs tan t i a l  

quan t i ty  of  mater ial  i s  bel ieved t o  be deposited a t  t h e  t o e  of t h e  s lope 

forming a l a r g e  t a l u s  a t  t h e  base. 
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