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This conference has been organized to consider 
engineering problems encountered in the discontinuous 
permafrost zones of western Canada and Alaska. Before 
construction is undertaken in this zone, it is essential 
to obtain knowledge of the character of the permafrost and 
the environment in which it exists. 

DEFINITION OF PERMAFROST 

Permafrost, or perennially frozen ground, is 
defined exclusively on the basis of temperature, referring 
to the thermal condition under which earth materials 
(mineral and organic soils, and rock) exist at a temperature 
below 32OF continuously for a number of years. Permafrost 
includes ground which freezes in one winter and remains 
frozen through the following summer and into the next 
winter. This is the minimum limit for the duration of 
permafrost; it may be only a few inches thick. Thts 
definition includes ''cljmafrost'' (Reference 1 - p. 58) and 
the Russian "pereletok" (Reference 2 - p.11). At the 
other end of the time scale is permafrost which is thousands 
of years old and hundreds of feet thick. Thus, permafrost 
is not permanently frozen especially in the southern 
portion of the permafrost region where it is thin and close 
to 32OF. 

DEFINITION OF DISCONTINUOUS PERMAFROST 

In the discontinuous zone, there are discontinuities 
in the permafrost both in its horizontal and vertical 
extents. For several years American and Russian investigators 
have defined the discontinuous zone on a temperature basis - 
the temperature of the permafrost just below the depth of 
seasonal variation is above 23OF (-5OC) (Reference 3, 
Reference 4 - p.23). Ground temperature observations in 
Canada are insufficient in number to enable a delineation 
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of the discontinuous permafrost zone on a temperature basis. 
Until they are available, the discontinuous zone can be 
delineated only quantitatively on the basis of the horizontal 
and vertical extent of permafrost. 

LOCATION AND BOUNDARIES OF DISCONTINUOUS PERMAFROST ZONE 

From a study of available literature and field 
observations over the past decade, the approximate distri- 
bution and nature of the discontinuous zone in western Canada 
has been established (Figure 1). This map also shows the 
land communications in this zone. There is a well developed 
road network in northern British Columbia and Yukon Territory. 
In the Prairie Provinces and Mackenzie District, land com- 
munications are just beginning to penetrate into the dis- 
continuous zone except in Manitoba where the Hudson Bay 
Railroad has been in existence for 35 years. No land com- 
munications exist in the discontinuous permafrost zone of 
Ontario. 

The southern and northern limits of this zone are 
known only approximately. The southern limit1 refers to the 
most southerly occurrence of any known permafrost and thus 
includes substantial areas where now no permafrost exists. 
Similarly, the northern limit refers to the most northerly 
extent of areas that remain thawed throughout the year; 
this includes areas where permafrost is widespread, occurr- 
ing virtually everywhere beneath the ground surface. 

The southern limit of the discontinuous zone 
extends from the west coast of James Bay at latitude 53ON 
in the vicinity of the.Attawapiskat River northwest to about 
latitude 54ON in central Saskatchewan and about latitude 
56ON in Alberta. In the Cordillera, comprised of mountain 
ranges, plateaus and intermontane valleys and trenches, 
permafrost occurs at high elevations south to the 49th 
parallel and even farther south into the United States. 

The northern limit of the discontinuous zone extends 
from the vicinity of Churchill, Manitoba, northwest between 
Great Slave Lake and Great Bear Lake and into Yukon Territory 
in the vicinity of Porcupine River - about latitude 68ON. 

l ~ h e  southern limit refers to the most southerly occurrence 
of permafrost. The southern fringe refers to the southern 
portion of the discontinuous zone where permafrost occurs 
in scattered islands. 



NATURE OF DISCONTINUOUS PERMAFROST ZONE 

I n  t h e  s o u t h e r n  f r i n g e  p e r m a f r o s t  o c c u r s  i n  
s c a t t e r e d  i s l a n d s ,  a few f e e t  t o  s e v e r a l  a c r e s  i n  e x t e n t ,  
a few i n c h e s  t o  a few f e e t  t h i c k ,  c o n f i n e d  t o  s p e c i f i c  
t y p e s  of t e r r a i n  h a v i n g  t e m p e r a t u r e s  o n l y  a few t e n t h s  o f  a 
d e g r e e  below 32OF. Northward, i t  becomes i n c r e a s i n g l y  wide- 
s p r e a d  and t h i c k e r ;  i t  i s  a s s o c i a t e d  w i t h  a g r e a t e r  v a r i e t y  
o f  t e r r a i n  t y p e s  h a v i n g  t e m p e r a t u r e s  s e v e r a l  d e g r e e s  below 
32OF. 

INFLUENCE OF CLIMATE ON DISCONTINUOUS PERMAFROST 

C l i m a t e  i s  b a s i c  t o  t h e  f o r m a t i o n  of  p e r m a f r o s t  
and i s  one o f  t h e  most i m p o r t a n t  f a c t o r s  i n f l u e n c i n g  t h e  
e x i s t e n c e  o f  t h i s  phenomenon. O f  a l l  t h e  c l i m a t i c  f a c t o r s ,  
t h e  t e m p e r a t u r e  o f  t h e  a i r  i s  t h e  most r e a d i l y  measured and 
most d i r e c t l y  r e l a t e d  t o  ground h e a t  l o s s e s  and h e a t  g a i n s .  
O b s e r v a t i o n s  i n d i c a t e  t h e  e x i s t e n c e  o f  a b road  r e l a t i o n  
between mean a n n u a l  a i r  and ground t e m p e r a t u r e s  i n  perma- 
f r o s t .  Many i n v e s t i g a t o r s  have  e s t i m a t e d  t h e  mean a n n u a l  
a i r  t e m p e r a t u r e  r e q u i r e d  t o  groduce  and m a i n t a i n  a pe ren -  
n i a l l y  f r o z e n  c o n d i t i o n  i n  t h e  ground (Refe rence  5 - p . 3 ) .  

E a s t  o f  t h e  C o r d i l l e r a  t h e  s o u t h e r n  l i m i t  o f  
p e r m a f r o s t  c o r r e s p o n d s  rough ly  w i t h  t h e  30°F mean a n n u a l  
i s o t h e r m  ( F i g u r e  1, R e f e r e n c e  6 - p . 3 1 ) .  South  of t h i s  
i s o t h e r m ,  p e r m a f r o s t  o c c u r r e n c e s  a r e  r a r e  and of  small 
e x t e n t .  North o f  t h e  25OF mean a n n u a l  i s o t h e r m ,  i t  i s  wide- 
s p r e a d  and found i n  most t y p e s  o f  t e r r a i n .  The n o r t h e r n  
l i m i t  o f  t h e  d i s c o n t i n u o u s  zone c o r r e s p o n d s  a p p r o x i m a t e l y  
w i t h  t h e  20°F mean a n n u a l  i s o t h e r m .  I n  t h e  C o r d i l l e r a  t h e  
mean a n n u a l  a i r  t e m p e r a t u r e  d e c r e a s e s  w i t h  e l e v a t i o n .  
Although f i e l d  o b s e r v a t i o n s  a r e  v i r t u a l l y  n o n - e x i s t e n t  i n  
t h i s  r e g i o n ,  i t  i s  assumed t h a t  t h e  d i s t r i b u t i o n  o f  perma- 
f r o s t  changes  v e r t i c a l l y  up t h e  s l o p e  o f  each  mounta in  
r a n g e  i n  r e s p o n s e  t o  t h e  d e c r e a s i n g  mean a n n u a l  a i r  
t e m p e r a t u r e  i n  t h e  same manner '  as i t  changes  hor i .zonta213 
from s o u t h  t o  n o r t h  t o  t h e  e a s t  o f ' t h e  C o r d i l l e r a .  

Another  i m p o r t a n t  c l i m a t i c  f a c t o r  i s  r a d i a t i o n .  
The t y p e  o f  ground s u r f a c e  i n f l u e n c e s  t h e  amount o f  s o l a r  
ene rgy  t h a t  e n t e r s  t h e  ground from t h e  a tmosphere  and t h u s  
a f f e c t s  t h e  u n d e r l y i n g  p e r m a f r o s t .  The exposure  of s l o p i n g  
ground and d e g r e e  o f  s l o p e  a l s o  d e t e r m i n e  t h e  amount o f  
r a d i a t i o n  t h a t  w i l l  r e a c h  t h e  ground s u r f a c e .  I n  t h e  
C o r d i l l e r a  p e r m a f r o s t  f r e q u e n t l y  o c c u r s  on n o r t h  f a c i n g  
s l o p e s  and n o t  on o p p o s i t e  s o u t h  f a c i n g  s l o p e s .  Even i n  



a r e a s  o f  subdued r e l i e f ,  v a r i a t i o n s  i n  p e r m a f r o s t  d i s t r i -  
b u t i o n  can  be  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  r a d i a t i o n  r e c e i v e d  
on g e n t l e  s l o p e s  hav ing  d i f f e r e n t  exposures  (Refe rence  7  - 
p . 4 3 ) .  

INFLUENCE OF TERRAIN ON DISCONTINUOUS PERMAFROST 

The d i s t r i b u t i o n  o f  pe rmaf ros t  i n  t h e  d i scon-  
t i n u o u s  zone i s  r e l a t e d  b r o a d l y  t o  c l i m a t e  a s  d i s c u s s e d  i n  
t h e  p r e v i o u s  s e c t i o n .  Within t h i s  g e n e r a l  p a t t e r n ,  l o c a l  
v a r i a t i o n s  i n  t h e  occur rence  o f  p e r m a f r o s t  a r e  caused by 
d i f f e r e n c e s  i n  t e r r a l n  c o n d i t i o n s .  

R e l i e f  

Between James Bay and t h e  C o r d i l l e r a ,  t h e  r e l i e f  
i s  f a i r l y  subdued excep t  f o r  i s o l a t e d  h i g h l a n d s  (Refe rence  8  - 
Map 11). (Saskatchewan - Thunder H i l l s  (2230 f t . )  and 
Wapawekka H i l l s  (above 2000 f t . ) ;  A l b e r t a  - B u f f a l o  Head 
H i l l s  (2700 f t . ) ,  C l e a r  H i l l s  (3600 f t . ) ,  Swan H i l l s  
(4000 f t . ) ,  B i r c h  Mountains (2765 f t . ) ,  Car ibou Mountains 
(3047 f t . ) ) .  P e r m a f r o s t  o c c u r s  i n  p e a t  bogs on t h e  summits 
o f  t h e  l a t t e r  two h i g h l a n d s .  E l e v a t i o n s  va ry  from s e a  l e v e l  
t o  500 f t .  above s e a  l e v e l  i n  t h e  e a s t  t o  3000 t o  4000 f t .  
a t  t h e  w e s t e r n  edge  o f  t h e  p r a i r i e s .  

I n  t h e  C o r d i l l e r a ,  e l e v a t i o n s  va ry  from 4000 f t .  
t o  mounta in  peaks  r i s i n g  more t h a n  10,000 f t .  above s e a  
l e v e l .  The d e c r e a s e  o f  mean a n n u a l  a i r  t e m p e r a t u r e .  w i t h  
e l e v a t i o n  a t  t h e  r a t e  of about  1°F/300 f t .  i s  i l l u s t r a t e d  
by a n  example from s o u t h e r n  B r i t i s h  Columbia. The mean 
a n n u a l  a i r  t e m p e r a t u r e  on Old Glory M t .  (7700 f t . )  a t .  
4g091N, 117O55'W i s  28.4OF. A t  nearby Ross land (3305 f t . ) ,  
i t  i s  42.g°F. A t  G a r i b a l d i  Pa rk ,  B . C .  (4g058'N, 123°001W), 
p e r m a f r o s t  o c c u r s  a t  about  6000 f t .  (Refe rence  9 - p . 9 5 ) .  
A t  C a s s i a r ,  B .C .  n e a r  t h e  6 0 t h  p a r a l l e l ,  no p e r m a f r o s t  
o c c u r s  a t  t h e  t o w n s i t e  (3500 f t . ) ;  j u s t  below 4500 f t .  
p e r m a f r o s t  i s  p a t c h y  and above 4500 f t .  i t  becomes wide- 
s p r e a d .  Along t h e  Alaska  Highway and branch r o a d s  s o u t h  o f  
Whi tehorse ,  Y.T., p e r m a f r o s t  was found only  i n  c e r t a i n  t y p e s  
o f  t e r r a i n  - most ly  p e a t  bogs - up t o  4000 f t .  Thus i t  i s  i m -  
p r o b a b l e  t h a t  p e r m a f r o s t  o c c u r s  i n  t h e  I n t e r i o r  P l a t e a u  
b e c a u s e  o f  i t s  e l e v a t i o n  b e i n g  below 4000 f t .  ( F i g u r e  1). 
Between 4000 f t .  and 6000 f t . ,  i t  a p p e a r s  t h a t  p e r m a f r o s t  
o c c u r s  i n  s c a t t e r e d  p a t c h e s ;  between 6000 f t .  and 8000 f t .  
p e r m a f r o s t  i s  p r o b a b l y  d i s c o n t i n u o u s  b u t  widespread and 
above 8000 f t . ,  i t  i s  probably  c o n t i n u o u s .  Thus by examin- 
i n g  t h e  orography map i n  t h e  A t l a s  o f  Canada (Refe rence  8 - 



Map 1 1 )  i t  i s  p o s s i b l e  t o  d e l i n e a t e  a p p r o x i m a t e l y  t h e  p r o b a b l e  
l o c a t i o n s  o f  p e r m a f r o s t  i n  t h e  C o r d i l l e r a .  

P h y s i o g r a p h i c  Regions 

The d i s c o n t i n u o u s  p e r m a f r o s t  zone e x t e n d s  o v e r  
f o u r  p h y s i o g r a p h i c  r e g i o n s  h a v i n g  v a r y i n g  t e r r a i n  f e a t u r e s  
and p e r m a f r o s t  c o n d i t i o n s  ( R e f e r e n c e  8 - Map 1 3 ) .  

The Hudson Bay Lowland i n  n o r t h e r n  O n t a r i o  and  
n o r t h e a s t e r n  Manitoba i s  a  low f l a t  a r e a ,  beach r i d g e s  
marking  t h e  l i m i t s  of' p o s t g l a c i a l  mar ine  submergence'  b e i n g  
t h e  o n l y  ma jo r  r e l i e f  f e a t u r e s .  Between r i v e r  v a l l e y s ,  
d r a i n a g e  i s  p o o r .  S o i l s  c o n s i s t  o f  t h i c k  p e a t  d e p o s i t s  
o v e r l y i n g  mar ine  c l a y s  and t i l l .  L o c a l  m i c r o - r e l i e f  
f e a t u r e s  i n c l u d e  p a l s a s ,  p e a t  p l a t e a u s  and r i d g e s .  Perma- 
f r o s t  o c c u r s  i n  s c a t t e r e d  p a t c h e s  mos t ly  i n  t h e s e  b e t t e r  
d r a i n e d  m i c r o - r e l i e f  f e a t u r e s .  

The Precambr ian  S h i e l d  l y i n g  wes t  of  t h e  Hudson 
Bay Lowland c o n s i s t s  o f  r o c k  knobs i n t e r s p e r s e d  w i t h  p o o r l y  
d r a i n e d  swamps and bogs .  I n  t h e s e  d e p r e s s i o n s ,  t h e  s o i l s  
a r e  t i l l  v a r y i n g  from c l a y  t o  g r a v e l  o v e r l a i n  by p e a t .  I n  
t h e  s o u t h e r n  f r i n g e  o f  t h e  d i s c o n t i n u o u s  zone,  p e r m a f r o s t  
i s l a n d s  o c c u r  i n  t h e  b e t t e r  d r a i n e d  p o r t i o n s  o f  bogs .  I n  
t h e  n o r t h ,  p e r m a f r o s t  i s  more w i d e s p r e a d .  

The I n t e r i o r  P l a i n s  l i e  between t h e  P recambr ian  
S h i e l d  and  t h e  C o r d i l l e r a  i n  w e s t e r n  Saskatchewan,  A l b e r t a  
and n o r t h e a s t e r n  B r i t i s h  Columbia i n c l u d i n g  t h e  Mackenzie 
R i v e r  v a l l e y .  The r e l i e f  i s  r o l l i n g  w i t h  i s o l a t e d  h i g h -  
l a n d s .  S o i l s  a r e  f r e q u e n t l y  g r a v e l l y  a l o n g  t h e  r i v e r s  and 
f i n e - g r a i n e d  i n l a n d .  I n  t h e  s o u t h e r n  f r i n g e  o f  t h e  d i s -  
c o n t i n u o u s  zone ,  p e r m a f r o s t  o c c u r s  i n  s c a t t e r e d  p a t c h e s  i n  
bogs ;  f u r t h e r  n o r t h ,  i t  becomes more widespread .  

The C o r d i l l e r a  r e g i o n  i n  t h e  wes t  o f  t h e  d i s -  
c o n t i n u o u s  zone i s  mountainous w i t h  p l a t e a u s ,  i n t e r m o n t a n e  
v a l l e y s  and t r e n c h e s .  The d i s t r i b u t i o n  o f  p e r m a f r o s t  i s  
marked by a  v e r t i c a l  z o n a t i o n  w i t h  v a r i a t i o n s  between n o r t h  
and s o u t h  f a c i n g  s l o p e s  i n  a d d i t i o n  t o  t h e  u s u a l  i n c r e a s e  
i n  h o r i z o n t a l  and v e r t i c a l  e x t e n t  towards  t h e  n o r t h  of t h e  
d i s c o n t i n u o u s  zone.  

G l a c i a l  Geology 

The e n t i r e  d i s c o n t i n u o u s  p e r m a f r o s t  zone was 
g l a c i a t e d  d u r i n g  t h e  P l e i s t o c e n e  e x c e p t  f o r  t h e  w e s t e r n  



P o r t i o n  o f  Yukon T e r r i t o r y  (Reference  8 - Map 1 5 ) .  It i s  
p r o b a b l e  t h a t  t h e  pe rmaf ros t  i n  t h e  g l a c i a t e d  p o r t i o n  formed 
a f t e r  t h e  r e t r e a t  o f  t h e  i c e  o r  subsequent  p o s t - g l a c i a l  marine 
o r  l a c u s t r i n e  submergence. I n  w e s t e r n  Yukon T e r r i t o r y ,  t h e  
p e r m a f r o s t  c o u l d  have formed d u r i n g  t h e  c o l d  p e r i o d  a t  t h e  
b e g i n n i n g  o f  t h e  P l e i s t o c e n e .  R e f e r r i n g  t o  t h e  g l a c i a l  
geology map i n  t h e  A t l a s  o f  Canada, t h e  younges t  p e r m a f r o s t  
p r o b a b l y  o c c u r s  i n  t h e  a r e a s  of g l a c i a l  marine o r  l a c u s t r i n e  
d e p o s i t i o n .  

V e g e t a t i o n  

w i t h i  
t r a n s  

The d i s c o n t i n u o u s  p e r m a f r o s t  zone l i e s  g e n e r a l l y  
n  t h e  b o r e a l  f o r e s t  and s u b a r c t i c  f o r e s t  - t u n d r a  
i t i o n  ( R e f e r e n c e  8  - Map 3 8 ) .  I n  t h e  C o r d i l l e r a ,  t h e r e  

a r e  e x t e n s i v e  a r e a s  above t h e  t r e e l i n e  i n  t h e  a l p i n e  t u n d r a .  
The predominant  t r e e  s p e c i e s  i s  s p r u c e  w i t h  s c a t t e r e d  jack-  
p i n e  and p o p l a r .  

Snow Cover 

Snow c o v e r  p l a y s  a  c r i t i c a l  r o l e  i n  t h e  d i s t r i -  
b u t i o n  o f  p e r m a f r o s t  i n  t h e  d i s c o n t i n u o u s  zone. D e t a i l e d  
l o c a l  s t u d i e s  o f  t h e  i n f l u e n c e  o f  snow cover  on p e r m a f r o s t  
i s l a n d s  a r e  ve ry  l i m i t e d .  Maps o f  mean monthly and a n n u a l  
s n o w f a l l  a r e  a v a i l a b l e  i n  t h e  C l i m a t o l o g i c a l  A t l a s  
( R e f e r e n c e  5  - pp. 109 t o  1 2 3 ) .  A heavy f a l l  and accumula- 
t i o n  o f .  snow i n  t h e  f a l l  r educes  t h e  depth  o f  f r o s t  p e n e t r a -  
t i o n .  Converse ly ,  snow l y i n g  l a t e  i n  t h e  s p r i n g  d e l a y s  
thawing  of t h e  ground.  It h a s  been observed t h a t  t h e  
t h i c k e s t  p e r m a f r o s t  i n  t h e  Hudson Bay Lowland o c c u r s  i n  
p a l s a  mounds on which snow c o v e r  i s  t h i n  because  of t h e i r  
e x p o s u r e  t o  wind (Refe rence  10 - p .  219) .  The s o u t h e r n  
l i m i t  o f  p e r m a f r o s t  i n  Quebec i s  s e v e r a l  hundreds  o f  m i l e s .  
n o r t h  of  t h e  s o u t h e r n  l i m i t  wes t  of  James Bay. One o f  t h e  
main f a c t o r s  may b e  t h a t  s n o w f a l l  i n  t h e  l a t e  f a l l  i s  con- 
s i d e r a b l y  . h i g h e r  i n  Quebec t h a n  a c r o s s  t h e  Bay i n  O n t a r i o  
( R e f e r e n c e  11 - p .  1 7 5 ) .  

OCCURRENCE OF PERMAFROST 

I n  t h e  s o u t h e r n  f r i n g e  of  t h e  d i s c o n t i n u o u s  zone, 
p e r m a f r o s t  i s  r e s t r i c t e d  mainly  t o  p e a t  bogs .  F i g u r e  2 
shows a  c r o s s - s e c t i o n  through a t y p i c a l  p e a t  bog w i t h  
v a r i a t i o n s  i n  v e g e t a t i o n ,  d r a i n a g e  and m i c r o - r e l i e f  and 
r e l a t e d  p e r m a f r o s t  o c c u r r e n c e s .  A t y p i c a l  p e a t  bog w i t h  
p e r m a f r o s t  i n  t h e  Precambrian S h i e l d  i s  shown i n  F i g u r e  3 
( R e f e r e n c e  1 2  - F i g u r e  2 4 ) .  A t y p i c a l  p e a t  bog w i t h  



p e r m a f r o s t  i n  t h e  I n t e r i o r  P l a i n s  i s  shown i n  F i g u r e  4 .  The 
marked d i f f e r e n c e  i n  p h o t o g r a p h i c  t o n e  between t h e  g r a v e l  
r i d g e  i n  t h e  f o r e g r o u n d  and t h e  p e a t  bog i n  t h e  background 
c o n t r a s t s  markedly w i t h  t h e  s i m i l a r i t y  i n  t o n e  o f  t h e s e  two 
t e r r a i n  f e a t u r e s  on t h e  a e r i a l  pho tograph  shown i n  F i g u r e  5 .  

I n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  d i s c o n t i n u o u s  zone 
p e r m a f r o s t  i s  n o t  r e s t r i c t e d  t o  one t y p e  o f  t e r r a i n  and i s  
t h i c k e r  t h a n  i n  t h e  s o u t h e r n  f r i n g e .  Between Thompson and 
C h u r c h i l l  i n  Manit ,oba, p e r m a f r o s t  i s  50 t o  100 f t .  t h i c k .  
A t  Ye l lowkni fe ,  N.W.T., i t  exceeds  100 f t .  i n  t h i c k n e s s ,  a t  
Dawson, Y.T., i t  i s  a b o u t  200 f t .  t h i c k  and n o r t h e a s t  o f  
Dawson on t h e  P e e l  P l a t e a u ,  i t s  t h i c k n e s s  i s  s e v e r a l  hundred  
f e e t .  F i g u r e  6 shows a n  e x t e n s i v e  wet p e a t  bog n e a r  Dawson, 
Y.T. where p e r m a f r o s t  i s  widespread  and p r o b a b l y  100 f t .  
t h i c k .  P e r m a f r o s t  would n o t  o c c u r  i n  a  s i m i l a r  bog i n  t h e  
s o u t h e r n  f r i n g e  b e c a u s e  o f  t h e  wet c o n d i t i o n s .  

R e f e r e n c e  h a s  been  made t o  t h e  v a r i a t i o n s  i n  perma- 
f r o s t  d i s t r i b u t i o n  i n  t h e  C o r d i l l e r a  because  o f  e l e v a t i o n  
and  e x p o s u r e .  A t y p i c a l  v a l l e y  on t h e  Alaska  Highway w i t h  
p e r m a f r o s t  on t h e  n o r t h  f a c i n g  s l o p e  b u t  none on t h e  o p p o s i t e  
s o u t h  f a c i n g  s l o p e  i s  shown i n  F i g u r e  7 .  

CONCLUSION 

The d i s c o n t i n u o u s  p e r m a f r o s t  zone i n  w e s t e r n  
Canada i s  c h a r a c t e r i z e d  by c o n s i d e r a b l e  v a r i a t i o n s  i n  c l i m a t e  
and t e r r a i n  t h r o u g h o u t  i t s  e x t e n t .  T h i s  i n  t u r n  r e s u l t s  i n  
v a r i a t i o n s  i n  t h e  d i s t r i b u t i o n  and c h a r a c t e r  o f  t h e  perma- 
f r o s t .  The b r o a d  i n f l u e n c e  o f  c l i m a t e  on t h e  f o r m a t i o n  and  
c o n t i n u e d  e x i s t e n c e  o f  p e r m a f r o s t  i s  b o r n e  o u t  by t h e  
l o c a t i o n  o f  t h e  mean a n n u a l  a i r  i s o t h e r m s  r e l a t i v e  t o  t h e  
d i s t r i b u t i o n  o f  p e r m a f r o s t .  L o c a l  v a r i a t i o n s  i n  p e r m a f r o s t  
c o n d i t i o n s  w i t h i n  t h e  d i s c o n t i n u o u s  zone a r e  r e l a t e d  t o  
v a r i a t i o n s  i n  t e r r a i n .  The t h e r m a l  s e n s i t i v i t y  o f  perma- 
f r o s t  i s  such  t h a t  even  small changes i n  c l i m a t e  a n d / o r  
t e r r a i n  w i l l  p roduce  changes  i n  t h e  h o r i z o n t a l  e x t e n t ,  
t h i c k n e s s  and t e m p e r a t u r e  o f  t h e  p e r m a f r o s t .  

The d i s c o n t i n u o u s  p e r m a f r o s t  zone i s  e x p e r i e n c i n g  
i n c r e a s i n g  economic development .  E n g i n e e r i n g  problems a r i s e  
main ly  b,ecause o f  t h e  e r r a t i c  d i s t r i b u t i o n  o f  p e r m a f r o s t  
and t h e  p r o x i m i t y  o f  i t s  t e m p e r a t u r e s  t o  32OF. The n o r t h e r n  
p o r t i o n  of t h e  d i s c o n t i n u o u s  zone p r e s e n t s  t h e  most d i f -  
f i c u l t  e n g i n e e r i n g  p rob lems .  Pe rmaf ros t  i s  w i d e s p r e a d  and 
n o t  r e s t r i c t e d  t o  one t y p e  o f  t e r r a i n ;  however,  i t  does  n o t  
e x i s t  everywhere  b e n e a t h  t h e  ground s u r f a c e  and i t s  



o c c u r r e n c e  i s  u n p r e d i c t a b l e .  It i s  s u f f i c i e n t l y  t h i c k  so  
t h a t  i t  canno t  be  i g n o r e d  o r  e a s i l y  removed d u r i n g  con- 
s t r u c t i o n .  I t s  t e m p e r a t u r e  i s  w i t h i n  a few d e g r e e s  o f  32OF 
s o  t h a t  i t  may thaw d u r i n g  t h e  l i f e  span of t h e  s t r u c t u r e .  
Thus ,  t h e '  e n g i n e e r  i s  conf ron ted  w i t h  a  complex v a r i e t y  o f  
p h y s i c a l  f e a t u r e s  and p e r m a f r o s t  c o n d i t i o n s  i n  t h e  d i s -  
c o n t i n u o u s  zone ,  knowledge of which i s  a  v i t a l  r equ i rement  
f o r  c o n s t r u c t i o n .  
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F i g u r e  3 P e a t  bog in P recambr ian  Shield, 26 miles  north of LaRonge, 
Sask .  in the southern f r inge  of the dLscontinuous permafros t  
zone. I t  i s  about 200 ya rds  in d iameter  near  the top of a hill 
flanked by a rock  outcrop in the background. The t r e e  growth 
on the bog i s  spruce up to  20 ft  high and the ground vegetation 
i s  Sphagnum, Labrador t e a  and sca t te red  lichen patches below 
which i s  peat  exceeding 7 f t  in thickness.  The permafros t  
table  i s  a t  the 1'-6" depth and the permafros t  i s  1'-5" thick. 
15  September  1963 (BRS 2421). 

F i g u r e  4 A l r s t r l p  on qral-el  rldxe (no pc rma i ros t )  in loreground at  Steen 
River ,  Alber ta ,  270 mi les  nor th  of Grimshaw on Mackenzie 
Highway in southern f r inge  of discontinuous pe rmaf ros t  zone. 
Dark  a r e a  beyond a i r s t r i p  i s  a peat bog having t r e e  growth of 
s ca t t e red  spruce  up t o  20 ft high with ground vegetation of 
hummocky Sphagnum, lichen and Labrador tea  below which i s  
peat  to  a depth of 3'-4" overlying sil ty sand. The permafros t  
table  i s  a t  the 2'-0" depth and the pe rmaf ros t  exceeds 2'-0" in 
thickness.  17 September 1962 (BRS 1447). 
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Figure  5 Section of RCAF a i r  photo A1 51 56-1 29 a t  Steen River ,  
Alberta. A i r s t r ip  i s  white elongated rectangle beside 
Mackenzie Highway. Pea t  bog i s  slightly curved 
elongated a r e a  beside a i r s t r ip .  Note s imilar  a i r  photo 
tones which belie diss imilar i ty  of soi ls  and permafrost  
conditions and contrast  markedly with differences in 
ground photo tones shown in F igure  4 (BR 12158). 

eq 3eg9-4 



F i g u r e  6 P e a t  bog 90 mi l e s  e a s t  of Dawson, Y.  T. in nor thern  portion 
of discontinuous permafros t  zone. Pe rmaf ros t  occur s  
everywhere in this  bog even in wet a r e a s  and beneath pools 
of wa te r .  Beneath one pool 1'-3" deep, the pe rmaf ros t  
table  occur s  a t  a depth of 3'-6" beneath the water  su r face .  
24 September  1964 (BRS 3407). 

F i g u r e  7 North and south facing s lopes of a valley a t  Mile ?83. 5 on 
the Alaska Highway in the Cordi l le ra  in Br i t i sh  Columbia. 
The slope on the left i s  nor th  facing with spruce  and poplar 
t r e e  growth, ground cover of Sphagnum and pe rmaf ros t  a t  
shallow depth.  The slope on the right i s  south facing with 
poplar  and sca t te red  spruce  t r e e  growth and no pe rmaf ros t .  
14 September 1964 (BRS 3320). 
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