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ABSTRACT 

Undisturbed s o i l  and ice samples collected from  nine sites between 

Fort Simpson and Inuvik,  N.W.T. formed t h e   b a s i d  of t h i s   r e p o r t   o n   i n v e s t i -  

g a t i o n  of t h e   l o c a l   v a r i a b i l i t y  of frozen  ground  and  grbund ice a t  shal low 

depths   a long   the   Mackenzie   Val ley   Transpor ta t ion  Corridor. The sites were 

chosen  to   cover  a range of envi ronmenta l   condi t ions  such as slope, aspect, 

s u r f i c i a l   g e o l o g y ,   d r a i n a g e  and a range of c o n d i t i o n s   r e s u l t i n g   f r o m   t h e  

a c t i v i t i e s  of man, such as forest  fires, b u l l d o z i n g ,   l a n d   c l e a r i n g  and 

highway c o n s t r u c t i o n .  

Frozen  ground was found t o  b e   e s s e n t i a l l y   c o n t i n u o u s   i n   t h e   n o r t h  

becoming d i scon t inuous   t o   t he   sou th .  The  amount of v i s i b l e  ground ice  

v a r i e d  similarly, wi th  many l a r g e   d i s c r e t e  i ce  l e n s e s  i n  I .  t h e   n o r t h  and 

p r a c t i c a l l y  none in the south.  The greatest changes   occur   in   the  area 

,between  Inuvik  and  Fort  Good Hope. 
' t  ' 

F i v e   f a c t o r s  were found t o  be p a r t i c u l a r l y   s i g n i f i c a n t   i n   a f f e c t i n g  
I !  

the d i s t r i b u t i o n  and  amount of permafrost and ground ice.  The factors, and 

a summary of t h e i r   e f f e c t s ,  are as follows: 

- Lati tude:   f rozen  ground is more ex tens ive ,   occu r s  a t  shal lower 

depths   and   inc ludes   more   v i s ib le  ice i n  t h e   n o r t h  compared to 

the   south .  

- soil t e x t u r e :   f i n e   t e x t u r e d   s o i l s   c o n t a i n  more moi s tu re   ahd   i ce  

than   coa r se   t ex tu red  soila; t h e r e  i s  a c l e a r ,   p o s i t i v e   r e l a t i o n -  

ship  between  the s i l t  content   and the n a t u r a l  water c o n t e n t ;  

- s lope   a spec t :   no r th   f ac ing  slopes are d r i e r   w i t h  less ground ice  

and south   fac ing  slopes wetter wi th  more  ground i c e   t h a n  f l a t  areas; 

- surface d r a i n a g e :   s i g n i f i c a n t   d i f f e r e n c e s   i n   i c e   c o n t e n t  were 

seen under  poorly and well drained areas, however t h e  cause of t h e  

d i f f e r e n c e  was n o t   c b n s i s t e n t ;  
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ABSTRACT 

Undis tu rbed   so i l  and ice samples   col lected  f rom  nine si tes between 

Fort Simpson and Inuvik,  N . W . T .  formed t h e   b a s i s  of t h i s  repor t  o n   i n v e s t i -  

g a t i o n   o f   t h e   l o c a l   v a r i a b i l i t y  of frozen  ground  and  ground ice  a t  shallow 

depths   a long   the  Mackenzie Valley T r a n s p o r t a t i o n   C o r r i d o r .  The sites were 

chosen to cover a range of environmental   condi t ions  such as slope, aspec t ,  

s u r f i c i a l   g e o l o g y ,   d r a i n a g e  and a range of c o n d i t i o n s   r e s u l t i n g  from t h e  

a c t i v i t i e s  of man, such as f o r e s t  f ires,  b u l l d o z i n g ,   l a n d   c l e a r i n g  and 

highway c o n s t r u c t i o n .  
I 

Frozen ground was found t o  be  e s s e n t i a l l y   c o n t i n u o u s   i n   t h e   n o r t h  

becoming d i scon t inuous  t o  the   south .  The  amount of v i s i b l e  ground ice 

v a r i e d  s imilar ly ,  w i th  many l a r g e   d i s c r e t e  ice  l e n s e s   i n   t h e   n o r t h  and 
I .  

practically none i n   t h e   s o u t h .  The grea tes t   changes   occur  i n  t h e  area 

between  Inuvik  and For t  Good Hope. 

I '  

Five factors were found t o  be p a r t i c u l a r l y   s i g n i f i c a n t  in a f f e c t i n g  
' !  

t h e   d i s t r i b u t i o n  and  amount of permafrost  and ground ice. The f a c t o r s ,  and 

a summary of t h e i r   e f f e c t s ,  are as fol lows:  

- Lat i tude :  frozen ground is more ex tens ive ,   occu r s  a t  shal lower 

depths   and  includes more v i s i b l e  ice i n  t h e   n o r t h  compared t o  

the   south .  

- s o i l  t e x t u r e :   f i n e   t e x t u r e d   s o i l s   c a n t a i n  more moi s tu re  ahd ice 

than coarse t e x t u r e d  soils; t h e r e  is a c l e a r ,   p o s i t i v e   r e l a t i o n -  

ship  between  the s i l t  con ten t  and t h e   n a t u r a l  water c o n t e n t ;  

- s lope   a spec t :   no r th   f ac ing  slopes are  d r i e r   w i t h  less ground  ice  

and south   fac ing  slopes wetter wi th  more  ground i c e   t h a n   f l a t  areas; 

- s u r f a c e   d r a i n a g e :   s i g n i f i c a n t   d i f f e r e n c e s   i n   i c e   c o n t e n t  were 

seen  under  poorly  and well  drained areas, however the   cause  of t h e  

d i f f e r e n c e  was n o t   c b n s i s t e n t ;  
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' - surface disturbanc,e:,, removal of surface vegetation leads to 

thawing of permafrost and a thicker active layer, the degree of 

change ie a function'of t imeand  the extent of vegetation removed. 

The relative 'importance of these factors varies from site to site.  
I 

.. 
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c 1. INTRODUCTION 
A n  understanding of all a s p e c t s  of permafrost  i s  of v i t a l   impor t ance  

i n   a l m o s t  a l l  phases of programs f o r  development i n  the  Canadian Arctic and 

Subarctic  regions.   Adequate  knowledge  concerning  the  presence o r  absence 

and   ex ten t  of ground ice ,  and  behaviour of f rozen  ground  must   exis t   dur ing 

the   p l ann ing   s t ages  of a l l  c o n e t r u c t i o n   a c t i v i t i e s . i n   t h e   N o r t h  t o  provide 

~ s u f f i c i e n t   a n d   r e l i a b l e   i n f o r m a t i o n  necessary f o r  t h e i r   s u c c e s s f u l  

completion. 

This study is  a n   i n v e s t i g a t i o n  of the occurrence   and   spa t ia l  varia- 

b i l i t y  of  ground ice  and f rozen  ground i n  the   nea r - su r face   so i l s   and  of t h e  

behaviour   and   proper t ies  of v a r i o u s   r e p r e s e n t a t i v e   s o i l   a n d  rock types  a long 

the proposed  Mackenzie Highway n o r t h  of F o r t  Simpson. Represen ta t ive  si tes 

were chosen  near  Fort   Simpson, Norman Wells and  Inuvik. 

e 
.I 

The study was ca r r i ed   ou t   fo r   t he   Env i ronmen ta l  Working  Group - 
Mackenzie Highway program  and 8s part of t h e  Geological Survey 's   cont inuing 

program of acquir ing  geological   and  geomorphological   information on n o r t h e r n  

t e r r a i n .  

1 ,  

The main o b j e c t i v e s  were t o  i n v e s t i g a t e ,   r e c o r d  and e x p l a i n :  

a )  loca l  v a r i a t i o n  in groirnd i ce  con ten t ,  active layer th ickness ,   and   the  

e x t e n t  of f rozen  ground a t  s e l e c t e d  sites involv ing   recent   d i s tur i lance  by 

road c o n s t r u c t i o n ,   c l e a r i n g s   a n d   f o r e s t  f ires ,  a n d   b )   t h e   d i s t r i b u t i o n  of 

ground ice  and frozen  ground i n   r e l a t i o n  t o  l o c a l   v a r i a t i o n   i n   s u r f i c i a l  

geology,   s lope and aspec t ,   su r f ace   and  ground waters, and   vege ta t ion  at 

s e l e c t e d  si tes,  t y p i c a l  of v a r i o u s   t e r r a i n   t y p e s .  

This   information w i l l  h e l p  relate the  performance of t e r r a i n  t o  t h e  

activit ies of man, p a r t i c u l a r l y   t h o s e   i n v o l v e d   i n  the highway c o n s t r u c t i o n  

e and operation, 
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2.  STUDY AREA I, , , , ! I '  1 )  I I ' , '  

! .. .. , 

The s tudy  area l i e s  along  the  Mackenzie   Val ley  Transportat ion 

co r r ido r ,   be tween   l a t i t ude  62' N (Fort Simpson)., a n d   l a t i t u d e  68' N 

( Inuv ik ) ,  and i s  shown i n  F igure  1. Details of the l o c a t i o n  of each s i t e  

are shown i n  Figure 2.  

1 

The topography  within the s tudy  area i s  v a r i e d   w i t h   c o n s i d e r a b l e  

c o n t r a s t s  i n  t h e   r e g i o n a l   a n d   l o c a l   r e l i e f .   S i t e s   i n   t h e   F o r t  Sfmpson 

area are c h a r a c t e r i z e d  by undu la t ing  terrain wi th  some h i l l y  areas. The 

p r e d o m i n a n t   s u r f i c i a l   d e p o s i t s  are g l a c i o - l a c u s t r i n e  sands, silts and 

c l a y s   i n   t h e   s o u t h e r n  p a r t  and till in   t he   no r the rn   pa r t .   Devon ian  shales 

and ca rbona te s   and   Cre t aceous   sha l e s   cons t i t u t e   t he   unde r ly ing   bed rock .  

A t  t h e  Norman Wells s i t e ,  surficial d e p o s i t s   c o n s i s t  OI t i l l ,  
.. 

g l a c i o - l a c u s t r i n e   s a n d s ,  s i l ts  and clays,  a n d   g l a c i o f l u v i a l   s a n d s  and 

g r a v e l s   w i t h  local a e o l i a n   d e p o s i t s .  The under ly ing   bedrock   cons is t s  

predominantly of s h a l e s  and  sandstones of Devonian age. The si tes n e a r  

F o r t  Good Hope are on flat till  p la ins   and   g l ac io - l acus t r ine   s ed imen t s  

w i t h  large number oE small l a k e s .  The r o c k   u n i t s  are f l a t - l y i n g   t o   g e n t l y  

d iop ing  Devonian limestones and shales   and  Cretaceous  sandstones  and shales. 

A t  Inuvik  one s i t e  is i n  an area of t h i n   c l a y - s i l t  till overlying 

Palaeozoic   do lomi tes   o r   Cre taceous   sha les .  The o t h e r  s i t e  i s  l o c a t e d  on 

low a n g l e   c l a y - s i l t  fans o v e r l y i n g   P l e i s t o c e n e  kame t e r r a c e   g r a v e l s .  

The s u r f i c i a l  geology of a l l  t h e   s t u d y  sites is  summarized i n  Table 1. 

The sites i n v e s t i g a t e d  are r e p r e s e n t a t i v e  of the area which i s  

approximately 1100 km long  and  extends from t he   d i scon t inuous  t o  the  con- 

t inuous  permafrost  zone (Permafrost  Map of Canada, 1967);  the  amount, form 

and d i s t r i b u t i o n  of ground ice  therefore varied cons iderably   wi th  location, ' 

r e l i e f ,  s o i l  type, v e g e t a t i o n  and ground  temperature. 
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Figure 1. Drill site locations 
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E The climate of the Mackenzie Valley is characterized by long, very 

cold  winters and short, cool summere with some warmer periods (Burns, 

1973). Precipitation is generally low, increasizs southward from 10 inches 

at Inuvik to nearly 14 inches .at Fort Simpson, and is unevenly distr ibuted 

due t o  the  influence of topography. Temperatures are likewise lawest in 

t h e  north,  with a mean annual temperature of 14.5 F a t  lnuvik, r is ing  

southward u n t i l  it reaches 25'F at  Fort Simpson. Pertinent climatic data 

are presented i n  Table 11. 

0 

I .  



Summary o f  S u r f i c i a l  Geology of S tudy   S i t e s  

Fort Simpson 

Martin River 

Willowlake R i v e r  E 

Willowlake River E 1  

Xiorman Wells A 

Norman Wells B 

Snafu Creek 

'l'sintu River 

Inuvik 1 

Inuvik 11 A 

Inuvik I I  B 

Genet ic  Class 

A i  l u v i a l  

A 1  l u v i a l  

A 1  luvial 

Morainal 

Morainal 

Alluvial 

Norainal-  
A l l u v i a l  

Morainal- 
A 1  1 w i a  1 

Morainal 

A l luv ia l  

A l  l u v i a l -  
Morainal 

~~~ ~ 

Surficial Geology 

S t r a t i f i e d  sands w i t h  layers of 
s i l t  and c l a y  with some su r face  
peat  

S t r a t i f i e d   s a n d ,  s i l t  and c l a y  
w i t h  s u r f a c e  peat 

S t r a t i f i e d   s a n d ,  s i l t  and organ ic  
c l a y   w i t h  some surface peat  

Plastic, s toney  t i l l  w i t h   s u r f a c e  
peat 

Sandy t i l l  w i t h  some surface 
peat 

S t r a t i f i e d  sand, gravel  and s i l t  
with  some surfacr Feat  

Silty t i l l  with s u r f a c e   l a y e r s  
of a l l u v i a l   o r g a n i c  s i l ts  and 
clays and some surface peat  

S i l t y  t i l l  w i t h  surface layers 
of a l l u v i s l  sands, gravels and 
organic si1 t s  ami some surface 
pea t  

S i l t y  till with a very low stone 
c o n t e n t ,  and some s u r f a c e  peat 

Clayey s i l t s  arid orTanic s i l t s  
over gravel and sard a t  depth 

S i i t y  alluvium o v e r   s i l t y  t i l l  

Remarks 

Some holes d r i l l e d  
through ground 
a long  road. 

Thick organ ic  clays at 
dep-th i n  one hole. 

Gravel   in   bot tom o f  ho le  
f a r t h e  st from r i v e r .  

Some organic mater ia l  
i n  the  till .  

These l o c a l i t i e s   a r e  
about 20 m a p a r t .  

Layers o f  peat found 
a t  depth also 

These localities a re  : 

abou t  lS00 rn a p a r t .  



Selected Climatic Data 

Drill Si te s  

Nearest Stat ion 

Period of Record 
Climatic Elements 

Mean annual temp. (degree P) 
Mean annual max. temp. 
Hean annual mfn. temp. 
Mean annual t e m .  range 

No. of davs with frost 

Mean r a i n f a l l  I fnches) 
Mean snowfall 
Mean total precbta t ion  

I 
Ft. Simnson 
?lartin River 

Willowlake 
River 

25.  I 
3 4 . 3  
15.9 
18.4 

2 2 . 8  
3 2 . 1  
1 3 . 4  
18.7 

226 I 235 

8 . 3 4  
52.6 
13.60 

7.66 
50.6 

I 12.73 

(Source: Burns, 1973, Appendix A) 

Norman 

20.6 
29 .5  
11.8 
1 7 . 7  

2 39 

7 .69  
56.4 
13.17 

Snafu Creek 
Tsintu River 

Ft. Good 

18.2 
27 .7  

8 . 8  
18 .9  

251 

6.29 
48.8 
11.17 

Inuvik A 

1955+ 

1 4 . 5  
2 3 . 8  
5.1 
18.7 

269 

3.99 
.68 .5  
10.25 

c3 
i 

z I 

' 1  
r 
m 4 
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3 .  METHODS AND RESULTS 

The s tudy  was c a r r i e d   o u t   i n   t h r e e  phases. The f i r s t  comprised 

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

d e s c r i p t i o n   a n d   s a m p l e   c o l l e c t i o n   a n d   t h e   t h i r d   l a b o r a t o r y   t e s t i n g  of 

samples, data   compi la t ion   and   repor t   wr i t ing .  

Site s e l e c t i o n  was by a i r  photo examination and ground  reconnaissance,  

I n i t i a l l y  a number af p o s s i b l e  sites were chosen on t h e  basis of p r i o r  

' knowledge of t h e  area. These were s t u d i e d  on aerial photographs  and a 

s h o r t e r  list of p o t e n t i a l  sites chosen   fo r   f i e ld   examina t ion .  The sites 

f i n a l l y   s e l e c t e d  were descr ibed In some d e t a i l   p r i o r   t o  commencement of 

d r i l l i n g   o p e r a t i o n s .  The a c t u a l   l o c a t i o n s  of each s i te  i s  shown i n  

Figure 2 .. 
Dur ing   t he   d r i l l i ng   ope ra t ions ,   nea r ly   con t inuous   co res  were 

recovered from t h e   h o l e s .  The c o r e s  were descr ibed  immediately so t h a t  an 

a c c u r a t e   d e s c r i p t i o n  of t h e  s o i l  and ice content   could  be made. Mineral 

! s o i l  material was d e s c r i b e d   i n  terms of c o l o u r ,   t e x t u r e ,  l i thology of 

pebbles,   and was c l a s s i f i e d   a c c o r d i n g  t o  t h e   U n i f i e d  Soil C l a s s i f i c a t i o n  

System. The cond i t ion  of t he  core, whether  frozen or  unfrozen, was noted 

and i n   t h e  case of f rozen   cores   the   percentage  of ice v i s i b l e   i n   t h e   c o r e  

s u r f a c e  was es t ima ted  and i ts  d i s t r ibu t ion   desc r ibed   and   r eco rded   u s ing  

t h e  NRC permafrost c l a s s i f i c a t i o n  scheme (Pih la inen   and   Johns ton ,  1963).  

Organ ic   cons t i t uen t s  of t h e  cores were d e s c r i b e d   i n  terms of co lou r ,  

s t r u c t u r e  (fibrous t o  amorphous) and o r i g i n ,  i f  d i s c e r n a b l e .  

In co-operat ion  with Resource Geophysics  Division, G.S.C. v a r i o u s  

geophysical  measurements (DC r e s i s t i v i t y ,  seismic r e f r a c t i o n   a n d  

e lec t romagnet ic   t echniques)  were c a r r i e d  out at the time of d r i l l i n g  a t  

some sites t o  determine i f   t h e s e  methods  could  detect   permafrast  
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conditions  and  ground ice content. This work is  repor t ed  on s e p a r a t e l y  

( S c o t t  and Hunter,  1974).  

The t h i r d   s t a g e   i n v o l v e d  laboratory t e s t i n g  of v a r i o u s  s o i l  ahd 

rock samples r e p r e s e n t i n g   d i f f e r e n t   g e o l o g i c a l  and geomorphological   uni ts  

from a l l  sites t o   d e t e r m i n e   t h e i r   p h y s i c a l   p r o p e r t i e s   ( n a t u r a l  water 

con ten t ,  At terberg limits,, g r a i n  size). T h i s  was followed by compilat ion and 

evaluation of r e s u l t s .  

3.1 F i e l d  s i t e  i n v e s t i g a t i o n  

The  main p a r t  of t h e   p r e l i m i n a r y  s i t e  inves t iga t ion   i nc luded  

measurements of thaw  depth  with  probe  and  hand  auger,  examination  of 

adjacent   undis turbed  and  present   condi t ions of t h e   t e r r a i n ,   d e t a i l e d  

s tudy of t h e   l o c a l  morphology and vege ta t ion   cove r ,   t ypes   and   i n t ens i ty  

of a n y   i n f l i c t e d   d i s t u r b a n c e ,  the s u r f i c i a l   g e o l o g i c a l   u n i t s ,  and  of  the 
*. 

local   drainage  regime.  

' !  , Fol lowing   these   p re l imlnary   observa t ions ,   the   loca t ions   o f   the  

! d r i l l   h o l e s  a t  each s i t e  were selected. 

: 3 . 2  Drilling opera t ions  

A t o t a l   o f  96 holes ,   ranging   f rom  1 .10   to  5.50  metres i n  depth,  

were dr i l l ed   du r ing   t he   pe r iod   f rom May t o  August 1973 a t  n i n e   d i f f e r e n t  

sites using l ightweight   spl i t -barrel   sampling  equipment   advanced  with a 

drop hammer. I n  a d d i t i o n   t o   t h e   d r i l l  holes ,  number of small p i t s  were 

dug a t  several sites.  680 s o i l  samples were col lec ted ,   logged   and  

retained f o r  l a b o r a t o r y  testing. Some of t h e  test sites were surveyed 

t o  o b t a i n   d e t a i l s  of m i c r o r e l i e f .  Most of t h e   d r i l l   h o l e s  were s i t u a t e d  

e i t h e r  on and b e s i d e   t h e   c l e a r e d  highway  right-of-way, or i n  p rev ious ly  

a d i s t u r b e d  areas i n   t h e   v i c i n i t y  of t he  highway r o u t e .  

t 
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3.2.1 F o r t  Simpson s i t e  

The Fort Simpson d r i l l  site is situated in   d i scont inuous   permafros t  

on the  Mackenzie Highway about 20 km sou th  from- F o r t  Simpson. The twbnty 

ho les ,   r ang ing  from 2.40 t o  5.30 m i n   d e p t h ,  were d r i l l e d  along two l i n e s  

a t  r i g h t   a n g l e s   t o   t h e  highway.  These p r o f i l e s  were 150  and 340 m long 

' and had 11 and 9 h o l e s   r e s p e c t i v e l y .   1 5 0   r e p r e s e n t a t i v e   s o i l   s a m p l e s  were 

I col lec ted   and   logged .  

The boreholes  were d r i l l e d  i n  f l a t  terrain with  very l i t t l e  

morphologica l   var ia t ion  and were s i t u a t e d  in both  undis turbed and 

previously c l e a r e d  areas. A l l  c l e a r i n g  was done p r i o r   t o  1969 when 

c o n s t r u c t i o n   o f , t h i s  section of the  Mackenzie Highway was completed. 

Q 
Locat ion  and  spacing of t h e   d r i l l  holes, the  depth*.of thaw and 

ground i ce  occurrence are shown in Figure  A2. Glac io - l acus t r ine  sands and 

silts o v e r l a i n   w i t h  a t h in   cove r  of p e a t  were e n c o u n t e r e d   i n   e v e r y   d r i l l  

ho le .  

Ground i ce ,  g e n e r a l l y   i n  form of ice l e n s e s  in peat   and  the upper 

p a r t s  of sand  and s i l t y   s a n d   d e p o s i t s ,   a n d  i n  t h e  form of ice c o a t i n g s  on 

p a r t i c l e s  i n  the   l ower   pa r t s  of s a n d   a n d   s i l t y  sand d e p o s i t s ,  was p r e s e n t  

i n  all holes d r i l l e d  i n  undis turbed areas. The depth of thaw ranged from 

10 t o  60 cm depending  on  type  and  thickness of the vegeta t ion   cover .  

However t h e  thaw depth   increased  several metres and  ground ice was e i t h e r  

t o t a l l y   a b s e n t  Qr i t s  amount g rea t ly   dec reased  in t h e   h o l e s  i n  t h e  

previously c l e a r e d  areas ( see  Figure A3)  

3.2.2 Martin River s i t e  

The d r i l l  s i t e  a t  t h e  Martin River   crossing,   about  15 km n o r t h  of 

Fort Simpson, is l o c a t e d  along the recently b u i l t  section of the  Mackenzie 

Highway a t  mile 306. Of t h e   f o u r   h a l e s   d r i l l e d ,  two were l o c a t e d  on f l a t  
ground and t h e  other two  on a steep s l o p e .  The h o l e s  were d r i l l e d   i n  pa i r s  
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with one h o l e   , i n  a d i s tu rbed  area c lea red  i n ,  1972 a n d   t h e   o t h e r   i n   a n  

ad jacent ,   undis turbed  area. The depths ranged  from 1,90 t o  4.20 m and 
I 

t h i r t y  soil samples were c o l l e c t e d ,   P r o f i l e s  of  t he  thaw depth and ground 

ice  occurrence are shown i n  Figure A 4 .  The  two drill h o l e s  on t h e   s l o p e  

encountered a t h i n  cover of pea t ,   unde r l a in  by 50 cm of s i l t y   s a n d  and 

3 medium p l a s t i c   c l a y   w i t h  a h igh  ice content .   The  other  two dtill h o l e s ,  

s i t u a t e d  on f l a t  ground, showed a mixture  of sand and sandy s i l t .  The 

samples f rom  the   undis turbed  areas contained  large  amounts   of  ice whi le  

t h e  samples from the  hole i n   t h e   r e c e n t l y   c l e a r e d  area showed, e x c e p t   f o r  

t he  seasonal f ros t   be tween  1.80 and 3.17 m, t o t a l  absence of ice. 

3.2.3 Willowlake  River s i te  I 

The Willowlake River site I i s  s i t u a t e d  at about  mile 395 of the 

proposed  Mackenzie Highway on t h e   g e n t l y   r o l l i n g   t e r r a i n  on t h e  highway 

right-of-way.  Four  holes were d r i l l e d   a l o n g   t h e  cleared highway r o u t e  with 

d r i l l  holes about 30 m apart .  Two of t h e   h o l e s  were on a g e n t l e   s l o p e  

(<3') wi th   t he   t h i rd   and   fou r th   ho le s  on a s t e e p e r   s l o p e  (about 5O) and 

on a f l a t   s u r f a c e   r e s p e c t i v e l y .  The holes, r a n g i n g   i n   d e p t h  from 2.30 t o  

3 . 6 0  m ,  encountered  sands  and s i l ts  covered  with a t h i n   l a y e r  of p e a t ,  

Ground i c e  con ten t   va r i ed  from ve ty  low ( 5 % )  i n   t h e   h i g h l y   d i s t u r b e d  area 

on t h e   r i v e r  bank t o   ve ry   h igh  (50-70%) i n  d e p r e s s i o n s   i n   t h e   t e r r a i n .  

e .  

0 
t 

r 

Thirty-six s o i l   s a m p l e s  were co l l ec t ed   and   r e t a ined  for f u r t h e r   t e s t i n g ,  

The gene ra l   p ro f i l e   showing  thaw depth  and  ground  ice conditions 

is presented  i n  F igure  A6. 

3 .2 .4  Willowlake River site I1 

The Willowlake River s i t e  I1 is  l o c a t e d   i n  a wooded area on g e n t l y  

e s l o p i n g   t e r r a i n  a t  mile 399 of the  proposed  Mackenzie Highway. Three  holes ,  

from 2 .20  t o  3.00 rn deep, were d r i l l e d  a long  the   c l ea red  highway r o u t e   w i t h  two  

t 

I '  
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a d d i t i o n a l   d r i l l   h o l e s   s i t u a t e d   o n   t h e  CNT l i n e  and i n  an ad jacent   undis -  

turbed  zone. A g e n e r a l i z e d   p r o f i l e   o f   d e p t h  of thaw  and  ground i ce   occu r -  

rence  i s  shown i n   F i g u r e  A 8 .  

A t h i c k  cover of pea t   w i th  a h igh  ick con ten t  is generally under l a in  

by till with  a moderate  ground ice con ten t   i n   t he   fo rm  o f   t h in  ice l e n s e s .  

The sha le   bedrock  was e n c o u n t e r e d   i n   t h r e e   d r i l l  holes a t  depths  of around 

2.50 m. About 40 representative so i l   samples   f rom a l l  holes  were c o l l e c t e d  

and  logged. 

3.2.5 Norman Wells s i te  

The Norman Wells s i t e  is  i n  cont inuous  permafrost  a t  mile 629 of 

the  proposed  Mackenzie Highway. Three  holes  were e x p e r i m e n t a l l y   d r i l l e d  

wi th  a "SIPRE" d r i l l ,  which  proved t o  be   i ncapab le  of d r i l l i n g   t h r o u g h   t h e  

s tony till encountered  here .  Four a d d i t i o n a l   h o l e s  were t h e n   d r i l l e d   w i t h  

,. 

t h e   s p l i t - b a r r e l  sample to   depths   ranging  from 1.40 t o  3 . 3 0  m. Three. 

holes were d r i l l e d   a l o n g   t h e   c l e a r e d  highway r o u t e   w i t h  an a d d i t i a n a l   h o l e  

s i tuated i n   t h e  adjacent undisturbed area. The g e n e r a l   p r o f i l e  of thaw 

depth  and  ground ice  occurrence is presented i n  F igure  A10. 

Stony till and a mixture  of s i l t y   s a n d s   a n d   s a n d y s i l t s   w i t h  a 

moderate ice content  were found, over l a in   w i th   abou t  40 crn of peat. A 

t o t a l  of 1 9  s o i l   s a m p l e s  were col lec ted ,   logged  and r e t a i n e d   f o r   f u r t h e r  

t e s t i n g .  

The depth of thaw varied  f rom 28 cm i n   t h e   u n d i s t u r b e d  area to 168 

cm i n  the c l ea red  area on the highway  right-of-way i n   t h e   v i c i n i t y  of 

t h e  access road t o  Kee Scarp.  

3 . 2 . 6  Snafu Creek site 

The Snafu  Creek s i te ,  about  100 km nor th  of Norman Wells, i s  i n  con- 

tinuous permafrost  a t  m i l e 7 0 2 o f  theproposed  Mackenzie Highway. A t o t a l  of 
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Seven holes   f rom 2.40 t o  3 . 4 0  m deep were d r i l l e d  in a g e n t l y   s l o p i n g   a r e a .  

Six ho les  were d r i l l e d   a l o n g   t h e   c l e a r e d  highway  right-of-way  and  the CNT 

(Canadian  National  Telecommunication)  l ine  with-three  holes a t  each 

l o c a t i o n .  An a d d i t i o n a l   h o l e  was d r i l l e d  i n  an   ad jacent   undio turbed  area. 

The depth of t h a w   v a r i e d   s i g n i f i c a n t l y  from t h e  CNT l i n e ,   c l e a r e d   i n   t h e  

e a r l y   s i x t i e s  (138-184 cm) t o  t h e  highway  right-of-way  cleared  in 1972- 

73 (83-114 cm); t h e  thaw depth i n  the  vegetat ion-covered  undis turbed area 

was 78 cm. The  thaw  depth vs. e l apsed  time p l o t  shows t h a t   d e p t h  of thaw 

i n c r e a s e s   v e r y   f a s t   i n   f i r s t  two yea r s   a f t e r   r emova l  of v e g e t a t i o n ,   b u t  

slows down cons ide rab ly   w i th   add i t iona l   e l apsed  time. 

Unfrozen peat and  organic  s i l t  o v e r l i e  till wi th   modera te   to   h igh  

ice content .   There  is a not iceably  lower  ground ice  c o n t e n t   i n   t h e   h o l e s  

loca t ed   on   t he  CNT l i n e   t h a n  in t h o s e   s i t u a t e d  on t h e   r e c e n t l y   c l e a r e d  

highway route ,   where   there  was not enough time for t h e  ground ice  t o  melt. 

3 .2 .7  T s i n t u  River s i t e  

.< 

The Tsintu River s i t e  is s i t u a t e d  i n  cont inuous  permafrost  a t  mile 

7 1 1  of the  proposed  Mackenzie Highway, about 18 km from Fort Good Hope. 

This  s i t e  is l o c a t e d  on a f l a t  till p l a i n   w i t h  l i t t l e  o r  no v e g e t a t i o n  

cover where various forms of disturbance are evident .   These   inc lude  the 

CNT and   h ighway   c l ea r ings   done   i n   t he   ea r ly   s ix t i e s   and  1972-73 r e spec t iv -  

ely, and  o ld   se i smic  t r a i l  of unknown age and a 1969 f o r e s t  fire. A t o t a l  

of 13 ho les  was d r i l l e d  a t  t h i s  s i te ,  but   because of d i f f i c u l t   d r i l l i n g  

i n  t he   s tony  till, several holes  had t o  be  abandoned. 

Eight holes l oca t ed  on t h e  highway r o u t e  and CNT l i n e  showed an 

average  depth oE thaw of 180 cm. Similar thaw  depths were observed   in   the  

h o l e s  s i tuated on the o l d  seismic l i n e .  Two holes in  t h e  area burnt  by t h e  

, m o r e  r e c e n t  f o r e s t  fire showed thaw  depths  of approximately 130 cm, a s  d i d  

the  r*emaining hole  i n  a nearby thinly vegetated undisturbed a r e a .   he 34 
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samples c o l l e c t e d   g e n e r a l l y  possessed very low ice con ten t s .  The 

g e n e r a l i z e d   p r o f i l e  i s  shown i n  F igu re  A13. 

A t h i n   l a y e r  of p e a t  (20-30 cm) covers the stony till which  has a 

very low ice  c o n t e n t ;   s e v e r a l  holes encount?red a d x t u r e  of coarse aand 

and g r a v e l   o v e r l a i n  by p e a t .  

3.2.8 Inuvik I 

The Inuvik si te compriees four s u b s i t e s ,  at  l o c a l i t i e s  MS-1, MS-2, 

MS-3 and "B"; a l l  are i n  t h e  area of l i n e a t e d  terrain between t he   t owns i t e  

a n d   t h e   a i r p o r t .  Geology of t h e  sites is similar: c l a y - s i l t  till over  

dolomit ic   and  shale   bedrock.  A l l  four local i t ies  are d i s t i n g u i s h e d  from 

the surrounding area by a regular m i c r o r e l i e f  of m i n e r a l   s o i l  hummocks 

s e p a r a t e d  by shal low,  moss f i l l e d   t r e n c h e s .  The hummarl.& are composed, 

near the s u r f a c e ,  of a dense,  grey-brown c l a y - s i l t ,  showing l i t t l e  or no 

s o i l  profi le  development. The mineral s o i l  is genera l ly   covered  by a t h i n  

l a y e r  (less than 5 cm) of humus, mo8ses and  l i chens .  The hummocks are 

roughly  equidimensional on level sites, and  general ly   one to  two metres 

across. On t h e   s t e e p e r   s l o p e s   t h e y  .are elongated downelope. The t r enches  

between  the hummock3 are between 30 and 80 cm wide and about 35 cm deep. 

The t r enches  are moss-f i l led,  commonly wi th  bog-moss (Sphagnum),  and  under- 

l a i n  by t a p e r i n g  masses o r   s t r i n g e r s , o f   p e a t   t h a t   e x t e n d  well below the 

base of the  n a t u r a l   a c t i v e  layer. 

Three holes  were d r i l l e d  at each of t h e   l o c a l i t i e s  MS-1, MS-2 and 

MS-3. Detailed s t u d i e s  of the e f f e c t s  of surface d i s tu rbance  on the 

permaf ros t   ac t ive  layer are b e i n g   c a r r i e d  out at each of t h e s e   l o c a t i o n s .  

These three l o c a l i t i e s  are desc r ibed  as follows: 

* 
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Locality slope I Aspect Vegetation 

MS- 1 
MS- 2 
MS- 3 

3 O  South 
3 O  

Open sp ruce ,   l i chen  

6' 
North Open sp ruce ,   l i chen  
Northwest  Spruce,   willow,  l ichen 

u n d e r   d e t a i l e d   i n v e s t i g a t i o n ,  Ice cond i t ions  found i n   e a c h  of t hese  

n ine   ho le s  are presented   d iagramat ica l ly  i n  F igu re  A15. About 140 

samples were r e t a i n e d  from these n ine  holes.  

A t  l o c a l i t y  B ,  a l i n e  of seven holes was dril led ac ross  a moss-peat 

trench  between two m i n e r a l   s o i l  hummocks, t h e  total l e n g t h  of t h i s  transect 

being 2.8 m. I c e   c o n d i t i o n s  for each hole are presented 

i n  Figure A17. Loca l i ty  E is  a l e v e l  area of open spruce l i c h e n  

vegeta t ion .  The h o l e s  were d r i l l e d   d u r i n g   t h e  first week i n  June, when the ,  
.. 

depth o f  thaw was between  15  and 45 cm i n   m i n e r a l  soil and between 6 and 23 

cm i n   o r g a n i c  s o i l .  On average,   ten  samples  per h o l e  were retained from 

t h i s   l o c a l i t y .  

3 . 2 . 9  Inuvik s i t e  I1 

Inuvik s i te  II compr ises   th ree   subs i tes ,  at l o c a l i t i e s  "N", "P" and 

"Q'l. All are i n  an area of low a n g l e d ,   c l a y - s i l t   a l l u v i a l   f a n s ,   o v e r l y i n g  

kame t e r r a c e   g r a v e l s ,   n o r t h  of t he  Inuvik  townsi te .  A t  l o c a l i t i e s  N and Q 

t h ree  holes each were d r i l l e d   a l o n g   l i n e s   c r o s s i n g   t h e   b o u n d a r y  of t h e  

f o r e s t  fire of August 1968, while  a t  locality P ,  f i ve   hQles  were d r i l l e d  

along a line c r o s s i n g  a back-up f i r e  guard and an o l d  seismic t r a i l .  Thus 

this group of e l even   ho le s  were s i t e d  so as t o  examine t h e   e f f e c t s  of sur -  

face d i s tu rbance  on ground ice con ten t  and d i s t r i b u t i o n .  

P r i o r  t o  d i s t u r b a n c e ,   t h i s  was an area of hummocky m i c r o r e l i e f ,  
? 
" similar t o   t h a t  a t  Inuvik site I, but   wi th   minera l  s o i l  exposed a t  the 
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ground  surface.  The vege ta t ion  was a spruce - alder - sedge  community. 

Ice cond i t ions   found   i n   t hese   ho le s  are p r e s e n t e d   i n   F i g u r e  A19, Thir ty-  

one samples were r e t a ined   fo r   fu r the r   examina t i -on .  

3.3 Laboratory methods 

During the d r i l l i n g ,   a b o u t  680 r e p r e s e n t a t i v e  soil samples of 

v a r i o u s   s u r f i c i a l  materials were co l l ec t ed ,   ca re fu l ly   l ogged   and  retained 

' f o r   f u r t h e r   e n g i n e e r i n g   c l a s s i f i c a t i o n  tests. In  t h e  soil test ing 

, l a b o r a t o r y ,  the samples and f i e l d  logs were examined  and the s o i l  type 

and ice type diagrams were compiled accord ing   t o   Un i f i ed   So i l  

C l a s s i f i c a t i o n  System and NRC Permaf ros t   C la s s i f i ca t ion   (P ih l a inen  and 

Johnston, 1963) r e s p e c t i v e l y .  The At te rbe rg  limits, na tu ra l   mo i s tu re  

con ten t ,  and g r a i n  size d i s t r i b u t i o n  were determined, The t e s t i n g  was 
I .  

done i n   p a r t  by t h e  GSC s o i l   t e s t i n g  laboratory and i n  p a r t  a t  o u t s i d e  

eng inee r ing   l abo ra to ry .  A l l  l a b o r a t o r y   r e s u l t s  are summarized i n  

Appendix B .  

t 
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4 .  DETAILED DISCUSSION OF RESULTS 

As a r e s u l t  of t h e  work descr ibed  above,  some in fo rma t ion  i s  a v a i l -  

a b l e  on the  occurrence of frozen ground  and  on  the  Occurrence of excess  o r  

v i s i b l e  i c e  i n  that :   f rozen ground, i n  r e l a t i o n   t o  s o i l  p r o p e r t i e s ,  s i re  

cond i t ions  and t e r r a i n   d i s t u r b a n c e   f r o m   n i n e   d i s c r e t e   l o c a t i o n s   a l o n g  or  

ad jacen t  t o  t h e  Mackenzie Highway route. 

This d i s c u s s i o n  w i l l  c o n s i d e r   t h e   e f f e c t s  of the   fo l lowing   va r i ab le s  

on t h e   d i s t r i b u t i o n  of frozen ground and excess ice: 

- s o i l   p r o p e r t i e s :   l i t h o l o g y  
t e x t u r e  
At t e rbe rg  limits 
water con ten t  

- site condi t ions :   geologic   un i t  
slope angle  and a s p e c t  
vege ta t ion  
s u r f  ace drainage 

.+ 

- t e r r a i n   d i s t u r b a n c e :  burning 
c l e a r i n g  
no d i s tu rbance  

The number of h o l e s   d r i l l e d  and t h e i r   d i s t r i b u t i o n  are s u c h   t h a t  

va l id   conc lus ion   abou t   va r i a t ions   i n   f rozen   g round  and excess  ice are 

d i f f i c u l t   t o   s u b s t a n t i a t e .   T h e r e  is a general   impression of frozen ground, 

being more ex tens ive ,   occu r r ing  a t  shal lower  depths   and  with many more 

l a r g e   ( g r e a t e r   t h a n  1 cm) ice  lenses as one  goes from sou th  t o  n o r t h ;  

p l o t  of i ce  lense percentage i n  c o r e   v e r s u s   l a t i t u d e  i s  shown i n  F igu re  3. 

However t h i s  change is most marked i n  t h e  area between Fort Good Hope and 

Inuvik. 

A s  s t a t e d  ear l ier ,  t h e   d e t a i l s  of t h i s   v a r i a t i o n   w i t h   l a t i t u t e  

or location are a f f e c t e d  by t h e  much g r e a t e r   v a r i a t i o n   w i t h i n  sites and 

w i t h i n   i n d i v i d u a l  drill holes ,   and by t he  time of t h e  seasan a t  which the 

var ious  s i tes  were v i s i t e d .   I n v e s t i g a t i o n s  at Inuvik  began a t  the  end 

of May, when there was still about 50 cm of snow-pack and 
* 
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t h e   a c t i v e  layer was frozen.  ' I  The o t h e r  sites were t h e n   v i s i t e d ,  from south 

t o  no r th   du r ing   Ju ly  and early August.  Thus  there was no s u r f a c e  snow and 

a considerable   depth of thawed  ground a t  many local i t ies .  

A b e t t e r   p r a c t i s e   u n d o u b t e d l y  would  have been t o  start  a t  the south-  

e r n  sites i n  May and move nor thwards   wi th   the   onse t  of warm weather  a t  each 

s i t e ,  so t h a t  all t h e  sites were v i s i t e d  when they were at approximately 

similar s t a g e s  of snow melt o r  ground thaw. 

4 . 1  Dis t r ibu t ion   of   Frozen  Ground 

The Inuvik  s tudy si tes are w i t h i n   t h e  zone of cont inuous  permafrost  

(Brown 19671,   while   the sites nea r  Norman Wells and a t  Willowlake River 

are in t he  zone of widespread  but   discont inuous  permafrost .  The two sites 

n e a r e s t  Fort Simpson,  however, l i e  e i t h e r   s i d e  of t h e  Brown's boundary 

between  widespread  and  sporadic  discontinuous  permafrost .  As t h i s  boundary 

is, i n  r e a l i t y ,  a broad  zone of gradual   change ,   no   s ign i f icant   d i f fe rence  

in   pe rmaf ros t   cond i t ions   shou ld  be expected. 

,. 

A l l  t h i s  is borne   ou t  by the d r i l l i n g  done d u r i n g   t h i s   s t u d y .  A t  

t he   Fo r t  Simpson s i t e ,  h o l e s  in undis turbed  areas encountered  frozen  ground 

a t  depths  between 10 and 55 cm below  the surface, w h e r e a s   h o l e s   i n  heavily 

d i s t u r b e d  areas (eg. t he  highway shoulder  or d i t c h )   g e n e r a l l y   d i d   n o t  

encounter  frozen  ground at depths  of less than  300 cm and i n  two cases no 

frozen ground was found i n  holes over 500 cm deep. The fou r   ho le5  a t  

Martin River all encountered  permafrost ,   even though two of them were 

d r i l l e d   i n  a disturSed a rea .  In t h i s  case the d i s tu rbance  took the form 

of  clearing of t h e  trees, but   the   g round  vege ta t ion  mat was n o t  damaged. 

i 

The only   o ther   ho les   which   fa i led   to   encounter   f rozen  ground were a 

number of shallow ho les   i n   d i s tu rbed   g round  a t  the   Ts in tu  River and Norman 

Wells sites. These were d r i l l e d   t o   d e p t h s  of less than 225 cm i n  t h e  
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clearing f o r  the C.N. Telecommunications  line.  Deeper  holes  immediately 

adjacent to these  holes  encountered frozen ground at  depths  between  about 

150 and 300 cm. 

4 . 2  Distribution of Visible  Ice 

Variations In the distribution  of  visible  ice  occur  between  sites, 

f between d r i l l  holes within  each  site  and  within  each  drill  hole. 

The distribution  between sites is the most difficult to  describe 

succinctly.  There is a gross increase in  the amcunt of visible  ice  from 

south to north.  For  much of the  core from the Fort Simpson site, khe ice 

condition  is  described  as - Nbn (no  visible  ice, soil well  bcnded,  no excess 

ice), whereas  such a designation  is  very  rare for core from the  Inuvik 

sites.  Finer  detail  in  the  between-site  variability  is  quite  masked  by 

the  within-site  and  within-hole  variability. 
.. 

There is, however, one aspect of the  distribution of visible  ice 

which  can be described  in  aemi-quantitative  terms.  This is the  occurrence 

of discrete  lenses of ice, greater  than one centimeter  in  thickness and 

containing  less  than  50%  inclusions of soil particles (volume estimate). 

The data is summarized  in  Table 111. Columns 6 and 7 of this  table are a 

measure of the ice lens frequency of the  sites.  The  northernmost  locations 

(Inuvik I and 11) contain  by  far  the most ice lenses, with  an  average of 

one ice lens  per 1.4 m of hole drilled, or of -I m of lens-ice  per 5.1 m 

of hole. 

A t  the Inuvik sites, numerous  large  ice  lenses  were  encountered, 

often two or  three  per  drill  hole.  Only two holes  did  not  encounter  distinct 

ice lenses.  The  actual  thickness of the  lenses  varied  from less than 1 mm 

to nearly 1 m. Those  between 1 mm and 1 cm in thickness  were so numerous 

that  individual  treatment is impractical. O f  the 58 discrete  lenses  thicker 

t 



Occurrence d f  Discrete Ice Lenses 

S i t e  Lo. of holes 
d r i l l e d  

(1  (2  

For t  SirnDson 

29 Tnuvik 1 and I I 
1 3  Tsintu River 

7 Snafu Creek 
7 Norman V!el Is 
5 Willowlake River I1 
4 Willowlake Rfver I 
4 ?fartin River 
20 

No. o f  ice 
lenses 
encountered 

( 3  

5 
5 
2 
4 
3 
1 
0 

58 

Cumulative denth 
of hole (m) 

~~ 

( 4  

67.3  
14.8 
1 3 . 3  
11.6 
13.7 
20.5 
32.4 
80.4 

Cumulative 
thtckness of 
i c e  lenses (rn 

(5 
- 

0.97 
1 - 3 2  
1.12 
1.17 
1.64 
0.58  

0 
15.75 i 

m. of hole 
per ice lens 

13.5 
3.0 
6 . 6  
2.9  
4 . 6  
20.5 
” 

1.4 

I 

” 

L 

m .  of hole 
per m. of  i c e  

I7 

6 9 . 4  
1 1 . 2  
11.9 
9 .9  

1 5 . 3  
3 5 . 3  

5.1 
“ 

Note: For t h i s  analysis a discrete lense of ice is one that fs creater than one centfrneter tn thickness 
and contains less than 502 fnclusions of so i l  particles (volume estimate). I t  should be noted 
that about 14 of the  78 l e n s e s  included in the analys is  are actuallv ‘ f ~ o n t p ~ ~ ~ R i ’ ,  that  is thev  are 
formed of three or more distinct lavers, d is t inguished h-7 the content of so i l  inclusions, or the 
colour or hardness of t h e  ice €or thc nurnose of t h i s  analvsis. 



than 1 cm, the   average   th ickness  was 27 cm. Ten of t h e  58 l e n s e s  were 

1 )  compound", t h a t  is they were composed of t h r e e   o r  more d i s t i n c t   l a y e r s ,  

d i s t i n g u i s h e d  on t he  basis  of the  amount  and  type of s o i l  inc lus ions ,  o r  

the  colour  and  hardness of t h e  ice .  Lenses  containing two layers have 

been  regarded as phases of the "airnple" (ie. non-compound) l e n s e s ,  as i n  

many c a s p  t h e  boundary between  the layers was braad and merging. I n  

g e n e r a l ,   t h e  compound l e n s e s  tend t o  be th icker   than   the   s imple   l enses .  

However t h e r e  i s  cons ide rab le  overlap between  the two. 

There was c o n s i d e r a b l e   v a r i a t i o n  in t h e  amount of material included 

i n   t h e  ice l e n s e s .  The estimates made in t h e  f i e l d  range from 0 t o  50%. 

(if the v i s i b l e  inclusion exceeds 50% i t  1s c l a s s e d  as a mineral s o i l  wi th  

such  and so a con ten t  of ice, r a t h e r   t h a n  as an i c e  l e n s ) .  The average 

va lue  f o r  i n c l u s i o n s  i s  about 20%. The most common material inc luded   i n  
,, 

t he  ice  lenses is " f i n e s " ;   e i t h e r   c l a y - s i l t   o r   s i l t - c l a y .  About seven 

l enses   con ta ined   o rgan ic   i nc lus ions ,   bo th  alone a n d   w i t h   f i n e  s o i l .  Two 

l enses   con ta ined  some rock fragments (broken shale)   and one some e r r a t i c  

pebbles ,  a l l  about: pea s i z e .  

The t h r e e  sites i n v e s t i g a t e d  i n  t h e   c e n t r a l   p a r t  of t h e  Mackenzie 

Valley (Ts in tu  River., Snafu  Creek  and Norman Wells) d i d  not c o n t a i n  many 

d i s c r e t e  ice l e n s e s .  Of t h e  27  h o l e s   d r i l l e d ,   o n l y  four encountered ice 

l enses ,   and   on ly  one l e n s  i n  each of t h e s e  holes .  One of t h e  four  was 

compound, and they a l l  contained a l a r g e   p r o p o r t i o n  of f i n e  s o i l  as 

i n c l u s i o n s  (30 t o  50%). 

The h o l e s   d r i l l e d  a t  the four sites i n   t h e   s o u t h e r n  par t  of t he  

region showed  somewhat more i n   t h e  way of ice  l e n s e s ,   i n c l u d i n g   f o u r   h o l e s  

e which  penetrated 'two lenses   each .  The lenses found ranged i n  t h i c k n e s s  

from 5 t o  94 cm wi th  an average of 29 cm. Three of t h e   l e n s e s  were compound, 
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Again  most  of  these ice lenses   have  a f a i r l y   h i g h   c o n t e n t  of s o i l   m a t e r i a l  

(20-50%). The i n c l u s i o n s   a p p e a r   t o   c o n t a i n   s l i g h t l y   c o a r s e r  material than  

was found i n  ice lenses a t  the Inuv ik  sites. A-number of lenses have 

i n c l u s i o n s  of f i n e   s a n d  or sandy s i l t ,  rather than t h e  clayey silt typical  

of t h e   I n u v i k  area. Seve ra l   l enses   con ta ined   pea t   i nc lus ions ,   bo th  with 

and w i t h o u t   s o i l   i n c l u s i o n s .  

4 . 3  Var ia t ions  i n  S i t e   Cond i t ions  

The s i t e  cond i t ions  t o  be   cons idered   in   the   fo l lowing   d i scuss ion  

comprise: 

- s u r f i c i a l   g e o l o g y ,  - s lope   ang le   and   a spec t ,  
- drainage,  and 
- v e g e t a t i o n .  

The s u r f i c i a l   g e o l o g y  of each s i t e  is summarized i n  Tat;@ 1. Throughout 

t h e  Mackenzie V a l l e y t h e  t i l l s  are g e n e r a l l y  similar, be ing   de r ived   l a rge ly  

from t h e  Mesozoic sha les   and   l imes tones  of t h e   I n t e r i o r   P l a i n s .   D i f f e r e n c e  

i n  frozen  ground  and  excess i ce  i n  morainal s o i l s  can thus be examihed be- 

tween  Willowlake River, Snafu Creek, Tsin tu   River  and Inuv ik .   A l luv ia l  

sites can be  compared  from For t  Simpson t o  Inuvik.  The a l l u v i a l  s i t e s  are 

f a i r l y  similar i n  tha t   t hey  a re  g e n e r a l l y   f i n e   g r a i n e d  as t hey  are der ived  

l a r g e l y  from the s i l t y  t i l ls .  Mixed mora ina l - a l luv ia l  sites were examined 

near F o r t  Good Hope and a t  Inuv ik  only. Finally at Willowlake River, 

Norman Wells and Inuv ik   t he   d i f f e rences   be tween   a l luv ia l  and morainal  sites 

can  be  examined. The d i s t r i b u t i o n  of d r i l l   h o l e s  and  samples  analyzed in 

terms of s u r f i c i a l  geologic u n i t s  are summarlzed in   Tab le  I V ,  

4 .3 .1  S u r f i c i a l  G e o l o u  

The r e p r e s e n t a t i o n  of t h e   g e o l o g i c   u n i t s   i n   t e r m s  of numbers of 

d r i l l   h o l e s  and  numbers of samples  analyzed is rather   uneven.  
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The till  of   the   Inuvik ,  area is f rozen ,  a d  contains 

s i g n i f i c a n t   q u a n t i t i e s  of v i s i b l e ,  excess ice, i nc lud ing  numerous l a r g e  

ice lenses .   Consider ing  only  the frozen soil, and no t  the i c e   l e n s e s ,   t h e  

na tura l   mois ture   conten t   ranged  from 13% to   about  2002, with  an  average 

es t imated  a t  about 60%. The till  samples from t h e  Intivik I1 si te  were 

g e n e r a l l y   d r i e r   t h a n  those f rom  the  Inuvik I s i te .  

The tills i n v e s t i g a t e d  a t  Ts in tu  River, Snafu  Creek and Willowlake 

River I1 were a l l  much d r i e r  and  contained much less excess i c e .  In many 

ho les  no excess ice was found. The n a t u r a l  water c o n t e n t   f o r   t h e  samples 

were as fol lows : 

- Ts in tu 'R ive r  and Snafu  Creek 

Range: 10 - 262, Mean: 14.4.X ,. 
- Willowlake River I1 

Range: 8 - 36%, Mean: 14.6% 

The tills a t  t h e s e  si tes appa ren t ly  were a l l  f rozen  as were those  from 

Norman Wells. Some of the d r i l l  holes a t  Ts in tu  River pene t r a t ed  material 

t h a t  was s o  d r y   t h a t  i t  was q u i t e   d i f f i c u l t  t o  determine i f  i t  was frozen.  

The a l l u v i a l   d e p o s i t s   f a l l   i n t o  two main groups: g l a c i o f l u v i a l  

d e p o s i t s  a t  Inuvik I1 and  Willowlake River I and g l a c i o l a c u s t r i n e  d e p o s i t s  

a t  Martin  River  and  Fort  Simpson. The g l a c i o f l u v i a l   d e p o s i t s   f r o m   t h e  

Wil lowlake  River   val ley may well have been  modified  by  subsequent fluvial 

ac t ion .  The a l l u v i a l   s o i l s  from Inuvik I1 were found t o  be  f rozen,  and t o  

con ta in  a cons iderable  amount of v i s i b l e  excess ice i n  the  form of l e n s e s  

and veins. The na tu ra l   mo i s tu re   con ten t   r anged  from 4% t o  154% w i t h  a 

mean of 53%. The a l l u v i a l   s o i l s  from t h e   o t h e r  s i tes  were g e n e r a l l y   d r i e r  

and contained much less, and f r e q u e n t l y   n o   v i s i b l e  o r  excess  ice.  Some c d r i l l  holes encountered only unfrozen material, b u t t h i s  a p p e a r s   t o   b e  
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g e n e r a l l y   r e l a t e d   t o   f a c t o r s   s u c h  as su r face   d i s tu rbance .  The n a t u r a l  

mois ture   conten t  for a l l  t h e  sites (other   than  Inuvik 11) ranged  from 4% 

t o  50% wi th  a mean of 27%. 

A comparison of t i l l  and  alluvium a t  each s i t e  aga in   emphas izes   the  

d i f fe rencebetweenInuvik   and  a l l  t h e  areas i n v e s t i g a t e d .  A t  I nuv ik   t he  

t i l l ,  as a g e n e r a l   r u l e ,   c o n t a i n s  much more m o i s t u r e ,   i n   t h e  form of 

excess  i ce ,  than  does the   a l luvium. However, a t  a l l  t h e   o t h e r  sites for 

which  both t i l l  and a l l u v i a l   d e p o s i t a  were s tud ied ,  the mois ture   conten ts  

of t i l l s ,  and a l l u v i a  were quite s i m i l a r .  

4 . 3 . 2  Slope  and  Drainage 

The l o c a t i o n s  of the d r i l l   h o l e s  do not   p rovide  much information 

on t h e   e f f e c t s  of s u r f a c e   s l o p e  ox drainage  on  permafros , t   condi t ions.  The 

only s i te  f o r  which a range of s l o p e  angles w i t h   d i f f e r e n c e s   i n   a s p e c t  is  

a v a i l a b l e  is Inuvik I (see page 15). Most o t h e r  sites have   sur face  slopes 

less than two o r   t h r e e   d e g r e e s   w i t h  similar aspect for all t h e   h o l e s  a t  

any s i te .  A t  such low s lope   ang le s ,   t he  effects  of d i f f e r e n t   a s p e c t s  are 

minimal. 

A t  t he   Inuv ik  I s i t e  t h e   d i f f e r e n c e s   i n  slope aspect appear t o  have 

some e f f e c t  on  permafrost   condi t ions.   This  is n o t i c e a b l e   i n   g e n e r a l l y  

h igher   na tura l   mois ture   conten ts   for   samples  from nor th   f ac ing  sites and 

gene ra l ly  lower n a t u r a l   m o i s t u r e   c o n t e n t s   f o r  samples from  sauth facing 

sites compared to samples from l e v e l  sites. Average values f o r  samples 

(excluding peat samples)   suggest   moisture   contents  on l e v e l  s i tes of  

about loo%, r i s i n g   t o   p e r h a p s  150% on nor th   f ac ing   s lopes  and f a l l i n g  

t o  around 50% on sou th   f ac ing   s lopes .  These va lues  were estimated  from 

the data in Appendix E, no  allowance had been made for d i f f e r e n c e s  i n  sample 

sizes. I t  should b e  n o t e d   t h a t   t h e  l eve l  si te  used i n  th i s   compar ison  was 
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on a broad area wi th   bo th   h ighe r  and lower  ground i n  t h e   v i c i n i t y .  

Slope  appears  t o  have l i t t le e f f e c t  on permafros t   condi t ions .  All 

t h e   h o l e s   d r i l l e d  at the   Inuvik I site encountered permafrost. Ice was 

v i s i b l e  i n  a l l  t h e  cores i n  a v a r i e t y  of forms: random v e i n s ,   l e n s e s ,  

crystals and coa t ings  ori p a r t i c l e s .   O f t e n  more than one form was v i s i b l e  

i n  the same p i e c e  of core .  

The m a j o r i t y  of t h e   s t u d y   l o c a t i o n s  were on well d r a i n e d   t o   f a i r l y  

well d ra ined  sites. Only t h e   F o r t  Simpson s i t e  e x h i b i t e d  a range of 

drainage  condi t ions,   f rom poor t o  good. Conditions at this s i t e  are 

complicated by the d i s tu rbance  due to Mackenzie Highway Construct ion.  

Nonetheless,  of 20 h o l e s   d r i l l e d ,   o n l y   f o u r  d i d  not   encounter   permafros t .  

A l l  f o u r  were i n  sites desc r ibed  as poorly drained.  Two (!I37 and 38) of 

t h e   f o u r  were i n   d i s t u r b e d  sites adjacent t o  the  highway. Here no perrna- 

f r o s t  was found i n   h o l e s  more than 500 cm deep. The o t h e r  two (1141 and 47) 

,. 

were i n   r e l a t i v e l y   u n d i s t u r b e d   c o n d i t i o n s  well away from the   road.  Perma- 

f r o s t  was n o t  found i n   h o l e s  400 and 300 cm deep  respect ively.   Hole  W40, 

n e a r   h o l e  (141 is also i n  a poorly dra ined  site and  encountered  frozen 

ground only  between 54 and  100 cm. Below th i s   dep th   t he   g round  was 

unfrozen  to  a t  least  350 cm. Two other ,   nearby  holes, #42 and 4 8 ,  both 

penet ra ted   permafros t   wi th  a c o n s i d e r a b l e   v i s i b l e   i c e   c o n t e n t .   T h e s e  

h o l e s  are i n  an area c l a s s e d  as f a i r l y  well d ra ined ,  

There is  t h e r e f o r e  an i n d i c a t i o n   t h a t  for  undis turbed areas, poorly 

drained sites are less l i k e l y   t o   b e   f r o z e n   t h a n   b e t t e r   d r a i n e d  sites i n   t h e  

F o r t  Simpson area. A d i f f e r e n t   r e l a t i o n s h i p  was observed a t  Willowlake 

River I ,  where materials i n  an  undrained  depression  beneath a t h i c k  organic 

mat had a higher   ground i ce  content   than  materials on   ad jacen t ,   be t t e r  
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dra ined  areas. 

The e f f e c t  of t h e   p o s i t i o n  of t h e  s i t e  or d r i l l   h o l e  on t h e  s lope  is 

n o t  well understood. A t  Martin River t h e r e  is -a s i g n i f i c a n t   i n c r e a s e   i n  

the  ground ice content  i n  the   lower   s lopes  of t h e   r i v e r   v a l l e y .  This 

i n c r e a s e  is appa ren t ly   due   t o   d ra in ing  o f  the sands and s i l ts  i n  the 

upper   pa r t s  of t h e  slopes and accumulation of t h e  excess water i n  the form 

of ground ice i n  the clay d e p o s i t s  pf the  lower p a r t s  of the slopes. 

However, a t  Snafu  Creek  the  opposi te  i s  observed,   with much more ground 

ice i n  the  upper p a r t  of the s lope   t han   nea r   t he  base. A t  the Inuvik I 

s i t e , s lope   does   no t   appea r  t o  have any effect on  ground ice  con ten t .  The 

a s p e c t ,  slope angle   and   l i tho logy  of t h e   t h r e e  sites is as fol lows:  

Site Lithology Aspect Angle 

Mart i n  Rive r sand & silt we3 t 5-10' 
,. 

over c l a y  

Snafu Creek till  s o u t h e a s t  1 - 1 2 O  
Inuvik I till n o r t h  & sou th  3' and 6' 

The di f fe rences   be tween  these  sites can  perhaps be a t t r i b u t e d   t o   l i t h o l o g y  

f o r  Martin River, and  s lope  angle   and aspect for  Snafu  Creek  and  Inuvik I. 

4 . 3 . 3  Vegetation 

D i f f e r e n c e s   i n   p e r m a f r o s t  due t o  d i f f e r e n c e s  i n  n a t u r a l   v e g e t a t i o n  

cannot be easily e s t a b l i s h e d   f r o m   t h e   d a t a  available from t h i s   s t u d y .  

Half the holes  d r i l l e d  are i n  areas of recent   d i s turbance ,   and   such  

d i s tu rbance   gene ra l ly  overwhelms a l l  d i f f e r e n c e s  due t o   v e g e t a t i o n .  The 

vege ta t ed  si tes themselves are a l l  dominated by sp ruce ,   w i th  minor amounts 

of a l d e r  and a ground f l o r a  of mosses, l i c h e n s ,  forbs and  grasses .  

4 . 4  V a r i a t i o n s   i n  S o i l  P r o p e r t i e s  

The s o i l  p r o p e r t i e s   i n v e s t i g a t e d  during t h i s   s t u d y  were grain 

size d i s t r i b u t i o n   a n d   t e x t u r e ,  p l a s t i c  and l i q u i d  limits, index of 

* 
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p l a s t i c i t y  and   na tu ra l   mo i s tu re  content. The r e s u l t s  of t he   l abo ra to ry  

analysis a v a i l a b l e  are p resen ted  i n  Appendix B .  Comparisons were made 

between  var ious  pairs  or groups of these p r o f e r t i e s ,  as well as examination 

of t he   i nd iv idua l   da t a  sets. Some comparisons produced useful  o r  

i n t e r e s t i n g   r e s u l t s ,   w h i l e   f o r   o t h e r s   t h e r e  was no i n d i c a t i o n  of any 

meaningfu l   re la t ionships .  

4.4.1. Grain s i z e   d i s t r i b u t i o n  and t e x t u r e  

The sand-silt-clay values  were p lo t t ed   an   t e rna ry   d i ag rams  f o r  each 

s i t e  (see  Table  IV). The r e s u l t s  were q u i t e   d i f f e r e n t  for each s i te  

(Figure 4 ) .  

be  def ined a3 si l ty-clays t o  clayey Silts. The a l l u v i a l  soils were less 

c lus t e red   t han   t he  till soils; about  half p l o t t e d  as c l a y - s i l t s   w i t h  less 

For  t h e  two Inuvik sites, t h e   d a t a   p o i n t s w e r e   s t r o n g l y   c l u s t e r e d ,  

such   tha t   over  85% of the  samples were w i t h i n   t h e   t e x t u r a l   g r o u p i n g  

bounded by 0-40% sand,  36-62X silt (Figure 4r) Soils i n  such a group may 

Tsintu  River  and  Snafu  Creek may be   cons idered   toge ther ,  as t h e   d a t a  

po in t s fo r  both sites were c l u s t e r e d   i n   t h e   c l a y  loam area, with  30-502 sand,  

30-50% s i l t  and  around 20% clay (Figure 4b).  The c l u s t e r i n g  was less 

marked than t h a t  of the  Inuvik da ta .  At Willowlake River t h e   s o i l s   v a r i e d  

from a fairly p u r e   s i l t y  clay, through well graded loam t o  almost pure sand. 

The tills were gene ra l ly  quite  sandy  (Figure 412). The d a t a  from Martin 

River showed two po int s  of c l u s t e r i n g   w i t h  most of the  samples composed 

of a s i l t  t o  clay mixture with l e s s   t h a n  8% sand  and  the  remainder 

composed of over  80% sand wlth no s i l t  and a little c l a y  (Figure 4 c ) .  

t 
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4 . 4 . 2  Texture and At te rbe rg  limits 

Using  the  data  f o r  soils from the Inuvik  si tes,  a s tudy  was made 

of t h e   v a r i a t i o n   i n   l i q u i d  limit, p l a s t i c  limic and p l a s t i c i t y  index with  

changes i n  s o i l   t e x t u r e .  This wa6 done by p l o t t i n g   t h e   v a l u e  for e i t h e r  

l i q u i d  limit, p l a s t i c  limit o r  p l a s t i c i t y   i n d e x  a t  the a p p r o p r i a t e   l o c a t i o n  

on a t e x t u r e   t r i a n g l e .  An a t tempt  was then made t o  p l o t   i s o l i n e d   t h r o u g h  

these  data. The Inuvik  data were d iv ided  i n t o  t h r e e  groups f o r   t h i s   s t u d y ,  

namely : 

(1) lnuvik site I, l o c a l i t i e s  MS-1, MS-2, MS-3 

( i i )   I n u v i k  s i t e  I, l o c a l i t y  B 

( i i i )   I n u v i k  site 11. 

P l o t t i n g  of t h e   i s o l i n e s  showed two t h i n g s :   f i r s t ,   t h e r e  was no simple 

r e l a t ionsh ip   be tween   t ex tu re  and At t e rbe rg  limits and,  second,  the  one 

t e x t u r a l  component  which  had t h e   s t r o n g e s t   r e l a t i o n s h i p   w i t h   t h e  Atterberg 

limits was the   c lay   conten t .   Accord ingly  p l o t s  of c l a y   c o n t e n t  and At t e rbe rg  

limits were made for the   three  groups  noted  above;   these  graphs are presen- 

t e d   i n  Figure 5. 

,. 

Examination of these p lo t s   enab le s   t he   fo l lowing   conc lus ions   t o   be  

drawn : 

I. 

Group (1) (Holes 1-9) : 

a> l i q u i d  limit: a s t e e p  rise wi th   i nc reas ing  clay conten!: (10-60%); 

values range from 30 t o  60%. 

b) p l a s t i c  limit: a s l i g h t  rise wi th   i nc reas ing  clay con ten t  (1Oi6O%); 

range of va lues  i s  15-30%. 

c )   p l a s t i c i t y  index: rises wi th   i nc reas ing  clay content ~ 1 ~ - 6 U ~ ) ;  

range of values is 11-42%. 
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Group (ii) (Holes 10 - 15B) 
a) Liquid limit: 

b) Plastic limlt: 

c )  P l a s t i c i t y   i n d e x :  

Group (iii) (Holes 16  - 2 6 )  

a) Liquid limit: 

b) P l a s t i c  L i m i t :  

c ) P l a s t i c i t y   i n d e x :  

r i s e d   w i t h   i n c r e a b i n g   c l a y   c o n t e n t  (25-45%), 

a weak r e l a t i o n s h i p  with s t r o n g l y   c l u s t e r e d  

d a t a  points: range of va luee  is 37 - 58%.  The 

data p o i n t s  are c l u s t e r e d   s t r o n g l y  on the 

t e x t u r a l   t r i a n g l e   p l o t ,  

no apparent  relationship, w i t h   s t r o n g l y  

c l u s t e r e d   d a t a   p o i n t & ; r a n g e  of va lues  is 

18 - 28%. 

rises wi th   i nc reas ing  clay con ten t  ( 2 5 - 4 5 % ) ,  

a weak r e l a t ionsh ip   w i th   sArong ly   c lus t e red  

da ta   po in ts ;   f rom  range  values 1 4   t o  3 4 % .  

steep rise wi th   i nc reas ing  clay content  

(15-65%); r a n g e   o f ' v a l u e s  is 27 - 702. 
a s l i g h t  rise wi th   i nc reas ing   c l ay   con ten t  

(15 - 65%); range of va lues  is 17 - 48%.  

weakly  c lustered data p o i n t s   i n d i c a t i n g  a 

s l i g h t  rise w i t h   i n c r e a s i n g  clay content  

(15-6521, a weak r e l a t ionsh ip ;   va lues   r ange  

from 4 - 36%. 

a l l u v i a l  s o i l s ) ,  

The weak r e l a t ionsh ip   and  strong c l u s t e r i n g   o f . t h e   d a t a  points i n  

group ( i i )  are due t o   t h e   c l o s e   s i m i l a r i t y  of t h e   t e x t u r e  f o r  a l l  t h e  

samples. They were all c o l l e c t e d  from a group of   ho le s   ve ry   c lose   t oge the r  
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( s e e   s e c t i o n  3.2.8 and  Figure A17)  The o t h e r   d i a g r a m s   i n  Figure 5,  taken 

t o g e t h e r ,   i n d i c a t e  a good r e l a t ionsh ip   be tween   c l ay   con ten t   and   l i qu id  

limit, and a weak re la t ionship   be tween  c lay   conten t   and   p las t ic  limit. The 

r e l a t ionsh ip   w i th   t he   p l a s t i c i ty   i ndex   can   bes t   be   desc r ibed  a8 v a r i a b l e .  

4 . 4 . 3  Texture  and Natural Moisture  Content 

An at tempt  was made t o   p l o t   t h e   n a t u r a l   m o i s t u r e   c o n t e n t   v a l u e s  on 

t h e   t e x t u r a l   t r i a n g l e .   I n  many i n s t a n c e s   v e r y   d i f f e r e n t   m o i s t u r e   v a l u e s  

occurred a t  t h e  same loca t ion   on  the t r i a n g l e ,  and so the p l o t  was d i sca rded .  

However, p l o t s  of na tu ra l   mo i s tu re   con ten t   aga ins t   pe rcen tage  s i l t  

content  were made for till s o i l s  and for a l l u v i a l   s o i l s  and are more 

amenable t o  a n a l y s i s .  

For t i l l  s o i l s ,   t h e   d a t a   f r o m   I a u v i k  I, Willowlake  River 11 and ., 

0 
Tsin tu   River   p lus   Snafu  Creek were used (Figure 6 ) .  The d a t a   p o i n t s  for 

the Willowlake  River 11, Tsintu River  and Snafu Creek sites showed a 

d e f i n i t e  positive r e l a t ionsh ip   be tween   na tu ra l  water con ten t  and s i l t  

con ten t .  However, t h e   r e s u l t s  for the   Inuvik I s i te  showed no r e l a t i o n -  

s h i p  at all, wi th   t he   na tu ra l   mo i s tu re   con ten t   r ang ing  from 20% t o  ove r  

200% whi l e   t he  s i l t  con ten t  was generally  between 40 and 60%. 

A similar d i f f e r e n c e  was f o u n d   f o r   a l l u v i a l  s o i l s  between I n w i k  I 

and  the other sites (Figure 6 ) .  The da ta   po in t s   fo r   Wi l lowlake   R ive r  I 

and 11, Tsintu  River,   Snafu  Creek  and  Martin River, taken a l l  t o g e t h e r  

o r  s i t e  by s i t e ,  i n d i c a t e d  a d e f i n i t e   p o s i t i v e   r e l a t i o n s h i p  between natural  

moisture   content  and s i l t  content .   Large range of moisture   content   can  be 

expected if s i l t  content  is more than 40% whereas i f  s i l t  content  i s  less 

than 40%, the   moisture   content   range is r e l a t i v e l y  small (10-25%). The 

e d a t a  for Inuvik I1 showed  no  apparent   re la t ionship.  

One possible exp lana t ion  for t h e s e   d i f f e r e n c e s  is t h a t   t h e   p o s i t i v e  

r e l a t i o n s h i p  between  moisture  content and si l t  con ten t  is only valid if * 
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t h e r e  i s  no, o r  a t  least very l i t t l e  excess  ice.  For t h e   a l l u v i a l  soils 

from Inuvik  11, i f   one   cons iders  only t h e  samples wi th   na tu ra l   mo i s tu re  

con ten t s  of less than  about 60%,  t h e   r e l a t i o n s h i p   s e e n  for t h e   o t h e r  sites 

appears  t o  h o l d   q u i t e  w e l l .  However,  even' t h i s ' f a i l s   f o r  the till soils 

from  Inuvik I. 

4.4.4 Natural Moisture  Content  and  Visible Ice Content 

A v e r y   i n t e r e s t i n g  p l o t ,  shown i n   F i g u r e  7 ,  was made of n a t u r a l  

moisture   content   and  the percentage of v i a i b l e ,  excess ice i n   t h e   c o r e .  

It should  be  noted  that  Figure7 is  a semi loga r i thmic   p lo t ,   due   t o   t he  

extremely  high  values  of some of the   mo i s tu re   con ten t s  of t he  i c y  soils 

when expressed as a percentage of the   d ry   weight .  The data va lues  of 

samples of o r g a n i c   s o i l  show no d e f i n i t e   r e l a t i o n s h i p ,   b u t   t h e   r a n g e  of 

mois ture   conten t  is l a r g e   f o r  a small range of volume  of  ice. However, 

t h e   d a t a   f o r   m i n e r a l   s o i l   a n d  icy s o i l  show a d e f i n i t e   p o s i t i v e   r e l a t i o n s h i p .  

The s c a t t e r  of t h e   d a t a  i s  qu i t e   w ide  and any a t t e m p t   t o   p r e d i c t  actual 

mois tu re   con ten t   f rom  v i s ib l e  excess ice would be l i a b l e   t o   e r r o r s .  

4.5 Var ia t ions  i n  T e r r a i n  Conditions 

I .  

A p p r o x i m a t e l y   h a l f   t h e   h o l e s   d r i l l e d   d u r i n g   t h i s   s t u d y  were loca ted  

i n   d i s t u r b e d  areas, and i n  most cases h o l e s   i n   d i s t u r b e d  areas are pa i r ed  

w i t h   h o l e s   i n   a d j a c e n t  similar und i s tu rbed   t e r r a in .  The t e r r a i n   d i s t u r b a n c e  

i n v e s t i g a t e d  and t h e  number of d r i l l   h o l e s  a t  each site i n   t h e   d i f f e r e n t  

t e r r a i n  classes are summarized i n   T a b l e  V. 

The Ts in tu   River  and Inuvik I1 sites o f f e r   t h e   w i d e s t   v a r i a t i o n   i n  

t e r r a i n   c o n d i t i o n s  a t  a s i n g l e  si te.  The Snafu  Creek s i te  provides  some 

d a t a   o n   t h e   e f f e c t s  of time s i n c e   d i s t u r b a n c e ,  as t h r e e   d r i l l   h o l e s  are i n  

a r e c e n t l y   c l e a r e d  area w h i l e   t h r e e  are in an area c l e a r e d   s e v e r a l  years 

ago. The si tes w i l l  be   d i scussed   in   tu rn ,   and   then   conclus ions   about   the  

va r idus   d i s tu rbances  w i l l  be  considered.  
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4.5.1. Inuvik I1 

This group of e leven   ho le s   p rov ides  some i n t e r e s t i n g   i n f o r m a t i o n  

concerning the e f f e c t s  of surface d i s tu rbance  on ground ice content   and 

d i s t r i b u t i o n .  O f  the e leven  holes d r i l l e d ,  s ix  are i n   r e l a t i v e l y   u n d i s t u r -  

bed terrain,  w h i l e   f i v e  are i n  areas tha t   have  been q u i t e   s e v e r e l y   d i s t u r b e d .  

The s i x  holes i n  undis turbed areas a l l  p e n e t r a t e d   l a y e r s  of massive 

i c e  OS i c y - s o i l  (soil w i t h  more than  50 pe rcen t  visible  ice i n   t heco re )  a t  

depths  between 20 and 200 cm and two of the   deepe r  holes encountered similar 

i c e  o r  i c y  s o i l  a t  around 300 cm. The l a y e r s  of mass ive   i ce   i nc luded  

l e n s e s  of ice  con ta in ing  less than 10 p e r c e n t   s o i l  material. Such l e n s e s  

ranged from 2 t o  65 cm i n  th i ckness .  Layers of icy soil contained 50 t o  

90 pe rcen t  ice  g e n e r a l l y   i n   t h i n   h o r i z o n t a l  lenses 1 t o  100 mm t h i c k  and 1 

t o  20 mm apart 
I. 

8 Of the f i v e  holes i n   d i s t u r b e d  areas, one area was burned and t h r e e  

subjected t o  bu l ldoz ing  i n  August 1968, The remaining hole was on an o l d  

vehicle t r a i l  cut befo re  1964, but  which  has  been used repeatedly since 

t h a t  time. ,Only  one of t hese   f i ve   ho le s   pene t r a t ed   any  massive ice  or  i c y  

s o i l  in the top 1 . 2  m ,  and t h i s  was i n  t h e  form of two 10 mm t h i c k   l e n s e s  

a t  104 cm and 113 cm. S i g n i f i c a n t   q u a n t i t i e s  of ice o r   i c y   s o l 1  were not  

encountered   un t i l   depths  of 120 t o  200 cm were reached. 

Thus su r face   d i s tu rbance   such  as f ire  or bulldozing appear t o   l e a d  

to the   d i sappearance  of excess ice  i n  the   upper  metre of the  ground,  and a 

s i g n i f i c a n t  decrease i n   t h e   q u a n t i t y   o f  ice in   t he   s econd  metre, I n  t h e  

t h i r d  metre t h e r e  is a n   i n c r e a s e   r e l a t i v e  to undisturbed areas, while  below 

the t h r e e  metre mark cond i t ions  are probably  unal tered.   These  conclusions 

C I '  

are summarized i n  Figure 8. 
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4.5.2 Tsintu River 

T h i r t e e n  holes were d r i l l e d  a t  t h i s  s i t e ,  however  only  one was i n  an 

undisturbed area. O f ' t h e   o t h e r s ,  two were i n  a 'burned area, two were on a 

seismic t ra i l  with d a t e  of c l e a r i n g  unknown, and s i x   h o l e s  were 

located  along  the  r ight-of-way for t he  C.N.T. land liire ( c l ea red  in t he  

early n i n e t e e n   s i x t i e s ,  and used as a winter   road  since).  The remaining 

two holes were at  t h e   i n t e r s e c t i o n  of t h e  C . N . T .  l and   l i ne   and   t he   o ld  

seismic t ra i l .  

None of t h e   h o l e s  encountered any massive ice o r  i c y   s o i l .   A c t i v e  

layer thicknesses  ranged  from  134 cm i n   t h e   u n d i s t u r b e d  area t o   g r e a t e r  

than 275 cm i n  one   ho le   i n   t he  C . N . T .  right-of-way. The depth of thaw i n  

the two ho le s   i n   t he   bu rned  area were 135 and  170 cm, whi le  in t h e  seismic 

trail  and C.N.T. right-of-way, i t  ranged  from 157 cm t o   g r e a t e r   t h a n  275 

cm. Below the  thawed l a y e r   t h e  ground was very   d ry ,   and   there  was gene ra l ly  

no i ce  v i s i b l e   i n   t h e   c o r e s ,   e x c e p t   f o r  rare i n d i v i d u a l   c r y s t a l s .  The 

n a t u r a l  water c o n t e n t s  of the  aamples from this area were a l l  between 10 

. I  

f 

c 

and 18 percent, with  an  average of 13.8  percent .  

Thus a t  t h i s  s i t e ,  w i t h   h o l e s   d r i l l e d   i n   t h e  last  week o f   J u l y ,   t h e  

data only  permi ts   the  simple conc lus ion   t ha t   t he   dep th  of thaw i s  t h i c k e r  

i n   t h e  more severely d i s t u r b e d  areas. 

4.5.3 Snafu  Creek 

A t  Snafu  Creek,   three  holes  were d r i l l e d  i n  t he  C.N.T. right-of-way, 

cleared i n  the early nine teen-s ix t ies   and  used as a w i n t e r  road s ince   t hen ,  

three  were d r i l l e d  i n  the  Mackenzie Highway r ight-of-way,   c leared  ear ly  i n  

1973, while one h o l e  was d r i l l e d  i n  t he  re la t ively undisturbed  ground 

between  these  rights-of-way. 

The e f f e c t s  of t he   l onge r  time p e r i o d   s i n c e   t h e   s u r f a c e  was d i s t u r b e d  

t 
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was most  marked, The h o l e   i n   t h e   u n d i s t u r b e d  area penet ra ted   on ly  78 cm 

of thawed  ground  and  beneath t h i s  was approximately 100 cm of i c y   s o i l .  

The h o l e s   i n   t h e   r e c e n t l y   c l e a r e d  highway  right-of-way  encountered  an aver- 

age of 105 cm of thawed  ground  over about 65 cm of i c y  soil, w i t h   v i s i b l e  

ice con ten t s   o f  30 t o  60 pe rcen t .  However, t he   ho le s  i n  t h e   o l d  C . N . T .  

right-of-way  found  an average depth of thaw of 167 cm, and no i c y  s o i l  a t  

a l l ,  j u s t   c r y s t a l s  and p a r t i c l e   c o a t i n g s .  The  amount of vis ib le  excess i ce  

was always less than  10 pe rcen t ,  

4.5.4 Fort Simpson 

O f  t he   twen ty   ho le s   d r i l l ed  a t  t h i s  s i te ,  e i g h t  were i n  areas dis- 

t u r b e d   i n   g r e a t e r   o r  lesser extent by  highway  construct ion  within the l a s t  

five y e a r s ,   t e n  were i n   r e l a t i v e l y   u n d i s t u r b e d  sites, and two were i n  un- 

d i s tu rbed   bu t   ve ry  wet sites. Only one h o l e  encountered icy s o i l   w i t h  a 

s i g n i f i c a n t   p r o p o r t i o n   o f   v i s i b l e  ice. Th i s  was a hole d r i l l e d   t h r o u g h   t h e  

t o e  of t h e  highway sideslope, in a h igh ly  disturbed area. Apart  from t h i s  

h o l e ,  none of   the holes d r i l l e d  in d i s tu rbed  areas encountered  very much 

.. 

ice, and two ho le3   pene t r a t ed  more than  500 cm without   encounter ing  frozen 

ground. The anomalous hole i n   t h e  toe of t h e  highway s ides lope   pene t r a t ed  

50 cm of g ranu la r  fill under l a in  by 70 cm of peat. Beneath  the  peat  was 

frozen  sand, silt and  peat  t o  182 c m  d e p t h ,   w i t h   v i s i b l e  ice con ten t s  of 

between 40 and 80 pe rcen t .  It  is assumed t h a t   t h e   v e r y   h i g h   o r g a n i c   c o n t e n t  

of t he  material beneath  the  highway fill has enabled   th i s   g round ice t o  

survive i n  such a d i s t u r b e d  area. 

~ The o t h e r   h o l e s   i n   d i s t u r b e d  areas at this s i te  general ly   encountered 
I 

~ l i t t l e  o r  no v i s i b l e  ice i n   t h e   p e r m a f r o s t .  The depth of thaw i n   t h e s e  

h o l e s  ranged  from 95 t o   g r e a t e r   t h a n  530 cm. It is p o s s i b l e   t h a t   t h e  two 

holes  which  exceeded 500 cm i n  depth,   wi thout   encounter ing  f rozen  ground 
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may i n d i c a t e   t h a t  a t  these   l oca t ions   pe rmaf ros t  is absent .  

The h o l e s   i n   t h e  drier undisturbed areas showed depths  of thaw of 

10 t o  54 cm, with  the  shal lower  depths   under  a chick  cover  of moss  and pea t .  

The frozen  ground  beneath  had  generally l i t t l e  o r  no v i s i b l e   i c e .  Two of 

these  holes  encountered  unfrozen  ground a t  depths  of 100  and 302 cm. In  

these ho les ,  the frozen ground may have been only seasonal f r o s t ,  Qr the 

permafrost  may ac tua l ly   be  very t h i n   h e r e .  The two holes  in wet, undis tur -  

bed areas d i d  not  f i n d  frozen ground at: depths   of  400 and 300 cm. These 

may be   l oca t ions  where  permafrost is absent .  

4.5.5 Martin River, Norman Wells and  Willowlake  River I and I1 

These sites w i l l  be   d i scussed  more b r i e f l y ,   b e c a u s e  only four or  

f i v e   h o l e s  were d r i l l e d  a t  each si te.  
,, 

A t  Mar t in   R ive r ,   t he   e f f ec t s  of r e c e n t  highway  right-of-way  clearing 

were n o t   r e a l l y   d e t e c t a b l e .  One hole which  encountered  frozen  ground a t  

182 cm, passed into unfrozen ground  below 317 cm. This  may be   t he  base of 

permafrost  a t  t h i s   l o c a l i t y .  A t  Willowlake River I ,  a l l  f o u r   h o l e s  were 

in an area r e c e n t l y   c l e a r e d  for highway cons t ruc t ion .  The  two, northerly 

h o l e s   e n c o u n t e r e d   i c y   s o i l ,   w i t h  50 t o  70 p e r c e n t   v i s i b l e   i c e ,  a t  depths  of 

about 85 cm, and  extending down t o  105 and 190 cm r e s p e c t i v e l y .  Thus the 

r ight-of-way  c lear ing has had l i t t l e  e f f e c t .  

The  f i r s t   h o l e   d r i l l e d  a t  Willowlake River I1 was i n   t h e  C.N.T. 

right-of-way. This encountered  frozen  ground  with random v i s i b l e  ice a t  

27 cm. The next   ho le ,  i n  an ad jacen t  undisturbed area, found f rozen  ground 

with 60-70 p e r c e n t :   v i s i b l e   i c e ,  a t  223 cm. Be1o:lr 95 cm, only small 

q u a n t i t i e s   o f  ice were visible. The remaining  holes  were d r i l l e d  i n  the 

r e c e n t l y   c l e a r e d  highway  alignment. One found 80% v i s i b l e  ice between 15 

and 54 cm, and 65 percent  visible ice between 84 and  162 cm,  wi th  lesser 
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amounts of ice between and .benea th   these   hor izons ,  The next found frozen 

ground  with some v i s i b l e  ice below 11 cm, while t he  l a s t  hole found 72 c m  

of thawed  ground  over  frozen  ground  with no v i s i b l e  i ce .  It would appear 

t h a t   t h e   e f f e c t s  of su r face   d i s tu rbance  a t  t h i s  s i te  are negligible. 

Fi.nally at Norman Wells t h r e e  holes ,  d r i l l e d  with  a SIPRE core  
1 

barrel, could   no t   pene t ra te  frtizen ground. Four o t h e r   h o l e s ,   t h r e e  i n  t h e  

highway c l e a r i n g  and one i n  an   undis turbed  area, found frozen ground with 

gene ra l ly  small q u a n t i t i e s  of excess   i ce .  The depth-of-thaw was 28 cm i n  

the  undis turbed area and 49 t o  168 cm i n  the   c l ea red  area. 

4.5.6 Summary 

I n  general, t h e   e f f e c t s   o n  a l l  forms of su r face   d i s tu rbance  are 

similar: the  ground thaws more deeply i n  summer, and t h e r e  is a decrease  

i n  t h e  amount of excess  ice i n   t h e  upper l a y e r s  of permafrost. I n  margin- 

a l l y  f rozen   l oca t ions   t he   pe rmaf ros t  may become th inne r ,   o r   even  disappear 

e n t i r e l y .  Such e f f e c t s   t a k e  some time t o  develop, and may not  become 

apparent  f o r   o n e   t o  two y e a r s  following the dis turbance ,   There  are many 

except ions  to  t h i s  general sequence of events .  

,. 

t 



5 .  CONCLUSIONS 

I n  t h i s  sec t ion ,   an   a t tempt  w i l l  be made t o   g a t h e r   t o g e t h e r  

t h e  spec i f ic   in format ion   presented  i n  Sec t ion  4 ,  and t o  cons ide r  w h a t  

general   conclusions  can be drawn   r ega rd ing   t he   d i s t r ibu t ion  of f rozen 

ground and ground ice  i n  t h e  Mackenzie  Valley,  what  environmental 

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

i s  i n  face  of  man’s proposed  development of t he   r eg ion .   Cons ide ra t ion  

w i l l  a l s o  be given t o  t h e  p o s s i b i l i t y  of p r e d i c t i n g   c o n d i t i o n s  of 

t h e  ground i n   u n t e s t e d   a r e a s .   F i n a l l y ,  t h e  study  methodology will be 

c r i t i c a l l y   r e v i e w e d .  

The  problems of t h e  e f f e c t s  of ground  water   d i i le rences  

were not   covered,  and no   u se fu l ,  new information on t h e   e f f e c t s  

of d i f f e r e n c e s   i n   v e g e t a t i o n  was ob ta ined .   The   e f f ec t  of v e g e t a t i o n  

i n  gene ra l   ve r sus   no   vege ta t ion  was a l s o   c o n s i d e r e d   i n  some 

d e t a i l  

5.1 D i s t r i b u t i o n  of frozen  qround and qround i c e  

The general   impression i s  tha t   f rozen   ground i s  more 

e x t e n s i v e ,   o c c u r s   a t   s h a l l o w e r   d e p t h s  and c o n t a i n s  more v i s i b l e ,  

excess  i c e  as one goes from south t o  nor th .   The   grea tes t   change  

appears  t o  occur i n   t h e   u n i n v e s t i g a t e d  a rea  between F o r t  Good 

Hope and Inuvik.  A l l  t h e  s i t e s  s t u d i e d   t o  the  south of F o r t  Good 

Hope are i n  t h e  zone of d i scont inuous  permafrost whi le   the   Inuvik  

s i tes  a r e  d e f i n i t e l y  wi th in  t h e  cont inuous  permafrost  zone. 
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0 5.1.1 F a c t o r s   c o n t r o l l i n g   t h i s   d i s t r i b u t i o n  

The s i g n i f i c a n t   f a c t o r s   a f f e c t i n g  the d i s t r i b u t i o n  of f rozen  ground 

and  ground i c e ,  as determined i n  t h i s   s t u d y  appear t o  be: 

- l o c a t i o n   ( l a t i   t u d e )  

- s o i l  t e x t u r e  

- s lope   a spec t  

- sur face   d ra inage  

- su r face   d i s tu rbance  and v e g e t a t i o n  

I t  should  be  noted  that   these items are j u s t   l i s t e d  and are not   ranked,  

even qualitatively* The genera l   impress ion   ga ined   whi le   car ry ing  out  t he  

study was t h a t   t h e   r a n k i n g  of these factors would vary from s i t e  t o  site. 

I n  keeping w i t h  the genera l ly   co lder   win ters   and  cooler summers of 
.. 

the   nor thern  part  of  the  Mackenzie  Valley,  compared  to  the  southern part 

(see Table 11) , the l o c a t i o n  or latitude of the   s tudy  sites can be expected 

t o   b e  one of the   major   cont ro ls  on permafros t   condi t ions .  There are some 

anomalies however,  such as the very  dry t i l ls  a t  Tsintu  River .  

The f i n e r   t e x t u r e d  soils, such as silts,  clays and clag-silt t i l l s  

generally con ta in  more moisture  and more ice than   coarser ,   sandy so i l s .  

There  appears   to   be a clear, p o s i t i v e   r e l a t i o n s h i p   b e t w e e n   n a t u r a l  water 

content and s i l t  con ten t ,  up t o  water con ten t s  of about 60%. This relation- 

s h i p  breaks down f o r  soils with s i g n i f i c a n t   q u a n t i t i e s  of excess ice.  

Organic soils and peats can have   ex t remely   h igh   na tura l  water con ten t s ,  and 

conside?'aVle q u a n t i t i e s  "df ere+$? .ice - u& t o  1000% by weight.  Values as 

l a r g e  as t h i s  are r ea l ly   mean ing le s s .  It: would probably be more meaningful 

d "  , j -  ; 

t o   p re sen t   such   i n fo rma t ion  in the  form of percentage  by volume be fo re  

thawing. 
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D i f f e r e n c e s   i n   s l o p e  aspect were examined a t  the  Inuvik I s i te  only. 

Here t h e r e  was a s t rong   sugges t ion   t ha t   no r th - f ac ing   s lopes  are d r i e r  and 

south-facing s l o p e s  wetter than   ad jacent  level ground. The e f f e c t s  of 

p o s i t i o n  on the  slope were i n v e s t i g a t e d  a t  Martin  River,  Snafu  Creek  and 

Inuv ik ,   w i th   con fused   r e su l t s .   L i tho logy ,  slope angle  and slope aspec t  

appeared t o  overwhelm di f fe rence   due  t o  s o l e l y  t o  t h e   p o s i t i o n  on the   s lope .  

Ground su r face   d ra inage  was examined only at: For t  Simpson, plus a 

s ingle   observat ion  f rom  Wil lowlake River I. The conclus ion  a t  Fort Simpson 

was tha t   poor ly   d ra ined  sites d i d  n o t  have permafrost  near t h e  ground 

surface, and p o s s i b l y  none a t  a l l .  However a t  Wil lowlake  River ,   the   poorly 

dra ined  s i te ,  with a t h i c k   s u r f a c e  peat layer, conta ined  more ground ice  

t h a n   a d j a c e n t ,   d r i e r  sites. This  is poss ib ly   due   to   the   p resence  of t h e  

t h i c k   s u r f a c e  peat l aye r .  

.* 

The e f f e c t s   o f   v e g e t a t i o n  were considered only i n  terms of i t s  

presence  or   absence,  as a r e s u l t   o f   s u r f a c e   d i s t u r b a n c e .   1 n : s u c h  cases 

t h e  removal of vege ta t ion  was found t o  be  a major   cont r ibu tor  t o  changes 

i n  the   th ickness  of t h e   a c t i v e   l a y e r  and i n  ground ice content .   Other  

work i n  the  Mackenzie Valley has a lso  demonstrated  this  (Heginbottom, 19-f3; 

Kurfurst, 1973).  

5.1.2 The S t a b i l i t y  of t h e   D i s t r i b u t i o n  

The d i s t r i b u t i o n  of f rozen  ground  and  ground ice is a phys ica l  

express ion  of t he   hea t   ba l ance  o r  thermal   regime  of   the ground of no r the rn  

Canada. The compotxnts of t he   hea t   ba l ance  are: 

- n e t  s o l a r   r a d i a t i o n   ( i n c o m i n g   s o l a r   r a d i a t i o n  - 
o u t g o i n g   e a r t h   r a d i a t i o n )  

- evaporation  and  convection, 

- ground thermal regime,  and 

- ground  heat   s torage.  
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The sur face   hea t   ba lance   and  mean annual  ground  temperature a t  any s i r e  

depend on the  re la t ive magnitude  of  these  components. If the  mean annual  

ground  temperature a t  any  depth is below  the freezlng poin t ,   permafros t  

will occur   t he re .  The formation  and  degradat ion of permafrost   thus   depends 

on changes   in   the   long term hea t   ba l ance ,  (Williams, 1971). The two most 

important  causes  of  such  change are changes i n  climate (long  term)  and 

changes i n   s u r f a c e   c o v e r   ( l o n g   o r   s h o r t   t e r m ) .  Changes i n   s u r f a c e  cover 

e f f e c t   t h e  components of evapora t ion  and convect ion ,   the  "contact 

resistance" between a i r  and  ground, and t h e   h e a t   t r a n s f e r   p r d p e r t i e s  of t h e  

ground. Long term changes i n  s u r f a c e  cover are caused by  such  things as 

successional   changes i n  vege ta t ion ,   wh i l e   sho r t  term changes  can be the  

result of n a t u r a l   c a t a s t r o p h i c  events ( l a n d s l i d e s ,   f l o o d s  OK f o r e s t   f i r e s )  

o r  of t h e   a c t i v i t i e s  of man (bu l ldoz ing ,   l and   c l ea r ing ,  or cons t ruc t ion ) .  

Man can q u i t e   e a s i l y   c a u s e   g r o s s   c h a n g e s   i n   t h e  ground sur face   cover ,   and  

I .  

hence   changes   in   the   under ly ing   permafros t  of no r the rn  Canada, 

The d a t a  of t h i s   s t u d y   c o n f i r m   t h e  earlier work c i t ed   above  

(Heginbottom,  1973;  Kurfurst,  1973). The e f f e c t s  of all the  forms of sur-  

f ace   d i s tu rbance  examined  have  been similar, and  have lead t o  a g r e a t e r  

amount of h e a t   e n t e r i n g   t h e  ground  from  the atmosphere. The r e s u l t  i s  a 

t h i c k e r   a c t i v e   l a y e r ,   a n d  a d e c r e a s e   i n  the amount of excess ice i n   t h e  

upper l a y e r s  of permafrost .  Areas of marg ina l ly   s t ab le   pe rmaf ros t  may 

d i s a p p e a r   e n t i r e l y .   T h e s e   e f f e c t s   t a k e  a few y e a r s   t o  become apparent .  

The time before a new hea t   ba l ance   equ i l ib r ium becomes e s t a b l i s h e d  i s  b o t  

known w i t h  c e r t a i n t y ,   b u t  i t  appears t o  be of t h e   o r d e r  of a few decades 

f o r  the d is turbance   cons idered .  I t  is, i n  any case, par t ly   dependent  on 

the  magnitude or  s e v e r i t y  of the ground  sur face   d i s turbance ,  and p a r t l y  on 

t h e   i n n a t e   s t a b i l i t y   o f   t h e   d i s t u r b e d   g r o u n d .  
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5 . 2  Condi t ions   in   Untes ted  Areas 

Untes t ed   o r   un inves t iga t ed  areas exis t  on t h r e e  scales in t h i s  

s tudy.  The small scale areas are t h e   s e c t i o n s  df d r i l l  core t h a t  were no t  

submit ted t o  l a b o r a t o r y   a n a l y s i s .  Given  good, d e s c r i p t i v e  logs of t h e  

f r e s h   c o r e s ,   t h i s   s h o u l d  pose no problems,   and  the  laboratory  data   can 

gene ra l ly   be   i n t e rpo la t ed  for such   s ec t ions .  

Medium scale areas comprise the  ground  between d r i l l   h o l e s ,  and 

also the   deepe r   l aye r s  of s o i l ,  rock or  ice b e n e a t h   t h e   d r i l l   h o l e s ,  a t  

any si te.  The conf idence   wi th   which   pred ic t ions  can be made about 

cond i t ions   be tween   and   benea th   d r i l l  holes depends on the d i s t ance   i nvo lved ,  

t h e  complexity of the  site condi t ions   perce ived  i n  t h e   d r i l l   h a l e s  and 

conceptual  models of t he   p robab le   s t r a t ig raphy  of t h e  si;?. 

Most of the  drill ho les  were l o c a t e d   i n   l i n e s  o r  b locks  so as t o  

test t h e   d i f f e r e n c e 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   r e g a r d   t o ' e n v i r o n m e n t a l  

f a c t o r s   ( s l o p e ,  aspect, d ra inage ,   d i s tu rbance ,  e tc , )  T h i s   f a c i l i t a t e s  

p r e d i c t i o n   t o  some e x t e n t .  Thus t he  four d r i l l   h o l e s  a t  Willowlake River I 

showed a s t eady   change   i n   l i t ho logy ,   t ex tu re  and ice con ten t   w i th   i nc reas ing  

d i s t a n c e  away f rom  the   r i ve r  bank. Similarly a t  Willowlake  River 11 t he  

ho le s  #49, 50 and 51 showed very  similar soil and  permafrost   condi t ions,  sb 

th,at  one could pred ic t   t he   p robab le   cond i t ion   ad jacen t   t o   t hese   ho le s   w i th  

some degree of confidence.  

T h i s  i s  n o t  a lways the  case, and  an example is presented  by ho le s  

iIl0-15B a t   I n u v i k  I. Summary lags of the ice cond i t ions  of  t h e s e   d r i l l  

h o l e s  are shown i n   F i g u r e  A17. It should  be  emphasized  that  the h o r i z o n t a l  

and v e r t i c a l  scales of th i s   d i ag ram are the  same; the   seven   ho les  were 

d r i l l e d  at 25 t o  50 cm i n t e r v a l s   a l o n g  a t r a n s e c t  2.8 m long.  Although 

there i s  a general  agreement  between  the d r i l l   l o g s ,   t h e r e  i s  cons iderable  

t 
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v a r i a t i o n   i n   d e t a i l .   S i m i l a r  variations were exh ib i t ed  by t h e  logs f o r  

ho le s  #16-26, a t  Inuvik 11. Holes 1/16, 1 7  and 18A were on one t r a n s e c t ,  

about 25 m a p a r t ,   h o l e s  #19, 20 and 21 were on a second transect, 34 and 

28 m a p a r t ,   w h i l e  holes #22 t o  26 were on a t h i r d   l i n e   w i t h   t h e   h o l e s  15 

to  25 m a p a r t .  In no cases would one  want to  make o the r   t han   ve ry  

t e n t a t i v e   p r e d i c t i o n s  about the s t r a t i g r a p h y  o r  permafrost   condi t ions  be-  

tween the   ho le s .  
I 

This i n a b i l i t y  t o  make meaningful predic t ions   concern ing   the  areas 

between  the  study s i te$ is  even more se r ious .  A l l  t h a t  can v a l i d l y  be 

s t a t ed   abou t   t he   pe rmaf ros t   cond i t ions  of t he  Mackenzie Valley, as a whole, 

i s  t h a t   t h e r e  i s  a g e n e r a l   i n c r e a s e  in the  amount of f rozen  ground and 

ground ice as one moves from sou th  t o  nq r th .  The v a r i a t i o n  i n  cond i t ions  

between  adjacent sites o r  w i t h i n  a site is s u c h   t h a t  one cannot   say  anything 

e l s e .  

5.3 Study  methodoloRy 

I .  

The equipment  used i n   t h e   f i e l d  was g e n e r a l l y   s a t i s f a c t o r y ,   i n   t h a t  

c l e a n ,   r e l a t i v e l y   u n d i s t u r b e d  cores were obtained  from  both frozen and 

unfrozen sediments .   Pene t ra t ion  of t he  sampler was d i f f i c u l t   i n   v e r y   d e n s e ,  

s t i c k y  r i l l ,  and  wlthdrawal was even more d i f f i c u l t   i n  such material. Core 

r e t e n t i o n   p r o v e d   d i f f i c u l t   o n l y  i n  very  dry,   non-cohesive,  sandy s o i l s .  No 

penet ra t ion   could   be   ach ieved   In to   boulders  of competent rock or into l a y e r s  

of clean gravel or g r a v e l   c o n t i i n l n g  many f r agmen t s   l a rge r   t han   abou t  3 cm. 

The use of a s p l i t   s a m p l i n g   b a r r e l   e n a b l e d   e x t r a c t i o n  of the core  t o  

be made with a minimum of disturbance. This is e s s e n t i a l   i f   t h e  ike 

d i s t r i b u t i o n  is t o  be d e t e r m i n e d ,   p a r t i c u l a r l y  when t h e  air temperature i s  

c well above t h e  f r eez ing   po in t .   Desc r ip t ion  of t h e   c o r e s   i n  terms of N,R.C. 

permafrost  terms was q u i t e  satisfactory. 
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c 5.2 Condi t ions   in   Untes ted  Areas 

Untested o r  un inves t iga t ed  areas exist  on t h r e e  scales i n   t h i s  

s tudy.  The small scale areas are t h e   s e c t i o n s  df  d r i l l   c o r e   t h a t  were not 

submi t t ed   t o   l abo ra to ry   ana lys i s .  Given  good, d e s c r i p t i v e  logs of the  

f r e s h  cores, t h i s   s h o u l d  pose no problems, and the l abo ra to ry  data can 

gene ra l ly  be i n t e r p o l a t e d  f o r  such   s ec t ions .  

Medium scale areas comprise t he   g round   be tween   d r i l l   ho le s ,  and 

a l s o   t h e   d e e p e r   l a y e r s  of soil, rock o r  ice beneath the d r i l l  holes, a t  

any s i te .  The conf idence   wi th   which   pred ic t ions ,   can  be made about 

condi t ions  between and beneath d r i l l  holes depends on the   d i s t ance   i nvo lved ,  

the  complexi ty  of t he  s i te  condi t ions   perce ived  i n  the d r i l l   h o l e s  and 

conceptual  models of t he   p robab le   s t r a t ig raphy  of the si te .  

Most o f   t h e   d r i l l   h o l e s  were l o c a t e d   i n  l i nes  or blocks  so as t o  

t es t  t h e   d i f f e r e n c e 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   r e g a r d  t o  environmental  

f a c t o r s   ( s l o p e ,   a s p e c t ,   d r a i n a g e ,   d i s t u r b a n c e ,  e tc . )  This  faci l i tates  

p r e d i c t i o n  t o  some e x t e n t .  Thus t h e  four d r i l l   h o l e s  a t  Willowlake River I 

showed a steady  change in l i t h o l o g y ,   t e x t u r e  and ice  con ten t   w i th   i nc reas ing  

d i s t a n c e  away from  the river bank. S i m i l a r l y  a t  Willowlake River I1 the 

ho les  # 4 9 ,  50 and 51  showed very  similar s o i l  and  permafrost   condi t ions,  SO 

th,at one   could   p red ic t   the   p robable   condi t ion  adjacent t o  these  holes with  

some degree of confidence.  : 

This  is not  always  the case, and an example is  presented  by ho le s  

#10-15B a t  Inuvik I. Summary logs of the ice cond i t ions  of t h e s e   d r i l l  

ho le s  are shown i n   F i g u r e  A17. It should be emphasized  that  the h o r i z o n t a l  

and v e r t i c a l  scales of t h i s  diagram are the  same, the   seven  holes were 

d r i l l e d  a t  25 t o  50 cm i n t e r v a l s   a l o n g  a transect 2.8 m long. Although 

the re  i s  a general  agreement  between  the d r i l l  logs, t he re  i s  cons iderable  
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6. IMPLICATIONS AND RECOMMENDATIONS 

4*1 R e l a t i n g   t o  Highway and o t h e r   C o n s t r u c t i o n   i n   t h e  Mackenzie V a l l e y  

A cons iderable  amount of geotechnica l   in format ion   has   been   ga thered  

from wi th in   t he  Mackenzie  Valley  Transportation Corridor under the ausp ices  

of var ious   p ipe l ine   p rograms as well as f o r   t h e  Mackenzie Highway, Mdst of 

these  programs have co l l ec t ed   i n fo rma t ion  on t h e  basis of a few ho les  per 

mile, a l o n g   p o s s i b l e   t r a n s p o r t a t i o n   r o u t e s ,   o r   f r o m   s p e c i a l  areas such as 

p o s s i b l e   b o r r o w   p i t s ,   b r i d g e  sites ,,wharf and s t o r a g e  areas. The samples 

re ta ined   f requent ly   have  been h igh ly   d i s tu rbed  and usua l ly   have   been   l imi ted  

t o  two o r  t h r e e  samples per hole .   Informat ion   ga thered   in   such  a manner 

does not  adequa te ly   cha rac t e r i ze   t he  nature of the  ground ice occur rence   o r  

d i s t r i b u t i o n ,   f a i l s  t o  i n d i c a t e   t h e   r a p i d  l a te ra l  change?. i n  b o t h  l i t h o l o g y  

and i ce  content  which ex is t ,  and  f requent ly  leads t o   u n d e r   e s t i m a t i o n  of 

the  amount of ice in the  ground. 

The i n fo rma t ion   ga the red   du r ing   t h i s   s tudy   has   been   de r ived  from 

cont inuously  cored  c losely  s ,paced  dr i l l -holes   f rom  nine  selected s i t e s .  It  

i n d i c a t e s   t h a t   t h e r e  is cons ide rab le   w i th in  - hole  and  between - hole 
v a r i a b i l i t y  i n  both   the  amount of ground ice  and i n   t h e   n a t u r e  of i t s  

occurrence.  Thus the   fo l lowing   recornendat ions  are made: 

1. That g e n e r a l l y   h i g h e r   i c e   c o n t e n t s   b e   e x p e c t e d   i n  areas where 

permafrost descr ip t ions   have   been  made on t h e   b a s i s  of d i s t u r b e d  

samples 

2. That cons ide rab le   sho r t   r ange   va r i a t ions   be   expec ted  in l i tho lo ,$y ,  

i c e  content  and ice d i s t r i b u t i o n  

3. That i n  areas of f i n e - g r a i n e d   s o i l s ,  highway c o n s t r u c t i o n   u s i n g  

an  overlay  technique  he used wherever   possible ,   and  that   no 

unnecessary cu t s   be   u sed  
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. l l doz ing ,   d i t ch ing  or mechanic8 

s u r f a c e  be p e r m i t t e d   i n   s u c h  areas 

11 damage t o  the g r o w  

5. T h a t   i n  areas of discontinuous  permafrost ,   highway grade 

d 

c o n s t r u c t i o n   b e   c a r r i e d   o u t   w i t h i n  twelve months oi right-of-way 

c l e a r i n g  

6 . 2  R e l a t i n g   t o   o t h e r  areas in   the   Canadian   Nor th  

Should similar r eg iona l   geo techn ica l   i n fo rma t ion   be   r equ i r ed   fo r  

o t h e r  parts of the   Canadian   nor th   and   par t icu lar ly   permafros t  areas, the  

informat ion   ga thered   dur ing  this study  should be used i n  p lanning  drilling 

programs.   Spec i f ica l ly ,  we recommend: 

6. Tha t   eve ry   e f f ec t  be made t o  obta in   undis turbed   cont inuous  core 

from a s u f f i c i e n t   p r o p o r t i o n  of t h e   d r i l l - h o l e s  so as t o  

a) adequa te ly   cha rac t e r i ze   t he   na tu re  of ground ice 

,. 

d i s t r i b u t i o n ,   a n d  

b )  c o n t r o l   t h e   e v a l u a t i o n  of disturbed samples  from 

o t h e r   d r i l l - h o l e s  

7. That a t  s e l e c t e d  sites, a number of h o l e s   b e   d r i l l e d  a t  c l o s e  

i n t e r v a l s  (1-100 m) so  as t o   de t e rmine   . t he   ex t en t  of s h o r t  

range l a t e ra l  v a r i a t i o n s   i n   l i t h o l o g y ,  ground ice con ten t  and 

ground ice  d i s t r i b u t i o n  

8. That   the si tes f o r   s u c h   d e t a i l e d   s t u d i e s   b e   s e l e c t e d  so as t o  

cover the   range  of the   f ac to r s   t hough t  t o  be s i g n i f i c a n t   i n  

cont ro l l ing   g round ice  c o n t e n t   a n d   d i s t r i b u t i o n ,  namely: l o c a t i o n ,  

s o i l  t e x t u r e ,  slope aspect, su r f ace   d ra inage ,   vege ta t ion  and 

d is turbance .  
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e 

S i t e  name 

Inuvik I 

Inuvik 11 

F o r t  Simpson 

Martin River 

Willowlake River I '  

Willowlake River I1 

Norman Wells 

Snafu Creek 

Tsintu River 

APPENDIX B 

SUMMARY OF LABORATORY DATA 

Index to Local i t ies  

Holes d r i l l e d  

1 - 15B 
16 - 26 
30 - 48 

58 - 61 
54 - 5 7  

49 -I 53 

62 - 64  and 85 - 88 

78 - 84 
65 - 7 7  

Note: Holes 27 - 29 were not d r i l l e d .  



B - 1  

Hole Sample Depth Sample Water L i q u i d  P las t i c  Index of ' 

No. !E. "."-.I_ cm D e s c r i P w ! ?  Content% Limit Limit "..+."""" Plasticit_y_- " 

2 

101 

102 

103 

104 

10 5 

106 

10 7 

108 

113 

114 

115 

116 

117 

118 

24-40 

94-108 

112-122 

167-174 

184-192 

202-212 

243-253 

253-265 

265-274 

11-21 

21-34 

34-4 7 

46-66 

66-88 

88-9 7 

silt gravel 

clay silt 

sandy clay 
si1 t 

sandy clay 
silt 

silt, gravel 

sandy clay 
silt 

clayey silt 

gravel 

sandy clay 
si1 t 

clay s i l t  

sandy clay 

silt 

clay silt 

clay silt: 

clay silt 

clay silt 

organic c lay  

silt 

0 

30.9 

55.7 

9 9 . 5  

2 0 . 3  

3 4 . 8  

42.9 

34.2 

34.8  

48.9 

6 8 . 5  

29.6 

2 5 . 5  

36.6 

1 3 6 . 3  

159.3 

47.5 26.9 20.6 

44.2- 2 4 . 7  19.5 

- ... - 

3 0 . 4  17.9 12.5 

." - 

37.6 17.6 20.0 

38.3 17.6 20.7 
I .  

38.2 18.9 19,3 

39.7 18.9 20.8 

* - - 

45.4 2 6 . 6  18.8 

45.2 26.5 18.7 

45.8 26.8 19.0 



B - 2  

Hole Sample Depth Sample Water L i q u i d  P l a s t i c  Index of ' 

No * cm Description Content% Limit Limit Plrtsticity No_," "."" I I I ""_ "- ."""_ ~" "- "-" - 

e 2 119 

120 

121 

12 2 

123 

124 

125 

3 130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

97-103 

103-110 

130-137 

137-163 

163-170 

173-201 

201-227 

0-13 

13-28 

28-40 

40-53 

53-63 

63-87 

8 7-9 7 

97-126 

126-152 

152-163 

organic clay 

si1 t 

clay silt 

sandy clay 

si1 t 

clay silt 

clay silt 

clay silt 

c lay'  silt 

pear 

sandy c l a y  
s i l t  

clay silt 

clay silt 

clay silt 

clay silt 

clay silt 

clay silt 

c l a y  silt 

sandy c l a y  

s i l t  

106.1 

42.7 . 

20.8 

46.4 

33.5 

57.0 

41.5 

751.2 

33.4 

25.0 

39.4 

61.7 

52.2  

72.1 

41.9 

41.4 

3 7 . 3  

- 

43.6 

41.4 

43.8 

- 

49.1 

47.8 

.. - 

41.6 

5 5 . 5  

51.1 

- 

5 5 . 7  

S8.6 

49.4 

51.3 

44.9 

- 

23.6 

18.7 

21.6 

- 

21.8 

21.9 

- 

23.5 

2 5 . 7  

25 .0  

I 

2 5 . 5  

25 .8  

2 2 . 9  

23,3 

21.0 

- 

20.0 

2 2 . 7  

2 2 . 2  

* 

2 7 . 3  

25 .9  

- 

18.1 

29 .8  

2 6 . 1  

- 

30.2 

32.8 

26.5 

28.0 

2 3 . 9  



"3 

4 140 

14 1 

0-6 peat 44s. 7 

130.1 6-20 sandy clay 

silt 

14 2 20-28 sandy clay 
silt 

35.8 3 6 . 4  2 3 . 3  13.1 

20-50 sandy clay 

silt 

22.8 36.5 25.0  11.5 143 

31.0 

395"  5 

47.2 29.0 

I - 

18.2 

- 

144 

145 

50-61  clay silt 

61-76 sandy  clay 

silt 

180.1 

458.1 

128.8 

776 .5  

146 

147 

148 

149 

76-82 clay ailt 

82-91 clay silt 

91-102 clay silt 

102-121  clay silt 

150 121-140 ornanlc clay 224.6 

silt 

140-154 peat 236.0 151 

152 

153 

154-165 peat 317.7 

165-184 peat 211 .o 

154 A- 184-192 peat 420.8 

413.6 155 192-198 m a t  

* 



8-4 

Hole Sample k n t h  Sample Water Liquid P las t i c  Index of  

m 4 156 

157 

158 

159 

160 

161 

162 

164 

165 

166 

167 

168 

169 

198-224 

224-237  

237-255 

255-269 

269-275 

275-295 

295-299 

4-13 

13-28 

38-60 

60-88 

88-105 

105-132 

132-136 

neat 

peat 

neat 

clay s i l t  

c lay  silt 

o q a n i c  clay 

silt 

organic si l t  

clay 

sandy clay 

silt 

sandy clay 

silt 

sandy..,,clay 

silt 

sandy clav 
si1 t 

sandy clay 

silt 

sandy clay 

silt 

peat 

386.7 

518.7 

468.4 

162.2 

5 2 5 . 7  

307.5 

216.6 

5 5 , 4  

16.2 

19.8 

272.1 

85.9 

145.3 

130.7 

32.5 21.1 11.4 

36.2 21.8 14.4 

42.8 24.7 18.1 

4 6 . 2  2 7 . 1  19.1 

- - 



0 6 170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

18 1 

182 

183 

0-26 

26-31 

31-40 

40-56 

56-60 

60-78 

78-96 

96-101 

101-105 

105-109 

109-117 

117-128 

128-141 

141-151 

peat 

peat 

sandy c lav  

S i l t  

sandy clay 
silt 

sandy clay 

silt 

sandy clay 

silt 

sandy c lay  

s i l t  

sandy c lay  
silt 

sandy clay 

silt 

sandy clay 

silt 

peat 

nravel ly  c lay  

silt 

sandy c lay  

s i l t  

clay silt 
t 

230.6 - 

175.4 

2 5 . 9  

28.2 

- 

177.4 

L 

152.7 

100.4 

139.0 

175.7 

- 

68.5 

37.8 

4 4 . 9  

44.5 

3 5 . 3  

- 

- I .  

I 

- 

- 

- 

- 

39.5 

42.9 

15.4 

19.2 

2 3 . 8  



8-6 

a 6  184 

185 

18 6 

18 7 

7 

-. 

188 

189 

190 

19 1 

192 

19 3 

194 

195 

196 

19 7 

198 

199 

151-156 

156-161 

161-178 

178-189 

189-201 

201-214 

214-232 

232-260 

2 60-2 72 

16-23 

23-41 

41-56 

56-84 

8 4 - 9 3  

93-112 

112-126 

clay silt 

clay silt 

clay silt 

sandy clay 

silt 

clay silt 

clay silt 

c lay  silt 

clay silt 

clay silt 

peat 

sandy clay 

silt 

sandy clay 

silt 

sandy c l a y  

si1 t 

clay s i l t  

orpanic clay 
silt 

organic clay 

silt, 

54.7 

33 .8  

8 4 . 5  

4 3 . 2  

I 

- 

38.5 

30.9  

24.1 

414 6 

21.5 

25.8 

553.0 

223.0 

150.0 

413.0 

- 

38.9 

42.4 

44.7 

49.9 

5 3 . 3  

52.9 
I. 

53.4 

- 

43.0 

39.1 

- 

- 

19.8 

20.2 

20.4 

25.0 

27.0 

28.1 

26.9 

I 

2 6 . 7  

24.6 

- 

- 

19.1 

22.2 

24.3 

24.9 

26.3 

24.8 

26.5 

- 

1 6 . 3  

14.5 

- - - 

5 8 . 6  42.3 16.3 



""""."."" - _ _  " "" "_"""I """ 
No. No Ch Descr - t ion  Content? T , i m i t  Limit P l a s t i c i t y  

7 2 00 126-"139 clay silt 88.6 55.6 36.5 19.1 

120.1 - 

62.8 - 

201 139-147 c lay  silt 

202 147-151 peat 

17.3 

13.3 

- 

203 155-172 c lay  silt 122.2 38.9 21.6 

34.7 21.4 

- 

204 172-193 clay sllt 70.8 

205 193-202 silty sand 

Rravel 

20.0 

8 206  17-22 peat 307.3 

42.5 

26.1 

33.6  

207 22-31 clay silt 

2 08 31-54 c lay  s i l t  47.7 28.4 19.3 

210 64-85 silt clay 

211 85-107 silt clay 

393.2 

553.3 

2 12 107-120 silt clay 161.0 

213 120-127 Rravelly silt 94.5 

clay 
214 127-135 silt clay 70.5 

215 135-156 silt clay 41.8 - 

31.5 216 156-169 silt clay 47.8 5 5 . 8  2 4 . 3  

217 169-178 silt clav 4 5 . 8  

t 



I" 8 

220 221-247  silt clay 35.8 66.3 23.9 42.4 

221  247-270 silt Clay 30.0 65.5 24.6 4 0 . 9  

222 270-283 silt clay 25.6 60.9 25.0 35.9 

9 223 

224  

225 

226 

2 2 7  

228 

229 

2 30 

2 31 

232 

2 3 3  

2 3 4  

15-22 organic clay 

22-29 organic clay 

29-34  peat 

34-43 peat 

43-51 peat 

51-69 peat 

69-89 peat 

89-102 peat 

102-119 . peat 

119-133 peat 

133-145 silty gravel 

145-151  gravelly  silt 

clay 

2 4 9 . 3  - 
291.6 - 

6 9 7 . 1  I 

3 4 7 . 7  - .. 

474.1 

376.8 - 

767.2 c 
7 I 

235 241-269 s i l t  clay 42.1 56.7  23.3 3 3 . 4  



B-9 

Mole Samvle Depth Sample !.la t er L i q u i d  P l a s t i c  Index of 

No. No. C_m_"" 1)eErigEIon" Content% -."- "" Limit * ""- 1,irnit _I Plasticity 

237 

2 38 

10 2 39 

240 

241 

242 

243 

244 

245 

246 

24 7 

248 

2 49 

250  

251 

269-285 

285-323 

323-342 

22-30 

30- 5 3 

53-61 

64-94 

94-113 

113-126 

126-139 

139-157 

157-166 

166-186 

186-224 

224-240 

240-250 

sandy clay 

Silt 

silt clay 

silt c lay  

clay silt 

clay silt 

sandy clay 

silt 

clay s i l t  

clay silt 

cravel ly  clay 

silt 

c lay  s i l t  

clay silt 

sandy clay 

Silt 

c lay  s i l t  

c lay  silt 

c lay  s i l t  

gravelly c l a y  

si1 t 

32.4 

48.1 

2 8 . 0  

26.9 

71.9 

2 4 . 2  

374.3 

184.4 

6 6 . 5  

64.1 

60.2 

38.1 

34.7 

42.7 

41.2 

30.8 

3 9 . 8  

61.8 

56.7 

39.6 

38 .6  

39.9 

- 

.. - 

9 

45.6 

4 6 . 5  

5 0 . 2  

48.3 

51 . O  

5 2 . 5  

s5.5 

20.1 

23.8 

2 2 . 8  

23.4 

23.8 

2 3 . 2  

- 

- 

* 

24.5 

21.1 

2 2 . 6  

22 .5  

23.1 

22.9 

2 2 . 9  

19.7 

38 .O 

3 3 . 9  

16.2 

14.8 

16.7 

- 

- 

1 

2 1 . 1  

2 5 . 4  

2 7 . 6  

25.8 

2 7 . 9  

29.6 

3 2 . 6  



10 252 

253 

2 54 

11 2 5 5  

256 

257 

258 

259 

2 60 

261 

2 62 

263 

264 

265 

266 

2 6 7  

2 68 

251-277 

277-290 

290-340 

45-54 

54-66 

66-72 

72-96 

96-124 

146-156 

158-187 

187-220 

2 20-2 30 

230-255 

255-271 

271-283 

283-290 

290-333 

c lay silt 

clay silt 

clay silt 

sandy clay 

silt 

sandy clay 

silt 

sandy clay 

Silt 

clay si l t  

Rravelly c lay  

silt 

clay si l t  

clay silt 

clay silt 

clay s i l t  

clay silt 

clay silt 

e i l t y  gravel 

clay s i l t  

clay  silt 

40.1 

29.7 

32.5 

34 .O 

21.3 

38.2 

214.4 

7 7 . 9  

31.3 

35.2 

33.7 

27.9 

2 9 . 5  

2 9 . 9  

30.8 

18.6 

27.5 

50.7 

5 5 " 5  

5 2 . 4  

45.9 

38.2 

I 

- 
,. 

49.4 

so. 1 

51.9 

52.1 

56.2 

51.8 

- 

- 

5 6 . 8  

21.8 

24.3 

23.9 

2 5 . 6  

22.7 

- 

- 

24.8 

21.9 

2 1 . 9  

2 2 . 5  

I 

23.2 

23.4 

- 

- 

2 4 . 9  

28.9 

31.2 

2 8 . 5  

20.3 

15.5 

- 

I 

2 4 . 6  

2 8 . 2  

30.0 

29.6 

* 

33.0  

28.4 , 

- 

- 

31.9 



,* B-11 

12 270 

2 71 

272 

273 

274 

275 

276 

277 

2 78 

2 79 

280 

281 

282 

283 

284 

285 

333-341 

16-2 3 

23-47 

47-53 

53-64 

64-71 

71-91 

91-118 

118-139 

139-180 

180-19 7 

197-206 

206-237 

237-266 

266-286 

286-310 

335-360 

c lay  silt 

c lay  silt 

clag si lt  

c lay  s i l t  

clay silt 

clay silt 

clay s i l t  

Rravelly clap 
silt 

Rravelly c lay  

silt 

c lay  silt: 

gravelly  clay 

s i l t  

clayey s i l t  
gravel 

clay silt 

clay s i l t  

clay si l t  

clay si lt  

gravelly clay 
silt 

0 

30.8 

28.5 

2 6 . 2  

25 .0  

5 1 2 . 5  

1298.5 

279.2 

57.1 

56 .0  

4 7 . 2  

3 5 . 3  

30.0 

35.4 

30.2 

30.0 

25.4 

24.2 

55.1 

41.5 

43.9 

3 6 . 9  

- 

I 

I 

47.1 

4 6 . 5  

50.3 

50.9 

... 

50.7  

51.3 

53.9 

54.3 

5 4 . 0  

24.7 

2 4 . 4  

28.1 

2 2  .a 

- 

- 
- 

23.9 

21.4 

22.1 

22.1 

I 

2 2 . 5  

23.0  

2 3 . 7  

2 3 . 5  

23.8 

3 0 . 4  

17.1 

15.8 

14.1 

- 

1 

- 

2 3 . 2  

2 5 . 5  

2 8 . 2  

28.8 

- 

28.2 

28.3 

30.2 

30.8 

30.2 



0-1 2 

Hole Sample Depth Sample Water T.,iould ?lasiic Tndex of ' 

No. "" .,c_m_ _. ._"" " "" JLTGLt "-.-" --- - N O .  Description Content% L i m i t  Pl?s t i c iQ"  

e 12 286 

13 308 

309 

310 

311 

312 

313 

314 

315 

316 

31 7 

318 

319 

32 0 

32 1 

14 324 

325 

370-403 

25-49 

49-59 

79-125 

135-175 

196-215 

215-231 

231-246 

266-300 

clay silt 

peat 

organic clay 

si l t  

clay silt 

c lay  silt 

clay silt 

clay silt 

clay silt 

23 . O  

688.7 

132.3 

6 2 . 7  

42.9 

38.2 

37.8 

31.7 

22 .9  

310-340 clay silt 26.9 

370-400 clay silt 26.8 

415-445 clay'  silt 25.4 

460-485 clay silt 35.4 

485-520 sandy clay 41.9 
si1 t 

520-537 sandy clav 82.0 

silt 

25-46 p e a t  725.4 

46-62 clay silt 122 .o 
* 

49.0 

- 

48.7 

51.6 

51.9 

50 .5  

57.5'  

5 6 . 2  

55.6 

43.2 

47.3 

47.7 

40.3 

39 .6  

- 

- 

2 1 . 7  

- 

20.9 

2 2 . 7  

2 3 . 3  

23.1 

23.7 

23.4 

23.4 

1 8 . 7  

20.1 

19.4 

18.2 

18.3 

27.3 

- 

- 

2 7 6 8  

28.9 

28.6  

27.4 

3 3 . 8  

32.8 

3 2 . 2  

24.5 

27.2 

2 8 . 3  

22.1 

21.3  



14 326 90-125 

32 7 150-185 

328 275-305 

15A 289  23-39 

290 39-48 

291 48-56 

292 

29 3 

61-69 

74-115 

253.8 

387.4 

77.7 

clay silt 63.6  47.5 21.6 2 5 . 9  

clay silt - 52.5  23.7 28.8 

clay silt I 

peat 650.5  

organic clay 420.9 

silt 

sandy clay , 

silt 

clay silt 

c lay  silt 

294 115-137 clay silt  52 .'O 

295 137-156 gravelly clay 17.6 
silt 

296 156-165 clay silt 

15B 298 16-21 peat 

299 21-41 clay silt 

300 41-45 clay silt 

301 45-69 clay silt 

302 69-117 clay silt 

30 3 117-168 c lay  silt 

304 168-180 clav'silr 

18.3 

1273.6 

538.5 

177.7 

4 4 3 . 8  

5 4 . 2  

37.6 

39 .O 

44.2 23.3 

I 

30.9 

- 

- - 

45.a 24.1 

I 

21.7 

45.8 21.1 

4 8 . 3  2 2  .o 

52.2 22.9 

I - 

I 

4 5 . 8  

4 9 . 6  

49.9 

I 

22.0 

2 2 . 5  

22.5 

24.7 

26.3 

29.3 

- 

- 

2 3 . 8  

27.1 

27.4 



8-1.4 

Hale Sample Depth Sample tfn t c c Liquid ' Pl.asf ic  Index of 
a 

No No. cm Descrigtion Content% T.1mit L i m i t  P l a s t i c i t y  "" - - - __- ._ .~ "" ~ __ " - "" ."" - - " .- _." " " -" ** """"" 

4 6 . 3  54,2 2 3 , 2  31.0 1511 305 180-203 clay silt 

306 203-233  clay silt 4 4 . 3  50.6 2 1 . 4  29.2 

30 7 233-276  clay silt 32 6 5 5 . 6  23.8 31.8 

16 329 

330 

331 

38-63 silt clay 4 5 . 9  5 8 . 8  3 6 . 2  2 2 . 6  

85-107 silt c lay  2 8 . 5  50. t 35.6 14.5 

157-163 s i l t v  c lay 3 6 . 4  

sand 

212-239 silt c lay  97.1 61.5 31.5 30.0 332 

95 5 71.9 23.6 333 

4 8 . 3  3 3 . 4  1 4 . 9  

5 0 . 7  3 1 . 2  1 9 . 5  

100.0 6 7 . 2  3 2 . 8  

1 7  334 125-145 silt clay 3 5 . 4  

335 16s -195 silt c l a y  46.8 

265-287 orqanie silt 153.8 

clay 

336 

? 

5 7 . 6  3 4 . 3  23.3 18 337 55-95 orRanic s i l t  28.8 

clay 

338 

339 

127-140 s i l t  clay 125.4 5 8 . 2  3 4 . 3  2 3 . 9  

150-186 Deat 2 7 5 . 7  - - 

5 8 . 5  30.8 2 7 . 7  

5 3 . 4  2 9 . 7  2 3 . 7  

28.1 21.8 6.3 

19 341  110-135 silt clay 5 2 . 8  

34 2 138-167 s i l t  clay 4 6 . 3  

34 3 229-245  clayey silt 28.6 

sand 



ti . I .? 

Hole Sample Depth Sample Water L i q u i d  * Plas t i c  Index of 
I 

No. cm Description , Content% L i m i t  Limit plasticity No - " "" ."."""- -.-.-+ 

91-124 silt clay 46.4 5 4 . 1  29.2 

180-205 clay silt 29.4 5 3 . 2  2 3 . 7  

205-265 silt clay 2 2 . 5  62.0 25.6  
, ,  , x / + "  

<., ~ , , ' , . , . I -  

,- > 
+ , ~ # +  I - .  

2 4 . 9  

2 9 . 5  

3 6 , 4  

2 2  ,o 

13.9 

16.4 

c 

- 
- 

19.4  

14 .-I 

, <  

-. 

19.1 

2 8 . 3  

2 6 . 8  

iP. n 

12.3  

34 6 

22-45 silt clay . '" 44.6 70.3 21 34 7 

8s-iio s i l t  clay 137.3 4 9 . 3  348 

349 145-169 orRanic si l t  1 4 9 . 5  47.3 

clay 

350 

351 

352 

353 



0-16 

362 

363 

364 

365 

366 

367 

24 368 

369 

370 

371 

372 

373 

374 

49-88 

88-103 

103-148 

148-167 

19 3-2 33 

233-267 

267-290 

90-104 

118-130 

141-190 

205-219 

245-253  

253-285 

285-325 

clavey sand 
silt 

sandy clay 

si1 t 

sandy clay 
si1 t 

sandy clay 

silt 

sandy c lay  

silt 

sandy clay 
silt 

clayey sand 

silt 

clay silt 

clay si l t  

clayey sand 

silt 

clay silt 

silt clay 

clay silt 

sandv clay 

silt 

f 

17.6 

18.6 * 

14.0 

13.0 

26.6 

28.1 

702.6 

80.1 

52.2 

26 .9  

32.6 

2 2 . 9  

1 7 . 9  

17.8 

28.9 23.7  5.2 

51.6 2 2 . 1  2 9 . 5  

35 .O 19.2 15.8 

35.2 18.3 16.9 

40.9 18.5 2 2 . 4  

39.5 16.7 22.8 
* .  

27.1 23 .O  4.1 

30.2 21.1 9.1 

- - - 

3 8 . 4  23 .0  15.4 

5 8 . 5  2 4 . 3  3 4 . 2  

37.2 19.0 18.2 

35 .7  19.2 16.5 



B - 1 . 7  

Hole Sample Depth Sample Water L i q u i d  Qlaskic  Index of  

No. -1 
""-""."- _,- 

1rO. cm Description Content% 1 , i m i t  LirnLt Plasticity ,_ 

25 375 90-100 sand silt 4 . 3  - 

376 100-160 silt 35.9 - I - 

377 180-200 clay silt 5 4 , 3  48.8 23.9 24.9 

378 220-245 silt clap 49.1 57.1 2 5 . 4  31.7 

379 265-305 sandy c lay  20.8 41.8 18.8 23.0 
silt 

380 371-396 sandy clay 21.1 40.7 18.4 22.3 

silt 

26 381 39-63 clay silt 225.9  - - - 

382 78-108 gravelly allt 6 7 . 2  49.9 2 2 . 4  27.5 

clay 

38 3 135-175 clayey sand 35.2 t 31.6 1.7.3 14.3 

silt 

384 197-205 mavel 18.3 - - - 

t 



S-18 

0 

Hole Sample Depth Sample Water Liquid  P l a s t i c  Index of 

No. No. Ctll Description Content% L i m i t  L i m i t  P l a s t i c i t y  0 30 600 

601 

602 

603 

604 

605 

31 606 

607 

608 

609 

610 

611 

a 31B 612 
613 

614 

615 

616 

617 

618 

32 619 

620 

621 

622 

623 

123-43 

143-201 

201225 

240-250 

258-278 

303-330 

60-74 

74088 

88-99 

114-158 

242-252 

270-306 

45-56 

67-83 

85-105 

165-179 

179-189 

189-205 

215-245 

55-84 

124-138 

160-180 

250-261 

261-285 

Sandy silt 17 

s i l t y  sand 21 * 

sandy silt 22 

s i l t y  sand 20 

sand 23 

sand 22 

o r g a n i c   s i l t y  sand 66 

s i l t y  sand 25 

organic silty sand Y)2 

s i l t y  sand 19 

s i l t y  sand 21 

Sand 28 

s i l t y  sand 42 

sand 21  

sand 31 

sand 23 

sandy si lt  19 

silty sand 19 

sand 29 

peat  203 

s i l t y  sand 26 

sand 22 

sandy silt 20 

s i l t y  sand 22 



B-19 

Hole  Sample Depth  Sample Water Liquid P l a s t i c  Index of  

No. No. cm. D e s c r i p t i o n  c o n t e n t %   L i m i t   L i m i t  Plasticity a 33 

34 

T * 35 

36 

624 

625  

626 

627 

628 

629 

630 

631 

632 

633  

634 

635 

636 

637 

6 38 

639 

640 

641  

642 

6 4 3  

6 4 4  

645 

646 

64  7 

648 

649 

650 

58-83 

95-123 

165-190 

270-290 

318-329 

84-100 

100-117 

117-132 

136-180 

190-208 

215-240 

274-275 

275-305 

70-110 

116-130 

130-168 

168-190 

190-218 

218-240 

250-271 

271-290 

305-320 

81-100 

155-195 

195-210 

220-249 

249-270 

s i l t y   s a n d   4 4  

s i l t y  Band 2 1  

sand 23 

sand 22 

s i l t y   s a n d  30 

sandy clay 35 

otganic silty c l a y  42 

s i l t y   s a n d  24 

s i l t y  sand 2 1  

sand 24 

sandy silt 24 

sandy silt 15 

sand 1s 

s i l t y  sand 16 

sandy s i l t  24 

s a n d y  silt 21 

s i l t y  s a n d  20 

s i l t y  sand 22 

silty sand 22 

silty s a n d  22 

s i l t y  s a n d  18 

s a n d  25 

s a n d y  clay 34 

silty s a v d  26 

s i l t y  sand 26 

sandy clay 23 

sand   23  



8-20 

Hole Sample Depth Sample Water Liquid P l a s t i c  Index 

No. No. cm Descr ip t ion  Content% L i m i t  L i m i t  P 1 a s t i c i t . y  

651 

652 

37 653 

654 

655 

656 

657 

658 

659 

660 

661 

662 

663 

664 

38 665 

666 

66 7 

668 

669 

670 

671 

672 

673 

674 

39 675 

676 

677 

290-301 

301-305 

70-84 

100-131 

131-145 

150-186 

186-210 

220-233 

233-250 

290-325 

330-350 

420-436 

436-448 

448-480 

60-78 

78-112 

139-168 

158-165 

180-211 

230-250 

250-270 

280-310 

380-390 

430-465 

52-70 

74-96 

96-114 

S i l t y  sand 17 

sand 19 

organic s i l t y  sand 54 

sandy c l a y  44  

sflty sand 22 

silty sand 23 

s i l t y  sand 23 

s i l t y  sand 18 

s i l t y  sand 23 

sand 1 9  

s i l t y  sand 21 

s i l t y  sand 2 1  

sandy clay 21 

sandy c l a y  11 

s i l t y  sand 64 

s i l t y  sand 18 

sandy silt 17 

s i l t y  sand 22 

organ ic  s i l t y  sand 44 

s i l t y  sand 18 

s i l t y  sand 13 

s i l t y  sand 16 

silty sand 16 

s i l t y  sand 17 

organic s i l t y  sand - 
s i l t y  sand - 
s i l t y  sand 28 



B-21 

Hole Sample Depth 

No, No. cm 

678  114-125 

679 

680 

681 

682 

683 

684 

685 

40 686 

687 

688 

689 

125-138 

138-152 

177-202 

225-252 

270-302 

302-352 

352-390 

65-88 

100-139 

155-169 

280-301 

690 330-354 

41 691 

692 

693 

694 

695 

696 

697 

4 2  698 

699 

700 

7 01 

702 

120-145 

145-184 

184-200 

213-236 

236-245 

335-350 

385-400 

34-60 

60-64 

100-120 

120-131 

142-163 

703 163-180 

c 

Sample Water LSquid P l a s t i c  Indeli of 

Descr ip t ion  Content% Limit L i m i t  P l a s t i c i t y  

sandy s i l t  29 * - - 

sandy s i l t  19  - - I - 

silty sand 21 - 3 - 
silty sand 19 - - - 

s i l t y  sand 20 - - - 
s i l t y  sand 21 - I - 
sand 18 7 - - 

silty sand 4 - 
s i l t y  sand 14 d 

s i l t y  sand 13 - 
s i l t y  sand 10 - - I 

silty sand 16 - - v 

.. 

s i l t y  sand 17 - - 
silty sand 14 * - - 
s i l t y  sand 15 I 

I - 
s i l t y  sand 17 3 - I I 
s i l t y  sand 15 1 - I 
s i l t y   s a n d  5 - I - I 
s i l t y  sand 13 - - I . I  

s i l t y  sand 12 - - I 

peat 435 - c I 

peat 174 - - - 
s i l t y  sand 31 - 9 - 
sandy s i l t  62 - - - 
sandy s i l t  2 9  - I - 
s i l t y  sand 28 - I - 

704 180-195 s i l t y  sand 36 - - - 



8-22 

I 

Hole Sample Depth Sample Water Liquid Plastic Ind6x w f  

No. No. cm Description Content% L i m i t  Limit P l a s t i c i t y  

43 

44 

45 

46  

705 

706 

707 

708 

709 

710 

711  

712 

713 

714 

715 

716 

717 

718 

719 

720 

721 

722 

723 

724 

7 25 

726 

727 

728 

729 

7 30 

731 

195-210 

210-235 

59-84 

94-115 

139-145 

155-175 

189-195 

209-229 

235-252 

50-84 

95-122 

122-135 

152-167 

167-181 

181-190 

200-230 

280-305 

51-84 

135-150 

150-162 

162-173 

192-200 

206-220 

220-250 

120-136 

170-190 

207-240 

sandy s i l t  

sand 

peat 

s i l t y  aand 

s i l t y  sand 

sandy si lt  

sand 

s i l t y  sand 

s i l t y  aand 

p e a t  

peat 

Sand 

s i l t y  sand 

s i l t y  sand 

sand 

s i l t y  sand 

sand 

peat 

sandy si l t  

organic  sandy 

sandy s i l t  

s i l t y  sand 

s i l t y  sand 

sand 

sandy si l t  

sandy silt 

sand 
t 

24 

27 

450 

24 

35 

31 

19 

35 

29 

296 

447 

26 

46 

24 

34 

24 

24 

277 

59 

silt 244 

37 

33 

25 

22 

53 

3 

24 



8-23 

c 

Hole Sample Depth Sample Water Liquid  Plas t i c  IndGx of 

No. No. cm Description Content% L i m i t  Limit P l a s t i c i t y  * 47 732 

7 33 

734 

735 

736 

737 

738 

739 

740 

48 741 

742 

743 

744 

745 

746 

74 7 

748 

40-62 

62-71 

84-113 

113-145 

170-198 

212-222 

222-245 

250-260 

270-300 

30-60 

70-95 

95-110 

110-120 

144-170 

175-190 

200-220 

220-245 

silty sand 

sandy silt 

s i l t y  sand 

s i l t y  sand 

s i l t y  sand 

s i l t y  sand 

s i l t y  sand 

s i l t y  sand 

s i l t y  sand 

peat 

s i l t y  sand 

s i l t y  sand 

s i l t y  sand 

sand 

sand 

sand 

s i l t y  sand 

29 

22 

74 

21 

21 

20 

2 1  

21 

26 

425 

4 1  

34 

28 

23 

25 

26 

26 



8-26 

Hole Sample Dep t h  Sample Water "IU i rl P1nsti.c Tndex of 

49 749 

7 50 

751 

752 

753 

754 

755 

756 

757 

50 758 

759 

760 

761 

35-29 

59-73 

73-80 

80-105 

105-130 

160-180 

180-220 

240-260 

2 60-2 80 

40-65 

65-95 

100-125 

145-175  

oreanic clay 

silt 

organic  silt 

c lay  

gravelley silt 
clay 

gravelley clay 

s i l t  

pravelley clay 

silt 

gravelley sandy 

c lay  silt 

Eravelley sandy 

clay silt 

Rravellev sandy 

c lay ,  silt 

p,ravelley sandy 

clay silt 

Peat  

Peat 

peat 

Rravelley sand 

* 

76 

30 

19 

1.9 

20 

17 

12 

13 

10 

181 

168 

155 

21 

34 20 

37 19 

2 9  17 

29 17 
* .  

22 14 

21 13 

28 18 

27 17 

- - 

1 4  

18 

12 

1 2  

8 

8 

10 

30 18 

* 

1 2  



B-25 

Hole Sample Depth Sample Water L i q u i d  Plastic Inde?r' of  

@ 50 762 

No. No. cm Descriktion ContentX L i m i t  P l a s t i c i t v  
""" "_ "" _,___ """+ .." -.-  "-."""" !&&t-." "" "" 

763 

764 

765 

766 

767 

768 

51 769 

7 70 

771 

7 72 

773 

774 

7 75 

776 

7 7 7  

175-199 

199-220 

220-234 

234-249 

249-260 

260-300 

310-340 

35-65 

84-105 

105-120 

130-149 

180-200 

200-240 

240-280 

294-320 

320-360 

clayey silt 

clayev silt 

clayey s i l t  

gravelley sandy 
clay silt 

gravelley sandv 

clay silt 

gravelleg sandy 

clay silt 

gravelley sandv 

clay silt 

peat 

silty clay 

s i l t y  clay 

s i l t y  c lay 

gravellev sandy 
clay silt 

, I  ' 1  

I (  I I  

I !  T I  

I t  I I  

14 

15 

17 

15 

9 

11 

10 

126 

38 

33 

24 

22  

18 

17 

10 

8 

20 

20 

18 

- 

- 

22 

.. 
20 

9 

41 

42 

32 

28 

24 

31 

- 

22  

13 

15 

1 2  

- 

12 

11 

- 

23 

23 

16 

18 

16 

19 

** 

12 

7 

5 

6 

I 

.*. 

10 

9 

- 

18 

19 

16 

10 

8 

12 

- 

10 



Hole Sample Depth Sample Water L i q u i d  Plastic Index' of 

7 79 

780 

781 

782 

783 

53 784 

785 

786 

787  

54 788 

789 

790 

791 

45-70 

110-130 

160-180 

180-220 

220-260 

262-272 

72-84 

110-135 

160-190 

200-228 

54-75 

105-125 

140-162 

162-179 

peat 128 

sandy clay 
silt 

aand 

sand 

sand 

sandy clay 

silt 

organic clay 

silt 

sandy clay silt 

sandy gravelley 

clay . silt 

sandy gravelley 

clay silt 

organic clay 

silt 

sandy clay 

silt 

sandv c lay  

silt 

sand 

* 

22 

9 

11 

14 

21 

32 

13 

13 

17 

32 

32 

I 

.- 

I 

25 

- 

* 

62 * .  

36 

25 

2 6  

42 

25 

- 

- 

- 

16 

- 

" 

36 

20 

16 

15 

22 

1 5  

26 

16 

9 

11 

20 

10 

30 27 18 9 

19 



Hole Sample Depth Sample Water Liquid  P l a s t i c  I'ndex of 

"No, No. ""I_""._ cm D ~ ~ c r i D t i a n  + I."-.I" * "-1f""-." - . - A  - -."."""""x 

54  792 190-199 organic sandy 4 3  - I - 
Content;: L i m i t  L i m i t  Plasticitv 

clay silt 

793 22 16 6 199-211 s i l t y  sand 27 

794 211-222 sandy clay 

s i l t  

33  

21 

31 19 1 2  

79 5 248-252 sand 

2 60-2 6 4  

79 6 268-280 sandy clay 

silt 

2 9  28 19 9 

797 

798 

291-306 s i l t y  sand 2 7  

23 

24 ,. 16 

2 4  16 340-356 silty sand 

5 5  799 26 10 54-75 sandy clay 
s i l t  

29 is  

800 90-115 s i l t y  sand 16 

801 115-130 sandy clay 

silt 
31 30 18 12 

802 36 138-180 sandy clay 

si1 t 
30 19 11 

803 208-220 sandy clay 

s i l t  

31 31 19 12 

804 

805 

2 2 5 - 2 4 3  sand 15 

2 3  243-255 siltv sand 



IIole Sample Depth Sample Wa t er L i q u i d  P l a s t i c  Index" o f  

0 5 5  806 
No. No_*"Crn "_ Description Content2 _.""."-_."._."L_"""""+.I L i m i t  L i m i t  Plastlci t 2  

56 807 

808 

809 

810 

811 

a12 

813 

814 

815 

5 7 ,  817 

818 

819 

820 

8 2 1  

270-290 

65-85 

85-103 

103-122 

122-140 

156-174 

174-190 

192-203 

203-217 

230-245 

240-260 

80-100 

100-108 

108-133 

133-150 

150-157 

s i l t y  sand 

silty c lay  

silty clay 

silty clay 

s i l t y  clay 

sand 

s i l t y  clay 

sandy clay 

Silt 

sand 

sandy c lay  

s i l t  

sand and 

gravel 

peat 

organic c lay  

silt 

organic  clay 

silt 

organic clay 

silt 

orEanic c lay  

Silt , 

23 - 

45 - 4 3  

50 47 

41 4 3  

30 36 

20 - 

36 32 

24 24 ,. 

20 w. 

22  26 

12 - 

180 - 

73 - 

49 - 

34 35 

33 29 

- 

23  

24 

22  

19 

I 

18 

16 

- 

17 

I 

I 

- 

- 

2 2  

16 

- 

20 

23  

21 

17 

- 

14 

8 

".. 

3 

- 

13 

13 



a2 3 

58 824 

82 5 

82 6 

827 

828 

829 

830 

831 

59 832 

833 

834  

60 835 

836 

837 

8 38 

179-133 

200-230 

73-85 

85-100 

100-123 

12 7-140 

160-180 

205-230 

248-270 

290-310 

72-94 

115-130 

165-190 

70-105 

125-151 

151-175 

190-210 

orRanic c lay  
si1 t 

gravelley sand 

clay . silt 

clay silt 

a i l t y  clay 

s i l t y  clay 

s i l t y  c lay  

silty c lay  

s i l t y  c lay  

s i l t y  clay 

sand 

clay silt 

sandy clay 

silt 

sand 

sand 

sand 

sand 

* 

3s 

9 

28 

33 

25 

33 

37 

37 

33 

36 

22 

2 7  

19 

4 

9 

20 

26 

20 

" 

- 

23 

21 

21 

19 

22 

2 3  

2 4  

- 

15 

I 

-+ 

- 

- 

- 

17 

I 

6 

1 2  

1% 

19 

22 

28 

2 3  

- 

12  

- 



* Hole Sample Depth Sample Water Liquid  Plaetic Index of 

No. No. cm De,scription Content2 Limit Limit P l a s t i c i t y  

60 839 
840 

841 
84 2 

843 

844 

84 5 
846 

61 847 

848 

84 9 
850 

851 

852 

853 

. 854 

62 855 
856 

857 

858 

65 859 

860 

215-240 

210-215 

260-280 

300-320 

332-339 

339-349 

373-400 
415-440 

85-100 

122-150 

182-200 

214-228 

228-250 

270-284 

300-317 

385-390 

74-84 

104-116 

130-142 

153-165 

32-59 

110-140 

silty clay 

s i l t y  clay 

s i l t y  clay 

silty  clay 

silty clay 

clay silt 

silty clay 

silty  clay 

sand 

sand 
sand 

sand 

sand 

sand 

sand 

sand 

si1 ty clay 
silty clay 

silty  clay 

silty clay 

sandy clay 

ail t 

sandy clay 

silt 

37 
27 
24 

47 

22 
25 

40 
40 

10 
7 

24 
22 

23 

20 

27 
16 
10 
12 
14 
14 
15 

13 

31 

30 

38 
44 

30 
42 

39 
I 

- 
c 

* 

- 
I 

c 

9 

22 

23 

26 
26 
25 

25 

19 
- 
20 

19 
21 
18 
20 
20 
- 
- 
- 
- 
- 
I 

- 
- 
15 
14 
16 

16 
20 

15 

12 
I 

10 

19 
23 
12 

22 

19 

- 
- 
- 

- 
- 
- 
- 
7 

9 
10 

10 
5 

10 



c 

rlole Sample Depth Sample Water Liquid P l a s t i c  Tndex of  

67 

68 

69 

70 

861 

a 62 

863 

8 64 

8 65 

866 

867 

868 

869 

8 70 

8 71 

872 

873 

874 

875 

210-240 

165-193 

193-210 

225-255 

2 75-300 

20-36 

100-135 

56-84 

310-335 

39-58 

90-120 

159-1 70 

159-170 

280-300 

30-60 

sandy eilf', 15 
c lav 

sandy s i l t  13 

sandy silt 13 

gravelley sandy 10 
silt ' clay 

s i l t y  clay 15 

s i l t y  c lay 16 

sandy clay 13 
silt 

sandy c lay  silt 11 

clay silt 16 

gravelley sandy 10 

clav silt 

gravellev sandy 12 

clay silt 

gravellev saadv 12 

clay silt 

gravelley sandy 11 

silty c lay  16 

sandy clav s i l t  12 

* 

33 

32 

32 

33 

16 

16 

16 

16 

17 

16 

16 

l? 

47 

33 

27 

25 

42 

24 

24 

30 

32 

44 

23 

21 

24  

,. 16 

15 

18 

15 

15 

15 

16 

20 

20 

26  

Y 

11 

10 

24 

9 

9 

1 5  

16 

24 

3 



B - 3 2  

L 

Hole Sample Depth Sample Water Liquid P las t i c  1ndex"of 

72 

73 

74 

75  

876 

877 

8 78 

879 

880 

881 

882 

883 

884 

885 

886 

887 

888 

889 

90-11s 

38-58 

95-120 

145-170 

2 30-260 

270-290 

90-120 

190-220 

230-260 

35-55 

46-65 

90-120 

130-160 

205-230 

sandy clay 

s i l t  

sandy clay 

silt 

sandy clay 

sandy clay 
s i l t  

s i l t y  clay 

s i l t y  clay 

sandy clay 

silt 

sandy silt 

s i l t y  clay 

sandy clay 

si l t  

sandy c l a y  

s i l t  

sandy s i l t  

c lay  

sandy silt 

c lay  

sandy s i l t  

clay , 

13 

13 

' silt 13 

12 

14 

16 

18 

c lay  16 

18 

12 

11 

13 

14 

17 

22 

26 

22 

2 7  

41 

50 

29 

40 

37 

21 

16 

18 

14 

i 4  

17 

20 

15 

19 

19 

1s 

6 

8 

8 

13 

24 

30 

14 

21 

18 

6 

23 15 a 

30 16 14 

30 

44 

16 

20 

14 

24 



B-33 

0 

Hole Sample Depth Sample fJa t er L i q u i d  Plastic Index o f  

No. No, Ca"" Description_ *. *. Content% _I - "_ Limit - Limit - " - Plasticity , - "" . 
75 

76 

@ 78 

79 

ago 

891 

89 2 

39 3 

894 

895 

89 6 

89 7 

898 

899 

900 

901 

902 

903 

904 

235-260 

265-290 

295-320 

45-60 

90-120 

140-1 70 

145-170 

195-220 

235-260 

265-290 

295-320 

150-170 

195-220 

255-280 

" _  

sandy silt 

clay 

gravelley silt 
clay 

gravelley silt 

clay 

clayey silt 

sandy  gravelley 

clay silt 

sandy gravelley 
clay silt 

s i l t y  clay 

silty clay 

s i l t y  c lay 

silty clay 

s i l t y  c lay 

silty clay 

sandy silt 
clay 

silty clay 

silty c lay  
t 

14 

16 

16 

14 

13 

13 

21 

1 4  

13 

12 

13 

19 

17 

14 

14 

47 

46  

45  

25 

24 

28 .. 

39 

42 

42 

4 3  

'4 1 

36 

41 

46 

42 

19 

19 

20 

18 

16 

15 

15 

18 

1 7  

14 

15 

16 

16 

17 , 

18 

28 

27 

25 

13 

21: 

2 4  

2 5  

29 

26 

20 

25 

29 

2 4  



Hole Sample Depth Sample Water Liqu id  P l a s t i c  1ndex"of 

906 

907 

908 

81 909 

9 10 

911 

a2 912 

913 

914 

915 

83 916 

917 

918 

84 919 

920 

73-120 

140-170 

195-220 

265-290 

119-150 

170-195 

215-240 

115-140 

145-171 

171-185 

2 25-2 50 

83-110 

138-150 

155-180 

78-100 

125-150 

siltv clay 

s i l t y  clay 

s i l t y  clay 

s i l t y  clay 

silty clay 

s i l t y  clay 

s i l t y  clay 

s i l t y  clay 

s i l t y  clay 

and gravel 

s i l t y  c lay  

and gravel 

s i l t y  clav 
and gravel 

silty clay 

and gravel 

silty clay 

silty c l a v  

s i l t y  clay 

silty c l a v  

16 

18 

19 

1s 

21 

19 

16 

24 

25  

18 

17 

19 

18 

21 

2 1  

33 

39 

34 

36 

42 

34 

35 

39 

32 

36 

37 

4 3  

33 

4 3  

40 

33 

30 

15 

15 

17 

17 

16 

1s 

15 

i6 
I .  

16 

14 

15 

18 

14 

15  

15 

17 

24 

19 

19 

25 

18 

20 

24 

16 

20 

23  

2 8  

15 

29 

2 5  

18 

13 



I 

Hole Sample Depth Sample Water Liquid P las t i c  lndek of 

No. No. cm Description Content X Limit Limit Plasticity 

@ 84 921 155-170 s i l t y  clay 26 36 16 20 

922 175-190 silty c lay  19 - 38 16 22  

923 215-240 s i l t y  clay 13 42 14 28 

924, 265-290 silty clay 15 36 20 16 

925 315-340 s i l t y  clay 13 ’ 44 17 27 

85 926 60-85 silty clay 11 25 16 9 

927 169-200 s i l t y  clay 12 31 1 7  14 

928 225-250 s i l t y  clay 13 . 30 18 12 

929 265-290 s i l t y  c lay  11 30 18 1 2  

930 305-330 silty clay 12 31 18 13 

86 931  60-85 s i l t y  clay 28 22 14 8 

18 7 i 932 110-140 s i l t y  clay 20 25 
I .  

933 

934 

87 935 

936 

a0 937 

938 

939 

940 

185-210 s i l t y  clay 

60-85 silty sand 

105-130 silty sand 

64-80 silty sand 

80-95 silty sand 

95-119 s i l t y  clay 

132-155 s i l t y  clay 

- 25 

15 28 

20 I 

37 21 

13 39 

12 - 
15 27 

23 27 

16 

17 

- 
1 7  

29 

- 
18 

la 

9 

11 

- 
4 

10 

* 

9 

9 




	List of illustrations List of tables
	2 Study Area
	3 Methods and Results
	3.1 Field site investigations
	3.2 Drilling operations
	3.3 Laboratory methods

	4.1 Distribution of frozen ground
	4.2 Distribution of visible ice

	Drill site locations
	Site location maps
	undisturbed areas


	Summary of surficial geology of study sites
	Selected climatic data
	Occurrence of discrete ice lenses
	N rl s
	Silty sand
	sand
	sflty sand
	silty sand
	sand
	silty sand
	silty sand
	sandy clay
	sandy clay
	silty sand
	sandy silt
	silty sand
	silty sand
	silty sand
	silty sand
	silty sand
	silty sand
	sandy clay

	sandy clay
	silt
	i4
	silty clay
	silty clay

	sandy clay
	clay
	silty clay

	sandy clay
	sandy silt
	sandy silt
	sandy silt


