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PREFACE 

The authors a r e  both research o f f i c e r s  i n  t h e  Dfvisfon 

of Building Research, National Research Council, workfng f n  t he  

Permafrost Section, They were members of the  Aklavik Relocation 

Survey Team which was under t he  auerpices of the  Department of 

Northern Af fa i r s  and National Resources, During the  summer of 

1954 t h f s  survey team, under t h e  leadership  of M r .  C.L, MerrilS, 

Department of Northern Affa i r s  and National Resourcee, ca r r i ed  

out in tens ive  inves t iga t ions  a t  various p o t e n t i a l  townsites 

bordering the  Mackenzie Delta, 

This repor t  summmizes the  s o i l s  and permafrost da t a  

of the  p o t e n t i a l  s i t e  bordering the  West Channel on the  west 

s ide  of the  Mackenzie Delta,  They were obtained by the  authors 

and t h e i r  colleague who i s  the  Read of t h e  Permafrost Sect ion 

and a l s o  a member of t he  Survey Team, A preliminary r epo r t  

c o n t a k i n g  da t a  obtained in the  f i e l d  was submftted t o  M r ,  Mer r i l l  

i r ~  September 1954. The f i n a l  repor t  Includes some of the  s o i l  

t e s t  r e s u l t s  which were not  ava i lab le  when t h e  prelinimary 

repor t  was required by the  Department of Northern Af fa i r s  and 

Natf onal  Resources, 

~t t awa , 
October 1955 

Robert F, Legget, 
Director ,  



'VEST CHANNEL AREAS -- SUMMARY OF SOILS AND 
PERMAFROST DATA WITH A PRELIMINARY SITE APPRAISAL 

This note summarizes per t inen t  f i e l d  information 
gathered by the  Permafrost personnel ( J , A .  Pihlainen, 
R,J,E, Brown and G,H, Johnston) on the West Channel area ,  

The West Channel area s i t e  ( f i r s t  suggested by Inspector 
Fraser  of the R ,  C O N ,  Po Aklavik detachment -- hence "Fraservi l le")  
i s  s i t ua t ed  approximately 24.5 a i r  miles (28,2 channel miles)  
nor th  of Aklavik immediately adjacept  t o  the West Channel area  
where the Richardson Mountain benchlands i n t e r cep t  the channel, 
The a rea  invest igated i s  approximately 3 miles long, bordering 
the channel, by 1& miles wide, inland to  the  west of t he  channel. 
To the  south and north i t  i s  separated from the  channel by 
deposi ts  of the  Mackenzie Delta (F igo  11,  

Local Relief 
I 

Where the  benchlands border the West Channel i t  r i s e s  
from i t  i n  the form of a f a i r l y  s teep  bank varying i n  height  
from 10 t o  40 f e e t ,  To the west there  i s  a s l i g h t  but cont inual  
r i s e  i n  elevation,  Within t h i s  general  increase  i n  e levat ion,  
the l o c a l  r e l i e f  i s  undulating t o  r o l l i n g  with sca t te red  lowlying 
f l a t  depressions and swales, and rounded knol ls ,  Cutting through 
t h i s  country i s  a network of shallow V-shaped gu l l i e s ,  Although 
there  a r e  minor l o c a l  d i f ferences  i n  r e l i e f ,  drainage, vegetation, 
and other  fea tures ,  the  benchland a rea  i s  genera l ly  homogeneous 
and w i l l  be considered a s  such i n  t h i s  d i s a ~ ~ s i o n ,  

Bed-rock Features 

The underlying bed-rock i s  exposed i n  a few sca t te red  
outcrops approximately 2 miles inland from the West Channel and 
does not  d i r e c t l y  a f f e c t  the  nature of the s i t e ,  One area  of 
these outcrops i s  i n  the  form of a s e r i e s  of subdued r idges  
extending away from and perpendicular t o  the  s ides  of a gu l lyo  
Another i s  a loca l ized  outcrop of a few square yards i n  area on 
the s ide  of a h i l l ,  

The rock i s  grey sandstone, It i s  not wel l  cemented 
a s  individual  g ra ins  can be scraped off ea s i l y*  The surface rock 
has been f rac tured  i n t o  large  rectangular  blocks and smaller 
fragments by water and f r o s t  ac t ion ,  The surface of the rock i s  
f r e t t e d  and grooved by combined f r o s t  and water erosion. 

No rock outcrops were seen anywhere along the  shore of 
the  West Channel i n  t he  v i c i n i t y  of the  s i t e  area,  

The area dra ins  t o  the  West Channel through a roughly 



p a r a l l e l  s e r i e s  of shallow V-shaped g u l l i e s  (Fige 1). '$here 
the s i t e  area  borders the c h a m e l  there  a r e  three main g u l l i e s  
which e n t e r  the channel approximately 3/4 o f  a mile apar t .  
Between these a r e  severa l  much smaller gu l l i es .  

The major g u l l i e s  vary i n  depth from 20 t o  50 f e e t ,  
They become shallower toward the headwaters of the streams which 
a r e  cu t t i ng  them. The streams flow a t  a r a t e  of approximat e l y  
10 miles per hour, The water i s  c l ea r  ind ica t ing  a lack of 
suspended s o i l  material .  It i s  probable t ha t  the  streams diminish 
i n  s i z e  o r  even dry up l a t e r  i n  the summer when the  snow has 
disappeared from the  higher land t o  the  west, The presence of 
willow and a lde r  th icke t s  i n  the stream beds appear t o  subs tan t ia te  
t h i s .  

There a r e  only a few small shallow lakes i n  the  area ,  
the l a r g e s t  being about 300 yards i n  diameter; they dra in  through 
the g u l l i e s  t o  the  West Channel, Generally, the lakes l i e  i n  
poorly drained depressions whose surfaces a r e  covered with polygons, 
The water i n  these lakes i s  coloured with i ron  s a l t s  and organic 
mater ia l ,  

Ground Surface and S o i l  Features 

( a )  Beach 

There i s  a t h i n  l a y e r  of g rave l  ly ing along the shore 
of the West Channel where i t  flows adjacent  t o  the  s i t e  area,  
It appears t o  have been washed out from the bank above it. The 
rounded and subrounded stones a r e  of sedimentary and igneous or ig in  
up t o  approximately 6 inches i n  diameter. (This gravel  appears 
t o  be the  aggregate from g l a c i a l  t i l l  exposed i n  the  r i v e r  bank 
i n  t h i s  location. R.F.L,). 

(b) Polygons 

Polygons and polygonal cracks a r e  prevalent  throughout 
the  s i t e  becoming numerous inland from the  West Channel. They a r e  
mostly associa ted with the  poorly drained areas  around the lakes  
and the headwaters of the streams. 

There a r e  both depressed and ra i sed  centre  polygons 
varying i n  diameter from 20 t o  50 f e e t ,  The i n t e r s t i c e s  vary 
i n  width from a few inches t o  3 o r  4 f e e t  and a r e  f i l l e d  with 
water. The centres  of t he  depressed centre  polygons a r e  
p a r t i a l l y  f i l l e d  wi th  water, In  some cases where there a r e  
polygor~cal cracks r a t h e r  than wel l  defined polygons, they a r e  
defined by shallow moss-fil led trenches, 

(c) E r ~ s t  Mounds and Frost  Boils  

O e s i d e  of the areas  of polygons and polygonal craoks, 



the s i t e  a rea  i s  mostly covered w i t h  f r o s t  mounds, f r o s t  bo i l s  
and niggerheads. The mounds vary i n  diameter from approximately 
2 t o  4 f e e t  and r i s e  approximately 1 foo t  above the bottom of the  
i n t e r s t i c e s ,  

One mound was excavated, It consis ted  mostly of ground 
vegetat ion w i t h  accompanying roo ts  and p a r t i a l l y  decomposed 
organic mater ia l ,  Beneath t h i s  cover the  s o i l  was domed up 
s l i g h t l y  cons i s t ing  of brown clayey s i l t  with organic ma te r i a l  
mixed i n  w i t h  it. 

I n  the small depressions and i n t e r s t i c e s  among these 
mounds and grass  niggerheads a r e  small f r o s t  bo i l s  o r  "poolsn 
of s o i l  varying i n  diameter from approximately 6 inches t o  2 o r  
3 f e e t ,  Apparently th is  s o i l  has been pushed up t o  the surface 
by f r o s t  ac t ion,  The s o i l  i s  a brownish grey clayey s i l t*  These 
11 poolstr a r e  i n  various stages of des iccat ion depending on the  
length of time tha t  they have been exposed, A s  soon a s  they a r e  
exposed, shrinkage cracks oegin t o  appear on the surface,  

Some of the  mounds cons i s t  o f  s o i l  with a p a r t i a l  t h i n  
covering o f  ground vegetat ion,  The exposed s o i l  i s  a f r i a b l e  
brawn clayey s i l t  with f i n e  sand and some angular t o  subangular 
stones up t o  14 inches i n  diameter. 

( d )  S o i l  Slumping 

IJlany of the slopes exh ib i t  a r ea s  o f  s o i l  slumping. 
These slumps a re  espec ia l ly  pronounced on the  s lopes  of the 
deeper V-shaped g u l l i e s  2 t o  3 miles inland from the  West Channel, 
Individual  slumps a r e  general ly 2 t o  3 f e e t  i n  height  and a r e  
espec ia l ly  prominent on the slopes fac ing  north. The slumps a r e  
covered w i t h  a ground vegetat ion of g rass  atid moss, 

Vegetation 

From the vegetat ion point  of view, the main f e a t u r e  of 
t h i s  p o t e n t i a l  s i t e  area  is the  comparative lack of t r e e  growth. 
Tree growth i s  confined to  the  she l te red  g u l l i e s  where i t  i s  
densest on the south fac ing  slopes and along the water courses, 
The t r ee s  a r e  willow and a lde r  reaching a maximum height  of 
approximately 8 f e e t ,  In terspersed with t h i s  t h i c k e t  growth i s  
ground b i rch  reaching a height  of approximately 3 f e e t ,  I n  the  
deeper g u l l i e s  approximately 2 t o  3 miles inland there  a r e  
p a r a l l e l  l i n e s  of t h i s  mixed t r e e  growth extending from the  tops 
of the g u l l f e s  down slope t o  the stream beds i n  which i s  the 
aforementioned willow and a l d e r  th icke t ,  A s  the g u l l i e s  become 
shallower toward the headwaters of the  streams, the t r e e s  become 
more stunted, 

The ground vegetat ion throughout the  p o t e n t i a l  s i t e  
a r ea  i s  general ly  uniform being t y p i c a l  of the  Arc t ic  tundra, 



It  c o n s i s t s  of c l o s e l y  spaced niggerheads of g r a s s ,  r e i n d e e r  and 
spha~num moss, Other p l a n t s  include Labrador Tea and o t h e r  
f lowering p l a n t s  and ber ry  p l a n t s ,  There a r e  a r e a s  of ground 
b i rch ,  and dwarf a l d e r  and willow, a t t a i n i n g  h e i g h t s  of 2  t o  
3 f e e t ,  

Snow Cover 

C h a r a c t e r i s t i c  of t h e  Mckenzie  Del ta  and ad jacen t  
upland regions ,  t h e  snow cover of  t h i s  s i t e  a r e a  reaches a 
maximum depth of 3 t o  4 f e e t ,  liowever, the a rea  extends i n  a 
north-south d i r e c t i o n  and i s  devoid of any t r e e  growth except  
i n  the  s h e l t e r e d  g u l l i e s ,  Therefore, t h e  snow cover i s  
modified by the  p r e v a i l i n g  wind which sweeps a c r o s s  t h i s  a r e a  
from t h e  nor th .  

Generally,  the  h igher  a r e a s  between the g u l l i e s  a r e  
covered w i t h  snow t o  a ' d e p t h  of 1 t o  2 f e e t  whose su r face  has  
been packed and glazed by t h e  wind, Heavy d r i f t s  of snow 
accumulate i n  the  g u l l i e s  e s p e c i a l l y  on t h e  south f a c i n g  
( i , e ,  n o r t h )  s lopes,  which a r e  o r i e n t e d  i q  a perpendicular  
d i r e c t i o n  t o  the  p r e v a i l i n g  wind, Some s e c t i o n s  of t h e  g u l l i e s  
a r e  completely f i l l e d  wi th  snow. The snow cover on the  ground 
between t h e  g u l l i e s  is melted u s u a l l y  by t h e  t h i r d  week i n  June 
but the heavy d r i f t s  on the  n o r t h  s lopes  of the g u l l i e s  
p e r s i s t  l a t e  i n  July,  

Photographs 

Figo 2 shows the  l o c a t i o n  of photographs a t  the  
West Channel s i t e ,  

S o i l s  Data 

A c c e s s i b i l i t y  of t h e  s i t e  and d i s t ance  t o  a  source of 
wash water  d i c t a t e d  the l o c a t i o n  of the  explora tory  boreholes on 
t h i s  "Jest Channel s i t e ,  Since the a r e a  c l o s e s t  t o  the  channel 
c o n s i s t s  of low h i l l s  s loping  gen t ly  upwards from the  channel and 
d i s s e c t e d  by s e v e r a l  shallow V-shaped g u l l i e s ,  i t  appeared t h a t  
d r i l l  ho les  placed r e s p e c t i v e l y  i n  a  low spo t  and on top of a 
r idge  would i n d i c a t e ,  genera l ly ,  s o i l  condi t ions  over the  whole 
a rea  , 

Both a  low a r e a  and a  h igh  spot  were ad jacen t  t o  the  
campsite loca ted  i n  t h e  southern t h i r d  of t h e  proposed s i t e  
a r e a  and next  t o  the  channel, The l o c a t i o n  of the  two exp lo ra to ry  
boreholes i s  shown i n  Fig,  la 

Core recovery i n  AB-28 averaged about 50  p e r  cen t  and 
about 33 per  cent  i n  AB-29, Whenever s tones  a r e  s t r u c k  while  
d r i l l i n g ,  poor core recovery may be expected, Borehole A3-28 w a s  
d r i l l e d ,  i n  t h e  low a rea ,  t o  a  t o t a l  depth  of 32 f e e t - 0  inches,  



Under the  su r face  organic cover t o  a depth of 10 f e e t  
the s o i l  was a dark blackish-brown organic ma t e r i a l  predominantly f f ib rous  wi th  undecomposed ma te r i a l  and twigs up t o  -, i n ch  i n  
diameter, This s o i l  was wel l  cemented by i c e  with f i n e  
i r r e g u l a r  l enses  throughout averaging h a i r l i n e  i n  th ickness ,  
(Water content was est imated t o  be 150 per cen t  by weight )*  From 
10 f e e t  t o  19 f e e t ,  the  s o i l  was a l i g h t  brown s i l t  wi th  many 
angular  and some subrounded stones up t o  1 inch i n  diameter 
and wi th  l aye r s  of l i g h t  brown medium sand and f i n e  sand with 
pebbles up t o  inch i n  diameter. From 10 f e e t  t o  10 f e e t  
9 inches the re  were medium si.zed i c e  l enses  up t o  approximately 
3/16-inch t h i ck  and the  est imated water content  was 100 per  cent  
by weight. i3etween 10 f e e t  9 inches and 17 f e e t  9 inches some 
d i f f i c u l t y  was encountered while d r i l l i n g  because of many stones,  
From 10 f e e t  9 inches t o  1 7  f e e t  9 inches the  s o i l  was 
predominantly we l l  bonded and contained some very f i n e  i c e  l enses ,  
Moisture content  samples taken a t  depths of 11 and 16 f e e t  were 
34.9 and 2 0 , l  per  cent  by w'eight r e spec t ive ly ,  From 19 f e e t  
t o  31  f e e t  t h e  s o i l  was a brownish grey s i l t  c lay  wi th  angular  t o  
subangular s tones  up t o  1 inch i n  diameter* No i c e  segregat ion  
was not iceable  i n  the  cores ,  the  s o i l  being we l l  bonded, except 
f o r  severa l  i c e  lenses  averaging 3/8-inch t h i c k  and spaced 
approximately 6 t o  8 inches a p a r t  t o  the 23-foot depth. (Poor 
core recovery i n  the  l a s t  10 f e e t  prevented confirmation of these  
l enses  throughout) ,  Moisture contents  taken a t  depths of 20 
and 22 f e e t  were 21,6 and 16,s per  cen t  by weight r e spec t ive ly ,  
From 31 f e e t  t o  32 f e e t  the s o i l  was a grey sandy s i l t  wi th  many 
subangular s tones  up t o  3/4 inch i n  diameter. The l a s t  8 inches 
was very compact and dense, 

Borehole AB-29, d r i l l e d  t o  a depth of 22 f e e t  was 
loca ted  on a rounded hi.11 some 500 f e e t  t o  the  nor th  of and 
approximately 30 f e e t  h igher  than the  l oca t i on  of AB-28 (F ig ,  1)" 

No core was obtained i n  the  f i rs t  7 f e e t  on the f i r s t  
a t tempt ,  due probably t o  the  use of too much wash water,  However 
core was r e t a ined  on the  second a t tempt  t o  6 f e e t  6 inches,  From 
the ground surface  t o  3 f e e t  8 inches the s o i l  was organic 
mate r i a l ,  From 3 f e e t  8 inches t o  12 f e e t  t he  s o i l  was a brownish 
grey clayey s i l t  with odd f l e c k s  of brown d i sco lo ra t ions  and 
r o o t s  of h a i r l i n e  th ickness ,  There were some pebbles up t o  2 inches 
i n  diameter, Down t o  6 f e e t  the  i c e  segregat ion  was medium t o  
coarse with i c e  lenses  up t o  3/4-inch thick.  Moisture contents  
taken a t  4 f e e t  and 6 f e e t  were 59,6 and 27.7 per  cen t  by weight 
r e spec t ive ly ,  From 6 f e e t  t o  12  f e e t  the  i c e  l enses  were spaced 
approximately inch a p a r t  and ranged i n  s i z e  from h a i r l i n e  t o  
1/8 inch, From 12 t o  22 f e e t  the s o i l  was a grey sandy s i l t  
wi th  many s tones  ranging i n  s i z e  from $ inch  t o  2 inches.  The 
m a t e r i a l  was f rozen  but  w e l l  bonded; thbre  was no no t i ceab le  i c e  
segregat ion,  Lgyers of s tones  and many s tones  i n  the  ma t e r i a l  
i t s e l f  caused poor core recovery on the  whole. 



FIELD APPRAISAL 

Location 

That p o r t i o n  of the  a r e a  which l i e s  w i t h i n  h a l f  a 
mile of and extends p a r a l l e l  t o  the channel might be considered 
a s  a townsi te  b u i l d i n g  a r e a .  An a i r s t r i p  m i g h t  be l o c a t e d  
p a r a l l e l  t o  the  channel on t h e  h i g h e r  land approximately 2 t o  3 
miles  inland. One very no t i ceab le  f e a t u r e  of the  a rea  i s  t h e  
absence of any t r e e s  o r  heav ie r  growth o t h e r  t h a n  the  low willow 
brush i n  the  g u l l i e s .  This l ake  of growth makes the  a r e a  a bleak 
and wind blown l o c a t i o n  -- a n  important cons idera t ion .  

Drainage 

The p a r a l l e l  d e n d r i t i c  dra inage  p a t t e r n  runs  from f a r  
in land through the  gen t ly  r o l l i n g  h i l l s  t o  the  channel, i , e ,  
from west t o  e a s t ,  An a i r s t r i p  l o c a t i o n  i n  a north-south d i r e c t i o n  
would impede t h i s  n a t u r a l  drainage and adequaw provis ion  would 
have t o  be made t o  take care  of the  water ,  The l o c a l  water i s  
mainly s u r f a c e  run-off and t h a t  from t h e  wind-blown snow which 
d r i f t s  the  g u l l i e s  f u l l  during the  winter .  The d r i f t s  remain i n t o  
l a t e  Ju ly  and a f t e r  t h a t  i t  i s  bel ieved t h a t  very l i t t l e  water  
rnlght be expected i n  t h e  smal l e r  g u l l i e s ,  Generally the 
drainage p a t t e r n  i s  w e l l  marked a s  may be seen from the  a e r i a l  
photographs, 

Roads and A i r s t r i p  

The na ture  of t h e  s o i l ,  i , e .  predominantly s i l t  s i z e ,  
wi th  much i c e  segregat ion  wi th in  the  f i r s t  10 f e e t  d i c t a t e s  
t h e  use of g rave l  f i l l  roads wi th  g r e a t  care  being taken t o  
preserve the  permafrost ,  The low a r e a s  surrounding the  s t ream 
beds and a l s o  l y i n g  along the  channel con ta in  much organic  
m a t e r i a l  and i c e  segregat ion  t o  some depth and a r e  t o  be avoided 
i f  poss ib le ,  Roads a c r o s s  them should be a s  s h o r t  a s  poss ib le  
and p a r t i c u l a r  care  taken t o  preserve t h e  permafrost  t a b l e ,  
The above a p p l i e s  i n  p r i n c i p l e  t o  a i r s t r i p  cons t ruc t ion  a s  wa l l ,  

Engineering Mater ia ls  

Reports of g rave l  depos i t s  a long  the  West Channel seam 
unfounded, Pebbles and s tones  a r e  p reva len t  a long the  banks 
i n  p laces  b u t  a r e  only  su r face  d e p o s i t s  -- probably through 
r i v e r  a c t i o n ,  Sandstone which outcrops i n  the  a r e a  could be 
u t i l i z e d  a s  f i l l  m a t e r i a l  a f t e r  quarrying but  would no t  be 
s u i t a b l e  f o r  aggregate ,  Any s u i t a b l e  aggregate  would 
n e c e s s a r i l y  have t o  be brought i n t o  the  a r e a  from d e p o s i t s  some 
d i s t ance  away (Eas t  Branch, A r c t i c  Red, e t c ,  ,, 



Bui l d i n g s  

The n a t u r e  of t h e  unde r ly ing  s o i l  ( i , e .  s i l t  s i z e )  
would d i c t a t e  l a r g e l y  t h e  use  of p i l e  founda t ions ,  The 
permafrost  l e v e l  i s  t o  be p reserved  i n  a l l  c a s e s  whether t h e  
s t r u c t u r e  i s  l a r g e  o r  small, Any b u i l d i n g  i n  t h e  a r e a  should be 
kep t  t o  t h e  h i g h e r  r i d g e s  and t h e  low a r e a s  avoided  wherever 
p o s s i b l e ,  

Opinion 

From t h e  s o i l s  and permafros t  p o i n t  o f  view, as we91 
a s  from o t h e r  c o n s i d e r a t i o n s  -'- namely wharf i ' a c i l i t f e s ,  wate r  
supply  e t c o ,  t he  a r e a  i s  by no means a n  i d e a l  l o c a t f o n ,  A more 
i n t e n s i v e  s o i l s  survey would have t o  be under taken t a  provide  
complete coverage of t h e  whole a r e a ,  
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