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INTRODUCTION 

The thawing effect of water  i n  contact with permafros t  i s  a 
problem of ma jo r  concern  to engineers  engaged i n  northernconstruc-  
tion. Improper  drainage which allows water  to pond adjacent to o r  
under s t r u c t u r e s  such a s  buildings, roads o r  a i r s t r i p s ,  nearly always 
r e s u l t s  i n  a n i n c r e a s e d  depthof thaw of the perennially frozenground.  
In  many c a s e s  the performance of the s t ruc ture  is  ser iously affected 
even to eventual fa i lure .  The degradation of permafros t  by water  i s  
of even g r e a t e r  concern when dykes o r  dams  a r e  constructed on 
perennially f rozen  ground and large a r e a s  a r e  flooded by the water  
impounded behind them.  The design and performance of these struc- 
t u r e s  and the s tabi l i ty  of the underlying frozen foundation ma te r i a l  is 
dependent on a knowledge of the r a t e  a t  which thawing will take place 
and the depth to  which the perennially f rozen  ground will thaw. T h e r e  
is  l i t t le information presently available, however, to indicate the 
magnitude of these  f ac to r s .  Mathematical analyses  can and have been 
made ,  i n  some c a s e s ,  but because of complex boundaryconditions and 
lack of pertinent data ,  such a s  mean annual ground and water  tem- 
p e r a t u r e s  and the geothermal  gradient,  i t  is  difficult to obtain a n  
exact  picture  of the effects which might be expected and a r e  of p r ime  
impor tance  to the designer  . 

One method of improving knowledge of the thawing effect of 
water  on pe rmaf ros t ,  however, and of providing some guidance for  
future engineering design is by studying the present  level of perma- 
f r o s t  under na tu ra l  bodies of watelr i n  the north,  such a s  lakes and 
s t r e a m s .  Members  of the Division of Building Research  c a r r i e d  out a 
dr i l l ing p rogramme in  Apr i l  1961, therefore,  to  determine the distribu- 
t ion of pe rmaf ros t  under and adjacent to a lake in  the Mackenzie River 
del ta  near  the new townsite of Inuvik, N.W.T. 

DESCRIPTION O F  SITE 4 

The Mackenzie River delta, which i s  approximately 50 mi le s  
wide and 100 m i l e s  long, i s  a low, flat  a r e a  inter laced and dissected 
by  numerous  s m a l l  meandering channels and is  spotted with thousands 
of stagnant lakes .  

* The fu l l  paper  w i l l  be published by the Division of Building Research ,  
National R e s e a r c h  Council, Ottawa. 



One of the lakes was selected for  investigation following a 
prel iminary study of a e r i a l  photographs and a field reconnaissance 
i n  1960 of a portion of the delta within a 10-mile radius of Inuvik 
(Figure 1). This  lake, located about 5 mi les  southwest of the town is 
approximately c i rcu lar ,  having a diameter  of about 900 feet.  Like all 
delta lakes,  i t  is shallow, being only about 4 feet deep a t  i t s  cent re  
( ~ i g u r e s  2 and 3). 

The dense fo res t  vegetation around the lake studied i s  typical 
of the cl imax developed i n  the lower valley and delta of the Mackenzie 
River .  The dominant species  is white spruce,  the la rges t  t r e e s  grow- 
ing to a height of 50 feet. Also present  a r e  black spruce,  willow and 
a lder  with sca t te red  stands of tamarack .  The la rges t  t r e e s  growing 
i n  the surrounding a r e a  and close to  the edge of the lake a r e  a s  much 
a s  220 y e a r s  old. The apparently continuous m o s s  cover i s  about 
1 inch thick. 

In  making such a study i t  was considered important to choose 
a body of water  that had been in existence for  a sufficient period of 
t ime to have approached a condition of thermal  equilibrium with the 
f rozen  ground beneath. I t  was real ized that the selection of a delta 
lake is  somewhat questionable because it i s  situated i n  what i s  essen- 
t ially an  old r i v e r  bed and that t he re  might be considerable effect on 
the occurrence  of permafros t  due to  the la rge  number of lakes and 
channels i n  the immediate vicinity. F o r  such a study, however, this  
situation offered the advantages of accessibil i ty from Inuvik and 
e a s i e r  dril l ing and sampling because of homogeneous so i l s  conditions. 

DESCRIPTION OF INVESTIGATION 

The investigation consisted pr imar i ly  of a dril l ing and sampling 
operation whereby holes were  bored to var ious depths a t  four locations 
(Figure 2). Continuous coring was c a r r i e d  out for  the full depth of 
Holes Nos. 1 and 3 and good undisturbed c o r e s  of most  of the ma te r i a l s  
encountered were  obtained. Representative samples  were  taken fo r  
identification and classification testing of the soi ls ,  mois ture  (ice) 
content determinations,  pollen analysis  and carbon-14 age determina- 
tions. 

A number of hand probings were  made to determine the extent 
of the permafros t  table beneath the edge of the lake. Surveys were  
ca r r i ed  out on a gr id pattern on the lake to obtain snow depths, ice  
thickness,  .water depths and bottom contours (Figure 2). Two thermo- 
couple cables  were  also installed a s  par t  of the study to m e a s u r e  
ground tempera tures  - one 100 foot cable was placed in  Hole No. 3 
(132 fee t  west of the lake) with sensing junctions a t  the 25, 50 and 100 
foot depths, and a 200 foot cable was placed in  Hole No. .4 (550 fee t  



' f r o m  the lake) with points at 5 foot intervals  from the ground surface 
to 25 feet ,  and a t  the 50, 75, 100, 150, and 200 foot depths. 

DRILLING AND SAMPLING 

A standard type diamond dr i l l  equipped with hydraulic feed 
was  used to d r i l l  and sample the various mater ia l s  encountered 
( ~ i g u r e  4). The presence  of permafrost ,  and the subnormal a i r  
t empera tu res  which occurred  during Apri l ,  greatly complicated the 
dr i l l ing and sampling operation. Water ,  obtained f rom the lake a t  a 
t empera tu re  of.33" -35 OF, was used a s  a circulating fluid except for  
one u n s u c c e s s ~ u l  attempt to use a rc t i c  grade fuel oil. When using 
wa te r ,  dril l ing techniques had to be modified slightly and g rea t  c a r e  
taken to prevent f reezing of equipment in  the hole. 

Double tube' core  b a r r e l s  were used to obtain undisturbed co res  
of the perennially frozenground.  Two-inchdiameter c o r e s  were  taken 
f r o m  the ground surface to  a depth of about 100 feet. Below this ,  1-inch 
d iamete r  c o r e s  were  obtained. In the hole a t  the cent re  of the lake, 
where  no f rozen  ground was encountered, samples  were  obtainedusing 
a piston-type tube sample r  to about 120feet. Below this  depth adouble 
tube core  b a r r e l  was  used giving 1-inch diameter  co res .  

DISCUSSION OF RESULTS 

The dril l ing investigations showed that the sediments beneath 
the cen t re  of the lake (Hole ~ 0 . 1 )  were  unfrozen to bedrock a t  a depth 
of 230feet.  On the other  hand, permafros t  did occur for  the full  depth 
of each  of the th ree  holes west of the lake (Figure 5a). These 
observat ions were  substantiated by ground temperature measurements  
taken in  May 1961 which a r e  plotted i n  F igure  6. 

The hand probings showed that the permafrost  table extended 
out f rom shore  under the edge of the lake and sloped steeply down 
(Figure  5b). Ten  feet  f rom the bank, the permafrost  table occur red  
15.5 feet  below the ice surface;  12 feet  f rom the shore - a t  a depth 
of 19.7 feet ;  and, a t  15 feet ,  was g rea te r  than 22feet below the ice .  

F r o m  these  observations,  i t  i s  evident that the lake, although 
quite shallow and of sma l l  dimension, has  a very marked  influence 
on the distribution of permafros t .  I t  i s  probable that the bottom of the  
thaw bas in  under the lake is located in the bedrock some tens of feet 
beneath the sediments .  The thawing effect of the lake i s  confined, 
however,  to  the ground lying under the lake a s  evidenced by the presence 
of pe rmaf ros t  under the shoreline.  The thermal  effect of the lake 
extends into the surrounding a r e a  for some distance away f rom 
the shore  a s  evidenced by  the ground temperature observations.  



Extrapolation of the two temperature profiles,  assuming a straight- 
line gradient, produces a thickness of permafrost  of about 250 feet a t  
Hole No. 3 (132 feet west of lake) and about 300 feet a t  Hole No. 4 
(550 feet west of lake). I t  is assumed that the permafrost  shelves 
under the edge of the lake in  the fo rm of a wedge with i t s  base  curving 
back and downwards toward the shoreline.  

The deep thaw basin under such a sma l l  and shallow lake sug- 
ges ts  that the present  environmental conditions and charac ter i s t ics  
of the lake have prevailed for  a long period of t ime.  This  assumption 
is supported by s e v e r a l  fea tures  of the lake observed i n  the Spring of 
1961. The shoreline appears  to be stable a s  evidenced by the presence 
of t r e e s  a s  old as 220 y e a r s .  I t  appears  that flooding of the lake and 
surrounding a r e a  occur s  a t  intervals  of a few y e a r s  but probably does 
not occur  eve ry  y e a r .  Such flooding occurred  i n  May 1961 when the 
water  in the Maclcenzie delta reached a r eco rd  high level.  Previous  
flooding is indicated by two fea tures .  ~ i r s t l ~ ,  the m o s s  cover is very  
thin and poorly developed - spring flood deposited mater ia l ,  killing o r  
hindering i t s  growth. Secondly, s i l t  m a r k s  on t r e e  t runks indicate an  
ex t reme high water  m a r k  about 5 feet above the present  ground sur-  
face  - i.e., about 20 feet above the winter ice  level of a main delta 
channel nearby. 

Observations of ice  thickness and water  depth i n  the spring of 
1961 suggest that i t  is unlikely that the lake f r eezes  to the bottom, 
even during the mos t  seve re  winter. As a resu l t ,  a layer  of water  is 
continuously i n  contact with the underlying sediment, thus maintaining 
a thawed condition i n  them. During the winter of 1960-61, a i r  tem- 
pe ra tu res  and snowfall were below normal ,  a situation most  conducive 
to thick ice formation i n  lakes.  Nevertheless,  the lake, although only 
about 4 feet deep, was not frozen to the bottom. In  Apri l  ,1961, the i ce  
cover  was about 2 1/4 feet thick and the average depth of water  was 
1 1/2 to 2 feet.  

Three  main conclusions can be s tated regarding the effect of 
the lake on the distribution of permafrost .  F i r s t ly ,  the existence of 
the lake i n  i t s  present  form has  caused the formation and maintenance 
of a thaw basin seve ra l  hundred fee t  deep. Secondly, the thawing effect 
of the lake is confined to  the ground lying under the lake as evidenced 
by  the presence of permafros t  under the shoreline.  Nevertheless,  the 
increasing thickness of the permafros t  inland f rom the shore indicates 
that the thermal  effect of the lake extends for  some distance beyond 
its per imeter .  These conclusions a r e  supported by an  analysis  of the 
the rma l  situation a t  the lake using methods reported in  the following 
paper by W. G. Brown (Figure  5c). 

In conjunction with the determination of the permafros t  dis- 
tribution by dril l ing, undisturbed co re  samples  were  obtained f r o m  
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Holes Nos. 1 and 3 giving the following soil  profile: 

Below 230' - 

Thinly stratified sandy s i l t  with l aye r s  of decom- 
posed organic mater ia l  throughout. The content of 
organic  mater ia l  was part icular ly high a t  the 
bottom of this layer .  
F ine  to  medium sand with thin l aye r s  of organic 
ma te r i a l ,  spaced a t  i r r e g u l a r  intervals  throughout 
the full depth. 
Very dense clay containing sca t te red  sma l l  pebbles 
f rom the 206 to 221 foot depth and a high concentra- 
t ion of pebbles in  the bottom 9 feet  above bedrock. 
No pebbles were found in  the top 26 feet of the clay 
s t r a tum.  
Bedrock  (dolomitic l ime stone). 

Visible i ce  segregation i n  the f o r m  of horizontal and i r regu-  
l a r l y  or iented l a y e r s  was  confined most ly to the top 30 feet. Below 
th i s  depth, the so i l s  were  solidly f rozen  but only random thin ice  
l aye r s ,  occurr ing  i n  predominantly s i l ty  dr clayey soil, were  noted. 
Sandy m a t e r i a l  was  well  bonded by ice not visible to the eye. Mois- 
t u r e  content determinat ions indicate a decrease  with depth. 

The so i l s  profile revealed by dril l ing and sampling suggest 
that  the sub sur face  ma te r i a l s  a r e  of glacial  and post-glacial origin.  
I t  is possible that the clay occurr ing below the 180 foot depth is till 
overlain b y  mar ine  clay. The change to  sand containing thin l aye r s  
of organic  m a t e r i a l  a t  the 180 foot depth may indicate the beginning 
of deltaic deposition continuing to the present .  The formation of 
pe rmaf ros t  began probably with the initiation of deltaic deposition. 

F u r t h e r  investigations of the distribution of permafros t  under 
lakes  a r e  proposed for  the near  future.  

R. G. Howard repor ted  that at  Inuvik, N.W.T., probings beneath 
the i ce  i n  Twin L a k e s  revealed the existence of permafros t  a t  a depth 
of 9 f ee t  below the lake bottom. He asked how this  related to the find- 
ings of the authors .  G. H. Johnston s tated the possibility that Twin 
Lakes  f r e e z e s  to  the bottom and the proximity of a large perennially 
f rozen  land m a s s  might be the cause of permafros t  existing a t  such a 
shallow depth. 

J .  M. Robinson wished to know if there  was any indication of 
decaying vegetable ma t t e r  i n  the lake bottom sediments.  Johnston 
repl ied that t he re  was  evidence of decaying vegetation a t  the bottom 
of the lake. 
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Fig.  3 Aerial  view of Mackenzie River delta Lake investigated April 
1961. View looking east  from about 1000 feet  altitude taken 
July 1960. Note dense forest  vegetation around Lake (right 
centre).  

Fig.  4 Dril l  set-up at Hole No. 1 (centre of lake). Note core sampling 
table to right of dril l  shack and depth of snow cover. 
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