
11.1. ORIGIN O F  THE PINCOS OF THE PLEISTOCENE 
MACKENZIE DELTA AREA 

J .  R. Mackay 

Pingos a r e  ice-cored hil ls ,  which a r e  typically conical i n  
shape. There  a r e  over  1,400 pingos i n  the Mackenzie Delta a r e a .  
The la rges t  group of pingos, exceeding 1,350, l ies  in  a belt  extending 
eas t  f rom Richards Island. The pingos a r e  i n  an a r e a  of Pleistocene 
sands and s i l t s  with rolling rel ief .  A sma l l  group of pingos, differing 
in  age, s ize ,  and method of formation f rom those of the Pleistocene 
a r e a ,  occur  i n  the d is ta l  portion of the modern delta.  I t  i s  the purpose 
of this  paper:  to descr ibe the charac ter i s t ics  of the pingos of the 
Pleistocene Mackenzie Delta a r e a ;  to d iscuss  theoret ical  aspec ts  of 
their  origin; and to est imate their  age.  

The most  distinctive t e r r a i n  charac ter i s t ic  of the pingo i s  i t s  
occurrence  i n  flat low-lying a r e a s  which a r e ,  with few exceptions, 
present  o r  f o r m e r  lake basins .  The thickness of the sediments  over  
the ice-core va r i e s  considerably.  I t  appears  to be direct ly  related to 
the s ize of the pingo, sma l l  pingos having the thinnest cover of sedi- 
ments ,  large pingos the thickest.  The overburden cover is est imated 
a t  one-half to one-third of the pingo height. Some pingos have multiple 
ice-cores .  

Pingos have developed i n  sandy ma te r i a l  too coa r se  grained 
to be susceptible to extensive i ce  lens formation. The thick horizontal 
i ce  shee ts  which a r e  widely distributed i n  the same region a s  the 
pingos have not grown i n  the sands but in  sil ty ma te r i a l  near  the sur-  
face  of the ground. The two types of ice  should not be confused. 

The most  generally accepted origin for  pingos of the Mac- 
kenzie Delta type has  been proposed by  Pors i ld  who s ta tes  pingos 
". . . were formed by local upheaval due to expansion following the 
progress ive  downward freezing of a body o r  lens of water  o r  semi- 
fluid mud o r  s i l t  enclosed between bedrock and the f rozen  surface soil, 
much in  the way i n  which the cork of a bottle filled with water  i s  
pushed up by the expansion of the water  when freezing. " (4-p. 55). 
Mtiller, i n  his  detailed analysis  of the Mackenzie Delta type of pingo, 
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has  elaborated upon the theory of Pors i ld  (2 ) .  In the following discus- 
sion, ce r t a in  modifications and amplifications will be made to the 
existing theor ies  of pingo origin.  There  i s  common agreement  that 
pingos grow a s  a r e su l t  of the aggradation of a capping of permafros t ,  
ab initio, over  a n  unfrozen lake bottom. 

In  view of the paucity of data on permafrost  depths beneath 
lakes ,  a theoret ical  approach may give information on permafros t  
su r faces .  Theoret ical  aspects  of the general  problem of three- 
dimensional heat conduction i n  a semi-infinite medium, disturbed by 
sur face  effects ,  have been considered by many authors .  In par t icu lar ,  
Lachenbruch has  discussed theoret ical  aspec ts  of three-dimensional 
heat conduction i n  permafros t  beneath heated buildings (1). The same 
theory m a y  be applied to lakes.  

In  the c a s e  of pingo formation, two permafrost  sur faces  a r e  
involved. The f i r s t  permafros t  surface i s  that beneath the lake bot- 
tom.  This  sur face  had a l l  of post-glacial t ime,  probably 5,000 to 
10,000 y e a r s ,  p r io r  to pingo growth to  r each  equilibrium. Conse- 
quently, s teady s tate  conditions have been assumed for the position of 
th i s  sur face .  The second permafrost  surface i s  that which spread  a s  
a s e a l  on the lake bottom at t ime of pingo growth. In this  surface,  
which i s  assoc ia ted  direct ly  with pingo formation, t ransient  and latent 
heat  effects a r e  included. 

Considering the f i r s t  surface,  if permafros t  exis ts  beneath the 
cent re  of a lake, and the lake radius  i s  gradually increased ,  with 
s teady s ta te  conditions prevailing, a c r i t ica l  radius will be reached 
when the pe rmaf ros t  lens  beneath the lake "opens" up, so  that a l l  the 
m a t e r i a l  d i rec t ly  beneath the lake cent re  i s  above 0°C.  

Considering the second permafros t  surface,  three  fac tors  
would s e e m  to opera te  i n  combination to produce a dome-shaped lower 
pe rmaf ros t  sur face  a t  the site of pingo growth during the aggradation 
of pe rmaf ros t  in  a lake basin.  

F i r s t l y :  m o s t  lakes  a r e  deepest towards the centre ,  and 
shallowest n e a r  the shores .  Thus, if the water  gradually shoaled, 
pe rmaf ros t  will  have had a longer t ime to grow near  the shore with 
a dome-shaped lower surface therefore resulting. 

Secondly: any tendency towards ice  segregation would r e su l t  
i n  a downward warping of the permafros t  surface around the ice ,  
because  sa tura ted  so i l  would f reeze  f a s t e r  than water .  

Thirdly: once ice  segregation caused a mound to grow on the 
lake bottom, a n  upward bending of i so the rms  can be shown to occur .  



Consequently, a s  a resu l t  of the three  fac tors  discussed above, 
the penetration of permafros t  in  a lake basin should be uneven. A 
dome-shaped lower permafrost  surface should form in most  bas ins ,  
the a r c h  of the dome being near  the lake centre .  

The generally accepted theory for pingo formation depends upon 
updoming by hydrostatic pre  s s u t e  resulting f rom volume expansion of 
water  onfreezing a s  permafros t  advances on all s ides  into a closed 
unfrozen packet. Laboratory and field experiments  ca r r i ed  out by 
various invest igators  on the freezihgof saturated'sands shows that ex- 
c e s s  pore water  tends tobe  squeezedout if the permeabili ty exceeds 
about 5 inches per  day, provided the surplus  water  i s  f ree  to escape.  

The development of a closed sys tem whereby expelled pore 
water i.4 t ~ a p p e d  under p res su re  would seem to require  only the growth 
of acontinuous permafros t  sea l  on the lake bottom. Expelled pore 
water could, therefore ,  not escape upward through the impermeable 
permafrost  sea l ;  i t  could not go sideways because of permafros t  ex- 
tending out f rom the shore ,  and i t  could not escape downwards 
because of the presence  of permafrost ,  saturated soils,  impermeable 
sediments o r  a combinatiori of them. 

The init ial  ra te  of formation of perrhafrost  under constant tem- 
pera ture  i s  about proportional to the square  rdot of t ime.  Thus the 
ra te  of dowhward aggraddtion of permafros t  would be relatively rapid 
when permafros t  was thin and the tempera ture  gradient high, but i t  
would srlow down when permafrost  had extended to grea ter  depths. 
Therefore the r a t e  of expulsion of pore water ,  f rom downward freezing, 
would graddally diminish. In addition, the volume of unfrozen sedi- 
ment  would normally dec rease  with depth, s o  that equal increments  of 
permafros t  growth would not contributk kqdal amourits of expelled 
pore water.  

As an i l lustrat ion of the probable slowness of permafros t  
growth, let  us  cotlsider the freezing of 15 ya rds  of saturated sand of 
30 per  cent porosity.  F o r  a ground surface tempera ture  of -5"C, it i s  
about 10 to 20 y e a r s ;  fo r  - l ° C ,  it is  about 50 to 100 y e a r s ;  and for  
-0. 1°C,  it is  hundreds of years .  Although the f igures  cannot be m o r e  
than approximate ones,  they do suggest that during prolonged shoaling 
of a lake, whether through geomorphic o r  c l imatic  causes,  downward 
penetration of permAfrost will be slow, because mean annual lake 
bottom tempera tu res  will oscil late around 0°C and then gradually 
drop below i t  as lake ice  f r eezes  f o r  longer and longer periods to the 
lake bottom. 

The r a t e  of pingo growth cannot be rapid,  except in  exceptional 
cases .  F o r  txample ,  if the ice  core  i n  Ibyuk pingo i s  assumed to be 



a right cone 40 ya rds  high with a base  70 yards  in  radius ,  the volume 
of ice  would be approximately 200,000 cubic yards .  If this  represented 
a 10 pe r  cent volume expansion of sand with 30 per  cent porosity, the 
requi red  volume of unfrozen sand would have been about 7,000,000 
cubic ya rds .  If the unfrozen sand were  beneath a c i rcu lar  lake and the 
sediments  were  i n  the shape of a right cone with a slope of 45", the 
rad ius  and "depth" of the cone would have been 190 yards .  The freez-  
ing of such an  unfrozen cone would have taken many decades.  

The g rea t  majori ty  of the pingos a r e  probably hundreds,  i f  not 
thousands,  of y e a r s  old. As long a s  permafros t  is  thicker than the 
height of a pingo, and the surface cover remains intact,  a pingo is  a 
relat ively permanent  feature of the post-glacial landscape. The vege- 
tation cover  of pingos a t tes t s  to an age of a t  least  s eve ra l  hundred 
y e a r s .  The pa t te rns  of large tundra polygons, with some ice  wedges 
s e v e r a l  yards  wide, is suggestive of ages i n  the thousands of yea r s ,  
judging f r o m  in fe r red  r a t e s  of ice  wedge growth elsewhere.  Pea t ,  one 
to  two ya rds  thick, flanks some pingos, but feathers  out against  them, 
showing, therefore ,  growth af te r  pingo formation. Two radio-carbon 
da tes  fo r  peat deposits suggest a r a t e  of accumulation of about 1 to 
1 . 5  feet  per  thousand years .  On this  bas is ,  a number of pingos exam- 
ined a r e  th ree  to five thousand y e a r s  old. Wave-cut pingos, which 
occupy drained lakes  whose shapes show a coastal  recess ion  of 
s e v e r a l  thousand feet,  a lso indicate a venerable age. Mtiller esti- 
m a t e s  the minimum ages  of two pingos near  Tuktoyaktuk a t  7,000 and 
4,000 y e a r s  (3).  Such an age would be compatible with a period of 
cooling following the post-glacial t he rma l  maximum, o r  even e a r l i e r  
growth. 

In  conclusion, if we wish to t e s t  any theory of pingo growth, it 
would be a n  e a s y  ma t t e r  to artif icially shoal a suitable lake by lower- 
ing its outlet. We could thus experiment on forming a full-sized 
na tura l  sca led  pingo. A s m a l l  pingo might even be born  i n  five yea r s ,  
perhaps in  t ime  for  Canada ' s  centenary!  
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Discussion 

T .  Lloyd asked why the la rges t  pingos do not grow l a r g e r ,  
to which the author replied that the pingos reach a cer tain s ize a t  
which the summit  ruptures  followed by eventual collapse. Pingo 
s ize i s  also limited by the water  supply available in  the a r e a .  
M.  Bozozuk added that i t  appears  that the phenomenon of ice  accu- 
mulation i n  a house on permafros t  would be caused by a mechanism 
s imi lar  to that of pingo formation.  

T .  A .  Harwood wished to  know why pingos occur only in the 
Pleistocene and present  del tas  of the Mackenzie River .  The author 
gave the reason that these a r e  the a r e a s  with the highest amounts 
of sandy soi ls  which a r e  necessary  for  pingo formation. 

J. S. Rowe enquired if t he re  is  evidence of rel ic  pingos i n  
southern Canada, for  example, i n  southern Alberta o r  the P r a i r i e s .  
The author ' s  reply was that none i s  known in  Canada but there  a r e  
evidences of re l ic  pingos in  F r a n c e  and Belgium. P. J. Williams 
commented on a collapsed pingo i n  Sweden where an ice  block has  
melted leaving a c r a t e r .  The author remarked that the sediments  
fall into the c r a t e r  when the ice mel t s .  J. D. Ives  descr ibed the 
collapsed pingo to which M r .  Williams refer red .  It i s  located in 
the floodplain of a sma l l  s t r e a m  in  the Abisko a r e a  being about 
20 m e t r e s  i n  diameter  with a r a i sed  r i m  about 3 m e t r e s  wide and 
1 1/2 m e t r e s  high. 

R .  Chevalier asked i f  the Tuktoyaktuk pingos a r e  growing. 
The author stated that the word "pingo" suggests growth according 
to Pors i ld  but there is  no r ecord  of this .  The presence of ice  wedge 
polygons on the s ides  of the pingos leads one to the conclusion that 
no growth is occurr ing.  

J .  G. Fyles  requested information on the location of the 
youngest pingos to which the author replied that they occur  in  the 
outer  portions of the Mackenzie delta.  F r o m  Sir John Frankl in ' s  
nar ra t ives ,  i t  i s  evident that there  a r e  some pingos i n  existence 
today i n  a r e a s  where they did not exis t  in  h i s  t ime.  A pingo could 
be formed today by draining a lake. 




