
11.5. GROUND WATER IN THE PERMAFROST REGIONS 
O F  THE YUKON,NORTHERNCORDILLERAAND 

MACKENZIE DISTRICT* 

L.  V. Brandon 

In a discussion of the hydrogeology of a large a r e a  compris- 
ing the Mackenzie Dis t r ic t  and- the Yukon Ter r i to ry ,  i t  is, a t  present ,  
possible to make only broad generalizations a s  to groundwater avail- 
ability. The presence of permafros t  i n  this  a r e a  has  often de te r red  
engineers  f rom contemplating the use of groundwater a s  a source  of 
water  supply. There  a r e ,  therefore,  little water well dril l ing data 
available for  use a s  concrete evidence of the presence and direction 
of movement of groundwater i n  par t icular  localit ies.  Data available 
on cl imate,  run-off, and geology a r e ,  however, sufficient to  show that 
groundwater is present  throughout a r e a s  of discontinuous permafros t  
and that  rocks  a r e  saturated i n  the same  manner  a s  i n  humid 
tempera te  regions. I t  i s  only i n  some a r e a s  of continuous perma- 
f r o s t  that  groundwater flow is  unlikely. 

F o r  descr ipt ive purposes,  the northwest can be  classif ied 
into th ree  type regions;  the regional selection being based  on geology 
and cl imate.  The first region is  the P recambr ian  rock region i n  the 
e a s t  pa r t  of the Mackenzie Distr ic t .  The second region compr i ses  
two a r e a s  of sedimentary plains which a r e ,  (a) the Mackenzie plain 
and (b) the Porcupine plain. The third region is the Cordi l le ra  which 
occupies much of the a r e a  west  of the Mackenzie River .  

THE PRECAMBRIAN REGION 

Climatically this is a d ry  sub-humid region where potential 
evapotranspiration calculations indicate a mois ture  deficiency during 
the s u m m e r  t ime (5). Precipitation ranges  f rom 8 inches to 10 inches 
per  y e a r .  I n  common with many other  p a r t s  of Canada, the only 
effective period of groundwater recharge  occur s  during the Spring 
break-up when the snow mel t  contributes to infiltration i n  a r e a s  where 
pe rmaf ros t  is not present .  The region is  poorly drained a s  indicated 
by the abundance of lakes.  Streamflow data  a r e  non-existent on some 
of the main  r i v e r s ,  such a s  the Coppermine, so  i t  i s  not possible to 
m ~ k e  any es t imates  of groundwater flow to r i v e r s  o r  of bank s torage.  

In  the a r e a s  where continuous permafros t  ex is t s ,  field 
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evidence indicates that infiltration of water does not occur.  This i s  
apparent af ter  observing the frost-thrusting of jointed rocks inwhich 
water has  frozen while entering the joint system at  the surface and 
caused heaving of the rocks. Further  evidence of the absence of 
infiltration i s  provided by the presence of intermittent s t r eams  in  
valleys such a s  the Coppermine where d ry  creek beds, typical of an  
a r i d  land, a r e  visible. These creeks  a r e  dry immediately after sur- 
face water run-off has  been completed because any seepage which 
could occur in  these a r e a s  of continuous permafrost i s  influent. 
Other evidence for  the absence of infiltration i s  provided by mines 4 

which a r e  usually dry ,  except where fracture zones permit influent 
seepage of water f rom surface rese rvo i r s  such a s  nearby lakes. c 

Locally, i n  a few places re fe r red  to a s  being within a r e a s  of 
continuous permafrost ,  there a r e  repor ts  of springs which build up 
extensive ice-sheets during the winter. Tyr re l l  commented on these 
and named them crys tocrenes  (ice fountains) (8). Douglas and later  
authors have also observed and described these features (2) .  I t  is 
possible that these springs a r e  the resul t  of seepage f rom a lake o r  
c reek  located a t  a higher level. 

The rocks of the region a r e  igneous, metamorphic and sedi- 
mentary,  and the only possible movement of groundwater is through 
joints and f i s su res  in  rock and by permeation through unconsolidated 
sands.  F r ac tu r e s  r a r e ly  extend to a depth of more than two hundred 
feet ;  thus any effective groundwater flow must be near surface i f  
present  at all .  Many of the rocks a r e  unfractured thus preventing 
groundwater movement. Although rock outcrop is extensive, there 
a r e  also many a r e a s  covered by glacial drift  and muskeg. 

The Precambrian  region may therefore be classified a s  one 
where groundwater flow i s  very smal l  and where the only effective 
source  of groundwater for domestic supply i s  in alluvial o r  glacial 
sands adjacent to s t r e ams  o r  lakes. In a few localities, adequate 
groundwater supplies for  a home could be obtained from wells drilled 
into jointed rocks that a r e  not frozen and which a r e  near  a surface 
water  supply. The only wells that have been used o r  attempted in  the 
region have been a t  construction camps where sand points have effec- 
tively supplied water .  A deep diamond dr i l l  hole was once put down 
a t  Rae, N.W.T. but this  was a failure because it was. drilled i n  
unjointed granite.  

THE PLAINS REGION 

(a) The Mackenzie River plain i s  climatically s imi lar  to the 
Precambr ian  region i n  that it i.s also within a dry sub-humid zone. 
Precipitation i s  slightly higher than i n  the Precambrian  region 



ranging from 10 to 12 inches per  year .  Run-off data a r e  meagre  o r  
non-existent. A groundwater level r eco rde r  was recently installed a t  
Pine Point south of Great  Slave Lake, which will record  the t imes  of 
groundwater recharge  occurr ing generally a t  the t ime of snowmelt. 

Geologically the plain i s  composed of flat-lying sedimentary 
rocks consisting mainly of l imestones,  dolomites and sha les .  The 
geology of most  of the plain has  been mapped a t  the reconnaissance 
scale .  Some of the carbonate rocks locally contain solution channels 
through which there  is considerable groundwater flow; but for  the 
most  par t  groundwater flow i s  along joint planes.  Good local per- 
meabili ty i s  developed within some limestone reef and sandstone 
formations.  The region differs  f rom the P recambr ian  region i n  that  
overal l  permeabili ty of the rocks  i s  higher and because groundwater 
flow can  occur  a t  much g rea te r  depths.in a sys tem of sedimentary 
rocks.  

Data obtained f rom observation of spr ings and f r o m  chemical- 
analysis  of r ive r  wa te r s  show that lakes and r i v e r s  receive ground- 
water  by effluent seepage throughout the en t i re  region except i n  a r e a s  
of continuous permafros t .  Thus most  of the land south of the Arct ic  
Circle  has  groundwater movement towards the r ive r s .  

A typical a r e a  where spr ings  a r e  visible i s  along the south 
and northwest shores  of Great  Slave Lake where seepage of water  
that i s  high in  sulphates and chlorides i s  seen  a t  localit ies such as 
Sulphur Point, High Point and Windy Point.  The tempera ture  of wa te r s  
in  these sma l l  spr ings  i s  37°F. Groundwater outflow to lakes  a l so  
occur s  along the line of the Palaeozoic-Precambrian contact between 
Great  Slave Lake and Great  B e a r  Lake. This  can  be seen  i n  Lac  l a  
Mar t r e  and L a c  Tempie r ,  and lakes  along this  line a r e  the places of 
natural  groundwater discharge.  It has  not been possible to  determine 
if this seepage occur s  north of Great B e a r  Lake because that a r e a  is 
heavily drift-covered. 

Chemical analysis  of r ive r  waters  a l so  revea ls  t h e  effect of 
groundwater flow f r o m  the nea r  surface muskeg waters  and f rom 
deeper  flow in  the underlying carbonate rocks .  The nea r  surface flow, 
known as interflow, i s  water  that has  received a typical r e d  coloura- 
tion f rom organic ma t t e r  i n  muskegs.  Many r i v e r s  receiving wa te r s  
f r o m  the swampy a r e a s  of the Mackenzie plain have this  r ed  coloura- 
tion which i s  g rea te s t  in the summer  t ime.  This  can be seen  i n  such 
r i v e r s  as the Redknife, Willow, Rabbitskin and Hay. The degree of 
colouration i s  measured  by comparison with a s tandard cobalt- 
platinum colour sca le .  Hay River has  a high colouration throughout 
the yea r  (6);  but the colouration diminishes during the winter with the 
dec rease  i n  interflow, and i t  i s  probable that sampling of s imi l a r  
r i v e r s  would show a diminution of colour i n  winter. 



The presence  of deeper groundwater flow toward r i v e r s  is 
indicated by  chemical  analyses of such r i v e r s  a s  the Litt le Buffalo 
which i s  high i n  sulphates,  and a lso  by r i v e r s  such a s  the Saline 
River  and Vermilion Creek  south of Norman Wells,N.W.T. which a r e  
r i v e r s  with highly mineral ized waters  that have been derived f rom 
groundwater flow. 

Springs a r e  present  along the main channels of drainage 
such as the Mackenzie River;  and flowing water  wells have been dril-  
led during oi l  exploration work along the shores  of the Mackenzie (3);  
This  phenomenon is to be expected in  an a r e a  of groundwater dis- 
charge.  

Water well  dril l ing has  been attempted a t  some set t lements  
i n  the Mackenzie plain. The most  norther ly operating.wel1 i s  a t  
Wrigley, N.W.T. a i rpo r t .  Drilling a t  F o r t  Good Hope,N.W.T. was a 
fa i lure  because the fine-grained glacial  dr i f t  was frozen and deeper  
dr i l l ing into the underlying limestone would have yielded saline waters  
which a r e  difficult to  demineral ize with the present  a r rangements  i n  
s m a l l  set t lements .  Exploration holes ' further north i n  the valley have 
encountered water  i n  unfrozen gravels .  

Dril l ing has  a l so  been c a r r i e d  out a t  F o r t  Smith, N.W.T. and 
Hay River ,  N.W.T. At both places the high minera l  content of the 
groundwater has  prevented any extensive development, although a 
well  i s  used a t  F o r t  Smith a i rpor t  and wells a r e  i n  use  a t  Hay River.  

In  general ,  i t  m a y  be sa id  that waters  i n  the Mackenzie plain 
will  be high i n  sulphates  at shallow depths, and highly saline a t  g rea t  
depth and a t  places  of upward leakage in valley bottoms. The only 
p laces  where wa te r s  of low mine ra l  content a r e  to be found a r e  in  the 
alluvium adjacent to  r i v e r s  where much of the water is derived f rom 
bank s torage.  

(b) The Porcupine plain i s  an a r e a  about which li t t le infor- 
mation is available. I t  may,  a t  present ,  be classified as an  a r e a  
where  drainage is  poor,  permafros t  is widespread and thick and the 
only groundwater potential i s  a t  considerable depths where saline 
w a t e r s  occur  i n  the sedimentary rocks.  

THE CORDILLERAN REGION 

Climatically this  is a m o r e  humid region where precipitation 
r anges  f r o m  12 to 18 inches per  yea r .  Excellent run-off data  a r e  
available on the flow of the Yukon River and some of i t s  t r ibutar ies .  
These  data  have been obtained because of the in te res t  i n  hydro- 
e l ec t r i c  development i n  the region. Good es t imates  of groundwater 



baseflow and bank s torage a r e ,  however, not possible because the 
r i v e r s  dra in  large lakes and because the precise  gauging of r ive r  
flow i n  winter i s  difficult. I t  i s  sufficient he re  to say that r ive r  
valleys of the Cordilleran region, having deep  deposit,^ of t i l l  
o r  of r ive r  sediments in  unglaciated par t s ,  a r e  valleys inwhich there  
must  be considerable bank s torage of water between flood seasons.  

The region compr ises  many mountain ranges,  plateaux and 
valleys.  These consis t  of folded sedimentary rocks in  the Frankl in,  
Mackenzie and Richardson Mountains. Towards the west there  a r e  
var ious intrusive and al tered rocks in  the mountains and plateaux 
which make  the geology m o r e  complex. 

The potential aquifers i n  the region a r e  glacial sands and 
gravels  and alluvium. Locally some f rac tured  rock formations a r e  
aquifers,  such a s  f rac tured  l imestones and the Ter t i a ry  basa l t s .  

The pract ical  understanding of permafrost  and the use  of 
groundwater i s  of longer standing i n  the Yukon than i n  regions to the 
eas t .  Historically the region has  had two periods of development 
when engineers  attended to these problems.  The f i r s t  period was at 
the end of the 1890's when mining in  the perennially frozen gold bear ing  
gravels  of the Klondike was begun. The need to remove the muskeg 
blanket pr ior  to thawing the ground was real ized when dredging 
operations began. The technique of thawing the ground by cold water  
injection was adapted e a r l y  i n  the 1930's. At an ear ly  phase i n  the 
work in the Klondike i t  was real ized that water  under p res su re  could 
ex is t  under the perennially frozen gravels  a t  those places where the 
depth to bedrock was great .  T y r r e l l  commented on this  when descr ib-  
ing an a r t e s i an  well in  the Klondike (7) .  

The second phase of permafros t  study and groundwater 
development i n  the region began i n  1942 when the construction of the 
Alaska Highway was undertaken. Engineers  of the U.  S. Army real ized 
that water  wells would be a much m o r e  economic means  of obtaining 
water  f o r  maintenance camps than f rom surface intakes; consequently 
they requested the U.  S. Geologi,cal Survey to examine all potential 
camp s i t e s  and to advise where dAlling should be undertaken. (The 
author i s  ve ry  grateful to the U. S. Geological Survey fo r  making 
available the notes of D r .  C. V. Theis  who successfully selected many 
s i t e s  fo r  wells along the highway.) As  a consequence of this  work, 
wells were  dr i l led along the highway and along the Can01 pipeline 
route.  Most of these wells have been abandoned with the closing of 
the camp s i t e s ;  but the use of wel ls  a t  sma l l  set t lements  has  continued. 
In  a lmost  eve ry  location these wells obtain water f rom sand and gravel  
l enses  within the valley bottoms. In  the Shakwak Valley there  a r e  
flowing wells a t  mileposts  1124, 1095 and a t  Destruction Bay which 



a r e  repor ted  to  have been dr i l led through permafrost .  The maximum 
repor ted  thickness  of permafrost  a t  these wells i s  a t  milepost 1095 
where f rozen  ground was reported to occur  from 35 to 125 feet.  The 
t empera tu re  i n  this  flowing well was found to be just above 32"F,  and 
the well has  a heating coil  i n  i t  because i t  i s  found that a build-up of 
i c e  o c c u r s  periodically.  The heat coil i s  switched on when this  occurs .  

The highest capacity wells i n  the region a r e  a t  Whitehorse, 
Y.  T., and Dawson, Y .  T .  In Whitehorse, the wells obtain water  which 
is mainly derived f rom bank s torage i n  gravels  adjacent to the r i v e r  
and this  water  is repor ted  to va ry  in  temperature f rom 39°F  to  
40.5"F. The wells  a r e  used i n  winter because the water  is  w a r m e r  
than the r i v e r  water  which i s  the s u m m e r  source of supply. The wells 
at Dawson obtain water  by  induced infiltration f rom the Klondike 
R ive r ;  the bank of the r ive r  being composed of gravels  a t  the location 
of the wells.  The water  i s  s team heated to  39°F  pr ior  to  distribution 
along the water  l ines .  

THE USES O F  GROUNDWATER 

Groundwater m a y  be used for  two purposes i n  these regions.  
1. A s  a source  of wa te r  supply for  communities. 2. As a source  of 
heat  fo r  communities.  

1.  A source  of community water  supply. There  i s  no place i n  
the north which i s  inaccessible  to well dril l ing r igs  and g rea t  advan- 
tage could somet imes  be  taken of the presence of dril l ing r i g s  i n  the 
nor th  to  put down wells  where necessary .  However, the effective use  
of wells will  bes t  occur  when problems of well construction a r e  
proper ly  overcome and when demineralization is  i n  some 
locations.  

The s imples t  type of well is the wire-wound s ta in less  s t ee l  
well  point, usually of 2 1/2 inches d iameter ,  which can be dr i l led o r  
jetted down into alluvial  o r  glacial  sand aquifers .  Wells of th is  type 
a r e  f a r  super ior  to dug wells;  indeed the author has  noticed that dug 
wells  eventually de ter iora te  into nothing m o r e  than polluted holes  i n  
the ground because  they always suffer f rom surface water  contami- 
nation. Because sur face  infiltration i n  sands is rapid, i t  i s  essent ia l  
to  plan sewage disposal  with c a r e  to avoid contaminating wells.  In 
a r e a s  of thin discontinuous permafrost ,  it is  possible to thaw the 
f rozen  ground by cold water  injection. 

.Most high capacity aquifers  i n  the north a r e  in  sands and 
g rave l s  and i t  is essent ia l  to rea l ize  that wells i n  sands will requi re  
well  s c r e e n s .  T h e r e  a r e  a number of reported well fa i lures  which 
have been  caused by  fine sands o r  s i l t s  entering a well and plugging 



the casing. This can be prevented if adequate precautions a r e  taken 
by the engineer and the contractor  to ensure  the well i s  properly 
developed and made f r e e  of sand. This usually requi res  the installa- 
tion of a well s c reen  which i s  designed according to the grain s ize of 
the sands i n  the aquifer ;  and, in  some cases ,  i t  i s  necessary  to install  
a sand o r  gravel  wall around the well sc reen .  The techniques f o r  
doing this  a r e  s tandard procedure for  experienced well dril l ing con- 
t r ac to r s ;  and although these techniques involve much higher capital  
cos ts  for  the installation of a well, they a r e  nevertheless  essent ia l  
to provide sat isfactory operation. 

The waters  i n  most  glacial  aquifers  in  all three  regions can 
be chemically classif ied a s  calcium bicarbonate water which is 
entirely sat isfactory fo r  drinking. There  is an  increase  in  'sulphate 
content with depth. ~ l l ' d e e ~  rock  wells i n  the sedimentary plains a r e  
saline. The author wishes to point out that r e s e a r c h  into deminerali-  
zation of saline wa te r s  has  reached a point now where sma l l  domestic 
deminera l izers  a r e  coming onto the marke t ,  and it may soon be pos- 
sible to evaluate the use of these machines which may be of g rea t  
value for  t reat ing water  a l l  yea r  round i n  some northern localit ies.  
In some locations the high i r o n  content of groundwater may make 
t rea tment  necessary .  

2 .  A source of heat for  communities.  The thickness of perma- 
f r o s t  at  any locality depends on the average annual tempera ture  a t  the 
su r face  and on the geothermal  gradient below the sur face .  The r a t e  
of increase  of tempera ture  va r i e s  with location and the methods of 
measuring the t rue  geothermal  gradient i n  bo re  holes a r e  difficult 
owing to the time-lag before equilibrium is r e s to red  af ter  drilling. 
Tempera ture  logs a r e  obtained i n  oil  well dril l ing by lowering an  
electrode which cons is t s  of a length of platinum wire that i s  se t  in  a 
rubber  coating. The platinum is exposed to the mud i n  the dr i l l  hole 
where i t  rapidly acqui res  the tempera ture  of the fluid i n  which i t  is 
immersed .  Changes i n  tempera ture  produce changes i n  res i s tance  
which can be cor re la ted  a t  surface to a change i n  tempera ture  and 
this  is  recorded.  The electrode is r a i sed  f rom the bottom of a hole 
to the top and a log of tempera ture  against depth is recorded.  Tem- 
perature logs a r e  run  i n  oil  wel ls  to distinguish sands f rom shales  
because the the rma l  conductivity of sands i s  g rea te r  than of sha les ;  
but these logs a r e  used mainly to  determine the top of the cement i n  
a well a f te r  cement has  been se t .  This  r eco rd  is obtained because 
the cement generates  heat while setting. Some tempera ture  logs have 
been run to determine permafros t  thickness.  

Reference to the tempera ture  logs of some of the exploration 
wells dr i l led i n  the north shows that the the rma l  gradients a r e  of the 
o r d e r  of magnitude of one degree Fahrenhei t  per  65 feet of depth. 



T h e r m a l  gradients  of wel ls  in the p ra i r i e s  vary  f r o m  about 50 to 70 
feet  per  degree Fahrenhei t .  Thus a t  depths of 5,000 feet  tempera tures  
of 130°F a r e  common (1). 

I n  some local i t ies  i t  i s  unnecessary to dr i l l  to these depths 
fo r  w a r m  waters .  These  places a r e  the ones where rock faulting o r  
o ther  s t ruc tu ra l  fea tures  have permitted groundwater s to percolate 
down to considerable depths and to  emerge  again i n  the fo rm of ther- 
m a l  spr ings .  The t e r m  "thermal  spring" is used .here  because i t  ap- 
pl ies  to spr ings  where the water  has  a tempera ture  higher than the 
mean  annual t empera tu re ;  many thermal  spr ings a r e  hot spr ings.  

T h e r m a l  spr ings  r a r e l y  occur  i n  isolation; usually there  a r e  
s e v e r a l  spr ings  i n  one locality where water  emerges  f rom a number 
of rock f r ac tu res .  At some springs most  of the water  i s  discharged 
into a r i v e r  below the level  of the bank s o  that most  of the discharge 
is invisible.  

All  the t h e r m a l  spr ings in  the north a r e  i n  the Cordilleran 
region. Among the b e s t  known spr ings  i n  the Mackenzie Distr ic t  a r e  
those nea r  Wrigley where waters  ranging i n  tempera ture  f rom 70 " - 
80°F  emerge  f r o m  the Roche-qui-trempe-a-l'eau just north of the 
set t lement  on the e a s t  side of the r ive r .  The total  flow of these springs 
is  es t imated  at 70 gpm a t  the surface;  mos t  of the individual spr ings 
a r e ,  however, only seepages.  Other la rge  springs occur  on Old F o r t  
Is land (mile  336 Mackenzie ~ i v e r ) ;  the tempera ture  of these flows 
was  found to be  5 3 ° F  i n  August 1960 and the la rges t  flow f rom one 
'individual spr ing  was est imated to be 300 gpm. Another la rge  spring 
is a t  the entrance to the fir'st Canyon of the South Nahanni River where 
spr ings  emerge  f r o m  silts, sands and gravels  along the r iver  bank. 
The warmes t  water  recorded  the re  was  found to be 98°F.  Hot spr ings 
occur  fur ther  up the South Nahanni River i n  the Selwyn ~ o u n t a i n s  (4) 
and up the F l a t  Creek .  

T h e r e  a r e  a l so  a number of the rma l  spr ing locations i n  the 
Yukon T e r r i t o r y .  The b e s t  known of these being the Takhini Springs 
( tempera ture  116°F) and various spr ings  i n  the McArthur Range. In  
all these places the flow can be expected to be continuous throughout 
the yea r  and the t empera tu re  i s  fa ir ly  constant. 

The author has  made reference to thermal  spr ings  and 
na tura l  sources  of heat within the ear th ,  not only because they prevent 
the development of permafros t ,  but because they can be utilized. 
Although a heat  pump does involve much capital  cost and design diffi- 
cul t ies ,  i t  i s  nonetheless a method of obtaining a lot of heat for  a . 

community throughout the yea r . in  a cold region. There  a r e  many 
places i n  wes tern  and northern Canada where this heat could be 
developed. 
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Discussion 

J .  M. Robinson enquired whether water  occurs  in  the rma l  
be l t s  in  the mountains, to  which the r eade r  of the paper repl ied that 
the.re i s  little information on this  but these thermal  be l t s  may  be a 
source  of hotsprings.  

D. R .  Nichols asked if the r eade r  developed any hypothesis 
fo r  the causes.  of the high salinity of deep subpermafrost  groundwater 
that s e e m s  to charac ter ize  la rge  a r e a s  in  permafros t  regions,  not 
only i n  Canada but a lso i n  Alaska and Siberia.  The r eade r  s ta ted that  
sa l t  occur s  i n  rocks a t  depths of seve ra l  thousand feet as i n  the 
P r a i r i e s .  As  the water moves i n  the ground i t  should s t a r t  out a s  a 
bicarbonate solution and end up a s  seawater .  There  i s  l i t t le sal t  water 
i n  unconsolidated sediments although some has  been encountered south 
of Grea t  Slave Lake. F . E .  C r o r y  commented that i t  i s  possible tohave 
an  aquifer resulting in  a r t e s i an  flow without the existence of a lake, 
to which the r eade r  added that water  occur s  in  mines beneath the 
pe rmaf ros t  i n  Canada's permafros t  region. In the Con Mine a t  Yellow- 
knife, N.W.T., water under high p r e s s u r e  was  encountered a t  the 2,300 
foot depth. The p res su re  which was measured  was almost  equal to the 
hydraulic p r e s s u r e .  Drainage was attempted without success  and i t  
appeared that the water had moved through thawed zones i n  the perma- 
f r o s t .  Water was encountered a lso  in Eldorado Mine a t  P o r t  Radium, 
N.W.T. on Great  Bea r  Lake.  T .  Lloyd remarked. tha t  Por s i ld  reported 
groundwater in  permafros t  i n  the Diskolsland a r e a  of west Greenland. 




