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Project Title: The permafrost hydrology and environmental significance of perennial springs in 

the Expedition Fiord area, Axel Heiberg Island 

 

Project Leader:  Wayne Pollard, Department of Geography, McGill University,  

805 Sherbrooke St. W. Montreal, Quebec, H3A 0B9 

 

2014 Research Team: Wayne Pollard, Melissa Ward, Dale Andersen, and 1 student field 

assistant. 

 

2014 Fieldwork: Planned fieldwork includes April 15-24,  

 

2014 Field sites:  Sites on Axel Heiberg Island, including Expedition Fiord area (79º 25’N; 90º 

45’W), Strand Fiord (79º 05’N; 90º 00’W), Whitsunday Bay (79º05’N; 87º00’W), – same as 

previous years 

 

Funding source: Natural Science and Engineering Research Council of Canada (NSERC)  with 

logistical support from the Polar Continental Shelf Program. 

 

Project Overview: This is an ongoing project concerned with the study of the hydrology and 

geomorphology of cold hyper-saline groundwater flow at several locations on Axel Heiberg 

Island. These springs are very unusual and provide valuable insights in to permafrost conditions 

and the hydrology in cold deep permafrost. Preliminary results indicate that there are 2-3 

different types of springs and that the local geology, specifically the formation of salt domes may 

have an impact on permafrost conditions. The primary goal of this research is to understand how 

cold (~0ºC), salty groundwater interacts with permafrost and the high Arctic polar desert 

environment (ecosystem). A second goal is to determine how these springs modify their 

surrounding landscape, and a third goal is to explain the unusual landforms associated with salt 

precipitates. Specific aims include: (1) to assess the geographic extent of this type of 

groundwater system, (2) to determine the source of the groundwater, (3) to understand and 

explain landforms and processes related to the interaction between groundwater and permafrost, 

and (4) to describe the microbiology of  springs, lakes and permafrost. Over the past few years 

our studies have provided new information about the limiting conditions of water and microbial 

life related to cold temperatures and a better understanding about landforms related to ground 

water. This is the only research on cold perennial springs being conducted in the high Arctic. 

These springs have no commercial value and our research is driven entirely by purely scientific 

questions.     
 

Progress Report – 2013 Fieldwork.  In 2013 a new MSc student (Melissa Ward) began thesis 

based research on the hyper-saline springs located at Whitsunday Bay and Strand Fiord. 

However, bad weather and logistical problems prevented us from getting to our field sites in a 

planned April field trip. A second field trip in from July 7-14 was more successful, Ms Ward was 



able to measure temperature and flow rate measurements, collect water and salt samples, and 

make detailed measurements of the morphology of the various landforms produced by salt 

precipitation. We completed annual dGPS surveys of the ice and mound formations around the 

springs at Gypsum Hill, collected data from automatic weather stations as well as completing 

snow surveys (the latter are baseline data that form the core of environmental monitoring and 

climate change studies). The climate data indicate that 2012 was an average to low snow year but 

colder than average air temperatures. Spring melt was the latest we have seen in more than 20 

years with complete snow cover remaining until early July. A July maximum temperature of 6C 

and winter minimum of -52C were recorded. Aerial surveys of springs in other locations on Axel 

Heiberg Island planned for June were not possible because of weather problems and widespread 

snow cover. Analyses of salt deposits indicate the presence of a hydrated form of salt called 

hydrohalite, although not uncommon chemically the formation of large hydrohalite tufa 

structures is considered very unusual. 

 

2014 Field Program:  For 2014 we are planning a late winter project designed to observe spring 

discharge and hydrohalite formation at Whitsunday Bay and Strand Fiord (Axel Heiberg Island).   

Fieldwork will be conducted from April 15 to 23 and will involve Pollard, Ward, Andersen and 

an Inuit field assistant. This work is based at the McGill Field Station at Expedition Fiord with 

day trips to field sites.  The April observations are extremely important because it allows us to 

observe the nature and pattern of groundwater flow under cold conditions as well as allowing me 

to evaluate processes that occurred during the previous dark season. Field work at this time of 

year provides easier access to most of my study sites. Ward’s fieldwork will continue to focus on 

understanding the behaviour of saline groundwater under cold air temperatures and in particular 

the formation of surface ice deposits, frost mound structures and hydrohalite precipitates. We 

will collect water samples (~1 litre) for hydro-chemical analyses that will be compared with 

previous year’s observations. These analyses document changes underground flow systems and 

the importance of chemistry on both physical and biological processes. These studies improve 

our understanding about the physical, chemical and biological processes occurring within these 

spring systems. Field activities will also include mapping of ice and spring deposits, snow 

surveys and the collection of data from several automatic weather stations.  

 

Significance: The results of this research provide new and valuable information about the 

behaviour of water in cold permafrost. Together with my students and colleagues we have 

identified important geological characteristics related to perennial spring occurrence as well as 

new and unusual biological features. The results of this work have lead to partnerships with 

NASA who believe that these springs may help in the planning for the exploration of Mars. My 

students and I are the only researchers in Canada doing this type of research.  

 



@)!$ kNK5 cspn3i3j5 WJ8NstbCht kba3t5tQx3Dt WNht: Kxw8 SM35       

Wayne Pollard 

  

@)!# r4oyix3i4f5 cspn3i6 Wj8Nsb #02 008 13R-M (xCAZn4k5) 

 

WoExaJ5 xtz:  dxaiz kNs5 wlxi5g6 ckwoz4mz5 x7ml x?tzk5 
w4W4Nstiz wmac5b3iq5 vq3lxb kNzi Expedition Fiord, er3bu Axel Heiberg 

Island 

 

WoExaJj5 xzJz5:  Kxw8 SM35, kNoEi3j5 wo8ix3=4Jx3u, McGill University,  

805 Sherbrooke St. W. Montreal, Quebec, H3A 0B9 

 

@)!$ cspn3tsJ5:  Kxw8 SM35, Wayne Pollard, uon Kx5 Melissa Ward, bwJ x8gn8 

Dale Andersen, x7ml xbsy6 wo8ix3g6 wvJ3t.  

 
@)!$ WoExq5:  X3N4bsJ5 WcystymJ6 xwEo5 !%_u5 @$_j5  
 

@)!$ kNw5 cspn3=six3g5:  er3bu Axel Heiberg Island, Wcyst9lA vq3lxi5g3 
kNz Expedition Fiord  (79º 25’N; 90º 45’W),vq3L4  Strand Fiord (79º 05’N; 90º 00’W), 

vq3L4 Whitsunday Bay (79º05’N; 87º00’W), – xCig5bs6 sXMs3bq5  

 
rNs/c3t5tJ5:  cspn3i3j5 rNs/3b3=4 kNu4 r4oyix3i3j5 x7ml wloq8i4 
cspn3i3j5 vtmpq5 Natural Science and Engineering Research Council (NSERC)x7ml 
srs3b3gu wvJ3tQ5 ArcticNet. xsM0JbsJi4 wvJ3g5  Polar Continental Shelf Program. 

 

 

WoExaJ5 ckwoz4mzb:  vJy8N3g6 b8N WoExaJ6 W0Jtc3g6 cspn3i3j5 kNs5 
wlxi czil dxaiz xs4X9oxizl bEsaizi4l miC3uz3g6 f4X9oxJ6 
bya3X9oxli er3bu Axel Heiberg Island. b4fx wua3X9oxJ5 bya3X9oxJ5 
x0psq5g4mb gry/s?9oDbs9lt4l ck3 kNs5 dxaiz xs4X9oxtQ4mzb. 
cspymo3bK5 x0pQq8iq8i4 mD4 Wzh9l8i5 x0pQq7mb wmsiq5 kNzi5g9l 
mo4lQ5, Wlx3gu4 bEsac5b3iq8k5 c5t4y9lt4l bEsaiq5 dxaizk5 
w4W4Nstgw8NExo4 xs4X9oxizk5. gCZE/K5 cspn3bK5 grynh4lA ck3 i4oN3g6  
(~0ºC), bEsaJ3l miC3u5g6 x4gxic3mz5 dxaizk5 kNs5 xbi5gj5 x7ml 
srs3b3gu x/tzk5 ckw0Jbs4mz5. Wcb gCZsJ6 cspNh4lA ck3 wua3g5 bya3g5 
xeQxDtc5b3mzb kNzk5, x7ml WzJz5 gCZsJ6 gry/sNh4lix0psq5giz kNw5 
xe4ymiq5 bEs3u4 w{ne?9oxt9lA. gCZsJ5 sfx: G!H cspNh4lA kNz Nj5 
trsmtQ4iz wua3X9oxJ6 G@H cspNh4lb Nrzc5b3mz5 wusiz kNs5 wlxi5g6, 
G#H gry/sNh4li kNa3X9oxJ5 xsMiq9l xbiz3g6 wusiz dxaizl 
x4gxic3mzt4, x7ml G$H scsysli wloq5 nNymiq5 bya3ymJ5 dxaizl. 
xCAZnw5 cspn3X4Lb kbi4 csp?9oxJ5 wusiz x7ml smJw5 i4Mh4t9lA 
ckwoz?4mzb gry/s4v8i3lil kNa3X9oxJ5 wmsiziz3g5 xbi5. B8N 
srs3b3gu cspn3bsJg4m5 wusizi4 srs3b3gu d5t4gu. b4fx byac5b3g5 rNs/tA5 
W/sNhq5g5 cspn3iK5 r4oyix3i4f5 gCzcgw8N3g6. 
     
 



ckwos3i3mzb siv _ @)!# WoExq8i4.  @)!#_u wMson3g6 wo8ix3tsJ6 G 
uon Kx5 Melissa Ward) cspn3X9oxoMs3g6 wo8ixDtzb wMQ9lis4 bEsaiz 
wua3g6 b?i cq3lxb kNzi   Whitsunday Bay x7ml Strand Fiord. ryxi 
yMDJizk5 x7ml syv3b3tsJ5 N7mvbq8iq8k5 sXA8NMsq8NtA cspn3=Q/K5 
xwEou X3N4ymZlx3LtA. Wcb cspn3isJ6 JMW &_u5 !$_j5 vJy5txMs3Li. b8N 
x3N6 Kx5 s4gCD8NMs3g6 s3dizi4 x7ml cktQ f4X9oxtQizi4, wu3u4l W9li 
bEsaizi4l W9li, x7ml s4gC3liQ5 c5t4yo3ymJ5 bEsaiq5 kNu5g5. 
W/E3yMs3gA5 xCAbm5 cspn3X4b5t8i4 iMsizi4 kNax4f5 NlNw3bs9lt4 
xeizi4, x7ml c5t4yo3ymJ5 x?bi wua3ymJ5 xtc3g6  Gypsum Hill, 
ttC3bsMs3uJ6 yM8ixDt4f5 x7ml xSbsizi4 cspn3Lt4 G ra9osJ6 
WQx3=sJ8N3g5 ttC3bsJ5 x?tzi4 cspn3i3j5 x7ml yMs5 xy9o3X9oxizi4 
cspn3bsJk5H. yMj5 cspnsbsJ5 sc3ymJ5 @)!@ xf8i3hMs3izi4 
xStc5txMsq8izi4l ryxi i4Mh4i3ns9li. sWz4f5 xs4X9oxiz ra?yMs3g6 
bwmz9l cspnc5boCu4 xCAk5 @) ra?yMaMs3g6 xStcw8nMs3m5 JMwu ryxi 
xsobw8N3Li. JMwu sdmaMs3g6 ^ x7ml srs4f5 i4MhMaMs3g6 _%@. Czbh4f5 
bya3ymJi4 bfN4Lt4 er3bu X3N4bsymZlx3Lt4 Jiu ryxi vJyJ8NMsq5g5 
yMlw8N3izk5 xStcw8N3izk9l. cspn3bK5 bEsaizi4 sc3ymMs3g5 Xi3ymj6 
bEs6 Wbc3izi4  xtc3g6  hydrohalite, Wbcc5b3izi4 cspm/sJZlx6 tyxi 
xqN3t3li c5t4yo3ymJ5 x0psq5gMs3g5. 
 
@)!$ WoExaix3g5: xCAj5 @)!$ X3Nstc3gA5 srsahz3izi WQx3lA bsgAm9ltA 
xs4X9oxiz sWz4f5 x7ml xe4X9oxiq5 ct4yo3ymJ5 vq3Lxb kNzi 
Whitsunday Bay x7ml Strand Fiord (er3b6Axel Heiberg Island).  WoExEix3bK5 WQx3ix3g6 
xwEo5 !%_u5 @#_j5 sfxaix3g5 SM35,Pollard, Kx35 Ward, x8gn8Andersen x7ml wk4u4 
wvJ3tc3lt4. b8N WoExaix3g6 WQx3=cc5b3ix3g6 b4m3=sJu vq3Lxb kNzi  
Expedition Fiord bwfzsc5b3lt4 cspn3=sJj5 csbm5. xwEou cspNh4i6 
W9MEsix3m5 W0JtQ9lA bsgA8N3ixC5tA wmsiz Njzs?9ox4mz5 
ckwo?9ox4mz9l i4Mh4t9lA x7ml cspn3ltA ckwozMs3mzb srsat9lA 
b3t9lA. WoExEix3bK5 i4mh4t9lAho sXZ4nsix3mb cspn3=sJ5. Kx5 WoExz 
vJyix3g6 gry?9oCh4li xsMizi4 bEsaiz miC3uz3g6 i4mh4t9lA x7ml 
Wlx3gu4 xe4X9oxiz czi5g6 iMsiz, dxaizl c5t4yo3ymJ5 x7ml 
xs4X9oxiq5. vt5tix3gA5 wu3i4 Gxbsy3 c9ltCM6 1 litre) wloq8i4 cspn3bsli 
bf/sli xciu5 ckw8i3nstQ4mzb. b4fx cspnsbsJ5 ttC3bsix3g5 
xy9o3X9oxJi4 kNs5 xbi5 f4X9oxJ5 x7ml wloq5 rh4mzb ckw5giq9l. b4fx 
cspn3i5 gry?9oDbsix3mb nNymizi4, wloq8i4 xsmiq8i4l 
wma3X9oxt9lQ5. WoExE/K5 Wcystymix3g6 kNax4f5 Nu7mzb iMsiq5 x7ml 
wua3X9oxJ5, xSbsiq9l x7ml vt5tlb ttC3bsymJi4 yM8ixDt4f5.  
 
W9MEsiz: cspn3iE/5b gryu/K5 kbi4 xgtc3gi4l gnsmJbsix3mb wu6 
csko?9ox?4mz5 i4Mh4gu5g6 dxaw8N3guz3g6. wvJ3tQlQ5 wo8ix3tsJ5 
nlNw3yymjA5 W9MEsJi4 kNu5gi4 sWz4f5 xs4XoxJi4 x7ml kbi4 x0psq5gi4 
xe4ymJi kNs5 czi5gi4. WoExE/5b wlxi5gi4 gnsm/soCu4 wvJ3tbsMs3gA5 
yMw8N3j5 xs9M3t5t?4gi4  NASA b4fx wua3X9oxJ5 gry/sAt4 wvJbsZ/3mb 
kN3Jxb5 xyxk5 xtc3g6 Mars sX4bsc5b3t9lA. wo8ix3g5 s?zl cspn3ggJA5 
bwmw5gu vNbu.  
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