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

the Expedition Fiord area, Axel Heiberg Island (Year 3) 

 

Project Leader:  Wayne Pollard, McGill University. 

 

2013 Research Team: Wayne Pollard, Chris Omelon, Melissa Ward, Dale Andersen, Miles 

Ecclestone and 1 student field assistant. 

 

2013 Fieldwork: Planned fieldwork includes April 5-17, and June 28-July 10. 

 

2013 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)  

 

Overview: This is an ongoing university-based research project concerned with the study of the 

hydrology and geomorphology of cold saline groundwater flow on Axel Heiberg Island in the 

Canadian High Arctic. These springs are very unusual because they flow year-round, even under 

the extreme cold of winter. Because they flow through the winter our studies provide valuable 

information about permafrost hydrology. The primary goal of this research remains unchanged – 

it is to study and understand how cold (~0ºC) saline groundwater interacts with (a) thick 

permafrost and (b) high Arctic polar desert ecosystems. Specific research questions include: (1) 

What is the distribution and geographic extent of this type of groundwater system? (2) What is 

the source and age of the groundwater? (3) Are there unique and unusual landforms and 

processes related to the interaction between groundwater and permafrost? And (4) can these 

springs support life? Our research has provided new information about the chemical and physical 

processes associated with freezing depression of saline groundwater and conditions of water and 

microbial life related to cold temperatures. Because of the remote locations where these springs 

occur and the need to study them during cold winter condition (late March-early April) we tend 

to approach these questions one at a time. The current focus is on the very unusual landforms 

related to groundwater. 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 

scientific questions. A long term benefit of this research is a better understanding about the 

behaviour of saline water under cold conditions which may have useful applications to the 

understanding of contaminants.    
 

Progress Report – 2012 fieldwork.  Between April 5-17, 2012 we undertook a series of salinity 

measurements for springs at Strand Fiord and Whitsunday Bay.  Due to logistical challenges 

associated with getting to these sites (we are supported by PCSP and rely on their coordination of 

helicopters) this was the first year since 2010 that we have been able to visit these sites. In both 

cases we were able to spend 1 day at each site. However, I was able to collect water  and salt 



samples for ongoing monitoring of chemistry and environmental isotopes. We also were able to 

collect water samples at 2 ongoing study sites close to the McGill station at Expedition Fiord ( 

Colour Peak and Gypsum Hill). We also completed annual mapping of the surface icings and 

mound formations around the springs at Gypsum Hill. We returned to this area in Late June to 

collect data from 2 automatic weather stations as well as completing summer sampling of spring 

discharge. Summer water characteristics provide basic information on water chemistry and 

permafrost conditions. The Met station data form the core of environmental monitoring and 

climate change studies for this and other research being conducted on permafrost and glaciers. 

These climate data indicate that 2012 was a normal snow year and even though winter 

temperatures were slightly above average the summer temperatures were normal (with a July 

maximum of + 12C and winter minimum of -53C). Again we experienced a heavy late winter 

snow fall. In July we continued fieldwork at a site very close to the McGill station next to the 

White glacier where we have evidence of an inactive spring (old no longer flowing). This site is 

important because it will provide information about the geology that controls their occurrence. 

 

2013 Proposed Research:  Proposed fieldwork in 2013 includes 10 days in April and another 10 

days in late June based at the McGill Field Station at Expedition Fiord.  In 2013 a major priority 

is collecting data for Melissa Ward’s M.Sc. thesis. April fieldwork is extremely important 

because it allows me to observe the nature and pattern of groundwater flow under cold 

conditions as well as allowing Melissa to evaluate processes that occurred during the dark 

season. Research will focus on understanding the interaction between saline groundwater and 

cold air temperatures and in particular the formation of tufa-like structures composed of 

hydrohalite. We are also interested in annual observations of icing deposits, frost mound 

structures and gypsum precipitates. Melissa will collect water samples (~1 litre) for 

hydrochemical analyses and for freezing experiments back at McGill. Thee 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 associated with these spring systems. Fieldwork will also include ground 

penetrating radar mapping of ice and spring deposits, snow surveys and the collection of data 

from automatic weather stations. June fieldwork will focus will include sampling relic spring 

sites and mineral precipitates.  June field work will also involve (a) measurement outflow 

temperatures, flow rates and chemistry of these spring systems, (b) sampling for microbial 

activity, (c) climate monitoring and (d) sampling and analysis of mineral samples. We will visit 

springs at Expedition Fiord, Strand Fiord and Whitsunday Bay. We will map the location of 

spring outlets, flow paths and structures.  I will repair and replace sensors on our network of 

automatic weather stations. This work will be based as the McGill field station at Expedition 

Fiord. 

 

Significance: I wish to emphasize the scientific value of this research, our results are providing 

new and valuable information about the behaviour of saline 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. I am the only person in Canada doing this type of research.  

 



@)!#u kNK3u royixij5 WJNstj5 kbsoDtj5 g4yCst4: Kw8 ]Xl5 
  

@)!@u royixij5 WJNsts2 Nns]b )@ )!$ !@R-M GxCAk5 xuhk5H 
 

WoExb bw/sJyx: dxawN3gw5 wmw5 xml x?tj5 WmEsiz ]fqN3gl w4Wtn8 
y/E4g3Xyu, xf9 BxwS4 erbz GxCAQo3bz WzJxH 
 

cspn3tlxb6: b4b Kw8 ]Xl5, wonwpmE4, mrs9 yMgn3=4Jxz 
 

@)!#u royixgoE]p5:  Kw8 ]Xl5, fE{ su]M8, uon Kx5, ts9 x8gy8, mws9{ wro{]g8 
xml xbsy3u4 woix3tu4 wJ3tsix3g6 bXi. 
 

@)!#u WoEiEix3bK5: X3N4ymJA5 xwEo %u5 !&j5, xml Ji @*u JMw !)j5. 
 

@)!#u WoE=Qix3bK5: xf9 BwS4 erbzi, wMsli w4Wtn8 y/E4g3Xyu kNaxtA5 
(79º25’N; 90º45’W) yg]C8 y/E4g3u kNaxtA5 G79º 05’N, 90º 00’W), Kw5n8t vqhz 
kNaxtA5 G79º05’N 87º00’W) _ xCAJi yKizi sXymcbMsu/K5 
 

rNs/cty]p5: hi3ymqgi royix3goE]p5 Z?mgcfl rNs/ctypq5 yMgn3=Jxu 
cspn3tsJk5 xml cspn3gk yMs2 xyp3izk5 hibsJk5 vNbs2 sxNXyxi3usk5 
y4/3Xyugk5 rNs/cty]p5. 
 

rh]jm]z5: bmN WoExK5 vJyJ6 yMgn=4Jx3u gz=cLi royixi6 WJto4 
cspngA5 ]fi4 xml kNs2 xeymiqi4 iMh4g3u bEs6 kNu wmz ]fcb3m5 xf9 
BxwS4 erbzi vNbs2 dtgzi. bfx ]f4g5 WgwNsqg5 WJtQlA ]fqNs/3mb 
xCAo]m6, i4Mh4gxloClx3X5 srsf5. WJtQlA srsf5 ]fcb3mb bmN cspn3iE/K5 
xgtJ]Mlu4 W?oxJA5 WJtcgi4 dxawN3gi4 wmoEi3u4. gCZlxbK5 cspn3bti 
ho xyp3ymqg6 _ cspnDmlb grylbl ck iMhxlu dxN3tlAl]i5 bEsali 
kNug6 wm6ckwoham]z sfNi GwH wJJ3u dxawN3g3u xml GWH dt4]g2 vpXyu]g2 
Xi3izi. WgwNsqg5 xWd]t5 royixij5 wlocg5 sfiz: G!H Njzcb3X xml 
kNug5 bwmwg4n/w5 wmw5 NjtQ trsm?V G@H rhl ck x4gxicX WJtQlA 
kNug6 wm6 xml dxawN3g6V G#H skq]g?5 xml xpsq]g?5 kNzb nNmiz 
xml bmfx ]f5 smtt?5V bmN cspn3iE/K5 xgwNDtyK6 k]b3u4 gnDtu4 WJtou4 
wm3l1i4 xml bfnsJ5 ck x4gxicm]zb dxaJ5 xs4XoxiEcb3bq5 bEsalt4 
kNu wmw5 xml ckwgm]z5 wm6 xml ckwgm]z5 wm6 xml wpk bfnsqg5 
smJw5 x4gxicm]zb ioN3g3j5. WJtQlA szy4g3uiti4 bfx ]fcb3g5 WJtQlQ5 
xml cspnExcCtA5 srsatlA Gkaxi ]mps2_WQx3izk5 xwEos2H bfx xWdtsJ5 
WoExEcb3bK5 xbsys]N3tLQ5. mNsJ6 wpQlxb3ix3bK5 WgwNsqg5 kNw5 
xeymiq5 WJt]o5 kNu wmj5. bmNgx royixDtQ/K5 iMh4g3u ]fqN3g5 
cspn3bgxK5 dt4g3u. bfx ]f5 rNs/nstQNhqbK5 xml royixDtQ/K5 
WJtclxb3g6 royixij5 xWdti4. xfisJjzJ5 wvJisix3g6 bmN cspn3iE/K5 
gry]?odlb ckwo?oxcb3izi4 bEsali wm6 iMh4g3u bmN 
xgtcmEgwNExcm5 gry?odlb hDN3gi4.  
 

ckwozom]zb si]vz _ @)!@u bXi WoEiEMsbK5. xfizi xwEo %u5 !&j5, 
@)!@u cspnMsgA5 cktQ bEsatQm]z5 yg]C8 y/E4g3u xml Kw5n8t vqhzi. 
bXszDNqiK5 WJtQlA sXAm/tk5 Groyix3goEpfk5 wvJ3g3bsZlxgA5 xml 
gz=QcbCtA5 xsMiqb douAoqbH bN yKo3XEMsbK5 xCAJ5 bwmzi5 @)!)ui5 
bfkz kNkvbANMsgA5. s9lu xbsy3u sXymvbMsbK5. ryxi, wm3u kxtJNMsgz  



bEs3u4l cspn3bsJ4ni4 sx]yN3bti4 wm3lq5 WJtQlQ5 x?tul wm3lciq5. 
kxtJNMsuJA5 wm3i4 cspn3bsJ4ni4 mDwi5 cspnwN3bti5 ciQ]/i mrs9 
gcb3=zi w4Wtn8 y/E4g3u Gb3no4 kKu xml r2n8 WaxiH. W/EyMsuJA5 xCAb]m5 
kNaxkcwiEcb3bti4 ]czi yfo1i4 xml ckwoziqi4 Waw5 ]f4 ciQ]/igi4 
r2n8 Wa3u. bwfz stMsgA Jis2 kaxi xwy4Lb ttCXoxcb3gi mDwi5 
yMix3=i5 xml W/Eylb xs/f5 cspn3bsJ4ni4 ]f=sJi5. xs/f5 wms2 
ckwosiq5 gnDti4 W=QJNcbCtA5 wm6 wMsDtcm]z5 dxawN3gl 
ckwozom]zb. cspn3=4 gcb3=z ttCXoxcb3g6 x?tj5 sxyJtQcb3bK5 xml 
yMs xyp3xoxiz xml xyq5 royixDtQ/K5 dxawN3g5 W9lQ5 xm y3]u5. bfx 
yMs ckwizi ttCymJ5 NlNwyJ5 @)!@atlA xSycb3m5 xypqg6 xml srsf5 
ryxi i4MhqinsMsg6 xs/f5 sdiz ho bwmwgliGJMwu sdi]XElis4 !@u4 
sdiz sd]Mali srsf5 %#u4 i4Mh]MaliH. ra?zMsg6 srsChiz xWJ]Mlli. 
JMwu bXi WoEviMsuJA5 ciQ]/i mrs9 gcb3=zi ciQ]/i cf3b6 y3us2 bwvi 
NlNMsqg6 ]fMsqg6 ]f=i6 Gkbsqg6 ]fcbDi3g6H.bN kNz WmEsJ6 WJtQlA 
gnDtu4 W=QJNixCtA5 kNz W9lA bmN xsMym5 ckwXoxJi4. 
 

 
@)!#u royixDtQJm/K5: WoExE]MDm/K5 @)!#ao3X5 wlocLi sli doi 
xwEou xml dovi3i4 kaxi Jiu gcb3=zi mrs9 bXi gcb3=zi w4Wtn8 
y/E4g3u. @)!#ao3X5 WJxdtK5 WoExE]MDm/K5 kxbsymJi4 ttCymJi4 uon Kx5 
XwXcg6 royixtmEsizk5 s4WE/z. xwEou bXi WoEoDb WmEs]M3g6 
WJtQlA bsglz cspJtQJN]MCf hiymqg6 Nsfzm]zl kNu5 wm6 ]fcb3g6 
iMhxlu xml W=cDN]M3g6 uon cspndlA rhw ckwgMsiqi4 bs=4Jx3u. 
royixiK5 wpQlxb]M3g6 gryJNdlb x4gxiqi4 bEsa]J2 wms2 kNu xml 
mdQfts]/3g5 xeymiq5 Gx7SExMH bfx bwmwocb3g5 bEsaJ3u5 wm dxaoCz5. 
cspJmuJA5 xCAb]m5 cspncb3bti5 yfacb3gi4, y[flt4 Waadpcb3g5 xml 
bEs=]i5 s/Ca3g/cb3g5 WDyxa3dplt4. uon kxt]Mg6 cspn3bsJ4ni4 wm3i4 
Guri3n3u4 ! ]obu5H wm3lcm]zb cspnDtnk5 xml dxDNiqbl cspn3bsJtnqk5 
mrs9u. bfx cspn3D]t5 NlNwyJ5 xyp3Xoxiqi4 kNs2 x]bA5 ]fcb3gi4 xml 
WmEsiqi4 wm3lcm]zb bmwi bfnsJf5 wpkl bfnsqgk5. bfx cspnDtK5 
wvJtcmEix3g5 grysm/ti4 bmwi4 bfnsJi4, wm3lcm]zb xml wpk5 bfnsqg5 
WJt]o5 ]fcb3gi4 xsMiqi4. bXi WoExK5 wloc]M3uJ6 kNf5 bS]b5 cspnDti4 
kNaxkclQ5 yfiq5 xml ]fciq5, xStsJl eauZ3lQ5 NlNwlQ5 xml kxtlb 
ttCXoxvstQcb3gi4 yMix3=i5. Jiso3X WoE]MgA wpQlxb3lb wlocli 
kbsqgi4 ]fcb3gi4 xml bEs3MDJi4 Wbcm]zb. Jiso3X5 WoE]M3uJA5 wlocgi4 
GwH s4g3lQ5 ]fisJ5 i4Mh1iq5, cktQ ]f4tQm]zb wmlcm]zbl]i5 ]f4i, GWH cspnlb 
wpk bfnsqgi4 smJ3bcm]zb, GtH yMs sxy/siz xml GrH cspnbsJni Wlb 
cspn3lbl bEsMDJi4 Wbcm]z5. ]fkvb]M3uJA5 w4Wtn8 y/E4g3u, yg]C8 y/E4g3u 
xml Kw5n8ts2 vqhzi. kNaxtA5 NlNw]M3bK5 Niiq5 ]f5, Nsfzm]zb 
ckwozm]zbl. xehwvi]M3gz xyp3lQl cspnDtK5 cEbs/f5 W/sJN3g5 
yMix3]=5. bmN WoExK5 gcb3=c]M3g6 mrs9 cspn3=zi w4Wtn8 y/E4g3u. 
 
WmEsiz: NlNwDmlA WmEsiz royixDtQ/b xg3iz b?i cspn3tlb, bmfx 
csp/K5 gryty?oxmb k]b3i4 xml xg3gmE1i4 ckwocb3iqi4 bEsalt4 wm3i4 
iMh4g3u dxawN3gi. WctQlQ5 woix3tdtv wcNw/3ctvl NlNwyymJA 
WmEsizi4 Niiqb xsMiqi4 x4gxicgi4 ]fqN3gi4 xml k]b3i4 xml 
WgwNsqgi4 wpk bfnsqg5 ckwgJyqi4. bfx csp/K5 b?i WoExti 
yKoExcix3g6 WNhxctclb ]Nnfi4 bfx s4WDh4g5 ]bfx ]f4g5 wvJgwNEx]o5 
X3NiE/qi4 cspNhiqi4 yaEu4. s?zgxyx vNbu wmwg3u4 cspn3gz. 
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