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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, McGill University, 
 
2012 Research Team: Wayne Pollard, Chris Omelon, Melissa Ward, Alfonso Davila, Dale 
Andersen, Chris McKay and 1 student field assistant. 
 
2012 Fieldwork: Planned fieldwork includes April 5-17, and June 28-July 10. 
 
2012 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), Bunde Fiord 
(81º55’N ; 79º30’W) – same as previous years 
 
Funding source: Natural Science and Engineering Research Council of Canada (NSERC)  
 
Overview: This is an ongoing project concerned with the study of the hydrology and 
geomorphology of cold saline groundwater flow at several locations on Axel Heiberg Island. 
These springs are very unusual and provide valuable insights in to permafrost hydrology. The 
primary goal of this research is to understand how cold (~0ºC), saline groundwater interacts with 
permafrost and the high Arctic polar desert environment (ecosystem). A second goal is to assess 
how these springs affect the surrounding landscape. Specific aims include: (1) to determine the 
distribution and geographic extent of this type of groundwater system, (2) to determine the 
source and age 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 scientific questions.     
 
Progress Report – 2010 fieldwork.  Between March 25-April 10 we undertook measurements 
temperature and flow rate measurements for 2 groups of springs at Expedition Fiord.  For the 
second year in a row we had problems with logistical support (PCSP) and were not able to 
complete most of our planned field studies, in particular we were not able to get to either Strand 
Fiord or Whitsunday Bay.  However, I was able to collect water samples for ongoing monitoring 
of chemistry and environmental isotopes at Colour Peak and Gypsum Hill. I also completed 
annual GPS 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). These 
data indicate that 2010 was again a low snow year but fairly typical temperatures with a July 
maximum of + 10C and winter minimum of -48C. We did however experience heavy snow 



accumulations in April and again in late July. July snow also caused significant logistical 
problems. Aerial surveys of springs in other locations on Axel Heiberg Island planned for June 
were not possible due to logistical problems. In July we began fieldwork at a site very close to 
the Gypsum Hill spring that we believe is an inactive spring (old no longer flowing). This site is 
important because it will provide information about the geology that controls their occurrence. 
 
2012 Proposed Research:  I am again planning both late winter and summer periods of 
fieldwork, including: 2 weeks field beginning in early April and 2 weeks in late June, in both 
cases this work is based at the McGill Field Station at Expedition Fiord.  The April observations 
are extremely important because it allows me 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. My work 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 precipitates. I will collect water samples (~1 litre) for hydrochemical analyses that 
will be compared with previous year’s observations. 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 occurring within these spring systems. Field activities will also include ground 
penetrating radar mapping of ice and spring deposits, snow surveys and the collection of data 
from several automatic weather stations. In June I will look for more active and relic spring sites 
that may exist on Axel and Ellesmere Islands.  June field work will 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 precipitates. I 
will visit springs at Expedition, Strand and Bunde Fiords as well as Whitsunday Bay. I will 
collect samples from springs, lakes, surface runoff, soils and precipitation will be collected for 
chemical and biological analyses.  I will dGPS 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: The results of this research are providing 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. I am 
the only person in Canada doing this type of research.  
 



@)!@u kNK3u royixi3j5 WJNstj5 kbso3ij5 g4yCst4: Kw8 ]Xl5 

  

royix3i3j5 cspn3i6 Nns]b02 052 10R-M (xCAk5 xuhk5) 

 

WoEx3m bs/sJyx: dxawN3g5 ]fcb3g5 x?tjl WmEsJ5 ]fqN3g5 w4Wtn8 

y4/E4g3Xyug5, xf9 Bw]S4 erbzi. 

 

WoExtk5 yKo3t:  Kw8 ]Xl5, mrs9 yMg3n3=Jxzi5,  

 

@)!@u royix3tsix3g5: Kw8 ]Xl5, fE{ su]M8, uon Kx5, ws9]?h b]=M, ts9 x8gn8, 

fE{ mvw xml xbsy6 woix3t bXi wvJ3ts]M3g6. 

 

@)!@u bXi WoEis]M3g6: X3N4ymJA5 xwEo %u5 !&j5 xml Ji @*u5 JMw !)j5. 
 

@)!@u WoE=Q]MDm/K5:  xf9 BxwS4 erbzi xbsysqg3u, wMsli w4Wtn8 
y/E4g6Xyu (79º 25’N; 90º 45’W), yg]C8 y4/E4g6  (79º 05’N; 90º 00’W), Kw5 n8t 

vq3hzi(79º05’N; 87º00’W), X8t y/E4g3u (81º55’N ; 79º30’W) – xpgwNq5 xCAJ3i 

yKo3i. 
 

rNs/cty]p5: hiymqgi royix3]t5 xml xsMypq5 royixij5 vtmpq5 vNbu 

 

WoExEix3bK5: bmN WoExEcb3ym/K5 yKixi vJyix3g5 b?i cspn3tlb ]f4gi4 

xml ]f4=]QNs/3bq5 i4oN3]g2 bEsali kNug5 ]f5 xbsysqgi kNzi xf9 Bw]S4 
erbzi. ]bfx ]f5 WgwNsqg5 xml WmEsJi4 cspty?oxJ5 dxawN3g5 
xs4Xoxiqi4. gCZlxbE/K5 b?i royixDtQ/ti gryJNdlb cktQ i4Mh4tQJ5 
)u4 i4Mh1io4, bEsali kNu wm6 xs4Xoxtyiz ckwozm]z5 dxawN3gi4 
xml dt4]g2 Xi3gn/zb x?tzi4 gryvidlb. xwXE/z gCZE/b ck6 bmfx ]f5 
hicb3m]zb x?tqi4 kNi4. gCZlxbE/K5 wlocuJ5 sfiz G!H NlNwDmlQ5 Nf5 
xml kNzA5 cktQ szy4tQJ3j5 kN]fcb3m]z5, G@H NlNwDmlA Nr]zm]z5 xml 
cktQ kbsqtQm]z wmz kNug6, G#H gryJNdlb scsyEJN3lAl xeymiz 
kNzb xml ck bmN x4gxicm]z5 kNug3u wm3u4 dxawN3g3ul, xml G$H 
gryNytlA w]p1k5 bfnsqg5 smJw5 ]f1i, b3yi dxawN3gil. xiA3gi 
xuhqgZlxi xCAi cspn3iE/K5 xgwNDyymj5 s?tk5 k]b3i4 gnDti4 ckwg3um]zb 
whob3=]o5 wmw5 xml w][k5 bfnsqg5 smJ5 i4Mh4g3u xml wvJ3Li gryi3nEla 
kNs2 xeymiz wmw5 kNug5 W9lQ5. sN royixDtgxK5 cspn3isJ6 iMh4g3u 
]fqN3gi4 cspnDbsJ5 dt4g3u. bfx ]f5 rNs/nstQ/qbK5 xml royixDtK5 
royixij5 xWdti4 rsNhgwN3g6. 
 

WoEx=ib si]vz _ @)!) WoE=ti.  xfizi mp @%l xwEo !)sl sN3iysj5 
cspncbMsgA5 xml ]fgi4 s4gcb3Lb mDwk5 ]fk5 w4Wtn8 y/E4g3u. xwXzi xCAJ3u 
bmwi xvsqosDtcMsCb bXsz3bij5 wvJ3gbsqij5 GroyixgoEpf5H xml 
W/EDNMsqbK5 X3N4ym/K5 bXi cspnDm/K5, Wlx3g3u yg]C8 y/EgjDNMsqNb 
Kw5n8t vqhzkl, ryxio, wm3u WJNMsgz cspnDt4nti4 cspnCtA5 wm3lcm]z5 
xml x?tjzJl wm3lcm]z5 b3n6 ccu xml r2n8 Wa3u. W/EDNMsuJz 
czb3tbsymJf5 cspn3Lz yfzi4 ctyymJl yfw5 ]f3Xyzi r2n8 Wazi, 
kxtlbl yMix3=b gcb3=zi W/EDNMsu/K5 xStj5 cspnDtK5 GraosJ6 



ttCxoxJ6 x?ts2 sxyizi yMsl xyp3Xoxizi cspn3iK5H. bfx NlNwyJ5 
@)!)atlA xStrgMsg6 yMzl bwmwgnwNsli JMwatlA sd]Mz !)u sdio4 
xml srsf5 iMhq]Mz $*u4 i4Mh1io4. ryxi xWJ]MlMs3g6 xwEostlA kaxil 
JMwu. JMwu xWiz hiMsg6 bXszDNDi3Lb.. czb3tbsymJf5 cspnDtK5 sWz]nf5 
xml xyqi xf9 BwS4 erbzi X3NymMsbK5 Jij5 xJNMsg5 czbhcqj5. JMwu 
WQxMsgA5 bXi WoExti ciQ/zi r2n7 W]a2 sW]zf5 whmQ/K5 ]fqg3u4 Gkbsqg6 
]fAi3g6H. bwN kNz WmEsJ6 WJtQlA gnDti4 W=QJNCtA5 kNz W9lA xsMy1m5 
ckwXoxJi4 bwvi. 
 

@)!@u royixDtQJm/K5:  X3Nvio3uJz srsf5 xml xs/f5 bwvi kNzi 

WoEJmlz, wMslt4: WNhxDyi mDi4 bwvi WoElz xwEos2 WQx3izi Jis2 
kaxi, bmwi bfx WoEiEJm/v mrs9 WoE=xb gcb3=zi w4Wtn8 y4/E4g3u. 
xwEou spE/K5 WmEJx]ClJ5 WJtQlA bfJNCb wk1k5 hi3bsymqgi4 
ckwXoxJi4 xml kNu wms2 ]f4iz iMh4gxlu xml bwmwostlz W=ctbsZm 
cspnDN3Lz bs=4Jx3atlA ckwg=i3i4. bXi WoEiE/K5 wmwglxax3tlA 
xCisMsg6 W=ctycb3m5 cspn3=Q/K5 bm3u sXAN3LQ5. WoExC wlocvi3ix3uJ6 
wpQlxbDmlz ckwgiE/q5 bEsaJ5 c3Xyxi ]fcb3g5 iMh4gxltlA xml 
dxcb3iq5 ]cXyxi y]f2 rhbcm]zb xml x?tz dxiscb3g5 ckwoziq5. 
kxt]M3gz wm3i4 Gway3Jxu4H cspnDt4n3i4 wm3lcm]zb xml cspnDtQlQ5 
ckwinso3m]zb yKixi xCAMsgi bfym/ti5. bfx cspnDtQym/b hoJ5 ttCymJ5 
xy]pJ5 kNs2 x]bA5 ]fcb3izb xeymiqi4 xml WmEsiz wm3lciq5 bmwi 
bfnsJf5 wpkl bfnsqg3tA5. bfx cspn3iE/K5 wvJ3XoJ5 grysmiti4 wpk 
bfnsJ5, wm3lq5 xml wpk bfnsqg5 smJ5 ckwocb3m]zb bfNi ]f4i.WoExK5 bXi 
wlocvi3ix3uJ6 kNs2 wrxzA5 csmbJa?f5 kNaxjcwi3u4 iM1i4 xml ]f1i4, 
xS]t5 eauZcb3ym/K5 xml kxym/K5 ttCymJ5 wui ttCXoxJi5 yMix3=i5 Wlb. 
JistlA eivi]M3gz ]f4gi4 xml ]fgc=i3i4 x49u xml ws9{ux erbzi 
WbcgwNExcm5 .Jiu bXi WoEiK5 wlocix3g6 GwH s4g6lQ5 ]f2 sN3iq5, cktQ 
]f4tQm]zb xml wm3lcm]zb bfx ]f5, GWH cspnDti4 W9lb wpk bfnsqgi4 
ckwo?oxm]zb, GtH yMs2 xyp3Xoxizb sxylA xml GrH cspnDti W9lb 
ckwm]zbl ttClQ5 n=C/4nDJi4 Wbcm]zb. sX]M3bv ]f5 w4Wtn8u, yg]Ci7 xml X8t 
y/E4g3u xmlbs6 Kw5n8t vqhz. cspnDtni kxt]M3gz ]f4i5, by3i5, ]cXyxi 
]ffli5, kN/zi5 xml mdif=3ii4 kxtlz cspn3lQ5 wm3lcm]zb wpkl 
bfnsqgi4 smJcm]zb. czb3tbsymJf5 kNaxkcwix3gz Nim]zb ]f5, Ns]f3m]zb ]f5 
xml ckwgn/siq5. xehwix3gz xml xyp3g]MElQ5 cspnD]t5 yMixDtQ/K5 
gcb3=ti yMix3ij5. bmN WoExJK5 gz=cix3g6 mrs2 WoE=zb gcb3=xi 
w4Wtn8 y/E4g3u. 
 

WmEsiz: bfx csp/K5 b?z royixDtQ/ti5 xgwNDtyJ5 k]b3i4 xml WmEsJi4 

gnDti4 WJtcgi4 ckwtiE/q5 wmw5 iMh4g3u kNzbl dxawNizi. vtLQ5 
woixtvl xml wcNw/ctv NlNwym/K5 WmEsiz kNzb ckwo?oxiz 
WJto4 ]fqN3g5 xml k]b5 xml WgwNsqg5 smJw5 wpk bfnsqg5 ckwgiq5. bfx 
csp/dK5 WoExti wvJ3ymJ5 wMso3Lt4 rNs/ctypQ/K5 bfxl s4WDh4g5 bfx ]f5 
wvJgwNEx]o5 XNAtu4 wqC=QZ/3bqk5 yaEj5. s?zgx5yx6 wkgJz vNbu 
wmwg4n/3u4 royixDtcLz.  
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