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Introduction:  Jupiter's moon Europa is an ex-
tremely high priority for spacecraft exploration, be-
cause its probable subsurface ocean represents a possi-
ble habitat for microbial life. However, Europa explo-
ration is rife with unknowns and extreme challenges. 
High Arctic regions on Earth are also harsh environ-
ments, and they offer key insight to Earth's climate and 
the limits of life. However, Arctic exploration is diffi-
cult and expensive, and polar studies relevant to Eu-
ropa exploration are sparse. Borup Fiord, in the Cana-
dian High Arctic, presents a valuable opportunity to 
study a site of geochemical and microbiological inter-
est, where sulfur-rich springs abundant in microbes 
discharge onto the surface of glacial ice.  

 

 
 

Fig. 1. Galileo infrared spectra show that ruddy dark spots on 
Europa contain sulfurous and/or evaporite materials, which 
may reflect subsurface composition. If life exists within Eu-
ropa, geological processes could expose it here.  
 

Astrobiological potential of Europa: This poten-
tial has been revealed by Galileo spacecraft data, with 
a combination of imaged surface geology and magne-
tometer results providing evidence for present-day 
activity and an internal ocean. Plausible chemical en-
ergy sources for Europan life include surface oxidants 
produced by particle irradiation and possible ocean 
floor hydrothermal vents [1]. Infrared spectra indicate 
that Europa's ruddy spots (Fig. 1) may contain 
evaporite- and/or sulfur-rich materials [2] that reflect 
the chemistry of a subsurface ocean, and possibly of 
organic materials carried upward. These spots are 
probably sites of local partial melting of Europa’s icy 
shell, and may relate to rise of buoyant diapirs of 
warmer ice, triggering partial melting and brine-fluid 
flow [3]. Europa’s ridges might also have water-rich 
subsurface “plumbing” [4]. 

Borup Fiord:  A unique glacial environment exists 
at Borup Fiord Pass, northern Ellesmere Island, Nuna-
vut, Canada. Here, supraglacial springs containing high 
levels of dissolved solids in addition to abundant mi-
crobial life discharge onto the ice [5]. This contami-

nant-rich icy environment could be the best terrestrial 
analog to near-term Europa exploration, but this iso-
lated site has only been cursorily studied. Several dis-
crete springs have been observed discharging onto the 
ice, releasing H2S and forming deposits of native sul-
fur, gypsum, and calcite. Sulfur in three oxidation 
states indicates a complex series of redox reactions. 
Physical and chemical conditions of the spring water 
and environs, along with mineralogical and isotopic 
signatures, suggest biologically mediated reactions. 

 

 
 

Fig. 2. Steve Grasby samples deposits rich in sulfur (yellow) 
and microbes (dark), emerging from glacial ice at Borup 
Fiord Pass, Ellesmere Island, in July 1999.  
 

Microbiology. Microorganisms are likely to perme-
ate the Borup glacial ice and its intra-glacial water 
system, depositing carbon compounds. Any hydrologic 
flow from the surface probably permeates these gla-
ciers with microbiota, optimized for metabolism in 
specific niches [6]. At low temperature, organisms 
plausibly could utilize sulfur compounds as both elec-
tron donors and acceptors (elemental S, sulfide, or sul-
fate). Electron acceptors (Fe3+) might be supplied from 
iron-bearing rock. With a geothermal energy source 
plausibly under these glacial springs, such springs 
might supply an electron donation potential for mi-
crobes in the form of H2 [7].  

Borup as a potential Europa analog. The spring 
system at Borup Fiord could potentially be analogous 
to Europa in a number of ways. The sulfur-rich chem-
istry of the supraglacial deposits may parallel that of 
Europa’s ruddy spots. The glacial hydrology of the 
system operating at Borup may offer insights to the 
“plumbing” system at Europa. Most compelling, 
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Borup’s microbiological environment could lend in-
sights to possible microbiologic niches at Europa. 

Proposed approach: Understanding how the com-
plex system at Borup Fiord operates will require tack-
ling the problem on a number of different fronts. Geo-
logical, hydrological, geochemical, and microbiolog-
ical questions all need to be answered before a true 
appreciation of the site’s significance can be gauged, 
both from the perspective of a potential Europa analog 
and also that of astrobiology in general. These ques-
tions include: Where do the spring waters come from 
and what materials have they accessed? How have they 
interacted with the materials through which they have 
passed? What causes the relatively warm (1–2°C) wa-
ter temperatures? How much has biological mediation 
affected the materials we see on the ice surface? Three 
major avenues of investigation should be explored: 
remote sensing, field exploration, and then lab analysis 
and synthesis of the data collected.  

Remote sensing. This will allow the location and 
identification of the precipitates present on the ice in 
addition to aiding in mapping the regional geology. 
Any outcrops of potential source units for the dis-
solved solids present in the spring waters will also be 
identified.  Historical aerial photography will be em-
ployed to supply temporal coverage of spring activity. 

Multispectral and hyperspectral imagery will be 
utilized, with ASTER imagery providing low resolu-
tion regional context and Hyperion providing high 
resolution spectral data in narrow swaths along the 
area of interest. Hyperion, ASTER, and field spectral 
observations will be linked to field geochemical meas-
urements that serve as ground truth. These spectral 
results will be linked to the microbiological assays, to 
characterize the signatures of micro-environments ob-
served during field campaigns.  

On Europa, unique conditions of temperature, 
composition, and irradiation have produced materials 
with spectra not yet replicated in laboratory studies. By 
investigating a complex terrestrial site of analogous 
composition, we can better maximize the science re-
turn from Europa exploration. We will also learn to 
identify signs of concentrated microbial habitats in ice. 

Field exploration. This aspect of the investigation 
will complement and augment that of the remote sens-
ing. The main areas of investigation include; geology, 
in situ spectroscopy, microbiology and hydrology. 

The local area of interest has been mapped previ-
ously only at a reconnaissance scale. Geological map-
ping will be carried out to understand structural influ-
ence on springs origin in addition to determining the 
source units of the spring contaminants. Relevant hand 
samples will be collected for later laboratory analyses. 
Field mapping will be guided by remote sensing inves-
tigations to particular areas of interest. 

In situ spectral measurements will be obtained with 
the following goals: 1) to conduct higher spatial reso-
lution investigation of interesting areas; 2) to provide 
comprehensive high-spatial resolution data for selected 
areas to allow quantitative comparison of ground truth 
with remote sensing data; and 3) to assist in sample 

collection and aid in finding unique, non-redundant 
rock and microbiological samples.  

Microbiological field investigation will sample 
various geochemically interesting sites for laboratory 
molecular phylogenetic studies, to understand the di-
versity and energy sources of life in Borup ice. Site 
characterization involves measurement of temperature, 
pH, Eh, dissolved oxygen, sulfide and sulfate: in es-
sence, calibration of the local geochemistry, to learn 
where potential microbiological energy sources ex-
ist. Hydrological concerns additionally require meas-
urements of flow rates and sampling for stable isotope 
analysis to investigate the origin of the spring waters. 

Laboratory analysis and synthesis. Laboratory 
analyses of the remote sensing and field data collected 
during this study will permit interpretation and synthe-
sis of the collected data, bringing invaluable insights. 

Spectral comparison and interpretation is facilitated 
by the numerous spectral libraries that are available in 
addition to recent work on evaporate salt spectra [2].  
Reference spectra and the higher spatial resolution in 
situ data will be used with mixing models to derive the 
composition of individual locations. Combining com-
positional  results with other in situ and collected sam-
ple analyses will enable study of the interesting sulfur 
chemistry of Borup, which simultaneously contains 
reduced (H2S) and oxidized species (sulfates). 

Chemical analyses of Borup waters will be con-
ducted using existing equipment and established pro-
cedures. Alkalinity, anions, cations, gases and trace 
elements will all be determined. Stable isotope analy-
ses will also be conducted. Mineralogy of precipitates 
and collected rock samples will be investigated. 

Molecular microbial community analysis at Borup 
Fiord will greatly advance understanding of microbial 
communities in ice. The microbiota present in all three 
domains of life will be identified, from a number of 
ice-water samples, across unique geochemical gradi-
ents. Geochemical analyses will quantify the chemical 
species present, and from the biological information of 
"who" is there, the kinds of organisms likely responsi-
ble for the geochemical trends can be determined. Sta-
ble isotope analyses can correlate microbial metabo-
lism with geochemical isotopic composition to find 
trends. From these characterizations, geochemical 
variability and microbiological activity will be corre-
lated to our remotely sensed data. 

The experimental approach described here will 
provide data from a wide array of sources. A Geo-
graphical Information System (GIS) will meet the chal-
lenge of containing and synthesizing these data sources 
so that correlations can be made to the greatest advan-
tage. This system will allow interrelationships between 
the geology, geochemistry, microbiology, and hydrol-
ogy to be understood on local and regional scales. 

References: [1] Chyba, C. F. and C. B. Phillips, PNAS, 
98, 801-804, 2001. [2] McCord, T.B. et al., Science, 280, 
1242-1245, 1998. [3] Pappalardo, R.T. and A. C. Barr, GRL, 
31, 1029-2003, 2004. [4] Greeley, R. et al., in Jupiter, pp. 
329-362, 2004. [5] Grasby, S.E. et al., Astobiology, 3, 583-
596, 2003. [6] Tranter, M. et al., Hydrol. Proc., 19, 995-998, 
2005. [7] Spear, J. R. et al., PNAS, 102, 2555-2560, 2005. 

Lunar and Planetary Science XXXVII (2006) 1854.pdf


