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Introduction: Sulfide-oxidizing microbial 

communities have the capacity to play a role in 
catalyzing the production of elemental sulfur (S0) 
deposits from sulfide springs emerging from a glacier 
on Ellesmere Island in the Canadian High Arctic [1,2]. 
Observations of cultured microorganisms from the site 
show the generation of S0 in association with abundant 
cells and extracellular polymeric substances (EPS) [1]. 
Sulfur-rich deposits on the glacier can be detected and 
monitored by hyperspectral satellite observations [3], 
offering an opportunity to link orbital measurements to 
a dynamic biogeochemical process. The presence of 
sulfur minerals on glacial ice makes this site a useful 
analog for the arguably sulfur-rich materials on the icy 
surface of Europa. This work investigates whether it is 
possible to infer when sulfur is biologically produced 
and will inform future missions investigating sulfur-
rich materials at the surface of Europa. 

Here we summarize our investigations into the 
biogenicity of the sulfur deposits of Borup Fiord Pass 
by the following methods: optical and SEM imaging of 
mineral morphologies to look for evidence of 
biomineralization, X-ray diffraction (XRD) 
measurements to look for the presence of metastable 
sulfur phases potentially associated with microbial 
activity, and infrared and Raman spectroscopy of the 
deposits to investigate the presence of organic 
molecules. Organic materials could represent 
components of the microorganisms themselves or any 
extracellular polymeric substances generated, which 
could be used as potential organic biomarkers in 
association with biologically mediated sulfur species. 
We discuss the factors pertinent to future 
investigations of analogous materials at Europa and the 
potential for these materials to contain biosignatures. 

Optical and electron microscopy: Light (bright 
field and differential interference contrast) and 
florescence microscopy was carried out on samples of 
the deposits returned from the field site in 2009 and 
maintained at 4°C, to evaluate if S0 deposition similar 
to that observed in culture [1] was present. Scanning 
electron microscopy was also carried out with JSM-
6480LV (low vacuum) and JSM-7401F (field 
emission) microscopes.  

X-ray diffraction spectroscopy: Investigations of 
the bulk mineral phases present in field materials from 
2009 were carried out by powder XRD. Samples were 
allowed to air dry, they were ground in an agate mortar 
and pestle, and the powders were fixed on ground 
quartz plates with acetone. The powders were analyzed 

in a Scintag XDS 2000 X-ray diffractometer using Cu-
Kα radiation. Minerals were identified on the basis of 
their dominant peaks and referenced to the Mineral 
Powder Diffraction File [4]. 

Infrared and Raman spectroscopy: Infrared 
spectroscopy was subsequently repeated for material 
returned from the field in 2009 which had been stored 
in a -80°C freezer to prevent degradation. We 
specifically sought organic materials, including 
biomolecules which could be associated with the 
cellular, filament and sheath materials observed in 
cultures. The sample was dried under nitrogen at 25C 
(~1hour) and mixed with IR grade potassium bromide 
(Aldrich). The infrared spectra were acquired using a 
diffuse reflectance attachment (Pike Technologies) 
with a Biorad FTS 6000 Fourier Transform Infrared 
(FTIR) spectrometer. The sample was then extracted 
with dichloromethane and the extract was deposited on 
to KBr to concentrate the organic components for 
further diffuse reflectance analysis.  

The complementary technique of Raman 
spectroscopy was also carried out using a Bruker 
Senterra system equipped with 785nm excitation laser 
with a resolution of 9nm. The sample was placed on a 
stainless steel mirror and air dried under dry nitrogen 
at 25C.  The microprobe beam was focused on the 
surface with approximately 2 min acquisition time. 

Discussion: We find that sulfur-generating 
metabolisms such as sulfide-oxidation active in the 
sulfur-rich deposits of Borup Fiord pass produce 
minerals with distinct morphologies and containing 
biogenic mineral phases. These biominerals have the 
potential to act as indicators of microbiological 
activity, in association with the organic structures 
which template their formation. The morphologies of 
materials in samples returned from the field site at 
Borup Fiord pass are consistent with those observed in 
sulfur generating cultures inoculated with field 
materials, and distinct from those observed in abiotic 
controls [1]. The case for sulfur minerals as 
astrobiological targets is strengthened by the 
association between the morphologies of mineral and 
organic components observed in field samples, and 
unusual crystal phases and/or the presence of 
biomolecules as indicated by organic functional 
groups. Our SEM and XRD investigations provide 
evidence for the presence of metastable gamma-sulfur 
(rosickyite) within the deposits, especially in those 
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samples maintained at -80ºC since their return from the 
field, although the unstable nature of this phase makes 
measurement challenging. Infrared spectroscopy 
revealed the presence of functional groups diagnostic 
of proteins, lipids and polysaccharides potentially 
associated with abundant sheath structures observed by 
microscopy. 

Based on this study, future astrobiological missions 
to the surface of Europa will need a microscopic 
imager with a spatial resolution capable of resolving 
mineral and organic morphologies on the order of 
hundreds of nanometers. A suite of instruments 
capable of fully characterizing potentially unstable 
organic and mineral components across scales relevant 
to the imager would be the most effective means of 
determining whether biosignatures providing evidence 
of life exist on the surface of Europa. These should 
include XRD and XRF for mineralogy and chemical 
composition, and an infrared spectrometer to look for 
the presence of organic molecules. While melting ice 
has been suggested a means of concentrating material, 
which will likely be required for the analysis of 
organic materials by techniques including Raman 
spectroscopy, these measurements should be carried 
out in concert with direct analysis of pristine samples, 
which could contain unstable materials. 
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