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Abstract 

Non-ice materials on the surfaces of the icy moons 

may reflect subsurface fluid compositions. Exploring 

how analogous terrestrial mineral deposits are 

expressed in hyperspectral satellite data can provide 

us with a means of detecting the presence of ice-

based hydrological systems from orbit, broadly 

characterizing the composition of the fluids from 

which they were precipitated, and consequently 

probing the habitability of the systems. Harnessing 

the ability to detect mineral signatures in 

hyperspectral satellite data may allow us to detect 

and remotely characterize subsurface habitats. 

Exploring how these deposits are expressed in 

hyperspectral data may provide us with a means of 

probing hydrology from orbit and developing 

techniques to detect currently or recently active 

outflows at the icy moons of Jupiter. 

1. Introduction 

Icy satellites of the giant planets may harbour 

subsurface oceans or liquid-rich melt zones within 

their interiors. Radiolytically-generated oxidants and 

comet-delivered organic reductants cycled into the 

ice shells could generate redox disequilibria, 

providing an energetic basis for microbial 

metabolism within protected niches. Galileo data 

indicate that non-ice materials are present on the 

surfaces of Europa and Ganymede, possibly 

including hydrated salts [1, 2]. The location of these 

materials is correlated with geologic features and 

could represent sites of communication with 

circulating fluids within the ice shells. On the Earth 

icy environments with active hydrology can deposit 

precipitates when concentrated fluids out of 

equilibrium with the exterior environment access the 

surface. This can generate a mineralogical signature 

reflecting the chemistry of the subsurface 

hydrological system. Borup Fiord Pass on Ellesmere 

Island in the Canadian High Arctic, and Blood Falls 

in the Taylor Valley, Antarctica are two examples of 

sites where varying chemistries of subsurface fluids 

have generated unique signatures on glacial ice. 

Exploring how these mineral deposits are expressed 

in hyperspectral satellite data may allow us to refine 

our ability to detect and characterise supraglacial 

outflow from orbit and remotely characterise 

subsurface icy habitats. 

 

Figure 1: Top: sulfur-rich deposits of Borup Fiord 
Pass, Canadian High Arctic. Bottom: iron-rich 

deposits of Blood Falls, Antarctica. 
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2. Methodology 

Hyperspectral satellite data from the Hyperion 

instrument onboard EO-1 provide coverage of remote 

Arctic and Antarctic sites. Mineral deposits 

associated with the outflow of subsurface fluids onto 

ice can contrast strongly with their surroundings, 

generating geochemical signatures which can be 

detected in satellite datasets [3, 4]. Characterisation 

of mineral signatures in hyperspectral datasets can be 

compared to ground conditions (mineralogical data, 

geochemical fluid compositions, microbial 

community) as determined from previous field work 

or published data. These comparisons can establish 

what habitability determinations can be conducted 

from orbit. Field spectra of in situ materials, where 

available, can provide appropriate detection targets 

for spectral searches to identify other sites within 

archived datasets where past or present outflow could 

be recorded by mineral deposition.  

3. Discussion 

Hyperspectral satellite data can detect mineral 

precipitates associated with supraglacial outflow 

from subsurface hydrology at Borup Fiord Pass, 

located on Ellesmere Island in the Canadian High 

Arctic [3]. Groundwater in Arctic permafrost is 

subject to glacial recharge at this site, resulting in 

sulfide-rich artesian springs depositing elemental 

sulfur which was detected subaerially by 

hyperspectral satellite data. Preliminary satellite 

investigations of Blood Falls in the Taylor Valley, 

Antarctica have detected an iron-rich spectral end-

member associated with salts and goethite deposited 

on ice and rock [4]. These deposits are precipitated 

from an iron-rich hypersaline outflow from a 

subglacial marine brine pool under the Taylor Glacier. 

Successful detections of widely varied mineral 

signatures associated with surface outflow in satellite 

datasets of Arctic and Antarctic regions demonstrate 

the potential of this technique as a tool for remote 

detection and characterization of subsurface systems. 

Exploration of terrestrial sites where the 

geochemistry and consequent habitability of 

subsurface hydrologic systems can be probed from 

orbit can prepare us for preliminary habitability 

evaluations of sites at Europa and other icy worlds. 

Orbital measurements will be a necessary precursor 

to any in situ investigations and information gained 

from orbit can refine our ability to select appropriate 

landing sites for detailed investigation. 
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