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Introduction: Ocean Worlds Reconnaissance and 

Characterization of Astrobiological Analogs (ORCAA) 
is an analogue science mission, science operations test, 
and technology demonstration funded under NASA’s 
Astrobiology program through Planetary Science and 
Technology rom Analog Research (PSTAR) program. 
We are planning a Europa-analog ocean access and 
subsurface exploration expedition, in partnership with 
the Juneau Icefield Research Project (JIRP).  

The goal of this project is to advance our 
understanding of interconnected habitable reservoirs 
within icy environments, enabled by planetary 
subsurface exploration technologies, and elucidate 
science operations for subsurface access missions. The 
pressures and temperatures of the targeted reservoir in 
the Juneau Ice Field are similar to a reservoir a few 
kilometers beneath Europa’s surface (~273 K, ~2.5 
MPa). Here, we can elucidate the importance of the 
hydrological connectivity that may permit nutrient 
migration and the establishment of habitable or 
inhabited niches in planetary ice shells. The 
characteristics of this field site include key features that 
a potential future mission to Europa’s subsurface 
(Figure 1, 2) would consider for life detection, 
habitability, and fluvial processes. 

 
 

Project Objectives: Life within and beneath the ice 
shell of ocean worlds like Europa may rely on the 
interconnectivity of the surface, icy, and liquid 
environments. To explore these environments, NASA 
and the scientific community are pursuing cryobot 
technologies. We plan to access a temperatre, terrestrial 
glacier with hydrologically connected supraglacial and 
subglacial systems using a melt probe, a type of cryobot, 
to achieve the following objectives: 

Science: Sample a transect of melted glacial ice, and 
a liquid subglacial reservoir, to understand how energy 
and material fluxes, including the flow of oxidants, 
organics, and biomolecules migrating through the 
englacial realm, structure and intertwine subsurface icy 
ecosystems at and between key interfaces, to make 
predictions for the generation, evolution, preservation, 
structure of icy habitable environments on Europa.  

Technology: Demonstrate subglacial reservoir 
access by a cryobot, emphasizing sample handling and 
cleanliness, autonomy, hazard mitigation, continuous 
sampling, real-time communication, continuous thermal 
management, and reliability.  

Science Operations: Simulate a condensed planetary 
reservoir access mission to determine how and when 
scientists and autonomous systems discover in situ 
indicators of change in the physical environment, 
habitability, and biological community concentrations, 

Figure 1 | The Juneau Icefield presents an opportunity to study the role of hydrologic and geologic interactions in 
structuring icy habitable niches within planetary cryospheres, enabled by planetary subsurface access technologies 
that allow sampling as a function of depth and simulation of a planetary subsurface mission. Through partnership 
with the Juneau Icefield Research Project (JIRP) externally-funded field students will participate in sampling and 
simulated mission activities.  
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and to characterize the temporal and spatial fidelity 
requirements of observations 

Field Site and Operations: We have selected the 
Juneau Icefield in Southeast Alaska as the field site for 
this project through collaboration with the Juneau 
Icefield Research Program (JIRP) and the University of 
Maine. JIRP maintains ten field stations across the 
icefield and has institutional experience running field 
glacier research since their establishment in 1946. 

JIRP field station Camp 10 is situated near a 
temperate ice basin that shows evidence of a yet-
unexplored subglacial reservoir that either remains 
filled through the year, or that fills and drains each 
summer, in close proximity to a supraglacial lake 
inhabited by photosynthetic life. The current knowledge 
of this system includes observations of: 1) visible 
meltwater flow off the surrounding nunatak, and 2) 
annual blistering of surface ice within the basin which 
causes extensional and concentric crevasses 
surrounding the blister site each summer. 

The Cryobot: The technology deployment centers 
on the University of Washington Ice Diver, a field 
proven melt probe demonstrated to 100s m in various 
configurations that would be deployed by A field-

proven JPL autonomous cryobot tether spooling system 
The Ice Diver’s water jetting system will be upgraded, 
a second pump identical to that used on the water jetting 
system will be added for sample pumping to the surface, 
a new tether would be procured, and the spooling system 
is being refurbished.  

Mission Scenario: We plan to simulate a condensed 
planetary reservoir access mission to determine how and 
when scientists and autonomous systems discover 
indicators of change in the physical environment, 
habitability, and biological communities, and to 
characterize the temporal and spatial fidelity 
requirements of observations.  

The year is 2045. Europa Clipper’s grand finale into 
Ganymede occurred a decade ago after detecting 
layered, potentially connected subsurface lenses of melt 
beneath the chaotic Conamara chaos. Europa Lander, 
long lost to radiation, successfully detected surface 
biomarkers on the margins of Conamara. NASA has 
deployed a cryobot mission to penetrate into these 
reservoirs, in order to determine the variation in 
habitability context between reservoirs, and to detect 
and characterize any extant life. 
 

Figure 2 | Proposal concept (not to scale). (a) Cryobot concept to explore Europa’s water ice shell, 
interstitial reservoirs, and saltwater ocean, including a lander, wireless relays, and tether. (b) Geologic 
and hydrologic processes may connect surface oxidants with a reduced reservoir or ocean, providing 
energy for life and connecting habitable niches. (c) On Earth, photosynthetic life populates the surface and 
supraglacial lakes, and drainage connects the surface to subglacial reservoirs. Like Europa, subglacial 
life may be adapted to depend on chemical energy transported from the surface environment. 
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