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Conceptual models are needed in order to develop 

hypotheses concerning not only how life emerges, but 
also of geobiological interactions in Ocean Worlds in 
general. Here we examine a model of how life may 
originate within active irradiated ice-covered ocean 
worlds with rocky cores by merit of seafloor chemistry 
and ice-shell modulation of bulk ocean chemistry. Al-
kaline hydrothermal springs – relieving the geophysi-
cal, thermal and chemical disequilibria between ocean 
and the tidally stressed crust – can generate inorganic 
barriers to the otherwise uncontrolled and kinetically 
highly disfavored oxidation of hydrothermal H2 and 
CH4. Ionic gradients imposed across these inorganic 
barriers may drive the hydrogenation of CO2 and the 
oxidation of CH4 down metabolic pathways that may 
eventually produce fully-differentiated cells. In such 
chemostatic environments, reductant fuels may be in 
greater abundance than oxidants. Because the Europan 
ocean is heated from below, it is possible that free-
living cells would be born buoyantly upwards to con-
gregate beneath the ice shell, giving rise to a highly 
focused, very efficient, heterogeneous, shallow bio-
sphere [1].  It is here where electron acceptors, ulti-

mately derived from the irradiated surface, would be 
delivered to such microbes through subduction of the 
icy surface. Such zones could act as ‘electron disposal 
units’ for the biosphere and might conceivably be 
transferred upward by buoyant updrafts to the surface, 
or even advected and entrained into plumes. 

Figure: Model for the emergence of life on Europa 
at an alkaline hydrothermal mound. Also indicated is a 
hypothesized rapid migration of putative microbes 
entrained within buoyant thermal plumes toward oxi-
dant-rich areas at the base of the ice lid. These areas 
act as ‘electron disposal units’ and are derived through 
subduction of oxidants from the exterior produced by 
high-energy radiation from Jupiter. In turn portions of 
this shallow biosphere maybe returned to the surface 
through ice tectonics or even drawn into the source 
regions of ephemeral water vapor/ice jets. Along with 
standard methods for analyzing the surface, future mis-
sions could employ autonomous buoyant rovers for 
exploration of the ice-ocean interface   (“BRUIE”) 
https://www.youtube.com/watch?v=U6NNNtCXBe4. 
Reference: [1] Hand, K.P. et al., (2009). In Europa. 
Eds. R. Pappalardo et al. Univ. of AZ Press. 589-629.  
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