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Introduction:  Photosynthesis is a highly complex 

mechanism that several life forms on Earth utilize to 
convert solar energy into biological useful chemical 
disequilibria. However, biological systems in 
subsurface regions are isolated from the photosphere, 
thus incapable of directly utilizing this energy source. 
Biology explores different alternatives, including 
radiolysis, as was shown for some microbial 
litoautotrophic species[1]. Subsurface environments 
may have had importance for the emergence and 
maintenance of life on early Earth, during periods of 
surface stress caused by impacts that would make it 
virtually sterile, such as during the heavy bombardment 
period. Besides, these environments on Earth may 
represent analogues of other celestial bodies, such as 
the Jovian icy moons. 

In the context of icy moons, the oceans under its icy 
crusts may be biophilic environments[2,3], since the 
presence of abundant water and several sources of 
energy are proposed. This includes active geological 
process in global scale[4], tidal phenomena, and 
radiolysis induced by radionuclides and galactic 
cosmic rays[5].  

 
Fig. 1 - Model of Europa emphasizing the uranium radiogenic 

material and the radiolysis phenomena that can occur below seabed. 

 
In this context, we propose a model for the energy 

yield due to radiolysis in subsurface environments, 
such as on the early Earth and on the icy moons of the 
Solar System, considering that as an alternative source 
of energy that is biologically useful and independent of 
the solar input. For this model, we primarily considered 
the local physico-chemical conditions and the 
radiogenic effects on this condition of the most 
abundant radionuclides (Fig 1).  As mechanisms of 
energy transfer from chemical species formed in 
radiolysis, we use biological metabolic pathways based 

on modern subsurface species - such as the case of the 
extremophile Candidatus Desulforudis audaxviator 
[1,5](Fig. 2) – or proposed proto-metabolic pathways – 
such as a precursor of acetyl-CoA pathway[6].  In this 
way, we seek to evaluate the effects of radiogenic 
environments on the habitability of the Solar System 
and beyond, where non-photosynthetic based 
ecosystems may be thriving. 

 

 
Fig. 2 - Model of a cell of Ca. D. audaxviator including the pathway 

of sulfate reduction. 
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