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Abstract 

We present a novel model for an origin of 

life situated within inland freshwater 

hydrothermal pools subject to periodic 

filling and evaporation. The model 

incorporates the combinatorial selection 

and evolution of systems of functional 

polymers enclosed in anhydrous, 

hydrated, and gel phases of lipid 

membranes cycling in a kinetic trap 

(figure-upper). The anhydrous phase 

supports synthesis of random polymers 

between dehydrating lipid lamellae. Upon 

rehydration these polymers become 

encapsulated in lipid compartments 

(protocells). The hydrous phase selects 

the encapsulated polymers for their ability 

to stabilize the surrounding membrane. 

Stable protocells survive and accumulate 

along with concentrated solutes in a gel 

phase during downward pool fluctuation. 

We predict that the gel phase will exhibit 

properties of growth and adaptation and 

is a prototypical microbial community 

undergoing a transition to life through a 

network of shared metabolic and genetic 

functions, competitive and cooperative 

interactions, niche construction, and 

adaptive radiation through distribution to 

a variety of venues. 

  

Chemical Framework 

This model is based on previous work 

that demonstrated nonenzymatic 

polymerization driven by cycles of 

hydration and dehydration  (Rajamani et 

al., 2008; De Guzman et al., 2014; Da 

Silva et al., 2015; Forsythe et al., 2015), 

but goes one step further to propose a 

natural combinatorial system of selection 

and stepwise molecular evolution (Damer 

and Deamer, 2015).  

 

Geological & Evolutionary 

Frameworks 

A recent field trip to Archaean fossil sites 

of Western Australia placed this model in 

a geological context. New evidence for 

fresh water hydrothermal systems at 

3.5gya (Van Kranendonk et al., 2015) and 

other comparative work (Deamer and 

Georgiou, 2015) provides further support 

for an origin of life in a terrestrial rather 

than a marine setting. On a volcanic 

island (figure-lower), water and wind 

would dislodge segments of stable, 

adaptable protocell gel and anhydrous 

films from the surfaces of a hydrothermal 
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of segments to lakes, estuaries and 

protected marine shorelines provides an 

adaptive gradient to saline tolerance. 

Windborne distribution of segments to 

isolated pools and moist rock 

undersurfaces provides the dual selection 

pressures of varying UV exposure and 

solute scarcity, selecting for protective 

pigments, which capture energy for 

photoautorophy. Protocell communities 

adapt to sedimentary covering by 

precipitating carbonate minerals, building 

the distinctive layers of stromatolites, 
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record. These gel protocell communities 

constitute the roots of the tree of life 

before the emergence of more evolved 

microbial mats and free-living 

prokaryotes. 

 

Brochure & Project Web Site 

Additional supporting material, testable 

predictions and references are provided 

in the companion brochure to this poster. 

Find a full treatment of the coupled 

phases model, research results and a 

guide for experimenters at: 

http://origins.biota.org 

Figure: Chemical and geological frameworks supporting an origin and adaptive radiation of life from cycling hydrothermal pools to 

marine stromatolites. 
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