Heat Loss, Planetary Differentiation and the Emergence of Life 
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The biological use of chemical energy sources apparently pre-dates the use of light, and forms the foundation of all subsurface and high-temperature ecosystems.  Chemical energy sources exist because planetary differentiation places materials formed at high temperatures at the outer portions of planetary bodies where they are out of oxidation/reduction (redox) equilibrium with their cooler surroundings.  Differentiation is driven by the dissipation of energy in the form of heat, allows materials to become segregated, and results in the development of disequilibrium states permitted by the steep temperature dependence of the rates of redox reactions.  Redox disequilibria are established below 1000°C, depending on the chemical system, and redox reaction rates become so slow at or near planetary surfaces that their duration converges on geologic time.  This generates the chemical energy supplies used by life, which catalyzes favorable but sluggish reactions to drive metabolism, lowering the energy state of the total system.  It follows that life continues the release of energy that initiated planetary differentiation but was stalled by sluggish redox reactions.  In this sense, life is inevitable as it catalyzes energy-releasing reactions that would not proceed rapidly in its absence.  Therefore, understanding the emergence of life relies on our ability to conceptualize the initiation of catalysis in systems that are rich in redox disequilibria.  Processes that focus and juxtapose redox disequilibria become crucibles for the emergence of catalysis and life.  In particular, the flow of gases and aqueous fluids through diverse products of differentiation may engender the necessary gradients.

