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4-4 Mean mantle heat production rates due to the decay of the radioactive
isotopes of U, Th, and K as functions of time measured back from the
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D. L. Turcotte and G. Schubert (2002)

* JaFEE: E=3]C,Hexp (t/ty,)dt ~ 1031
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[Tajika (2008) Astrophys. J. Lett., 680, L53-L56.]
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Metallic Core Ice Covering

Rocky Interior Liquid Ocean Under Ice
H>O Layer

[http://photojournal.jpl.nasa.gov/catalog/PIA01669]
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Life In Ice-covered Oceans

Fe(OH) 4 Fe®*

OXIDATION REDUCTION

[Gaidos et al. (1999) Science]
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C02 + 4H2 — CH4 + 2H20
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The thermodynamics of life. Organisms harvest energy by coupling
energetically favorable pairs of oxidation and reduction half-reactions.
Reactions of common inorganic substrates are plotted according to their
redox potential pe at 1 atm, pH =7 and 250C (41). [Fe2+] is taken to be 10-5
M. Water and protons are not shown in the equations. Only redox reaction
pairs with a negative net redox potential can provide energy. The primary
donors of Photosystem | (P870) and Il (P680) are strong reducers in their
excited state and are used to fix carbon. In the oxidative (rest) state only
P680 is capable of oxidizing water, producing oxygen.
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