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This section was eliminated from the published version because a reviewer in 2013 didn’t like
the idea that Moto was starting with SO2. Moto had died by then, so I didn’t know how to
answer his objection in detail. I tried to explain that Moto had measured SO2 when he was
working on volcanic gases in Hawaiian and Mt. St. Helen’s fumeroles. But the reviewer said
take it out (and then rejected the manuscript). I decided to leave it out when I submitted the
paper to Geomicro. Jour. But this is a really important point because Moto was trying to teach
me that chemical reactions are possible (in a world with no bacteria). EIR 4/2/17

Thermodynamic Data

While photosynthesis is important for the algae, some of the studied organisms utilize
chemosynthetic pathways. Thermodynamic calculations were probed to learn the potential
energetics for these, as well as primitive prebiotic pathways and abiotic reactions. Given the
presence of aqueous Fe?" and HCOs, and volatile CO2, SOz, and Haz, thermodynamic
calculations that produce negative Gibbs free energy (-AG) can be written across a range of
possible temperatures; data are given for 25" and 100°C and one bar of pressure (Table 4). These
are spontaneous energy-rich reactions that could produce ferric iron, however slowly, in the
absence of both molecular oxygen and organisms. The electron acceptor under such conditions
would be SO: or its dissolved aqueous species, SO3, HSO3, S203, or SO4. In the presence of
iron-and sulfur-oxidizing bacteria, such as those at Santorini, these reactions are catalyzed and
the energy used for metabolic reactions. In equation 1, bicarbonate was used as a reactant
because by the time volcanic CO2 ascended along an aqueous flow path, it would have partly
dissolved to form bicarbonate. In equations 2 and 3, gaseous SOz could produce either S” or
H2S. In equations 5-7, gaseous SOz dissolves into a series of intermediates such as sulfite,
bisulfite, and thiosulfate at pH values found at Santorini (5.3-8.3) to eventually produce
elemental sulfur (Valensi, 1966).
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Table 4. Gibbs free energy of possible thermodynamic reactions at pH 5.3-8.3 producing ferric
hydroxide in the absence of free oxygen at 1 bar pressure and at 25°C and 100°C (a, aqueous; g,

gas)

(1) Fe*2(a) + 2 HCOs(a) + SOx(g) + 1.5 Ha(g) = Fe(OH)s + S° + 2 CO2(g) + H20

25°C -37.5 kcal

100°C -39.9 kcal
(2) Fe*z(a) + 1.5 SO2(g) + 2.5 H2(g) = Fe(OH)3 + 1.5 S° + 2 H'(a)

25°C -37.0 kcal

100°C -29.2 kcal
3) Fe*z(a) + 1.5 SO2(g) + 4 Ha(g) = Fe(OH)3 + 1.5 H2S(g) + 2H"(a)

25°C -48.9 kcal

100°C -42.3 kcal
4) Fe*z(a) + HSOs7(a) + 1.5 H2(g) = Fe(OH)3 + S° + H'(a)

25°C -18.5kcal

100°C -17.1 kcal
(5) Fe*z(a) + SO3'2(a) + 1.5 H2(g) = Fe(OH)3 + S°

25°C -28.3 kcal

100°C -30.4 kcal
(6) Fe*z(a) + SzO3*2(a) + 1.5 Ha(g) = Fe(OH)3 + 2 S°

25°C -20.6 kcal

100°C -21.6 kcal

(7) Fe*2(a) + SO42(a) + 2.5 Ha(g) = Fe(OH)s + S° + H20
25°C -23.4 keal
100°C -23.6 keal



