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“When we are young, the words are
scattered all around us. As they are
assembled by experience, so are we,
sentence by sentence, until the story
takes shape.

Plague of Doves, Louise Erdrich
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Solomon Islands, Where geological processes are actual
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Geological Map of Ireland
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Tynagh Iron
Formation

Bioturbated
layers of
magnetite &
hematite,
with minor |
chert and tuff
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BIOGENESIS AND SYNGENESIS OF GIANT METAL SULFIDE DEPOSITS
RESULTING FROM OPEN SYSTEM HYDROTHERMAL CONVECTION
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Black Smoker
at 360°C, pH ~3.4/
East Pacific Rise

As predicted by Jack Corliss and John Edmond




Michael Russell (left) at the site of the fossil chimney
Discovery, Silvermines, Ireland; credit: Garth Earls
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COC12.6H20 =5 [N&zSin, 3 8H20] =
[6H,0+2HCI]+[CoSiO;]+[6H,0+2NaOH]

-Traube, 1867, Experimente
zur Theorie der Zellenbildung
und Endomose. Arch. Anat.

Physiol., p. 87-165
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Inorganic membrane structure and composition

Fe(OH), flanges to exterior Porous cross-section of FeS & Fe(OH), Internal Fe;S, framboids
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Large porous membrane structure prefigures the first biofilms?



Pyrite microbialite at
hydrothermal mound,
Ballynoe open pit barite
deposit, Silvermines

Russell 1995. Ore Geol. Rev
v. 10, p. 199-214.




Banks 1985
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The first microbes were
autotrophic, i.e,. they used
inorganic materials for both
energy and structure (HCOy,
NH;, H,, etc.)

Bk

“By autogeny we understand the
origin of a most simple organic
individual 1n an inorganic formative
fluid, that is, 1n a fluid which
contains the fundamental substances
for the composition of the organism
dissolved in simple and loose
combinations (for example, carbonic
acid, ammonia, binary salts, etc.).”

Ernst Haeckel 1892, p. 414.



12 July 2001 Intepnational weekly journal of science ALKALINE
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The first metabolic pathway
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OCEAN FLOOR

Figure to demonstrate how green rust and Fe-Ni sulfides are precipitated at an H,- and CH,-bearing alkaline hydrothermal vent on an early ocean floor. High temperature
acidic springs (not shown) supply the metals; volcanoes supply the CO, while lightning produces NO. Both gases dissolve in the early ocean rendering it mildly acidic and

oxidized. The resulting steep redox and pH gradients drive the synthesis of simple organic molecules from the CO,, CH, and NO;5 forced through the green rust interlayers (E.

Branscomb, M.J. Russell, BioEssays 40, 1700182, 2018).
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Eh-pH diagram (GW) to demonstrate stability of Green Rust
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Green rust, when in the bosom of the ocean
deep, appears to have the power, and the art, to
gestate the simple organizing ‘seed’ of all life.

Acidulous ocean

Ferrous-ferric oxyhydroxide
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exhalation/excretion
H,O + NO etc.
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GREEN RUST AS READY-MADE MULTIFUNCTIONAL GR ENGINE
Russell and Nitschke 2017 Astrobiology
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Function follows form

INLET FUEL INJECTION

RAMIET

< GREEN RUST BARRIER =

with apologies to architects everywhere (Chaisson 2014)



Present day metabolism of Methanosarcinales at Lost City (N. Atlantic)

And look out for
Methanosarcina acetivorans
(Kaster

et al., 2011; Yan et al., 2017).

Ocean
pH ~8

NO, ?

co, =7  170-80°C
pH~10
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