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Introduction: Photosynthesis produces ferric iron, 

sulfate, and free oxygen that are out of equilibrium 
with the solid Earth. Conversely, the effects of photo-
synthesis are evident in the oxidation state of crustal 
rocks and the trace element and isotopic chemistry of 
mantle derived magmas [1]. 

Molecular biology and geological history:  I at-
tempt to correlate events in the geological record with 
genomic events inferred from the molecular biology of 
living organisms. Anoxygenic photosynthesis likely 
evolved from photocatalysis that used CO2 and H2 as 
substrate to make organic matter. H2 from serpentine 
was reliable but limited on the early Earth. Microbes 
making organic matter benefited from dumping oxy-
gen to make sulfate from sulfide or ferric iron from 
ferrous iron. A bacterium evolved past a threshold 
where it could dispense with H2. Its productivity in-
creased by a factor of thousands in years. All bacterial 
photosynthesis (the informal clade Photobacteria) 
shares this common ancestor. Soon this organism 
adaptively radiated into Hydrobacteria that stayed on 
in the ocean and Terrabacteria that colonized land and 
freshwater. 

The Terrabacteria required ferrous iron to dump 
oxygen. Sulfur was in short supply overall, but locally 
abundant. Selection favored ecosystems that could 
rapidly weather Fe(II) from minerals and volcanic 
glass.  The weathered rock was carried downstream 
where it formed the common classes of sediments: 
shale, quartz sandstones, and carbonates. Fold moun-
tains (like the Alps and Appalachians) are a result of 
the rheology of layered sedimentary rocks. 3.8 Ga 
metamorphosed black shale from Isua Greenland indi-
cates that both marine and land photosynthesis were 
present by this time. The presence of FeS2 indicates an 
active sulfur cycle with photosynthetic production of 
sulfate and organic matter and their subsequent het-
erotrophic reaction back to sulfate and CO2. 

Low-Fe sediments and granites formed from their 
melting presented a dearth of Fe(II) to anoxygenic land 
photosynthetic microbes. Cyanobacteria evolved  on 
land to directly release oxygen to the air under this 
selective pressure. They later colonized the ocean. 

Later oxygenation events:  The advent of free 
oxygen in the air required first significantly oxidizing 
much of the Earth’s crust. It also required overwhelm-
ing two mineral buffers in the oceanic crust. At about 
2.45 Ga, there was enough sulfate in the ocean ~0.1 
present ocean level that anhydrite CaSO4 formed 
within hydrothermal downwellings and later redis-

solved off axis. The hydrothermal flux of sulfate and 
hence available oxygen into the oceanic crust became 
independent of marine sulfate concentration. Thereaf-
ter sulfate increased toward the modern level. At about 
1.85 Ga, there was enough oxygen ~1000 ppm in the 
air that the flux of downwelling surface ocean water 
quantitatively oxidized massive sulfide deposits at the 
ridge axis. The flux of oxygen from this process be-
came independent of the oxygen concentration in the 
air. The deep ocean was suboxic after this transition. 
Oxygen levels in the air and ocean then gradually in-
creased over time. 
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