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The marine primary production in the early Earth before the
advent of oxygenic photosynthesis is suggested to have been
limited by the supply of electron donors [1]. When the supply of
electron donors is large enough to produce sufficient methane
fluxes to the atmosphere, hydrocarbon haze is formed in the
upper atmosphere. Because haze particles effectively absorb the
UV-flux [2], it should affect the biological activity in the ocean
via affecting the supply of electron donors produced in the
atmosphere (H2 and CO). However, the relationship between the
biological activity and the formation of haze has not been
studied. Here, we employed a coupled model of one-dimensional
photochemical model “Atmos” [3] and a marine microbial
ecosystem model to estimate the impact of the formation of a
haze layer to the marine anaerobic microbial ecosystem.

We found that the primary productivity of anaerobic biosphere
decreases when the haze layer is formed with a large external
input of the electron donor. This is because the production rate of
the electron donor in the atmosphere is decreased because of the
UV-shielding and the removal of haze particles. The productivity
of anaerobic ecosystem is suppressed even with larger external
input of electron donors because the haze layer thickens and the
production rate of electron donors in the atmosphere decreases to
adjust the increased external input. As a result, the maximum
productivity of anaerobic microbial ecosystem is achieved at the
clear-sky condition at the boundary of haze formation. This
maximum level is around 1.5 GtC/yr, irrespective of the
atmospheric CO2 levels and of the combinations of external input
of electron donors (volcanic H2 outgassing flux and ferrous iron
upwelling flux). Thus, haze formation provides a concrete upper
limit in the primary productivity of marine anaerobic microbial
ecosystem during the Archean. Our findings also constrain the
possibility of a hazy atmosphere during the Archean.
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