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The interaction between reduced gases and the pre-oxygenic photosynthesising microbial population
is key to determining the potential methane greenhouse that warmed the Archean. The potential
biotic methane flux could have sustained methane concentrations between 100 to 35,000ppm [1].
Looking at the effect of these methane fluxes and concentrations in a 3D atmosphere are crucial to
understanding these processes in more detail.
Here, I will present results from a state-of-the-art 3D climate model [2] along with a low
dimensional biogeochemical model [3], exploring the potential biotic methane fluxes and subsequent
concentrations. From this, we can examine the potential climate conditions during the Archean. We
have extended a 1D exploration of methane’s diminished greenhouse potential during the Archean
[4] by looking at how methane concentrations affect cloud distribution, atmospheric dynamics and
the surface temperature.
We find that global surface temperature peaks at pCH4 ~100 Pa, with this peak shifting at different
CO2 concentrations. Equator-to-pole temperature differences also has a peaked response, with the
impact strongly dependant on the CO2 concentration. These changes come about from the balance
between the effect of methane and carbon dioxide on atmospheric dynamics. This is due to changes
in the heating structure of the atmosphere, which also affects the cloud distribution.
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