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For biology to use a redox reaction for energy 
conservation it needs:

1. The reaction to be exergonic 

(have a negative GΔ r)

AND

2. The abiotic reaction needs to be slow 

OR

needs to have an activation barrier

Giovannelli and Brovarone, 2024 In prep
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ENERGY AND REDOX COUPLES ON EXTANT EARTH

Using only CHNOS and Fe 
Everett Shock group wrote 1,460 
thermodynamic valid redox reactions 
potentially used by microbes!

We do not know how many of these 
reactions are actually used by Life 

(if at all!) and how do they map to the Tree 
of Life!
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Magnabosco et al 2018 Nature Geoscience

Current depths:

    Continental ~5 km

    Marine ~2.5 km

A Subsurface Biosphere



Magnabosco et al 2018 Nature Geoscience; Plumper et al 2017 PNAS

A Subsurface Biosphere
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Limits of life on Earth Porous reservoirs Deep aquifers

Limits of life on Earth overlap with most reservoir and traps

A Subsurface Biosphere



  

Brusca et al. In prep

Microbial greenhouse gas release



  

Microbial consumption of hydrothermal H2

Iacuzzo et al. In prep



  

Microbial overprint of methane in convergent margins

Selci et al. 2025 EarthArXiv
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The central american 
volcanic arc



Barry et al 2019 Nature; Fullerton et al. 2021 Nat Geosci
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Increasing distance from 
trench



Barry et al, 2019 Nature

Rayleigh isotopic fractionation



Barry et al, 2019 Nature
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Fullerton et al 2021 Nature Geoscience

calcite precipitation and microbial activity 
sequester up to 40% of the carbon believed 

to go into the deep mantle



Barry et al 2022 Front Earth Sci
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GLOBAL SUBSURFACE 
CARBON FIXATION
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Lucazeau (2019

GLiM

Global continental rates of Carbon fixation

2.65 Pg C yr -1 (0.31-2.99)
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de Pins et al 2026 Submitted

~2-3% of surface primary productivity

This suggest that a large fraction of the inorganic carbon 
used by life in the subsurface is of geological origin

10x volcanic flux to the surface
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Life

Cascone et al. 2025 EartharXiv
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Assessing the microbial problem

- Impact the H2 
production in the 
kitchen

- Impact the H2 during 
migration

- Impact the H2 during 
storage in the traps
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Is my process, part of my process or 
the path of my proxy in the boundary 

domain of life? 
(that is -18–135 °C, 0–12.8 pH, below boiling, 0–35 

% salinity, 0-2 Gpa)

Geology Rocks! 
You’re good to go!

NO

YES
How much 

time/space has life 
to interact with it?

Little

G
eology Rocks! 

You’re good to go!

A lot

What’s the relative biotic/abiotic 
contribution?

Great, you can 
calculate. You’re good 

to go!

Squishy things are 
messing your work.

Call a Microbiologist!

Known Unknown
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