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The cosmic abundances of the elements were estimated by Goldschmidt (1937) from 
a study of terrestrial and meteoritic abundances and a comparison of these with 
Russell's data on the sun.

Is it its composition?
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Encyclopedia Britannica: Habitable zone, the orbital region around a star in which an Earth-like 
planet can possess liquid water on its surface and possibly support life. Liquid water is essential to all 
life on Earth, and so the definition of a habitable zone is based on the hypothesis that extraterrestrial 
life would share this requirement

Is it its position?



NASA IPL
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runaway greenhouse
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Could it be Life itself to make our planet 
unique?



Could it be Life itself to make our planet 
unique?

What is the job, after all, that required 
Life emergence?



“This perspective allows us to view life as being the means to transform many aspects of planet Earth to 
states even further away from thermodynamic equilibrium than is possible by purely abiotic means. In 
this perspective pockets of low-entropy life emerge from the overall trend of the Earth system to increase 
the entropy of the universe at the fastest possible rate.”





Vladimir Vernadskij, 1926



Lynn Margulis and James Lovelock, 1979
Vladimir Vernadskij, 1926



Lynn Margulis and James Lovelock, 1979
Vladimir Vernadskij, 1926“Life emerges as a planetary response”

Shock and Boyd, 2015



What is Life greatest invention?















Life is electric. Literally.







Life is literally electric



Life greatest invention: scalar to vector







Moore et al 2017 Nature Geosciences



The periodic table as Life’s 
playground



microbes interact with elements a lot 
(more than you think)

Cockell 2015 
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Life thrives in all available niches

Merino et al 2019 Front Microbiol
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Life thrives in all available niches



 CO2 concentration, NASA Earth Observatory



Human Karyotype

EXTENDED PHENOTYPE AND 
ECOLOGICAL NICHE



NICHE CONSTRUCTION: Niche construction is the process whereby organisms, 
through their activities and choices, modify their own and each other's niches. By 
transforming natural selection pressures, niche construction generates feedback 
in evolution, on a scale hitherto underestimated, and in a manner that alters the 
evolutionary dynamic.

ECOLOGICAL INHERITANCE: The set of environmental modifications produced 
by organisms that may persist for longer than the individual constructors, and 
may continue to modulate the impact of these effects on subsequent generations 
of the same or other populations, even driving macroevolution over geological 
timescales.

https://synergy.st-andrews.ac.uk/niche/



termite mounds











So exactly, how much has biology influenced 
planetary evolution through time?

And more specifically, what is the role of life in sustaining 
life? And on its own emergence?
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Earth’s transitions





Timeline of Earth History: a Geologist View 

Timeline of Earth History: a Biologist View 
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Timeline of Earth History: a Biologist View 



Jelen et al 2016 Ann Rev Microbiol



Banded iron formationsOxidation of Earth surface



Iron pit
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Moore et al 2017 Nature Geoscience



Fe4S4 – Fe4S4 CaMn4O4

MoFe7S8C Cu4S Moore et al 2017 Nature Geoscience



Giovannelli et al. In prep



Giovannelli et al. In prep



Giovannelli et al. In prep



Giovannelli et al. In prep



Giovannelli et al. In prep









“[…] cell’s trace element inventory was directly related to the 
conditions under which the host organism evolved [...]



nM



nM



“Iron requirement as an 
evolutionary relict”

nM





Moore et al 2017 Nature Geoscience
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Life, Earth and Oxygen



 SeaWiFS Project, Goddard 
Space Flight Center
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The Biosphere (through photosynthesis) and the Geosphere (through organic matter 
burrial and subduction) have contributed to the net accumulation of oxygen in our 
atmosphere, decoupling photosynthesis and respiration in space and time 



Stern et al 2018 Geoscience Frontiers



Gplate reconstruction



Giovannelli et al 2020 Eos



The fate of marine carbon

Marine PP and 
terrestrial 

runoffs

Giovannelli et al 2020 Eos



The fate of marine carbon

deep in the 
mantle

Marine PP and 
terrestrial 

runoffs

Giovannelli et al 2020 Eos



The fate of marine carbon

deep in the 
mantle

Back to the 
atmosphere

Marine PP and 
terrestrial 

runoffs

Giovannelli et al 2020 Eos





Schmidt Ocean Institute



credits: C Vetriani (Rutgers U)





Giovannelli et al 2020 Eos



potentially 
below 150°C

Giovannelli et al 2020 Eos



Gold 1992 PNAS
Magnabosco et al 2018 Nature Geoscience

There is a pervasive Subsurface Biosphere



https://ourworldindata.org/
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Biological processes

Geological processes

Giovannelli et al in prep

Geology and Biology are potentially on the same scales



 from www.halcyonmaps.comfrom www.halcyonmaps.com



from NASA svs.gsfc.nasa.gov/11428



McMahon et al. 2013 Planet Space Sci



Orosei et al. 2018 Science
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● Geosphere and Biosphere have co-evolved through time
● Prokaryotes are responsible for the bio in biogeochemistry both at the 

ecosystem level and through time
● Genes (oxydoredutases) might hold the key to unserdtand metabolism 

emergence 
● The extent of co-evolution has been thus far greatly underestimated
● Niche construction is widespread, and a modified environment is part of 

Life’s ecological inheritance
● The habitability of our planet is determined in part by the presence of life 

itself
● The (lack of) early feedback mechanisms between life and a planet may 

explain the presence (and absence) of life elsewhere

Take home messages
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