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Life probably started between 
4.4 to 3.8 billion years ago (Ga)
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Figure modified from: Domagal-Goldman, S. D. et al. The Astrobiology Primer v2.0. Astrobiology 16, 561–653 (2016).



Earth during the Hadean Eon was 
probably very inhospitable for life

NASA’s Goddard Space Flight Center Conceptual Image Lab (artist’s impression)

Comets and Meteorite Impacts



Earth during the Hadean Eon was 
probably very inhospitable for life

NASA’s Goddard Space Flight Center Conceptual Image Lab (artist’s impression)

Magma Oceans

Comets and Meteorite Impacts

Magma Oceans formed because of:
1. Comets and meteorite impacts
2. Tidal heating (moon/Earth)
3. Core formation (plate tectonics)



Plate tectonics helped make the early 
Earth environment  favorable for life
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Figure modified from: Domagal-Goldman, S. D. et al. The Astrobiology Primer v2.0. Astrobiology 16, 561–653 (2016).
Figure of plate tectonics: Longstaff, Alan. Astrobiology: An Introduction. CRC Press, Taylor & Francis Group, 2015.
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Global oceans probably covered the 
surface of the Earth by the Archean Eon

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Hadean Archean Proterozoic Phanero
-zoic

Late Heavy 
Bombardment

Rise of 
O2 Dinosaur 

extinction

Cambrian
Explosion

Origins of 
Life???

Figure modified from: Domagal-Goldman, S. D. et al. The Astrobiology Primer v2.0. Astrobiology 16, 561–653 (2016).

Formation of 
the oceans Simone Marchi/SwRI (artist’s impression)

Global 
Oceans



Life took hold on Earth 
during the Archean Eon

Peter Sawyer / Smithsonian Institution (artist’s impression)



Life took hold on Earth 
during the Archean Eon

Peter Sawyer / Smithsonian Institution (artist’s impression)

Chemolithoautotrophs

“Rock Eater” Use CO2 as carbon source
Building material for cells



The first likely signs of life in the rock 
record dates back to 3.5 to 3.3 Ga
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Figure modified from: Domagal-Goldman, S. D. et al. The Astrobiology Primer v2.0. Astrobiology 16, 561–653 (2016).
Figure: Schopf, J. William, et al. SIMS Analyses of the Oldest Known Assemblage of Microfossils Document Their Taxon-Correlated 
Carbon Isotope Compositions. PNAS. 115, 53-58 (2018).

Evidence of life in 
the rock record



How can we think about early life?
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Figure modified from: Domagal-Goldman, S. D. et al. The Astrobiology Primer v2.0. Astrobiology 16, 561–653 (2016).



How can we think about early life? 
And life on other planetary bodies??

Look at modern-day analogues!!
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Figure modified from: Domagal-Goldman, S. D. et al. The Astrobiology Primer v2.0. Astrobiology 16, 561–653 (2016).



There are many modern-day analogues for 
Early Earth and other planetary bodies

Merino, N. et al. Living at the Extremes: Extremophiles and the Limits of Life in a Planetary Context. Frontiers in Microbiology 10, 780 (2019).



Many microorganisms can survive under 
extreme conditions (“extremophiles”)

Merino, N. et al. Living at the Extremes: Extremophiles and the Limits of Life in a Planetary Context. Frontiers in Microbiology 10, 780 (2019).

Alkaliphile (pH12.5)
Serpentinomonas sp. B1

Suzuki et al. 2014

Hyperacidophile (pH -0.06)
Picrophilus oshimae
Schleper et al. 1996

5 um

Hyperthermophile (T 122ºC)
Piezophile (40 MPa)

Methanopyrus kandleri strain 116
Takai et al. 2008

1 um

Halopsychrophile (T -15ºC)
Planococcus halocryophilus Or1

Mykytczuk et al. 2013

Haloalkaliphile (35% salinity)
Halarsenatibacter silvermanii strain SLAS-1

Blum et al. 2009

Extremes include:
• Temperature
• pH
• Salinity
• Pressure
• Desiccation
• Radiation-tolerant

Multiple extremes = 
"Polyextremophiles"



Life on Earth could potentially survive 
under even more extreme conditions

Merino, N. et al. Living at the Extremes: Extremophiles and the Limits of Life in a Planetary Context. Frontiers in Microbiology 10, 780 (2019).



Life on Earth could potentially survive 
under even more extreme conditions

Merino, N. et al. Living at the Extremes: Extremophiles and the Limits of Life in a Planetary Context. Frontiers in Microbiology 10, 780 (2019).

Example: Can life on Earth grow 
at higher temperatures than 
122ºC? What is the actual 
maxima for life on Earth?



What about other planetary bodies?

Merino, N. et al. Living at the Extremes: Extremophiles and the Limits of Life in a Planetary Context. Frontiers in Microbiology 10, 780 (2019).
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