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Life everywhere
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ORIGINS of LIFE






Life as we know it
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How did Life begin?
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Nad) When did Life begin?
Accretin Moon formation | Liquid water
4,568 Ga 4,51 Ga 4,3 Ga 4 Ga 3.4 Ga

Habitable Earth (?OoL)
Earth Rock record

Uninhabitable Earth habitable Earth Life diversification
~4.3-4 Ga >3.4 Ga
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# LIEGE université
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Early traces of life (biosignatures)

Biosedimentary structures Microfossils

Membrane

chemical

Hopanepolyol




Rocks are archives of both Earth and life evolution
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THE OLDEST UNDISPUTED (CHEMICAL & MORPHOLOGICAL) TRACES OF LIFE
>3,4-3.2 GA

early cells and —

microbial mats
used light, CH,, S,
Fe, N, C, and other

elements from

minerals

in ocean and
on land
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The rise of cyanobacteria > 2.4 Ga
Earth oxygenation
Emergence of complex life

Oxygenic
photosynthesis
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Fossil cyanobacteria>2 Ga Multicellular algae >1 Ga




The oldest fossil eukaryotic cells (1.75-1.65 Ga

de Duve, Nat Rev Genetics 2007
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Early Evolution of Life on Earth

3.42 Ga
Undisputed
evidence for life » @

4 Ga
Rock record e

4.3 Ga
Habitable Earth » @

4.56 Ga
Earth accretion p» @

Three domains of life

First cells

~ Origins of life

Javaux, Nature 2019




HABITABILITY

The possibility for a (exo)planet o oon to harbor life
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Mass of star relative to Sun

Habitable zone

Habitable Zone
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HABITABILITY CHANGES IN TIME AND SPACE il

Potentially Habitable Exoplanets &PHL

Metallic Core Ice Covering Ranked by Distance from Earth (light years)

y " )3 56
L € & &
[62ly) y) [121y] [121y] [121y) [121y]
Proxima Cen b tau Cete 6J1061 ¢ 6J 10614 6J273b Teegarden's Star b
- o > g '
& € :
-
121y [141y) (171 yl [221y) [221y]
Teegarden’s Starc ~ Wolf 1061 ¢ 6J3323b 6J667Cc 6J667Ce 6J667Cf
Rocky Interior & a4 & -ﬁ Q’ g«
> 3 =
H20 Layer [11y) [y [11y) [y {2171 [5611y]
TRAPPIST-1 d TRAPPIST-1 ¢ TRAPPIST-1 f TRAPPIST-1g K2-T2e Kepler-186 f
[7701y] [11151y) [12001y]
Kepler-1229 b Kepler-442 b Kepler-62 f
Artistic representations. Earth, Mars, Jupiter, and Neptune for scale. Distance from Earth is between brackets. CREDIT: PHL @ UPR Arecibo (phLupr.edu) Sep 4, 2019

TRAPPIST-1 system @Nature . =~
BELSPO BRAIN 2.0 project PORTAL




Life on Early habitable Mars? =

accretion rocks preserved

Exomars 2028

accretion no rocks preserved
Time of OolL

Quantin +2021 Modified from Vago+2017



Mars Sample Return 2033

NASA/JPL-Caltech



From early Earth to Mars!
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www.earlylife.uliege.be; www.astrobiology.uliege.be



