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Earth habitability

Consequently, theoretically, it should be easy to establish when Earth
became habitable and when Life began to develop on it.

In fact, this appears as being a tricky problem.

On Earth wecan takeas much
samples as we need



Earth is a living planet

sea level




Earth is a living planet
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Earth is a living planet
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From 4.568 to 4.40 Ga :Earth magma ocean
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From 4.568 to 4.40 Ga :Earth magma ocean

Magma gcean
(molten) -4

Kinetic energy oplanetesimaimpacts
Energy of ironsilicate gravitational separatiot
Decay of radioactive sources (K, Thé )

Tidal heating
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From 4.568 to 4.40 Ga :Earth magma ocean

@ Plagioclase floats
¢  Olivine sinks
Pyroxene sinks

Plagioclase cumulate
= anorthositiccrust

Magma ocean

(molten)

Olivine + pyroxene
cumulate = mantle

Unmeltedinterior



From 4.568 to 4.40 Ga :Earth magma ocean

0.519
0.518 S —
0.517 e a0 40 M /
< 0.516}

0.515

s
= 0514
Z
g

AN

0513
0512k e

0.511fF

0510 Zz L ] 1 ] 1
0.10 0.15 0.20 0.25 0.30 0.35 0.40

147 144
Sm/"**Nd Norman et al., 2003

Anorthosites cover most of the Moon surface

Age of anorthosite crystallization = 4456 Me
Their genesis is a planetary scale process

Magma ocean formed early in the planet hist
The magma ocean covered the whole Moon

Magma ocean is a very early process that affected the whole planet



From 4.568 to 4.40 Ga :Earth magma ocean

On Earth, plate tectonics and erosion wiped out almost all direct traces of magma oct

Hot spots

146Sm- 142Nd (T,,= 103 Ma)
silicate/silicate fractionation

Kimberlites

The oldest known rocksdisplay
complementary!4?Nd enrichment and
impoverishment

Carbonatites

Enriched
Mantle-1

I Komatiites

(3.6-2.5 Ga)
:&ig \ (3.;;7u fEl}a)
Ear |l y Ear tplesewedtmeesdf| e —
primary differentiation (<500 Ma) N
Acasta
I gneisses
. . (4.0 Ga)
142Nd model ages indicate magma ocean _Earth
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Boyer and Carlson, 2008; Jackson and Carlson, 2012; Roth et al., 20!



From 4.568 to 4.40 Ga :Earth magma ocean

CH Garnet sinks
4 @ Olivine sinks

H> & z }( NH3 Pyroxene sinks

Serpentine crust
= thermal lid

Olivine + pyroxene + garnet
cumulate = mantle

Unmeltedinterior



Core-mantle differentiation and magnetic field

Metal drop

Ponded meta

Sinking metaldiapir



Core-mantle differentiation and magnetic field

Whendid the separation of the metallic core and silicate mantleplaaie?

Dating based on extinct radioactivity
1824f - 182w (T,.,= 9 Ma) Y all 182Hf disappears for T<60Ma

182f - 184N/

Hf = lithophile : incorporated in W = siderophile incorporated in
silicates (mantle and crusts) metal (core)




182W / 183W

Core-mantle differentiation and magnetic field
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Core-mantle differentiation and magnetic field




Core-mantle differentiation and magnetic field



