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On Earth we can take as much 

samples as we need

Earth is an inhabited habitable planet



Plate tectonics

Complete erosion of the Alps in ~5 Ma
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Cool Early EarthMagma ocean



Anorthosite



Mare basalt



Magma ocean

(molten)

Kinetic energy of planetesimalimpacts

Energy of  iron-silicate gravitational separation

Decay of radioactive sources (K, U, Thé)

Tidal heating

Unmeltedinterior



Magma ocean

(molten)

Unmeltedinterior

Plagioclase floats

Olivine sinks 

Pyroxene sinks

Olivine + pyroxene 

cumulate = mantle

Plagioclase cumulate 

= anorthositiccrust



Anorthosites cover most of the Moon surface

Their genesis is a planetary scale process

The magma ocean covered the whole Moon

Age of anorthosite crystallization = 4456 Ma

Magma ocean formed early in the planet history

Norman et al., 2003



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

146Sm ­ 142 Nd (T1/2= 103 Ma) 

silicate/silicate fractionation 

The oldest known rocks display 

complementary 142Nd enrichment and 

impoverishment 

Early Earthôs mantle preserved traces of 

primary differentiation (<500 Ma)

142Nd model ages indicate magma ocean 

crystallization ages of 4.45 ï4.35 Ga

Boyer and Carlson, 2008; Jackson and Carlson, 2012; Roth et al., 2014



Garnet sinks

Olivine sinks 

Pyroxene sinks

Unmeltedinterior

Olivine + pyroxene + garnet 

cumulate = mantle

Serpentine crust

= thermal lid



Metal drop

Ponded metal

Sinking metal diapir



When did the separation of the metallic core and silicate mantle took place?

182Hf ­ 182W (T1/2= 9 Ma) Ý all 182Hf disappears for T<60Ma

182Hf ­ 182W

Hf = lithophile : incorporated in 

silicates (mantle and crusts)

W = siderophile: incorporated in 

metal (core)

Dating based on extinct radioactivity



Kleineet al., 2009






