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Planet formation: solar system materials
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Planetesimal evolution regimes
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Meteorite origins
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Thermo-mechanical interior evolution
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Planetesimal radius Rr [km]

Thermo-mechanical interior evolution
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Delivery of Earth’s water
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Water delivery during accretion
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Fine-tuning Earth-like water abundances

Water Mass Fraction
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Consequences”?
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Part I: Not so ‘onion’ after all?

Closest to surface:

* Thermal evolution usually assume
e ey s, eoses.  that melt and solid do not separate

Bali-type oxidized CV chondrites
Allende-type oxidized CV chondrites

Deep crust:

pes '"-’\':';'. e ;;“_‘-“-".':' "-0.. mgm
© % Greatest thermal metamorphism ° H Oweve I Sl I | Cate m e It m ay b e
Y Fods s CK chondrites

S Metachondrites

.,: buoyant relative to planetesimal
mantle

» Planetesimals stripped of their
heat source”? Magma oceans at
all’?

-----
~~~~~
.....
)

-------
'''''

» Primordial crust preserved?
Internally differentiated objects

S , among C-complex-like asteroids”?
The ‘onion shell’ model —> (21) Lutetia

ooooo
......
0

Wilson & Keil 12, 16, 17; Sierks+ 11; Patzold+

Elkins-Tanton+ 11 11: Weiss+ 12: DeMeo+ 16



Thermo-chemical two-phase model
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L arge-scale melting

Rr = 60 km

t=0.72 Myr | (t=1.08 Myr|
60 60

Radius [km]
3 &

Radius [km]
3 &

[
U

[

o

02 05 0.8 232 348 02 05 0.8 232 348
¢ [wt] T [K] ¢ [wt] T K]
torm = 0.72 Myr, grain sizea=0.1mm  tom = 1.08 Myr, grain size a = 10 mm

Lichtenberg, Keller, Katz, Golabek, Gerya (in prep.)



Melt segregation efficiency
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Melt segregation propensity theat/Tmt
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Melt segregation regimes
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Summary | — Silicate melt ascension
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Summary | — Silicate melt ascension

* Melt ascension crucially

. dependent on grain
3 v size

> 0.73 §

[ W L

& s ¢ Al partitioning does not
S s 8  generally deplete heat
= 3 source

o 0

el ©

(@) 0.24 ©

2 == Structural &

2 = compositional state can

0.00

0.0 . 05 . 1.0 1.5 . 2.0 | ' be related to
tafter CATs/ t1/2, 26 Al .
evolutionary tracks

Lichtenberg, Keller, Katz, Golabek, Gerya (in prep.)



Part ll: Dehydration of planetesimals

“Frost line”
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Fine-tuning Earth-like water abundances
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Planetesimal ‘hydrology’
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Planetesimal dehydration via outgassing
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Planetesimal dehydration via outgassing

rock-ice mixture |l hydrated silicates

Final volume of hydrated silicates Time evolution
@ O o0 l0g,, (V,.. /¥) or
200 = = o & 04
'No hydrated 06 |

1 60 silicates

| | [ | [ ] 0O O [] T |

©
o

4
(S
T

log, (Fraction of hydrated silicates f)

80; o A tar
I~ — RS |
405 5 o g onc — R=158km -
(LT R | J— O 225 1 1
0 05 1 15 2 25 3 35 5 5 16 s
Formation time tiorm [Myr] Time t [Myr]

Monteux, Golabek, Rubie, Tobie, Young (in press, Space Sci. Rev.)



Extrapolation to (exo-)planetary population??
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‘Degassing’ planet population synthesis
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‘Degassing’ planet population synthesis
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‘Degassing’ planet population synthesis
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Summary |l — Planetesimal devolatilisation

 Degassing planetesimals with
low 26Al, low-water fraction may 10
be important contributor of

Earth’s water ELU |
* Degassing processes on c
planetesimals alter volatile c 0
abundances before accretion, o
flatten distribution 0.0
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e Does 26Al heating imprint
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volatile abundances”
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Conclusions
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