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Part II – Thermal evolution of asteroids

2.1 Thermal evolution from accretion energy

2.2 Thermal evolution from 26Al
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2.1 - Thermal evolution of asteroids
Accretion energy

No heat transport
Source of energy: accretion
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Terms function of T Terms function of R

Equation for T as a function of final radius R

May be solved graphically

2.1 - Thermal evolution of asteroids
Accretion energy
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Plots for tacc = 1 Myr

2.1 - Thermal evolution of asteroids
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Plots for tacc = 1 Myr

2.1 - Thermal evolution of asteroids
Accretion energy
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Plots for tacc = 100 000 years

2.1 - Thermal evolution of asteroids
Accretion energy
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Terms function of T Terms function of R

Equation for T as a function of final radius

Accretion time as a function of 
Final (surface temperature)

2.1 - Thermal evolution of asteroids
Accretion energy
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Melting is possible if R > Rfmin (final critical radius)

2.1 - Thermal evolution of asteroids
Accretion energy



Source of energy: accretion
Instantaneous heat transport

2.1 - Thermal evolution of asteroids
Accretion energy + heat transport
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With a constant accretion rate:

Numerical resolution

2.1 - Thermal evolution of asteroids
Accretion energy + heat transport
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Accretion = heating and cooling from the edges.

26Al heating from inside and cooling at the edges

2.2 – Thermal evolution of small asteroids
26Al energy

Thermal profiles are different
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Energy conservation equation

Source term (26Al decay)
A0 (W/m3)

Analytical solution

2.2 – Thermal evolution of small asteroids
26Al energy
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2.2 – Thermal evolution of small asteroids
26Al energy
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2.2 – Thermal evolution of small asteroids
26Al energy
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2.2 – Thermal evolution of small asteroids
26Al energy

Two important factors
(instantaneous accretion)

Date of accretion 
Canonical value t = 0 - 26Al/27Al = 5*10-5

Controls the amount of available energy 

Size
Controls the rate of energy loss

(boundary condition T = Tn)
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2.2 – Thermal evolution of small asteroids
26Al energy – When does it melt ?

26Al ppm 
Al203 wt % 
Date of accretion 

Available 
energy
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2.2 – Thermal evolution of small asteroids
26Al energy – When does it melt ?
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2.2 – Thermal evolution of small asteroids
26Al energy – When does it melt ?
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2.2 – Thermal evolution of small asteroids
26Al energy – When does it melt ?
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2.2 – Thermal evolution of small asteroids
26Al energy – The onion shell structure
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Exercises
Compare accretion energy with 26Al energy
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2.3 - Application to the thermal history of the 
H-Chondrite parent body

Why H-Chondrites ?

Ordinary chondrites have experienced variable degrees of thermal 
metamorphism 

Negative correlation exists between the Pb/Pb ages of phosphates and 
petrologic type => link between age and degree of metamorphism (T).

Furthermore, a smooth variation of these ages was found as a function of 
metallographic cooling rates obtained on the same samples 

H-chondrites may belong to the same parent body.
Onion-shell structure of the parent body.
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2.3 - Application to the thermal history of the 
H-Chondrite parent body
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2.3 - Application to the thermal history of the 
H-Chondrite parent body

Monnereau et al. 2013 – Geochimica Cosmochimica Acta
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2.3 - Application to the thermal history of the 
H-Chondrite parent body

Time since CAI formation (Myr)

Duration of accretion 0.001 Myr

Monnereau et al. 2013 – Geochimica Cosmochimica Acta
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2.3 - Application to the thermal history of the 
H-Chondrite parent body

Time since CAI formation (Myr)

Duration of accretion 0.2 Myr

Monnereau et al. 2013 – Geochimica Cosmochimica Acta
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2.3 - Application to the thermal history of the 
H-Chondrite parent body

Duration of accretion 2 Myr

Monnereau et al. 2013 – Geochimica Cosmochimica Acta
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2.3 - Application to the thermal history of the 
H-Chondrite parent body

Monnereau et al. 2013 – Geochimica Cosmochimica Acta

The time interval of accretion is unlikely to have been more than 0.5 
Myr supporting evidence in favour of rapid accretion 
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Magma oceans

Magma ocean are inescapable for (large planets)

26Al + 60Fe

Accretion Energy
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