
Thermal and Dynamic History of Planets
Planetary Volcanism and Crustal Evolution

David Baratoux

University of Toulouse, Institut de Recherche pour le Développement
Institut Fondamental d’Afrique Noire

D. Baratoux - Kobe University, 15th – 16th June 2016 



Part I – The mantle source
A geochemical model of the Martian mantle

Day 2 – The thermal evolution of Mars

Part II – Petrological constraints on the thermal 
evolution of the mantle

Part III – Outstanding questions
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Part III – The mantle source

There are different ways to determine the composition of the martian mantle

Cosmochemical models

a) Assume Mars has a chondritic composition and results from a mixture of 
different group of meteorites. Contrained by oxygen isotopes of different groups of 
chondrites and Martian meteorites (Sanloup et al. 1999)

b) Use element ratio in Martian meteorites to determine the composition 
of the primitive mantle (Dreibus and Wanke 1985).

Geophysical inversion

c) Inversion of Martian second degree tidal Love number, tidal dissipation factor, 
mean density and moment of inertia for mantle composition and thermal state using a 
stochastic sampling algorithm. 

Gibbs energy minimization is used to compute the stable mineralogy of the 
Martian mantle in the model system CaO-FeO-MgO-Al2O3-SiO2. 
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The formation of Mars

W. Hartmann – 2005 – Clearing out the solar nebula. The 
first planetesimals.

Mars, as the other
terrestrial planets, formed
from condensation of the
solar nebula gas, followed
by the accretion of
planetesimals.

Composition of 
Mars 

Composition of the 
solar nebula
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Accretion – Composition of the gas of the Nebula
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Accretion – Cosmochimical behavior
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The formation of Mars
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The formation of Mars
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The formation of Mars
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Exercise

Determine the composition of the martian mantle 
from Martian meteorites
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Sanloup et al. 1999

Comparison with Sanloup et al. 1999
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Comparison with Sanloup et al. 1999
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Comparison with Khan et al. 2004

We invert the most recent determinations of Martian second degree tidal Love number*, tidal
dissipation factor, mean density and moment of inertia for mantle composition and thermal state using
a stochastic sampling algorithm. We employ Gibbs energy minimization to compute the stable
mineralogy of the Martian mantle in the model system CaO-FeO-MgO-Al2O3-SiO.

*The Love number are dimensionless parameters that measure the 
rigidity of a planetary body and the susceptibility of its shape to change 
in response to a tidal potential.
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Comparison with Khan et al. 2004
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Exercise – Review and discuss the advantages and 
difficulties with each approach

Dreibus and Wanke 1985

Sanloup et al. 1999

Khan et al. 2004
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Exercise – Review and discuss the difficulties with 
each approach

Dreibus and Wanke 1985

- Are martian meteorites representative ?
- Assumption for Ca, Al, Si, Mg – what is Si/Mg non-chondritic ?

Sanloup et al. 1999

- Assumption that Mars can be reproduces from the present collection 
of chondrites.
- P and K were not estimated, and are important during melting

Khan et al. 2004

- Applied “only” to the CaO-FeO-MgO-Al2O3-SiO2 system.
- One significant advantage: provide also constraints on mineralogy 

and density profile.
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