
THE EARLY THERMAL EVOLUTION OF MARS AND 

ITS PLANETARY SCALE DIFFERENTIATION.  

S. Sahijpal and G. K. Bhatia, Department of Physics, Panjab 

University, Chandigarh, India (sandeep@pu.ac.in)  

 

     Introduction: The 182Hf-182W and 60Fe-60Ne isotopic 

systematics of the SNC meteorites suggests an early and rapid 

accretion of Mars and its core formation, preferably within the 

initial few million years (Ma) during the formation of the solar 

system [1-3]. We have numerically simulated the early thermal 

evolution and differentiation of Mars by considering the 

influence of heat produced due to the decay energy of two short-

lived nuclides, 26Al and 60Fe, along with the heat produced due to 

impacts on the surface of the accreting Mars [4]. The earlier work 

based exclusively on the impact induced heating [5] resulted in 

the formation of an iron-shell rather than the large scale 

differentiation of the body into an iron-core with a silicate mantle 

and crust [4]. In the present work, we demonstrate that in case 

Mars accreted early during the formation of the solar system [1-

3], the incorporation of the radioactive heating [6-8] along with 

impact induced heating [4,5] results in substantial heating and an 

early planetary scale differentiation of Mars [9].       

     Methodology: We numerically solved the heat conduction 

PDE using FDM by incorporating radioactive heating [6-8] and 

impact heating [4] during the accretion of Mars. The pressure 

dependence of the melting temperature of iron and silicate was 

incorporated in the simulations. We ran a set of simulations by 

varying the onset time of Mars accretion, the duration of the 

accretion, the initial abundance of 60Fe/56Fe and the melt 

percolation velocity of metallic blobs through the silicate matrix 

to study the core-mantle (the CM models) differentiation of Mars. 

We also independently simulated the core-mantle-crust 

differentiation scenario (the CMC models) by considering the 

upward extrusion of 26Al upon 20% partial melting of silicate. 

     Results & Discussions: The incorporation of the radioactive 

heat sources [6-8] and the impact induced heating [4] results in 

substantial heating of Mars throughout the body from its centre to 

near surface. In the CM models, we found that the early onset 

time (< 1.5 Ma) of the accretion of Mars can result in an early 

core formation [9]. A further delay would result either in a 

prolonged core formation or no segregation. A value of ~10-8 for 

(60Fe/56Fe)ini. [3] significantly reduces any thermal contribution of 
60Fe. We performed a detailed analysis of the dependence of the 

melt percolation velocity of the metallic melt blobs during their 

downward descend on the viscosity of the silicate melt and 

gravity. In the CMC models, the crust formation commence 

subsequent to 20% silicate melting. The upward extrusion of the 
26Al-rich basalt results in core-mantle segregation that proceeds 

from outer to inner regions as suggested in the recent work [10]. 
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