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Introduction:  Several giant impact basins of mid-

Noachian age have been identified on Mars [1], the 
youngest of which are demagnetized [2]. Passage of 
the shock waves generated by the hypervelocity im-
pacts [3] that formed these basins would have in-
creased the temperature of the interior [4], modified 
the pattern of mantle convection [5,6], and suppressed 
core cooling [7], potentially contributing to the cessa-
tion of dynamo activity [8]. Here, we investigate the 
thermal and dynamo evolution of Mars in response to 
heating by a basin-forming impact, which instantane-
ously change the temperature structure in the core and 
mantle. We study the thermal coupling of the core and 
mantle while both are simultaneously cooling, using 
coupled models of mantle convection and parameter-
ized core cooling.  

Modeling: At the time of an impact we introduce a 
temperature perturbation resulting from shock heating 
into the core and mantle [4,6]. The core temperature 
becomes stratified, largely erasing lateral variations 
[7]. Exploiting this symmetry, we couple a 1-D param-
eterization of core cooling to 2-D axisymmetric mantle 
convection models using the finite element code Cit-
com [9], appropriate for a single vertical impact sce-
nario. This allows us to more accurately model the 
thermal evolution of both core and mantle, when the 
core is not necessarily adiabatic and convecting [10].  

Results: Figure 1 shows the evolution of the tem-
perature in the core and lower thermal boundary layer 
of the mantle. after the vertical impact of a 1000-km 
diameter rocky projectile at 10 km/s. Just after impact, 
the stratified core is stable to convection and the tem-
perature may exceed 3000K just below the CMB. The 
top of the core cools into the mantle, and the lower 
mantle material is swept into a large hemispheric 
upwelling. The hot layer at the top of the core disap-
pears after a few tens of My. Further core cooling re-
sults in formation of a convecting zone at the top of the 
core that propagates downwards as the thermal gradi-
ent becomes adiabatic at greater depths. As the con-
vecting region of the core thickens, the magnetic 
Reynolds number increases (see Figure 2), and a strong 
dynamo is possible after ~120 My to 150 My. 

Conclusions: A large basin-forming impact results 
in stable stratification of the core, and halts core con-
vection and pre-existing dynamo activity for more than 
100 My. Our results are consistent with electron reflec-
tometry observations [2] that show a lack of remanent 
magnetism in the younger Noachian giant impact ba-

sins [1], and supports a causal link between basin for-
mation and cessation of dynamo activity [5,8]. 

  

 
Figure 1: Radial temperature profile in the core and 
lower thermal boundary layer of the mantle following 
the impact heating. 

 
Figure 2: Post-impact evolution of the magnetic Reyn-
olds number of the core for the case shown in Figure 1. 
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