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Introduction: Over twenty mid-Noachian basins 

with diameters over 1000 km have been identified on 
Mars [1]. Heating by such impacts may have sup-
pressed core cooling [2,3], contributing to the cessation 
of dynamo activity [4], as well as modifying the pat-
tern of mantle convection [5]. Here we investigate the 
thermal evolution of Mars in response to the largest 
basin-forming impacts, using coupled models of man-
tle convection and parameterized core cooling. 

Coupled core and mantle dyanmics: The chief 
difficulty in full coupling of 3D mantle convection 
models to core dynamo models is that relevant time-
scales are quite different. Most studies therefore are of 
either the core or the mantle, and treat the other layer 
as a boundary condition. Here, we are interested in 
heating by large impacts which instantaneously change 
the temperature structure in the core and mantle. 

We model convection in the mantle using the finite 
element code Citcom in 2D axisymmetric geometry, 
appropriate for a single impact scenario. At the time of 
an impact we introduce a temperature perturbation 
resulting from shock heating into the core and mantle 
layers (see Figure 1a).  Because lateral mixing of the 
core occurs very quickly compared to mantle dynam-
ics, we assume the core becomes stratified [3] and its 
temperature varies only radially. 

We fix the mantle temperature and solve the 1D en-

thalpy equation in the core and lower thermal bounda-
ry layer of the mantle. After a time corresponding to a 
mantle timestep, we update the temperature at the 
CMB and mantle boundary layer, and let the mantle 
convection progress for one timestep. We continue this 
iteration until the core temperature becomes almost 
adiabatic and the entire core is convecting. Mantle 
convection then proceeds while the entire core cools 
retaining an adiabatic temperature distribution. 

Results and Discussion:  Preliminary models have 
been performed in 2D to speed computation times. We 
have imposed the heating due to a 1000 km diameter 
rocky projectile impacting Mars at 10 km/s. Figure 1 
shows that the impact heating generates a strong hemi-
spheric pattern of mantle convection which quickly 
spreads into a warm layer beneath the stagnant lid, and 
decays. Figure 2 shows the evolution of the core tem-
perature profile following the impact. While the ther-
mal “blanket” in the outermost core disappears quick-
ly, the core does not return to a fully convective state 
for ~ 0.5 Gy following the impact.   

Our results suggest that a pre-exisitng core dynamo 
would have been crippled for at least a similar time-
scale. Theoretically, the dynamo could restart once 
core temperature became adiabatic. However, so much 
time, there may be insufficient CMB heat flow to re-
start dynamo activity, particularly if the pre-impact 
dynamo was subcritical [5]. 
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Figure 2: Radial temperature profile in the core 
and lower mantle following the impact heating. 
Red, green and blue curves correspond to panels 
d-f in Figure 1. 

Figure 1: 2D temperature profile in the core and 
mantle immediately after the impact at the top of 
the figure (a), and after 14 ky (b),  214 ky (c), 164 
My (d), 387 My (e), and 642 My (f). CMB is marked 
by a black line.  
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