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Introduction:  Giant impacts may have played an 

important role in the late history of Mars. A giant im-
pact is an increasingly popular explanation for why the 
northern hemisphere of Mars has a lower average ele-
vation and a thinner crust than the southern hemisphere 
[1, 2, 3]. Cratering statistics indicate that the ages of 
both the northern lowlands and southern highlands on 
Mars are similar and that these features formed by 4.5 
Ga [4]. Hence, at the time of the giant impact, it is 
plausible that both Mars and the impactor were differ-
entiated with silicate mantles and iron cores. Such a 
large impact event is, thus, likely to have been fol-
lowed by a merging of the cores of both bodies, a pro-
cess which will have implications for the short lived 
(i.e. < few hundred Myr) internally generated magnetic 
field that ceased by ~ 4.0 Gyr [5].  

 
The timing of the initiation of the Martian dynamo 

strongly depends on the differentiation processes that 
occurred during the first few million years of the Mar-
tian history [6]. Here, we characterize the dynamics 
and thermodynamics of merging of a sinking metallic 
diapir with an existing planetary core on a Mars-size 
planet following a giant impact. We will investigate 
how this merging process might influence the likeli-
hood and style of dynamo action. 

 
Thermo-chemical state after a giant impact:  

Among the hypotheses for the origin of the Martian 
dichotomy, an exogenic origin seems to be the most 
plausible candidate [1, 2, 3]. Models suggest that the 
impactor radius was in the range 800 to 1400 km and 
geochemical evidence and surface-crater densities sug-
gest that this impact might have occurred in the very 
early history of Mars after the formation of the Martian 
core [7]. At the time of the impact, the impactor was 
also probably differentiated and potentially brought a 
supplementary core volume with a radius between 400 
km and 700 km.  

 
During the impact, a significant part of the kinetic 

energy was used to deform both the impacted body and 
the impactor. Even the core of the impactor underwent 
intense deformation during the impact. If the impact 
velocity was close to the Martian escape velocity, most 
of the metallic material merged with the Martian core 
[8]. The core merging process involved one or more of 
several mechanisms depending on the characteristic 
size of the iron drops. These mechanisms include Ray-
leigh-Taylor instabilities, fracturation or percolation. 

We consider the end member hypothesis in which the 
whole impactor’s core is collected at the bottom of a 
molten pool in the mantle and sinks toward the preex-
isting core via viscous deformation. Following a large 
impact, a significant fraction of the kinetic energy of 
the impactor is converted into heat and leads to a local 
temperature increase and melting below the impact site 
[9,10]. The magnitude of the temperature increase 
strongly depends on the impact velocity and on the 
rheology of the impacted body.  

 
Three impactor sizes of 500, 750, and 1000 km in 

diameter with impact velocity of 10 km/s are consid-
ered (2 times the Martian escape velocity). We consid-
er that the whole impactor’s core remains on Mars 
after impact and that the bulk chemistry of the im-
pactor is the same as Martian (12.5% of metallic phase 
in both Mars and the impactor). Pre-impact tempera-
ture in Mars is assumed spherically symmetric and 
only radially dependent. A liquid iron core exists in 
Mars at the impact time.  
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Figure 1: Time evolution (from left to right) of the temperature 
(left portion) and composition (right portion) after a 750 km 
diameter impact on a Mars size body with uniform viscosity 
(first line). In each compositional panel, the solid silicates are 
represented in green, the partially molten silicates are in blue 
and the iron is in red. On the second and third lines, the viscosity 
is temperature and temperature-melt dependent respectively. 
The third panel for each snapshot of these two lines represent 
the viscosity. 

 
Numerical models:  To characterize the dynamics 

of core merging after a giant impact between two dif-
ferentiated objects, we used the numerical model de-
veloped in finite volumes and spherical axisymmetric 
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geometry by [9]. The governing equations solved in 
our numerical models are continuity, momentum con-
servation, conservation of energy and conservation of 
metal volume fraction. We consider three different 
viscosity models, a constant viscosity of 1021 Pa.s, a 
temperature-dependent viscosity, and a temperature-
melt-dependent viscosity.  The gravity depends on 
radius and viscous heating due to conversion of poten-
tial energy into heat is taken into account. Fig. 1 illus-
trates the thermal and the chemical re-equilibration 
after a 750 km diameter impact on a Mars size body. 
Because of its temperature and melt dependence, we 
also monitor the viscosity evolution as a function of 
time. 

 
Results:  As illustrated in Fig. 1, right after the im-

pact (t=0), the impactor’s core is collected at the bot-
tom of the molten silicate pool (in light blue). The 
dense iron rapidly sinks toward the preexisting core 
while the light molten silicates spread beneath the 
Martian surface. During the sinking of the impactor’s 
core, potential energy is converted into heat via vis-
cous dissipation within the mantle and the plunging 
core. After the merging of the two cores, the hot metal-
lic anomaly spreads beneath the CMB. As shown in 
Fig. 1, the viscosity is a key parameter in the core 
merging process since it governs the ability of the 
mantle to deform to accommodate the metallic diapir 
sinking. Hence, the viscosity governs the repartition of 
the viscous dissipation and the spreading of the hot 
material within the preexisting core and within the 
upper Martian mantle.  

 

 
Figure 2: Time evolution of the gap thickness between the two 
merging metallic cores for three different viscosities after a 750 
km diameter impact on a Mars size body.  	  

 
Fig.	   2	   illustrates	   the	   time	   evolution	   of	   the	   gap	  

between	  the	  merging	  impactor	  core	  and	  the	  preex-‐
isting	   Mars	   core	   for	   3	   viscosity	   models	   from	   our	  
numerical	  models.	  	  For	  the	  	  temperature,	  as	  well	  as	  

the	   temperature-‐melt-‐dependent	   viscosity	   the	  ma-‐
terial	   immediately	  surrounding	  the	  diapir	  becomes	  
very	  soft	  and	   the	  sinking	  velocity	   increases	  signifi-‐
cantly.	   	  After	   a	  750	  km	   impact	   and	   for	   a	   reference	  
viscosity	  of	  1021	  Pa.s,	   the	  core	  merging	  process	  oc-‐
curs	  in	  less	  than	  0.1	  Myr	  for	  the	  temperature-‐melt-‐
dependent	  viscosity	  model. 
 
The	  impact	  heating	  and	  the	  viscous	  heating	  associ-‐
ated	  with	  core	  merging	  modifies	   the	   thermal	  equi-‐
librium	  at	  the	  core	  mantle	  boundary	  and	  can	  modi-‐
fy	   the	   cooling	   dynamics	   within	   the	   core	   and	   the	  
magnetic	   activity.	   Fig.	   3	   shows	   the	   CMB	   heat	   flux,	  
and	  the	  surface	  heat	   flux,	  as	  a	   function	  of	  time	  and	  
latitude	  for	  different	  viscosity	  models.	  	  	  
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Figure 3: Time and latitude evolution of the CMB (left) and the 
Martian surface (right) heat flux for three different viscosities 

 
Conclusion: The core merging process is a fast 

process that can have severe thermo-chemical conse-
quences during the late accretionary processes. Such a 
process can eventually be recorded in the chemical 
composition of the Martian mantle and potentially ex-
plain the degree of equilibration. 
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