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Giant impacts may have played an important role in
the late history of terrestrial planet accretion. A colli-
sion between the Earth and a Mars-sized impactor can,
for example, explain the origin of the Earth-Moon sys-
tem [1]. A large impact removing part of the silicate
mantle is one hypothesis to explain Mercury’s unusually
large core / mantle radius ratio [2]. A giant impact is also
an increasingly popular explanation for why the northern
hemisphere of Mars has a lower average elevation and a
thinner crust than the southern hemisphere [3, 4, 5]. Cra-
tering statistics indicate that the ages of both the northern
lowlands and southern highlands on Mars are similar and
that these features formed by 4.4 Gyr before present [6].
Hence, at the time of the giant impact, it is plausible that
both Mars and the impactor were differentiated with sil-
icate mantles and iron cores. Such a large impact event
is, thus, likely to have been followed by a merging of the
cores of both bodies, a process which will have implica-
tions for the early magnetic field history of the planet. In-
deed, Mars records evidence for an early and short lived
(i.e. < few hundred Myr) internally generated magnetic
field that ceased by ∼ 4.0 Ga [7].

The timing of the initiation of the martian dynamo
strongly depends on the differentiation processes that oc-
curred during the first few million years of the Martian
history [8]. Here, we explore a possible link between the
impact that formed the northern lowlands and the initi-
ation or modulation of a core dynamo. We first charac-
terize 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. Next, we
investigate how this merging process might influence the
likelihood and style of dynamo action.

Thermo-chemical state after a giant impact
Among the hypotheses for the origin of the martian di-
chotomy, an exogenic origin seems to be the most plausi-
ble candidate [3, 4, 5]. Models suggest that the impactor
radius was in the range 300 to 1350 km and geochemi-
cal evidence and surface-crater densities suggest that this
impact might have occurred 50 to 100 Myr after the for-
mation of the martian core [9]. At the time of the impact,
the impactor was also probably differentiated and poten-
tially brought a supplementary core volume with a radius
between 150 km and 700 km.

During the impact, ∼ 50% of the kinetic energy was
used to deform both the impacted body and the impactor.
Even if the core of the impactor underwent intense de-
formation during the impact, most of the metallic mate-
rial merged with the martian core [10]. The core merg-
ing process involved one or more of several mechanisms
depending on the characteristic size of the iron drops.
These mechanisms include Rayleigh-Taylor instabilities,
fracturation or percolation. We consider the end member
hypothesis in which the impactor’s core retains its spher-
ical shape and its volume after the impact and penetrates
the impacted planet’s surface.

Following a large impact, a significant fraction (30
to 50 %) of the kinetic energy is converted into heat and
leads to a local temperature increase and melting in a
spherical region below the impact site with volume a few
time larger than the impactor [11]. The magnitude of the
temperature increase strongly depends on the size of the
impacted body and its rheology. In the heated region the
temperature increases from T0 to T0 + ∆T0 where T0

is the temperature of the impacted body before the im-
pact and ∆T0 is the temperature increase due to impact
heating. On a Mars size body, ∆T0 ∼ 540 K [11].

Numerical models

To characterize the dynamics of core merging after a gi-
ant impact between two differentiated objects, we used
the numerical model developed in finite volumes and
spherical axisymmetric geometry by [11]. The govern-
ing equations solved in our numerical models are con-
tinuity, momentum conservation, conservation of energy
and conservation of metal volume fraction f . We assume
a temperature dependent viscosity, a gravity that depends
on radius and viscous heating due to conversion of poten-
tial energy into heat.

Fig.1, illustrates the thermal (left column) and the
chemical (right column) re-equilibration after a 500 km
radius impact on a Mars size body. The thermo-chemical
state just after the impact is simplified to that of a spher-
ical drop of metallic phase with radius RFe, f = 1 and
temperature T = T0 + ∆T0 surrounded by silicates with
f = 0 heated after the impact (Fig.1, first line).
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Figure 1: Non-dimensional temperature (left) and metal vol-
ume fraction (right) at times t = 0, t = 100 kyr and t = 700

kyr (computed for a uniform viscosity with R = 3400 km and
RFe = 500 km)

Dynamics of core merging after an impact
After the impactor’s core is buried within the impacted
body’s mantle, it rapidly sinks toward the preexisting
core. The sinking velocity is close to a Stokes veloc-
ity and strongly depends on the mantle rheology and im-
pactor’s core radius (assuming a mantle viscosity η0 of
1022 Pa.s, the sinking duration is less than 1 Myr). Once
the diapir is close to the core-mantle boundary, deforma-
tion of the core accommodates the merging (Fig.1, sec-
ond line). Hence, the velocity of sinking also depends on
the distance h between the core and the diapir [12]. This
sinking velocity is :

Vs =
dh

dt
=
c1∆ρgR3/2

Fe h(t)1/2

λη0
(1)

where λ is the viscosity contrast between the hot material
heated by impact and the relatively colder material far
from the impact site, c1 is a geometrical constant and ∆ρ
is the density contrast between the diapir and the mantle.
Fig.2 illustrates the time evolution of h for 3 values of
λ from our numerical models and the comparison with
the theoretical model from Eq.1. As the viscosity con-
trast increases, the material immediately surrounding the
diapir becomes softer and the sinking velocity increases.
This phenomenon is enhanced by viscous dissipation oc-

curring at the diapir’s poles (Fig.1, second line). In Fig.2
numerical results are in good agreement with the theoret-
ical predictions.

Figure 2: Normalized gap thickness between the CMB and the
front of the sinking diapir as a function of time for a uniform
viscosity (λ = 1, black line) and for temperature dependent
viscosities with λ = 0.2 (red line) and λ = 0.1 (green line).
Dashed lines correspond to fittings from Eq.1.

Prospectives

As shown in Fig.1, the impact heating and the viscous
heating associated with core merging modifies the ther-
mal equilibrium at the core mantle boundary (Fig.1, third
line) and can modify the cooling dynamics within the
core and the magnetic activity. We are currently devel-
oping numerical models to characterize the thermal re-
laxation within the core as a function of its rheology and
dynamics. In particular, we are determining the conse-
quences on the initiation or cessation of the martian dy-
namo.
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