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Introduction: Images of Caloris reveal evidence 

for volcanism within this basin subsequent to its 

formation [1,2]. Furthermore, crater counts indicate 

that a smooth plain just beyond the rim is at least 

coeval and possibly younger than volcanic materials 

within the basin [2,3]. These plains are probably 

volcanic in origin, and might be associated with the 

long term aftermath of Caloris’ formation. The broad 

influence of Caloris on the surface of Mercury 

indicates that it might also affect heat flow within the 

mantle and thereby, the core dynamics.  

Here we investigate possible links between the 

Caloris impact, the volcanism within and surrounding 

the basin, and effects on Mercury’s dynamo. While the 

impact cannot have formed the younger melts directly, 

the thermal impulse from such a large impact can alter 

the underlying mantle dynamics, potentially producing 

subsequent volcanism and altering the heat-flow at the 

core-mantle boundary. 

Modeling: We use the finite element mantle 

convection codes Citcom and CitcomS [4,5], to 

explore the consequences of the formation of Caloris 

on the interior of Mercury. The impactor size is 

determined from the observed basin using standard 

methods of crater scaling [6,7]. The impact is treated 

as an instantaneous temperature increase that decays 

away from the impact center [8].   

For an initial set of calculations we assume that no 

melting occurs and restrict the mantle temperature to 

the solidus, in order to isolate the effects of impact 

parameters on mantle heating.  Because high 

temperatures and substantial melt are produced in giant 

impacts [6], in subsequent calculations, we permit the 

temperature to exceed the solidus, and produce melt.  

In this later models, mantle melting is parameterized as 

a function of pressure and temperature. The 

composition of the solid mantle varies between 0 

(unmelted) and 1 (melt residuum).  Composition is 

tracked using a particle tracer method [9].  

Convection in the impact melt pond is extremely 

efficient and will rapidly cool until the melt fraction 

drops to ~40% (critical melt fraction for disaggretation 

[10].  This happens on a timescale fast compared to 

mantle convection.  Thus, to improve numerical 

efficiency we impose a maximum temperature of the 

liquidus temperature, and assume the melt is removed 

to the surface. We ignore vapor production by the 

impactor for similar reasons.  

Isostatic uplift due to crater excavation is 

parameterized as an instantaneous, temporary  

buoyancy term.  While important at terrestrial mid-

ocean ridges, this process does not appear to be 

particularly important during impacts on Mercury, 

producing small additional amounts of melt with little 

effect on convective patterns. 

Results: Figure 1 shows the global heat flow for 

three models from the initial melt-free set of 

calculations.  We find that a Caloris-forming impact 

cannot significantly heat the core, unless the impact 

velocity is extremely slow, and thus large.   

For calculations which include melting, the mantle 

temperature and composition after a Caloris-forming 

impact at two different impact speeds are shown in 

Figure 2.  While the slower, larger impact heats a 

greater volume of mantle, the heating is more diffuse 

than the faster impacts.  Thus the total amount of 

melting is relatively insensitive to the velocity for a 

given impact energy.  Figure 3 shows the melt fraction 

with time.  The initial rise in melt is due to the impact, 

the subsequent increase is due to upwelling material 

undergoing decompression melting.  No long-term 

effect of the impact on global convection is observed. 

 

 

Figure 1: Global heat flow at the surface and CMB.  

Only the slowest (largest) impacts significantly heat 

the core. 
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Figure 2: Temperature (left) and composition (right) of 

the Mercurian mantle immediately after an impact at 

12 km/s (top) and 48 km/s (bottom). 

 

 

Figure 3: Time-dependent evolution of melt production 

for the models in Fig. 2.  For constant impact energy, 

melt is relatively insensitive to impact velocity. 

 

 

Discussion: Despite the relatively thin Mercurian 

mantle, the expected heating from the Caloris impact 

cannot penetrate to the core, largely because the 

expected velocity of impactors at Mercury is too fast.   

This counterintuitive result arises from the fact that the 

observed crater size scales with energy, while the size 

of the heated region scales with impactor diameter. A 

faster smaller impactor heats a smaller region, than a 

slower impactor with the same energy, although the 

localized heating is more intense.  The heating from a 

slow projectile, while more diffuse, penetrates deeper. 

Only the slowest impactors significantly affect the 

core heat flow, suggesting that the dynamo of Mercury 

should not have been affected by the formation of 

Caloris. This result differs from investigations on giant 

impacts on Mars, the largest of which were able to shut 

down a subcritical dynamo [11].  

We note that the heating is controlled by the 

vertical component of the velocity.  Therefore, a 

projectile traveling at expected velocities for Mercury 

that impacts at a grazing angle could mimic the effect 

of a slower vertical impactor, and heat deeper material.  

Nevertheless, the above result is not surprising, given 

that Mercury still has a strong magnetic field [12].  

Future Work: An obvious extension is to model 

the impact in 3D as in [11]. While the axisymmetric 

version is adequate for a single impact as here, and 

computationally cheaper, 3D is necessary to resolve 

the physical separation of multiple impacts.  

We plan to improve the melting parameterization 

by incorporate more realistic temperature dependence, 

and the effects of modal cpx based on modeling and 

experiments of peridotite melting [13]. Melting may 

also be enhanced by additional decompression that 

occurs following excavation and uplift. 
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