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Introduction: Geochemical and paleomagnetic 

evidence indicates that core formation in primordial 

planetesimals is very rapid and likely driven by decay 

heating from short-lived radionuclides [1]. While some 

planetesimals clearly experienced wholesale melting 

and differentiation in a magma ocean, others 

differentiated in a partially molten state. The latter is 

supported by the various degrees of partial melting and 

partial differentiation recorded in primitive achondrites 

[2]. Even differentiation during partial melting will 

inevitably lead to the onset of silicate melting and the 

presence of two melt phases, a dense metal-sulphide 

melt and a buoyant silicate melt [3,4].  

As such, core formation involves the percolation of 

two interacting melt phases, which may have a first-

order effect on the dynamics of core formation. Current 

thermal evolution models that account for silicate 

melting and melt migration explicitly assume that these 

melts do not interact [5,6]. In contrast, centrifuge 

experiments show strong interactions; for example, the 

presence of small degrees of silicate melt removes the 

percolation threshold for metal-sulphide melts [7]. 

However, little is known about the dynamics of the 

simultaneous percolation of two melts.  

Pore-scale dynamics of melt migration: Here we 

leverage insights and tools from the field of pore-scale 

multi-phase flow to investigate the interactions of 

silicate and metal-sulphide melts during core formation. 

We study the displacement of a silicate melt in a 

texturally equilibrated pore-network by a metal-

sulphide melt. Our aim is to determine the change in the 

permeability of each melt, the relative permeability, due 

to the presence of the other melt as well as the capillary 

pressure between the two melts. 

As a first step, we assume that the metal-sulphide 

melt is non-wetting, i.e., does not touch the boundaries 

of the pore space. In this limit, the shape and 

connectivity of the texturally equilibrated pore network 

is determined by the dihedral angle between the silicate 

melt and the solid. This dihedral angle is less than 60 

degrees so that no percolation threshold exists.  

In order to explore these complex interactions, we 

present 3D pore-scale simulations of the interaction of 

metal-sulphide and silicate melts in a texturally 

equilibrated melt network provided by our previous 

work using a level set method [8].  

We use two-phase flow lattice Boltzmann 

simulations to determine the relative permeabilities and 

the capillary pressure curves for metal-sulphide and 

silicate melts. Unlike previous work, which generally 

assumes no interaction between the two melt  

Figure 1. Fluid configuration of final lattice Boltzmann step. 

The blue and red fluids represent the silicate and metal-

sulphide melts respectively. 

 

phases, in our simulations there is a strong interaction 

when both phases are flowing. Our simulations further 

show the formation of immobile residual saturations 

that indicate it is difficult to drain all metal-sulphide 

melt – at least in the absence of compaction. 

Methods: Using existing work  found on Digital 

Rocks Portal, a texturally equilibrated geometry created 

using a level set method with a porosity of 10% and a 

dihedral angle of 60o [9] was used in the lattice 

Boltzmann simulations. The lattice Boltzmann 

simulator used is based on the Shan-Chen model [10]. 

An example melt distribution is shown in Figure 1. To 

determine the interactions of the two-phases at different 

saturations, we begin with a pore network initially 

containing only silicate melt and then gradually add 

metal-sulphide melt. This is achieved by increasing the 

pressure step-wise in the metal-sulphide melt. Once the 

entry pressure in the largest pore throat is overcome, 

metal-sulphide melt enters the pore and the silicate melt 

saturation in the pore network decreases. This can be 

seen in the capillary pressure curve in Figure 2. 

Results:  The results of the lattice Boltzmann 

drainage simulation using a texturally equilibrated pore 

network with a dihedral angle of 60o and porosity of 

10% are shown below. 
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Figure 2. Relative permeability and capillary pressure curves 

for LBM simulations of displacement of a silicate melt by a 

metal-sulphide melt in a texturally equilibrated pore space. 

Domain size 2503 voxels, porosity 0.1 and dihedral angle 60. 
 

Once the metal-sulphide melt enters the pore 

network, (after a LBM pressure of 0.05) a vertical 

asymptote in the capillary pressure curve forms; this 

shows that further increasing the pressure does not 

significantly increase metal-sulphide saturation. At this 

point, both the silicate melt and the metal-sulphide melt 

are connected and can hence flow.  

Given that each phase occupies approximately half 

of the pore space one might expect that each melt 

experiences approximately half of the total permeability 

of the rock. The relative permeability curves in Figure 2 

show that this is not the case. The relative permeability 

of the metal-sulphide melt is much higher, because it 

occupies the center of the large pores and it is lubricated 

by the silicate melt. In contrast, the relative permeability 

of the silicate melt is very low, because it is confined to 

the narrow corners of the pores where friction with the 

walls reduces its flow. This is demonstrated in Figure 3, 

which shows the velocity of the silicate melt at the last 

pressure step.  

 

 
Figure 3. Velocity of silicate melt at the last simulation step. 

The metal-sulphide melt - invisible here - occupies the center 

of the pores. 

 

Notice that the silicate melt is confined to the 

corners where the velocity can drop significantly (blue 

colors) and reduces the relative permeability of the 

silicate melt.  

Conclusions: Our simulations demonstrate strong 

interactions between silicate and metal-sulphide melts 

occupying the same pore space. In particular, we show 

that metal-sulphide melt predominantly occupies the 

largest pores and that silicate melt is confined to corners 

of the pore space. This dramatically reduces the relative 

permeability of the silicate melt. Although these results 

are preliminary, they show that the common assumption 

in modeling studies that the two melt phases do not 

interact is not tenable.  

Taken at face value our results suggest that the 

silicate melt is not very mobile in presence of the metal-

sulphide melt. In that case, the main effect of silicate 

melting may be the removal of the percolation threshold 

for the metal-sulphide melts. It would also suggest that 

silicate melt migration occurs largely after the core 

formation. This has implications for the redistribution of 

the heat producing elements and hence the thermal 

evolution. 
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