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Light Elements in Low-Pressure Cores
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Freezing Regimes
Fe-S Fe-C

Bottom-up

Top—down
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Model Parameters
1. Assuming cores of different sizes 2. Assuming different compositions and self-

consistent thermodynamic parameters

4. Plug these assumptions into core model
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Rückriemen et al. 2015, 2018
Davies and Pommier 2018

3. Prescribe heat flux at the CMB
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Evolution of 
- Structure
- Magnetic field strength



Thermodynamic Parameters
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Fe-C
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Density Heat Capacity Thermal Expansivity Thermal Conductivity

Pressure, temperature, and concentration dependent
For small (low-pressure) planetary bodies effect of concentration dominant 



Snow in Fe-S Cores
Snow Zone Evolution (xs=10 wt.%, qcmb= 5mW/m2, Rc=300 km)

Snow Zone Growth

Entropy Contributions

Energy Contributions
snow zone covers 
the entire core

Deeper Liquid Core

Snow Zone

total entropy above 0 for 
entire evolution (necessary 
for dynamo action)
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Snow in Fe-S Cores
Magnetic Field Strength Magnetic Reynolds Number

Rossby Number

Rm above critical value 
after ~2 Myrs

Small Rossby numbers
indicate rotation dominated 
dynamics

Snow Zone Evolution (xs=10 wt.%, qcmb= 5mW/m2, Rc=300 km)
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Snow in Fe-S Cores
Dependence on Sulfur Concentration and Heat Flux

Snow Zone Growth

Dynamo Entropy

Sulfur Concentration Deeper Core

Higher sulfur concentrations …
take longer to grow snow zone.
produce less entropy.

Higher heat fluxes …
take less to grow snow zone.
produce more entropy.
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Snow in Fe-S Cores
Dynamo Entropy vs Total Growth Time

Brms vs Rm

Less Entropy

Dependence on Sulfur Concentration and Heat Flux
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Snow in Fe-S Cores
Dynamo Entropy vs Total Growth Time

Brms vs Rm

More Entropy

Dependence on Sulfur Concentration and Heat Flux

·...

-

·↑Mane ⑪In,Am M



Snow in Fe-S Cores
Dynamo Entropy vs Total Growth Time

Brms vs Rm

Less Entropy

More Entropy

Peak 
in Brms

Dependence on Sulfur Concentration and Heat Flux
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Snow in Fe-S Cores
Dynamo Entropy vs Total Growth Time

Brms vs Rm

Less Entropy

More Entropy

Increasing
Brms

Dependence on Sulfur Concentration and Heat Flux
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Snow in Fe-S Cores
Variable Thermodynamic Parameters

Comparison Variable vs. Constant Thermodynamic Parameters

Less Entropy More Entropy

Constant Thermodynamic Parameters
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Snow in Fe-S Cores
Variable Thermodynamic Parameters Constant Thermodynamic Parameters

Less Entropy More Entropy

Peak 
in Brms

Increasing 
Brms
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Comparison Variable vs. Constant Thermodynamic Parameters



Flotation in Fe-S Cores
FeS Layer Growth

Entropy Contributions

Energy Contributions

FeS Layer Evolution (xs=30 wt.%, qcmb= 5mW/m2, Rc=300 km)

Deeper Liquid Core

FeS Layer

Eutetic reached

total entropy steadily 
declines
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Flotation in Fe-S Cores
Magnetic Field Strength Magnetic Reynolds Number

Rossby Number

Never reaches critical Rm

FeS Layer Evolution (xs=30 wt.%, qcmb= 5mW/m2, Rc=300 km)
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Dependence on Sulfur Concentration and Heat Flux
Flotation in Fe-S Cores

FeS Layer Growth

Dynamo Entropy

Sulfur Concentration Deeper Core

Higher sulfur concentrations …
grow FeS layer more rapidly.
produce less entropy.

Higher heat fluxes …
take less to grow FeS layer.
produce more entropy.
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Dependence on Sulfur Concentration and Heat Flux
Flotation in Fe-S Cores

0.25
0.30
0.35

Dynamo Entropy vs Total Growth Time

Brms vs Rm

Less Entropy

Decreasing
Brms
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Flotation in Fe-S Cores

0.25
0.30
0.35

Dynamo Entropy vs Total Growth Time

Brms vs Rm

More Entropy

Increasing
Brms

Dependence on Sulfur Concentration and Heat Flux
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Flotation in Fe-S Cores

0.25
0.30
0.35

Dynamo Entropy vs Total Growth Time

Brms vs Rm

More Entropy

Increasing
Brms

Coming soon
Runs with constant 
thermodynamic parameters

Dependence on Sulfur Concentration and Heat Flux
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Fe-C Cores
qcmb= 5mW/m2, Rc=300 km

Iron Snow, xs=3 wt.% Upfloating Diamond Layer, xs=8 wt.% 

Upfloating Graphite Layer, xs=7 wt.% 

Iron snow in Fe-C core comparable to Fe-S 
system (partitioning must be included)
Upfloating diamond and graphite layer grow 
very slowly 
Potential graphite layer is less dense than 
mantle material
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snow zone covers 
the entire core

transition to Fe7C3 
phase

transition to Fe3C 
phase



Conclusion & Outlook
At low pressures (~6 GPa) S and C might be dominant light elements in binary alloys 
(multicomponent mixtures are plausible too) 

Iron snow occurs for:
Fe-S: ~6-20 wt.%, Fe-C: ~2-4 wt.%

Upfloating occurs for:
Fe-S: ~(25-30)–36 wt.%, Fe-C: ~6-min 8 wt.%

Composition dependent thermodynamic parameters can change relation between 
entropy and light element content (sulfur) and therefore magnetic field strength

Fe-C cores might produce carbon layers that are able to mix with the solid or liquid 
mantle
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Conclusion & Outlook

At low pressures (~6 GPa) S and C might be dominant light elements in binary alloys 
(multicomponent mixtures are plausible too) 

Iron snow occurs for:
Fe-S: ~6-20 wt.%, Fe-C: ~2-4 wt.%

Upfloating occurs for:
Fe-S: ~(25-30)–36 wt.%, Fe-C: ~6-min 8 wt.%

Composition dependent thermodynamic parameters change relation between entropy 
and light element content (sulfur) and therefore magnetic field strength

Fe-C cores might produce carbon crusts that are able to mix with the mantle


