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Content

● Parametrized model J&W, 1994
a) Gov. Eqs

b) Assumptions

c)  Results

● Caveats of a direct model
a) Convective vigor of magma chambers

b) Latent heat – key player?

c)  Wall rock behavior

d) Sediment deposition

e) Preliminary results
credits: SCIENCESOURCE

does it look like this?
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Parametrized model
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Settling model: Martin & Nokes, 1989

Bulk

Roof

Growth and sedimentation rates

Suspension: equilibrium size distribution
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Constant roof temperature

Evolution of non-dimensional quantities:

1) Growth limited regime: bulk temperature close to liquidus, roof under-cooled

2) Nucleation limited regime: (liquidus - roof temperature) ~ nucleation delay
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Evolving roof temperature
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Evolving roof temperature

Particle size distribution in sediment:

1) normal grading (small over large)

2) inverse grading

Assumption: Settling ~ Stokes velocity
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Size grading

Particle size distribution in sediment:

1) normal grading (small over large)

2) inverse grading
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J&W1994 weaknesses 

● Idealized view of the thermal boundary layer

● Bulk fluid is a statistical pool with no depth

● Simple settling model of Martin & Nokes for all crystals

● Simplified boundary conditions

● Linear crystal growth kinetics
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Direct model: nucleation and growth



13



14



15

Bulk fluid below the liquidus

t.d. is the “terminal distance” – key property for dimensionalizing previous results 
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Solid fraction in suspension

same symbol
= same type

Diluteness does 
not depend on 
growth rate!
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Results: settling curves
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Convective vigor of magma chambers
boundary layer thickness:
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Convective vigor of magma chambers
boundary layer thickness:

Sequence of statistically steady states
a) basally heated?

b) internally heated?

i. uniform release of latent heat?

ii. locally focused release of latent heat?
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 Turcotte & Schubert textbook:

Stefan problem

solution for solid layer 
thickness 
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 Turcotte & Schubert textbook:

Stefan problem

Does the fluid feel cold?

sol

liq
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Bruce D. Marsh (1989):
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Bruce D. Marsh (1989):

Valid argument?
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Convective vigor of magma chambers

https://doi.org/10.1073/pnas.2012870118

time scale of ice thickening

vs

time scale of fluid flow

Bottom boundary conditions? Fluid T?

Summary:  

https://doi.org/10.1073/pnas.2012870118
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Boundary conditions

Top boundary. The top boundary of a magma chamber should be in principle described by 
a linear combination of Dirichlet and Neumann BCs (Robin BC) whose relative importance is 
determined by the Biot number Bi (ratio of thermal resistance of the magma to thermal 
resistance of the host rock). For most magmatic systems, Bi << 1, which means that in the 
end the host rock largely acts as a bottleneck for the heat loss.

Bottom boundary. For bottom boundary the situation is different because of the 
accumulation of solid sediment. The sediment is at the solidus temperature, i.e. it is at 
constant temperature and thus reducing the basal heat flux. For relatively fast sediment 
thickening zero bottom heat flux can be assumed. 
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Plan to proceed

● Use the old Ra
reference

 » Ra transformation using the initial 
temperature contrast as ΔT

● Find statistically steady state

● Investigate its dependence on Ra and N
ref

● Analyze characteristic time scales

● Analyze sediment statistics
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Plan to proceed

● Use the old Ra
reference

 » Ra transformation 
using the initial temperature contrast as ΔT

● Find statistically steady state

● Investigate its dependence on Ra and N
ref

● Analyze characteristic time scales

● Analyze sediment statistics

● Resolve the small particle mystery (again:)

● Constrain kinetic laws
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Thank You

Localized release of latent heat
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Thank You

Uniform release of latent heat
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Numerical model

Particle model: Simplified Maxey-Riley equation (Basset-Boussinesq-Oseen model)

NVS fluid:
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Martin & Nokes model

Boundary layer: settling front Bulk: perfect mixing



32

Magma oceans and chambers: 
fractional crystallization



33

Expected solid fraction



34

Perturbation theory
Maxey – Riley eq.:

First-order solution:
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Re-entrainment

Series of papers by Solomatov, Stevenson, and Olson in 1993
Solomatov, ToG 2015
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