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Research gap

Magma bodies represent a complex intersection of fluid mechanics, geochemistry,
petrology, and geological processes.

1. Is convection in magma reservoirs longevous or short-lived?

2. Equilibrium crystallisation or fractional crystallisation?

3. Which mechanisms of fractional crystallisation prevail (in-situ vs. crystal settling)?

4. Do magma chambers even exist in the classical sense (big-tank vs. mushy lenses)?

Figure: Selection of the open questions.
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Clues about crystal settling

  

Holness (2017)

Olivine cargo
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  McBirney 1996

Holness (2017)

Skaergaard (aka petrological laboratory)

Clues:- fining / coarsening- layering- symmetry of upper and lower zones
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Crystal settling

  

Martin & Nokes (1989)

Dust-like particle Stone-like particle

Patočka et al. (2022)J. Mungall - Howard Street Robinson Lecture

Rayleigh number – convection vigor:
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The CSD theory

  Log-linear CSD, however, implies the process is not size-selective!

Marsh 1988

Marsh (1988): often predicts log-linear distributions, modified by further processes.

CSDs aka MICROSTRUCTURE
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ParMaCH: Parameterised model of a cooling magma chamber
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a) vsh(t) = 0

Dust-like

b) vsh(0) = 0

Transitional

c) vsh(0) > 0

Partially mixed

d) vsh(t) ≈ vlb(t) ≈ WS

Stone-like

SETTLING REGIMES - STATISTICAL FRAMEWORK
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Petrological component:- melt evolution

Chamber coupled to the host rock via 1D heat equation.   ParMaCH  componentsRealistic crystallisation kinetics.

Basaltic magma:
Grossmann-Lohse theory.

Crystal population dynamics.
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d) vsh(t) ≈ vlb(t) ≈ WS

Stone-like

SETTLING REGIMES - STATISTICAL FRAMEWORK

Petrological component:- melt evolution etc.

Chamber coupled to the host rock via 1D heat equation.   ParMaCH  componentsRealistic crystallisation kinetics.
Crystal population dynamics.

Theoretical prediction
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Crystal settling signature I (growth in the TBL)
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Crystal settling signature II (dust-like — stone-like transition)
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Crystal size grading in the cummulate

  

Crystal size grading:

Model A: immediate nucleation

Model B: delayed nucleation

Increased growth rate, check CSDs!
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Convective vigor & latent heat

  

Classic Stefan problem. Moving phase boundary with a convecting fluid underneath. Internally heated convection (IHC).
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Latent heat is generally spatially variable! UNIFORM 
TBL-DOMINATED
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Thank you for your attention!Thank you for your attention!
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