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VS

Sparks et al. (2018):
Formation and dynamics of 

magma reservoirs



  

● igneous differentiation
● refractory characteristics of plutons
● crystal-melt separation

Chamber vs Mush

● tomography/EM sounding
● dating of zoned crystals
● long-lasting mush,

 ephemeral chamber

Sparks et al. (2018)



  Sparks et al. (2018)



  

Sparks et al. (2018)



  



  

Holness et al. (2017):
Crystal settling and convection in 

the Shiant Isles Main Sill



  

  



  

  

Magma oceans / chambers



  

Flow past particles (focus of this study)

Stokes law:



  

Flow past particles (focus of this study)

← laminar, turbulent → 

Suckale et al., 2012

Stokes law:



  

Existing numerical methods

● Macroscopic methods that incorporate particles via Lagrangian tracers

● Semi-analytical and numerical methods based on Basset-Boussinesq-Oseen eq.

● Direct numerical simulations of fluid-solid systems
(Verhoeven & Hansen, 2009, Suckale et al., 2012, Maas & Hansen, 2015, 2019)



  

Small particle dilemma

Martin & Nokes, 1989
Verhoeven et al., 2009
Maas & Hansen, 2015, 2019

?



  

Numerical model

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

NVS fluid:



  



  

Example simulation (2D)



  

Results: settling curves



  

End-member scenarios

1. M&N (1989):  

2. Stoke’s settling:

3. Convective suspension: 

dN
dt

=−A v t cbnd , cbnd=
N
A H

⇒ N (t )=N 0 exp
−v t t
H

dN
dt

=−A v t cbnd , cbnd=
N

A (H−v t t)
⇒ N ( t)=N0(1−

vt t
H )

dN eq
dt

=0



  

N (t )=N 0 exp
−v t t
H

N (t)=N0(1−
v t t
H ) dN eq

dt
=0



  

Results: settling curves (Ra 1010, Pr 50)



  

Results: high-Ra limit



  

residence time formula



  

Application to magma reservoirs



  

Application to magma reservoirs



  

Application to magma reservoirs

Holness et al. (2017)



  

Side outcome: drift equation



  

Vortex sink




  

Side outcome: drift equation

Back to non-dimensional:



  

Summary
● Characteristic time scale of settling ~ terminal time

● Formula for the residence time of particles in the high-Ra limit

● Microstructure of intrusions can indicate flow vigor of cooling magma

● Construction of a better parametrized model is possible



  

What next? Dark (blind?) alleys...

● Nucleation and growth of crystals

● Rotational flows

● Crystal feedback on the flow

● Re-entrainment



  



  

Nucleation and growth

UC: 
TS-T

time



  

Nucleation and growth

UC: 
TS-T



  

Nucleation and growth



  

Rotational flows
Floating “ribbon”:
● balance between Coriolis force and gravity

Boundary conditions:
● free-slip, no-slip ?



  

Crystal feedback on the flow

● Sedimentation events
(Koyaguchi et al, Sparks et al., Nature, 1990)

● Crystal-driven convection
(Culha et al., JGR, 2020)



  

Re-entrainment

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