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LA SIMULATION NUMERIQUE
EN
VOLCANOLOGIE
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Magma visqueux = Bulles peu mobiles

Eruptions potentiellement (trés) dangereuses
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Cons. masse d(p V) =0
dz
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L [VMFIX simulation

- Croissance des bulles
a taux controlé expérimentalement
-> Dégazage

- Nombre variable de bulles
par cellule
-> Coalescence

- Entrainement variable
bulles/liquide
-> Perméabilité
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- Taux de décompression irréalistes

- Sous relaxation




Explosive Volcanism
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vesiculation ke Zz =4 km

: ¥ Conduit
Conduit %8 r~10m
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Eichelberger, 1995
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Tricks to obtain a good thresholding of a connected network:

1. Use 3D filters to preserve seamless volumes
2. Start by underestimate bubble size, so that walls are preserved
3. Then expand the selection while preserving these walls

Frothy Pumice

Tube Pumice iiigeihs SRRUATRRN | (14.4 mm high)
(4.8 mm high) T R e
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1. Seal the four sides

2. Fill the VOhfI?? with 1? W-VISCOSIW hq‘u‘ld‘ L Precision of the solution

3. Apply pressure
3. Solve

Fluid
viscosity densit
Darcy's
permeability

Pressure
gradient

Issues:

flow laminar
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Weakness

Large samples

In situ High precision (2%) Small samples

Tomography Small samples Resolution of connections

Complementarity

Use 1n-situ to calibrate thresholding,
use resulting volume for 3D morphology measurements

Use tomography for small samples
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La chimie des gaz change durant une éruption
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Que signifient ces changements ?




H,S / SO, (molar fraction)
10 100 1000

1. Measured Volatiles
Symonds et al. (1994)
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2. Calculated Volatiles

Scaillet & Pichavant (2003)




H,S / SO, (molar fraction)
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1. Measured Volatiles
Symonds et al. (1994)
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SOH system
(Burgisser & Scaillet, 2006)
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2. Calculated Volatiles
Scaillet & Pichavant (2003)




Chemical equi

balance in the g| The conduit flow model'i

mass and momentur
evolution with depth is ¢

dP/dz = v?dp/dz - pg

= fct (fH0)
= fect ( H-0, Hz, ‘-

w
Y

: magma velocity

: magma density

: gravity

: friction factor = 8/

: conduit radius

: viscosity magma, me

Mass balance
viscosity dusty ¢
(above fragmer

T
2Mg Mp,o




- Chiffres significatifs




ASSUMPTIONS

Modeling of independent motions of fluid and crystals
Changes in temperature influence only the fluid density

constant T (cold) Conduction Convection

j

Infinite
Sill

ASSESSEMENT

Heating vs. Cooling
Heat transfer conduction vs. Heat tranfer convection
Convection cells
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1. Sill cooled from above

Days
0.1162

Temperature Liquid volume fraction

7.5 m height
Liquid viscosity 144 Pa s
30 vol.% crystals base

T
T

=890 °C
=900 °C

top




COOLED FROM ABOVE

HEATED FROM BELOW

50 100 150 200 250 300 350 400
DAYS

Steady state: 100 days
Characteristic Times  Crystal gradient: 200-300 days

Plume travel: 2 days




Qconduction (W/ m2) =k AT

(W/m?) = H AT

Qconvection

THEORY
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5 vol.% crystals

20 vol.% crystals




Temperature °C
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15 m thick sill
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VECTION MAGMATIQUE : LES PRC

1. Taille de cellule ~30 cm

2. Pas de temps : 1 semaine sans cristaux
1 minute avec cristaux

3. >45% cristaux : blocage général
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Gas momentum balance:




Convection can appear in the most crystalline part...

Days
0.1887

R
g .2\

Temperature Liquid volume fraction

7.5 m height T
Liquid viscosity 144 Pa s T
Crystal concentration gradient

= 870 °C
base = 950 °C
Heated from below

top




1. S’approcher du seuil rhéologique

2. Etablir une carte des comportements convectifs

3. Etablir les temps caractéristiques

— pour atteindre 1’¢tat d’equilibre
— pour le transport de cristaux par des instabilites
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