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Physics Based Eruption Models
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Mount St. Helens, Washington

Catastrophic eruption 1980

Effusive eruption 2004-2008




Mount St Helens Dome Forming Eruption 2004-2008
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Model Fits both GPS and Extrusion Data

Radial GPS Deformation
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Dome extrusion data 4\
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Chamber Equations

Compressibility
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Conduit Equations

Momentum & mass conservation
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Mole fraction H,O and CO, in gas phase Pressure and temperature
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Bayes' Theorem

P(m|d) oc P(d|m) P(m) M mode
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Posterior Data Prior
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Kinematic vs. Physics-Based Inversion
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Summary of Magma Chamber
Geometry
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Schneider, Rempel, Cashman (2012)
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 Steady state eruption model
* Equilibrium crystallization based on MELTS
* “Membrane diffusion” gas loss



Physics-based model: Geometry and Setup
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Equilibrium crystallization

Depressurization Vertical

* gas escCape

Crystallization
(Assumed isothermal)
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Equilibrium crystallization

Depressurization Vertical
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Crystallization
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Viscous flow to plug flow transition

Vertical
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Viscous flow to plug flow transition

Vertical
gas escape
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Continuity Equations

. . s, 0
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Vertical gas escape through magma

Vertical
gas escape

Percolation Theory:
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Summary of model parameters

Vertical
gas escape
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Steady state solution
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Quasi-steady state system: data
1) Exit velocity of plug

—— 3—7X105m/s

01/14/05 GPS “spider” on the whaleback




Whaleback motion 11/21/04 — 11/29/04

GPS spider station ELEA on 2004 Dome
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Quasi-steady state system: data

1) Exit velocity of plug
3—7X10>m/s

2) Dome rock porosity
5 —10%

Thornber et al. (2008), Cashman et al. (2008)




Quasi-steady state system: Data

1) Exit velocity of plug
3—7 X105 m/s

2) Dome rock porosity
5 —10%

3) Crystallization depth
- 0.5—1km

4) Plug depth
0.5—1km

Vallance et al. (2008), Schilling et al. (2008)
Thornber et al. (2008), Cashman et al. (2008)
Pallister et al. (2008)

Iverson et al. (2006), Moore et al. (2008)



DEI:

Quasi-steady state system

4) Plug depth

05—-1km

Vallance et al. (2008), Schilling et al. (2008)
Thornber et al. (2008), Cashman et al. (2008)

Pallister et al. (2008)

Iverson et al. (2006), Moore et al. (2008)



Results: Posterior PDFs
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Low friction along conduit wall

* Most accepted models
f<o0.3

(R (R

f= =

g—p O eff

| » Possible explanations

— High pore pressure

— Reduced normal stress

0 0.2 o'.4 0.6 0.8 1

| — Bias in viscosity
Experiments from

Moore et al. (2008)



Well-constrained magma permeability
constant

5—10%
porosity
log__(Permeability Constant) \I
m2
n ‘ Y L
0.6 Posterior | A
""" Prior A
0.4} 1 .

0.2¢

3—7wt% *
total water . -




Can \\/e Forecast the Size and Duration of an Eruption?




Monte Carlo Forecasting

-
[

GPS fit not shown

* Forecast based on knowledge of the system and all existing data.

* Yields probabilistic forecast including uncertainties in the underlying
parameters (not “epistemic’ uncertainty).

* Uncertainty increases with time.



® Hot-rock volume
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Conclusions

* Combining geodetic data and physics-based models
constrains more properties of magmatic systems than
geodetic data alone.

* Itis possible to include other data types (gas
emission, gravity, ....) to better constrain systems.

* May be possible to use in forecasting mode, but open
question.

* Model components need to be well understood.



