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1.Background & Objectives

Recent high-density seismic and ground deformation observation

Detection of precise subsurface magma migrations
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Isotropic spherical source lateral slip vertical slip

vertical disp.

Applicable condition
* Isotropic & homogeneous media
o elastic deformation (no fractures)

horizontal disp.



Observed trace toward “failed” eruption
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“eruption”  “failed

 How physical properties, initial and
boundary conditions control eruption?

 Where VT earthquakes occur ?
(crack tip? Surroundings?)



Observation

Database

Tephra fall

Dike intrusion Conduit flow
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y GepE y

— Elastic deformation and fracturing

— Coupling of liquid and solid

— Effect of gravity

— Anisotropic and heterogeneous media

— Effects of 3D stress-field (regional and/or
local)
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DEM(Discrete Element Method)

» Continuous media are modeled by particles
(discrete elements) connected by visco-elastic
springs
= 2NIED



Formulation of stress & fracture

normal
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Numerical calculation procedures

Gravity packing

* Region: 30x30x30m

e Generation 100,000
Particles with random size
and position

e Gravity packing

Assign magma particles

« Assign magma particles at
(-5,-5,-2) - (5,5,2)

o Set low density, bulk
modulus etc.




Assign Boundary l
Conditions

o Set stresses for
boundary particles

oczz = -1.0E6 Pa
oxx = 1.0E6 Pa

Assign Initial Conditions |

o Set initial velocity /
excess pressure for
magma particles

Start !
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time step=1

 Initial plate dike -> diapir shape
o Deformation of ground surface
= 2NIED



Dependency on Normal damping coefficient: Ckn [Pa s]
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Ground surface

100m/s (2.0eE7 Pa)
50m/s (1.0eE7 Pa)

10m/s (2.0eE6 Pa)

700 800 900

time, step

1000

At =0.01



Stress distribution

Time =1

1e+02
Stress

Case 1l
5.0E3 Pa

Identification of stress concentrations and drops

VT earthquakes |
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10km x 10 km x 10km
cubic region
(.e. diameter — 100m)

Gravity: -y direction

Initial condition

AP at the bottom of

1ime 6.0 magma dike

Boundary conditions
oxx = 1.0E8 Pa o2z =-1.0E8 Pa

AP=2.7E7Pa
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Formulation of stress & fracture

normal
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Spring coefficient: Akn
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Time: 0.0

Spring & dashpot coeff.--- Macro / Micro
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Conclusions

Jel1Cc A VO ,'0 1AINC = ClIC U .l‘.
stress field, initial pressure, etc. (threshold of eruption /
failed eruption)

 We used 1,000,000 particles (1 particle — 100m in
10x10x10 km3)... The excess pressure to initiate the
migration is about 10" Pa ... This is too huge.

« This may be due to the too big particles. We must
increase the number of particles to about 1,000,000,000.

 In addition, under the realistic elastic properties, we
need very large excess pressure. This means, we must
include the effect of phase change (i.e., rapid increase of
volume) must be included.

- Hatcrs Rasssch REBSH tor
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Future works

« Normalization of the formulation
« Bubbling of magma due to depressurization
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