Modelling unstable lava domes:
testing collapse triggers
using a discrete element method

o FAeE UM . 3 "
B e
LL#A " By = el v 14
T A e .
& . . ey “
- L

s > -
A% ““" e 2 - S
RO W & ’
b AR '

Ny, 3
= '-s," '

L

B e

s a2
~ 4__—' -

Claire Harnett!, Mark Thomas?,

Matt Purvance?, Jurgen Neuberg?
T University College Dublin, Dublin, Ireland

2 University of Leeds, Leeds, UK
3 ltasca Consulting Group, Minneapolis, USA




Lava dome collapse, Montserrat
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Lava dome collapse, Montserrat
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L ava dome structure

carapace
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L ava dome structure
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Discrete element modelling

PFC™ version 5.0
General Purpose Distinct-Element
Modeling Framework

Normal stiffness Shear stiffness
(incompressibility) (rigidity)

particle 1

particle 2
Parallel-bonded material Flat-jointed material
(liquid) (solid)
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Modelling lava dome emplacement

red = core material, behaves as a fluid grey = talus, frictionally controlled solid

conduit width =20 m Harnett et al. (2018). JVGR.
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Dome collapse triggers

« Derived from the Global Archive of Dome Instabilities (GLADIS) —

a global, historical dataset
(http://vhub.org/groups/domecollapse)

Common triggers:

* | Switch in extrusion direction
* | Internal gas overpressure

* | Topography-controlled

« Gravitational

 Interaction with rainfall

Harnett et al. (2019). Bulletin of Volcanology.
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Switch in extrusion direction

July 14, 2005 o Mount St. Helens

Deformed

1980-86 Crater
wall

old dome, frozen

and older rock

f--=== : Deformed 1980-86 dome
Vallance et al., 2008 magma
flow

Soufriére Hills Volcano, Montserrat
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Switch in extrusion direction

core/talus
boundary

strain accumulation
at conduit

0.8

0.7

0.6

0.5

04

Normalised shear strain

rockfall development .

conduit width = 20m Harnett et al. (2018). JVGR.
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Topographical effects

moves uphill as a block

only superficial

rockfalls \4,-‘;

Vertical fracture
development?

Normalised finite shear strain
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Harnett et al. (2018). JVGR.
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(Gas pressurisation

Modified from Elsworth and Voight, 2001
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(Gas pressurisation

core/talus
boundary

Normalised finite shear strain

20m B 00 shear strain
0 02 o4 06 08 ! intersecting core

hot fluid core
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How does rock strength affect dome stability?
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How does rock strength affect dome stability?

Time 1

STRONG ROCK

A

Time 2
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How can the model be used with observations?
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Modelling observed dome growth

Upward dome growth

g. Spreading

h. Lateral dome growth

(c)

Walter, Harnett et al. (2019). JVGR.
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Modelling observed dome growth
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Uses of discrete element modelling

* Lava dome emplacement

e Simulating collapse triggers

e Calibrating model with volcanic rock properties

* Matching observations with modelled dome growth

* Fracture growth
* Spatial heterogeneity in rock strength

What N EXt, e ? * Further collapse triggers, e.g. rainfall
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Summary

PFC can be used to well
simulate lava dome
emplacement

We can simulate collapse
triggers to explore failure

styles

We can calibrate with rock
properties in order to
validate the model using
observed dome
emplacement
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Solidus

0.2MPa

0.4 MPa

0.8 MPa
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Core (%)
79.0
37.3

348

100% of growth
Talus (%)
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65.2
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Parameter

Value

Parallel bond shear stiffness (pb _kn)
Parallel bond normal stiffness (pb_ks)
Parallel bond cohesion (pb coh)
Parallel bond friction angle (pb fa)
Flatjoint shear stiffness (fj_kn)
Flatjoint normal stiffness (fj ks)
Flatjoint cohesion(fj coh)

Flatjoint friction coefficient (fj fric)
Flatjoint friction angle (fj fa)
Average particle radius

Conduit ascent velocity
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le8 Pa
le8 Pa
le6 Pa
0

le8 Pa
le8 Pa
le6
0.84
38"
1+£02m
2 m/s
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