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Lava dome structure
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Solidification controlled by: 

• Cooling
• Degassing induced 

crystallisation

Derived using Couch et al. (2003)

Lava dome structure



4/6/2020 6Claire Harnett Itasca 2020@claire_harnett1

particle 1

particle 2

particle 1 particle 2

Parallel-bonded material
(liquid)

Flat-jointed material
(solid)

kn
ksShear stiffness

(rigidity)
Normal stiffness
(incompressibility)

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

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

Modelling lava dome emplacement
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• 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

Dome collapse triggers

Harnett et al. (2019). Bulletin of Volcanology.
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Vallance et al., 2008
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Switch in extrusion direction
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conduit width = 20m
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Switch in extrusion direction

Harnett et al. (2018). JVGR.
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Harnett et al. (2018). JVGR.
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Modified from Elsworth and Voight, 2001

Gas pressurisation
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Soufriere Hills 
STRONG

UCS = ~50 MPa

Soufriere Hills 
WEAK

UCS = ~7 MPa

How does rock strength affect dome stability?
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WEAK ROCKSTRONG ROCK

How does rock strength affect dome stability?
Time 1

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

Walter, Harnett et al. (2019). JVGR.
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Modelling observed dome growth

Walter, Harnett et al. (2019). JVGR.



4/6/2020 19Claire Harnett Itasca 2020@claire_harnett1

Uses of discrete element modelling

• Lava dome emplacement
• Simulating collapse triggers
• Calibrating model with volcanic rock properties 
• Matching observations with modelled dome growth

What next…?
• Fracture growth
• Spatial heterogeneity in rock strength
• Further collapse triggers, e.g. rainfall
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• 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

Summary
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