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Goal:
• Recover regional stresses and magma 

chamber pressures from observed dykes

Existing methods:
• Analytic solutions (Ode, 1957; Muller & Pollard, 

1977; Baer & Reches, 1991)
è Simple geometry 

• Classic paleo-stress inversion techniques
è Reduced stress tensor, no pressure inversion

Spanish Peaks, Colorado, USA (Muller & Pollard, 1977)



Method: 3D multi-parametric inversion

EGU GENERAL ASSEMBLY 2022 4

Magma chambers

Dykes

Data

Geometry:
• Location
• Depth, size and shape
• Dyke strike and dip 



Method: 3D multi-parametric inversion

EGU GENERAL ASSEMBLY 2022 5

Magma chambers

Dykes

Data Pre-processing

e.g. Arch (BEM)

Remote stresses

Pressures

Geomechanical simulations:
• Full stress tensor
• Gravity / half space
• 8+ independent simulations
• Heterogeneity
• Topography
• …

Geometry:
• Location
• Depth, size and shape
• Dyke strike and dip 



Method: 3D multi-parametric inversion

EGU GENERAL ASSEMBLY 2022 6

Magma chambers

Dykes

Data Pre-processing

e.g. Arch (BEM)

Remote stresses

Pressures

Geomechanical simulations:
• Full stress tensor
• Gravity / half space
• 8+ independent simulations
• Heterogeneity
• Topography
• …

Geometry:
• Location
• Depth, size and shape
• Dyke strike and dip 

Inversion

Superposition

e.g., Monte Carlo

Superposition

e.g., Monte Carlo

Perturbed stress:
• Regional stresses
• Magma pressures
• Magma chamber 

mechanical interactions

Observed dykes traj.

Perturbed stress traj.

objective function(s)



Method: 3D multi-parametric inversion

EGU GENERAL ASSEMBLY 2022 7

Magma chambers

Dykes

Data Pre-processing

e.g. Arch (BEM)

Remote stresses

Pressures

Geomechanical simulations:
• Full stress tensor
• Gravity / half space
• 8+ independent simulations
• Heterogeneity
• Topography
• …

Results

Regional stresses 𝜎

Excess pressures 𝑝!

Geometry:
• Location
• Depth, size and shape
• Dyke strike and dip 

Inversion

Superposition

e.g., Monte Carlo

Superposition

e.g., Monte Carlo

Perturbed stress:
• Regional stresses
• Magma pressures
• Magma chamber 

mechanical interactions

Observed dykes traj.

Perturbed stress traj.

objective function(s)



Principle

• 3D boundary element method (BEM)

• Only boundary surfaces are modeled as 
triangulated surfaces of any shape (fractures, 
faults, magma chambers, salt bodies, cavities, etc.)

• Heterogeneous elastic medium

• 3D remote stress or strain

• Computed displacements, strains and stresses 
anywhere in space

Boundary element method (BEM)

Method: Arch – 3D geomechanical modeling

Discontinuities
(magma chambers)
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Case study: Galapagos Islands
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• Observed traces of eruptive circumferential and radial fissures around 
volcanoes (Chadwick and Howard, 1991)

• Contemporaneous volcanoes at geological scale (Chadwick & Dieterich, 1995)

• Ellipsoidal magma chambers, top depth -2000 m (Chestler & Grosfils, 2013)

• Invert for 7 different volcano magma pressures

• Invert for regional stresses

• E = 30e9 Pa, n = 0.25, rs = 2900 kg.m-3

• rm = 2600 kg.m-3

• sv = rsgz
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• Inverted regional stresses:
• Sub-uniaxial normal stress regime (sh≈ sH)
• sH is N86°

• Inverted 7 magma pressures (see figure)
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• Inverted regional stresses:
• Sub-uniaxial normal stress regime (sh≈ sH)
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• Inverted 7 magma pressures (see figure)

•

7.1 MPa

5.0 MPa8.4 MPa

2.9 MPa

8.8 MPa
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7.7 MPa

• 81% (d < 15°) of the observed eruptive fissures can 
be geomechanically explained with the inverted 
parameters

observed 
eruptive fissures

modeled dyke 
trajectories

Misfit angle (d)

d = 15°
observed

modeled

Computation time:
12mn



Conclusions

• Method inverts for both the far field stress (past or present) and multiple 
pressures and densities.

• Any type of data can be used and combined to constrain the inversion 
(fractures, GPS, InSAR, focal mechanism, in-situ stress, …).

• Models are simple to build (only 3D triangulated surfaces).

• Method is based on 3D geomechanical modeling.

• Method is as fast as classical stress inversion methods.
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