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Earth’s rock formations are mechanically heterogeneous, i.e. different degrees of
extrinsic mechanical anisotropy at different scales
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The bridgemanite/magnesiowiistite is a lower
mantle two-phase aggregate with an abundant
strong phase (bridgemanite) and a sparse weak

. phase (magnesiowdstite)




SOLUTION

PROBLEM

Analytical solutions to predict
——"""==fanisotropic viscous/elastic tensors
(e.g. Differential Effective Medium)

—

—"""=MA  Average composite morphology

—

="M Parametrise fabric

Large scale geodynamic models:
anisotropy length scale << resolution

Only for specific shapes and non
interactive mineral phases

Large scale geodynamic models:
do not predict rock fabrics

A — Strain partitioning 4th order tensor C — (viscous) stiffness tensor ¢ — volume fraction



DEM vs AVERAGED FABRIC 3D Models: Setup

© Incompressible flow + Newtonian rheology

Finite Differences + particles in cell

© Stokes equations "‘"“"‘> - (Gerya & Yuen, 2007)
d=10% = 30%

ST
rigid plates periodic BCs



V18X 5 125 %

e



. e e

W . ﬁy.:i;ii

mﬂ*!n’"’ T e e e Y SRR

TS

e Tiling effect between
inclusions

e Cigar-shaped
inclusions
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DEM vs AVERAGED FABRIC > 3D Models: Evolution - weak inclusions

o Laminar fabric
e Boudinage
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inclination = angle with respect to horizontal plane
a; = ith principal axis

¢ = volume fraction
y = shear strain




DEM vs AVERAGED FABRIC Effective viscosities: weak inclusions

An=1/10 =109 An=1/50; ¢ =10
1o A $=10% - 0 =1/50;




DEM vs AVERAGED FABRIC Effective viscosities: strong inclusions
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FABRIC PARAMETRISATION }
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Ellipsoid (FSE) and ~ independent of ¢ and An



FABRIC PARAMETRISATION Strong inclusions
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FABRIC PARAMETRISATION Strong inclusions
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O Weak inclusions ~—3 planar fabric ~—% strain localisation

O Strong inclusions —3 cigar-shaped

O The fabric can be parameterised as a function of shear strain, volume
fraction and viscosity contrast

0 Anisotropic viscous tensor of Newtonian-isotropic two-phase
composites can be computed averaging the inclusion shape and using
the DEM (max. errors ~10-15%)



APPLICATION TO GEODYNAMIC MODELS




APPLICATION TO GEODYNAMIC MODELS

Rotation matrix Orientation
R=1[v],v),v]]
Finite Strain Ellipsoid
Particle shape Fabric
{ay, ay, a3}

a. = ith eigenvalue of the FSE

v, = ith eigenvector of the FSE



APPLICATION TO GEODYNAMIC MODELS Model description

Stokes equations: Methods:
e Incompresible 1. Isotropic
e Lagrangian Finite Element Method 2. Anisotropic (fabric defined @ t=0; does
« Newtonian Rheology not evolve with time)
e p=p, (1 —aAT) 3. Anisotropic (isotropic @ t=0; fabric

evolves following parametrisation))

T,..:1c = adiabat + noise

2,900 km

Ra ~ 1.7¢3
t = 0 = isotropic

L = 29,000 km

D



(1) Isotropic
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