
MANTLE FLOW AND 
ANISOTROPY

Ágnes Király
agnes.kiraly@geo.uio.no

an
im
a-
nf
r.c
om



Recap – What we know about the mantle?
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Rheology
Describes the ability of stressed
materials to deform, or flow, using
fundamental parameters including
stress, strain rate, elasticity and viscosity
(from Greek, rheos, to stream or flow)
van der Pluijm and Marshak (2017)



Deformation styles

• Elastic deformation

• Viscous deformation

• Plastic deformation
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Ref.:  F. Crameri – S-ink.org; Király et al., 2017; Whittaker et al., 2015; Kaislaniemi and van Hunen, 2014
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Isotropy
Same behavior in every direction

Anisotropy
Material property is direction dependent
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LPO / CPO

Lattice / 
Crystallographic 
Preferred 
Orientation

Hansen et al., 2021





Lattice 
preferred 
orientation

Tommasi, 1998, EPSL (edited by J. Warren)



Seismic 
anisotropy



Seismic 
anisotropy 

in the 
mantle

drawing by Luc Mehi



Shear wave splitting – SKS anisotropy

Becker et al., 2012 (updated in 2022)



P-wave 
anisotropy

Yu et al., 2022



Lattice preferred orientation

Hansen et al., 2012, Nature

Numerical 
models of LPO 
development 

that aim to 
reproduce a set 

of laboratory 
experiment



EBDS measurements

Hansen et al., 2016, EPSL
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Viscous anisotropy





So, what does ANISOTROPIC VISCOSITY mean 

• In general, we define

• Anisotropic Viscosity:

• In Kelvin Notation
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Direction dependent viscosity



Transverse Isotropy

• 2D, Normal and Shear viscosities (s - ratio)
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Christensen, 1987
Viscous relaxation Mantle convection

Isotropic Anisotropic (s=50)
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Transverse isotropy – director method
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• Director oriented normal to the slip plane. Isotropic relation corrected with the 
director (anisotropy) tensor

• Directors rotate with the flow

AnisotropicIsotropic

• Increased velocity

• More stable convection 
cells

• Directors aligned at the 
edge of the cell

Mühlhaus et al., 2003

Mantle convection



Transverse isotropy – director method
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• Rayleigh-taylor instabilities

Lev and Hager., 2008



Mameri et al.,, 2023

Instantanous/steady state models
Reactivation of fossil mantle shear zones is favoured for 30–50° dip and trend to 
the tectonic load



Evolving CPO and anisotropic viscosity
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Király et al., 2020, G3
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Change in the shear direction

Király et al., 2020, G3



Interpretation – AV in geodynamics processes

Király et al., 2020, G3





We can predict 
the anisotropic 
viscosity tensor 
from the LPO!



Ice

Radar / seismic anisotropy 
measurements in ice

Ice CPO Anisotropic viscosity

Kufner et al., 2023
Jordan et al., 2022



What did you 
learn about 
anisotropy?


