
Seismic anisotropy 



Stiffness matrix Cij 

-  4th order tensor 
-  21 independent elements 
-  symmetric 

Rules for indices Cij and cijkl 

Pairs of (I,j) and (k,l)       index C  
of cijkl 
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Stack of isotropic layers 

Medium with aligned cracks 



Stiffness matrix 

Isotropic: 2 independent constraints (volcanic glass) 

Hexagonal: 5 independent constraints (ice) 

A, C, L, N, F : Love’s elastic constants 



Wave propagation in anisotropic media 

Wave equation in homogeneous anisotropic medium: 

Plane wave solution of the form: 

Substitution: 

mil = M = Christoffel matrix 



1. Isotropic medium 

Substituting the isotropic medium stiffness tensor 

in 

Results in 

Giving the Christoffel matrix 

Eigenvalues               Λ1 = µ/ρ               Λ2 = µ/ρ                    Λ3 = (λ+2µ)/ρ	


Eigenvectors a:                a1n1+a2n2+a3n3=0 
                                                (a.n)=0                                     a=n	





Stiffness matrix 

Isotropic: 2 independent constraints (volcanic glass) 

Hexagonal: 5 independent constraints (ice) 

A, C, L, N, F : Love’s elastic constants 



2. Hexagonal symmetry 
With vertical (x3) symmetry axis 

Choose 

Eigenvectors and eigenvalues are … 



2. Hexagonal symmetry 

Choose 

Eigenvectors and eigenvalues are … 



βV βH 

αH 

αV 

βV βV 

Layering: 
A > C      αH > αV 
N > L      βH > βV 
 



Weak anisotropy 

We get quasi P- and S-waves: 

Surface waves: 



Surface waves – group and phase velocity 



Seismic observations of anisotropy 

•  Shear wave splitting (S-wave birefringence) 

•  Love/Rayleigh incompatibility 

•  SH-derived models of the upper mantel have higher velocities 
than P-SV derived models (body waves) 

•  Pn velocities are azimuth dependent 
 
•  Travel times PKIKP waves: equatorial paths slow, polar paths fast 



Shear wave splitting 



Shear wave splitting 



Love/Rayleigh incompatibility 



Pn waves azimuthal anisotropy 



Rayleigh wave azimuthal anisotropy 

Model of upper mantle flow directions 



PKIKP wave travel times 

(Deuss, Annu Rev., 2014) 



PKIKP wave travel times 

(Deuss, Annu Rev., 2014) 



PKIKP wave travel times 

(Deuss, Annu Rev., 2014) 



a Observation
Mode 16S5

b Inner core anisotropy
Durek & Romanowicz (1999)

c Mantle structure only
S20RTS + CRUST5.1
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Normal mode splitting functions 



Lattice preferred orientation (LPO) 

(a) Dislocation glide 

(b) Grain boundary 
      migration 
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(a) Stack of isotropic layers 

(b) Medium with aligned  
      cracks 

Anisotropic shape distribution of isotropic materials 


