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Surface Waves: Love 2θ & 4θ  (5–7.5 s) 
Rayleigh 2θ  (5–150 s)

Russell et al. in review
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Constraining the elastic tensor (Cij)

10

Cij =

0

BBBBBBBBBBBBBBBB@

A + Bc + Ec A � 2N � Ec F + Hc 0 0 1
2 Bs + Es

· A � Bc + Ec F � Hc 0 0 1
2 Bs � Es

· · C 0 0 Hs

· · · L � Gc Gs 0

· · · · L + Gc 0

· · · · · N � Ec

1

CCCCCCCCCCCCCCCCA

13 elastic parameters required 
to constrain 13 elements of Cij

⇢VqP(✓)

2

= A + Bc cos(2✓) + Bs sin(2✓) + Ec cos(4✓) + Es sin(4✓) (1)

(2)

⇢VqSV (✓)

2

= L + Gc cos(2✓) + Gs sin(2✓) (3)

(4)

⇢VqSH (✓)

2

= N � Ec cos(4✓) � Es sin(4✓) (5)

Azimuthal Anisotropy:
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Cij =

0
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A + Bc + Ec A � 2N � Ec F + Hc 0 0 1
2 Bs + Es

· A � Bc + Ec F � Hc 0 0 1
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· · C 0 0 Hs

· · · L � Gc Gs 0

· · · · L + Gc 0

· · · · · N � Ec
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Rayleigh waves (2θ) 
▸ L, G, B, H 

Love waves (2θ, 4θ) 
▸ N, E, G 

Pn (2θ, 4θ) 
▸ A, B, E 

Scaling relations 
▸ C, H, F 

▸ A, B below 7 km

Constraining the elastic tensor (Cij)

11

Cij =

0

BBBBBBBBBBBBBBBB@

A + Bc + Ec A � 2N � Ec F + Hc 0 0 1
2 Bs + Es

· A � Bc + Ec F � Hc 0 0 1
2 Bs � Es

· · C 0 0 Hs

· · · L � Gc Gs 0

· · · · L + Gc 0

· · · · · N � Ec

1

CCCCCCCCCCCCCCCCA(VSV)

(VSH)

(VPH)

(VPV)

13 elastic parameters required 
to constrain 13 elements of Cij

9 terms

4 terms
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on E and B
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Isotropic Radial Anisotropy Azimuthal anisotropy

Moho to 
35km depth

G BEH

Vs, ξ, G, B, H, E,  
ΨG, ΨB, ΨH, ΨE

Pn-constraints 
on E and B
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Comparison to petrofabrics
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Comparison to petrofabrics: Rotated A-type fabric?
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a-axis rotation away from inferred shear plane ranging from 0º–60º for natural and laboratory samples

Rotated fabrics: observations

18Skemer et al., 2012 G3 

LPO evolution dependent on:  

▸ finite strain 

▸ pre-existing fabric 

▸ deformation temperature 

▸ orthopyroxene content 

▸ grain size

20º–25º is consistent with 
shear strain <200–300%

A-type

E-type

D-type

NoMelt

Laboratory

Natural

Numerical
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Rotated fabrics: geodynamic modeling

190 Ma 20 MaBlackman et al., 2017 GJI 

CPO development of fully-
coupled, power-law (n=2), 
polycrystal material 

▸ lithospheric a-axes 
horizontally aligned 
▸ shear strains in the 

lithosphere too large 
▸ cooling rate?
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Rotated fabrics: geodynamic modeling
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CPO development of fully-
coupled, power-law (n=2), 
polycrystal material 

▸ lithospheric a-axes 
horizontally aligned 
▸ shear strains in the 

lithosphere too large 
▸ cooling rate?

0 Ma 20 MaBlackman et al., 2017 GJI 
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Comparison to petrofabrics: E-type? 
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▸ Anisotropy strength and direction consistent with oceanic 
petrofabrics, bridging the gap between outcrop and seismic 
length scales  

▸ Remarkably coherent LPO alignment across NoMelt 
(~400x600km) 

▸ Strong azimuthal anisotropy and relatively weak radial 
anisotropy consistent with: 

▸ (preferred) A-type fabric rotated 20º–25º, suggesting 
lithospheric shear strains < 200%-300% 

▸ or E-type fabric: moderate H2O concentration during fabric 
formation near the ridge 

▸ or D-type fabric: high stress, low H2O environment near 
ridge 

Conclusions
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We model the full anisotropic variability of surface- and Pn-waves, providing a first 
in situ elastic tensor for 70 Ma oceanic lithosphere.


