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Mega-earthquakes rupture planar megathrusts (K, : dip angle gradient)
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Control of geometry on the distribution of shear strength ?

C

7¢ = p(on — p)

7¢ shear strength
u coefficient of friction
o, normal stress
p pore fluid pressure
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Andersonian theory of faulting
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Subduction model
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Stress orientation (¢’) on subduction zones

subduction interface depth (km)
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Analytic derivation of the shear strength 7¢

o 072 + Ao %tanhﬂ
%tan%/; Oz

- 0’n=(U-H)-n:crzz—i-%(1—cos26+tan2wsin25)
N 7= (0 n)-s=—452(sin26 + tan 2¢ cos 25)

|7¢| = u(oS — p) (Mohr-Coulomb failure criterion)

c_ {02z — p)sin(26 + 21)
sin(28 + 24) + pfcos(28 + 21)) — cos 2¢]
7€ : shear strength 055 : vertical stress & : apparent dip angle
u = coefficient of friction p : pore fluid pressure 1 : stress field orientation
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Numerical computation

Assumptions : {

Cc

05, = pgh Pressure of the upper plate
p = pwgh Hydrostatic pore pressure

w(p — pw)ghsin(20 + 21)

sin(26 + 200) + p(cos(26 + 2¢) — cos 21))
d = arctan(sin(¢ — A) tan ()

1 - coefficient of friction h:
p . bulk density of the crust o :
pw - bulk density of water 0 :
g : gravity acceleration A

[y

6 : apparent dip angle

depth (slabl.0 + ETOPO2 models)

strike angle (slabl1.0)

dip angle (slab1.0)

convergence direction (NNR-MORVEL56)

: stress field orientation (Hardebeck, Science, 2015)

g = 9.8m/s®, p = 2700kg/m>, p,, = 1000kg/m>, 1 = 0.6
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Computed shear strength

Earthquakes stress drops
[Uchide et al., 2014]
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Shear-strength gradient
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Norm of the shear-strength gradient

50° T T T

45°

" 1963
Kuril M, 8.5

40°F

257k

Quentin Bletery (University of Oregon) Imaging shear strength along subduction faults October the 5th of 2017 12 /19



Mega-earthquakes occur on areas of homogeneous 7¢ (i.e. low 7¢ gradient)
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Conclusions

Variations of the shear strength (7€) may be estimated along subduction faults.
Mega-earthquakes seem to occur on areas of homogeneous shear strength.

Limitations : hydrostatic pore pressure p = p,gh and constant p assumptions
possible larger variations of ¢ at small scale.

Perspectives : explore different pore pressure laws and variable coefficient of friction.
Other subduction faults.
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Apparent dip angle

a=csin(¢ — A)
b= atanf
b= ctané

ctand = atanf

tand = sin(¢ — \)tand

0 = arctan[sin(¢ — \) tan 4]
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Computed shear strength assuming p = 0.1 instead of = 0.6
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Earthquakes stress drops
[Uchide et al., 2014]
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Mega-earthquakes occur on areas of homogeneous 7¢ (u = 0.1)

Rake-parallel gradient (u=0.1) Rake dicular gradient (u=0.1)
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