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Field geology & laboratory view of a major crustal fault
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Ductile softening mechanisms

e Thermo-mechanical coupling
e Grain size reduction

e Foliation / fabric development
e Mineral alteration

e Pressure solution
o ...

All lead to the development of shear zones and
strength reduction
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Surface velocity due to a strike-slip fault

velocity

distance away from fault

Southern San Andreas Fault
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Thick Thin “Fault-block vs Viscous sheet”
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Earthquake cycles on a rate-and-state fault
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Governing equations

.o =0 conservation of momentum
ij.J

(kT’i ),i + o’ljgij = cpT conservation of energy

£ = F(g) » constitutive relationship
ij ij
L. | 1
E=E +E =—0O+ O
2u 277((7,T)

elastic ViScous



Effective rheology
E =€,+E,=A,0"+A.d"0"

dislocation diffusion
creep creep

d = doo"” equilibrium grain size

n,~3
n. ~1
m~3

r~1

Assuming that the equilibrium grain size is attained when

_ ¢ Sy de Bresser et al. (1998; 2001)
R=¢,/é. ~O()

Montesi and Hirth (2003)

¢, =(1+1/R)A, (T)o™




Thermo-mechanical coupling in power-law materials
with Arrhenius temperature dependence

viscosity

temperature

/2 .
" velocity

Yuen et al., 1978; Fleitout and Frodivaux, 1980:;
Turcotte and Schubert, 2002



Thermo-mechanical coupling in power-law materials
with Arrhenius temperature dependence

2
T .
kS ~éo
o0x viscosity
E=A0" temperature

/2 .
" velocity

Yuen et al., 1978; Fleitout and Frodivaux, 1980:;
Turcotte and Schubert, 2002



Thermo-mechanical coupling in power-law materials
with Arrhenius temperature dependence

viscosity

temperature

/2 .
" velocity

)  width of the shear zone
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Model “spin-up”: 20-Ma-of=
steady slip followed by eq
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Rheologic end-members: The Matrix
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T,=20yrs Non-coupled Coupled Coupled
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Shear stress
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Fault—parallel shear stress (MPa)

Model “spin-up”: toward cycle-invariant stress
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Constraints from the rock record

Differential Stress (MPa)
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Stress (MPa)
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Fault—parallel velocity (cm/yr)
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Fault-parallel velocity (cm/yr)

Effect of the model size
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locities due to a finite strike-slip fault
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Effective viscosity after 20 Myr spin-up
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Effective rheology
E =€,+E,=A,0"+A.d"0"

dislocation diffusion
creep creep

d = do()"” equilibrium grain size

n,~3
n. ~1
m~3

r~1

Assuming that the equilibrium grain size is attained when

_ ¢ Sy de Bresser et al. (1998; 2001)
R=¢,/é. ~O()

Montesi and Hirth (2003)

¢, =(1+1/R)A, (T)o™




Grain size evolution

- S n -m _ __Ng
E =E,+E.=A, 0" +A.d"O

dislocation  diffusion np~3
creep creep ng ~1
m~3
. _ ) ij H
=B ldl Pexp| ——— static grain growth
+ Gp p
RT
d_ = — )Ld(ch dynamic recrystallization

de Bresser et al. (1998; 2001)
Hall and Parmentier (2003)
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Effect of dynamic recrystallization
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Strain localization at 20 km depth
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Foliation

Strain-induced separation
of weak and strong
mineral phases;
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anisotropic fabric
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Aggregate vs individual phase rheologies
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Deformation (and strength) is controlled
by the weakest phase
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TEMPERATURE
DEPTH (S.A.GEOTHERM)
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Where is the transition between frictional
sliding and viscous flow?
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Southern San Andreas: localized vs distributed surface creep
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Fault zone architecture

shaken, not stirred

Scholz, 1988; 2002



Conclusions

Lab-derived rheologies give rise to permanent
localization of strain in deep “roots” of major strike-slip
faults

The shear zone width in the ductile substrate inversely
depends on the fault slip rate and the effective
viscosity of the substrate

Ductile strength of the lithosphere is of the order of
~50 MPa, only weakly dependent on composition,
water content, and geotherm — in good agreement with
petrologic data

Thermally weakened shear zones (result of
thermomechanical coupling) have little effect on
postseismic deformation



