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We solve a truly 3 – D rupture 
problem:

- Both two components of solutions
depend on two spatial coordinates
and on time;

- Shear traction is collinear with fault 
slip velocity ( Τ // v ), but the rake
( i. e. the fault slip velocity azimuth ) 
can vary during time. 

RememberingRemembering dimensionalitydimensionality ……
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The The cohesivecohesive zonezone
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In the target location we
can extimate:

Xb = 105 m     Tb = 0.04 s

From these quantities:

vrupt = Xb/Tb = 2625 m/s

Localestim
ate
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ComparisionComparision betweenbetween 2 2 –– DD
and 3 and 3 –– D models #1D models #1
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and 3 and 3 –– D models #2D models #2
ComparisionComparision betweenbetween 2 2 –– DD

 Traction vs. Slip velocity
at x_1 = x_init + 18.0
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The The rakerake rotation: the rotation: the couplingcoupling



RakeRake rotation #2: rotation #2: evidencesevidences

Etchecopar (1984), Florensov and Solonenko
(1965), Kakimi et al. (1977), Philip and Megard
(1977). 

More recently curved striations ( also called
slickenlines ) were seen in the Denali earthquake
(Haeussler et al. 2004).

Curved striations were observed in the 1971 San 
Fernando; 1999 Hector Mine EQ; the 1992 
Landers EQ; the 1980 El Asnam, Algeria EQ, and 
on the San Andreas in the Mecca Hills. 

From Spudich et al., (1998)



RakeRake rotation: a rotation: a schematicschematic exampleexample

Strike component of fault slip

D
ip

co
m

po
ne

nt
of

fa
ul

t s
lip



25.4 33.9 42.3 50.8

50.0

43.8

37.5

31.3

25.0

x direction

z 
di

re
ct

io
n

-45 -30 -15 0 15 30 45

Rake variation

Rakediff_24_ts-5_sw  

25.4 33.9 42.3 50.8

50.0

43.8

37.5

31.3

25.0

x direction

z 
di

re
ct

io
n

-45 -30 -15 0 15 30 45

Rake variation

Rakediff_25_ts-5_sw  

25.4 33.9 42.3 50.8

50.0

43.8

37.5

31.3

25.0

x direction

z 
di

re
ct

io
n

-45 -30 -15 0 15 30 45

Rake variation

Rakediff_26_ts-5_sw

 

25.4 33.9 42.3 50.8

50.0

43.8

37.5

31.3

25.0

x direction

z 
di

re
ct

io
n

-45 -30 -15 0 15 30 45

Rake variation

Rakediff_27_ts-5_sw  

25.4 33.9 42.3 50.8

50.0

43.8

37.5

31.3

25.0

x direction

z 
di

re
ct

io
n

-45 -30 -15 0 15 30 45

Rake variation

Rakediff_28_ts-5_sw



The The rakerake rotation #5: rotation #5: pathpath / / modulusmodulus
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Slip distribution of large earthquakes



Ground motion from Chi – Chi, Taiwan, EQ
Brodsky and Kanamori ( 2001 ) Ma et al. ( 1993 )



EffectsEffects of of StrengthStrength HeterogeneityHeterogeneity #1#1



Homogeneous Heterogeneous
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EffectsEffects of of StrengthStrength HeterogeneityHeterogeneity #2#2



ThermalThermal pressurizationpressurization of  of  
porepore fluidsfluids



MathematicalMathematical backgroundbackground
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Coupling of temperature T with pore fluid pressure pfluid:

where χ is the thermal diffusivity, c the heat capacity for
unit volume, αfluid the coefficient of thermal expansion, βfluid
the compressibility coefficient, Φ the porosity and          
ω = k/ηfluidβfluidΦ the hydraulic diffusivity (being k the 
permeability of the medium and ηfluid the dynamic fluid
viscosity). Analytical solutions at ζ = 0 are:   

Bizzarri and Cocco (2006a, 2006b, JGR)



ResultsResults withwith SW SW lawlaw
Dry fault ( σn

eff = const ) Wet fault ( σn
eff varies ) 
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ResultsResults withwith DR DR lawlaw
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The The breakdownbreakdown zonezone
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Thank you!
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“ Fracture ” Energy EG
Barenblatt ( 1959a, 1959b ), Ida      
( 1972 ), Andrews ( 1976a, 1976b ),
and many authors thereinafter

d0 is the characteristic slip –
weakening distance



DIETERICH DIETERICH –– RUINA WITH VARYING NORMAL STRESSRUINA WITH VARYING NORMAL STRESS
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