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New views of subduction faults 



                          Outline 

1. Strength of subduction faults (the “megathrusts”) 

2. Earthquake rupture and stress drop 

3. Weak fault’s effect on upper plate stress 

4. Smooth faults and rough faults 

5. Frictional heating of seismogenic and creeping faults 



1. Strength of subduction faults 
  − Very weak, never “strongly coupled” 

µ ′ is apparent coefficient of friction 
 σn is normal stress (~ weight of rock column for megathrusts) 

τ = µ ′σn 
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Mantle wedge rheology: 
Dislocation creep 
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Red: This work 
Blue: Lamb (2006) 

µ′ = 0.03 – 0.06 for most subduction zones studied  



Wang and Suyehiro, 1999 GRL 

Deviatoric stress (red is compressive) 

No compression 



2. Earthquake rupture and stress drop 

− Faults weaken in earthquakes, but not by much 

τ = µ ′σn 
∆τ = ∆µ ′σn 



σn 

Tectonic 
loading 

τ = µ ′σn 

Rupture initiation:  low slip rate; velocity-weakening 
 
Rupture development: high slip rate; dynamic weakening  
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Fault stress evolution during seismic slip 



Experimental results on dynamic weakening 

(Di Toro et al., 2011, Nature) 



Seismic 
Slip rate 

low-rate friction  

Experimental results on dynamic weakening 

(Di Toro et al., 2011, Nature)     Slip rate (m/s) 
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~ a factor of 3~5 decrease in fault strength 
But it cannot massively happen over the rupture area !  



Allamann & Shearer (2009) 

Earthquake magnitude Mw 

10 MPa 

1 MPa 



Rupture model of  
Hooper et al. (2013) 

Brown et al., submitted 

Slip  
distribution 

Slip  
vectors 

Stress drop 
vectors 

2011 M=9.0 Tohoku-oki earthquake 



Brown et al., submitted 

5, 20, 30 m 
slip contours 

Stress drop values  
(dip component) 

From 40 published models 
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3. Effect on upper plate stress 
− Results in a very fragile state of stress in the forearc 



Wang and Suyehiro, 1999 GRL 

Deviatoric stress (red is compressive) 

No compression 



Red = Thrust      Blue = Normal 

Hasegawa et al, 2012 
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4. Smooth faults and rough faults 
  − Smoother and weaker faults cause great earthquakes 
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Stress on locked fault 

Fault strength 

Smooth contact 

Rough contact 
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Stress on locked fault 
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Correlation of giant quakes with smooth incoming plate 

            Question: 
Does extreme roughness of 
subducting seafloor cause 
“strong locking”?  

         Answer: 
No. It causes creep 
instead.  

Wang and Bilek (2014) 



Nankai: Smooth,  
great earthquakes 

Kyushu: Rough,  
Creeping 

Creeping ratio from Wallace et al. (2009) 



Creeping ratio from Hsu et al. (2012) 

Manila Trench 



Creeping ratio from Chlieh et al. (2011) 

Peru: Creeping Nazca Ridge 



(Loveless and 
Meade, 2010) 

Locking 
before 

earthquake 



Coseismic Postseismic (10 months) 

Data from Sato et al. (2011) and 
Kido et al. (2011) 

Data from Japan Coast Guard 
Figure by Burgmann and Chadwell 

Still creeping! 



Mochizuki  
et al., 2008 Smooth 

Rough 



Wang and Bilek (2011, Geology): 

top view 

side view 

It is difficult to lock a seamount because of stress and structural complexity 



5. Frictional heating of seismogenic and 
creeping megathrust faults 

− Creeping megathrusts dissipate more heat (stronger) 



Japan Trench 

Northern Hikurangi 
(New Zealand) 



Japan Trench 
Smooth subducting seafloor 
Strongly seismogenic fault 

(2011 coseismic slip: Shao et al., 2012) 

Northern Hikurangi 
Rough subducting seafloor 

Creeping fault 
(creeping ratio: Wallace et al., 2009) 



Japan Trench 
Smooth subducting seafloor 
Strongly seismogenic fault 

(2011 coseismic slip: Shao et al., 2012) 

Northern Hikurangi 
Rough subducting seafloor 

Creeping fault 
(creeping ratio: Wallace et al., 2009) 



Japan Trench 
Smooth subducting seafloor 
Strongly seismogenic fault 

(2011 coseismic slip: Shao et al., 2012) 

Northern Hikurangi 
Rough subducting seafloor 

Creeping fault 
(creeping ratio: Wallace et al., 2009) 



Gao and Wang, Science, 2014 
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Subduction zones with adequate heat flow data to constrain frictional heating  
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Gao and Wang, Science, 2014 



                          Summary 
1. Strength of subduction faults (the “megathrusts”) 

2. Earthquake rupture and stress drop 

3. Effect of upper plate stress 

4. Smooth faults and rough faults 

5. Frictional heating of seismogenic and creeping faults 
− Smoother and weaker faults cause great earthquakes 

− Creeping megathrusts often dissipate more heat (stronger) 

 − Very weak, never “strongly coupled” 

− Faults weaken in earthquakes, but not by much 

− Results in a very fragile state of stress in the forearc 



Creeping ratio from  
Chlieh et al. (2008) 

Sumatra: Creeping  
Investigator Fracture Zone 
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