
Lecture 7.  Subduction processes 

in high resolution

• Spatial “zoom-in” at subduction processes. Stress in the 

slab. Effect of gabbro-eclogite transformation and de-

serpentinization.

• Effect of weakening of mantle wedge.

• Friction in subduction channel

Outline



Spatial “zoom-in”

Finite Element size 1km



Stress without phase transformations

Slab stress



Pressure without phase transformations

Slab stress



No phase transformations, no thermo-

elasticity

Slab stress

Rietbrock and Waldhauser(2004)
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No phase transformations 

+thermoelasticity

Slab stress
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Plus gabbro-eclogite transformation

Slab stress
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Plus de-serpentinization

Slab stress

Rietbrock and Waldhauser(2004)
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dlnVp

dln(Vp/Vs)

21°S

(Koulakov, Sobolev, Asch, 2006)
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Spatial “zoom-in”

Finite Element size 1km

Wedge 
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Mantle wedge weakening (1 km FE)

Wedge 

weakening



Mantle wedge evolution

Recycling (?)

Wedge 

weakening



• Spatial “zoom-in” technique allows to increase model resolution 

and to consider effects not detectable in the low-resolution 

models.

• Modeled stresses in the slab without phase transformations are 

inconsistent with seismological observations in central Andes, 

but introduction of gabro-eclogite transformation in the crust and 

deserpentinization in the uppermost mantle result in the right 

stresses

• Mantle wedge weakening may cause the recycling of the upper 

crust in the overriding plate

Conclusions



The Central Andes model
35 Ma

18 Ma

Trench roll-back

0 Ma
South American drift

Sobolev and Babeyko, Geology, 2005

The central Andes model

Friction μ = 0.05

Delaminating 

lithosphere



9.0

9.5

7.7

9.0

9.0

8.2

7.1

8.1

5.6

9.2

Subduction zones with adequate heat flow data to constrain frictional heating 

Gao and Wang, Science, 2014
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Max friction 

for 

subduction
Sobolev et al, 2006
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subduction
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Sobolev and Babeyko, 2005



Estimates of low friction in subduction 

decoupling zones from geodynamic models is 

fully consistent with robust estimates of friction 

based on heat flow data

Conclusion



Is that low friction static (effect of high pressure 

porous fluid) or dynamic (result of dynamic 

weakening)?

Question



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

Gao and Wang, Science, 2014
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Stress drop estimates:

Simons et al. (2011):  2-10 

MPa

Koketsu et al. (2011):  4.8 MPa

Lee et al. (2011):  7 MPa

Kumagai et al. (2012): 

Locally up to 40 MPa

Tohoku 

earthquake

 =  n

   0.01

About 1/3 of  

From GEOMOD 2014 presentation of K. 

Wang



Is that low friction static (effect of high pressure 

porous fluid) or dynamic (result of dynamic 

weakening)?

Question

Dynamic friction change in large earthquake 

is less than 0.01. It means that low friction in 

subduction channel has static reasons, e.g. 

high pressure fluid

Answer


