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Lecture 6. Subduction, and 

subduction orogeny

• Driving versus resisting forces- a key is subduction

channel

• Subduction initiation –a key problem of plate tectonics

• Subduction initiation in early Earth

• Mature subduction-effect of mantle viscosity

• Subduction orogeny (Central Andes)

Outline



fertile peridotite

depleted peridotite

felsic upper crust

depleted peridotite

gabbro

Appropriate model setup

VovVsb

Conventional boundary condition. 

Pull from the slab portion below 400 km 

is ignored. 



fertile peridotite

depleted peridotite

felsic upper crust

Dynamic subduction 

channel with special 
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depleted peridotite

gabbro

h1

z

t

Sobolev and Babeyko, Geology, 2005

Appropriate model setup

V, or F

V 



Friction  > 0.10

Crust 40-45 km thick

V2

V1

45 m.y. old

100 km thick thermal 

lithosphere

At friction in subduction channel > or = 0.1 

subduction does nor survive (see Fr0_1.avi) 



Spontaneous initiation at transform fault

Initiation

Geological examples known (Stern, 2005) but was 

not confirmed by modeling (Gurnis et al., 2004)



Forced initiation at transform fault

Initiation

(Hall et al., 2003, Gurnis et al., 2004)

Problem 3D!



Wilson cycle

Initiation



Initiation

Nikolaeva et al, JGR , 2010

Implicit, Eulerian, FD, codes 

I2VIS, I2ELVIS, Gerya, ETH, 

Zürich



Initiation

Nikolaeva et al, JGR , 2010



Initiation

Nikolaeva et al, JGR , 2010

Very thin (70 km lithosphere) is required!



InitiationPull from old subducted slab?



InitiationPull from old subducted slab?

Setting the model up



InitiationPull from old subducted slab?



InitiationPull from old subducted slab?



InitiationPull from old subducted slab?

Problem 3D!



Initiation

Possible subduction initiation in Atlantics



Initiation

Possible subduction initiation in Atlantics



When the plate tectonics started on Earth?



Zircon Age Distribution through time.

Monitor of Continental Crust growth

Condie & Aster, 2009
What do these age peaks indicate?

Based on inclusions from 

diamonds



First subduction



First subduction



First subduction: Initiation by plume

Initiation

Ueda, Gerya, Sobolev (2008)

Problem 3D!



Initiation by plume

Initiation

(Gerya et al. Nature 2015)

3D model



Initiation by plume

Initiation

(Gerya et al. Nature 2015)



Study of effect of TZ and lower mantle viscosity 

and phase transformations on self-consistent 

slab dynamics

Mature

Quinteros, Sobolev, Popov, 2010

Code: elasto-visco-plastic, implicit (SLIM2D), 

disl. +dif.+P creep in upper mantle, TZ and lower 

mantle optional



Effect of TZ and lower mantle viscosity Mature

Quinteros et al., 2010(viscosity in TZ 3*10^20, LM 3*10^21) 



Effect of TZ and lower mantle viscosity Mature

Quinteros et al., 2010(viscosity in TZ 3*10^21,LM 1.5*10^22)   



• Subduction survives only if friction in subduction channel is 

below 0.1 –need for high-pressure fluid in the channel 

• Subduction initiation at passive margin (Wilson cycle) is 

unlikely unless there is strong mantle suction flow. 

• Spontanios subduction initiation at transform fault is not yet 

confirmed by model., while modeling confirms forced initiation.

• First subduction at Earth might have been initiated by mantle 

plume.

• Style of internally consistent dynamic subduction is largely 

controled be lower mantle and TZ viscosity. Plausible range of 

TZ viscosity is 3*10^20-^10^21 and LM viscosity 5-10 times 

higher.

Conclusions



Brasilian 

shield

thick (50-70 км) 

hot and felsic 

crust

Nazca 

plate

3 cm/yr

Andean Orogeny
Orogeny

Why intensive 

orogeny occurred 

only in Cenozoic 

and only in the 

Central Andes?



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

Orogeny



Factors controlling Andean orogeny

The key factors controlling 

Andean orogeny were: 

(i) overriding rate of South 

America plate,

(ii) friction in subduction 

channel, 

(iii) initial thickness of the upper-

plate crust

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

Sobolev and Babeyko, 2005; Sobolev et al., 2006

Orogeny



Delamination 

of lithospheric

mantle

Seismic tomography

Sobolev et al., 2006

Delamination


