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Common pictures of slab & mantle
Interactions in subduction zones
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sclslice Common pictures of slab & mantle
S Interactions in subduction zones

@ Corner flow

Arc Mantle Back Arc Mantle
¢ ]

N

- 50

- 75

- 100
- 110

Depth  (km)

- 250

Schmidt & Poli, 1998 | 35

© Kneller & van Keken (2008)

50

100

150

200




(a) Variable Dip: Cases 1-6, e.g. N. and S. Andes, Costa (b) Concave Trench or Slab: Case 7, e.g. Marianas,
Rica, N. Japan, and Izu-Bonin W. Aleutians, and E. Alaska
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Importance of the choice of the reference frame




Fast-moving Trench
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Characteristics of trench motions in three reference frames

NNR-NUVELIA SB04 HS3-NUVELIA
Reference frame Gripp and Gordon (2002) ~ Steinberger et al. (2004) Gripp and Gordon (2002)
Selected hot spots No hot spots Indo-Atlantic hot spots Pacific hot spots
Age of hot spots - 80 Ma - present 5.8 Ma - present
Mean/max net rotation 0 by definition 1.4/1.8 cm/yr 3.8/49 cm/yr
Mean trench motion 1.1 £ 3.0 cm/yr (rollback) 0.9 = 3.0 cm/yr (rollback) | 0.6 = 4.0 cm/yr (rollback)
Maximum rate of trench rollback 12.7 cm/yr 12.5 cm/yr 14.5 cm/yr
Maximum rate of trench advance 5.1 cm/yr 6.9 cm/yr 9.7 cm/yr
Rollback/Advance transects ratio 1.56 2.33 0.89
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Actualistic and global approach
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In a more general way, there is no relation between slab age and slab dip



Actualistic and g

The velocity of the subducting
plate correlates with its age at
trench

— Slab pull = driving force

correlates with the velocity of the
subducting plate
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Actualistic and global approach
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@ Extension, compression and « neutrality » . Vtesso en surface do a plaque plongeante (cman)
are observed in the upper plate for given
combinations of plates velocities
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with a kinematic equilibrium between converging plates is satisfied
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Experimental tests and some physical explanations of
present behavior of SZs
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Some physical explanations of present behavior of
SZs and experimental tests

@ Torques balance between bending and unbending forces show that old

and stiff slabs prevent rollback and favor trench advance because
bending resistance scales with A%2 whereas the slab pull scales with A
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s @ Plate’s stiffness effect
W on trench migration
tested using Citcom
FEM in 3D (visco-
plastic, purely
compositional model,
subduction driven by
potential energy)

(A) Model 4
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sy young - old

Some physical explanations of present behavior of
SZs and experimental tests

(B) Model 3 (C) Model 2
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key role in controlling
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(@~ Some physical explanations of present behavior of
SZs and experimental tests
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Wm Some physical explanations of present behavior of
SZs and experimental tests
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" Some physical explanations of present behavior of
: SZs and experimental tests

@ 2D thermo-chemical convection model (Christensen, 1992) with imposed
' kinematics and an upper plate. Pseudo-brittle and non-Newtonian viscous
rheology function of T, P, strain rate and crust/mantle composition. Slab
dehydration and consequent mantle hydration reduces its viscosity.

Once the subduction starts, the
trench is free to migrate self-
consistently.

Initifagrh;eeléc‘géi%cga‘iml Initial trench location
O A0 or adyancin
a) Subduction initiation trench runs trench runs

b) Surface kinematics: applied after ~1000 km of subduction
Vyp= O »=Vip
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Three kinematic combinations that result in trench migration and upper

Compresslonal Case Study Neutral Case Study Extenslonal Case Study
Colombia kinematics Kuril Kinematics Sandwich kinematics
Vsub = 10 cm/yr Vsub = 2 cm/yr

Vup = 2.5 cm/yr

Vsub = 4 cm/yr

Vup = -2 cm/yr Vup = 1 cm/yr

B8

e

Strain mode evolves with time like in nature because of complex © Arcay et al. (2008)
retroactions



Some physical explanations of present behavior of
SZs and experimental tests

[a] Backarc stress 5 to 15 Myr after slab-pull stabilization, . ,
i.e., short-term simulations Subducting plate motion (cm/yr)

Subducting plate motion (cm/yr) -5 0 5 10 15
0 5 10 15 10 : : *

@ Short-term vs
long-term
evolution of the
models
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L @ Same behavior
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E Subduction behavior on long-term convergence :
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Some physical explanations of present behavior of
SZs and experimental tests

i1 @ What about the
circulation and
strain in the
mantle wedge ?

It is commonly
estimated from
seismic
anisotropy and
IS ...

« debated »

- — e
<«— SKS fast direction ? Unknown SKS fast direction
== Fault set orientation ? Unknown fault set orientation

© Faccenda et al. (2008) ... Earthquake elongated cluster




@WW Some physical explanations of present behavior of
SZs and experimental tests

@ First attempt to relate the subslab Are voleanoes bt
| seismic anisotropy with the magnitude N
of the trench migration velocity

Trench migration
(advance or
retreat)

Corner flow
induced by = Convergence
downdip motion |
of slab — Flow beneath slab
2.5+ Tonga T influcefl by trench
(central) migration
3D flow
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Middle ascadia flow at depth b edge zone beneath slab
America (410 km? 660 km?)
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Observation of present-day subduction zones and
laboratory experiments clearly indicate that we must
account for the dynamics of the system if we want to
characterize the interaction between the slab and the

surrounding mantle in a subduction zone.

Dynamics of the system includes :
- plates and trench kinematics

- active or passive mantle

- evolution of the deformation

with time

© Heuret et al. (2007)
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Some physical explanations of present behavior of
SZs and experimental tests
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few examples




‘“W"" Mantle dynamics driven by subduction processes :
| a few examples
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@<= Mantle dynamics driven by subduction processes :
a few examples
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Mantle dynamics driven by subduction processes :
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Conclusions

* Trench/slab forward/backward motion
must be taken into account when
describing the circulation of the mantle
In a subduction zone

* Trench-parallel mantle flow can only
result from a high convergence
obliquity, not trench migration

* The interpretation of seismic anisotropy

iIn the mantle wedge or subslab mantle
Is still speculative




