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At least fourteen hypotheses of subduction initiation : 

(1) Plate rupture within an oceanic plate or at a passive margin (e.g. McKenzie, 1977). 
(2) Reversal of the polarity of an existing subduction zone (e.g. Mitchell, 1984). 
(3) Change of transform faults into trenches (e.g. Uyeda and Ben-Avraham, 1972). 
(4) Sediment or other topographic loading at continental/arc margins (e.g. Dewey, 1969). 
(5) Forced convergence at oceanic fracture zones (e.g. Mueller and Phillips, 1991). 
(6) Spontaneous initiation of retreating subduction due to a lateral thermal buoyancy contrast at 
oceanic fracture zones separating oceanic plates of contrasting ages (e.g. Gerya et al., 2008). 
(7) Tensile decoupling of the continental and oceanic lithosphere due to rifting (Kemp and 
Stevenson, 1996). 
(8) Rayleigh-Taylor instability due to a lateral thermal/compositional buoyancy contrast within 
the lithosphere (e.g., Matsumoto and Tomoda, 1983). 
(9) Addition of water into the lithosphere (e.g., Regenauer-Lieb et al., 2001). 
(10) Spontaneous thrusting of the buoyant continental/arc crust over the oceanic plate (e.g., Mart 
et al., 2005). 
(11) Small-scale convection in the sub-lithospheric mantle (Solomatov, 2004). 
(12) Interaction of thermal-chemical plumes with the lithosphere (e.g., Ueda et al., 2008).
(13) Large asteroid impacts (Hansen, 2007).
(14) Shear�heating induced localization along spontaneously forming lithospheric-scale fracture 
zones (Crameri and Kaus, 2010).



Gurnis et al. (2004):
“Nearly half of all active 

subduction zones 
initiated during 
the Cenozoic.”
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No Peierls deformation and no shear heating – no subduction

Duretz et al. (in progress)
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3 geodynamic regimes
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The age of the oceanic plate
does not play a major role !

Nikolaeva et al.(in revision)



Nikolaeva et al. 
(in revision)

Thin continental lithosphere and 
large chemical density contrast between oceanic and continental mantle 

favor and speed-up subduction initiation
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Review: Future directions in subduction modeling
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Common view: 
transform faults  are plate fragmentation structures 

forming  by fracturing of “fresh” plates as “connectors” between  
pre-existing ridge offsets that remain constant through time
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However, other observations support the hypothesis that the
orthogonal ridge-transform system is emergent and not solely due
to preexisting conditions: 
(1) that single straight ridges can develop into an orthogonal pattern, 
(2) the existence of zero offset fracture zones, and 
(3) a positive correlation between ridge segment length and spreading rate
(4) transform faults are not inherited from transverse rift structures and

nucleate while or after spreading starts
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Oldenbburg and Brune (1972)



Oldenbburg and Brune (1972)



Oldenbburg and Brune (1972)



~300 experiments with I3ELVIS code were performed:
resolution up to 405x405x69 nodes (0.5x0.5x0.5 km)
and up to 100 million randomly distributed markers
viscous-brittle/plastic model with strain weakening
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Model without gravitation

Model with doubling of spreading rate
Gerya (2010)
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Inactive fracture zones and ridge jumps
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1.   Transform are plate-growth structures and not plate-fragmentation structures: 
the difference is as in between snowflakes and fragments of broken glass.

2.   Asymmetric plate accretion can spontaneously start in alternative directions 
along a single straight ridge 

3.   This causes dynamical instability of straight mid-ocean ridges promoting 
development of their curvature and  finally  leading  to emergence of transform 
faults on the timescale of few millions years. 
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Review: Origin and models of oceanic transform faults
Tectonophysics
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