
Summary so far 

  ‘Effective’ strength of the lithosphere ~100 MPa (or similarly, 

effective friction coefficient <0.1). Lower than ‘laboratory’ 

values. 

  Weak ‘asthenosphere’ increases ‘plateness’ 

  Both plastic yielding and ‘damage’ can cause plate boundaries  

  Successes 

  Linear 'subduction' 

  Linear passive spreading centers+rifts 

  Toroidal:Poloidal ratio realistic (sometimes) 

  Failures 

  Subduction double-sided 

  No pure strike-slip margins 

  Yield stress too low 
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The problem: 2-sided 

subduction! 



One solution: asymmetry due to continents

But on Earth, 1-sided ocean-ocean subduction also exists





Mantle convection codes assume 

a free-slip boundary condition: 

surface is FLAT  

  Zero shear stress but finite normal stress, 

proportional to what the topography would 

be if allowed.  

  But this may create unnatural geometries at 

subduction zones…. 



Real subduction zone: NOT FLAT 



Trench due to bending 



Numerical models with a free surface: also get a trench

“Sticky-air” method gives same result as true free surface



What effect does a free surface 

have on free convection with 

“self-consistent” plate tectonics? 

  Run simple, Boussinesq convection models 

with strongly T-dependent viscosity 

  E_act for wet olivine, plus variable V_act 

  …and depth-dependent (Byerlee’s law-

type) plastic yield stress,  

  Drucker-Prager yield criterion (2nd invariant) 

  Specify friction coefficient 

  Truncate to 9 orders of magnitude variation 
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Free-slip (flat) upper  boundary



Free-slip to free comparison 

Free-slip

Free surface

Single sided subduction!


