
One-‐sided	  Subduc-on	  in	  Self-‐Consistent	  Models	  of	  Global	  Mantle	  Convec-on	  
	  

•  Nature:	  significant	  topography,	  
especially	  at	  subduc5on	  zones	  	  	  	  	  	  
(e.g.	  trench,	  flexural	  bulge).	  
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•  Usual	  global	  numerical	  models	  of	  
mantle	  convec5on	  assume	  a	  free-‐slip	  
upper	  bondary	  condi5on:	  

•  Zero	  shear	  stress	  
•  Finite	  normal	  stress	  

(Moresi	  &	  Solomatov	  1998,	  Tackley	  2000,	  
van	  Heck	  &	  Tackley	  2008)	  

	  	  

•  Tackley	  (2008)	  
•  Finite	  difference/volume	  mul5-‐grid	  code	  
•  T-‐	  and	  p-‐	  dependent	  rheology	  
•  Duc5le	  and/or	  briZle	  plas5c	  yielding	  
•  Non-‐diffusive	  tracers	  track	  composi5on	  
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•  Visco-‐plas5c	  rheology	  
•  Ra	  =	  106	  
•  Eact	  =	  240	  kJmol-‐1;	  Vact	  =	  8,89	  ·∙	  10-‐7	  m3mol-‐1	  
•  Purely	  internal	  hea5ng:	  

	  	  H	  =	  5.44	  ·∙	  10-‐12	  W/kg	  
•  Boundaries:	  isothermal	  at	  300	  K	  (top),	  

zero	  flux	  (boZom),	  free-‐slip	  (top&boZom),	  
periodic	  side	  b.c.	  

	  
•  Viscosity	  law	  (Arrhenius):	  

	  
Eact:	  ac5va5on	  energy	  
η0:	  reference	  viscosity	  
Veta:	  ac5va5on	  volume	  
T:	  temperature	  

•  Plas5city	  (Byerlee,	  Drucker	  Prager):	  

C:	  cohesion 	  p:	  pressure	  
μ:	  fric5on	  coefficient 	  σyield:	  yield	  stress	  
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! yield = C + p ! µ•  It	  stabilizes	  single-‐sided	  subduc5on.	  

•  Acts	  as	  lubrica5ng	  layer	  (hydrated	  
sediments)	  between	  the	  two	  colliding	  
plates.	  (Gerya	  et	  al.	  2008)	  

•  Consists	  of	  a	  zero	  density,	  low	  viscosity	  
air/water	  layer,	  namely	  the	  „s-cky	  air“.	  

•  Free	  surface	  leads	  to	  (themally)	  single-‐
sided	  subduc5on	  over	  a	  wide	  parameter	  
range.	  

•  Numerical	  models	  with	  free	  suface	  also	  
get	  a	  trench.	  

•  „S5cky-‐air“	  method	  gives	  same	  results	  
as	  true	  free	  surface.	  (Schmeling	  et	  al.	  
2008)	  

•  Viscosity	  and	  yield	  stress	  reduc5on	  
by	  2	  orders	  of	  magnitude.	  

•  Thickness:	  dweak_crust	  ≈	  6	  km	  
•  Forms	  arer	  a	  ~25	  ka	  at	  the	  surface.	  

i.	  free	  surface	  
flat	  surface	  

ii.	  weak	  crustal	  layer	  

Crameri	  et	  al.	  (submiZed)	  

„s-cky	  air“	  

•  Show	  also	  single-‐sided	  subduc5on	  
using	  a	  free	  surface	  and	  a	  weak	  crust.	  

•  Asymmetric	  subduc5on	  results	  in	  a	  
nature-‐like	  curvature	  of	  trenches.	  

stagyy	  

•  Weak	  surface	  layer:	  ρair	  ≈	  0;	  
ηair	  ≈	  1019	  Pa·∙s	  

•  Mimics	  free	  surface	  in	  
Eulerian	  approaches	  

•  (Talk:	  GD1.2/TS9.2,	  room	  41	  
on	  Friday,	  16:00)	  

3-‐D	  spherical	  experiments	  

•  A	  free	  surface	  is	  the	  key	  ingredient	  for	  single-‐sided	  
subduc5on.	  

•  A	  weak	  crustal	  layer	  is	  important,	  but	  does	  not	  cause	  
single-‐sided	  subduc5on	  without	  a	  free	  surface.	  

•  Asymmetric	  single-‐sided	  subduc5on	  causes	  a	  more	  
nature-‐like	  trench	  curvature.	  

•  Experiments	  eventually	  end	  up	  in	  stagnant	  lid	  mode,	  
even	  arer	  long-‐lived	  subduc5on.	  

3	  regimes	  
•  (B)	  Stagnant	  lid	  with	  

strong	  plates.	  

•  (C)	  Stable	  on-‐going	  
subduc-on.	  

•  (D)	  Ini-al	  slab	  break-‐off	  
with	  small	  viscosity	  
gradient	  with	  depth	  
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