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Conclusions 
�  Subduction on Venus was proposed early on, but 

disputed 
�  Lab modeling (Davaille) demonstrates how plumes can 

initiate subduction 
�  Details match many observations of largest coronae on 

Venus 

�  Gravity agrees with subduction as seen in the lab 
�  Lab experiment show a different type of ‘sluggish’ lid 

convection when the lithosphere is weaker relative to 
regimes that develop full up plate tectonics 
�  Consistent with limited subduction, and associated limited 

resurfacing on Venus 
�  Implies a wet lithosphere, not a dry lithosphere 
�  Could be a good model for the initiation of subduction on 

early Earth (or exoplanets) 



Why does Venus lack plate tectonics? 
And why do we care? 
� Leading Hypotheses: 

�  Too dry? (based on comets as a source of water?) 
� No Low viscosity zone to allow plate motion 
� Lithosphere too dry and thus too strong to break 
� No clays to allow fault sliding 

�  Too hot? Faults anneal? 
�  (see abstracts at Comparative Geodyn & Tectonics!) 

� The # of Earth-sized exoplanets is increasing! 
� Will they be Earth-like or Venus-like? 
� Plate tectonics is increasingly being linked to habitability 

through volatile recycling and variable environments 



Does Venus have subduction? 
(or a case study in paradigm shift…) 

� Same planform ✔ 
� Same mechanical deformation ✔
� No “paired” extension ✗ 
� Fractures cross subduction zone ✗
� Different mechanism (e.g. direction of subduction 

changes along the length of a rift zone ✗



Subduction: Same planform ✔ 
 

Sandwell and Schubert, 1992 
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Sandwell and Schubert, 1992 



Subduction: Fractures cross subduction zone  ✗
Hansen and Phillips, 
Tectonics and Volcanism of 
Eastern Aphrodite Terra, 
Venus: No Subduction ,  No 
Spreading, 1993 

Problems for 
subduction: 
1. Radial fractures 
extend across trenches 
2. Radial fractures are 
typically the oldest 
structures at coronae 
3. Consistent with 
upwelling plumes 
 



Subduction: Fractures cross subduction zone ✔ 
Hansen and Phillips, 
Tectonics and Volcanism of 
Eastern Aphrodite Terra, 
Venus: No Subduction ,  No 
Spreading, 1993 

Problems for 
subduction: 
1.  fractures extend 

across trenches 
*Also seen at terrestrial 
subduction zones 
*Rarely seen on Venus 
or Earth 



Subduction: Different mechanism ✗

Hansen and Phillips, 
Tectonics and Volcanism of 
Eastern Aphrodite Terra, 
Venus: No Subduction ,  No 
Spreading, 1993 

Problems for subduction: 
2. Radial fractures are 
typically the oldest 
structures at coronae 

 
Consistent with 
upwelling plumes 

 



Subduction: Different mechanism ✗

Problems for subduction: 
3. Inferred subduction 
direction changes 
reverses  
 



Subduction via ‘Foundering’ due to 
plume heating and volcanism 
 

Sandwell and Schubert, 1992 
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Lab simulations of convection-driven 
tectonic deformation 
Experiments	  by	  Davaille	  and	  colleagues	  	  @	  CNR/U.	  Paris	  Sud	  
-‐ 	  Polymers	  &	  colloidal	  soluEons	  produce	  realisEc	  rheology	  
-‐ 	  Rheology	  and	  density	  depend	  on	  parEcle	  content	  
-‐ 	  Lid	  deformaEon	  is	  elasEc,	  viscous,	  or	  plasEc	  	  
-‐ 	  Drying/Diffusion	  from	  above	  (analogous	  to	  cooling)	  	  
-‐ 	  	  Heat	  from	  below	  	  

	  



Rheology	  of	  the	  colloid	  soluEons:	  
	  
	  
	  
	  
	  
MulE-‐scale	  =>	  mulEple	  physical	  phenomena	  

As	  solvent	  evaporates,	  the	  
rheology	  of	  the	  soluEon	  
changes	  from	  ducEle	  to	  briQle	  
behavior.	  	  Drying	  of	  the	  crust	  
mimics	  faulEng	  throughout	  
the	  lithosphere.	  

ElasEcity	  =>	  folds	  

Drying	  of	  briQle	  layer	  =>	  
contracEon	  cracks	   Buoyancy	  

=>	  convecEon	  

mm	   m	  

Silica	  
ParEcles	  

Aggregates	  
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µm 

Simulates Lithospheric Deformation 
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•  Drying produces 
fractured brittle Layer. 

•  Heating from below 
produces plumes 
(highlighted in red). 

•  Plume produces ridges 
(in yellow) at the 
surface and nascent 
subduction at depth 
where the lithosphere 
has broken and been 
pushed under. 

 
Plume-induced Subduction 



Quetzelpetlatl  Corona:  
the most volcanic coronae  



Gravity Data Quetzelpetlatl  Corona-1  



Gravity Data: Quetzelpetlatl Corona 



Simple slab model: Quetzelpetlatl 

� Bouguer gravity data consistent with thin, steeply 
dipping slab at depth 
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Plume-Induced Subduction in the lab: 
� Predict observed surface features and subsurface 

density variations: 
�  Partial arc of subduction 
�  Fracture patterns  
�  Steeply dipping slab w/length < corona diameter 

� Resolves key issues for subduction 
�  Plume characteristics 
�  Partial arc of subduction 
�  Different directions of subduction at adjacent 

coronae 



Conclusions 
�  Subduction on Venus was proposed early on, but 

disputed 
�  Lab modeling demonstrates how plumes can initiate 

subduction 
�  Details match many observations of largest coronae on 

Venus 

�  Gravity agrees with subduction as seen in the lab 
�  Lab experiment show a different type of ‘sluggish’ lid 

convection when the lithosphere is weaker relative to 
regimes that develop full up plate tectonics 
�  Consistent with limited subduction, and associated limited 

resurfacing on Venus 
�  Implies a wet lithosphere, not a dry lithosphere 
�  Could be a good model for the initiation of subduction on 

early Earth (or exoplanets) 





Is it active today? 
�  High emissivity anomaly locations: 

Mylita Fluctus 

Eithinoha C 

Quetzalpetlatl C. 
Boala C. 

Jord C Otygen C 

See also 
Helbert et al., 2008; 
Ivanov and Head, 2011 



Proposed Subduction Sites 
� Many large coronae proposed to be subduction sites. 

Artemis 

Quetzelpetlatl 

Sandwell and Schubert, 1995  



Most rifts or ‘chasmata’ have coronae and vise versa;  
Parga Chasma has 131 corona within 500 km of rift 
(1/3 of all coronae) 

24 

Atete 


