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Overview 

•  Contrasting styles of non-Volcanic 
rifted margin formation 

 
•  Type I: Narrow non volcanic rifted margins 

•  Type II: Wide rifted margins  

•  Effect of lower lithosphere counterflow 
 



 
 
Red Sea / Gulf of Suez 
 
Extension is localized in a  
Narrow rift system with a  
width ~ 100 - 150 km 
 
Symmetric or Asymmetric? 

Narrow (A) Symmetric Rifting 



•  Basin and 
Range  

•  wide rift (800 
km) 

•  Multiple horst 
and 

•  grabens 

•  Distributed  
•  Extension 



Thermo-Mechanical Model Setup 



• Huismans and Beaumont, Nature 2011 



Huismans and Beaumont, 2005 



Huismans and Beaumont, 2001, 2002, 2005, 2008 



Cold Non Volcanic Margins 
Iberia-Newfoundland  

Huismans and Beaumont, 2004, 2007 



Iberia-NFL Type I narrow margins 
with strong crust 

Huismans and Beaumont, Nature 2011 





Wide Hot Rifted Margins with Anomalous Vertical Motions,  
Depth Dependent Stretching (and Magmatism ?) 

• Moulin et al., 2005; Huismans and Beaumont, Geology 2008; Huismans and Beaumont, Nature 
 

Late shallow water salt on thin crust 
indicates depth dependent thinning 

between crust and mantle 



South Atlantic 

•  Need to explain: 
–  Wide distributed thinning of the crust 
–  Lack of apparent upper crustal thinning 

(undeformed sag, flat basement) 
–  Shallow lacustrine,marine sediments and salt in 

sag basin on highly thinned crust 
–  Nature of transitional domain 



Huismans and Beaumont, Nature 2011 

Very Weak Crust Type II : Very Weak Lower Crust 



• Huismans and Beaumont, Nature 2011 

Type II : Very Weak Lower Crust 



Mantle Lithospheric Structure and 
Composition 

Yuan and Romanovich, Nature 2010 







S-wave tomography 

• Begg et al, Geosphere 2009 

•  High velocity – low density depleted lower lithospheric root 
extending out under margin and ocean basin 

•  Implications for lack of magmatism and anomalous vertical 
motions 





• Huismans and Beaumont, Nature 2011 

Effect Mobile Lower Lithosphere 



Type II-C 
Depleted Lower Lithosphere Counter Flow 

• Huismans and Beaumont, Nature 2011 



Cold Non Volcanic Margins 
Iberia-Newfoundland  

Huismans and Beaumont, 2004, 2007 







Type I & II Contrasting Styles 

Huismans and Beaumont, Nature 2011 

Type I: Strong Crust 

Type II-A: Weak Crust 



Non Volcanic Rifted Margins 
Favored by stronger crust: 
•  Type I margins: 

–  Crust breaks first, mantle lithosphere necks later 
–  Exhume moderate amount (max 50 km) mantle lithosphere 

 
Favored by weak crust 
•  Type II-A margins:  

–  Mantle lithosphere necks first, crust breaks later 
–  No mantle lithosphere exhumation, possible non-magmatic 

asthenosphere 

•  Type II-C margins:  
–  Depleted (cratonic) lower mantle lithosphere flows into necking 

area 
–  Low density owing to depletion promotes shallow water depth  
–  Depleted nature inhibits magmatism 



Model setup: computing melt production 

• Dry Melting: 
• Higher melt  
• productivity 

• Damp Melting: 
• Low melt  
• productivity 

• Melting relations derived from Scott (1992) Simon et al., 2009 



Melt weaking & dehydration 
strengthening 

• Melt feedback changes on viscosity à scaling factors 

• Melt weakening 
• (1% retained 
melt) 

Simon et al., 2009 



Model 1: stable passive upwelling, 45 Myr 

Simon et al., 2009 


