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Overview 
•  Styles of rifted margin formation : Variability in 

natural systems 
 
•  First order controls on extension mode 

•  Type I: Narrow non volcanic rifted margins 

•  Type II: Wide rifted margins and depth 
dependent extension 



First order rift modes 

• Natural systems appear to exhibit a 
range of styles including:  

1.  Core complex extension 
2.  Wide rift and passive margin 
3.  Narrow rift and passive margin 
4.  Symmetric rift and passive margin 
5.  Asymmetric rift and passive margin 



Huismans and Beaumont, 2008 



Symmetric Continental Breakup? 



Asymmetric continental breakup? 

• Stampfli 



Narrow asymmetric rifting  
Yinchuan graben 

He et al., GRL 2003 



 
 
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 



Narrow Rifting 

• Brun et al. 



Central Atlantic Passive Margins 

Huismans and Beaumont, 2008 



Core Complex to Wide Rift Extension 

• Brun et al., 
1999 



• Core Complex Style Extension	

• Extension with a high grade metamorphic core 
exhumed to the surface 
• Juxtaposition of low and high grade materials 
• Single detachment faults with large offset 

• Fossen 



•  Basin and 
Range  

•  wide rift (800 
km) 

•  Multiple horst 
and 

•  grabens 

•  Distributed  
•  Extension 





Wide Volcanic Rifting in the North Atlantic 



First order control on modes of 
extension 

Buck, 1991 



Dynamic Extension Models 
Contrasting Styles 

Braun and Beaumont, 1989 



Fault Models I 

Buck et al Nature 1998 

Plastic strain weakening 
allows efficient localisation 



Plastic Strain weakening 
allows efficient localisation 

Lavier et al., Geology 1999 



Narrow Non Volcanic Margin Formation 

Lavier and Manatschal, Nature 2006 



Huismans and Beaumont, 2002 



Huismans and Beaumont, 2005 



Huismans and Beaumont, 2001, 2002, 2005, 2008 





Huismans and Beaumont, 2005 



Effect of Brittle Ductile Couping:  
Prediction of mode transition 

•  Ratio of Brittle / Ductile Stress 
–  Mode boundary not defined 

•  Compare Integrated Force for different modes, e.g. 
mode transition when:  
–  Fmode1 = Fmode2        and      Fmode2 = Fmode3 

–  Well defined mode transition, but does resolve not higher 
order features, e.g. difference between symmetric – pure 
shear mode 

•  Compare Rate of Work for different modes, e.g. 
mode transition when:  
–  Wmode1 = Wmode2        and      Wmode2 = Wmode3 Huismans et al.,JGR, 2005 



Huismans et al.,JGR, 2005 



Huismans et al.,JGR, 2005 



Huismans et al.,JGR, 2005 



Huismans et al.,JGR, 2005 



Huismans et al.,JGR, 2005 



Cold Non Volcanic Margins 
Iberia-Newfoundland  

Huismans and Beaumont, 2004, 2007 





Iberia Type I margin 

Huismans and Beaumont, Nature 2011 



Iberia Type I margin 

Huismans and Beaumont, Nature 2011 

Animation, see: http://folk.uib.no/rhu002/huismans_beaumont_nature2011.html  



Type I Margins 

•  During last phase of rifting the crust breaks 
before the mantle lithosphere 

•  Largely a-magmatic 

•  Type I margin: 
–  Crust breaks first, mantle lithosphere necks later 
–  Exhume mantle lithosphere 
–  Favored by stronger crust 



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 



• Huismans and Beaumont, Nature 2011 



• Huismans and Beaumont, Nature 2011 



Type II-A 

• Huismans and Beaumont, Nature 2011 
Animation, see: http://folk.uib.no/rhu002/huismans_beaumont_nature2011.html  



Tomography 

• Begg et al, Geosphere 2009 





Lower Lithospheric Mantle Layer 

Yuan and Romanovich, Nature 2010 



• Huismans and Beaumont, Nature 2011 

Type-II Craton 



Type II-Cratonic inflow 

• Huismans and Beaumont, Nature 2011 



Type II-C 

• Huismans and Beaumont, Nature 2011 

Animation, see: http://folk.uib.no/rhu002/huismans_beaumont_nature2011.html  



Type II-Cratonic Inflow 

• Huismans and Beaumont, Nature 2011 



Type I & II Contrasting Styles 

Huismans and Beaumont, Nature 2011 

Type I: Strong Crust 

Type II-A: Weak Crust 



Conclusions 
•  Type I margins: 

–  Crust breaks first, mantle lithosphere necks later 
–  Exhume mantle lithosphere 
–  Favored by stronger crust 

•  Type II-A margins:  
–  Mantle lithosphere necks first, crust breaks later 
–  No mantle lithosphere exhumation 
–  Favored by weak crust 

•  Type II-C margins:  
–  Cratonic lower mantle lithosphere flows into necking area 
–  Low density owing to depletion promotes shallow water depth  
–  Depleted nature inhibits magmatism 

•  Lower mantle lithosphere inflow may explain large tracts of 
exhumed mantle in narrow Type I margins  


