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From rift to passive margin 
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From rift to passive margin : lithosphere deformation 
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Manteau 
lithosphérique ductile 

Asthénosphère visqueux 



(Lithosphere rheology : initial conditions) 
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Lower crust 
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Buck, 1991 
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From rift to passive margin : lithosphere deformation 

 
Graben (failles normales 

& sédiments continentaux) 

 
 

 
 
 
 

 
5  Stade rift précoce  
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1300°C 



 

From rift to passive margin : lithosphere deformation 
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Amincissement 
lithosphérique 

From rift to passive margin : lithosphere deformation 
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From rift to passive margin : lithosphere deformation 
 
 

 
Dénudation du manteau 
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Rebond isostatique 

arrêt activité 
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 Stade « break-up »  
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en surface 

Rupture 
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arrêt transmission 
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From rift to passive margin : lithosphere deformation 
 
 

 
Asthénosphère en surface 

=> accrétion croûte océanique 
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Accrétion 
croûte océan. 

Séparation 
des marges 



 

From rift to passive margin : lithosphere deformation 
 

 

Sédimentation post-rift 
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From rift to passive margin : lithosphere deformation 
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Accommodation 

décroît sur 

plateforme 

Subsidence 

décroissante 

en f(temps) 

Progradation 

+ deep sea fan 

sur cr. océan. 



Basement structure => 2 types of continental margins 
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Gulf of Aden 
Tilted blocks = non-volcanic margin 

Autin & al, 2010, GJI 

Namibia (Walvis) 
Seaward-dipping reflectors -> basaltic lava flows 
= volcanic margin 

Fully igneous crust 
Blaich & al 2013 Geol Soc London Spec Publ 369 
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Basement structure => 2 types of continental margins 

 

Non-volcanic vs Volcanic margins 
 

Ocean. cr. 

W 
C.O.B. Stretched Cont. cr. 
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Angola 

 
 

 

Ocean. cr. igneous crust. Cont. cr. 

 
 
 
 
 

 
Namibia 
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Conceptual model of SDR formation 
 

Clerc & al, 2017 

Seaward dipping reflectors / landward dipping normal faults = shearing in lithospheric mantle 
 
 
 
 
 
 
 
 
 

 
14 Clerc & al, 2017 
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Pelotas Basin, S. Brazil-Uruguay 

Stica & al, 2014, M&P G 



South Atlantic conjugate margins / Hot-spot / Traps 
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mid-Atlantic ridge 
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Vocanic margins and Large Igneous Provinces 
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Plume = convection => decompression => mantle fusion 

LIP’s: basalt plateaus = traps 

associated with volcanic margins 
(e.g. Atlantic volcanic M.) 

M
a
s
te

r1
 G

é
o
lo

g
ie

 d
e
 l
’E

x
p
lo

ra
ti
o
n
 e

t 
d
e
s
 R

é
s
e
rv

o
ir
s
 ,
 D

y
n

a
m

iq
u

e
 d

e
s
 B

a
s
s
in

s
 –

 2
0
1
8
- 

M
ic

h
e
l 
S

é
ra

n
n
e
 



Non-volcanic margin : Stretched lithosphere 

 

Gulf of Lion margin 
 
 
 
 
 
 
 
 
 
 
 

 

 
West Iberian margin 

 
 

 
ODP boreholes 

Séranne, 1999 

 
 
 
 
 
 
 
 

 

 
synrift 

 
Prerift & upper crust 

 

 

serpentinized 
peridotites 

lower crust 

Moho 

Upper mantle 17 

Manatschal & al , 2001 
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Stretched lithosphere & mantle denudation 

 

1 

 

Fossil Non-volcanic Margins inverted and 
exposed in orogens 

 
 

 
Ex: Albian Pyrenean basin 

 

Lagabrielle & Bodinier 2008 Ex: Tethyan margin Froitzheim & Manatschal, 1996 8 M
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Stretched lithosphere & mantle denudation 

 

 
 
 
 
 
 
 
 
 
 

 
Lagabrielle & al, 2013, Tectonics 

 
Pyrenees 

 
 
 
 
 

 
Bay of 

Biscay 
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Tugend & al, 2014, Tectonics 
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Lavier & Manatschal, 2006 (Nature) 
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Continent-Ocean Boundary 

 
• Conjugate margins 

 

 
Time 

 

 
 
 

 
• Oc.crust accretion 
• Drifting 

 

 
• Break-up: 1st accretion 
• Formation of 1st magnetic 

anomalies, 
 
 

 

Upper plate 
(Newfoundland) 

lower plate 
(Iberia) 

 
 

 
• Mantle exhumation & 
serpentinisation 

• End of rifting (no more 

faulting) 
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PERON-PINVIDIC, Gwenn (2006) 
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Break-up 
 

 
- Lithospheric rupture 

- End of extensional faults activity 

- Onset of oceanic accretion 

- First oceanic crust magnetic anomaly 

- Two distinct continental margins 
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Break-up unconformity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
http://www.ga.gov.au/scientific-topics/ 
energy/province-sedimentary-basin- 
geology/petroleum/offshore-southwest- 
australia/perth-basin/vlaming-sub-basin 
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Break-up unconformity : 

signature of stress release 
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Miocene 

 
Cenomanian 
Barremian 
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Break-up unconformity on conjugate margins 
 
 

 

NW SABLE BASIN, NOVA SCOTIA SAFI BASIN, MOROCCO SE 
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Break-up = isostatic flexure of rift basins 

 
Lithosph.rheology Rifting stage End of rifting 

 
 « crème brulée »  

Upper crust 

Lower crust 

Mantle 

 

 
 « jelly sandwich »  

Upper crust 

Lower crust 

Mantle 
 

 
Burov &Watts 2006 Cloetingh 
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lithosphere structure => depth of necking => isostatic flexural response 
=> vertical movement => erosion 
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