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From rift to passive margin i

Stage « rift »

Stage « break-up »

Stage
« young margin »

Stage
« mature margin »
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@sciences
Montpellier

From rift to passive margin : lithosphere deformation

Failles (séismes)

résistance
Croﬂte cassant
Continentale ductile 1oho
cassant |
Manteau _
lithosphérique ductile

ESOCSCS

Asthénosphere visqueux

profondeur
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(Lithosphere rheology : initial conditions) @C’?&%

Core Complex Mode

Qs= 100mW/m?

MPa
1200 0 600

Tel,mper;.rure lYSieldI . Upper Crust « Créme brulée »
“e"#% 1 Lower crust

Mantle

Asthenosphere

Qs=60mW/m?2

MNarrow Rift Mode T MPa
[4] 1200 O 600

0 L T T T
Temperature Yield
Strength Crust

20 1 .
Lower crust

g —— « Jelly sandwich »
= 40 |- - — .
&

Upper Mantle
60 | . % 1

8o | 4 F .

L . Burov & Watts 2006

Asthenosphere
Buck, 1991
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From rift to passive margin : lithosphere deformation

Graben (failles normales
& sédiments continentaux)

Stade rift Erécoce l

sciences

@M(mtpellier
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sciences

@Montpellier

From rift to passive margin : lithosphere deformation

Graben

~.

Déformation cassante
Déformation ductile

Amincissement de la lithosphere

Stade rift |

(o))
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sclences

Montpellier

From rift to passive margin : lithosphere deformation

Amincissement
lithosphérique

Stade rift mature |

Cisaillement
asymmetrigque

Remontée des
> isothermes &

Asthénosphere

/\

réechauffement

Diminution
de densité

Fusion partielle
(limitée)

Soulevement
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@sciences
Montpellier

From rift to passive margin : lithosphere deformation

Dénudation du manteau

Faille de Ty . . Ve . Ve .
) Elimination Dénudation Altération
— — f——
Detachf-)rr_]ent de la crolte du manteau marine
asymmeétrique
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@sciences
Montpellier

From rift to passive margin : lithosphere deformation

Rupture
lithosphére

Stade « break-ué » I

Asthénosphere en surface
=> accrétion crolte oceanique

arrét transmission
de contraintes

~

Asthénosphere
en surface

arrét activité
des failles

Rebond isostatique

Accrétion
crolte océan.

Séparation
des marges
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@sciences
Montpellier

From rift to passive margin : lithosphere deformation

Seédimentation post-rift
(envir. marin)

Failles inactives

Discordance post-rift

Refroidissement . Subsidence

de la lithosphere Densification thermique
Stade — .

Refroidissement Subsidence | Basculement

v
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@sciences
Montpellier

From rift to passive margin : lithosphere deformation

Sédimentation post-rift

progradation

Deep-sea-fan /

Subsidence
décroissante |

pr—

en f(temps)

Stade marge mature |

Accommodation
décroit sur
plateforme

f—p

Progradation
+ deep sea fan
sur cr. ocean.

=
=

ns — 2018- Michel Séranne
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Basement structure => 2 types of continental margins @L’%Qﬁ%

(5]
<
c
©

Tilted blocks = non-volcanic margin

«w Gulf of Aden

[Ocindge ]  [Owigraben] l

Autin & al, 2010 GJI

Seaward-dipping reflectors -> basaltic lava flows

' 1 Namibia (Walvis)  —\,5|canic margin

| 25km |

twt (s)
n
]
Masterl Géologie de I'Exploration et des Réservoirs , Dynamique

=
N
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Basement structure => 2 types of continental margins @
Non-volcanic vs Volcanic margins

Ocean. cr. EOE Stretched Cont. cr.

Ocean. cr. igneous crust. Cont. cr.

> £ > < >

Namibia 304 231 30
300 200 100 0

sciences

Montpellier

=
w
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Conceptual model of SDR formation
Pelotas Basin, S. Brazil-Uruguay \

" Data Courtesy of ION/GXT

Stica & al, 2014, M&P G

Clerc & al, 2017

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

syn-rift SDR

intrusions and underplatin
post-rift

upper
crust

H
N

Masterl Géologie de I'Exploration et des Réservoirs , Dynamique des Bassins — 2018- Michel Séranne

sciences

Montpellier




SCIENCES

South Atlantic conjugate margins / Hot-spot / Trap@

)

s Nia ) L . AR AR
. W Wi

.

My

| : - il’
Tristan da Cunha A~ X -
= Hotspot = aitiei

ONOAA



Vocanic margins and Large Igneous Provinces sciences

World sedimentary basins, Large Igneous Provinces and distribution of volcanic rifted margins ‘

——— |
<s=»s=- Plume = convection => decompression => mantle fusion

2 - e = =

o

#Mauritania ?
©

LIP’s: basalt plateaus = traps
associated with volcanic margins
(e.g. Atlantic volcanic M.)
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. . . sciences
Non-volcanic margin : Stretched lithosphere @ Monipelie

Gulf of Lion margin

Okm- b g _— -0
Plio-Quaternary
5 = S —_&—-—=_- 5
Langhian-Tortonian
S B B B e e e e U SR Buraigalian
104 L 10
Y Moho =
° 7-7.5 km/s layer BOB "
207 ¥ retigsiar ' lithospheric mantle [ 20
Séranne, 1999 H [ 25
West Iberian margin 0bP boreh) © 30
e oreholes ©
(a) g Egt =
i | scon E
- | Y =
E - - ' 2 Ly r E.
=B — By - 8
§F JjaBunier A : §
a12 ;*“‘Q‘:{i"(‘l*'z' i 3 g;é;- B
s km < .:::,n.";':.[."’t ]
Manatschal & al , 2001
(b) HObb.y o synrift
wl A A A . - > A A -
I R Yy . ‘ — Prerift & upper crust
£ 3 — -
=, =
g 8'}? e R AR B!, e o lower crust
2123: e Serpentlnlzed .i:'::l:li.: e e e R TRt oy o g
I Moho
17

Upper mantle
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Stretched lithosphere & mantle denudation

Fossil Non-volcanic Margins inverted and
exposed in orogens

Ex: Albian Pyrenean basin

Tectonic fabric in continental
rocks of the lower plate

Clastic input from ultramafic rocks / =

Clastic input from carbonates
(marbles, dolomites)
and continental basement rocks

1 :Detachment inducing foliation (f) in mantle rocks
:LT shear zones (s}, cataclasites (c) and exhumation to seafloor
:Late normal faulting, submarine alteration,
and sedimentary reworking of tectonic breccias
4 :Gravity sliding and sedimentary reworking

European plate

|:| Jurassic platform carbonates
|:| Continental crust
[ 1 mante

(ST N)

Iberia plate

v Aulus basin

L X

LA

Lagabrielle & Bodinier 2008

w

sciences

A Pliensbachian future detachment faults
(after 1st rifting phase) 3 2 1
7/ P
oS e
- crust ‘-«:_,I'M f’" Be ~<
—Ts
— B
o0
100 mantle - r""’te;c“e:
km ‘ osphere
lithosphere Ll {1l
O S O By S
asthenosphere
100 km ) lithosph,

Middle Jurassic
(end of 2nd rifting phase)

broad rift shoulder denuded mantle

(Briangonnais) (Malenco)
N
.
-~
new

Jurassic - Cretaceous boundary
(drifting stage)

ocean - continent transition

Joceanic crust

new lithosphere

10T

Ex: Tethyan margin

lithosphere - _l‘*t_l [

1l

denuded mantle
(F'Iatta) )
1 narrow rift shoulder

// /(\/ (8ernina)
M Be

».3

stretched
lithosphere

passive margin

Froitzheim & Manatschal, 1996 | g

Montpellier
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Stretched lithosphere & mantle denudation

Structural system

Foot wall

no mantle exposed

Exhumed mantle domain

deep detachment
might be exposed

Hanging wall

no mantle exposed

Tectono-sedimentary system

Extensional domain deep detach

might be exposed

Lagabrielle & al, 2013, Tectonics

salt reworking growth fault

ment

mantle rocks exposed

Contractional domain
(may be lacking)

sea level

Extensional domain

Tugend & al, 2014, Tectonics

~
-
=9
e o
——aa

N e ——————— .

@

sclences

Montpellier

Mendibelza‘ ‘‘‘‘‘ locally on seafloor Alblan baSIn Pyrenees
// “““ pre-orogenic folding European
Iberia crust 7 crust
&
/ >
- % \O g
P iz .a['."., ——————
i - Upper Triassic sediments and ophite (tectonic sole) &+« Subcontlnental
A e ey E] Jurassic-Barremian piatf .. . (European) Mantle
o urassic-Barremian platform sequence S
Exhumed Mantle D _ Necking D Proximal D Bay of
Trevelyan Meriadsek NE , Biscay

19
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sciences

Montpellier

Stretching model for the S. Atlantic conjugate margin

BRAZIL Campos TGS seismic line Angola GXT seismic line WZQOP> 3

[}

ocean  continent Unternehr & al 2010 %m:o_mcqs.mmomo_m:omv

<>
[ | postrift sediments

= ] oceanic crust
2 [ salt
©
= [ | pre-salt (sag phase) sediments
6 - -
% = pre-rift sediments
N

N A
Ma ]  upper crust =
3 [ 1 (qtz-fsp rich) middle/lower crust 3=
@2 =
m [  mafic lower crust v 3
= || inherited subcontinental mantle A
o3
= =] infiltrated subcontinental mantle o)
= ] highly deformed/infiltrated/intruded mantle | £
- (=

[W— asthenospheric mantle

yield stress
(MPa)
Y

—> <€

exhumation structures

thinning structures

stretching structures

time-evolution
>
%NS
<
deformation
modes




Continent-Ocean Bou

1270 1277

(1070} 897 1899 (1069)
| a3 |

Foaimr

2 = -

Tnenay teel Bste (s)

=
n

il lower plate
Upper plate _ ) !
(Newfoundiand) P,[?,T,? |'°('° ?"' (Ibenaz)

North-Atlantic break-up amd conjugatg gnargins --

10
-

(' =7 20
L km

= = = = Ihinning strucsures [:] pre-rift sediments D serpentinized mantle l bazalls

{0115 :
D upper crusl I:] nanile | Unit A

‘){' upwelling asthenvsphere
[: lower crusl - asthenospheric mantle ] Unil B

M oopent® M3 e

ndary

w o u o

«Conjugate margins

<

twowa travel lime 151

+Oc.crust accretion
*Drifting

*Break-up: 1st accretion
*Formation of 1st magnetic
anomalies,

* Mantle exhumation &
serpentinisation

* End of rifting (no more
faulting)

@sciences
Montpellier

Time

BINOZ F uoneing
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sciences
B re a, k- u p @Montpellier

- Lithospheric rupture

- End of extensional faults activity

- Onset of oceanic accretion

- First oceanic crust magnetic anomaly
- Two distinct continental margins

€ QCEAN-CONTINENT TRANSITION > € QCEAN-CONTINENT TRANSITION >
eomx'mal margin_ _ distal margin ac ¢ oceanic crust > M distal margin .. proximalmargin
80 100 120 140 160 180 200 220 240 260 280 300 -10 0 10 400 380 360 340 320 300 280 260 240 220 200 180 160 140
« 0 km|~Sealevel a1 ‘Qr«*“’ zone of #-defined magnetic anormales
1216 . 1z LE——
?
‘ — e |! - .14_4
% ) > " ~ ~
# - N IL T I IS I~
B 8 - L e
— v -
eeaseres”
SCREECH? refraction & reflexion data MAR at £ 15°20N  |AM9 /LG 12 /ISE1 /ISE17 composite transect - reflexion & refraction data

N
N
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Break-up unconformity

Bathurst Syncline

@sciencg;s
Montpellier

E
Poel Arch

Warnbro 1 Peel 1

Two-way time {s)

T

T

3000 ms

4000 ms

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

Break-up unconformity :
signature of stress release

N
w
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http://www.ga.gov.au/scientific-topics/

sciences

Montpellier

Break-up unconformity @

1el Séranne

- Top Chalk
— e, — — Base Chalk
— e Intra Lower Cretaceous
Intra Lower Cretaceous
— Base Lower Cretaceous
— |ntra Upper Jurassic (2)
w— ) pper-Mid Jurassic (7)
Lower Jurassic (7)
Triassic (7)

o

S

) v e &
N e S e A
NS N e, SR
R e
..l’-)
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Break-up unconformity on conjugate margins

SABLE BASIN, NOVA SCOTIA

sciences

SAFI BASIN, MOROCCO

Montpellier

SE

£ i T e S s
e e i

~ — s

_- : T -

ga:—*iéﬂg}f{f,‘n- =T

P ...’ O . w

Tari & al, in Roberts & Bally 2012
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: . . : sclences
Break-up = isostatic flexure of rift basins @

Lithosph.rheology Rifting stage End of rifting
« creme brulee » _
. Regional isostatic response Regional isostatic response
Upper crust : —TT
20 km S AL
Lower CI’U?EU km = ;
n e Downward flexure
Mantle
7,=20km

« jelly sandwich »

Jarad
1

Upper CI'USE” km

Lower crusti km
Hy,

Upward flexure

Mantle

T,=20 km

Burov &Watts 2006 Cloetingh

lithosphere structure => depth of necking => isostatic flexural response
=> vertical movement => erosion
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