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Wilson Cycle

Rifting Ocean formation

Module BP 11 - 14

Obduction?
Subduction Collision
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Oman, the best obducted ophiolite
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Oman, the best obducted ophiolite
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Module BP 11 - 14
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Oceanic magmatism (97-95 Ma)
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Formation de la Néotéthys (->95 Ma)

Plateforme arabe océanisation Eurasie
h é

Module BP 11 - 14

Obduction (-94 Ma)
formation de la semelle métamorphique
Plateforme arabe métclmorp/oisme de HT Eurasie
—_— -

Semelle métamorphique

Subduction (-78 Ma)

formation des éclogites et des schistes bleus
métamorphisme HP-BT

Plateforme arabe ~ 74wasina Eurasie

— Ophiolite du Sémail D

Schistes bleus — \\\
d’As Sifah

) 7
Eclogites d’As Sifah

Robert & Bousquet, 2010
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Wilson Cycle

Rifting Ocean formation

Module BP 11 - 14

Robert & Bousquet, 2010

R. Bousquet 2009-2010



Wilson Cycle: Metamorphism

Rifting Ocean formation

Diagenesis

Module BP 11 - 14

Heating of the crust
(Amphibolite, LP Granulite)

Subduction Collision

Greenschist [y grade
Amphibolite Metamorphism

Greenschist

Granulite & /

Robert & Bousquet, 2010
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Wilson Cycle: Volcanism

Rifting Ocean formation

Module BP 11 - 14

Alcalin MORB=Tholeiite

Subduction Collision

Calco-alcalin
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Wilson Cycle:

Rifting Ocean formation

Module BP 11 - 14

R. Bousquet 2009-2010



Module BP 11 - 14
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Meteorites impact .
" Magmatism

Tectonic /

processes

-

Convection

Mantle

Radioactivity
Differential motion (shear)
Radioactivity Initial heat
Ja\ s
Magnetic field
Core Radioactivity Initial heat

Cristallization heat



Oceanic crust ages
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Continental crust ages
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Oceanic lithosphere structure
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Continental lithosphere structure

Module BP 11 - 14
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Thermal evolution of the continental lithosphere

Module BP 11 - 14
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Oceanic vs continental crust
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Example of continental crust

Crustal structure across the Altyn Tagh Range
at the northern margin of the Tibetan Plateau

Module BP 11 - 14

Modeling results along the seismic refraction/wide-angle reflection profile at
the northern margin of the Tibetan Plateau. Crustal and uppermost mantle
seismic velocity (Vp) model. Both Vp and Vs can be estimated for the crust
from these data. Pn velocity ranges from 7.8 to 8.2kms-1.
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Different types of continental crust

Crust 5.1 model

Module BP 11 - 14

Mooney et al., 1998
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Chemical composition of the continental crust

Module BP 11 - 14

Whole Earth Earth's crust
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Chemical composition of the continental crust

X
:' i PRIMITIVE MANTLE
2 4 (=ASTHENOSPHERE)
'&‘) .
= S Vitim
Q .
= 3 L O Phanerozoic Zabargad
Spinel
Peridotite PHANEROZOIC
% European
° 2t Massifs - _Za—PROTEROZOIC
+ Xenolith
Kaapvaal averages
1+ Gnt-SCLM
ARCHEAN @ Archean
O Proterozoic
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O ] ] ]
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% Al,O4

Ca0-Al203 plot showing the range of subcontinental lithospheric mantle
(SCLM) compositions for selected cratons that have been matched with

ages of the youngest tectonothermal events in the overlying crust (after
O’Reilly et al., 2001
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Age of the continental crust

EI Super continents
S :
3 : :
S B I 2.7 Ga .
= 15 Stage 3 Stage 2 5 Stage 1
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Plot showing the distribution of U-Pb zircon ages in continental crust
(after Condie, 1998)
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Spatial distribution of the juvenile crust

Map of the continents
showing the distribution of
juvenile continental crust

<o

Module BP 11 - 14

About 75% of the continental crust
was produced during the first two

super event cycles.
JUVENILE CONTINENTAL

CRUST

13% <0.7 Ga

12% []1.32-1.0Ga
39% [ 2.15 - 1.65 Ga
36% [ 3.0-25Ga

Condie, 1998
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Age of the Earth

Age of Earth inferred to be 4.55 billion years old (Ga) based on
radiometric age determination of meteorites such as Allende.

Module BP 11 - 14
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Age of the continental crust

Module BP 11 - 14

Red quartzite and conglomerate, Zircon crystal (Peck et al,
Jack Hills, Western Australia 2000)
(Peck et al., 2000, 2001)

Oldest dated mineral is zircon crystal 4.4 billion years old
found 1n Western Australia
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Age of the continental crust

Module BP 11 - 14

[sua Greenstone Belt, West Greenland
3.8 Ga (David Green, Denison Univ.)

Acasta Gneiss, 4.04 Ga

Oldest dated rock is ~ 4 billion years old
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Age of the continental crust
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Models of continental protolith

melting of
eclogites?*

Module BP 11 - 14

a) Hot b) Oceanic Plateau ¢) Loose-Plate
subduction Accretion Loading

a) hot subduction or subduction of mid-ocean ridges and young oceanic
lithosphere makes production of felsic and intermediate liquids by melting
of the hydrothermally altered oceanic crust possible. Contribution from
the mantle wedge, the subcontinental lithosphere, and the overlying crust

may be geochemically identified. The protolith is felsic to intermediate.
* Archean TTG could be produced by melting of hydrous eclogites (Rapp et al., 2003)

b) accretion of oceanic plateaus created during superplume events (plume
head).

c) protracted loading by plume magma of a loose plate (not entrained by
sinking lithosphere). In the last two cases, the protolith is basaltic. Crust is
thickened and reaches critical buoyancy.

(after Albarede, 1998
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(a) Model 1: Segregation of residue from (b) Model 2: Segregation of recycled refractory residue

an upwelling mantle plume
Extraction and
accumulation of

recycled refractory ‘

Oceanic plateau
Komatiite lavas

Module BP 11 - 14

residue

Residue of
high-degree melting
(c) Model 3: Preservation of remnants of the crust of
a magma ocean

Residue of

low-degree melting Crust

T

Three possible mechanisms that could allow
the segregation and accumulation of high-Mg
olivine and orthopyroxene near the surface of

the Earth in the early Earth after Arndt et al., 2002
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Model of komatiitic and tholeiitic basalt formation involving mantle
plumes

(a) Modern
O e —— OlB MORB

Module BP 11 - 14
N
T
o

Model shows the influence
Asthenosphere of lithospheric thickness
on depth of melting where
Dok anciiael CFB is continental flood
CFB>0OIB>MORB basalt, OIB oceanic island
basalt, and MORB mid-
ocean ridge basalt

Lithosphere

Asthenosphere

~__ _—

Plumes (after Arndt et al., 1997)

R. Bousquet 2009-2010



Melting temperature vs age

3

S 2000 - Estimated -

v  Mantle Melting Plume )
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1200 L arc

Mid-ocean Subduction Modern  Archean (after Grove & Parman, 2004)
ridge zone plume  komatiite

The range of mantle melt generation temperatures estimated for various
modern tectonic settings compared to temperatures inferred for
komatiite melt generation by a plume model and a subduction model
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