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All this Rocks are observed in convergent settings
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Metamorphic rocks are of course
observed in the core of the orogen (HHC)

But not so deep (< 1.5-2.0 GPa)
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Core of the Himalaya

T s HP but HT deep seated rocks

Eclogite/Granulite

!-"'IE | I P LU PSSR [ 4538 414U |

N

Lombardo and Rolfo, 2000
Groppo et al., 2007
Kali et al., 2010

800 800 700 800 Qi (T )



Continental Collision : offscraping of the upper crust
with underthrusting of the lower crust and upper mantle
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Collision: low-angle continental subduction
mostly exhumed amphibolitic and granulitic metamorphic rocks (A.B. Thompson, 1984)

@ SSwW ~307-12 Ma

FiGPal —

FiGPail —

|mdan crust [ 738 [] Siwalks
[ GHCS g Lesser Himalaya
[ LHCS I undiferentiated

12-9 Ma

PIGPal

PiEPal

W section

PiGFal

PiiaPal —

Kali et al., 2010



it

Wi =

Ef




Coesite bearing
eclogite

IS
observed

as in

L
[

& nicollet

300 pm.

O
O
-
)
vl
-~
D
—
)

l.J:.‘:I

= Burial and exhumation of continental crust at a minimum depth of 100 km



Pressure (kbar)

30

20

10

55-45 Myr

coesite-eclogite /

Iws
oes'\\e eclogi
C! 5 7
o

eclogite
ky
granulite

€ep
blueschist

lws /
blueschist 40-35 Myr

30-25 Miyr

30 Myr

CpPX-0pX

greenschist granulite

ite

granulite

100

(wy) Yidep srewixoide

—35 - Collision

200 Temperature (°C) 600

1000

Modified from Guillot et al., 2003



Pandey et al., 2010
described in the Tso Morari garnet

exsolved clinopyroxene needles

Wil e suggesting relict of majoritic garnet

,-
R

=> exhumation from 200 km depth !!

Nothing to do with classical collisional processes




Lithospheric mantle

Crust

Exhumation from mantellic depth

6.0

0 T A Y O T 0 T

Prof. (km)




Exhumation within the mantle

Two difficulties...
density

VISCOSIty



The density continental case | A ar
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=> Positive buoyancy
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The viscosity problem ...

_\ Crust

Eclogite

Guillot et al., 2001
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H = & =1019 Pa.s Dry Mantle : 10%%24 Pa.s

(Jelly Sandwich: Burov and Watts, 2006)

The viscosity of the subduction channel should be low !!



When and how the deep seated

rocks are exhumed ?



61 occurrences of Phanerozoic HP to UHP units
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Guillot et al. 2009
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20 occurrences of HP accretionary wedge
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Pacific-Type Subduction (Bally, 1981)

accretionary wedge system

Erosion (Ring and Brandon, 1994, 1998)

Underthrusting
+

Underplating
(Platt, 1986)

Exhumed material : sediments
Subductio

Channel

Cornel flow
(Cloos, 1982, 1985)




14 occurrences of HP-UHP rocks in serpentinite channel
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27 occurrences of UHP continental units
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Alpine-Type Subduction (Bally, 1981)

Pacific-Type follows b
Icontinental subductionl
Erosion

+ Surface tectonics

Buoyancy forces
(Chemenda, 1995)

Exhumed material : Decoupling zone
felsic rocks (Jolivet et al., 2003)




Accretionary wedge

Serpentinite channel

Timing of exhumation during

oceanic subduction

310

170

120

140

160

120

120

100

100

100

100

120

70

210 Chile
0 Franciscan

S. Catalina

discontinuous
exhumation

Sulawesi

=~

L]
L]
[
21

35-30 Zagros
Himalayas (Shangla)

Himalayas (Sapi Shergol)

Sistan

60 Sambagawa

70

50

45-40

45-40

— 3 == 40-25

0 Andes (Ecuador)
Cuba (Serp. Melange)
Dom. Republic

20 Ma
W. Alps (Voltri)
W. Alps (Monviso)
W. Alps (7. Saas)

discontinuous
exhumation

New Caledonia

Cuba (Escambray)

crustal melting

i i e o '-v--r-—J

knockers
in weak matrix

shallow
water release

poorly
hydrated MW

Early

(e.g., Franciscan, Chile)

wedge melting
calc-alkaline
T T T T———

no exhumation TR
(or lenses in serpentinites) 3

No exturm. deep

i water release
(or transient) R
hydrated MW

(e.g., Himalayas, Iran)

large mafic slices
in serpentinites

hyd ra!.ed.

slab mantle ™.
Late
. tin. \
(/C‘?ﬂhn-) :ﬁgc;zcnon

(e.g., W. Alps, N. Caled.)

Agard et al., 2009




Pressure [kbar]

Discontinuous exhumation of oceanic materials is related to
perturbation in the subduction dynamics:

a) onset of oceanic subduction b) increase in the subduction velocity
(North Carribean case) => Slab retreat (Zagros case)

=> Counterclocwise P-T-t path
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c) onset of continental subduction
(Alpine case)

Accretionary wedge  obduction
_ =

mantie
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Guillot et al., 2005
Schwartz et al. 2007



Let’'s go in the Alps B
to see HP rocks
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14 occurrences of HP-UHP rocks in serpentinite channel
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Modelling the serpentinite channel
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Exhumation of UHP rocks by buoyancy forces in a dry mantle wedge ? ?

Crust

mantellic wedge

23
p: 10 Pas

The buoyancy Forces induced by the eclogitic unit (d1)
exhumed within the mantle (d2) is :

Fa = A(d2-d1).g.v=3.10%¥ N

The resistance forces induced by the dry mantle for an eclogitic unit exhumed at 1 cm/yr is :

Fr=2.L.n.du/dz =5.101° N

=> puoyancy forces >> resistance forces| o 2001




Exhumation of upper crust unit : buoyancy driven exhumation :

- (_Crodte continentale
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conclus\ons

Whatever their nrlgln (r‘nnflnnnfnl or nr‘nnnlr‘\ the m:njlnr pnrf of the exhumation

(from mantle depth to crustal depth) of HP to "UHP rocks is related to subduction
processes, the final exhumation is related to collisional processes.

Exhumation of solid rocks requires the weakening of the subduction channel by the
occurrence of hydrated sediments, hydrated peridotites.

The driving forces responsible for exhumation are a combination of buoyancy
(dominant for exhumation of continental rocks) and channel flow coupled with
underplating (dominant for exhumation of oceanic rocks)

Exhumation velocities are independent of plate velocities: in Himalaya : 10 cm/yr, in
the Alps : 1 cm/yr while exhumation rate : 1 to 3 cm/yr

Low velocity (< 5 mm/yr) exhumation of HP-LT metasediments is a long-lasting
process, which occurs in an accretionary wedge environment;

low to intermediate velocity (1 < v <20 mm/yr) exhumation of HP to UHP oceanic
rocks is a discontinuous process which occurs within a serpentinized subduction
channel

high velocity exhumation (up to 80 mm/yr) of UHP units is extremely short-lived
(<10Myr) and occurs in the mantle wedge, combining both astenospheric return flow
and buoyancy forces.
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Les résultats

Evolution au sein du prisme d'accrétion

T(°C)

-100
750

800

70

850

i
900

10
0
-10
-20
-30

-40

50

-60+

TUTs0

1380

800

850

900

Yamato et al., 2007



Les résultats

Bon accord avec les données naturelles
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