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Island-arc

tholeiite series RingWOOd 1974
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We have the tools:
Thermomech. codes
Thermodynamics

Numerical Community is building the bridge
—> Still need to tepresent reality
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Application to Hot Subduction
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Hot subduction:
—> Atypical signature of arc melts (so called “Adakitic”)

- Attributed to Slab melting (mafic crust) as a popular
Interpretation but really means Grt involved...



Hot Subduction = slab melting ?
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Model Set-up

Thermal convection finite element model
(Citcom)

integrated with

Thermodynamic database
(Perple_X package)

Passive tracers that move with the
velocity field.
At each timestep:
Assemblage is recalculated f(P-T-X)
X being single or multi-component !

Bouilhol, Magni et al. EPSL 2015
Magni, Bouilhol et al. G3 2014
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Model Set-up

Thermal convection finite element model
(Citcom)

integrated with

Thermodynamic database
(Perple_X package)

Passive tracers that move with the
velocity field.
At each timestep:
‘ Assemblage is recalculated f(P-T-X)
X for now is H20

E-F + H20 = E2-F+ H20
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Model Set-up

Thermal convection finite element model
(Citcom)

integrated with

Thermodynamic database
(Perple_X package)

Passive tracers that move with the
velocity field.
At each timestep:
Assemblage is recalculated f(P-T-X).



A dynamic solidus

CRUST: Water vs melting
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A dynamic solidus

CRUST: Water vs melting
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A dynamic solidus

CNFMASH system
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A dynamic solidus

MANTLE: Water vs melting
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A petrological subduction zone model
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Bouilhol et al. EPSL 2015
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Parametric

V=Vg

PR stu dy:

281 B What controls
% dehydration

e R patterns ?

T=steady state solution

Overriding plate : Oceanic
Age : 80-5Ma
Velocity: 10 — 2.5 cm/yr
Mantle temperature:
1550 - 1350
DMM H20% f(age)
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Magni et al. G3 2014
a (Myr)

e 40 60
50 w70

20
g
=

v=2.5 em/yr

g0 ONSET
of CRUSTAL

= Dehydration

70

0 2 4 6
(a) V, (em/yr)

e
£
=
=
—
I
L
-

50 100 150 200 250 300

—Fast = shallow dehydration
but also deeper release

9 of CRUSTAL

Dehydration —-VELOCITY IS KEY FOR
s 8 10 MANTLE melting potential

V, (cm/yr)




Hydrated peridotite Dry peridotite
_

Chl breakdown

16
% (km)

100 150 2
52 8 110 1
X (km)
OGt mECpx WOl @Cchl
W Opx W Atz W Phase-A
4 5 6 7 8 9 10 T3 4 5 6 7
subduction velocity (cm/yr) subduction velocity (

Water retained in the slab (kg/m?)

Magni et al. G3 2014 I— T 10

15 VIO BUIO it eTodll 1/=1.06v,+0.14a—0.023T;,+17




Some conclusions from these models:

m Plate velocity controls slab top temperature

—> Controls devolatilization and the location of melting

9 Important parameter fOI' recychng. W=1.06v,+0.14a—0.023T,,+17
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Dehydration melting ?
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Subduction of a “dry mantle lithosphere”

5 Ma Slab
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Water assisted melting
Subduction of a “wet mantle lithosphere”
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Crust melting through water advection only
Cpx + Grt +H20 * q/coe = Melt




Hot subduction

5 Ma Slab
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Early dehydration = Different mantle melts
Fate of Crustal melts ? Pyroxenites ???

Overriding lithosphere control ( HP fractionation / re-melting)



Some conclusions from these models:

m Plate velocity controls slab temperature

—> Controls devolatilization and the location of melting

9 Important parameter fOI' recychng. W=1.06v,+0.14a—0.023T,,+17

B The amount of H20 subducted is equally important as
the temperature architecture of the system

m Slab melting is feasible for young slabs

Only if enough water (is there enough ?)
= But Amph-peridotite £ H20 melting would dominate
= Implication for making the C-Crust / Early earth SZ



Next steps:

m Need Slab dynamics

Temperature Profile
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Next steps:

m Need Slab dynamics

B. Maunder PhD: Testing mafic crust delamination.
For now: f(o /T) soon f(J[H20/Melt])

Temperature Profile
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Next steps :

m Need Fluid / Melt dependent rheology
WITH Melt extraction

m Need a proper H20 Mantle melt model
(now OK for crust/ NOT great for H20O mantle)

Melt model + Melt/Fluid dynamics

—> accessing primary melt composition / reaction
throughout the wedge, until it reach the crust, and feed
back mechanism on the dynamic of the system...
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