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* Rifting scenario: Melt extraction and magma intrusion
- enhanced heat transport - heating of shallow lithosphere
1D kinematic thinning model = T-increase
« 2D dynamic rifting model* - lithopheric weakening
« Effect on strength and feed back on magma production
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1D kinematic model UNIVERSITAT
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« Thinning by pure shear e, V.o = €%

* Fractional melting (Iwamori et al 1995) § T>
* Melt extraction rate s in asth
« Magma intrusion rate g, in lith
« Mass conservation: v,(e,, S, gintru) ith
« Energy equation During thinning
or oX TN\ \
P, C, (— + V, ﬁTj =kV*T +Q, ., —Cv,_p, L(—j asth
ot 0L Jr initia)
initia
Ep:CP+CL(%) : cz{l forT>T,
oT Jp 0 orT<T,
Initial lith base f----------------------
v Z

Solidus temperature
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Result 1D model UNIVERSITAT
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Result 1D model e
. . 3
Generalisation 0 —
» Thinning rate - Peclet number =
<. 2 /,
g Pe = tdiffusion § eoho /// ///
L.Q tthinning K /// ///
8 € - Strainrate of thinning
= h, - Initial thickness < / //
= : ¥ 810" -
D x - Thermal diffusivity _E ~
i - el
c o
-  + Potential temperature of mantle //
é /’/
> -, — T =1826K -
ot
% ‘ / _Tzot =1675K |
8 ) ) — T =1524K
~+  Scaling law, depends on: ~_square root (Pe)
8— « Square root of Pe (=thinning rate)L0 - - {123 {
« Square of Ty - Teojigus Pe
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Application to a dynamic rift model
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Governing equations of two-phase flow mefr=4a

Mass

Momentum:

-
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op;p) - DM
; +V(pf¢vf)zﬁ

gy Melt :

a -
Matrix : M
ot

_ DM
+V(p,(1-9)Vs)=-—

Dt

Rheological equ of state, (P-T-non-Newtonian), permeability relation

Energy:
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Creep laws:

» Mohr-Coulomb-Plasticity (Byerlee)
* P-T-dependent power law (from lab experiments);

- Upper crust: Westerly Granite, n = 3.5
- Lower crust: Clinopyroxenite, n= 2.6
- Mantle (solid) Aheim Dunite, n=3.6

- Mantle (partielly molten) dto. weakened by exp(-a ¢)
* No elasticity

Numerical approach: 2D Finite Differences, markers
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Dynamic rift model
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Effect of intrusional weakening UNIVERSITAT
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Effect of intrusional weakening

Temperatue difference
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Effect of intrusional weakening
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Reduction of lithospheric strength
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Feed back on meltproduction:

- more effective rifting, G &
higher melt production rate el .
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Rifting with intrusional magma emplacement

1D kinematic thinning model:
- heating several 100 K
- Follow simple scaling law:
- Depends on square root of thinning and square of (T, — Tgjigus)

2D dynamic rift model

Rheological weakening by an order of magnitude or more
strong decrease in lithospheric strength

feed back on melt production

May help explaining EARS magma volumes

« Compaction counteracts this effect, but only weakly
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