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Outline

* Mantle melting zones
* Physics of partially molten source region:
- Two-phase flow, governing equations
- melt-porosity dependent shear and bulk viscosity
- Solution strategies (CBA vs. full compaction)
« Mantle flow with melt percolation - melt accumulation
e Extraction mechanisms
Mid ocean ridges, focussing
Channeling instability - effective permeability, dykes
Melt infiltration into lithospheric base
Lithospheric weakening melt extraction/intrusion
» Conclusions
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The different melt zones
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Governing equations of two-phase flow melt - matrix
Three formulations

McKenzie, 1984; ... Bercovici et al., 2001, Bercovici and
...Schmeling, 2000; .... Ricard, 2003,....
Melt — matrix: different equations - Melt — matrix: symmetric formulation
No surface tension - Surface tension possible
Effective shear and bulk viscosity of - Intrinsic melt and matrix viscosities
matrix - Breaks down at high melt fractions: no
Breaks down at high melt fractions: effective weakening or disaggregation
viscous stresses in melt neglected of matrix

Comparison by G. Richard (2010):
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Simpson et al, 2010a,b: Homogenization theory with multiple scale expansion

- Effective bulk and anisotropic shear viscosities
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Governing equations of two-phase flow melt - matrix

Mass:

Momentum:

Rheologic equ of state, permeability-porosity relation

Me

Matr

8(,0 gp) _ DM
It : 4V V:)= ——
at (,Of (DVf) Dt
: op.(l-¢) = DM
X : s +V- 1-9)v.)=-
= (ps(1-9)Vs) o5

MEIt . \_if '\73

k -
N : (VP+,0f95i3)
77f§0 8
B N Tij _
Matrix : - pg9 85 -VP+—=0

Energy:

(P-T-stress-dependent rheolog

2

OVsi . OV 2 = a“ n
Tij:ns( + Jj-l-é‘ij(nb_gns)V.VS k(p:_¢

aXi b

ot

pCp(aT'l'v'%T"'asz

Cp

Tj:§-(k§T)+pH +y - L(%vl+\7$-

—

VM

J

V= (1 _QD){}S"' Qaﬁf




Mantle Convection Workshop 2011 8/38

Melt segregation and extraction: from rifting to spreading




Melt segregation and extraction: from rifting to spreading Mantle Convection Workshop 2011 9/38

Intrinsic shear viscosity matrix = 1
Intrinsic bulk viscosity matrix = oo
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Solution strategies of melt — matrix equations in
mantle convection scenarios

Zero order approximation: Determine amount of melting by supersolidus T,
No melt flow equation, no compaction

The Compaction Boussinesq Approximation CBA *-.,, f
; afu (Schmeling, 2000) \ _——_/ Mantle flow
Matrix : - 09 5is -vPp+ 4 A N
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Solution strategies of melt — matrix equations in
mantle convection scenarios

Dropping the CBA (following Sramek et al. 2007)

Decompose matrix velocity into incompressible and irrotational (compaction) flow:

\ /
_9v\ [ox
b=ty +d,=| 27 M
ax 9z
v - stream function, y - irrotational velocity potential: V- v,=V?%y

- Matrix momentum equation
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« Compaction term adds as a load to the convection equation, y to be
derived from melt mass conservation equation

* A(y) = 0 for const viscosity

« Matrix momentum equation does not depend explicitly on bulk viscosity




Comparison melt porosity wave

(solitary wave, const viscosity, Barcilon and Lovera, 1989)
With CBA With full compaction

phiv, soliton2D step0001, Time 0.14 Myr divv, soliton2D step0001, Time 0.14 Myr phiv, sol2 step0011, Time 5.07 Myr divy, s0l2 step0011, Time 5.07 Myr
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Now with porosity dependent shear and bulk viscosity

8 Effective bulk

Now stream function
(=rotational flow) is

influenced by compaction:

Low viscosity

attracts streamlines
and induces (matrix
flow) convection cell
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Mantle flow with melt percolation

- How to segregate and extract and the melt from
plumes and ridges?
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Melt accumulation in an plume head arriving at lithospheric base

Melt fraction at different times

phiv, modelrefco step0019, Time 0.77 hyr phiv, modelrefco step0025, Time 0.83 hyr
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How does melt ascend from source
region to surface?

phiv, modelrefco step0030, Time 0.89 Myr
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Melt segregation and extraction: from rifting to spreading
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Crustal thickness, km
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How does melt ascend from source
region to surface?

phiv, modelrefco step0030, Time 0.89 Myr
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The Channel instability: Stevenson, 1989,

Richarson, 1998,

Melt ascent through oriented melt channels  Golabek, etal 2008

Mdller, Schmeling in rev
Katz et al. 2006

Partially molten rock under deformation:

Channelling perpendicular to maximimum tensile stress
(Feed back — porosity — viscosity — pressure gradient)
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Initial melt distribution:

3% melt with statistical fluctiations (£0.05%)
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Snapshot, rising column of mantle

= Simple melt extraction model with decompressional melting
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Further ascent by magma driven propagating dykes
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- Melt front opens a tensile crack ,tip cavity”
- Accumulated melt may encounter finite permeability at subsolidus conditions

ANZ

Mantle lithosphere . o .
Dynamically generated finite permeability

i ' i Solidus temperature

Channeling in
the accumulation zone

Asthenosphere

—
permeability




phiv, modelrefco step0030, Time 0.89 hyr
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Alternative approach of melt extraction




Artificial extraction - intrusion
(= lithospheric weakening)

crust — Intrusion layer with
‘ .—t heating rate Q,,, and

basaltic enricment enr

mantle lithosphere ~ coOmpactio

extraction
asthenosphere

elting zone

(intrusions not explicititly modelled)
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Ointry — VOlumetric intrusion rate



Applied to continental rifting and break up

with melt extraction (scmeiing, 2009)
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Effect of intrusional weakening

Temperature difference

Times 1.79, 1.79 Myr Temp diff (K)
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viscosity lower by up to
one order of magnitude
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Conclusions

Several two-phase flow melt — matrix formulations
Effective shear and bulk viscosity is important, f(¢) to be derived from melt
inclusion models
ns ~ (1-¢4 9), np ~ (1-¢; ¢)/o, n,/ng may drop for large ¢
Irrotational compaction flow may be handled like a load vector, =0 for const
viscosity
CBA works well
Porosity dependent shear viscosity focuses melt flow and - channel
instability
Mantle: Melt accumulation near solidus
Magma focusing at mid-ocen ridges controlled by high bulk viscosity
Channel instability - effective anisotropic permeability
Melt extraction models:

Critical porosities

Melt infiltration at lith base by tip-cavity permeability?

Melt weakening assistes rifting



