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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
- McKaenzia and Rarenviel formiilatinne ac enacial ~acaoac



Governing equations of two-phase flow melt - matrix

Mass: )] C
Melt : u(rf/ )+DC"()r J \%)= %
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Intrinsic shear viscosity matrix = 1
Intrinsic bulk viscosity matrix = o

. . . . . : alpha 1
<< 1: melt films wetting grain a5l apha 03 |
boundaries ~ alpha 0.1
(based on self-consistent elastic moduli N sl buk =+ | alpha 0.03
formulation, Schmeling (1985), now as g viscosit alpha 0.01
Matlab routine, see homepage Schmeling) K77} 05l 31 y exp(-28 phi) |
A exp(-28 j ): Experimental data § i
of partially molten peridotite S 2. ]
(Kohlstedt) .
A Predicts disaggregation of B e '
matrix atj ., A two-phase E 1.shear viscosity ]
flow formulation breaks down .
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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
_ C Uz - (Schmeling, 2000) \ _——_/ Mantle flow
Matrix: -rgqd,;-BP+—=0 A :f{\\\
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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:
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y - stream function, c - irrotational velocity potential: V- U= V?y
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derived from melt mass conservation equation

A A(c) = 0 for const viscosity
A Matrix momentum equation does not depend explicitly on bulk viscosity

-I-GDOz



Comparison melt porosity wave
(solitary wave, const viscosity, Barcilon and Lovera, 1989)

With CBA

phiv, soliton2D step0001, Time 0.14 hyr
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Segregation somewhat compared to CBA

With full compaction
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Now with porosity dependent shear and bulk viscosity

etblk, sol4 step0011, Time 5.07 Myr

¥ - rective bulk

Now stream function
(=rotational flow) is

influenced by compaction:

Low viscosity

attracts streamlines
and induces (matrix
flow) convection cell

Further time evolution:

1
09

08
07
06
05

0

Streamfunction (non- compactlng

visc, sold step0011, Time 5.07 Myr

Effective shear
VIiSCOSity

o

02 04 06 08 1

part. of. matrix.flow,

08
07
06
05
04
03
02
0.1

4.2% of full marix

(30

02 04 06 08 1

-4
x 10

f

Melt flow

40 FuII matrlxﬂow X

ap
24
)6
)8

12
14
16

' 18

na
5



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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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  colabek etal 2008

Mdiller, Schmeling in rev
Katz et al. 2006

Partially molten rock under deformation:

Channelling perpendicular to maximimum tensile stress
(Feed back i porosity 1 viscosity I 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

A Slmple melt extraction model with decompressional melting

Schmeling 2006 -20 — 1
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Further ascent by magma driven propagating dykes
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Kihn und Dahm,
Tectonoph. 2006:

SCHMELING: EPISODIC MELT EXTRACTION FOR PLUMES

Do all of them make all the way
through the cold lithosphere?
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