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Numerical technigue:

‘Rheological model:
VISCO-EELASTO-PLASTIC

Density

-Stable mineral assemblages are
computed based o thermodynamic data
and Gibbs free energy minimization
(Connolly & Petrini, 2007) as a function
of Pand T

LAPEX-20D

‘Hydration and water migration: Dehydration
reactions and associated water release are
computed based on the physico-chemical Mo
conditions and the assumption of
thermodynamic equilibrium. Expelled —
water is stored in a newly generated water
marker that moves independently

-Changes in topography - account for ; 1-5 — o
the effects of erosion and sedimentation Gale fvo




Numerical technigue:

Density

‘Partial melting - For a given pressure and v assomioges
rock composition the volumetric degree !
of melting M, is:

My=0 when T < T 4.

M, = (T - Tstiqus) / (T]iqu.idns - Tootiaus) When Tyg4,,< T < T]jqnjdns= P
Tmax

M, =1 when T > Tyquidus I2ELVIS
-effective viscosity is calculated using:
1-M
N =noexp[25+(1-M)(—=)"*] e
no= 1013 Pa-s - molten mafic rocks,
no=5x10'* Pa-s - molten felsic rocks Microfem
‘Melt extraction and intrusion - when melt SioMo

fraction exceeds 4%, only 4% remain in the
source, markers track the amount of extracted
melt.

Extracted melt is fransmitted instantaneously 7 : 7o s % 25 o
to emplacement areas:
intrusive rocks 80% of melt
extrusive rocks - 20 % of melt




Geological Background: Musgrave Orogeny

1345-1293Ma - Mt West Orogeny - granitic magmatisim
(Wankanki Supersuite)+ deposition of sediments

1220 - 1120Ma - Musgrave Orogeny-
UTH metamorphism + intra-plate magmatisim

(1) A-type granites > 1000°C
(2) ~50% mantle contribution
(3) Several remobilization events (sub-groups)

(4) 100 Ma of thin crust and extensive melting events,

1085-1040Ma - Giles event - extensional rifting.
Bulk mafic melting event - 60 Ma of magmatisim.



Background: Intra-plate melting

How to melt crustal material far from plate
boundaries??

Lithospheric delamination - after Bird (1978)

Mantle Lithosphere ‘>
Asthenosphere

(a)

Crust

Gravitational instability - after Houseman (1981)

— Crust —
Mantle Lithosphere

_\-_‘__
Asthenosphere ;

(b)



Numerical modelling: initial setup
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Numerical modelling: Gravitational Instability

Time = 4.069 Myrs
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Numerical modelling: Gravitational Instability

Time =5.269 Myrs
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Numerical modelling: Gravitational Instability

Time = 13.6691 Myrs
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Numerical modelling: Gravitational Instability

Time = 15.4501 Myrs
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Numerical modelling: Gravitational Instability

Time = 18.4319 Myrs
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Numerical modelling: Gravitational Instability

Time = 18.7573 Myrs
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Numerical modelling: Gravitational Instability

Time = 37.2052 Myrs
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Numerical modelling: Gravitational Instability

Time = 52.4052 Myrs
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New crust
a) Magmatic addition b) Composition after 50Ma
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Melting of lower crust at 700 - 900°




Numerical modelling: Delamination

Time = 1.8714 Myrs
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Numerical modelling: Delamination

Time =4.676 Myrs
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Numerical modelling: Delamination

Time =5.1603 Myrs
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Numerical modelling: Delamination

Time = 5.3591 Myrs
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Numerical modelling: Delamination

Time = 5.3764 Myrs
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Numerical modelling: Delamination

Time = 5.9693 Myrs
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Numerical modelling: Delamination

Time = 8.7856 Myrs
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Numerical modelling: Delamination

Time =8.9912 Myrs
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Numerical modelling: Delamination

Crystalized upper crust melts
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Numerical modelling: Delamination
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Numerical modelling: Delamination

Time = 11.7492 Myrs
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Mixed suite _ _ Mixed suite
mafic + felsif Mafic suite | mafic + felsic
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Mixed suite _ _ Mixed suite
mafic + felsif Mafic suite | mafic + felsic

1 YsiH

High T
etamorphism

Isiydiowelaw

X\

.
® ‘.‘\v e - 3 :
X - - e

j
y
|

\600 650 700 750 800 850 900 950 1000 1050

Melting of crust at ~ 900 - 1100°C



Numerical modelling: Musgrave Orogeny : initial setup

oy far field stress
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Numerical modelling: INITIAL STAGE

Time = 2e-005 Myrs
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Numerical modelling: INITIAL STAGE

Time = 0.37473 Myrs
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Numerical modelling: INITIAL STAGE
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Numerical modelling:

Depth in km
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Numerical modelling: INITIAL STAGE

Depth in km

Time = 3.4224 Myrs

800

1000

1200

1400 1600
Width in km

BUCKLING

1800

2000

2200



Numerical modelling: INITIAL STAGE
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Numerical modelling: INSUFFICIENT COMPRESSION

INSUFFICIENT COMPRESSION



Numerical modelling: INSUFFICIENT COMPRESSION

Melt production Magmatic additon
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Numerical modelling: INSUFFICIENT COMPRESSION

Melt production Magmatic additon
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Numerical modelling: INSUFFICIENT COMPRESSION

Melt production Magmatic additon

8000 Upper crust: 11%

()]
o
o
o

2000t

Total Melt Volume [km >/km]
N
o
(o}
o

Lower crust: 89%

100 150 200
Time [Ma]

Time = 37.4096 Myrs

50

Depth in km

1000 1200 1400 1600 1800 2000
Width in km



Numerical modelling: INSUFFICIENT COMPRESSION

Melt production Magmatic additon
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Numerical modelling: INSUFFICIENT COMPRESSION

Melt production Magmatic additon
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Numerical modelling: INSUFFICIENT COMPRESSION

Melt production Magmatic additon
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Numerical modelling: ENOUGH OF COMPRESSION

ENOUGH of COMPRESSION



Numerical modelling: ENOUGH OF COMPRESSION

Melt production Magmatic additon
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Numerical modelling: ENOUGH OF COMPRESSION

Melt production Magmatic additon

Lower crust: 26%

Upper crust: 74%

Total Melt Volume [km >/km]

40 50 60 70 80 90
Time [Ma]

Time = 38.1242 Myrs

o

(%))
o

100

Depth in km

150 i
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
Width in km



Numerical modelling: ENOUGH OF COMPRESSION

Melt production Magmatic additon
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Numerical modelling: ENOUGH OF COMPRESSION

Melt production Magmatic additon
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Numerical modelling: ENOUGH OF COMPRESSION

Melt production Magmatic additon
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Numerical modelling: ENOUGH OF COMPRESSION

Melt production Magmatic additon
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Numerical modelling: ENOUGH OF COMPRESSION

Melt production Magmatic additon
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Numerical modelling: ENOUGH OF COMPRESSION

Melt production Magmatic additon
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Numerical modelling: ENOUGH OF COMPRESSION

Melt production Magmatic additon
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Numerical modelling: ENOUGH OF COMPRESSION
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Numerical modelling: THERMAL EVOLUTION
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Numerical modelling: THERMAL EVOLUTION

Time = 13.1577 Myrs
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Numerical modelling: THERMAL EVOLUTION

Time = 38.0268 Myrs
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Numerical modelling: THERMAL EVOLUTION

Time = 47.9146 Myrs
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Numerical modelling: THERMAL EVOLUTION

Time = 57.0275 Myrs
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Numerical modelling: THERMAL EVOLUTION
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Numerical modelling: SHORT COMPRESSIONAL EPISODE
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Numerical modelling: SHORT COMPRESSIONAL EPISODE

Melt production Magmatic additon
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Numerical modelling: SHORT COMPRESSIONAL EPISODE

Melt production Magmatic additon
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Numerical modelling: SHORT COMPRESSIONAL EPISODE

Melt production Magmatic additon
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Numerical modelling: SHORT COMPRESSIONAL EPISODE

Melt production Magmatic additon
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Numerical modelling: SECOND SHORT COMPRESSIONAL EPISODE

Melt production Magmatic additon
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Numerical modelling: SECOND SHORT COMPRESSIONAL EPISODE

Melt production Magmatic additon
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Numerical modelling: SECOND SHORT COMPRESSIONAL EPISODE

Melt production Magmatic additon
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Numerical modelling: SECOND SHORT COMPRESSIONAL EPISODE
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Numerical modelling SECO \ PRESSIONAL ]
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production

upper crust 30%

[\

45% mantle

Total Melt Volume [km >/km]
o

lower crust 26%

60 80 100 120
Time [Ma]

Time = 53.8048 Myrs

o

(¥
o

100
150

e i
\_.h

1000 1200 1400 1600 1800 2000
Width in km

Depth in km



Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production
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Numerical modelling: DIFFERENT INITIAL SETTING

x 107 Melt production

upper crust 33%

58% mantle
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" SUFFICIENT MANTLE CONTRIBUTION
but
OPENING OF THE OCEAN AT SOME STAGE
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thermally weaker zone between two cratonic masses

1cm/a' for 6 Ma
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conclusion:

Maybe not YET in one single simulation

(1) A-type granites > 1000°C /
(2) ~50% mantle contribution /
(3) Several remobilization events (sub-groups) /

(4) 100 Ma of thin crust and extensive melting events /



conclusion:

osf Magmatic  ech oogany
30
Z
o 251 3
* Geometrical situation of Musgrave 3 3
Province is the main trigger for UHT g 20r 5
melting event z sl | 2
5
Q
10} \/ e
* Asymetric delamination is the key to st J
introduce UHT to the base of the Moho | . | \\ | | )
* Multiple shorting events lead to prolonggd melting per Jith
refertilization events
* Multiple events best mach for Musgrave|Orogeny geoc 10lo¢ - at ledst
4 events
« We do not have THE PERFECT model yef ... but workir it.




