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One Hour Presentations

1. A Systems Approach: The 5 Questions
2. Folding & Boudinage
3. Shear Zones, Fractures, Breccias and Veins.
4. The Regional Scale - Fundamentals
5. The Regional Scale - Applications
6. Synthesis - The Way Ahead
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Numerical technique:

‘Rheological model:
VISCO-EELASTO-PLASTIC

IMISIREY : HhIRTEME

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

of Pand T

e MAES: TRIERDFEENRSHEIBHEE
(EEENPFITRYRIEREY) 1HRSEL,

*Hydration and water migration: Dehydration

reactions and associated water release are
computed based on the physico-chemical
conditions and the assumption of
thermodynamic equilibrium. Expelled

water is stored in a newly generated water

marker that moves independently
REAERFIKETS: Bk R AR T EF IR LSS
EHRDFEERLITTESE, BiRKEFE—MhERAIK
IMRR, FERESITIEE , 14T ARMA Y y |
Changes in topography - account for 0 5 10 15 20 25 om
the effects of erosion and sedimentation
MZEN3E: ErERIEFRRIR
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Numerical technique:

‘Partial melting - For a given pressure and ..., Density
rock composition the volumetric degree

of melting M, is:

aboriaRt - WFLEREDT SHEMK, BRAMOFHER:

My=0 when T < T ;..

Mineral assemblages

M, = (T - Tooians) / (T].iquidus - Tigtiaus) When T ,< T < T].iquidus=
Tmax

M, =1 when T > Tyquigus-

I2ELVIS
-effective viscosity is calculated using:

1-M 0.8 D
N ="1gexp[2.5+(1-M )(T) ] B
No= 1013 Pa:s - molten mafic rocks, WA
No=5x10% Pa-s - molten felsic rocks R

*Melt extraction and intrusion - when melt
fraction exceeds 4%, only 4% remain in the SioMo
source, markers track the amount of extracted
melt. IBIFZEFNIEN - 2150814 %, RBE4%MIEIRETE
R, fFCcEEIEXIZ=ANRIHIEHITIEER.

Extracted melt is fransmitted instantaneously VAN A 7%
to emplacement areas: ZFBEVRIKEISEIRHEAL : 5 f0 s 2 25 om
intrusive rocks 80% of melt EAE80%J&(E

extrusive rocks - 20 % of melt BEHE - 20% 154
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erosion/sedimentation free slip, T=0
Initial setup: e
Compression for 6Ma atf rates: 0.5, 1,2,3 cm/a  6MaEss:
Lithospheric thickness: 60, 80, 100, 200, 300 km SEEEE:
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Intra-plate tectonics and magmatisim
associated with it

IRAEIESHEXE RG]
Weronika Gorczyk
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Rayleigh-Taylor
Instability
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Rayleigh-Taylor
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Rayleigh-Taylor
Instability
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Rayleigh-Taylor
Instability

Time = 18.4319 Myrs
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Rayleigh-Taylor
Instability

Time = 18.7573 Myrs
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Rayleigh-Taylor
Instability

Time = 37.2052 Myrs

50 o

100

—
1 9)
o

Dry lower crust melts

Depth in km

N
o
o

250

300

350
700 800 900 1000 1100 1200 1300
Width in km



Rayleigh-Taylor
Instability

Time = 52.4052 Myrs
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TR Z RN REK- MicEaRESTE
Generation of new crust happens
mostly after detachment - dominated
my melting of the lower crust

Fhithss
New crust

a) Magmatic addition b) Composition after 50Ma
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Modeling vs geology 3EizVSithE ﬁ&&%}\ M

— SN NG H\‘
St EEXNEASHKES =3 o
Masive anorthosite provinces associated long L_’/s
crustal lineaments : asthenosphere

 the Lac St Jean and Havre-St. Pierre
anorthosite complexes §HcZ&(F

« Laramie anorthosite complexiighkgHeEzais

» Suwalki anorthositerRSESH<E

* AMCG Grenville province (anorthosite,
mangerite, charnockite, granite, )

~AMCGEREH/RE (RIkE, EhitRa, BRE)

asthenosphere

(b)

asthenosphere

(d)

The crustal tongue melting model (after Duchesne et al, Terra Nova, 1999)



Delamination
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Delamination

Time =4.676 Myrs
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Delamination

Time =5.1603 Myrs
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Delamination

Time = 5.3591 Myrs
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Delamination

Time = 5.3764 Myrs
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Delamination

Time = 5.9693 Myrs
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Delamination

Time = 8.7856 Myrs
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Delamination

Time = 8.9912 Myrs
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Delamination
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L #h TR Crystalized upper crust melts
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Delamination

Time =11.7492 Myrs

’ R e,
100
£
= 150
=
2 200
(]
250
300
350 S

500 600 700 800 900 1000 1100 1200 1300 1400 1500
Width in km



Delamination
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Extensive melting
of various lithologies
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Possible scenario for
destruction of the
North China Craton
During late Triasic to
middle Jurassic

Hefei University of Technology

h Early-Middle Triassic b
> Trans-North
\\ west China suture east

| ‘\\ -

i \ North China crust

craton
\
,/) North China cratonic\\ lithospheric mantle
S
~‘J

Yangzi Asthenosphere

Craton

Trans-North
China suture

Late Triassic - Jurassic

Tanlu fault

contraction

¢ contraction basin = D*’-‘Sl: -
T \ ST ATANY
BRascae = _ ¥ S
7 o l\'\ chind cru eclogitized Yangzi
/Nmfh Nof . n'g?.eLcms"ﬂ.JJr} Craton
Era
FOnam ol b Sy (T ——— O\
\ Qmon North China
cratonic X @ _A
lithospheric /‘ 1
ok mantle %

=5/ ——/’/’»*fé“‘“\

Asthenosphere foundered

lithosphere

f

Trans-North
China suture

Tanlu fault

Early Cretaceous extension

extension basin ‘? basin »
~,
MR a\crust 2000
chin
Nor\\'\

North China

cratonic
lithospheric ‘\
mantle

':‘! «\

Asthenosphere

foundered
lithosphere

=~ S

'S-;é L, s 2y

5



Thrusting
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Thrusting

Time = 5.2977 Myrs
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Thrusting

Time = 15.2978 Myrs
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Thrusting

Time = 30.0978 Myrs
) "’—'iw#_ . e T e ——

50

100

Depth in km
o
o

N
o
o

250

300

350 e
700 800 900 1000 1100 1200 1300
Width in km



Thrusting
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Minimal melt production,
Long preserved Moho topography
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Modeling vs geology

AAUHTA GLOIK

After Goleby et al., 1989

MECHANICAL STABILITY OF THE REDBANK THRUST ZONE,
CENTRAL AUSTRALIA
B UIENERENNFRENS,
RAFIIE SR
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erosion/sedimentation free slip, T=0
Initial setup: e
Compression for 6Ma atf rates: 0.5, 1,2,3 cm/a  6MaEss:
Lithospheric thickness: 60, 80, 100, 200, 300 km SEEEE:
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To conclude:
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To conclude:
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MAGMATIC RESPONSE
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Lithospheric age and

compression rates
control tectonic behavior of

amalgamated block
and a degree of melting that

Egggg:g’fgﬁg@%ﬁiiﬁ k. SIERLR, occurs in these zones



Magma emplacement in 3D

preliminary

study
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Introduction




Model setup

(X103}
Staggered grid resolution is
197 x 197 x 197 nodal points.

90 80 70 60 50 40 3¢ 2 16, 0
Grid step is
0.5km x 0.5 km x 0.5 km.
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Physical parameters:

Felsic crust wetqrz  1.97x10% 2.3 154x10%® O 0.1-0
NEI5

Mafic crust palg 4.8x10%2 3.2 238x10% O 0.1-0
= 373bx

Mantle dry ol 3.98x101 3.5 532x10° 1.6 0.6
Hoig

SMSR, Const

channel nu=1018

[Pas]

lnvestigated- e Crust composition
"« Moho temperature

« Extension at .7 cm/yr
« C -cohesion
* Y. - Isthe strain limit for fracture related

weakening
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Moho temperature: EE MR E

~ 0.22Ma
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Moho temperature:

400°C 600°C 800°C

~ 0.22Ma
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Cohesion and strain limit: 353 5 N TR
s

C=10"° y.=0-0.2 C=1076 y,=0.2-0 C=107 y.=0

C=10"% y.=0.2-0.1 C =107 y.,=0.2

C=107 y,=0.1-0.2




Cohesion and strain weakening/hardening: 55N T 5516/ {t




Ring complexes M 3E

1:16 PM
pure-oai.bham.ac.uk

Centre 2 inclined sheet poles

Colours and symbols correlate to inclined sheet
poles from Areas 1, 2, 5, 10, 11, 13 and 14

Legend

~ Centre 3 intrusions and inclined
sheets

., Centre 2 intrusions and inclined
* sheets (Outer/Inner set)

 Centre 1 intrusions and inclined
sheets

¥ Centre foci

Areas of inclined sheet measurement and
sampling

O Inclined sheet poles (n = number of
measurements)

[l sedimentary bedding pole contour field
€ Maximum principal stress axes (0,)
A Intermediate principal stress axes (0,)

O Minimum principal stress axes (0,)
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Extension: 0.7 cm/yr
Crust: upper: felsic
lower: mafic
s B8 : KER
S TEB : TREER




Extension: 0.7 cm/yr
Crust: upper. mafic
lower: mafic




Extension: 0.7 cm/yr
Crust: upper:. felsic
lower: felsic




to the surface El|ihF Moho levels &R middle crust H¥E

Crust: upper: mafic Crust: upper: felsic Crust: upper: felsic
lower: mafic lower: felsic lower: mafic
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Magma ascent and model shortcomings &3 _EF-FEREIFIAR E

In nature melt and magma transport is a complex process:
AR LEMAMEREBE— T ERNTRE
- small-scale movement of melt (melt segregation on decimeter
scale)
-large-scale ascent from the source region through the continental
crust to the site of final emplacement
-INUIE AR (LA KA AL
-MIRR Z23d A fEt TR AR FIREIAREZIFE R
Physical transport mechanisms: ¥ Hl.#
- Propagating fracture zones # Bl
- diffusion ¥ B{EMR
- High permeability channels formed by &E&& 4 @EE (HLUT
M R ZHAY)
- Melt infiltration AR5
- Stress driven melt segregation

DX ENRY 7 7Y
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Magma ascent and model shortcomings

This study

* focuses on the large scale ascent &7 KME LR

* s not able to resolve these open questions ik R X L FF g4 o) &5

« give first order estimates on intrusion geometries and related
feedbacks between intruding magma and host lithologies.
BANLAES LW—MEEMESEASKNES ZEAEGAR

 the viscosity contrast between melt/magma (i.e. 10%*-14 Pas), and
continental crust (i.e.: 10%2=2°Pas) in natural settings is too high to
be resolved numerically at the current stage.
BAKIRE P IERY B R IEEL(.e. 10414 Pas),, K= (.e.: 1022-26Pas) St TFH
RN BRI EERRIZE R KT

* rheology employed in this study is visco-plastic and neglects the
elastic response of rocks
AFRRPIANBREZSH-EEMN, F2MN T SARYFE N
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