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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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Understanding an
Evolving Orogen

—Olary-Broken Hill conceptual model {&iEay
—-numerical methods &%
—modelling results BIREE R
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Modelling Results

e dry models FiRE!
e parameter experimentation {5018
e saturated EFIH

e compare to conceptual model SiiSEEINIEL
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Olary-Broken Hill Tectonic History

large-scale B SUERSERSA s 11 15 R =

KREMR Sl o e

regional
shortening
propagating
overthrusting
R

fluid generation
and migration
EERBHEE

end of orogeny ->
melting, end of

significant fluid
generation and

Adelaidean

Willyama

migration Oceanic
ELLERIEIE, X e
SR ERE

*ggg-lt - miZZZhem

- Asthenosphere




1570 Ma end

1600 Ma
reworking

1630 Ma
inversion

Olarian Orogeny

e T Gorensahist - arpiiieatee fromsition

Mgy - ‘ Lyt - size indicates selative magnitude
40 kilomatres
LT Aary 4 \:s (For{; ony)
W 280000 "?‘4& f/l:% Sy AGHDONE oo
S4ANZ00wN > N H21100mN

o T — —

shortering

W g Bae
: Fo. e AL, mwg: DS SEensss




Numerical Code

e geodynamic processes (tiRahFiHiz)
e folding, thrusting, subduction ({8, EE, (i)
e partial melting of mantle (ithig3F5155)

e resultant fluid flow (Eidixzh)
e large (unlimited) deformation (X/FERaIZH?)
e viscous fluid (F&HERE)

e particle-in-cell-code solves finite element
equations on a grid (ERMEEREEFMIEMNERTHE)

e moveable integration points advect information
(BHRPD RESER)
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Experimental Box

e air layer: negligible viscosity 2> no interference
ESE: BEUZE, TTH

e brittle upper crust: high viscosity, yield law to simulate
brittleness

MetE L. SHE, EFERENIRINEIEMR
plastic lower crust: low viscosity, some stress dependence
BIYETIT: (KHE, —ERIRDIKEHRTE

c,,=0

O, =
VI=vp=0
v>0

Vi=vp=0

G, = I = Tbase



Experimental Box

— boundary conditions ({BR&FH) : -"solid” shear stress E{FEEIR
-temperature BE
-pore pressure flLIE
-initial strain perturbation ¥JiENZEHiEN

GXZ—

Vi=vp=0
v>0

O,, =

Vi=vp=0

O,, = I = Tbase



Crustal Strength

A described by viscosity (¥Esiz)

e limited by yield curve - effective viscosity
ZIRFERMZ > BUHE

0

depth

lower crust

1
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Dry Model Experiments

e Low viscosity contrast between layers

EIREFEELL

e High viscosity contrast, high yield strength
EHELL, SEREE




Dry Model Experiments

large viscosity contrast between crustal layers, lower yield
viscosity (blue = shear zones)

SEEHEILRS, REEME (56 = BF)

ei University of Technology Overseas Masters Program 2015



Addition of Pore Fluid

e effective stress HRIEHD

solid stress + fluid stress

= solid stress + pore pressure
S| + i IED

= B ED+FIRESD
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Addition of Pore Fluid

e porosity evolution FLIEEELS

Porosity ¢ depends upon bulk solid volume changes

FLBSE PHVR FEHMAFFRZE
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Addition of Pore Fluid

e permeability evolution (BiEZFHE)

permeability k = k(¢,¢,)

(plastic strain dependence - dilation angle)

(BBTERI3ERH> BRKA)

AK

0
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Physical Assumptions

e connected pore network FIERIZEE

e saturated medium @HEN

e fluid flows according to Darcy's Law fiRonEEAfmER
e ignore capillary pressures ZIEEHSE

e neglect gain compression(i.e. incompressible solid)
PUERERE (F: BEAeIEYE)

e no thermal strains in the solid E{FpFTHMNIE
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Pore Flow

e extension + compression {HE+5E




Pore Flow

e extension + compression {HE+EE

Weaker bottom layer (no flow vectors)



Pore Flow

e initial drawdown during extension

- (ERIER, MiRAE TR




Pore Flow

e flow down faults (blue) during extension

- (HRIEER, ATREEE

- (RN . _ ,
r + . Figure: B. Davies,

A Q Normandy Mining Ltd.




Pore Flow

e flow up (blue) faults during compression

BrEdiER, RidEkhER iR




Pore Flow

e influence of topography

S5

Competing effects of
upward flow from
compression and
topographically driven
downward flow

P ESHIIR_ EEmaiEes
 HASIEIR TSRS
ULEEE S




Next Steps

e anisotropic dilation angle effect

HEFEE KA
e anisotropic permeability development in shear
zones

S PRISERZARE
- fluid flow seal across perpendicular

> E”lllb%lllbﬂ]tjlzﬂ

e fluid boundary conditions need to be carefully
considered

MEE BRI BRFM
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Conclusions

e code is a tool
TBEEIR

e reproduces qualitative features of conceptual model
SR SRE PR E IS

e extension - fluid channelled towards and down faults
{BFE - TS EEER L TiE

e compression - fluid channelled up faults during
reworking of domains

BtlE -RiSEEERR LS
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Future

e fully coupled deformation, fluid flow, thermal, and

chemical effects
SREalIER. i, RIERN
e predictive mineral discovery

LTl AR R
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Our messages for today:

1. Deformation and metamorphism originating from
lithospheric drips are common.

in T a0 FERERNERERIEE S
2. This setting may have little to do with nearby subduction.
Xt RS R SEEfPEIEAFERR

3. Mineralisation is common in these areas [Olympic
Dam,Yilgarn, Carlin, Yangste, Mt. Isa, Albany-Fraser(?)].

{EXLE Xt (b E B

4. There are clear signatures in the geological record waiting
to be read.

EERICREXBRFSIS IR EAFIE

Centre for EXPLORATION
TARGETING




Background: Lithospheric architecture
B=: a0B%E

Old continents are composed of an
amalgamated mosaic of micro-continents that
are characterized by different:

afEHiFE 2R ES RRAEERK

thermal structure Mg
- composition of SCLM X AFEEREIIE
(subcontinental mantle lithosphere)
- geometries JUAWE
* rheological characteristics HEFIFIE

3

Laterally heterogeneous structure of
continental lithosphere

KiEEaEERAERIS




Old continents can be characterized as puzzles

of strong and solid blocks with the weakest places at the boundaries
of the blocks

h AT LASER — X E#MnBERER S RIRIE

Weak: Strong:
‘residue H20 depleted mantle lithosphere
‘weakened zone after * dry
amalgamation - stiff
FEemsKk SiRaaBlng
EREAYERES X v
L

The evidence indicates that these boundaries are channel-ways for CO, + other juices during
later reactivation leading to alkaline magmatism and mineralisation

IHERIPX LD R ERIEC SRR CO2MRMREREE, S IiRtESRRME {EH
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LITHOSPHERIC DRIP UNDER NEVADA
AL RREaEEE
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From West et al. (2009)




aaEiEErE

Orientation of Lithospheric Drip

Mantle flow is northeast relative to North
American plate motion?  iiEiEEHERREEMRE?

To

Mg raph,,

- 4
ﬁme

400 km l ’l/J

Figure 4 | Summary of geological and geophysical constraints for the
central Great Basin. a, Shear-wave splitting with the topography
background for reference. b, Post-10-Myr wolcanism (black circles 3
shows a regional dearth of volcanic adtivity. €, Heat flow'® showing reduced
values (~50 mW m~<, blue) in the regional high (=100 mW m < yellow
and red ). d, Seismic tomography horizontal slice at 200 km gepth, asin

Fig. 2a. e, Shear-wave splitting times surface showing the strong drop inthe
central Great Basin. The colourrangeisas in Fig. 1 £ |sosurface at +0.95%
velocity perturbation for NWLUS0B-P2 showing the mormphology of the drip,
which merges with a larger structure at ~~500 km depth. The bladk arrows
denote the inferred mant ke flow direction; the white arow denotes the flow
direction of the Great Basin drip

\ /
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From West et al. (2009)




The following movies

have the same

strength for the weak zones but the

strength of the lower

crust is lower in

the second and fourth movies.
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Initial condition
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Time = 36.4829 Myrs
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GSWA Record 2003/10

Interpreted bedrock geology of the South Yilgarn and central Albbany—fraser Orogen, WA
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GSWA Record 2009/10 Interpreted bedrock geology of the South Yilgam and central Abbany—Fraser Orogen, WA
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Figure 2. Simplified geological map of the Albany-Fraser Orogen and southern Yilgarn Craton extracted from the interpreted ’
bedrock geology map (Geological Survey of Western Australia, 2007).
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What are the geological signatures of intracontinental
events originating as lithospheric drips?

EiRFaaEimEERS A RISERTA?

. No or little evidence of subduction (perhaps early).
RBEN SHIFMIESE

. Asymmetrical orogens.

EXIFRRIELL

. High temperature, high pressure metamorphism (can last for
100 my).

mim, =ERR

. Perhaps slabs of mantle in the crust.

nJgelthS IS A

. Relatively late sedimentary basins (symmetrical or
asymmetrical).

tEXIEERIEREM (RIFRELIAERTFR)

. Alkaline magmatism.

RS IR EF

. Mineralisation. (ontre for EXPLORATION
TRV TARGETING




Our messages for today:

1.

Deformation and metamorphism originating from
lithospheric drips are common.

B EaaBimENERNERIEBIFEE]
This setting may have little to do with nearby subduction.
Xt RS RS ERfhE A FEXRR

Mineralisation is common in these areas [Olympic
Dam,Yilgarn, Carlin, Yangste, Mt. Isa, Albany-Fraser(?)].

{EXLE X (b E B

There are clear signatures in the geological record waiting
to be read.

ERICRERBERIFZ(ESHEEFIE

Centre for EXPLORATION
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Delivering numerical modelling to wild field geologists in their natural habitat.
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