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Lecture I: The dynamical influence of fluids on seismicity and faulting

* Rock and fluid mechanics

* Dislocations and brittle faulting

* Stress transfer models

9 The hydraulics of fault zones

* Coupling fluid flow to large scale tectonics

» Earthquakes as a coupled shear stress, high pore pressure
dynamical system

* The properties of large model earthquakes

Lecture II: Earthquake scaling and the strength of seismogenic faults

* Earthquake scaling: Small earthquakes

* Earthquake scaling: Large earthquakes

» Pore pressure as a fundamental scaling parameter

* Application of result to global earthquake catalogs

* Can pore pressures be inferred from earthquake rupture properties

Lecture HI: Neotectonics and earthquake generation along complex fault systems

* The North Anatolian Fault Zone

* The San Andreas Fault System

* Building a forward model of the earthquake process

* Fault Interaction



The Model

® Fault-valve behavior and fault zone architecture

• Permeability as a toggle-switch

• Coupling fault zone pore pressures to large-scale

tectonic loading

• Stress space disorder

• Physical space disorder

• Slip weakening friction

• Surface displacements in response to slip

• Long-term fault behavior

1. Stress Drop

2. Average Slip vs. Rupture Length

3. Comparison with earthquake catalogs

• Generalizing the model to any geometry
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Strength of the Lithosphere
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Fault Valve Model (Sibson, 1992)
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CHAPTER 3. MATERIAL PROPERTIES

F" • ,:rc 3.11: The influence of fluids on rock stnnrth



Using Elasticity Theory to Monitor
Analyze Earth Deformations

On



ACFS Model applied t® North Antotytm fault zone

Stein el al(W96)

j No 1 §39-82 Mutim® typitjr®f JKMMKT mtfttm fupturn

(»tfp tap®® frmt 0 mmtyrat
1%5k40pmtohi!lmtv

aim km depth)
Motkflmi mcutw sttp (m$*iW km)

Coulomb Mtum 0mm ruta mi

bmmn, • ̂ *w/**««j

o too
Dlstanet (km)



.588

SO.

•*» -200 . * » 100 300 300 SOS OS

Gae&omb FaSmm Simss Chaag&:{bsr&}

•zs . 'i.a as to



t

10



'Rigid driving plates

(grains roll during slip)

Strong fault
(grains slide during slip)
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Zone of Damage

CM Display

Intact Rock Fracture Process Zone*
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Diffusion Equation with Source Term

out ±ta . /) \ v - * / {^plastic

where

is'pwosity

$ and j^r are the pare and fluid compressibility

• 1̂  î  ftie viscosity

• a is the fiui-4 density

* k is the intrinsic permeability of the matrix.

** 4>piastic — f is ?.-S0iiirCe term

For an impermeable matrix

At failure (hy^rofii'cture), fluid pressures equilibrate with :\=arest

neighbor cells. Tha equilibrium pressure (by conserving fluid mass

and ignoring gravity, is*

where P is the average pressures of affected ceils.
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Pore pressure paths of arbirtrary cells and system pressure
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The Model

Fault Compaction (<j><0)

Distance

Periodic BoundaryPeriodic Boundary

35mm/y
Pore Pressure increase Rates

j
Model
f
i
k
X I .

Vpl (mm/yr)
3 5
3 5
3 5
2 4

Us
0 . 6
0 , 6

0.6_

0 , 3

0 . 4
0 . 5

Aor <f%)
8 0
2 5
4 0
2 5

f et.al JGR 1999
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Stress Path (Loading)

Strmss Path (at Slip)
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General Result: Model Finds Dynamic Equilibrium
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Initiial Conditions
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Stress-state before and after a large rupture
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Ftepeat Times and the Earthqyake Cycle

3500

3500

3400

3265 3270 3275 3280 3285 3290

3500

Tlm«



2500 4 5 6 7 8

32



30

20

10

0

03
CL

Model h

1 Modeif

Mode! c

Model a

Model d
ifmiiiLiiimiirf it — ^

f".
Model b

1 im>m. i ir-JiiMili llllllilllllHI^

Moddi

r
Mcdde

•

•

•

\

\

0 100 200
Rupture Length (ton)

3CX) 300

33



0.5

0

200

. . . . . . . . : • • • ' " • • * * '

7 T
180 160 140

T
120 100 80 60

Distance along strike, km
40 20

0



Pore Pressure

Model Earthquakes

Friction

4
3850 3700 3750 3800 3850 3300 3350 4000 4050 411 4150

35



Pore Pressure

Moid Earthquakes
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Comparison of Moment-Rupture Area
with Historical Strike-Slip Catalog

(Wells and Coppersmith, '94)
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