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

e Rock and fluid mechanics

e Dislocations and brittle faulting

e Stress transfer models

e The hydraulics of fault zones

e Coupling fluid flow to large scale.tectanics

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

e The properties of large model earthquakes

Lecture II: Earthquake scaling and the strength of seismogenic faults

e Barthquake scaling: Small earthquakes
e Earthquake scaling: Large earthquakes
e Pore pressure as a fundamental scaling parameter
e Application of result to global earthquake catalogs

e Can pore pressures be inferred from earthquake rupture properties

Lecture I1I: Neotectonics and earthquake generation along complex fault systems

e The North Anatolian Fault Zone
e The San Andreas Fault System
e Building a forward model of the earthquake process

e Fault Interaction
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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
Stress Drop
Average Slip vs. Rupture Length

Comparison with earthquake catalogs

Generalizing the model to any geometry
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'/ Strength of the Lithosphere

- Frictional Heating Favlt S-trq_ngfh

Dehydration

Melt (Pore Pressure)
Afterslip ,

\» Earthguake Niagnitude

Plate Kinematics

upture Length
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Fault Valve Model (Sibson, 1992)
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Permeability as

Elastic Dislocations a toggle-switch
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CHAPTER 3. MATERIAL PROPERTIES

" re 3.11: The influence of fluids on rock streneth



Using Elasticity Theory to Monitor
Analyze Earth Deformations
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Diffusion Bqua,tion with Source Term

oP; 1 Ik A
5 ¢Bs+B) v V2P; — (plastic — )| (1)

where

® o is porosity

o f; ond By are the pore and fluid compressibility
o Ui the viscosity

@ pis the fluid Jensity

¢ E.is the intrizisic gérmeé.bility of the matrix.

© Qpigstic — I 1s 2. 50urce term

For an imp srmeable matrix (k~0)

OP; (T - ¢);
e R

At failure (hydrofracture), fluid pressures equilibrate with - arest
neighbor cells. Thz equilibrium pressure (by conserving f-::d mass
and ignoring gravity, is»

-5 _ =7 1(0B): Ps
F= ™ 1(68): (3.

where P is the average pressures of affected cells.
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Pore pressure paths of arbirtrary cells and system pressure
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Distribution (N>S)
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The Model

Fault Compaction ((33<O)
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T A Stress Path (Loading)
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General Result: Model Finds Dynamic Equilibrium
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Shear Stress (MPa)
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Stress-state before and after a large rupture

3

i 4

BEFORE

i

H

H

T

-y




(1h) swi ]

00C9

0019

0009

(1R) s,

0000} 000G 0

L5°0

0089 00¥9

00€9

¥

850
>
650

i

i b, oGO

<90

<
o

=Sy

HG'CY

(edn) 2

|

Gep- T

950
9°0
59°0
Lo
S0
80

<O <O
(o0} [4e]
(edi) o

001

29



0€

1 (MPa)

a) Before Rupture

b) During Rupture

¢) After Rupture
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Repeat Times and the Earthquake Cycle
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Pore Pressure
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Comparison of Moment-Rupture Area
with Historical Strike-Slip Catalog
(Wells and Coppersmith, '94)
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