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Lecture I The Simplicity of Generating Complexity

e Generating Power Laws

e Simple Examples of Complex Patterns

o Self-Organized Criticality (SOC)

e Barthquake Models of Complexity

e A CA Model Using Permeability as a Toggle Switch

e Application of the CA Model to Dehydration Reactions

Lecture II: Contemporary Models of the Earthquake Proces

e Dislocations and Brittle Faulting

e Stress Transfer Models (Incluing NAFZ in Turkey)

e Coupling Fluid Flow to Large Scale Tectonics
e Behavior of a 3-D Fluid-Controlled Earthquake Model

Lecture III: Properties of Large Ruptures and Surface Deformation Field

e Review of Some Rupture Models
e Complex Slip of Earthquakes
e General Strain Fields Around Elastic Dislocations

e The Properties of Large Ruptures (e.g. slip, rise time, moment
release)

e Comparisons with Earhtquake Catalogs

e The Surface Deformation Field
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Explanation of Caulomb Fni_l_qre Siress Change
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Calculate shear stress-from plate motion

G N
7, = EE"U(‘% ~V, (1))
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Calulate pore pressure increase

(Ji _ - ép!asric

o noflow’ ¢(‘8¢ + ﬂf)
~
NC (T ?

YES

v

edistribute Shear Strass Create Mew Porosity
N —
T. :"'G_ i /C5 . . a¢ — ?m((ﬁm ¢)/‘l
T 8 W,

Assun_ AGC =80°/ (r991)

Redistribute Pore Pressure
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Incipient Slip (T/ Tfail)
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Fault Zone Pore Pressure State
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Slip Deficit (m)
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INPUT To MODEL : a7z of oRE PREISURE MenedSE

a) Weak (t=0
2000¢ ) (+=0) ]
0

b) Weak (t=2000 yr.)
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e) Semi-Strc_mg/Strong (t=0)

—_— )
S g
S &

f) Semi-Strong (t=2000)
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f

ke b of (51)



I8 B

1y

150 . v v r .
Weak semi-Weak

100 L .
= 50} ]
>
3 4

0

& 150 —
b= scmi-Strong
&
W)

100} : ]

50t

LopNé-TERA EQu WLBLAM (S YA MU STUESS SPACE Dserper

00 50 100 150 200 2500 50 100 150 200 25(-
Effcctive Stress (MPa)
il ok af (2F)
7



(0 ) oppprad 1T

A
JHpISOYi] yvisoLply
oyn .
Dau b1 d vr) UA DU
L S L B
u .
150
‘l

h n .. . .
e 9 | 19°0

;M\.N\muﬂ\t‘?\ﬂ \\_&.\\.r . .

e 55K <N n
Y vo? R T . o 1L0

Sgme iyt .
e preey-A7E 2T o leo
n .

160
I

IANSS2LALIA() dUOT JND I

WarrSog 242 202 I¥M0Is W BN



0F %

-

¥ KX

(1£) awn)

X » x X X b K X x g x x x ® x X ® X x x ®x X x x x x x » 4
2 1=MIN
-0
-101
21
¥ I=MIN i
x x x x x x x x x x X x X x x » x X » X » x x » »® * x ® unvﬁ
| i | | i al
aujjawIL AUoIWS|as reatdAL g0t %

(w-N) Juswoy JJwsias

-



Static Friction Only = Random Moment Release
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San Andreas fault (SAF)
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FIG. 1 Map of the study area (courtesy of US Geological Survey, USGS) with

the epicentre (circles) of all events (M 2> 2.5) from January 1969 to October

1995 (data provided by the NCEDC). Concentrated epicentres mark the

San Andreas fault, and the New Idria, Coalinga and Kettleman Hills regions

are shown by the epicentres to the northeast. The beach balls show strike

ship earthquake focal mechanisms along the San Andreas fault, and thrust ‘
fault focal mechanisms in the Coalinga region. For results presented in

this Letter, the region is separated into Coalinga—Kettleman Hills (CK), and

60 km along strike, centred around Parkfield (denoted by boxes).
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FIG. 2 Time history of seismicity for Coalinga-HKettleman Hills (a), Parkfield {b) and model
results (c). A comparison of Parkfield seismicity and model results is shown in d as a
percentage of the total number of events for Parkfield (478 events) and in the model (657
events). A comparison of the cumulative number of events (derived by integrating the
distribution in d) is shown in e. The spatial distribution of records in b and ¢ are compared in
Figs 3 and 4.
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