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Minimum Ingredients for Physical Models

Plate tectonics
— Restores energy dissipated in earthquakes or creep
— How do we drive the seismogenic zone?

Ductile-Brittle Fracture Rheology

— Threshold stress (breaking strength) for fracture

— Provides for creep

— Provides time delays between triggering and triggered
including aftershocks, foreshocks

— Together with geometry (see 4) accounts for spatial and
tzmporal localization

Stress relistribution after fracture

— Flu :tuations in stress field

— Scale of fluctuations depends on size of fractures
— Role of water

— Nature of sub-seismogenic zone

Nonuniform geometry

— Limits sizes of earthquakes

— Correlated with nonuniformity of fracture strength
— Provides for localization

— Irregular shape of major faults

— Nature of gouge

-— Thickness of seismogenic zone

Constraint
— Digitized modcls should be asymptotic to continuum
models in the small scale limit
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Crack Threshold Dynamics

stress
/\"/\/\—\B (fracture strength)
/’\/_/_ f (stress drop)
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friction

Y.
k k

L
. - P
u = velocity
Dispersion
A |
5 mil + k(2un — Un_1 — Uns1) + lun = B — (E+ atiy)
82y 8u A Ou ( )
- + =+ = {0y —
P “Hogz T E T %9 T Y T OF
i(kz—wt) Continuum Limit

° IR]

a . (T
u = ujyexp — E;t exp zw(z—t> c

1

¢/k = Measure of dissipation
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The Green’s function
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Figure 3. Half-space Green's function components for a linear crack.
a) Radial slip along the prolongation of the crack. b) Transverse slip on the normal to the crack.
Both functions to be multiplied by 1/r.

yK

Figure 4. a) Intersection of surface Q with three backward cones with P- S- and R-wave slopes.
b) P’lane cross-section of a) showing region of integration (shaded): integrate over zone between
P and R cones close to edge and between S and R cones at greater distance.
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Figure 5. Growth of a 2-D crack with sub-R wave speed at its edge. All points
outside a circular arc P of radius cpt centered at P, transmit no slip motions to P,
No points outside arcs S, R of radius cgt, cgt transmit slip motions earlier than the
arrival of the S-R wave. The three cones intersect the edge at times indicated by
(dots) curves. The path of these intersections is given by the larger dashes.
Integration takes place in the region interior to the closed curve P.
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Seismicity 6.3 > M > 4.7 in Southern California
between Borrego Mountain and San Fernando
earthquakes

(4-9-68) to (2-9-71)
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FLUCTUATIONS AND FLOW FOR GRANULAR SHEARING 5

" Pigure {. Pictures of the force-chains. (left) is an experiment showing the transparent
light intensity. (right) is a simulation showing the potential energy stored in all contacts
of one particle.
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Seismicity 6.3 > M > 4.7 in Southern California
after San Fernando earthquake
(2-9-71) to (2-8-73) ’
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PHYSICS OF THE EARTHQUAKE SOURCE:

SUMMARY

Inhomogeneity of geometry is an important determi-
nant of seismicity

Relaxation of stress at barriers must be understood

Models of seismicity appear to be unstable with re-
gaid to many important ingredients

We have to get the geometry and the physics
correct

What is the level of sensitivity that is needed so
t 1at the systems stabilize?

It is doubtful that seismic time:series are stationary,
because of space-time interactions '

We must consider the entire network of faults
and not merely one linear structure

It is doubtful that the strain rates on individual
faults are constants over time

Dynamics and Dissipation are important ingredients
in modeling seismicity

Interaction on multiple time scales

Fluid migration in faults plays an important part in
the evolution of seismicity

It is premature to construct the definitive model of
seismicity of Southern California. Models that
claim to give the “solution” to problems of seis-
micity are too simplistic, unstable, and unreliable.
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