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• Seismic Spectra, Earthquake Scaling laws, Self-Similarity of Earthquake 
Rupture.
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Rectangular ruptures (large)

Slip determined by W: 

Slip determined by L

Scaling of Large Earthquakes: Is slip determined (limited) by W or L?

L model interpretation

u = a L

W model interpretation: stress drop increases with L/W and seismic moment



L model interpretation

u = a L

W model interpretation: stress drop increases with L/W and seismic moment



Rectangular ruptures (large)

Slip determined by W: 

Slip determined by L

Scaling of Large Earthquakes: Is slip determined 
(limited) by W or L?



Scaling of Large Earthquakes: Is slip determined (limited) by W or L?

Nature, 1992



Circular ruptures (small)

Rectangular ruptures (large)

Slip determined by W: 

Slip determined by L

Transition from small to large eq’s

AGU Monograph, 1986



Earthquake Source Properties, Spectra, Scaling, Self-similarity   

Displacement and acceleration source spectra. 
Spectra: zero-frequency intercept (Mo), corner frequency (wo or fc), high frequency decay (w-g), maximum 
(observed, emitted) frequency fmax
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Aki, Scaling law of seismic spectrum, JGR, 72, 1217-1231, 1967.
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Source spectra for two events of equal stress drop: omega cube model

Large and Small Eq
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High-freq. spectral properties: 
produced by rupture growth, 
represent nucleation and enlargement
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Displacement and acceleration source spectra. 
Spectra: zero-frequency intercept (Mo), corner frequency (wo or fc), high frequency decay (w-g), maximum 
(observed, emitted) frequency fmax
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Far-field body-wave spectra and 
relation to source slip function

Displacement waveform for P & S waves:

In general, very complex. W(x, t) and W(w) depend on slip 
function, azimuth to observer and relative importance of 
nucleation and stopping phases

Aki, Scaling law of seismic spectrum, JGR, 72, 1217-1231, 1967.
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Displacement and acceleration source spectra. 
Spectra: zero-frequency intercept (Mo), corner frequency (wo or fc), high frequency decay (w-g), maximum 
(observed, emitted) frequency fmax
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of high-frequency strong ground motion, JGR, 84, 2235-2242, 1979.



Seismic Source Spectra.

Saturation occurs for large events, particularly 
saturation of Ms (T=20 s)

Aki, 1967 

Corner frequency, Brune Stress drop.



Magnitude and Seismic Moment.   Moment is a most robust measure of 
earthquake size because magnitude is a measure of size at only one frequency.

Mo = µA u, where µ is shear modulus, A is fault Area and u is mean slip.

Moment and Moment Magnitude (Hanks and Kanamori, JGR, 1979): 
Mw = 2/3 log Mo – 6    or    
Mo = 3/2 Mw +9      (for Mo in N-m)
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Two possible explanations

1) !Similarity condition  (not-similarity)
Mo a L2

wo a L-1

W(0) a wo
-2

2) Have similarity condition in terms of nucleation, but 
high-freq. asymptote is produced by “stopping phase”
if rupture stops very abruptly
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Similarity condition 
Mo a L3

wo a L-1

W(0) a wo
-3

This defines a scaling law. Spectral curves 
differ by a constant factor at a given period 
(e.g., 20 s), but they have the same high-freq. 
asymptote

This behavior is expected when the nucleation 
phase is responsible for the high-freq. 
asymptote --but consider problem of time 
domain implication for amplitude (Mb decreases 
with Mo)



Source spectra for two events of equal stress drop: omega cube model

Large and Small Eq
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High-freq. spectral properties: 
produced by rupture growth, 
represent nucleation and enlargement
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Source spectra for two events of equal stress drop: omega square model

Large and Small Eq
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High-freq. spectral properties: 
produced by rupture growth, 
represent nucleation and enlargement
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Relation between source 
(a) displacement 
(b) velocity
(c) acceleration 
history and asymptotic behavior of spectrum



Some Topics in the Mechanics of Earthquakes and Faulting

•What determines the size of an earthquake?   
•What physical features and factors of faulting control the extent of dynamic 
earthquake rupture?     --Fault Area, Seismic Moment
•What is the role of fault geometry (offsets, roughness, thickness) versus rupture 
dynamics ?
•What controls the amount of slip in an earthquake?  Average Slip, Slip at a point
•What controls whether fault slip occurs dynamically or quasi-statically? 
•Nucleation: How does the earthquake process get going?   
•What is the size of a nucleation patch at the time that slip becomes dynamic?   How 
do we define dynamic versus quasi-dynamic and quasi-static?   Nucleation patch: 
physical size, seismic signature
•What controls dynamic rupture velocity?   
•How do faults grow and evolve with time? 


