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Earthquake Kinematics & Dynamics

• Kinematics
– Study of timing of seismic moment release
– M(t)=μA(t)u(t)

• Rupture velocity
• Slip velocity / rise time

• Dynamics
– Study of physical mechanisms governing earthquake 

rupture and seismic moment release
• Initial stress state
• Yield stress
• Static & dynamic coefficient of friction
• Frictional constitutive law
• Pore pressure effects & melting

Sources
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Kinematic Description of Finite 
Source Process

• Spatio-Temporal Descriptions of:
– slip, rise time (slip velocity), and rupture 

speed

• Haskell Source Model

• Representation Theorem Models

First Point-Source Kinematics
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AMP=5 CM
DURATION=4 SEC

What is a Reasonable form for the 
Moment Rate Function?
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What about Earthquake Spectra?

Prieto et al. (2004) Spectra Self-Similarity

Prieto et al. (2004) Spectra Self-Similarity
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Moment Tensor Solution

Seismic moment tensor determined from 0.02-0.05 Hz, three-component, displacement 
seismograms. The source depth was found to be 8 km.
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Vr

How reasonable can 
this be?
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Directivity
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Directivity & Radiation Patterns

Vr/β=0.5 Vr/β=0.9

Directivity & Radiation Patterns

Vr/β=0.5 Vr/β=0.9
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Shaded area is constant under 
the moment rate functions. i.e. 
it is the same for all of the 
moment rate functions.

From Somerville et 
al., 1999



14

From Somerville et 
al., 1999

Directivity controlled

Fling controlled

From Somerville et 
al., 1999
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Attenuation Models

Near-Fault Ground Motions –
Caltrans Project

• Unilateral, uniform slip, strike-slip rupture
• Computed using finite-differences
• Recording stations are located 15m from the 

fault

• Directivity builds displacement response on 
the FN component.

• The displacement (fling) on the FP 
component is constant along the length of 
the fault

D
irectivity D

irectivity
D

irectivity

Tectonic O
ffset aka

“fling”
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1906 Rupture at Tomalas Bay

Is Directivity & Fling Observed?
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Courtesy of Kim Olsen (SDSU)

Not Just a Strike-Slip 
Phenomenon

Some Examples of Finite-Source 
Inversions

[ ]

[ ]

[ ]

),(),(

),(ˆ),(

),(ˆ)(),(

)0,;,(ˆ),(),(

,

,

,

,

txGMxtu

txGCuxtu

dtxGCuxtu

dtxGCudxtu

jniijn

lnkijkljin

lnkijkljin

lnkijkljin

⋅=

⋅Σ=

−⋅Σ=

Σ−⋅=

∫

∫ ∫∫

ν

ττντ

ζτντζτ

Spatial point-
source

Spatial and temporal point-
source

M has units of moment. i and j refer 
to directions of forces and 
derivatives. i.e. they define couples
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Tectonic Setting
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Courtesy of Robb Moss 
(now at CalPoly)

Surface Faulting Data

Surface faulting data was provided courtesy of the Denali Earthquake 
Geologic Field Team. The surface offsets indicate that the rupture 
process was principally right-lateral strike-slip, although some vertical 
offsets were observed.
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Courtesy of Robb Moss 
(UCB & Fugro)

Strong Ground Motions
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Kinematic Method
[ ]U x t d u t c G x t dn i j ijpq np q( , ) ( , ) ( , ; , ),= ⋅ −∫∫∫ τ ξ η ξ τ0 Σ

Extension of Hartzell and Heaton (1983)
Use broadband displacement 

waveform data (0.01 to 5.0 Hz)
Use horizontal GPS deformation data
Apply surface slip constraining 

equation
Apply slip positivity, seismic moment 

minimization, and smoothing 
constraining equations

Solve for spatial and temporal distribution of 
fault slip

Kinematic Model Cont.
Time parameterization Rise time & rupture velocity variability



23

Construction of Kinematic Model 
for Denali EarthquakeFigure 6

GPS Data

GPS data are from both the continuous Alaska Deformation Array, and 
campaign-mode observations of Hreinsdóttir et al. (2003). Black arrows 
show observed values and Green shows the values predicted by the model. 
Inverted triangles show the locations of the regional seismic stations. The 
red lines show the 5-segment fault model.
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Regional Seismic Waveform Data

• Data Sources
– US Geological Survey
– Geophysical Institute, UA, 

Fairbanks
– Alyeska

• Data from 8 stations were 
integrated to displacement, 
bandpass filtered between 0.01-
0.5 Hz and resampled to 2 sps.

Observed (black) and synthetic 
displacement waveforms (red) are 
compared. Station PS10 was not 
used to invert for the slip model and 
the fit is a forward prediction.

Figure 8

GPS ModelGPS Model Seismic ModelSeismic Model
Combined Combined 
Inversion ModelInversion Model

Kinematic Inversion ResultsKinematic Inversion Results
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Rupture Kinematics

Rupture Kinematics
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PGV estimated from the preferred model (left) is compared to the 
occurrence of liquefaction during the earthquake (right). Liquefaction 
observations: white=none, green=occassional, yellow=moderate, and 
red=high. Liquefaction data was provided by Dr. Robb Moss (UCB, 
FUGRO). There is very good spatial correlation between predicted 
PGV greater than 10 cm/s and the observed occurrence of 
liquefaction

Estimated PGV vs. Observed Liquefaction
Predicted PGV (cm/s)

Realtime Finite-Source 
Applications


