
Surface Rupture Earthquakes

Displacement and geometrical characteristics of 
earthquake surface ruptures: Issues and implications 
for seismic hazard analysis and the earthquake 
rupture process.

Steven G. Wesnousky



1906 San Andreas, CA
1891 Neo-Dani, Japan
1930 Kita-Izu, Japan
1939 Ercincan, Turkey
1940 Imperial Valley, CA
1942 Erbaa-Niksar, Turkey
1943 Tosya, Turkey
1943 Tottori, Japan
1944 Gerede-Bolu, Turkey
1967 Mudurnu, Turkey
1968 Borrego Mtn, CA
1979 Imperial Valley, CA
1981 Sirch, Iran
1987 Superstition Hills, CA
1990 Luzon, Philippines
1992 Landers, CA
1999 Fandoqa, Iran
1999 Hector Mine, CA
1999 Izmit, Turkey
1999 Duzce, Turkey
2001 Kunlun, China
2002 Denali, AK

1887 Sonora, MX
1915 Pleasant Valley, NV
1954 Fairview Peak, NV
1954 Dixie Valley, NV
1959 Hebgen Lake, MT
1983 Borah Peak, ID
1987 Edgecumbe, NZ

1896 Rikuu Japan
1945 Mikawa, Japan
1971 San Fernando
1979 Cadoux, Australia
1980 El Asnam
1986 Maryat, Australia
1998 Tenant Creek, Australia
1999 Chi-Chi, Taiwan

STRIKE-SLIP (22) NORMAL (7) REVERSE (8)
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CHARACTERISTICS OF DATA SET

Aspect Ratio (L/W) versus LW versus L
(Slope of 1 if constant W)

Presenter
Presentation Notes
No dependence of width on size for SS, but appears so for dip-slipWidth of strike-slip generally between 10 and 15 km,  dip slip between 12 and 22, reverse from 5 to 22 but skewed by Aussies.



Geologic Mo - Black

Body Wave Mo - Red

Surface Wave Mo - Blue

Geodetic Mo - Green

COMPARISON OF MOMENT ESTIMATES FROM DIFFERENT METHODS

Tendencies 

Geo Mo similar to Instr 
for many, but not all…

Green(Geodetic) not 
consistently on top



Geologic estimates 
generally within ~factor of 
2 given uncertainties.

Vertical error bar is factor 
of 3 of value - assumed for 
refrence

Horizontal error bar is 
range of estimates of 
moment determined from 
various instrumental 
methods



Formalization of 
Average to Maximum 
Values of Surface Slip

(0.41±.14)



Surface Slip versus Rupture Length

Relationship for reverse and 

normal may be linear but may 

NOT so for strike-slip

Black - ss

Red - normal

Blue - reverse



Regressions of size to length limited to surface rupture quakes

Mo vs L Mw vs L



Towards quantifying the shape of Slip distributions 
and estimating the amount of slip expected at a site on 
a fault of given length



Coefficient of Variation

Standard deviation of particular curve-fit to observed slip and 
then divided by average value of slip



Turn attention back to fault geometry



STRIKE-SLIP



Is termination of STRIKE-SLIP rupture associated with step in 
fault trace of dimension >=1km or end of active fault trace ?



Summary of behavior of all discontinuities along strike of 
historical earthquake ruptures.



So all the basics (at least for strike-slip faults) are 
here to estimate amount of surface displacement 
at a site.

Define expected 
rupture length

Estimate 
expected 
average slip

Choose shape 
of slip 
distribution 
and estimate 
slip at point 
along fault

Use 
coefficient of 
variation to 
estimate 
uncertainty 
(std) at 
respective 
point 
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Both with data and appendices can be downloaded at

http://neotectonics.seismo.unr.edu
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