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Outline

• The GCMT and ‘ICMT’ catalogues
• Comparisons of earthquake source parameters

Are InSAR and seismic solutions compatible?

• Differences in earthquake locations
Implications for global Earth models 

• Earthquake scaling relationships
Implications for earthquake source physics and 
earthquake hazards



Centroid
Moment
Tensor

• Centroid = best point 
source for an 
earthquake

• Moment tensor = six 
numbers that describe 
an earthquake 
mechanism

fault planes
moment

location
time

moment 
tensor values



The Global CMT project

www.globalcmt.org

• Routine analyses of 
earthquakes globally

• Uses long-period  
body waves           
and surface       
waves

• Earth model 
spherical harmonic 
degree 8

(GCMT)



InSAR Centroid Moment Tensor

• Compilation of earthquake source parameters from 
published InSAR studies of earthquakes (or the 
authors)

• Produce CMT-like solutions (centroids, moment 
tensors, focal mechanisms) that can be compared 
directly with those from seismology

• Publications: Weston et al. (2011), JGR
Ferreira et al. (2011), JGR
Weston et al. (2012), Tectonophysics



InSAR Centroid Moment Tensor

Model from Funning et al. (2005)
Weston, Ferreira, Funning (2011)



Weston, Ferreira, Funning (2011)



101 events, 206 models



101 events, 206 models
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Weston, Ferreira, Funning (2012)



ICMT => 
GCMT
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Weston, Ferreira, 
Funning (2012)



Model of Cakir et al. (2003)
Weston, Ferreira, Funning (2012)

1999 Izmit, Turkey



1992 Landers, California

Model of Fialko (2004)
Weston, Ferreira, Funning (2012)



GCMT
=> ICMT
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Models: 1. S20RTS – Ritsema et al. (1999)
2. van Heijst and Woodhouse (1999)
3. Trampert and Woodhouse (1995)
4. Trampert and Woodhouse (1996)

Anomalies with respect to PREM

Long-period surface wave velocity anomalies



Ferreira, Weston, 
Funning (2011)



GCMT
=> ICMT

S20RTS + 
CRUST2.0 
=> ICMT

Ferreira, Weston, 
Funning (2011)



seismic moment, M0 = μ L W s

M0 � L ? M0 � L2 ?

compare log M0 with log L

rigidity: μ

What controls earthquake size?



Scholz (1982) Romanowicz (1992)

‘L model’ ‘W model’

M0 � L M0 � L2



Scholz (1982)
Romanowicz (1992)

‘L model’ ‘W model’

M0 � L M0 � L2



Working Group on California Earthquake Probabilities, 2008



Peter Shearer



Using InSAR for 
scaling

Fault length and surface slip, in 
many cases, can be measured 
directly from the data

1997 Manyi, Tibet



Funning et al. (2007)



10 km
Funning et al. (2005)

2003 Bam, Iran



50 km

Unwrapped data
Downsampling

Optimization
Slip model
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Moment, width, average 
slip are model-derived













Summary of findings

• Global CMTs are mislocated by 20 km on 
average compared with InSAR

• We evaluate effectiveness of different Earth 
models; mislocation problem is not yet solved

• Moment-length scaling: M0 L1.6 – L2  

– this is more consistent with ‘L-model’ scaling
• A change in scaling is not required to fit the data
• Slip to length ratios vary by 2 orders of 

magnitude; relationship with recurrence rate?


