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Summary 

Studies under this project attempt to quantify large-scale heterogeneities, rotations 

and volumetric changes of stress-strain fields around large rupture zones. The research 

employs a combination of observational and theoretical results focusing on the following 

two main research directions. (i) Detailed analyses of rotations of double-couple-

constrained focal mechanisms in space-time regions with high density of earthquakes. (ii) 

Derivations of full source tensors of earthquakes including isotropic components of 

radiation. The theoretical connections between rock damage in earthquake source 

volumes, isotropic radiation and rotations of double-couple-constrained mechanisms 

provide new signals that can be used to understand earthquake and fault processes. The 

results contribute to improved derivations and interpretation of earthquake source 

properties. This, in turn, contributes to improved understanding of physical processes in 

major southern California fault zones.  

The study supported a PhD student and led to two submitted papers and several 

related meeting abstracts. Below we summarize the main results from our last year 

investigations in this project. 

 

Spatio-temporal variations of double-couple aftershock mechanisms and possible 

volumetric earthquake strain 

Zach Ross and Yehuda Ben-Zion  

(J. Geophys. Res., in review, 2013) 

 

Abstract 

We analyze spatio-temporal patterns in rotation angles of double-couple-constrained 

mechanisms of aftershocks of the 1992 Landers earthquake. The rotation angles provide 

information on the distribution of source geometries in different regions of space and 

time with respect to the mainshock focal mechanism. The results indicate that the 

mechanisms of the early aftershocks are more scattered and less aligned with the 

mainshock than those of the long term events. This is most pronounced around the 

northern end of the Landers rupture, least pronounced around the central section, and 

intermediate around the southern end of the rupture. The relatively large scatter and 



 

misalignment of the mean rotation angles of the early focal mechanisms around the edges 

of the Landers rupture suggest possible volumetric earthquake strain in these regions. The 

results may reflect isotropic source terms produced by dynamic generation of rock 

damage. Synthetic tests indicate that the observed differences in the rotation distributions 

of the early and long-term events around the end regions of the Landers rupture can result 

from neglecting in the inversion process isotropic components that are 3-15% of the total 

event moments.  

 

Parameterization of general seismic potency and moment tensors for source 

inversion of seismic waveform data 

Lupei Zhu and Yehuda Ben-Zion  

(Geophys. J. Int., in review, 2013) 

 

Abstract 

We decompose a general seismic potency tensor into isotropic tensor, double-couple 

tensor, and compensated linear vector dipole using the eigenvectors and eigenvalues of 

the full tensor. Two dimensionless parameters are used to quantify the size of the 

isotropic and compensated linear vector dipole components. The parameters have well-

defined finite ranges and are suited for non-linear inversion of source tensors from 

seismic waveform data. The decomposition and parameterization for the potency tensor 

are used to obtain corresponding results for a general seismic moment tensor. The 

relations between different parameters of the potency and moment tensors in isotropic 

media are derived. We also discuss appropriate specification of the relative size of 

different source components in inversion of seismic data. 

 

Publications Supported by this grant 

Ross, Z. and Y. Ben-Zion, 2013. Spatio-temporal variations of double-couple aftershock 

mechanisms and possible volumetric earthquake strain, J. Geophys. Res., in review. 

Zhu, L. and Y Ben-Zion, 2013. Parameterization of general seismic potency and moment 

tensors for source inversion of seismic waveform data, Geophys. J. Int., in review. 



Figure 1. Uncertainty produced with the HASH algorithm by forcing a source with double-couple and isotropic 
components to be purely double-couple. The beach balls on top illustrate schematically how a small isotropic 
component can flip the polarities at stations near the nodal planes, leading to a rotation (error) in estimating a 
double-couple mechanism. The values shown correspond to an input range for the isotropic parameter  in 
the range 0-15%. The thick lines show how the inversion errors (in degrees) increase with  for the three 
basic double-couple mechanisms. The results indicate that mean error of 5º may reflect neglected isotropic 
components of 3-15%.  From Ross and Ben-Zion (2013). 


