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Abstract

This project is on the study of laboratory stick-slip experiments in granite samples, performed with the 
advanced acoustic emission monitoring setup at the GeoForschungsZentrum Potsdam, Germany. Our 
objectives are to, a), relate micro-seismicity clustering and b value (slope of the frequency magnitude 
relationship) anomaly maps to structural heterogeneity (from CAT scans, thin sections, and topography 
analysis of the sample fault surface), b), identify the relationship of spatio-temporal b value anomalies 
to rupture dynamics, and, c), to determine how fault roughness evolves over repeated slip cycles. 
Project funding partially supported graduate student Thomas Goebel and his visit to the GFZ lab in the 
summer of 2011. 

Intellectual merit

This project documents strike-slip cycle seismicity in laboratory experiments and so builds crucial 
connections between micro-physics of frictional and fracture processes, large scale fault zones, and 
observed seismicity patterns. Such efforts are important to the establishment of a fault constitutive law, 
to understand if and how structural heterogeneity on fault zones, including asperities, may be linked to 
seismic heterogeneity and rupture initiation and propagation. Those are core science objectives for 
SCEC with general implications for fault mechanics and seismic hazard. In particular, this project 
addresses objective A10, to “Develop statistical descriptions of heterogeneities (e.g., in stress, strain, 
geometry and material properties)”.

Broader impacts

This project strengthens international collaborations by building ties between USC/SCEC and GFZ 
Potsdam. Project funding partially supported the training of a graduate student, Thomas Goebel. 
Renewed efforts of studying potentially earthquake-analog experiments in the lab helps cross-fertilizes 
the fields of rock mechanics and earthquake source seismology.



Major findings

Seismicity clusters within fault zones can be connected to the structure, geometric complexity and size 
of structural asperities which can perturb and intensify the stress field in their periphery. To gain further 
insight into fault mechanical processes, we study stick-slip sequences in an analog, laboratory setting. 
Analysis of small-scale fracture processes expressed by acoustic emissions (AEs) provides the 
possibility to investigate how micro-seismicity is linked to fault heterogeneities and the occurrence of 
dynamic slip events (Figure 1). Our work connects X-ray computer tomography (CT) scans of faulted 
rock samples with spatial maps of b-values (slope of the frequency-magnitude distribution), seismic 
moments and event densities. Our current experimental set-up facilitates the creation of a series of 
stick-slips on one fault plane thus allowing us to document how individual stick-slips can change the 
characteristics of AE event populations in connection to the evolution of the fault structure. We found 
that geometric asperities identied in CT-scan images were connected to regions of low b-values, 
increased event densities and moment release over multiple stick-slip cycles. Our experiments 
underline several parallels between laboratory findings and studies of crustal seismicity, for example, 
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Figure 1: Examples of AE-event density (top,  
φ), b-value (middle) and moment, M0, release  
(bottom) maps computed for acoustic  
emissions occurring before slip event one of  
stick-slip experiment Wgrn05 of Goebel et al.  
(JGR, in press, 2012; see there for details).  
Slip event one (red star) nucleated close to or  
from within an area of high φ, M0 and low b-
value. The frequency magnitude distributions  
for high and low b-value regions are 
compared in the lower left subplot of the  
middle figure. The seismically defined  
asperity region is connected to low b-values,  
high event density and moment release.



that asperity regions in lab and eld are connected to spatial b-value anomalies. These regions appear to 
play an important role in controlling the nucleation spots of dynamic slip events and crustal 
earthquakes. Findings are documented in Goebel et al. (in press, JGR, 2012) and Goebel et al. 
(submitted, 2012). Another manuscript is in the works. 

Result dissemination and products

We have one paper describing the initial results from this study in press, and another submitted:
• Goebel, T. H. W., Schorlemmer, D. Dresen, G. and Becker, T. W.: Stress-driven variations in b-

values during stick-slip experiments on fracture surfaces. Submitted to J. Geophys. Res., 2012. 
(http://geodynamics.usc.edu/~becker/preprints/gsdb12.pdf)

• Goebel, T. H. W., Becker, T. W., Schorlemmer, D., Stanchits, S., Sammis, C., Rybacki, E., and 
Dresen, G.: Identifying fault heterogeneity through mapping spatial anomalies in acoustic 
emission statistics. In press at J. Geophys. Res., 2012. 
(http://geodynamics.usc.edu/~becker/preprints/gbsssrd11.pdf)

We presented results from this project research at several scientific meetings, including the following:

• Thomas Goebel; Thorsten W. Becker; Danijel Schorlemmer; Sergei Stanchits; Charles G. 
Sammis; Erik Rybacki; Georg H. Dresen. Identifying fault heterogeneity through mapping 
spatial anomalies in acoustic emission statistics, T13E-2432, AGU Fall Meeting, San Francisco, 
2011. 

• Goebel, T. H. W., Becker, T. W., Schorlemmer, D., Stanchits, S. Rybacki, E., Dresen. G: 
Connecting Acoustic Emission Event Locations, Aftershock Density and b-values before and 
after Stick-Slips to Changes in Topography of Rough Fracture Surfaces during Frictional 
Sliding Experiments. Meeting of the Seismological Society of America Abtsract, Memphis TN, 
2011 (Best Student Presentation Award) 

• T. H. Goebel, T. W. Becker, D. Schorlemmer, S. Stanchits, C. Sammis, E. Rybacki and G. 
Dresen,  Identifying fault heterogeneity through mapping spatial anomalies in acoustic emission 
statistics, 2011 SCEC Annual Meeting, Abstracts, 21, 160, 2011.

• T. H. Goebel, C. Sammis, and T. W. Becker.  Connecting the spatial distribution of acoustic 
emissions to fault roughness during stick-slip experiments, 2011 SCEC Annual Meeting,  
Abstracts, 21, 160, 2011.

In addition, Thomas Goebel presented his work in a seminar at Lamont in December 2011, and Becker 
at a departmental seminar at UCLA in February 2012.
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