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Summary: 

This report summarizes our 2004-5 SCEC funded research on the distribution and 
properties of pulverized fault zone rocks along a 140 km long section of the San Andreas 
Fault in the Mojave Desert. The results show that almost every outcrop of crystalline rock 
within about a 100-m-wide belt along this fault section is pulverized and lacks significant 
shear. We find structural similarities between the San Andreas Fault zone and exhumed 
faults of the San Andreas Fault system, although pulverized rocks are not common in all 
of them. Most outcrops of the pulverized fault zone rocks appear on the northeast side of 
the principal slip zone of the San Andreas Fault, which is the block with faster seismic 
velocities at seismogenic depth. The large scale asymmetric pattern of the pulverized 
rocks is supported by detailed mapping in selected sites, and is compatible with previous 
mapping of rock damage at smaller scales. An apparent pulverization of sedimentary 
rocks that were never deeply buried, field relations between bodies of pulverized rocks 
and younger sediments together with other related evidences listed below imply that 
pulverization along this portion of the fault occurred in the top few km of the crust. The 
width of the pulverized fault zone rocks and inferred depth extent of pulverization are 
similar to the dimensions of imaged low velocity fault zone layers that act as waveguides 
for seismic trapped waves. The observed asymmetric pattern of shallow damaged fault 
zone rocks is compatible with predictions for wrinkle-like ruptures along a material 
interface, with a preferred northwest propagation direction of large earthquakes on the 
Mojave section of the fault. Below we provide additional details taken from a paper on 
this topic. 
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Following previous studies on properties of pulverized fault zone rocks which 
showed that fault zone rocks in Tejon Pass are mechanically pulverized to the sub-micron 
scale (Wilson et al. 2005), we mapped the damage pattern of crystalline rocks along the 
Mojave section of the San Andreas Fault (SAF) by visiting each outcrop where 
crystalline rocks are exposed within up to 200 m from the fault. The main goals were (1) 
to examine whether rock pulverization occurs commonly along the fault, (2) to observe 
symmetry properties of the distribution, (3) to infer on possible depth extent of the 
pulverization process, and (4) to relate the results to aspects of the faulting mechanism 
during large SAF earthquakes. This report summarizes observations and inferences from 
the mapping.  

The results show that almost every outcrop of crystalline rock within about a 100-
m-wide belt along this fault section is pulverized (Figure 1) and lacks significant shear. 
We find structural similarities between the San Andreas Fault zone and exhumed faults of 
the San Andreas Fault system, although pulverized rocks are not common in all of them. 
Most outcrops of the pulverized fault zone rocks appear on the northeast side of the 
principal slip zone of the San Andreas Fault, which is the block with faster seismic 
velocities at seismogenic depth (Fuis et al., 2003; Lutter et al., 2004). The large scale 
asymmetric pattern of the pulverized rocks is supported by detailed mapping in selected 
sites (Figure 2), and is compatible with previous mapping of rock damage at smaller 



scales (Dor et al., 2006). An apparent pulverization of sandstones and conglomerates, 
together with field relations between bodies of pulverized rocks and younger sediments, 
imply that pulverization along this portion of the fault occurred in the top few km of the 
crust. The width of the pulverized fault zone rocks and inferred depth extent of 
pulverization are similar to the dimensions of imaged low velocity fault zone layers that 
act as waveguides for seismic trapped waves (e.g., Lewis et al., 2005). The observed 
asymmetric pattern of shallow damaged fault zone rocks is compatible with predictions 
for wrinkle-like ruptures along a material interface, with a preferred northwest 
propagation direction of large earthquakes on the Mojave section of the fault (e.g., Ben-
Zion and Shi, 2005; Shi and Ben-Zion, 2005). 

 
References: 
Ben-Zion, Y. and Shi, ZQ 2005. Dynamic rupture on a material interface with 

spontaneous generation of plastic strain in the bulk. Earth. Plant. Sci. Lett., 236, 486-
496, DOI: 10.1016/j.epsl.2005.03.025. 

Dor O., Rockwell, T.K. and Ben-Zion, Y. 2006. Geologic observations of damage 
asymmetry in the structure of the San Jacinto, San Andreas and Punchbowl faults in 
southern California: A possible indicator for preferred rupture propagation direction. 
Pure Appl. Geophys. in press. 

Fuis, G.S., Ryberg, T., Godfrey, N., Okaya, D.A., and Murphy, J.M. 2001. Crustal 
structure and tectonics from the Los Angeles basin to the Mojave Desert, southern 
CA. Geology, 29, 15-18.  

Lewis, M., Peng, Z., Ben-Zion, Y. and Vernon, F. 2005. Shallow Seismic Trapping 
Structure in the San Jacinto Fault Zone near Anza, California, Geophys. J. Int., 162, 
867–881, doi:10.1111/j.1365-246X.2005.02684.x. 

Lutter, W.J., Fuis,G.S., Ryberg,T., Okaya, D.A., Clayton, R.W., Davis, P.M., Prodehl, 
C., Murphy, J.M., Langenheim, V.E., Benthien, M.L., Godfrey, N.J., Christensen, 
N.I., Thygesen, K., Thurber, C.H., Simila, G., and Keller, G.R. 2004. Upper crustal 
structure from the Santa Monica Mountains to the Sierra Nevada, Southern 
California: tomographic results from the Los Angeles Regional Seismic Experiment, 
Phase II (LARSE). Bull. Seismol. Soc. Amer., 94, 619-632. 

Shi, ZQ and Ben-Zion, Y. 2005. Dynamic rupture on a bimaterial interface governed by 
slip-weakening friction, Geophys. J. Int. in press. 

Wilson, B., Dewers, T., Reches, Z., and Brune, J. 2005. Particle size and energetics of 
gouge from earthquake rupture zones 

 
Publications Supported by this grant 
Ben-Zion, Y., Z. Shi, O. Dor and T. Rockwell, Theoretical and observational results on 

rupture along a bimaterial interface, Seism. Res. Lett., 76(2), 261, 2005. 
Dor O., T. Rockwell and Y. Ben-Zion, Pulverized Fault Zone Rocks Along the Mojave 

Section of the San Andreas Fault: Distribution and Mechanical Significance, EOS 
Trans. Amer. Geophys. Union, 85, F1352, 2004. 

Dor O., Y. Ben-Zion, T. K. Rockwell and J. Brune, Geological signal for preferred 
rupture direction: updated observations from large strike-slip faults in Southern CA, 
Seism. Res. Lett., 76(2), 252-253, 2005. 

Dor O., Y. Ben-Zion, T. K. Rockwell and J. Brune, Pulverized Rocks in the Mojave 
section of the San Andreas Fault Zone, submitted to Earth Planet. Sci. Lett., 2005. 



 
 
Figure 1: Map of crystalline plutonic rocks in the damage zone of the SAF, classified 
according to their damage pattern (color scale). Also shown are exposures of pulverized 
sedimentary rocks (purple stars). The map covers a 140 km long section of the fault 
between Quail Lake and Cajon Pass. The fault-normal dimension was enlarged to be 
three times the fault parallel dimension. The pulverized fault zone rocks (red and orange 
spots) were found mainly on the northeast side of the fault. The blue dashed frame shows 
the section for which mesoscale mapping is presented in Figure 2. 
 
 



 
Figure 2: (a) A detailed distribution of damage fault zone rocks in a site northwest of 
Lake Hughes, damage is color coded according to scale. (b) A composite cross section of 
the damage zone obtained by stacking features from (a) into a vertical plane 
perpendicular to the fault. The principal slip zone is on the southwest side of a ~60 m 
wide layer of intensely pulverized rocks. Additional strike slip activity is apparent by 
subsidiary gouge zones northeast of the principal slip zone. A ‘fault zone valley’ 
correlates with the zone of intense damage. 
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