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A little background

Dor et al. 2006

Ben-Zion and Shi, 2005

Initial motivation for our studies was to test whether 
symmetry properties along major crustal faults (SAF, SJF) 
may affect rupture direction.

Preliminary field studies indicated strong asymmetry 
in the fault core structure of the San Jacinto fault.



This led into observations of intense pulverization (sub-grain 
fracturing) along the San Andreas and San Jacinto faults

ÅPulverized Fault Zone Rocks refers mainly to 

crystalline metamorphic and plutonic rocks that were 

mechanically fractured to the micron scale, while 

preserving most of their original fabric and crystal 

boundaries (Dor et al., 2006b).

ÅLittle to no grain rotation ï lack of shear!

ÅWe also recognized sub-grain fragmentation in 

sandstone and alluvium adjacent to the San Andreas 

and San Jacinto faults.



Notably, pulverized rocks 
display dilation with gouge 
injected between crystal 
fragment near the fault 
core, and a lack of sub-grain 
rotation.  

These observations imply 
dilation under tension 
rather than compression.

Morton et al. 2012



Early work was on 
the faults that 
produce large 
earthquakes

But what about 
faults that produce 
moderate 
earthquakes?



San Miguel Fault, Baja California

Paleoseismic ǎǘǳŘȅ ƛƴ ŜŀǊƭȅ мффлΩǎΥ bƻ ǎƛƎƴƛŦƛŎŀƴǘ ŘŀƳŀƎŜ 
zone within 1 m of fault core of 1956 (M6.8) rupture trace 
with 1.1 m of lateral displacement based on 3D trenching



Northern Coyote Creek Fault This observation

Granodiorite with little to no brecciation or evidence 
of pulverization adjacent to the Coyote Creek fault. 
Displacement per event estimated at about 1 m 
based on geomorphic offsets. Northern CCF slip distribution



Superstition Hills Fault

None to extremely little sub-grain fracturing in the 
sandstone next to the fault core. This site 
sustained about 20-40 cm of co-seismic slip with 
many tens of cms of afterslip from the 1987 
Superstition Hills earthquake (Mw6.6)



Mmax ς the maximum size of an earthquake that 
can occur on a specific fault

This led to the question: Are there thresholds in rupture size 
that control the type and extent of damage?

And the topic of my presentation: Can we define the typical size, and 
perhaps the largest size (Mmax) earthquakes that typically occur along a 
fault based on their physical and chemical characteristics?



Test case: 160 km-long x 13 km-wide fault with 4 mm/yr slip 
ǊŀǘŜΦ ¢Ƙƛǎ ŜȄŀƳǇƭŜ ǳǎŜǎ .ǊǳŎŜ {ƘŀǿΩǎ aŀƎ-LogA to yield a 
best-fit Mw7.5

Mmax is used in PSHA studies and affects hazard 
calculations, and although a bit counter-intuitive, 
the larger the Mmax for a fault, the lower the 
hazard in general because some of the long-term 
motion is used by the rarer, very large earthquakes.

If the fault typically ruptures in smaller, moderate 
events, the hazard is actually higher than if it 
typically ruptures end-to-end



Superstition Hills Fault

None to extremely little sub-grain fracturing in the sandstone next to the fault core. This site sustained about ~20-
40 cm of co-seismic slip with many tens of cms of afterslip from the 1987 Superstition Hills earthquake (Mw6.6)

Relatively young element of the southern San Jacinto fault zone with <8 km of total RL slip 


