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Principal Observations 
 
l  Through San Gorgonio Pass (SGP), seismicity appears to define a mechanically layered crust 

with predominantly high-angle strike-slip to oblique slip faults in the upper crust, while beneath 
~10 km depth, intersecting sets of strike-slip, oblique slip and low-angle thrust faults define a 
wedge-shaped volume deformation of the lower crust. 

l  In some places, this interface between upper and lower crustal deformation may be an active 
detachment fault. 

l  Alignments of hypocenters and nodal planes define multiple principal slip surfaces through 
SGP, including a through-going steeply-dipping (~70°) predominantly strike-slip fault at depth 
and a more moderately-dipping (40°-50°NE) oblique thrust fault that both project upwards 
towards the San Andreas fault (SAF) surface trace. 

l  In some cases, sections of various SAF strands (like the Mill Creek strand) that may be 
currently aseismic can be defined by where they truncate adjacent secondary seismicity. 

l  Some active SAF strands may be best defined in areas just outside the complexity of SGP. In 
the northern Coachella Valley, seismicity indicates that the Garnet Hill and Banning faults are 
most likely sub-parallel and steeply dipping (~70°NE) to depths of 8–10 km, where they 
intersect and merge with a stack of moderately dipping oblique thrust faults.  

l  Although the dense wedge of deep seismicity below SGP and largely south of the SAF 
contains multiple secondary fault sets of different orientations, the predominant fault set 
appears to be a series of en echelon NW-striking strike-slip to oblique-slip faults that dip NE 
and strike slightly oblique to the SAF. 



Relocated Seismicity and New SCEC 3D CFM-v4 Fault Representations 

Oblique 3D view of new detailed CFM-v4 fault representations for the San Andreas, San Jacinto, Elsinore-Laguna Salada 
(including El Mayor-Cucapah) and Mecca Hills-Hidden Springs fault systems, plus CGS/USGS Quaternary fault (Qfault) 
surface traces (red lines), and relocated seismicity (dots color-coded by depth) [Nicholson et al., 2011].  
Earthquake hypocenters from Lin et al., 2007. 



Relocated Seismicity and Focal Mechanism Nodal Planes in Map 
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Recently Released Hauksson-Yang-Shearer Relocated Catalog 
(1981-2011). Earthquakes color-coded by depth. 
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hypocenters from Hauksson et al., 2012 

Map 3D view of relocated seismicity and CFM-v4 fault representations through San Gorgonio Pass 
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Oblique 3D view looking down-dip (~70°NE) of Banning fault in the Coachella Valley 

hypocenters from Hauksson et al., 2012 
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hypocenters from Hauksson et al., 2012 

Oblique 3D view looking down-dip (~65°NE) of Palm Springs fault (PSF) 
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New, Revised Alternative SCEC CFM-v4 Fault Representations 

hypocenters from Hauksson et al., 2012 
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Conclusions 
l  Relocated earthquake hypocenters and focal mechanism nodal planes can be used to define the 3D 

geometry of active subsurface faults, especially when looking down-dip within the plane of slip.  
l  Through San Gorgonio Pass (SGP), seismicity appears to define a mechanically layered crust with 

predominantly high-angle strike-slip to oblique slip faults in the upper crust, while beneath ~10 km 
depth, intersecting sets of strike-slip, oblique slip and low-angle thrust faults define a wedge-shaped 
volume deformation of the lower crust. 

l  In some places, this interface between upper and lower crustal deformation may be an active 
detachment fault. 

l  Alignments of hypocenters and nodal planes define multiple principal slip surfaces through SGP, 
including a through-going steeply-dipping (~70°) predominantly strike-slip Banning strand at depth 
and a more moderately-dipping (40°-50°) oblique North Palm Springs fault that both project upwards 
towards the San Andreas fault (SAF) surface trace. 

l  The North Palm Springs fault may be the active down-dip extension of the San Gorgonio Pass thrust 
offset at depth by the principal, through-going steeply dipping Banning strand of the SAF. 

l  In the northern Coachella Valley, seismicity indicates that the Garnet Hill and Banning strands of the 
SAF are most likely sub-parallel and steeply dipping (~70°NE) to depths of 8–10 km, where they 
intersect and merge with a stack of moderately dipping to low-angle oblique thrust faults, including 
the NPSF.  

l  Although the dense wedge of deep seismicity below SGP and largely south of the SAF contains 
multiple secondary fault sets of different orientations, the predominant fault set appears to be a 
series of en echelon NW-striking strike-slip to oblique-slip faults that dip NE and strike slightly 
oblique to the SAF. 
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(Lees and Nicholson, 1993) 



Basin thickness 
inferred from gravity 
and well data 
(Langenheim et al., 2005) 

Water level contours as of 1967 that 
define 4 discrete sub-basins in the 
Northern Coachella Valley separated 
by the Garnet Hill (GHF), Banning 
(BF) and Mission Creek (MCF) fault 
strands 
(after Tyley, 1974) 



[Nicholson,1996] 

Relocation of the 1948 M6.2 Desert Hot Springs and 1986 M6.0 North Palm Springs sequences 



Relocated Seismicity and Focal Mechanism Nodal Planes 

Salton 
Sea 



Map & cross section views of seismicity along and adjacent to the 
Southern San Andreas fault 
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Revised Alternative SCEC CFM Fault Representations Previous SCEC CFM v.3.0 Fault Representations 
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Map view comparison of old and new CFM fault models along the 
Southern San Andreas fault 




