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Updates and Improvements to the SCEC CFM 5.3 for 2020
Based on updated, mapped fault surface traces, industry seismic reflection and well data, and improved, 
updated relocated hypocenter and focal mechansim catalogs, new or updated 3D fault representations were 
added to CFM 5.3  in the recently active (1) Ridgecrest and (2) Coso-Owens Valley areas (see Plesch et al, 
Poster 184 for details), in the (3) Great Valley, (4) Offshore Central California, (5) Western Transverse 
Ranges and (6) Offshore Continental Borderland fault areas, plus faults in the (7) Coastal Los Angeles- 
San Pedro Basin, (8) Cajon Pass Earthquake Gate and (9) Ventura Special Fault Study areas. 

In the Cajon Pass Earthquake Gate Area, focal mechanisms with nodal planes parallel or nearly parallel to 
the major San Andreas and San Jacinto faults exhibit predominantly strike-slip motion on steeply dipping 
faults (80°-90°), and together with mapped geology [e.g., Forand et al., 2017] help define a wide, subvertical 
viscoelastic zone of distributed right-lateral shear through the Pass.  Major faults (San Andreas, Glen 
Helen, San Jacinto) are all seismically active, near-vertical and subparallel, and do not tend to merge at depth. 
This wide zone of coupling has important implications for how dynamic ruptures may propagate and slip is 
transferred between the San Andreas and San Jacinto fault systems through the Pass [Nicholson et al., 2020].

Relocated dd hypocenters and focal mechansim nodal planes of the 2019 Ventura River earthquake swarm 
near Pitas Point suggest slip on a possible blind, NW-striking tear fault in the footwall of the Ventura fault, and 
slip on the S-dipping, low-angle, listric Padre Juan fault [Nicholson et al., 2020]. Revised gc hypocenters are, 
however,  consistently deeper, but the 1D gradient model used likely had basin velocities too high.  If true, the 
Holocene slip on the Padre Juan fault implies that the large uplift events found at Pitas Point [Rockwell et al., 
2016] may not be necessarily or solely related to slip on the Ventura fault as previously proposed.

Industry seismic reflection and well data have been used to better define the Palos Verdes Anticlinorium 
that occupies much of coastal Los Angeles [Sorlien et al., 2013].  This large, regional fold structure is produced 
by slip on a commensurate, underlying detachment that connects San Pedro Escarpment, Santa Monica Bay 
detachment [Sorlien et al., 2013], and Wilmington blind faults [Wolfe et al., 2019] with the blind, Compton 
thrust fault beneath Los Angeles. Many of these offshore and near-onshore faults, including the connecting, 
underlying detachment that were previously missing from the 3D fault set were added to CFM 5.3 for 2020.
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(left) Map view of 2019 Ventura River earthquake swarm (red dots) located near Pitas Point. Over 70 
events occurred within 2 days. Inset shows focal mechanism of largest event in sequence indicating 
right-slip on a possible NW-striking tear fault. (right) Hypocenters derived using double-difference (dd) 
(HypoDD) and 3D velocity model [Hauksson, 2000] are located in the footwall of the Ventura fault and 
at or above the S-dipping, listric Padre Juan fault. Focal mechanism nodal planes (gray disks) of largest 
events are consistent with either slip an a high-angle NW-striking tear fault or a low-angle, S-dipping 
Padre Juan fault [Nicholson et al., 2020]. If true, the large uplift events found at Pitas Point [Rockwell et 
al., 2016] may not be necessarily (solely) related to slip on the Ventura fault as previously proposed.

2019 Ventura River Earthquake Swarm
Evidence for Holocene activation of S-dipping Padre Juan fault?
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(left) Measured interval velocities in the eastern Santa Barbara Channel as compared with 1D  velocity 
models for the Ventura basin (black)[O’Connell, 1995] and a 1D gradient model (red) used for updated 
hypocenters derived using additional cross-correlation differential travel-times and GrowClust (gc) -- a 
relative relocation code [Trugman and Shearer, 2017].  (right) As a result, gc hypocenters (magenta) 
derived with the higher 1D gradient model are systematically about 3 km deeper than the initial dd 
hypocenters (red).  Focal mechanism nodal planes are still consisitent with either slip on a high-angle 
NW-striking tear fault (gray disks) or a low-angle, S-dipping fault (magenta disks), however, the events 
are now significantly below both the mapped Padre Juan and Ventura faults. Although the relative gc 
locations have been well calibrated onshore in active areas like Ridgecrest, it is not clear to what extent 
the significantly lower velocities found in the Ventura basin and offshore Santa Barbara Channel (left) 
will effect--and likely raise--the absolute gc hypocenter focal depths of the swarm.
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(A) Geomorphic expression of the Palos Verdes Anticlinorium that is best defined in the subsurface by (B) 
the near-base Repetto-top Miocene surface [Sorlien et al., 2013]. This large, regional fold is produced by slip 
on an underlying detachment (C) that daylights offshore with the Santa Monica Bay detachment and San 
Pedro Escarpment faults, and that connects with the blind, Compton thrust fault beneath Los Angeles. (D) 
Oblique 3D view looking NNW across the near-base Repetto surface, and underlying CFM 5.3 faults. (E) 
Same as D, but Repetto surface removed. New faults added to CFM 5.3 include the San Pedro Escarpment 
faults [Sorlien et al., 2013], Wilmington blind faults [Wolfe et al., 2019], and the new underlying detachment 
(red) that connects these faults and faults in Santa Monica Bay with the blind Compton thrust.

Updated 3D Fault Set for Coastal Los Angeles, San Pedro Basin and Santa Monica Bay Associated with the 
Palos Verdes Anticlinorium, San Pedro Escarpment Fault and Santa Monica Bay Detachment
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3D Fault Geometry & Coupling in Cajon Pass Earthquake Gate Area

(top right) Focal mechanism nodal 
planes (circular disks) parallel or 
subparallel to major San Andreas and 
San Jacinto faults are predominantly 
steeply dipping (80°–90°) and 
together with mapped geology 
[Forand et al., 2017] define a wide, 
sub-vertical viscoelastic zone of 
distributed right-lateral shear through 
the Pass. (top left) In cross section, 
active faults remain near-vertical and 
do not appear to merge at depth.  
(Cross section view angle shown by 
red arrow in map view.) Aligned nodal 
planes also define possible blind, NW 
and SE extensions to the Glen Helen 
fault (red-dashed lines) beyond its 
mapped surface trace. (right) These 
results have been used to generate 
updated CFM 3D Glen Helen fault 
representations for version 5.3.

8 New White Wolf Fault and Offshore Santa Maria Basin Faults 

Oblique 3D views of (left) alternative White Wolf fault and Scodie linement, and (right) revised Hosgri- 
San Simeon fault and new Lompoc, Purisima, Sur, Santa Lucia Bank, Santa Maria Basin thrust and West 
Basin faults (red w/white borders) based on industry seismic and well data [e.g., Goodman and Malin, 
1992; Willingham et al., 2013; Sorlien et al., 2015] and updated (1981-2018) relocated seismicity catalogs. 
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Google ‘SCEC CFM’ to download and explore!
Browse to https://www.scec.org/research/cfm 
or try out the new CFM viewer interface at: 
https://www.scec.org/research/cfm-viewer/

Updated SCEC CFM v5.3 Fault Representations for 2020

Oblique 3D map view of updated, preferred CFM 5.3 fault set for 2020. Relocated seismicity from Hauksson et al. [2012 + updates] is 
color-coded by focal depth (color-bar). New, updated, or revised 3D surfaces added to the CFM for 5.3 are shown in red/magenta with white 
borders. These include faults in the recently active (1) Ridgecrest and (2) Coso-Owens Valley areas (see Plesch et al, Poster 184 for more 
details), in the (3) Great Valley, (4) Offshore Central California, (5) Western Transverse Ranges and (6) Offshore Continental Borderland fault 
areas, plus faults in the (7) Coastal Los Angeles, (8) Cajon Pass Earthquake Gate and (9) Ventura Special Fault Study areas. 
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