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Summary 
 During SCEC4, I and my colleagues Andreas Plesch, Chris Sorlien, John Shaw and Egill Hauksson 
continued to make steady and significant improvements to the SCEC Community Fault Model (CFM), 
culminating in the release of CFM-v5.1 [Plesch et al., 2016]. This systematic update to CFM represents 
a substantial improvement of 3D fault models for southern California. The CFM-v3 fault set was 
expanded from 170 faults to over 820 3D fault objects and alternative representations that define over 
380 faults organized into 105 complex fault systems (Fig.1). Most of these new updated 3D fault models 
were developed at UCSB. This includes all the major faults of major fault systems (e.g., San Andreas, 
San Jacinto, Elsinore-Laguna Salada, Newport-Inglewood, Imperial, Garlock, etc.), and most major 
faults in the Mojave, Eastern & Western Transverse Ranges, offshore Borderland, and updated faults 
within the Ventura & San Gorgonio Pass Special Fault Study Areas (Fig.1)[Nicholson et al., 2012, 
2013, 2014, 2015, 2016; Sorlien et al, 2012, 2014, 2015, 2016; Sorlien and Nicholson, 2015]. These 
new models allow for more realistic, curviplanar, complex 3D fault geometry, including changes in dip 
and dip direction along strike and down dip, based on the changing patterns of earthquake hypocenter 
and nodal plane alignments and, where possible, subsurface imaging of fault geometry with seismic 
reflection data. In 2015-2016, 120 updated fault models were added to CFM since the release of v5.0. 

 Figure 1. Oblique 3D view looking NE of preferred CFM fault models, plus Qfault surface traces (red lines), 
and relocated seismicity (blue dots) [Nicholson et al., 2015; Plesch et al., 2016]. CFM-v5.1 improvements 
include 120 new, updated or alternative 3D fault models added to CFM since the release of CFM-v5, or a total 
of over 270 new or updated faults models or alternative representations added to CFM with versions 5.0 & 5.1 
since CFM version 4.0 was initially released in 2012. Seismicity (1981-2012) from Hauksson et al. [2012]. 
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Technical Report 
 Under the SCEC research organization, many aspects of earthquake forecasting (EFP) and seismic 
hazard evaluation (UCERF3), including developing credible earthquake rupture scenarios (Cybershake) 
and simulations (CISM), predicting strong ground motion (GM), understanding the mechanical behavior 
of faults (FARM), and modeling stress, crustal deformation (SDOT), or geodetic and geologic fault slip 
rates (SAFS), as well as successful development of related community models (CXM), are all strongly 
dependent on accurately resolving the 3D geometry of active faults at seismogenic depths. For this 
reason, a considerable effort within SCEC has been focused on developing, updating and improving the 
SCEC 3D Community Fault Model (CFM) and its associated Unified Structural Representation of the 
crust and upper mantle for southern California [e.g., Plesch et al., 2007, 2016; Nicholson et al., 2015, 
2016; Shaw et al., 2015]. Such efforts to update and improve CFM are fundamental to SCEC’s primary 
research objectives if we are to better understand the geometry of the San Andreas system as a complex 
network of faults, and other aspects of fault kinematics, dynamic rupture, strain accumulation and stress 
evolution of major fault systems. Because of this need, during SCEC4, hundreds of new, updated or 
alternative 3D fault models for major active fault zones were added to CFM (Fig.1), resulting in fault 
representations that are more precise and often more complex, highly segmented, curviplanar and multi-
stranded than in previous CFM model versions. 
 As part of our on-going group efforts to update, expand and improve CFM, this UCSB project added 
many new or revised 3D fault models to CFM in the Mojave and Eastern Transverse Ranges fault areas, 
together with updated models for the Newport-Inglewood-Rose Canyon fault system, and faults in the 
Western Transverse Ranges associated with the Ventura Special Fault Study Area (SFSA). The Ventura 
area fault updates to CFM included extending the active North Channel-Pitas Point-Red Mountain fault 
system west to Pt. Conception, updating the geometry of the offshore Oak Ridge and Mid-Channel 
faults, and incorporating S-dipping sub-horizontal faults in the western, eastern, and mid-channel areas, 
including the Hondo, Padre Juan & Western Deep faults, based on mapping with industry multi-channel 
seismic (MCS) reflection data (Fig.2)[Sorlien et al., 2015, 2016]. Fault surfaces mapped in time with 
MCS data were depth-converted using the Harvard 3D velocity model (CVM-H), augmented with well 
data [e.g., Redin et al., 2005] and extended to seismogenic depths based on correlations to relocated 
seismicity (1981-2012) provided by Hauksson et al. [2012][Nicholson, 2016; Nicholson et al., 2016]. 

  

Figure 2. (top) Oblique 3D view looking 
WNW of CFM-v5.1 fault models in the 
Santa Barbara Channel, onshore Santa 
Ynez Range and western Ventura basin. 
(bottom) Map view of same CFM faults. 
Red lines are USGS/CGS Quaternary fault 
surface traces; fine white line is coast line. 
In 2016, new or updated fault models were 
added for the onshore Ventura fault, North 
Channel-Pitas Point-Red Mountain fault 
system, the Oak Ridge and Mid-Channel 
faults, and S-dipping Hondo, Western 
Deep, Padre Juan, Javon Canyon and Sisar 
detachment faults, based on mapping with 
industry seismic reflection data [Sorlien et 
al., 2016], well data, relocated seismicity 
and depth-converting fault time grids using 
the CVM-H 3D velocity model [Nicholson 
et al., 2016]. 
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 In addition to expanding the 3D CFM fault set for southern California and related issues of fault 
model completion, depth conversion, and extending faults deeper with relocated seismicity, there is also 
the issues regarding fault model evaluation, model validation, and how to properly discriminate between 
various competing alternative representations. For example, in the Ventura SFSA, there is still a major 
on-going controversy regarding the faults responsible for the large vertical uplift events found at Pitas 
Point [Rockwell et al., 2014, 2016]. One model postulates that these uplift events are driven exclusively 
by slip on the N-dipping Pitas Point-Ventura fault (PPVF), that the size of the uplift events is 
characteristic of the average slip over the fault during rupture yielding the prospect of multiple Holocene 
M7.7-M8 earthquakes on the PPVF, and that the PPVF exhibits a distinctive ramp-flat-ramp geometry, 
with the flat at 7 km depth [e.g., Hubbard et al., 2014; Rockwell et al., 2016]. The alternative model 
considers the uplift events at Pitas Point to be anomalous and localized, and therefore not representative 
of the average slip at depth further along strike; to consider the PPVF—and the Red Mountain fault with 
which it merges—to be relatively steep without a flat detachment, and that the uplift at Pitas Point is 
primarily driven by slip on the S-dipping Padre Juan fault, its interaction with the PPVF, or the result of 
localized restraining bend or possible secondary tear fault [Nicholson et al., 2015; 2016]. 
 Figure 3 (right) shows these two alternative fault models in CFM for the combined Pitas Point-Red 
Mountain fault. The dark-blue, ramp-flat-ramp model [Hubbard et al, 2014] is based on limited well 
data in the onshore Ventura basin and a 2D fault-related fold model that has been projected offshore. It 
is the fault geometry assumed for proposed M7.7-M8 earthquakes on the Pitas Point fault [e.g., Ryan et 
al., 2015; Rockwell et al., 2016]. The red-purple, more steeply dipping model is based mostly on the 
offshore mapping with industry MCS data (Fig.2), and combining this with relocated seismicity in the 
eastern Santa Barbara Channel [Nicholson and Kamerling, 1998; Kamerling et al., 2003; Nicholson et 
al, 2014; 2016]. To evaluate the validity of these two alternative fault models, we can compare them 
with independent datasets of relocated hypocenters for the 1978 M5.9 Santa Barbara and 2013 M4.8 Isla 
Vista earthquakes. These are the two largest reasonably recorded events in the area and are data not 
previously included in either model construction. If we do so, this indicates that the steeply dipping fault 
model, rather than the alternative ramp-flat model, is more consistent with this recent slip at depth. 

 
Figure 3. (left) Example of Precariously Balanced Rocks present in the foothills behind Santa Barbara and directly 
above ramp-flat fault source model assumed for proposed Holocene M8 earthquakes [Brune, 2009]. (right) Oblique 
3D view looking East of North Channel-Pitas Point-Red Mountain fault system (red-purple) [Nicholson et al., 2015] 
and alternative ramp-flat Pitas Point-Red Mountain fault model (dark blue)[Hubbard et al., 2014]. Independent 
datasets of relocated hypocenters for the 1978 M5.9 Santa Barbara and 2013 M4.8 Isla Vista earthquakes (not 
included in either original model construction) indicate that the steeply dipping fault model (red-purple) is more 
consistent with this recent slip than the proposed alternative ramp-flat model (dark blue)[Nicholson et al., 2016]. 
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 Other data and observations also indicate that the proposed ramp-flat-ramp model for the Pitas Point-
Red Mountain-Ventura fault is not correct and that it is unlikely that the large uplift events at Pitas Point 
are indicative of ~M8 earthquakes. First, there is a line of Precariously Balanced Rocks or PBR's in the 
foothills above Santa Barbara and Montecito (Fig.3, left)[Brune, 2009]. The presence, age and fragility 
of these rocks generally preclude the occurrence of shallow Holocene M8 earthquakes on the PPVF 
regardless of which fault geometry is assumed at depth. Second, the distinct lack of Holocene surface 
rupture onshore, or seafloor offset offshore for the PPVF, plus the distinct lack of widespread tsunami 
deposits that would be expected from such shallow (<15 km) M8 earthquakes that extend ten's of km 
offshore is also problematic for the proposed multiple large ~M8 Holocene events [Nicholson, 2016].  
 The proposed fault-related fold model for the PPVF [Hubbard et al., 2014] and model of multiple, 
large Holocene events on the PPVF [Rockwell et al., 2016] has some other fundamental inconsistencies, 
not the least of which are: failure of the 2D fold model to properly infer subsurface oblique fault-fold 
geometry [Hopps et al., 1992], and an implied Holocene slip rate for the blind PPVF that is inconsistent 
with offshore observations [Johnson et al., 2016; Nicholson et al., 2016]. The reason for these 
discrepancies may be that uplift at Pitas Point is driven primarily by slip on the S-dipping listric Padre 
Juan fault (PJF)[Grigsby, 1988], by a restraining bend in the PPVF, or both. The PJF juxtaposes the 
strongly N-verging San Miguelito anticline in its hanging wall above the more symmetric Ventura 
Avenue-Rincon anticline in its footwall (Fig.4). Fault and fold geometry is well determined by industry 
wells that produce from the distinctly different upper San Miguelito and lower Rincon oilfields, and by 
imaging offshore with seismic reflection data. In the upper 3 km, the PJF exhibits up to 2.6 km of dip 
separation, in contrast to ~200 m of inferred dip separation on the Ventura fault at similar depths (Fig.4). 
Much of this PJF slip is syntectonic with growth of the Rincon anticline as PJF splays are folded by this 
lower fold. The timing and slip involved for San Miguelito fold growth and its emplacement against and 
deformation of the lower Rincon anticline, the specifics of inferred Ventura fault propagation, and the 
geometry of the PJF and PPVF requires that much of this fault slip occurred while the PJF acted 
independently, and not as a supposed backthrust to the PPVF [Nicholson et al., 2016].  

 
 In addition, at Pitas Point, both the Ventura fault and Ventura Avenue anticline step 2 km north to 
the Pitas Point fault and the Rincon anticline. This localized restraining bend in the left-oblique-slip 
PPVF may explain why the uplift rate at Pitas Point is so anomalous, and not necessarily indicative of 
the expected slip at depth either along strike of the PPVF or the average slip during large earthquakes. 
Rather, this uplift at Pitas Point is probably localized to the restraining bend—where slip on the PJF 

Figure 4. Vertical cross section 
3 km west of Pitas Point based 
on industry well data [Hopps et 
al., 1992; Nicholson et al., 
2016]. Note S-dipping listric 
Padre Juan-Javon Canyon fault 
that thrusts the asymmetric N-
verging San Miguelito anticline 
above the more symmetric 
lower Ventura Avenue-Rincon 
anticline located in its footwall. 
Neither structure is accounted 
for in the ramp-flat fault model. 
Lower Padre Juan is imaged 
with MCS data near the coast 
(Fig.2)[Nicholson et al., 2016], 
and projects to merge with the 
upper fault farther east onshore. 
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predominates, or where the PJF and PPVF strongly interact, which limits the length and depth of 
possible seismic ruptures and the earthquake and tsunami potential of the active fault(s) involved. 
 In terms of regional seismic hazard, it is also important to better resolve the depth extent of faults in 
the Western Transverse Ranges that may be the sources for proposed large earthquakes, what linkages 
may exist at depth between major fault systems, and whether major faults may be detached at some 
shallow (7 km)[Hubbard et al., 2014], mid-crustal (10-12 km)[Levy and Rockwell, 2015] or deeper 
structural level. To investigate these issues, we can look again at the available relocated seismicity. 
Figure 5 is a rotated oblique 3D view looking down-dip of the Red Mountain fault (RMF). At the 
surface (Fig.5, top), the RMF steps north along strike to the San Cayetano fault (white dashed line). If 
the fault is detached at some shallow level, this step north would not be expected to continue to deeper 
depths. However, looking only at seismicity deeper than 15 km (bottom), deeper than any proposed 
detachment level (7-12 km), there is a marked northern limit to this deep seismicity. This northern limit 
has the same step to the north as observed with the surface fault traces, indicating that this step in fault 
geometry and thus the faults themselves continue at relatively constant dip to depths of 18-20 km. The 
less steeply dipping or ramp-flat-ramp fault models proposed by Hubbard et al. [2014] are not consistent 
with this observation of a persistent step to the north in the fault surface traces and related seismicity. 

  
 Besides developing new, updated fault sets for CFM and evaluating the validity of proposed 
alternative representations, Andreas and I continue to develop, expand and improve the associated 
database component of CFM, which is critical for the internal consistency and maintainability of CFM. 
This database enables model consumers to access and assess the full richness of the various modeled 
fault systems and alternative 3D models, and allows for the increasing variety and complexity of multi-
stranded principal slip surfaces, adjacent secondary faults, and alternative fault representations that have 
been or will be developed for CFM. In addition to this work on the CFM database, outreach activities 
associated with this project include on-going presentations to various local civic groups and Emergency 
Response Teams on the hazards associated with earthquakes and tsunamis, as well as possible secondary 
effects like liquefaction & submarine landslides, and the potential disruption of critical life lines in the 
Santa Barbara and Ventura areas.  

Figure 5. (top) Oblique 3D 
view looking North down-
dip from the Red Mountain 
fault surface trace. White 
dashed line shows the step 
north along strike to the San 
Cayetano fault. (bottom) 
Same down-dip view but 
starting at 15 km depth. The 
marked northern limit of 
deep seismicity (>15 km) 
shows the same step to the 
north. Also shown are 
alternative ramp-flat-ramp 
and less steeply dipping 
models for Red Mountain- 
Pitas Point-Ventura (RM-
PP-V) and San Cayetano 
faults from Hubbard et al. 
[2014], which are  inconsis-
tent with this distribution of 
seismicity at depth. 
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