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1. Introduction 
 

The goal of this project was to convert the SCEC Community Fault Model (CFM) into a form that is 

accessible for use by earthquake simulators. 

 

Faults in the CFM are represented as triangulated surfaces (Tsurfs), because Tsurfs provide for accurate 

representations of complex, curviplanar surfaces that vary their geometries in depth or along strike. We 

proposed to convert the Tsurfs into the standard simulator file formats, which were developed by the 

SCEC Earthquake Simulator Comparison Technical Activity Group (Barall, 2012). The expected result 

was a set of simulator input files, at various resolutions, which can be used by several existing earthquake 

simulator codes (Pollitz, 2012; Richards-Dinger and Dieterich 2012; Sachs et al., 2012; Tullis et al., 

2012; Ward, 2012). 

 

The conversion turned out to be much more difficult than we expected, for two primary reasons: 

 

 The CFM does not contain slip rates or rake angles, which are essential for constructing the 

simulator input files. So slip rates and rake angles must be obtained from other sources. 

 

 The CFM contains surface topography, which must somehow be removed because simulators 

require the earth’s surface to be flat. 

 

We made substantial progress in addressing both of these major difficulties, as described in parts 2 and 3 

of this report. We also addressed several more minor difficulties, as described in parts 4 and 5 of this 

report. 

 

In the end, we succeeded in generating a simulator input file containing the same triangular fault elements 

as a large part of the CFM. However, there are still issues that need to be addressed, and so in our 

judgment the result is not yet ready for publication. For this reason, we elected not to generate simulator 

input files at multiple resolutions, as was originally planned, because such files would not be useful. 

 

In our original proposal, we planned to use CFM version 5 (CFM5) as our starting point. After discussion 

with Andreas Plesch, one of the developers of the CFM, we decided to use CFM version 4 (CFM4) 

instead. The deciding factor was the availability of a smoothed, re-meshed version of CFM4. In both 

CFM4 and CFM5, the triangulated fault surfaces are not well-suited for numerical simulations, because 

there are many long skinny triangles, and because the fault surfaces have kinks and wrinkles. The CFM 

developers, being aware of these issues, created a re-meshed CFM4 in which all the triangles are close to 

equilateral, and the faults are smoothed to eliminate kinks and wrinkles. 

 

In the remainder of this report, we describe our efforts to convert the re-meshed CFM4 into the standard 

earthquake simulator file format. 

 

 

  



 

3 

 

2. Slip Rates and Rake Angles 
 

The simulator input file contains more than just the fault geometry. In particular, it also contains slip 

rates, rake angles, and aseismicity factors. (The aseismicity factor is the fraction of fault slip that is 

accommodated through non-seismic processes such as fault creep.) In the absence of data, the aseismicity 

factor can be safely set to zero. But slip rates and rake angles are essential for the operation of an 

earthquake simulator. And, unfortunately, the CFM does not contain this information. 

 

The CFM developers originally suggested that we obtain slip rates and rake angles from the USGS qfaults 

database, pointing out that the CFM contains qfault IDs. This proved to be impossible, for three reasons. 

First, there are many faults in the CFM that lack qfault IDs. Second, when we spot-checked some of the 

qfault IDs in the CFM, we found that many of them are invalid. The reason for this is unclear, but we 

speculate that the CFM and the qfaults database have gotten out-of-sync over the years. Third, the qfaults 

database does not give numerical values for slip rates and rake angles, but rather describes them in broad 

ranges. For example, the qfaults database might give the slip rate on a fault as between 1 and 10 mm/yr. 

This may well be an accurate description of our knowledge of the fault. But a simulator cannot work with 

broad ranges; it needs specific numerical values. So, even if we could use the qfaults database, we would 

have to select numerical values within the given ranges, which is not something that is appropriate for a 

conversion procedure to do – it requires decisions based on expert opinion. 

 

The only other plausible source of slip rates and rake angles is the UCERF3 fault model. UCERF3 has the 

great advantage that it contains specific numerical values for slip rates, rake angles, and aseismicity 

factors. These values were selected by experts based on published data. So, we adopted UCERF3 fault 

model version 3.2 as our primary source of slip rates, rake angles, and aseismicity factors. 

 

 

CFM4 / UCERF3 Crosswalk 

 

To use the UCERF3 data, we had to create a crosswalk between CFM4 and UCERF3. The crosswalk is a 

computer file that identifies which entries in CFM4 and UCERF3 refer to the same fault. Unfortunately, 

this cannot be done via an automated process. We had to manually examine each fault in CFM4 and 

match it up against the UCERF3 fault model, which was quite time-consuming. 

 

Some CFM4 faults have names that are identical or very similar to the names of UCERF3 faults. In these 

cases, we matched the identically-named or similarly-named faults to each other, without any further 

verification. 

 

However, there were many cases where simple name matching did not work. We encountered the 

following three difficulties: 

 

1. In some cases, CFM4 and UCERF3 use different names for the same fault. For example, the 

CFM4 fault named “Lockwood Valley” is the same as the UCERF3 fault named “Big Pine 

(East).” 

 

2. In some cases, a single fault in one model corresponds to two or more faults in the other model. 

For example, the CFM4 fault named “Santa Ynez” is the same as the two UCERF3 faults named 

“Santa Ynez (East)” and “Santa Ynez (West).” Another example, showing that the reverse also 

occurs, is that the UCERF3 fault named “San Pedro Basin” is the same as the two CFM4 faults 
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named “San Pedro Basin north” and “San Pedro Basin south.” 

 

3. There are three problem areas where CFM4 and UCERF3 are quite different from each other: the 

Elsinore fault zone, the San Jacinto fault zone, and the San Gorgonio Pass. In each of these three 

areas, UCERF3 posits a single through-going fault. So, in UCERF3 there is a long Elsinore fault 

and a long San Jacinto fault, and there is a San Andreas fault that runs uninterrupted through the 

San Gorgonio Pass. 

 

By contrast, CFM4 populates these areas with many disconnected fault strands, with many 

different names. So CFM4 does not really have an Elsinore fault or a San Jacinto fault in the 

same sense that UCERF3 does. For example, where UCERF3 has the Elsinore fault, CFM4 

instead has many fault strands named Glen Ivy fault, Murietta-Hotsprings fault, Wildomar fault, 

Willard fault, and so on (plus a much smaller Elsinore fault). Worse, there are many cases where 

strands run in parallel. So, in these three problem areas it is not possible to establish a one-to-one 

correspondence between CFM4 and UCERF3. 

 

In the Elsinore and San Jacinto fault zones, we selected “main strands” and matched those to the 

UCERF3 Elsinore and San Jacinto faults. The remaining unmatched strands were not assigned 

slip rates and so are excluded from our model. In general we chose the longest strands to be the 

main strands, but there are two cases where we used outside information. In the San Jacinto fault 

zone we chose the Casa Loma fault to be a main strand because the Caltech SCEDC describes it 

as one of the more active segments. And in the Elsinore fault zone we chose the Wildomar fault 

as a main strand because the USGS qfaults database describes it as having a normal component of 

slip, and the UCERF3 rake angle for that section of the Elsinore fault has a normal component of 

slip. 

 

In the San Gorgonio Pass, we were unable to select “main strands” due to the complexity of the 

faults in that area. Ideally, the slip rate that UCERF3 assigns to the San Andreas fault in the San 

Gorgonio Pass should be partitioned among the various CFM4 faults in the area, but we lack the 

information to do this. So we did not assign slip rates to any of the CFM4 faults in the San 

Gorgonio Pass, which means those faults are excluded from our model. This shortcoming needs 

to be corrected before the model can be used in an earthquake simulator. It is possible that those 

researchers currently working on the San Gorgonio Pass Special Fault Study Area might be able 

to provide the required information to assign rake and slip-rate values for an appropriate set of 

faults in this complex area, but doing this was beyond the scope of our work.  

 

In all the cases 1, 2, and 3, we compared the geographic coordinates of the CFM4 faults and the UCERF3 

faults to confirm that our matching is correct. 

 

 

Other Data Sources 

 

Of the 253 faults in CFM4, we were able to match 173 faults to UCERF3. This left 80 faults with no data. 

For each of these 80 faults, we then checked the following additional data sources: 

 

 The USGS qfaults (Quaternary Faults) database. 

 The Caltech SCEDC (Southern California Earthquake Data Center) database. 

 The WGCEP 2007 fault database. 

 A Google search on the name of the fault. 
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From these data sources, we found slip rates and rake angles for 6 additional faults, leaving 74 CFM4 

faults for which we have been unable to locate any data. These 74 faults are excluded from our model. 

(The number 74 includes the unmatched faults from the San Gorgonio Pass area.) 

 

It is likely that a more thorough search of the literature would reveal slip rates and rake angles for some of 

these excluded faults. However, doing a full literature search for 74 faults is beyond the scope of this 

project. 
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3. Terrain Flattening 
 

CFM4 includes topography and bathymetry. This is unacceptable for use in earthquake simulators. An 

earthquake simulator uses Green’s functions to calculate how slip on one part of a fault changes the 

stresses on other parts of the fault, and on other faults. The Green’s functions require that the earth’s 

surface be a plane. So, in order to use CFM4 in an earthquake simulator, it is necessary to somehow 

transform the model to eliminate the topography and bathymetry. And due to the limited scope of this 

project, the terrain flattening must be done by an automated process which does not alter the triangulation 

of the fault surfaces (that is, does not require re-meshing or re-smoothing of the fault surfaces). 

 

We consider it acceptable for the transformed model to have faults that end a short distance below the 

earth’s surface, instead of coming all the way up to the earth’s surface as they should. In an earthquake 

simulator it is probably not essential that faults reach the earth’s surface, because a simulator is typically 

driven using a backslip technique. Backslip lets the fault slip an unlimited distance without building up 

indefinitely large stresses in the gap between the top of the fault and the earth’s surface. (Although it is 

tempting to eliminate the gap by altering the triangulation, we cannot do so with the resources available to 

us.) 

 

(Unlike an earthquake simulator code, for a dynamic rupture code it is essential that faults reach the 

earth’s surface so that dynamic free-surface interactions can be modeled. But dynamic rupture codes do 

not require flat terrain, because techniques such as the finite element method can incorporate topography 

and bathymetry into the model.) 

 

A simple idea would be to place the earth’s flat surface at the highest elevation in CFM4 and leave 

everything else unchanged. Unfortunately, the terrain in CFM4 has about 4 km of vertical relief, so some 

faults that ought to reach the earth’s surface would end up 4 km underground. Although we are willing to 

allow faults that end below the earth’s surface, 4 km is too far below. 

 

Another simple idea would be to change every 𝑍 coordinate in CFM4 from elevation to depth-below-

terrain. This would immediately transform the earth’s surface into a plane at 𝑍 = 0. There would be some 

difficulty doing this, because the CFM does not contain elevation data for the earth’s surface, so elevation 

data would have to be imported from some other source. But even if this were done, it would still be a bad 

idea. The irregularities in the original topography (mountains and valleys) would be transferred to the 

fault surfaces, so we would end up with irregular fault surfaces. This would eliminate the benefits of 

using the smoothed fault surfaces in the re-meshed version of CFM4. The fundamental problem with this 

approached is that the faults in CFM4 were smoothed in the (𝑋, 𝑌, 𝑍𝑒) coordinate system, where 𝑍𝑒 is 

elevation. What we really need is faults that are smoothed in the (𝑋, 𝑌, 𝑍𝑑) coordinate system, where 𝑍𝑑 

is depth. But a fault model smoothed in that way is not available. 

 

We ended up using a more complicated approach. For each fault in CFM4, we construct a smoothed 

topography which approximates the topography of the fault trace. Then, each 𝑍 coordinate in that fault is 

changed from elevation to depth below the smoothed topography. 

 

(We only applied terrain flattening to faults that have at least one triangle vertex with elevation 𝑍 ≥ 0. 

We did this so that buried faults are not modified. However, this has the side effect that the seafloor is not 

flattened, as it should be. Because CFM4 has relatively few offshore faults, we chose not to address this 

issue at this time.) 
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Trace Identification 

 

Given a triangulated fault surface, the first step is to identify which triangle vertices lie on the fault trace. 

This is not as easy as it sounds. Due to the presence of topography, it cannot be done with a simple test 

like 𝑍 = 0. The Tsurf file contains information that identifies which vertices lie on the boundary of the 

fault, but does not discriminate between different parts of the boundary (top, bottom, or side). 

 

For a vertical fault, we identify the trace in the following way. Consider two planes, perpendicular to the 

fault, and dipping at angles of +45 and −45 degrees. Move the planes so that they each touch the fault at a 

single point. These two points are the upper-left and upper-right “corners” of the fault, which are the 

starting and ending points of the fault trace, and the portion of the boundary that lies between them is the 

fault trace. 

 

For dipping faults, we use a similar technique, except that the two planes are made to dip obliquely to 

partially compensate for the fault dip. 

 

 

Fourier-Smoothed Terrain 

 

Once the fault trace is identified, we can consider the elevation 𝑍𝑒 on the fault trace to be a function of 

distance along strike. We then compute the low-order Fourier coefficients of this function. 

 

(Technical remark: A technical difficulty arises because the elevation can be a multi-valued function of 

distance along strike. This can occur when a dipping fault intersects a mountain, causing the fault trace to 

loop backwards when viewed in map view, and we have observed it to actually occur in CFM4. This rules 

out the use of the FFT, but fortunately we only need a few low-order Fourier coefficients so we compute 

them by direct integration. It should also serve as a caution to anyone who thinks it would be simple to 

flatten the terrain by modifying the triangulation.) 

 

The Fourier coefficients can be used to construct a smooth terrain by forming a sum of sine waves. 

Because we only use low-order Fourier coefficients, this terrain consists of long wavelengths and so it is 

gently undulating. It also approximates the elevation along the fault trace. 

 

Finally, we replace each 𝑍 coordinate in the fault by depth below the smooth terrain. As noted previously, 

this flattens the earth’s surface but also impresses the terrain onto the fault surface. But because the terrain 

is gently undulating, this does not create mountains and valleys on the fault surface, but rather imposes a 

smooth distortion which preserves the smoothness of the re-meshed fault surface. 
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4. Fault Reconstruction 
 

In UCERF2, the fault model contains both faults and sections. Each fault consists of one or more sections. 

The simulator file format adopts this UCERF2 hierarchical geometry, and so contains a list of sections 

which are grouped into larger faults. 

 

UCERF3 eliminated the concept of fault, and instead has just sections. So for example, in UCERF3 there 

is no such thing as the San Andreas Fault. In its place, UCERF3 has sections with names like “San 

Andreas (Big Bend)” and “San Andreas (Carrizo)” and “San Andreas (Cholame)” and so on. Nonetheless, 

the UCERF3 fault model is quite similar to the UCERF2 fault model, and UCERF3 sections fit together 

to form long continuous faults similar to the UCERF2 faults. Moreover, UCERF3 follows a naming 

convention which allows these sections to be identified. When sections can be combined into longer 

faults, they have names which consist of the name of the longer fault followed by parenthesized text that 

identifies one section of the longer fault. Using this naming convention, our computer code is able to 

identify which UCERF3 sections are parts of longer faults, despite the fact that the longer faults are not 

officially a part of UCERF3. 

 

What the CFM4 calls a “fault” corresponds roughly to what UCERF3 calls a “section”. In order to 

construct the hierarchical geometry in the simulator file, we need to group the CFM4 faults together to 

from longer faults. This is a challenge because, as noted above, the CFM4 faults do not connect up to 

form continuous faults. 

 

We created a heuristic algorithm to reconstruct the longer faults by joining together CFM4 faults. We 

make use of our CFM4 / UCERF3 crosswalk, and of the fault trace we identified when flattening the 

terrain. Two CFM4 faults are “eligible” to be joined into a longer fault if (a) they correspond to UCERF3 

sections that are part of the same longer fault, and (b) their trace endpoints are sufficiently close together, 

and (c) joining them would not create a bend sharper than 90 degrees (the latter condition is needed to 

prevent parallel strands from being joined). Among all eligible pairs of faults, we join the pair that has the 

smallest distance between their trace endpoints. Then we join the pair with the next smallest distance 

between their trace endpoints, and so on, with the restriction that no trace endpoint can be joined more 

than once. The process continues until there are no more eligible pairs. 

 

(Perhaps we should have followed the UCERF3 example and simply given up on the hierarchical 

geometry. This can be done in the simulator file format simply by treating each section as a separate fault. 

But some simulators rely on the hierarchical geometry to organize their output, and so we have retained 

the hierarchical geometry for now.) 
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5. Other Issues with the CFM 
 

We encountered several other issues with the CFM, which we describe here. 

 

1. There are a fair number of faults for which no Tsurf file exists in the remeshed CFM4. 

 

2. Some Tsurf files contain more than one surface. Ordinarily, a Tsurf file contains a single surface, 

but the Tsurf file format allows for the possibility of multiple surfaces within a single file. It is 

our judgment that in CFM4, most of these extra surfaces are errors. We have observed that some 

of the extra surfaces have the same geometry as the first surface, sometimes with a different 

triangulation. Also, some of the extra surfaces are very small, consisting of just a handful of 

triangles. There may be one or two cases where an extra surface is not erroneous, in which case it 

really should be represented as a separate fault. When a Tsurf file contains multiple surfaces, we 

only insert the first surface into our earthquake simulator file. 

 

3. Some of the CFM4 faults have “holes” where one or more triangles are missing. These are clearly 

erroneous, and so we exclude these faults. 

 

4. Some of the CFM4 faults have a very large variation in strike angle over the fault surface, 

sometimes exceeding 180 degrees. The simulator file format cannot readily describe faults where 

the strike angle varies by more than about 170 degrees (although it is not impossible to do so). 

We suspect that most of these cases are kinks or other artefacts in the triangulation. So, we 

exclude faults where the strike angle varies by more than 170 degrees. 
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6. Summary and Conclusions 
 

There are 253 faults in CFM4. Of these: 

 

 137 faults are included in our geometry file for earthquake simulators. 

 

 74 faults are excluded because there is no available data for slip rate and rake angle. 

 

 31 faults are excluded because there is no TSurf file in the remeshed CFM4. 

 

 8 faults are excluded because the strike angle varies by more than 170 degrees. 

 

 3 faults are excluded because there is a hole in the fault. 

 

The 137 included faults become sections in the earthquake simulator geometry file. Our fault 

reconstruction algorithm is able to join the sections into 108 faults in the earthquake simulator geometry 

file. 

 

Our simulator geometry file only contains 54% of the faults in the CFM (although probably a larger 

percentage of the total fault area since small faults are the most likely to lack slip rate data). There are 

also a number of open issues as discussed earlier in this report. For this reason, we feel that our results are 

not yet usable by earthquake simulators. 

 

The logical next step is for us to discuss what we have done with potential users of our work, that is, with 

people who have earthquake simulator codes, as well as with the producers of the CFM, and with those 

working on special fault study areas who might be able to provide values for the missing rake and slip-

rate data. The feedback we receive from these individuals would help us decide if and how we should 

continue this work so as to produce a useful product. One issue to be addressed is whether an eventual 

product from any future work is intended to be a one-time heroic result or an automated method that 

would allow updated versions to be created from future versions of the CFM. One possibility that the 

SCEC community should consider is whether a future version of the CFM should include best estimates 

of rake and slip-rate for each fault. If this were done through an effort involving all those with the 

knowledge to make these best estimates, then subsequent versions of the CFM could include this data, 

updated as knowledge increased. In this case, and if a smoothed and approximately equilateral triangle 

version of this were produced, it would be easy to create an automated process to convert this version into 

a form that is accessible for use by earthquake simulators. 
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