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TECHNICAL REPORT

Summary
This past year we initiated a new project to develop an automated system for
determining, immediately following an earthquake in southern California, what fault or
faults likely generated the event. This effort employs the SCEC Community Fault Model
(CFM) (Plesch et al., 2007) and CISN/SCSN real-time earthquake information. The
system takes real-time earthquake information and calculates distances between the
hypocenters and faults represented in the CFM. This data is used in combination with
other criteria, such as the event magnitude and preliminary focal mechanism solution
(including both event type and nodal plane orientations), to assign probabilities of
association with various faults in the CFM. In the first year of this project, we have
defined and implemented the approach for automatically calculating the proximity of
earthquakes to triangulated surface representations of faults in the CFM, and are now in
the process of refining an algorithm that will combine this information with other fault
and earthquake attributes to assign probabilities of association. In the next phase of the
project, we will set up a prototype system using a training dataset of southern California
earthquakes.

Rapid fault and earthquake association
Defining the fault that generated an earthquake in the minutes or hours immediately
following the event is often a more difficult task than it might seem. For large
earthquakes, this task is challenging when events occur in areas where two or more faults
join or are vertically superimposed. This situation arises for most events in the urbanized,
intensely faulted coastal basins of southern California. Cases where ruptures jump across
more than one “geologically” defined fault, as was the case in the 1992 Landers (M 7.3)
event, are also problematic. Finally, blind-thrust events that lack a direct surface rupture
pose much difficulty, as a simple comparison between the epicenter and surface fault
trace is impossible. This was certainly evident in the aftermath of the 1994 Northridge
(M6.7) earthquake, when many scientists and media sources were reporting that different
faults generated this earthquake. Defining the faults that cause smaller earthquakes is an
even more difficult prospect, as small events are often poorly located and lack surface
rupture even in cases where the fault zones extend to the surface.

To address some of these difficulties, this past year we developed the basic technical
capability to perform the necessary calculations to associate fault and earthquake
parameters. This includes an automated method for calculating distances from earthquake
hypocenters to the various tsurf fault representations in the CFM. Our approach uses the
GNU triangulated surface library, an opensource application. Our tests show that the code
is able to read converted tsurf format fault data and that it accurately calculates distances.
We have properly converted the entire CFM into this format, and tested these calculations
using a series of events in 2008 provided by the CISN and SCSN servers, including the
2008 Chino Hills (M 5.4) earthquake and its aftershocks (Figure 1) (Plesch et al., 2008).
In this process, we have defined the attributes that most effectively relate earthquakes and
CFM faults, including the calculated distances, event magnitude and fault size, event and
fault type (thrust, normal, or strike-slip), nodal plane and fault orientations. Our next step



is to develop a system of weighting these various attributes by using a reference (training)
dataset that includes earthquakes over a range of magnitudes for which we have
independent constraints on their causative faults. For larger earthquakes, such constraints
will include evidence of surface rupture or displacements. This process will involve
consultation with E. Hauksson (Caltech) and other members of the SCEC community,

Figure 1: View of the CFM with the mainshock and aftershocks of the 2008 Chino Hills
(M 5.4) earthquake. The earthquake occurred at a complex juncture of the Chino,
Whittier, and several other faults, illustrating the complexity of defining the causative
fault(s) for such events.

Analysis of the test dataset will yield a system for weighting the various attributes that
relate earthquakes and CFM faults, which we will use to refine our algorithm that
provides near-real time earthquake-to-fault associations. The result of such an analysis
will be probabilities that a given earthquake was caused by nearby faults. Thus, one
might anticipate that a typical outcome would be an 80% probability that fault A, and a
15% probability that fault B, generated a given earthquake. Some probability would
likely occur that no fault represented in the CFM generated the earthquake. This
information could be readily distributed through links and websites to scientific
colleagues for evaluation.
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