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ABSTRACT 

 

We deployed a temporary seismic network, consisting of 9 portable Guralp 

seismometers, in the foothills of the San Gabriel Mountains from July to September 

2013 in order to study the earthquake activity and geometry of the faults in the area. 

These faults include the San Jose fault, Sierra Madre fault, and Cucamonga fault. More 

knowledge about the relationships between these faults yields a better understanding of 

the seismic hazard posed to nearby communities including San Dimas, Rancho 

Cucamonga, Upland and Pomona.  

During the deployment period we recorded 382 earthquakes. We used seismic 

data from the Southern California Seismic Network (SCSN) combined with data from 

our array to detect and locate micro earthquakes. We made measurements of P and S 

wave arrival times and used these times as input in the Hypoinverse software to relocate 

events already published in the SCSN catalogue, and to determine the locations for those 

events not in the SCSN catalogue.  

Of the 382 events, we did not detect any events on the Sierra Madre-Cucamonga 

fault transition. However, cross sections of seismicity across the Cucamonga fault 

indicate that several events may have occurred on this fault. We recorded and located 52 

events as part of the Pomona sequence, of which the main shock occurred on September 

19, 2013. Other than indirectly constrained by water table mapping, the San Jose fault 

has not previously been observed in this area. Our spatial analysis of the Pomona 

sequence indicates that these events occurred on a northeast striking fault, dipping 

steeply towards the northwest, consistent with the San Jose fault.  
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CHAPTER ONE: INTRODUCTION 

Geology of Study Area 

The Transverse Ranges are a physiographic province in California characterized 

by steep east-west trending mountain ranges (fig 1). The Transverse ranges are a result of 

compression across the left-stepping bend in the San Andreas Fault (Ryberg & Fuis, 

1998) known as “the Big Bend” which spans ~300 km in Southern California (Buscher & 

Spotila, 2007). The San Gabriel Mountains make up the central part of the Transverse 

Ranges. These mountains are located to the northeast of Los Angeles. The San Gabriel 

Mountains are an uplifted fault block, which is bounded to the north and northeast by the 

San Andreas Fault, and to the south by the Sierra Madre and associated faults (fig 2) 

(Miller, 1936). 

In southern California, earthquake hazard assessment has focused primarily on the 

possibility of a large earthquake occurring on the San Andreas Fault. However, it is 

important to consider the possibility that moderate to large earthquakes (M 6.5-7.5) on 

smaller reverse faults could potentially occur and could possibly cause more damage than 

a large earthquake on the San Andreas Fault (Dolan, et al., 1995).  
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The possibility of a large, damaging event occurring on a smaller reverse fault is 

supported by the highly damaging MW 6.7 Northridge earthquake, which caused 33 

deaths, and approximately $15 billion in damage (Jones, et al., 1994). The Northridge 

earthquake occurred on a thrust fault system at the western end of the Transverse Ranges 

not on the much larger, right-lateral strike slip San Andreas Fault. 

 

 

Figure 1. Map showing locations of major geographical and tectonic features in 

Southern California. From Hauksson (2011). 
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Figure 2. Map of central Transverse Ranges illustrating the San Gabriel Mountains and 

surrounding faults. Modified from Yeats (2004). Abbreviations: C-SF: Clamshell-Sawpit 

fault; CH: Coyote Hills fault, PV Hills: Palos Verdes Hills; RF: Raymond fault; SACF: 

San Antonio Canyon fault; SFF: San Fernando fault; SJF: San Jose fault; SJcF: San 

Jacinto fault; WCW: Walnut Creek fault. 

 

The Sierra Madre-Cucamonga Fault Zone 

The Sierra Madre fault system extends 95 km along the base of the San Gabriel 

Mountains (Rubin, Lindvall, & Rockwell, 1998); and dips north underneath the mountain 

range (Jones, et al., 1994). As the frontal system of the San Gabriel Mountain range, the 

Sierra Madre fault system provides the bulk of the mountain uplift (Glasscoe, Donnellan, 

Kellogg, & Lyzenga, 2004). At the eastern end of the fault system, the Sierra Madre fault 

transitions into the Cucamonga fault (fig 3), where fault scarps mapped by Morton (1976) 

show the Cucamonga fault as a system of fault scarps between Lytle Creek and San 

Antonio Canyons (Cramer & Harrington, 1980). The Sierra Madre-Cucamonga fault is 

characterized as the longest exposed thrust fault in the Big Bend compressional zone 
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(Jones, et al., 1994) as it bounds the southern margin of the central San Gabriel 

Mountains (fig 2) and is comprised of multiple strands 15 km to 25 km in length 

(Hauksson, 1994).  

 

 

Figure 3. Aerial photograph showing trace of the Sierra Madre fault and possible 

geometry of other faults. Photo taken by Bruce Perry (2005); annotated by Nourse, et al., 

(2011). 

 

Slip rates on the central section of the Sierra Madre system are lower than slip 

rates to the east or west. Estimated slip rates on the Sierra Madre Fault range from 3.8-4.0 

mm/yr, whereas slip rates on the Cucamonga fault range from 4.5-5.5 mm/yr (Dolan, et 

al., 1995). Modeling by Dolan et al. (1995) suggests that the Sierra Madre-Cucamonga 

system is capable of producing a MW 7.4 earthquake approximately every 980 to 1040 

years. This model is based on the scenario in which both the Sierra-Madre and 

Cucamonga faults rupture simultaneously, creating a rupture area of 2220 km2 (Dolan, et 

in the vicinity of the San Antonio fan.  Its surface trace, as mapped by USGS, also makes a 

pronounced northwest bend or deflection in this same area.  Coinciding with this bend is the 

active northeast-striking left-lateral San Jose-San Antonio Canyon fault system.  Three-

dimensional structural relationships between these intersecting faults are unclear.  Potentially, 

the San Jose-San Antonio Canyon fault may act as a transform that connects and offsets two 

separate thrust segments.  Alternatively, the Sierra Madre-Cucamonga thrust may be a through-

going structure that utilizes the San Antonio-San Jose system to accomplish its deflection across 

the San Antonio alluvial fan.  These uncertainties must be resolved to constrain estimates of 

maximum credible earthquake on the Sierra Madre-Cucamonga fault; e.g. will future fault 

rupture occur along one continuous segment, or is the fault physically segmented?  

 The proposed project is a seismological approach in constraining the three-dimensional 

structural geometry and earthquake potential of this cryptic, generally concealed frontal fault 

transition zone.  We propose to utilize 9 portable field-deployable seismometers to gather data 

that will allow us to gain controls on the subsurface location of these hazardous faults. 

4b. How These Objectives Will Be Achieved: Methodology  

We recently acquired six Guralp CMG-6TD seismometers, ideal for cost-effective, rapid 

seismic installations, and have ordered three additional units, to arrive in January. Shown in 

Figure 3 is the seismicity in the study area based on the Southern California Earthquake Center 

Data Center earthquake/mechanism catalogs, together with the currently active stations from the 

southern California Seismic Network (SCSN, larger triangles showing higher quality broadband 

stations, smaller triangles one component short period sensors). The mechanisms are displayed 

Figure 2. Aerial photo showing trace of Sierra Madre-Cucamonga fault and other 

faults described in proposal. View is NE. Photograph taken by Bruce Perry in 2005. 
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al., 1995). According to research by Rubin (1996),  historical earthquake rupture patterns 

of large magnitude earthquakes on intracontinental reverse faults show that multiple 

ruptures across segment boundaries are common. 

Paleoseismic studies conducted in the fault zone have shown that large 

earthquakes have occurred in prehistoric times. The Sierra Madre fault has failed in 

events larger than M7 at least twice in the past 15,000 years (Rubin, Lindvall, & 

Rockwell, 1998). Slip rates of 3.8-5.5 mm/yr have been inferred for the Sierra Madre-

Cucamonga fault zone, however geological observations by Walls et al. (1998) show that 

the rate of dip slip decreases from 3-5 mm/yr along the Cucamonga fault to ~1 mm/yr  

for the Central Sierra Madre fault zone. 

The San Jose Fault 

 Little is known about the San Jose fault since the majority of faults south of the 

Sierra Madre Fault system are buried (Glasscoe, Donnellan, Kellogg, & Lyzenga, 2004). 

Prior to the work of Hauksson and Jones (1991), the San Jose fault had only been mapped 

based on the presence of a water barrier; no surficial expression or seismicity had been 

attributed to the fault. Based on discontinuities in the groundwater table, the San Jose 

fault can be traced from the Cucamonga Fault to the northeast, all the way to the San Jose 

Hills in the southwest-a total distance of 18 km (fig 4; Hauksson & Jones, 1991). 

 The San Jose fault is part of a group of late Quaternary strike-slip faults that splay 

off of the San Gabriel mountain-front series of reverse faults (Hauksson and Jones, 

1991).  Hauksson and Jones (1991) characterize the San Jose fault as a concealed, 

northeast striking, left lateral strike slip fault, though the fault may exhibit some reverse 
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motion on the southern end. Lateral block movement on the San Jose fault may partially 

accommodate north-south compression of the Los Angeles basin (Hauksson, 1994). 

 

 

Figure 4. Map of San Jose fault and surrounding faults. Focal mechanisms for the Upland 

earthquakes are shown. Modified from Yeats (2004). 

 

Slip rates along the San Jose fault remain unclear, but Hauksson and Jones (1991) 

assume that slip rate along the San Jose fault is much lower than the slip rates estimated 

for the Cucamonga fault, due to the lack of significant surficial Holocene offsets. 

Computerized fault modeling estimates slip rates on the San Jose fault to be 0.7 mm/yr on 

average (Meigs, Cooke, & Marshall, 2008). Analysis of aftershocks from the Upland 

earthquakes suggested that there is a 14 km long segment of the San Jose fault that is 

aseismic (Hauksson & Jones, 1991).   
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Study Area 

The Sierra Madre fault is exposed near the base of the San Gabriel Mountains and 

merges with the Cucamonga Fault to the East (Yeats, 2004; California Division of Mines 

and Geology, 1977; United States Geological Survey, 2013). Other faults located close to 

this transition zone include the San Antonio Canyon Fault, and the San Jose Fault. We 

defined our study area to be between 34° and 34.3 ° latitude and 118 ° and 117.4 ° 

longitude (fig 5). Our study area focuses on the section of the Sierra Madre fault where it 

transitions into the Cucamonga fault and includes the San Jose Fault and the San Antonio 

Canyon Fault.  

 

 

Figure 5. Map of study area and surrounding faults modified from Morton and Miller 

(2003) by Nourse, et al., (2011). 
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Seismicity 

Historic seismicity catalogues since 1932 show the background seismicity in the 

central part of the Sierra Madre fault is minimal compared to the eastern and western 

ends (Hauksson, 1994). Prior to the 1991 Sierra Madre earthquake, the 60 km long 

segment of the fault zone, extending from the west end of the Cucamonga fault to the east 

end of the San Fernando fault had almost no seismicity (Hauksson, 1994).  

The map in figure 6 shows seismicity in the area for the past 30 years, as recorded 

in Southern California Earthquake Catalogues (Hauksson, Yang, & Shearer, 2012 and 

Lin, Shearer, & Hauksson, 2007). Earthquakes are colored with depth, and scaled with 

magnitude. Figure 6 also shows focal mechanisms for larger events such as the Upland 

Earthquake sequence (Hauksson & Jones, 1991). Permanent SCSN stations located 

within the area are shown as green triangles.  The seismicity map in figure 6 shows that 

seismic activity in our area is concentrated on the eastern and western edges where larger 

seismic events have occurred, whereas the majority of our study area has had minimal 

seismic activity in the past 30 years. Figure 6 shows that little seismic activity has been 

recorded on the Cucamonga fault, the San Antonio Canyon fault, or the San Jose fault. 

Due to the fact that these catalogues are incomplete below a M1.8 (Hauksson, 2011), it is 

possible that the majority of seismic activity in our study area occurs as small (M<1.8) 

events. 
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Figure 6. Seismicity and station coverage in our study area. Green triangles show the 

locations of permanent seismic recording stations. Circles show earthquakes color coded 

with depth, and focal mechanisms for larger earthquakes are also shown. Sources 

described in text.  

 

 Cramer and Harrington (1980) conducted a micro seismic study of the 

Cucamonga Fault in 1977. They deployed eight portable, short period Sprengnether 

MEQ-800 seismometers along the Cucamonga fault in the eastern area of the San Gabriel 

Mountains.  The seismic network was installed for three months, a time frame in which 

218 micro earthquakes (M=-1.0-3.0) were recorded and located. In addition to locating 

these micro earthquakes, focal mechanisms were determined for 27 events.  

Based on the locations of the micro earthquakes, Cramer and Harrington (1980), 

found that seismic activity occurs in a diffuse pattern under most of the San Gabriel 

Mountains between San Antonio Canyon and Lytle Creek (fig 7). Clusters of earthquakes 

were located along the San Jacinto Fault and the Glen Helen fault. A few events were 
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also located in the San Jose Hills. For events located in the San Gabriel Mountains and 

under the Pomona Valley and San Jose Hills, Cramer and Harrington (1980) found 

almost all focal depths to be less than 10 km. The deepest recorded events were those 

located beneath the city of Fontana with depths of 17 km. Analysis of focal mechanisms 

showed that the eastern San Gabriel Mountains area is undergoing deformation under 

north-south compression, with the dominant mode of deformation along strike-slip faults 

(Cramer & Harrington, 1980).  Though strike-slip faulting was found to be the dominant 

sense of motion for the region, some thrust faulting was also observed but was 

concentrated in the interior of the San Gabriel Mountains.  

 

 

Figure 7. Microearthquake activity recorded from March-July, 1977, from Cramer and 

Harrington (1980)  
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Cramer and Harrington (1980) located a few events near the San Jose fault. An 

event occurring near the northern end of the fault displayed left lateral strike-slip 

movement, whereas a second event located on the southern end of the San Jose fault near 

the San Jose Hills was found to exhibit thrust motion. Findings from Cramer and 

Harrington (1980) suggest that the San Jose fault exhibits left lateral motion along its 

northern segment, towards the Sierra Madre fault, but may also experience some 

compressional motion towards the San Jose Hills.  

Of the 182 events, a few were located near the surface trace of the Cucamonga 

Fault, but their depths (6-12 km) were too deep to attribute these events to the 

Cucamonga Fault (Cramer & Harrington, 1980). One event was attributed to the 

Cucamonga Fault, it occurred 7 km beneath Cucamonga Peak, and yielded a thrust fault 

focal mechanism with 50°N dipping fault plane. Events occurring on the San Antonio 

Canyon Fault were also recorded, and analysis of their focal mechanism indicated 

oblique-reverse motion suggesting that the east side of San Antonio Canyon is being 

pushed upward and northward relative to the west side. 

Other recent seismicity on the Sierra Madre fault zone includes the Sierra Madre 

earthquake sequence of 1991, which occurred in a seismically quiet zone of the Sierra 

Madre Fault. The California Seismographic Network (SCSN) recorded the sequence. 

Hauksson (1994) located the Sierra Madre sequence events using an improved velocity 

model. Accurate location of these events allowed insight into the configuration of the 

fault zone at depth, namely its association with the Clamshell-Sawpit fault. Though this 

study yielded new insight into the fault geometries at depth, the earthquake potential of 

the Sierra Madre fault zone remains unclear. Conclusions from Hauksson (1994), suggest 
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that the Cucamonga segment of the Sierra Madre fault may be an independent strand and 

that a M6.4-6.6 would be the maximum credible earthquake it would produce. 

In addition to the strike slip event located at the northern end of the San Jose fault 

and the thrust event located on the southern end of the San Jose fault by Cramer and 

Harrington (1980), recent seismicity on the San Jose fault includes the Upland 

earthquakes. The Upland earthquakes were a series of two events, a M4.6 and a M5.2 

occurring in 1988 and 1990 respectively. The Upland earthquakes’ hypocenters were less 

than 2 km apart horizontally and 4 km apart vertically (Hauksson & Jones, 1991). The 

focal mechanism of the M4.6 main shock had a nodal plane striking parallel to the San 

Jose fault dipping 40 -50° to the north (Hauksson & Jones, 1991). The focal mechanism 

for the M5.2 main shock displayed a pure left-lateral slip on a fault striking N40°E and 

dipping 70° (Hauksson & Jones, 1991) (fig 5 and fig 6). Based on analysis of the 

aftershocks of these events by Hauksson and Jones (1991), the Upland earthquakes were 

attributed to the San Jose fault.  

During our deployment, on September 19, 2013 a doublet event occurred near 

Pomona, California. The two events were M3.7 and M3.8 occurring minutes apart from 

each other in similar locations. We incorporated the Pomona doublet sequence into our 

dataset and provide an in depth analysis of these events below. 

Motivation 

Studying the Sierra Madre-Cucamonga fault system and the San Jose fault is 

important in quantifying the earthquake hazard posed to the nearby dense population 

centers including Upland, Pomona, Claremont, and Rancho Cucamonga. Understanding 

fault geometry and the spatial relationships of the Sierra Madre fault, San Antonio fault, 
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Cucamonga fault, and the San Jose fault are crucial in predicting the maximum possible 

rupture along these faults; if multiple segments of the fault zone rupture simultaneously, 

we can expect a large magnitude earthquake to occur in the region. 

Most of Southern California, including our study area, has SCSN coverage with a 

magnitude of completeness of 1.8 (Hauksson, 2011). The seismicity map presented in 

figure 6 shows every event larger than M 2 for the past 30 years. In order to better 

understand the fault geometry and spatial relationships between these faults, and to 

contribute to the ultimate goal of quantifying the maximum possible earthquake potential 

on the Sierra Madre-Cucamonga Fault zone, we deployed a temporary seismic network to 

record all seismic events, including those smaller than M1.8, in our study area. We 

installed nine Guralp CMG-6TD broadband seismometers in the foothills of the San 

Gabriel Mountains. Our seismic network was able to detect earthquake events smaller 

than M1.8 within our study area, events that the SCSN was unable to detect due to their 

more limited station coverage in this area, allowing for a more complete seismic 

catalogue.  

Our temporary seismic deployment was a first test case in the use of this 

equipment for micro seismic monitoring by Cal Poly Pomona. Our experimental design 

and project execution was a learning experience for all involved. More information on the 

logistics and practical considerations of the project can be found in Appendices A and B. 
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CHAPTER TWO: METHODS 

Seismic Network Installation 

 In July 2013, we installed the nine seismic stations within our study area. To 

obtain maximum station coverage, and to record very small events, the seismic array was 

spaced as evenly as possible within the study area (fig 8). Seismic stations MBR, SAH, 

and BSR were installed on July 16 2013. Stations SDF, ERQ, and LUL were installed on 

July 17 2013. The remaining three stations, AUD, TCT and HAV were installed on July 

18 2013 (table 1). The seismic stations MBR and BSR were located within the San 

Gabriel Mountains at elevations below Mt Baldy Village. SAH was located in the 

foothills of the San Gabriel Mountains, behind the San Antonio Heights community of 

Upland, California. Seismic station SDF was installed at the end of San Gabriel Canyon 

Road directly adjacent to the San Dimas fire station. Seismic station TCT was located in 

the Claremont foothills. The Eastern boundary of the seismic array was marked by station 

HAV, which was located along Haven Avenue in Rancho Cucamonga. The homes of 

three volunteers were used as locations for stations LUL, AUD and ERQ—which were 

located in Glendora, Upland and Claremont, California respectively. Seismic station 

BON was later installed on September 20 2013 (table 1), one day after the Pomona 

doublet. Station BON was located in an area near Bonelli Park in San Dimas, California. 

Additional information on the installation of the seismic array is detailed in appendices A 

and B.  

The initial array (all stations except BON) recorded data from July 2013 to at least 

September of 2013. Seismic site removal was scheduled for the last week of September, 

but the Pomona doublet sequence occurred on September 19, 2013. In order to record this 
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earthquake swarm as part of our experiment, we retrieved station BSR and relocated it to 

a location directly above the epicenter (as located by SCSN), station BON, of the Pomona 

doublet. Stations ERQ, LUL and TCT remained active until mid-October due to their 

proximity to the Pomona doublet sequence. Station BON remained active until mid-

November 2013. Station SAH became inactive in mid-August 2013 due to equipment 

vandalism at the site. Figure 9 shows our station activity as a function of time (see also 

appendix B).  

 

Table 1  

Seismometer Location and On/Off Dates 

Seismometer 

Serial Number 

Station 

Code 

On-Date Off-Date Latitude/Longitude 

T6J30-C2738 MBR 7/16/13 9/24/13 34.176970° -

117.677245° 

T6I89-C2698 SAH 7/16/13 7/30/13 34.162150° -

117.646550° 

T6I93-C2696 BSR 7/16/13 9/20/13 34.223083° -

117.666550° 

T6E34-C1793 SDF 7/17/13 9/24/13 34.166467° -

117.768717° 

T6E36-C1794 ERQ 7/17/13 10/18/13 34.103333° -

117.735200° 

T6D95-C1694 LUL 7/17/13 10/9/13 34.129667° -

117.830067° 

T6I95-C2697 AUD 7/18/13 9/24/13 34.116817° -

117.631247° 

T6J45-C2736 TCT 7/18/13 10/9/13 34.138000° -

117.715533° 

T6J41-C2737 HAV 7/18/13 9/24/13 34.171900° -

117.581550° 

T6I89-C2698 SAH 7/30/13 9/6/13 34.162150° -

117.645700° 

T6J30-C2738 BON 9/20/13 11/13/13 34.078983° -

117.782317° 
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Figure 8. Google Earth map showing station locations and local faults. Red triangles represent our temporary seismic network 

stations. Green squares represent SCSN permanent stations 
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Figure 9. Histogram showing station activity over time, vertical lines are plotted for every week. Gaps in activity are due to equipment 

malfunction or loss of battery power 
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Earthquake Detection 

 The first step in processing the data recorded by our seismic network was to 

manually sort through the seismograms and pick out earthquakes detected by our array. 

This was done by using the computer program SAC (Seismic Analysis Code) (Goldstein, 

Dodge, Firpo, & Minner, 2003) to display and organize the seismograms. To facilitate 

earthquake identification, we isolated the vertical (Z) component of each station’s  

waveform data. P waves are more prominent in the Z direction because P waves produce 

displacement in the direction of wave propagation (Stein & Wysession, 2003), this yields 

a stronger, and thus more easily identifiable P-wave of seismic events. S waves, or shear 

waves, have displacement perpendicular to direction of propagation and thus appear 

mainly on the horizontal components (Stein & Wysession, 2003). The data was then 

sorted by date, and the stations were synchronized (lined up) in time. This allowed us to 

visually identify earthquakes in our data (fig 10). We examined the entire data set in 15-

minute increments. Earthquakes are characterized by spikes in energy, visible across 

multiple stations in our array. The signal must be seen at multiple stations in order to rule 

out the possibility that observed signals were produced by local noise and not an event. 

Each earthquake was then recorded in our database to be later compared to SCSN 

catalogues, with the earliest time of the arrival of an earthquake related signal. 



 

 19 

 

Figure 10. Vertical component seismograms plotted in SAC showing an earthquake that 

we were able to identify visually. This earthquake is a M1.54 (as recorded by SCSN) 

event occurring on August 6, 2013. Stations in this example are BSR, MBR, SDF and 

HAV from top to bottom. Time of first arrival at each of the 4 stations is displayed across 

the top. The horizontal axis shows time in seconds. The vertical axis shows amplitude in 

units of digital counts.  

 

 We removed seismic station LUL on October 9th, leaving us with only two 

remaining stations- ERQ, and BON. In order to reliably detect seismic events based on 

visual inspection, waveforms of at least three stations are required. Therefore, for dates 

after October 9th, and through the end of the deployment, we incorporated the waveforms 

for two SCSN permanent stations in our event detection analysis. We chose and used 

SCSN stations PSR located near Puddingstone Reservoir and PDU located in the Padua 

Hills. We chose these stations due to their proximity to the Pomona doublet sequence. 

We downloaded waveforms on a day-by-day basis from these two stations using the 

Southern California Earthquake Center’s (SCEC’s) Seismogram Transfer Program (STP) 

(SCEDC, 2013). We combined the data from our own stations BON and ERQ with SCSN 
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stations PSR and PDU. We were able to detect earthquakes in the data in the same way 

we picked them in our own data.  

 

 

Figure 11. Chart showing distribution of total events recorded by our network.. 

 

Using this method, we were able to visually detect 382 earthquakes recorded by 

our array. We used the earliest arrival time of an earthquake related signal to compare our 

event catalogue to the SCSN catalogue and determined which events were common 

between the two. Every earthquake in the SCSN catalogue is assigned a unique event 

identification number (event ID), location and magnitude. We found that of our 382 

events, 253 of them were detected and located by SCSN and 129 events were not found 

in the SCSN database. A distribution of detected events is shown in figure 11. Eighty-

nine events were found in both our catalogue and the SCSN catalogues, and were located 
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within our defined study area. A map showing the locations of these events can be seen in 

figure 12.   

 

Figure 12. Map of our seismic stations (as notated by 3-letter station code and pink 

triangles). Map also shows events that were recorded by our stations and also recorded 

and located by SCSN; these events are plotted on the original SCSN location. The events 

are shown as circles scaled to their magnitude and color coded with depth. The map also 

includes the SCSN permanent stations within our study area as green triangles. Focal 

mechanisms are shown for the M3.7 and 3.8 Pomona events that occurred on September 

19, 2013. 

 

We also compared our catalogue to the SCSN catalogue in order to determine 

which events our array did not record, or the events that we may have missed in our 

visual analysis. We found that 12 events within our study area missed detection by our 

array (table 2). Several factors may have contributed to the missed detection of these 

events; for example, we found that a M2.12 occurred 5 seconds after the M2.5 event that 
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we missed. On the seismograph, the two events overlapped, and we were unable to 

visually distinguish between the two events. A similar situation occurred with the M1.63 

missed by our visual detection. In this case, a M0.83 occurred within a few seconds of the 

M1.63 event, and at a closer location to our array than the M1.63 event. A few of these 

missed events occurred at the western margin of our array where station coverage was 

limited. The events occurring at the margin of our array were closest to station ERQ, 

which proved to be one of our stations most affected by urban noise. It is possible that 

there was a substantial amount of urban noise at the time of the event, minimizing the 

seismic signal and thus escaping visual detection. It is also possible, as in the case with 

SCSN events 11390154 and 11390258, that we had too few active stations to meet our 3 

station requirement for visual detection.  
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Table 2  

Events Found in SCSN Catalogues Within Our Study Area, But Not Detected 

 By Our Array 

Event ID Date Time Magnitude Latitude Longitude Depth 

(km) 

15398961 8/29/13 12:38:26.89 0.91 34.073 -117.997 12.2 

11362602 9/10/13 22:17:40.17 2.25 34.076 -117.79 1.6 

11362650 9/10/13 23:45:18.72 1.44 34.075 -117.789 1.2 

11363770 9/13/13 0:08:21.30 0.78 34.056 -117.785 1.9 

37120836 9/18/13 21:45:08.00 1.24 34.076 -117.784 1.5 

11366546 9/19/13 11:53:28.06 1.04 34.069 -117.789 2.4 

11366554 9/19/13 11:53:39.57 1.56 34.076 -117.788 2.3 

11366578 9/19/13 12:35:48.02 0.56 34.056 -117.786 1.8 

37120956 9/19/13 12:36:27.14 0.56 34.053 -117.784 1.4 

11370802 9/28/13 13:56:34.10 1.26 34.095 -117.822 15.4 

11390154 11/10/13 17:50:52.16 2.09 34.122 -117.768 13 

11390258 11/11/13 5:00:02.94 1.63 34.122 -117.769 14.1 
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Picking First Arrivals of Seismic Waves 

In order to determine earthquake locations, we needed to measure the arrival 

times of the seismic waves recorded buy our network. Once our earthquake catalogue 

was finalized, we “picked” the first arrivals of P and S waves from our waveform data. 

First, we picked the arrivals of P and S waves for those events that were located in the 

SCSN catalogue. Because these events had been detected by SCSN, they had been 

assigned an event ID. The event ID allowed us to use STP to easily download the 

measurements of the arrival times (also referred to as “picks”) of the P and S waves from 

all of the SCSN stations that had recorded the event. These picks are initially produced by 

an automated system at the SCSN, then verified, corrected or improved by a network 

analyst. For these events, we only needed to pick P and S arrival times from the stations 

from our network.  

We used the program SAC to display the waveforms for our stations for these 

events and determine the first arrival times of P and S waves (fig 13). When picking each 

P and S wave arrival time, we assigned a “code” to each pick, for subsequent use of the 

software that located the earthquakes. These codes were based on the visual aspects of 

the P and S waves for each station. In SAC, we placed the computer cursor on the P or S 

arrival and visually determined if the seismic signal was impulsive or emergent, whether 

the first motion was up or down, and then we assigned a number representing the quality 

of the signal (0 being the best, 4 being the worst). In our example in figure 13, the code 

for the event is shown as “IPD0”-meaning that we determined the P wave arrival to be 

impulsive, with downward polarity and of good quality. The code for the S wave pick in 

figure 13 is similar, “ISD0”, which means we determined the S wave pick to be 
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impulsive, with downward polarity and of good quality. The example in figure 14 shows 

low quality P and S wave arrival time picks. In figure 14, the code for the P wave pick is 

“IPD4” meaning the pick was impulsive, with downward polarity and of poor quality. 

Similarly, the S wave pick is coded “ESD4” meaning that the S wave arrival time pick is 

emergent with downward polarity and of poor quality. These quality codes play an 

important role in later data processing. We then added the P and S arrival time picks from 

our seismic stations to the list of picks already determined by SCSN.   

 

 

Figure 13. Example of high quality first arrival P and S wave picks from station SDF in 

SAC. P and S wave picks are marked by vertical lines. The top two panels are horizontal 

components (E and N), the bottom panel shows the vertical (Z) component. The 

horizontal axis shows time in seconds. The vertical axis shows amplitude in units of 

digital counts. 
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Figure 14. Example of poor quality first arrival P and S wave picks from station TCT in 

SAC. P and S wave picks are marked by vertical lines. The top two panels are horizontal 

components (E and N), the bottom panel shows the vertical (Z) component. Axes as in fig 

13. 

 

For the events detected by our network but not by SCSN, we downloaded 

waveform data from the 16 closest SCSN stations (table 3). We determined that adding 

additional SCSN would not be useful for detecting small events in our study area, since 

there were no events for which we detected P and S waves on all 16 stations. Not all 

events had sufficient picks for each event; therefore additional stations would be unlikely 

to produce more picks. Since these events are not in the SCSN catalogue, first arrival 

picks are unavailable from the SCSN network. We used waveform data from SCSN 

stations for these events to manually pick P and S arrival times, using the method 

described above. The additional SCSN station waveform data is necessary for accurate 

event locations. We used STP to download seismograms from SCEC, and used the 

program SAC to display the waveforms and determine the P and S arrival times using the 

same method as described previously. For these events it was necessary to pick P and S 

first arrivals from all of our stations and from the 16 SCSN stations. 
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Table 3  

SCSN Stations Used to Pick P and S Wave First Arrivals for Events Not In the SCSN 

Catalogue 

Station Code Location Latitude Longitude 

PSR Puddingstone 34.09181 

 

-117.80709 

 

PDU Padua 34.12070 

 

-117.63808 

 

BFS Mt. Baldy Ranger 

Station 

34.23883 

 

-117.65853 

 

CHN Chino 33.99879 

 

-117.68044 

 

MLS Mira Loma 34.00460 

 

-117.56162 

 

WLT Walnut 34.00948 

 

-117.95077 

 

LPC Lone Pine Canyon 34.31478 

 

-117.54642 

 

RIO Rio Hondo 34.10473 

 

-117.97956 

 

MWC Mt. Wilson 

Observatory 

34.22362 

 

-118.05832 

 

CHF Chilao Flat Ranger 

Station 

34.33341 

 

-118.02585 

 

SUN Sunset Peak 34.21048 

 

-117.69394 

 

FON Fontana 34.09957 

 

-117.43876 

 

SS2 San Sevaine 34.20734  

 

-117.50039 

 

XTL Crystal Lake 34.29597 

 

-117.86223 

 

PEM Pine Mtn 34.16689 

 

-117.87009 

 

SME Santa Rosa Mine 33.82288 

 

-117.35623  

 

. 
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Hypoinverse 

 To determine the locations of the events recorded by our stations, we used the 

computer program Hypoinverse (Klein, 2013) that processes files of seismic station data 

to determine earthquake depth and location. Hypoinverse uses travel times and other 

model parameters as a matrix inversion to iterate towards the best hypocentral location 

(Nelson & Vidale, 1990), defined as the location with the minimum RMS (root-mean-

square travel time residual) (Klein, 2013). The RMS is: RMS2= 
∑(𝑤𝑖𝑟𝑖)

2

∑(𝑤𝑖)
2   where ri is 

defined as the individual station residual and wi is defined as the station’s final weight 

(Klein, 2013). The station residual is calculated as the difference between the modeled 

predicted arrival time at that station and the observed arrival time at that station. The 

station weights are based on the quality codes assigned to the P and S wave arrival picks. 

According to our configuration settings, the Hypoinverse program weighs picks with “0” 

(very good) quality more heavily than poorer quality picks and discounts completely the 

picks that had been assigned a value of 4 (very poor). 

We use the following method to determine hypocentral location with the 

Hypoinverse software- 1) the starting location is assigned to be the location of the closest 

seismic station to record the event, at a depth of 5 km 2) Hypoinverse calculates RMS at 

that location, 3) Hypoinverse calculates an adjustment vector in the direction which 

minimizes RMS, 4) makes the adjustment, and moves the hypocentral location to the 

new, adjusted location, 5) the program repeats steps 2-4 until the solution converges on 

the smallest RMS value (Klein, 2013).   

In order to predict arrival times at each station, and to subsequently calculate an 

event location, Hypoinverse requires the input of a velocity model for the area in which 
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the inversion is being calculated. We used a velocity model consisting of 7 subsurface 

layers extending to 32 km depth (fig 15). Our velocity model is an average estimate over 

a large area in southern California and was provided to us by Egill Hauksson (personal 

communication). 

 

 

Figure 15. P-wave velocity model used for Hypoinverse 

 

For each event, our first arrival time picks of P and S waves were read into 

Hypoinverse. A best solution for the event was determined, and an output file was 
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created, which includes the event origin time, latitude and longitude of the event’s 

location and the event depth in kilometers.   
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CHAPTER THREE: RESULTS AND INTERPRETATION 

Relocated SCSN Events 

Hypocenter Location Comparison 

 For the events recorded by our network that were also found in the SCSN 

catalogue, we added our first arrival P and S wave picks to the existing SCSN picks. We 

then used Hypoinverse to relocate these events. In most cases, adding our station picks to 

SCSN station picks shifted the hypocentral location previously determined by SCSN (fig 

16). Figure 17 shows all events that we relocated by combining our arrival time picks 

with SCSN arrival time picks. In figure 17, each event is scaled with magnitude and color 

coded by horizontal relocation distance. Events that shifted very little are shown in cool 

colors, whereas the events that had the largest displacement are shown in warm colors. 

As shown in figures 16 and 17, most events were shifted between 0 and 2 km from their 

previous location.  

 

Figure 16. Histogram showing frequency of events relocated to specified distances from 

original SCSN location. 
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Figure 17. Map of relocated SCSN events. Events are shown as circles and are scaled 

with magnitude and color-coded with relocation distance in km. Our stations are shown 

as black triangles. 
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Figure 18. Map of our study area (boxed area in figure 17). Map shows relocated events as circles scaled with magnitude and color-

coded with relocation distance in km Our stations are marked with black triangles, SCSN stations are marked by black squares..
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Figure 18 shows the relocated events within our study area. Each event in figure 

18 is scaled with magnitude and color coded by relocation distance. Overall, the majority 

of the events were relocated within 1.5 km of the original SCSN location (fig 16, 18). 

Twenty-five events were relocated to distances greater than 10 km from the locations 

previously determined by SCSN. With further investigation, we determined that for a few 

of the events with large discrepancies between SCSN location and our location, we had 

misassigned SCSN event ID’s to the event. The misappropriation of event identification 

numbers was an issue when multiple events had occurred within seconds of each other. In 

these situations, differentiating between events was challenging especially for events that 

had occurred at large distances away from our array. In these cases the seismic signal at 

our array would arrive seconds after the event, therefore if  another event occurred within 

those seconds, distinguishing between the two proved difficult.     

Additionally, to further determine the cause of the large discrepancies in 

hypocentral location, we ran the Hypoinverse inversion without our station picks. We 

chose an event at random, event ID 11346218 , which was a M1.35 event occurring on 

August 07, 2013. We ran the inversion without the P and S first arrival picks from our 

station array, and only used the SCSN picks. We then compared the result from this 

inversion to the location in the SCSN catalogue. The hypocentral location from the SCSN 

catalogue was 34.258 ° latitude and  -117.499° longitude with depth of 12.8 km. Without 

our station picks, and only using the SCSN picks, the inversion yielded a location of 

34.172° latitude and -117.540° longitude with depth of 0.04 km. The resulting 

hypocentral location from using only SCSN picks is significantly different from the 

location found in the SCSN catalogue. The greatest discrepancy between the two 
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locations is depth. The SCSN location is 12.76 km deeper than the location determined 

by our inversion using only SCSN picks. However, the location determined without our 

picks is very similar to the location we determined using our picks combined with SCSN 

picks. The location produced by using our picks combined with SCSN picks was 34.172° 

latitude and -117.575° longitude with a depth of 0.78 km. In summary, the location 

produced when we used solely SCSN picks, and the location produced when we used 

both our picks and SCSN picks are very similar and both yield very different results from 

the SCSN catalogue location.  

These results indicate that when running Hypoinverse, we used a different set of 

parameters than SCSN. Parameters in Hypoinverse are specified by the user and include 

velocity model, station weights and number of iterations. The parameter least likely to 

affect location results is the specified number of iterations. This is due to the fact that 

Hypoinverse ceases iterations when the difference in RMS value between one location to 

the next becomes insignificantly small; in other words, iterations cease when the location 

can no longer be improved by a significant amount. Also, we visually inspected a subset 

of output files and found that the location was very stable towards the end of the iteration 

sequence. Another parameter that may affect location results, is station weights. In our 

Hypoinverse settings, we excluded poor quality arrival time picks from the inversion 

completely. It is possible that SCSN assigned a small weight to these poor quality picks, 

resulting in a different location result. The parameter most likely to affect event locations 

is velocity model. It is likely that SCSN specifies a different velocity model for the 

inversion.  Velocity model is a controlling parameter on location results since it is used 
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by Hypoinverse to calculate predicted arrival times at each station, and thus the misfit 

between measurement and prediction, which is minimized in the inversion.  

We would expect that events occurring nearest our array would have the greatest 

relocation distance. This is because SCSN station coverage is limited in our study area, 

and our stations are well distributed throughout the area, allowing us to add more high 

quality arrival times picks to those from SCSN, improving the location of the event. On 

the contrary, we expect events well outside of our study area to be less affected by our 

picks, and thus have the least relocation distances. As seen in figures 16 and 17, aside 

from a few outlier events, our results fit well with this expected pattern.  

Depth Comparison 

We also compared hypocentral depths between the SCSN locations, and our 

recalculated locations. The vast majority of these events were relocated to depths greater 

than those previously calculated by SCSN (fig 19). Of the events that varied from the 

SCSN events, most were relocated to depths within 5 km of the SCSN calculated depth. 

A few events were located up to 20 km deeper than SCSN hypocenter calculations (fig 

19, 20 & 21). Those events with the greatest discrepancy in depth show a weak 

correlation with the depth error calculated by Hypoinverse (fig 21). Though it is plausible 

that our picks shifted hypocentral depths by 0-5 km (the majority of our events, fig 19, 

20, 21), it is unlikely that depth differences would exceed 20 km. We would expect a 

stronger correlation between depth differences and calculated depth error. As previously 

mentioned, the difference in Hypoinverse parameters, mainly velocity model, is the likely 

cause of great differences in depth between our locations and those from SCSN. 
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Figure 19. Our relocated depths vs SCSN depths 
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Figure 20. Histogram of differences in our depth calculations and SCSN depth calculations for relocated events. 
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Figure 21. Plot of depth error (ERZ) in km vs depth difference in km for our relocated events. The red line is a trend line for these 

events. 
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Figure 22 shows each relocated event color-coded with depth difference. Every 

event is scaled with magnitude and color coded with depth difference between our 

calculation and SCSN calculation. As previously discussed, almost all of our calculations 

relocate these events to depths greater than calculated by SCSN. Figure 23 is a more 

detailed map showing the depth comparison for events occurring within our study area. 

Most events within our study area were relocated to depths within 5 km of depths 

calculated by SCSN.  As with the larger map in figure 22, figure 23 shows that most of 

our depth results are deeper than those determined by SCSN. For all events, both 

relocated SCSN events and our new events, our depth results are consistently greater than 

those determined by SCSN implying that a difference in velocity model most affected 

hypocentral location.  
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Figure 22. Depth comparison map of all relocated events. Events are shown as circles 

scaled with magnitude and color-coded with depth difference between our relocated 

depths and SCSN depths. Our stations are marked with black triangles. 
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Figure 23. Depth comparison map for our study area (boxed area in fig 21). Events are shown as circles scaled with magnitude and 

color-coded with depth difference between our depths and SCSN depths. Our stations are shown as black triangles, SCSN stations are 

shown as black squares.
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Residual Comparison 

Along with the hypocentral location of events, the Hypoinverse output file 

includes residual travel time values for each station. For every event, at every station, the 

Hypoinverse program calculates a predicted arrival time for P and S waves based on a 

velocity model and the final location calculated by the program.  The residual value is 

determined by taking the difference between the Hypoinverse- predicted seismic wave 

travel time and the actual observed seismic wave travel time. The stations with residual 

values closest to zero had more accurate predictions of arrival times by the model. To 

analyze how residual values from our stations compared to SCSN stations, we tabulated 

residual values for all of our stations and for 6 of the closest SCSN stations for every 

relocated event. There were a few instances where our residual values exceeded 60 

seconds. This very high residual value indicated a problem with the relocation. With 

further investigation we determined that there were several events for which we had 

assigned the incorrect SCSN event ID and thus, had the wrong picks from SCSN. This 

problem occurred in situations where multiple events occurred within seconds of each 

other. We excluded these residual values from our comparisons.  

From the tabulated residual values for our stations and from SCSN stations PSR, 

PDU, RIO, CHN, BFS and SUN we calculated the frequency of occurrence of each 

residual value, and the results are shown in figure 24. The residual values from our 

stations agree well with residuals from SCSN stations. The majority of residual values for 

both networks lie within +/-  0.5 seconds of the calculated arrival time by Hypoinverse. 
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Figure 24. Histogram comparing the frequency of occurrence of residual values in 

seconds for our stations and SCSN stations. 

 

 To further analyze how our stations’ residual values compared to the residual 

values for the SCSN stations, we plotted the residuals for three events (fig 25). We used 

the residual values for the SCSN stations closest to our network for the comparison. We 

chose three seismic events, a M0.9, M2.21 and a M3.75, and plotted the residual values 

for our stations along with the residual values for the SCSN stations closest to our 

network. In all three events, the residual values for our stations were within the same 

range as the SCSN station residuals. Arrival times of P and S waves at our stations were 

well predicted by the model.  

These results indicate that our stations are comparable to SCSN stations in arrival 

time pick quality. We were also able to conclude that we did not have a station with 

continuously high residual values, which would have indicated a problem. Our method of 

seismic installation and event detection was successful in producing event locations. The 

model predicted arrival times were very close to the times we visually picked from the 

data, allowing for the accurate determination of event location.  
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Figure 25. Residual value comparison of 3 events. Our stations (ERQ, LUL, SDF, MBR, AUD, HAV) (highlighted) are plotted with 

SCSN stations. The red bars shows residual values for a M0.9 event, the green bars show residual values for a M2.21 event, and the 

blue bars show residual values for a M3.75 event. 
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Large discrepancies in location between SCSN locations and our recalculated 

locations could be due to a variety of factors. Firstly, in some situations where events 

occurred within seconds of each other, we misappropriated SCSN event IDs leading us to 

use incorrect first arrival time picks from SCSN. This led to large errors and great 

relocation distances for some events. Also, our depths are consistently greater than those 

determined by SCSN suggesting that our velocity model is different than the one used by 

SCSN. In addition to using a different velocity model, our settings in the Hypoinverse 

program may be different from those set by SCSN. For example, our settings of 

hypoinverse excluded any picks with poor quality (value of 4) from the inversion, 

whereas it is possible that SCSN assigned a small weight to these stations. Furthermore, 

for events of larger magnitude, the SCSN uses a different methodology to determine 

event location. For events with larger magnitudes, the SCSN usually determines a 

hypocentral location by inversion of moment tensor based on full waveforms, and not 

first arrival times as with our method. For the event that occurred off shore, which we 

relocated to be greater than 14 km away from SCSN’s location, it is possible that the 

large relocation distance is due to a poor initial location by SCSN. Due to limited station 

coverage offshore, and thus limited data, the event may be poorly located by SCSN. 

However, because the location was likely poorly constrained by picks only from a limited 

range of azimuths from the event, adding our picks may have caused a significant shift. 

Our station coverage was in a similar area to SCSN, thus the addition of our picks most 

likely did not improve the location of that event.   
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“New” Events 

 For the events that were detected by our array, but that were not in the SCSN 

catalogue, we used P and S first arrival picks from our stations along with our picks from 

the 16 SCSN stations’ waveform data to determine event location. Our P and S first 

arrival time picks were input into the program Hypoinverse to locate each event. For 

these events, we also used P wave first arrivals to determine which station was nearest the 

event. This determination is necessary as input for Hypoinverse which uses the nearest 

station location as a starting location for matrix inversion.  

 Originally, our network detected 129 events that were not in the SCSN catalogue. 

With further investigation, we found that 2 of these events were actually in the SCSN 

catalogue, but we had missed them in our initial database search. We found these events 

in the SCSN catalogue by expanding the search radius of the SCSN database, and found 

that they had occurred well outside the bounds of our study area. 

 Out of the 127 events, we were able to locate 58 of them. We were unable to 

locate the remaining 69 events. There are a variety of factors that limited our ability to 

locate the remaining events. In many cases, we did not have sufficient P and S first 

arrival time picks to complete the inversion. In these situations, we had three or fewer P 

and S wave arrival time picks-too few to locate an event. Similarly, in the remaining 

cases, we had enough P and S arrival time picks, but the quality of the picks was too poor 

to be used in the inversion. Picks assigned a quality value of very poor (a value of 4, see 

fig 14) were excluded from the inversion by Hypoinverse,. Consequently, in situations 

where we had a sufficient number of picks, but most of them were of poor quality, the 

inversion could not be completed. A distribution of these events is shown in figure 26. 
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Figure 26. Distribution chart of events detected by our network 

Locating “New” Events 

 After picking P and S first arrival times for our stations and for the 16 SCSN 

stations, we were able to locate 58 events using Hypoinverse. All of the “new” events 

were located within our study area (fig 27). These events were very small, and thus were 

not recorded by SCSN due to their limited station coverage in our area. Our array was 

closely spaced, allowing for the detection of small earthquakes within our study area. 

Figure 27 shows all of our new events plotted on a map. These events are color coded 

with depth. Unsurprisingly, most of our new events were located at or near the location of 

our station BON. Seismic station BON was located directly above the Pomona doublet 

event, therefore our array recorded many of the very small aftershocks that followed the 

Pomona doublet. The events recorded as part of the Pomona doublet sequence are 



      

 49 

shallow, between 2-5 km. Further north, in the foothills of the San Gabriel mountains, we 

see events at greater depths. A few events occur north of the trace of the Cucamonga 

Fault at depths between 6-12 km.   
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Figure 27. Map of "new" events detected by our network. Each event is color-coded with depth.
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Tectonic Interpretation 

The resulting map of all events occurring within our study area is shown in figure 

28. Both our relocated SCSN events and our new events are plotted on the map. As 

previously stated, most of our new events occur in the area of the Pomona doublet.  

 Our results are comparable to the results of Cramer and Harrington (1980). As 

with Cramer and Harrington, our study also located small clusters of earthquakes along 

the San Jacinto fault towards Glen Helen. Depths calculated for our events ranged 

between 1-16 km, similar to their results. Events that we located near the trace of the 

Cucamonga fault had very similar depths. They were able to locate a few events near the 

Cucamonga fault at depths between 6-12 km, whereas most of the events we located near 

the trace of the Cucamonga fault occurred at depths between 4-10 km. 
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Figure 28. Map of all events detected by our array within our study area. Our relocated SCSN events are marked by diamonds scaled 

with magnitude. New events are marked as circles, all new events are scaled to a M1.5 equivalent. Every event is color coded with 

depth. Stations as in fig 12. 
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Figure 29. Map showing location of cross section C-C' across the Cucamonga fault. 

Colored X's mark surface locations of the projections of the fault planes in figure 30. 

Event colors and sizes as in fig 28. 

 

 We created a cross section across the mapped surface trace of the Cucamonga 

fault in order to further investigate its seismicity. Figure 29 shows a map with the 

location of cross section C-C’. The cross section is perpendicular to the strike of the 

Cucamonga fault. A cross section perpendicular to a fault strike would show seismicity as 

a linear feature along the fault plane. As seen in figure 30, hypocenters of the events are 

mostly scattered throughout the cross section. However, linear trends can be seen on the 

cross section. Figure 30 shows fault planes that may fit with the seismicity displayed in 

the cross section. The red X (fig 30) marks the mapped surface trace of the Cucamonga 



      

 54 

fault. The red fault plane exhibits a 50° dip to the north, corresponding to the fault dip 

proposed for the Cucamonga fault by Cramer and Harrington (1980) and Dolan (1995). It 

is clear that a fault plane with these characteristics does not fit well with the trend of the 

seismicity. A better fitting fault plane is shown in purple. The purple fault plane exhibits 

a 60° dip to the north. The best fit fault plane through the seismicity would lie between 

the 50° and the 60° fault planes shown in fig 29. We projected the fault trace to the 

surface, and plotted the result on figure 29. The better fitting fault plane, the purple X, 

would correspond with a surface trace less than 0.5 km to the south of the mapped trace 

of the Cucamonga fault. Considering the error range for our event locations, it is possible 

that these events occurred on the Cucamonga fault. Cross section C-C’ crosses the 

mapped surface trace of the Cucamonga fault and also the Stoddard Canyon fault as well 

as several other faults to the north. Therefore, events that occurred on these other local 

faults may also have been mapped onto this cross section. 
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Figure 30. Cross section C-C' (fig 29) across the Cucamonga fault with possible fault 

planes. Event colors and sizes as in fig 28. Topography along the profile is shown above. 
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The Pomona Doublet Sequence 

A M3.8 event and M3.7 event occurred in the Pomona area on September 19, 

2013. Focal mechanisms generated by the USGS (fig 31) indicate that these events 

occurred on a strike-slip fault, striking either northeast or northwest. The focal 

mechanism for the M3.7 event specifies a fault dip of nearly 90° for either nodal plane, 

whereas the focal mechanism for the M3.8 event indicates a dip of 78° NE for the 

northwest striking nodal plane and a dip of 82° NW for the northeast striking nodal plane. 

The focal mechanisms show that fault strike for these events is very well constrained, in 

particular the focal mechanism for the M3.8 event. However, fault dip for these events is 

not as well constrained. The outer edges of the sphere exhibit excellent data coverage, 

constraining fault strike very well; the center of the sphere critically lacks data, resulting 

in a poorly constrained dip estimate.  

Fifty-two events recorded by our array were part of the Pomona doublet sequence. 

These events occurred close to the inferred trace of the San Jose fault. In figure 31, nodal 

plane 2- striking to the northeast- is the likely plane corresponding to the San Jose fault 

Spatial analysis of the aftershock sequence for these events, allowed us to better 

understand the geometry of the fault on which these events occurred.
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Figure 31. Focal mechanisms for the M3.7 (left) and M3.8 (right) Pomona events.(United States Geological Survey, 2013).
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Figure 32 shows the Pomona doublet sequence as recorded by our array in more 

detail. The Hypoinverse output file includes values for horizontal location error for each 

event. In figure 32, panel A shows our events with horizontal errors of less than 0.5 km 

from Hypoinverse. Panel B shows events with horizontal distance error of 0.6 km or less. 

Similarly, panel C shows events with errors less 0.75 km from Hypoinverse. All of our 

events, regardless of error, are shown in panel D. Events recorded as part of the doublet 

sequence that were not in the SCSN catalogue occur at depths more shallow than the 

relocated SCSN events. Many of the relocated events occurred at depths between 4-5 km, 

whereas most of the new events occurred at depths between 3-4 km. The new events with 

the highest quality location (fig 32, panel A) occur in a very similar location to the 

relocated SCSN events. As we increase the horizontal location error, the new events trend 

towards the south of the SCSN relocated events. The events located in the southern 

portion of the map correspond to shallower depth. Most of these events occurred after the 

Pomona doublet. The installation of our station BON may have affected depth results for 

aftershocks. BON was located above the sequence, and thus the addition of BON would 

improve depth calculations for these events. This distribution indicates that these events 

occurred on a northeast striking fault dipping to the northwest.  
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Figure 32. Detailed map of events related to the Pomona doublet sequence. New events 

are shown as circles, relocated SCSN events are shown as diamonds—all events are 

color-coded with depth. A) horizontal error of 0-0.5 km B) horizontal error of 0-0.6 km 

C) horizontal error of 0-0.75 km D) all events regardless of error 

. 
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This fault geometry is further evidenced when the Pomona doublet and aftershock 

sequence is viewed in 3D (fig 33). Figure 30 shows a 3D cross section with azimuthal 

direction of 215 ° as viewed from above. The figure shows all events, both SCSN 

relocated events and “new” events with horizontal errors of less than 0.6 km. As seen in 

figure 33, a northeast striking fault plane, dipping steeply to the northwest fits well with 

the seismicity.  

 

Figure 33. 3D image of Pomona doublet sequence at 215° azimuth as viewed from above. 

All events (both relocated SCSN events and new events) are shown and color coded with 

depth. A topography map is shown above.  
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Figure 34. Map showing locations of cross section A-A' and B-B' in figures 35 and 36. 

Projected surface traces are marked as colored crosses. SCSN relocated events are shown 

as diamonds color coded with depth, new events are shown as circles color coded with 

depth. Stars mark every half km along the cross section. 

  

The map in figure 34 delineates the locations of the two cross sections through the 

Pomona sequence. In the cross sections, hypocenters with horizontal location error less 

than 0.6 km are outlined in black, and hypocenters with horizontal location error greater 

than 0.6 km are outlined in gray.  
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Cross section A-A’ (fig 35) is nearly perpendicular to the strike of nodal plane 2 

(fig 31) in the moment tensor for the M3.8 Pomona event. If events occurred on the fault 

plane in nodal plane 2, a cross section perpendicular to that strike would show 

hypocenters in a linear pattern in the direction of dip. The hypocenters in cross section A-

A’ clearly delineate a northwest dipping fault. However, it is also evident that multiple 

fault planes fit well with the hypocenter locations. Figure 35 shows cross section A-A’ 

with different fault planes that could be deduced from the data. The blue fault plane 

corresponds to the dip indicated in the focal mechanism. Because cross section A-A’ is 

nearly perpendicular to the strike in the focal mechanism, a fault plane can be drawn 

through the nodal plane on the focal mechanism displayed in the cross section; this fault 

plane corresponds to dip indicated by the nodal plane. It is clear in figure 35, that the 

fault plane indicated by the focal mechanism, a nearly vertical fault striking 220°, does 

not fit well with the seismicity.  

The red X marks the USGS inferred surface trace of the San Jose fault. Hauksson 

and Jones (1991) attribute a dip of 70° to the San Jose fault. As seen in figure 35, a fault 

plane with these characteristics fits well with the data.  However, considering that the 

events outlined in black are more accurate (horizontal error <0.6 km) than those outlined 

in gray, the orange fault plane fits the seismicity better than the red fault plane. The 

orange fault plane exhibits a 60° dip towards the northwest, and fits the trend of the 

seismicity well.  
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Figure 35. Cross section A-A' with possible fault traces. X’s mark the projected trace of 

the fault (fig 34). Focal mechanisms for the M3.7 and M3.8 events are shown. The blue 

plane is projected through the nodal plane of the M3.8 focal mechanism. Colors and 

symbols of events as in fig 34. Topography along the cross section is shown in panel 

above. 
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Cross section B-B’ (figure 36) is perpendicular to the strike of the USGS trace of 

the San Jose fault. As in cross section A-A’, the hypocenters of the sequence delineate a 

northwest dipping fault, however the northwestern trend in seismicity is not as clear as in 

cross section A-A’. In figure 36, the red X marks the USGS inferred surface trace of the 

San Jose fault. As seen in figure 36, a fault plane surfacing at the UGSG inferred location 

with a dip of 70° does not fit well with the seismicity. The purple X marks a possible 

fault plane that fits better with the hypocenters, this fault trace would have a dip of 63° to 

the northwest. This fault trace fits well with the more accurate hypocentral locations 

(those outlined in black). Though cross section B-B’ exhibits a linear trend of seismicity, 

the distribution of events is not as clearly aligned as in cross section A-A’. This suggests 

that the fault plane on which these events occurred corresponds to the strike of the nodal 

plane from the M3.8 focal mechanism.  
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Figure 36. . Cross section B-B' with possible fault traces. X’s mark the projected trace of 

the fault (fig 33). Event colors and symbols as in fig 35. 
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  For both cross sections, A-A’ and B-B’, we projected each of the possible fault 

planes onto the surface. The map in figure 34 shows the cross section lines marked with 

colored X’s corresponding to each of the fault traces presented in figures 35 and 36. For 

cross section B-B’, the purple X does not plot near the proposed surface trace of the San 

Jose fault. The purple X on cross section B-B’ would place the trace of the San Jose fault 

approximately 1 km to the southeast of the inferred trace of the San Jose fault  

The blue X on cross section A-A’ corresponds to the fault plane proposed by the 

focal mechanism solution for the M3.8 event. This fault plane strikes 220° but has a 

nearly vertical dip of 87°. Projection of this fault plane places the trace of the fault 2 km 

to the northwest of the proposed trace of the San Jose fault (red X). The best fit fault 

plane for the data in cross section A-A’ is the orange X, corresponding to a fault plane 

dipping 60°to the northwest. This fault plane places the surface trace of the San Jose fault 

approximately 1 km to the southeast of the inferred trace of the San Jose fault. 

Figure 37 shows a map of the San Jose fault published by the California Division 

of Mines and Geology (1977). The black X marks the location of our station BON. The 

colored X’s mark the approximate location of the projected points on cross section A-A’ 

(fig 35). In figure 37, an unnamed fault is mapped near our station BON, approximately 1 

km north of the mapped trace of the San Jose fault. This fault strikes to the northeast, 

nearly parallel to the mapped trace of the San Jose fault. Offsets within Miocene rocks 

are observed along this fault (California Division of Mines and Geology, 1977), and 

serve as reference for the fault’s location. This fault fits well with the projected surface 

location of the fault plane suggested by the M3.8 event focal mechanism (the blue X fig 

34, 35).  
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Figure 37. Map of the San Jose fault. Colored X's represent approximate locations of 

fault plane projections from cross section A-A' (fig 33, 34) (California Division of Mines 

and Geology, 1977). 

 

 Seismicity of the Pomona sequence clearly indicates that these events occurred on 

a northeast striking fault, dipping to the northwest. Cross sections through the seismicity 

indicate a fault plane with a dip ranging from 60° to 70° to the northwest. Focal 
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mechanisms for the M3.8 and M3.7 events indicate a nearly vertical dip, however lack of 

data in the center of the projection sphere, results in a poorly constrained fault dip. Nodal 

planes on the focal mechanisms could likely accommodate a 70° fault dip and still fit 

with the available data (fig 31). 

The California Division of Mines and Geology maps a secondary fault 

approximately 1 km to the north of the presumed location of the San Jose fault. Updated 

USGS maps do not include this fault. When we projected nodal plane 2 from the M3.8 

focal mechanism to the surface, it fit very well with the mapped secondary fault. 

However, cross sections through the Pomona sequence indicate that the nodal plane does 

not fit with the trend of the seismicity; therefore it is unlikely that the earthquakes we 

observed can be explained by a planar fault plane that corresponds to the strike and dip of 

the nodal plane of the focal mechanism. 

 Our results suggest that the Pomona sequence occurred on the San Jose fault. The 

fault planes shown in our cross sections place the surface trace of the San Jose fault 

further southeast than generally believed. However, the trace of the San Jose fault is not 

well known. The fault location has been inferred by water table mapping, but no surficial 

features have been observed, nor has any seismicity been attributed to the fault other than 

the Upland earthquakes of 1988 and 1990 (Hauksson & Jones, 1991). Fault strike and dip 

indicated by our data fit well with the known attributes of the San Jose fault. Our 

conclusions are based on the assumption that that these events occurred on a planar fault. 

We also assume that these events all occurred on the same fault. It may be possible that 

these events occurred on different faults. 
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Suggestions for Future Work 

  Our location results could be improved by determining a better velocity model 

specific to our study area. For example, this could be achieved by further analysis of the 

waveform data recorded by our array by matching the recorded waveforms for the 

Pomona doublet to a series of synthetic waveforms created for a suite of possible velocity 

models. Additionally, we would suggest varying some of the input parameters in 

hypoinverse and comparing the location results to our results. Our settings in 

Hypoinverse excluded all P and S wave picks of poor quality. Assigning a small weight 

to the poor quality P and S wave arrival time picks may change the location of our events. 

These changes may yield different hypocenter locations of these events, and comparison 

of our original locations and location errors to these new results would give greater 

insight into the effects of parameter modification in Hypoinverse for our study area.   

Our results for the Pomona sequence could also be improved by applying a 

relative relocation technique (e.g. by using the HypoDD software; Waldhauser (2001)). 

This would relocate our events relative to each other. Applying this methodology could 

potentially show the fault plane in more detail. This method has proven to useful for 

locating events in a small area such as the events from the Pomona sequence. 

 A better understanding of the faults in our study area could also be achieved from 

the analysis of focal mechanisms. The HASH method (Hardebeck & Shearer, 2002) uses 

P wave first motion polarities to calculate focal mechanisms; thus it can be used to 

determine focal mechanisms for the larger events in our catalogue.  
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CHAPTER FOUR: CONCLUSIONS 

 

 Our temporary seismic network recorded 382 events from July to September of 

2013. Our hypocenter location results were similar to those from Cramer and Harrington 

(1980) both in location and depth. Most of the events we located near the Cucamonga 

fault ranged from 4-10 km in depth. In cross sections across the Cucamonga fault, a 

scattered but linear trend of hypocenters can be seen dipping 60° to the north; it is 

possible that these events occurred on the Cucamonga fault. Similar to results from 

Cramer and Harrington (1980), we did not locate earthquakes in the Sierra Madre-

Cucamonga fault transition. We did not see evidence of a connection between the Sierra 

Madre fault and the Cucamonga fault. 

Our array recorded 52 events as part of the Pomona sequence. The distribution of 

hypocenters related to the sequence showed shallower events to the southeast, and deeper 

events to the northwest suggesting that these events occurred on a steeply northwest-

dipping fault. Furthermore, 3D images of the sequence clearly indicate that these events 

occurred on a northeast striking fault with a northwest dip. Cross sections through the 

seismicity and perpendicular to the fault strike, as indicated by the focal mechanism of 

the M3.8 Pomona event, displayed a linear trend of hypocenters extending from the 

southeast to the northwest. The focal mechanism for the M3.8 event suggested a nearly 

vertical fault. In cross section, a fault plane drawn through the nodal plane of the focal 

mechanism distinctly showed that the nearly 90° dip of this nodal plane did not fit the 

seismicity. The fault plane that best fit the seismicity dipped 60° northwest. Projecting 

this fault plane to the surface placed the trace of the fault approximately 1 km to the 

southeast of the proposed location of the San Jose fault. The Pomona sequence occurred 
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on a fault striking approximately 220 ° with a dip of 60°-70° to the northwest, consistent 

with the San Jose fault.  
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Appendix A: Seismometer Site Visit Documents 

 

Seismometer Serial Number: T6J30-C2738 Station MBR 

Date of Visit Purpose of Visit 

07/16/13 Seismometer installation 

07/31/13 Data retrieval and site maintenance 

08/14/13 Data retrieval and site maintenance 

09/06/13 Battery replacement 

 

Address of location: Along Mount Baldy Road. Directions- Take Mount Baldy Road 

(from Mills Ave or Padua Ave) and drive up to the intersection between Mount Baldy 

Road and Shinn Road. Pass the intersection and park at the first turnout on the left. Hike 

past the gate to seismometer. Seismometer located just before the gate for the old 

beekeeping grounds. 

Image of location 
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Seismometer Serial Number: T6I93-C2696 Station Code: BSR 

Date of Visit Purpose of Visit 

07/16/13 Seismometer installation 

07/31/13 Data retrieval and site maintenance 

08/14/13 Data retrieval and site maintenance 

09/06/13 Battery replacement 

09/20/13 Station removed and moved to BON 

 

Address of location-Further north than MBR, past both tunnels. At the intersection 

between Mount Baldy Road and Mountain Rd, make a right. There is a parking lot. Hike 

(or drive) down the embankment, the seismometer is located in the wash to the right 

(North side) on a small ridge. A Yucca branch and rocks cover the seismometer and 

battery. 

Image of location 
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Seismometer Serial Number: T6I89-C2698 Station Code: SAH 

Date of Visit Purpose of Visit 

07/16/13 Seismometer installation 

07/30/13 Maintenance. Seismometer exposed by 

unknown source. Seismometer reburied. 

07/31/13 Maintenance check to see if seismometer 

still buried. 

08/14/13 Site maintenance and data retrieval 

 

Address of location- Along 26th street in Upland. Accessible via Euclid Ave (off 10 

freeway) or Mountain Ave (off 210 freeway). Drive on 26th street all the way to the gate. 

Open lock with permit number written in blue. Drive to second gate (has two locks) 

unlock both locks with permit number written in blue drive almost all the way to third 

gate. Seismometer is located on an embankment on the hill to the East.  

Image of location 
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Seismometer Serial Number: T6D95-C1694 Station Code: LUL 

Date Visited Purpose of Visit 

07/17/13 Seismometer installation 

07/30/13 Data retrieval and site maintenance 

08/28/13 Battery replaced 

 

Address of location- Lucas Lenhert’s House-located on the side of the house, behind the 

gate that encloses the pool area.  
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Seismometer Serial Number: T6E36-C1794 Station Code: ERQ 

 

Date of Visit Purpose of Visit 

07/17/13 Seismometer installation 

07/30/13 Site maintenance 

08/28/13 Battery replaced 

 

Address of location- Erin Questad’s house. 

Image of location 
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Seismometer Serial Number: T6E34-C1793 Station Code: SDF 

Date of Visit Purpose of Visit 

07/17/13 Seismometer installation 

07/30/13 Data retrieval and site maintenance 

08/21/13 Data retrieval and site maintenance 

08/29/13 Battery still running but replaced anyway 

 

Address of location- Take San Gabriel Canyon Road all the way until it ends at the 

experimental forest. Dirt patch is located to the East about 25 yards South of the gate. 

Image of location 
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Seismometer Serial Number: T6J45-C2736 Station Code: TCT 

Date of Visit Purpose of Visit 

07/18/13 Seismometer installation 

07/30/13 Data retrieval and site maintenance 

08/21/13 Data retrieval and site maintenance 

08/29/13 Data retrieval and site maintenance 

09/06/13 Data retrieval and site maintenance 

 

Address of location: In Claremont. There is an intersection between Mills Ave and 

Pomello St. Head east on Pomello St and drive all the way until the road ends. Past the 

first gate, there is a second gate on the right. Past that gate there is an old road (now 

blocked off). Walk past the old stone wall on the right, before the old rusty trucks, 

seismometer is located to the East.  

Image of location 
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Seismometer Serial Number: T6J41-C2737 Station Code: HAV 

Date of Visit Purpose of Visit 

07/18/13 Seismometer installation 

07/31/13 Data retrieval and site maintenance 

08/21/13 Battery replacement 

 

Address of location: Snowdrop Lane in Rancho Cucamonga. Take Haven Ave all the way 

North until the road ends. Go up the fire road. Make a right onto Snowdrop Lane. Take 

Snowdrop until the pavement ends and pull over. Walk south down the hill until you see 

a granite boulder (the only granite boulder) on the right. Seismometer is located to the 

east of the boulder. 

Image of location 

 



      

 84 

 

Seismometer Serial Number: T6I95-C2697 Station Code: AUD 

Date of Visit Purpose of Visit 

07/18/13 Seismometer installation 

07/31/13 Data retrieval and site maintenance 

08/28/13 Battery Replacement 

 

Address of location:  Audra Hanks home. Located behind wooden gate, in a hole 

surrounded by bricks. Soft, very damp soil. Near trash cans so may be noise from 

homeowners moving trash cans. 

Image of location 
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Seismometer Serial Number: T6I93-C2696 Station Code: BON 

Date of Visit Purpose of Visit 

09/20/13 Seismometer installation 

 

Address of location:  Drive north on Fairplex Drive, make a left at the golf course and 

park in the dirt patch to the left. Seismometer is located over the hill, past the horse trail. 
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Appendix B: Experiment Details and Project Logistics 

Installing our temporary seismic network in order to record the micro seismicity of a 

large area was a new experience for Cal Poly Pomona. Many practical aspects of 

installing the array were learned in the field. This appendix serves as a means to provide 

information on the logistics and practicalities of installing our seismic network.  

 Seismometers were buried in holes approximately 1.5-2 feet deep. In all locations 

that were not volunteer homes, the marine battery was also buried. Each 

seismometer was placed in a plastic garbage bag, sealed with plastic ties before 

interment. To facilitate connection to the laptop computer, cables necessary for 

data transfer were left outside of the hole, covered very tightly with plastic bags 

and sealed with plastic ties. The tight sealing of these cables prevented damage to 

the cables from water, dirt and animals. 

 After installation, we visited each seismic station within a week in order to check 

that the installation was successful. We checked to make sure the seismometer 

was powered, that it had remained leveled, and that it was recording data. After 

the initial checkup, we visited each station every 2-3 weeks. 

 The battery life of the seismometers was somewhat unpredictable. We used 12 

volt marine batteries because we needed a continuous source of power over an 

extended period of time. Marine batteries can also be drained completely, and 

thus proved to be the logical choice for our purposes. We estimated that the 

marine batteries would be able to provide consistent power to the seismometers 

for about 4 weeks. As seen in figure 8, many of our stations lost power supply at 

points much earlier than 4 weeks. On the contrary, some stations had a continuous 
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power supply for up to 6 weeks. The instances with short battery life may be 

explained by a poor/weak GPS signal. We assume that in situations where the 

GPS signal was weak, the system may have used more power than otherwise 

necessary to attempt to locate more/better satellite signal.    
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Appendix C: Relocated Events 

 

SCSN ID SCSN 
Mag 

SCSN 
Lat 

SCSN 
Lon 

SCSN 
Depth 
(km) 

Relocated 
Lat 

Relocated 
Lon 

Relocated 
Depth 
(km) 

11337274 1.35 34.21 117.52 11.7 34.21 117.53 14.2 
11337282 2.78 33.12 117.67 16.8 33.25 117.62 19.55 
11337394 2.1 34.02 117.22 17.2 34.01 117.24 30.79 
11337738 1.25 34.26 117.50 13.6 34.25 117.51 14.09 
11337786 3.19 33.94 116.74 18.3 33.93 116.74 24.1 
11337826 1.17 34.32 116.68 1.2 34.36 116.64 12.3 
11338050 2.63 34.83 118.95 14.7 34.85 118.94 15.69 

11338410 1.14 33.86 117.76 8.5 33.87 117.75 16.22 
11338474 1.75 34.92 116.76 8.3 34.94 116.75 18.41 
11338514 0.8 34.24 117.49 14.5 34.25 117.51 13.35 
11338562 2.36 33.92 118.47 11.8 33.93 118.50 13.51 
11338570 0.71 34.14 117.64 11.8 34.16 117.65 11.21 
11338994 1.04 34.01 117.01 19.2 34.08 117.02 24.3 
11339018 1.93 33.95 117.06 17.3 33.95 117.07 30.5 
11339042 4.29 35.49 118.29 6.6 35.49 118.29 2.86 
11339226 1.22 34.25 117.50 13.3 34.23 117.53 16.54 
11339474 1.25 35.58 118.51 11.3 35.59 118.51 17.73 
11339506 1.44 34.31 117.49 13.5 34.30 117.49 13.76 

11340106 1.13 33.97 117.13 16.2 34.00 117.12 24.4 
11340514 1.96 34.05 116.74 11.4 34.04 116.75 20.14 
11340602 2.59 34.27 116.78 2.2 34.26 116.78 3.45 
11340658 3.18 35.48 118.29 3.5 35.49 118.29 3.06 
11341050 0.78 34.03 117.28 11.6 34.03 117.28 19.29 
11341074 0.97 34.13 117.48 3.2 34.13 117.49 4.04 
11341474 1.7 34.01 117.23 17.3 34.00 117.25 25.69 
11342338 1.26 34.03 117.78 4.8 34.05 117.77 11.04 
11342746 0.91 34.11 117.29 10.9 34.11 117.29 18.82 
11342874 1.22 32.60 116.08 14.8 34.13 117.28 12.18 
11342978 1.77 33.66 117.02 11.9 33.67 117.02 17.01 

11343570 1.58 34.07 117.52 16.4 34.09 117.52 20.96 
11343666 0.9 34.18 117.35 9.7 34.18 117.35 13.63 
11343722 2.79 34.90 119.03 13.3 34.91 119.02 11.3 
11343770 1.43 34.32 117.03 7 34.32 117.03 6.72 
11343786 2.48 33.89 117.80 9.3 33.90 117.79 10.62 
11343962 0.88 34.36 117.66 11.6 34.36 117.68 13.83 
11344042 1.36 33.44 116.56 11.1 33.44 116.56 18.96 
11344226 1.11 34.29 116.80 7.5 34.30 116.82 14.36 
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SCSN ID SCSN 
Mag 

SCSN 
Lat 

SCSN 
Lon 

SCSN 
Depth 
(km) 

Relocated 
Lat 

Relocated 
Lon 

Relocated 
Depth 
(km) 

11344322 0.91 33.90 117.79 9.1 33.92 117.77 16.32 
11344778 1.7 34.15 117.44 0 34.17 117.44 11.27 
11344834 2.76 34.99 118.53 7.9 34.99 118.52 15.13 
11344874 0.76 36.12 117.91 13.5 34.19 117.94 12.67 
11344882 1.17 34.05 117.28 12.7 34.06 117.28 18.55 
11345378 1.8 34.05 117.25 18 34.05 117.27 29.42 
11345402 0.74 34.19 117.34 9.5 34.18 117.36 15.12 
11345442 0.79 34.23 117.42 11.7 34.23 117.42 13.35 
11345450 2.15 33.29 116.74 5 33.29 116.77 9.53 

11345858 1.14 33.93 117.86 0.4 33.93 117.84 8.91 
11346002 1.18 34.25 117.51 13 34.24 117.52 16.94 

11346050 1.18 34.06 117.26 18 34.06 117.26 20.53 
11346218 1.35 34.26 117.50 12.8 34.17 117.52 0.78 
11346642 1.52 34.11 117.29 7.8 34.10 117.31 12.16 
11346778 1.06 34.19 117.62 4.2 34.19 117.62 5.38 
11346858 2.22 34.00 117.23 18.3 33.99 117.24 26.95 
11346906 2.65 33.51 116.45 11.2 33.52 116.47 17.27 
11346938 1.14 34.29 117.51 2.5 34.28 117.52 4.52 
11347346 1.83 33.56 118.16 5 33.55 118.19 21.38 
11347434 1.44 34.11 117.51 3 34.11 117.50 4 

11347570 2.7 33.96 118.43 9.9 33.97 118.44 12.36 
11347770 1.02 34.12 117.29 8.1 34.12 117.30 14.23 
11347826 3.92 32.88 116.26 5.4 32.90 116.26 5.6 
11347906 3.26 32.88 116.25 5.6 32.88 116.26 5.72 
11348178 1.6 34.01 117.60 5.7 34.02 117.58 7.81 
11348362 0.77 34.22 117.47 9.3 34.22 117.47 9.61 
11348474 1.4 34.02 117.57 10.1 34.03 117.57 15.2 
11348594 0.84 33.51 116.47 10.4 33.52 116.47 14.62 
11348690 2.86 34.29 116.77 2.3 34.29 116.77 13.83 
11348714 0.12 33.53 116.44 11.4 33.51 116.52 8.9 
11348882 3.75 36.02 117.78 1.4 36.02 117.78 3.51 

11349026 2.53 34.29 116.76 1 34.29 116.76 3.41 
11349210 1.96 33.80 118.40 0.3 33.78 118.37 5.84 
11349578 0.41 35.75 117.60 9.8 35.79 117.53 10.35 
11350442 0.81 34.18 117.35 9.4 34.17 117.35 14.65 
11350706 0.43 33.51 116.96 8.4 33.49 116.98 13.35 
11350714 1.4 34.01 117.02 19.1 34.02 117.02 26.04 
11350722 1.67 34.03 116.86 13 34.03 116.86 17.2 
11350850 2.21 34.22 117.48 13.3 34.22 117.48 13.99 
11350898 1.09 34.03 117.17 2.4 34.02 117.17 9.26 
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SCSN ID SCSN 
Mag 

SCSN 
Lat 

SCSN 
Lon 

SCSN 
Depth 
(km) 

Relocated 
Lat 

Relocated 
Lon 

Relocated 
Depth 
(km) 

11351202 2.01 34.06 116.67 8.6 34.06 116.67 8.86 
11351394 3.21 33.19 115.97 2.5 33.16 116.00 1.54 
11351458 1.12 34.05 117.24 15.6 34.04 117.26 24.12 
11351490 1.23 34.38 117.67 3.9 34.38 117.67 5.21 
11351498 3.32 35.48 118.29 5.1 35.49 118.29 2.94 
11351626 1.81 34.13 117.58 12.5 34.14 117.59 13.37 
11351690 1.22 33.88 117.74 8.7 33.87 117.80 22.04 
11351746 2.18 33.94 117.36 16.7 33.94 117.36 18.97 
11351882 1.02 34.23 117.47 9.2 34.22 117.46 8.97 

11352034 1.14 34.02 117.55 9.9 34.04 117.55 15.45 
11352050 1.99 33.69 118.13 7 33.69 118.11 12.29 

11359178 1.05 34.17 117.86 14.5 34.19 117.86 12.88 
11359266 0.85 34.00 117.59 4.2 34.01 117.59 17.32 
11359338 3.22 33.29 116.42 14.5 33.29 116.43 16.69 
11359362 0.94 34.14 117.71 10.6 34.15 117.73 10.23 
11359450 1.42 34.02 117.19 15.3 34.05 117.21 30.74 
11359650 1.73 33.91 117.79 8.9 33.92 117.80 17.61 
11359954 2.27 33.51 116.48 10.2 33.51 116.48 11.29 
11360098 1.33 34.13 117.31 11.1 34.14 117.31 16.73 
11360938 1.21 34.21 117.57 7.6 34.23 117.57 8.81 

11361074 2.23 34.30 116.84 7.1 34.29 116.85 14.02 
11361090 1.28 34.25 117.50 13.7 34.26 117.49 19.59 
11362010 1.11 34.26 117.59 4.5 34.27 117.60 5.44 
11362298 0.88 33.98 117.16 16.3 33.97 117.17 24.83 
11362330 0.92 34.07 117.79 1.8 34.08 117.79 4.97 
11362386 2.07 34.02 117.23 17 34.01 117.24 25.52 
11362554 2.16 34.08 117.79 2.3 34.09 117.78 5.15 
11362594 2.12 34.08 117.79 2.5 34.09 117.79 4.63 
11362970 2.02 34.02 117.23 16.8 34.02 117.23 23.93 
11363002 2.55 34.08 117.79 2 34.09 117.79 6.17 
11363010 1.34 34.07 117.79 2.1 34.08 117.78 4.99 

11363194 2.04 34.07 117.79 2.5 34.08 117.79 5.51 
11363474 1.39 33.98 117.56 5.3 34.00 117.55 11.89 
11363762 1.66 34.07 117.79 2 34.08 117.79 5.33 
11364314 2.46 34.18 116.95 13.3 34.18 116.96 16.62 
11364642 2.57 33.50 116.45 7.2 33.50 116.46 5.7 
11364746 1.21 34.07 117.79 2.3 34.08 117.80 4.33 
11364778 1.58 34.08 117.79 2.5 34.09 117.79 4.91 
11364850 1.77 34.08 117.79 2.4 34.09 117.79 4.65 
11364858 2.01 33.70 117.48 8 33.71 117.48 12.25 
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SCSN ID SCSN 
Mag 

SCSN 
Lat 

SCSN 
Lon 

SCSN 
Depth 
(km) 

Relocated 
Lat 

Relocated 
Lon 

Relocated 
Depth 
(km) 

11364866 1.46 34.08 117.79 2.4 34.08 117.78 5.21 
11365066 2.04 34.08 117.79 2.4 34.09 117.79 5.52 
11365682 1.86 34.04 116.68 12.7 34.04 116.69 17.91 
11365786 1.05 34.11 117.48 9.7 34.13 117.49 13.12 
11366122 1.31 34.02 117.55 9.8 34.02 117.56 12.35 
11366218 2.68 33.93 116.36 8 33.93 116.36 10.08 
11366274 1.69 34.08 117.79 2.4 34.08 117.79 4.73 
11366290 1.53 34.07 117.79 2.2 34.08 117.79 5.26 
11366314 1.92 34.08 117.79 2.6 34.08 117.79 5.25 

11366538 3.68 34.08 117.79 2.9 34.09 117.78 5.35 
11366562 3.75 34.08 117.78 3.6 34.09 117.78 5.18 

11366570 1.66 34.07 117.79 2.5 34.09 117.79 5.42 
11366586 0.98 34.07 117.79 1.4 34.08 117.78 5.18 
11366650 1.19 34.06 117.80 2.2 34.07 117.79 4.89 
11366666 1.25 34.07 117.79 2.2 34.08 117.78 3.91 
11366674 0.92 34.06 117.80 2.5 34.09 117.76 3.3 
11366802 1.63 34.07 117.79 2.1 34.08 117.79 5.27 
11366842 0.92 34.07 117.79 1.9 34.07 117.78 4.75 
11366994 3.8 33.34 116.39 13.7 33.34 116.40 15.01 
11367250 2.04 34.10 117.51 16.2 34.11 117.51 19.9 

11367266 2.6 34.08 117.79 2.5 34.09 117.78 4.87 
11367282 1.8 34.07 117.79 2.4 34.08 117.79 5.36 
11367554 1.37 34.07 117.79 1.6 34.08 117.77 3.3 
11367634 1.7 34.16 117.51 14.4 34.16 117.51 16.97 
11367714 1.13 34.07 117.79 2.7 34.08 117.79 4.9 
11367794 1.81 34.08 117.79  34.09 117.79 4.64 
11367858 2.8 33.54 118.32 7.9 33.52 118.31 19.98 
11368162 0.45 34.07 117.79 0.7 34.07 117.79 4.45 
11368274 3.43 33.46 116.60 13.5 33.46 116.61 16.45 
11368762 2.19 34.45 117.96 10.7 34.45 117.95 9.16 
11368898 1.55 33.80 117.64 3.2 33.80 117.63 5.98 

11370202 1.37 34.06 117.79 1.4 34.07 117.79 4.71 
11370210 1.4 34.07 117.79 2.4 34.06 117.81 5.07 
11370666 2.23 34.22 117.58 8 34.22 117.58 10.95 
11370898 0.86 33.83 117.00 13.4 33.85 117.02 27.28 
11371154 3.58 32.90 116.28 2.7 32.89 116.29 1.46 
11371458 1.65 34.08 116.48 10.5 34.71 116.29 5.07 
11371538 2.18 34.08 117.79 3.2 34.08 117.79 5.23 
11371666 2.13 34.08 116.48 11 34.08 116.47 19.95 
11371754 2.67 34.03 117.25 16.5 34.03 117.25 17.5 
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SCSN ID SCSN 
Mag 

SCSN 
Lat 

SCSN 
Lon 

SCSN 
Depth 
(km) 

Relocated 
Lat 

Relocated 
Lon 

Relocated 
Depth 
(km) 

11371778 1.47 33.84 117.77 7 33.84 117.75 7.62 
11371818 1.53 34.02 118.01 13.1 34.05 118.00 12.68 
11372162 1.01 34.07 117.27 17.7 34.03 117.28 28.07 
11372178 1.28 34.03 117.56 13.2 34.05 117.57 20.99 
11372226 2.41 34.16 116.81 8.3 34.15 116.81 10.56 
11372546 1.62 34.07 117.79 1.7 34.07 117.80 4.11 
11372586 0.85 34.19 117.62 4.3 34.20 117.62 6.86 
11372746 2.21 33.95 116.74 15.4 33.98 116.72 18.81 
11372874 3 33.80 117.68 6.7 33.81 117.67 10.16 

11372954 0.93 33.99 117.01 10.1 33.96 116.97 5.81 
11373346 2.5 33.62 116.75 18.3 33.62 116.76 23.76 

11373426 2.86 33.80 117.64 2.8 33.81 117.63 3.9 
11373442 2.28 33.80 117.64 3 33.81 117.63 5.36 
11373458 4.28 34.71 116.29 1.9 33.96 116.98 24.83 
11373642 1.63 33.98 116.98 16.6 33.83 117.60 3.23 
11373794 1.7 33.80 117.64 3.1 34.71 116.29 4.88 
11374042 2.52 33.78 115.98 5.6 33.78 115.98 6.73 
11374170 1.56 34.18 117.35 9.9 34.19 117.35 18.16 
11374514 0.82 34.19 117.62 3.8 34.20 117.62 6.76 
11374618 2.49 33.95 116.74 18.5 33.94 116.75 19.13 

11374682 1.21 34.12 117.44 8.8 34.12 117.44 8 
11375234 2.13 34.03 117.25 16.5 34.03 117.25 20.35 
11376290 0.78 34.20 117.59 4.7 34.21 117.58 6.03 
11376330 1.14 33.90 117.86 8.9 33.87 118.01 27.77 
11377138 1.02 33.86 117.81 9.3 33.85 117.81 21.08 
11377290 1.3 34.09 117.45 4.4 34.09 117.43 11.72 
11378194 1.8 34.05 117.19 14.8 34.05 117.20 17.32 
11378426 1.15 33.80 117.68 7 33.79 117.68 6.84 
11378738 1.48 34.22 117.47 9.3 34.22 117.47 9.84 
11378858 2.06 34.03 117.24 18 34.02 117.26 26.03 
11379066 0.65 34.19 117.63 4.3 34.20 117.62 6.32 

11379194 2.91 33.68 116.72 17.1 34.16 117.64 11.79 
11381218 1.38 34.18 117.56 4.3 34.18 117.56 7.47 
11381586 1.59 34.05 118.02 12.2 34.07 118.00 21.69 
11381666 2.19 33.57 118.30 8.5 33.72 116.83 0.04 
11383146 0.17 33.70 116.76 19.2 34.17 117.45 15.29 
11383962 1.01 34.16 117.44 12 34.03 117.57 15.81 
11384346 1.56 34.04 117.56 9.6 34.14 117.46 14.03 
11385090 1.15 34.13 117.46 12.8 34.12 117.46 10.6 
11385218 0.92 34.12 117.46 9.7 34.19 117.60 5.16 
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SCSN ID SCSN 
Mag 

SCSN 
Lat 

SCSN 
Lon 

SCSN 
Depth 
(km) 

Relocated 
Lat 

Relocated 
Lon 

Relocated 
Depth 
(km) 

11385498 0.68 34.19 117.60 4.2 34.49 116.52 13.13 
11385850 2.77 34.50 116.52 9.5 33.94 117.92 11.47 
11386706 1.11 33.92 117.93 6.6 34.43 117.82 8.72 
11386730 1.88 34.43 117.81 9.5 34.02 116.60 13.91 
11386970 2.51 34.02 116.59 11.3 34.09 117.89 14.22 
11387394 1.4 34.13 117.90 13.2 34.21 117.02 8.02 
11387578 2.97 34.21 117.01 7.4 34.25 117.48 14.53 
11387674 1.71 34.25 117.48 13.8 34.26 117.47 17.28 
11387770 1.64 34.25 117.48 13.3 34.03 117.19 8.83 

15393105 0.98 34.03 117.18 4 33.88 117.77 18.81 
15393497 1 33.85 117.80 14.7 34.19 117.38 17.04 

15393769 0.69 34.24 117.55 9.5 34.24 117.55 9.18 
15393913 1.77 33.94 116.98 17.2 33.94 116.98 26.13 
15394337 1.83 33.68 116.70 18.9 33.67 116.70 23.6 
15394377 3.09 35.48 118.29 2.5 35.48 118.28 5.98 
15394457 2.56 34.72 118.56 11.2 34.73 118.55 13.77 
15394481 1.21 34.00 117.22 12.1 34.00 117.22 19.49 
15394497 2.23 34.00 117.22 11.8 34.00 117.22 18.21 
15394529 0.66 34.19 117.59 3.8 34.19 117.60 5.53 
15394601 1.43 34.00 117.22 10.9 33.99 117.23 17.06 

15395761 0.85 34.33 117.68 6.4 34.33 117.69 4.88 
15395769 0.83 34.33 117.68 7.5 34.33 117.69 11.91 
15395905 1.06 34.10 117.60 20.9 34.11 117.63 15.94 
15396161 1.79 34.08 118.87 13.8 34.09 118.84 16.02 
15396185 2.72 32.89 116.26 6.5 32.89 116.27 5.94 
15396409 3.01 34.01 116.63 10.2 34.01 116.63 17 
15396489 0.99 34.19 117.62 4.6 34.19 117.62 7.26 
15396745 2.87 34.69 117.19 7.5 34.69 117.19 5.81 
15396881 4.2 35.48 118.29 2.3 35.49 118.28 13.35 
15397369 1.33 34.23 116.99 8.4 34.23 116.98 13.47 
15397489 2.32 34.20 116.86 3.7 34.19 116.86 4.49 

15397585 1.36 33.99 117.15 14.8 33.98 117.15 20.34 
15397801 2.03 33.84 117.77 7.4 33.83 117.78 18.16 
15397841 0.7 34.12 117.32 14 34.12 117.33 30.35 
15398417 1.75 33.84 118.15 4.3 33.84 118.16 15.04 
15398465 1.14 34.06 117.25 18.1 34.07 117.25 25.66 
15399065 2.75 34.03 117.25 17.7 34.03 117.25 22.34 
15399329 0.82 33.86 117.66 7 33.87 117.67 5.44 
15399337 1.01 34.23 117.47 8 34.23 117.48 8.31 
15399401 1.82 33.88 117.82 8.9 33.88 117.82 15.5 
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SCSN ID SCSN 
Mag 

SCSN 
Lat 

SCSN 
Lon 

SCSN 
Depth 
(km) 

Relocated 
Lat 

Relocated 
Lon 

Relocated 
Depth 
(km) 

15399593 1.81 33.58 116.75 13.4 33.58 116.75 19.67 
15399673 1.47 34.01 117.61 14.6 34.06 117.59 15.23 
15400033 0.91 34.19 117.62 4.4 34.19 117.62 6.17 
15400401 0.97 34.25 117.59 6.4 34.25 117.59 8.62 
15400449 1.18 33.79 117.64 4.1 33.76 117.70 2.53 
15400649 1.08 33.86 117.78 8.4 33.88 117.72 17.36 
15400905 1.2 34.00 117.53 16.6 34.05 117.54 29.56 
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Appendix D: New Events 

Event Lat  Lon Depth 
(km) 

20130824011712 33.94 118.34 5.81 
20130922131822 33.69 117.18 0.08 
20130923211849 33.87 117.49 0.04 
20130819191925 33.92 117.40 4.13 
20131002102750 33.75 117.87 8.16 
20130804073149 33.87 117.83 18.35 
20130903115921 34.19 117.76 8.97 
20130819103847 34.23 117.75 0.04 
20131008064226 34.15 117.74 3.92 

20130728062001 34.19 117.62 5.15 
20130805043550 34.25 117.51 13.47 
20130731095647 34.26 117.51 13.54 
20130811044148 34.22 117.53 6.61 
20130809041816 34.19 117.63 5.38 
20130920061711 34.09 117.92 0.08 
20131001015000 34.06 117.78 4.21 
20131015071710 34.06 117.86 12.35 
20130725010555 34.04 117.72 0.02 
20130930183145 34.07 117.79 4.33 
20131009072533 34.06 117.80 3.57 

20131031120829 34.12 117.43 6.29 
20130807054223 34.34 119.21 4.21 
20130921091452 34.08 117.78 3.68 
20131006043145 34.08 117.78 3.72 
20131018181657 34.08 117.79 4.29 
20130822083033 34.04 116.95 5.01 
20130809040122 34.11 116.99 5 
20130808121742 34.24 117.50 10.4 
20130819113914 34.15 117.58 5.19 
20130726023523 34.21 117.59 6.57 
20130921143953 34.08 117.78 3.45 

20130722153927 34.16 117.68 6.87 
20130724054442 34.20 117.50 11.65 
20130820095324 34.25 117.51 12.5 
20130728080209 34.21 117.62 9.74 
20130917102229 34.19 117.61 5.9 
20130907094233 34.19 117.65 8.11 
20130826193435 34.09 117.54 16.82 
20130917053828 34.18 117.68 4.51 
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Event Lat  Lon Depth 
(km) 

20130921103331 34.07 117.79 4.08 
20130921102609 34.07 117.79 4.06 
20130922111149 34.07 117.78 4.21 
20130923060508 34.07 117.79 3.95 
20130929075233 34.07 117.79 3.92 
20130927035525 34.06 117.79 4.23 
20130930165259 34.07 117.78 4.27 
20131002045059 34.11 117.79 10.72 
20131003175228 34.07 117.79 4.72 
20131004062801 34.08 117.79 3.7 

20131006094450 34.07 117.78 3.57 
20131009124149 34.06 117.79 3.48 
20131004051021 34.07 117.79 4.34 
20131004113144 34.07 117.78 5.02 
20131003195845 34.08 117.78 3.71 
20130827080758 34.00 117.85 5.65 
20130831074818 34.19 117.63 3.8 
20130905040220 34.27 117.70 5.05 
20130904114127 34.20 117.58 3.75 
20130831192343 34.25 117.60 6.25 

 

 

 




