
 
 

 

 

 

 

 

 

 

 

ABSTRACT 

 

Spatial Correlation of Earthquakes with Two Known and Two Suspected Seismogenic 

Faults, North Tahoe-Truckee Area, California 

 

Tyler H Reed, M.S. 

 

Committee Chairperson: Vincent S. Cronin, Ph.D. 

 

 

The Seismo-Lineament Analysis Method (SLAM) is used with relocated 

hypocenters and revised focal mechanisms from 29 M≥3 earthquakes reported in the 

north Tahoe-Truckee area, California, to spatially correlate earthquakes with the Dog 

Valley fault zone, the Polaris fault, and two trends that exhibit geomorphic evidence of 

faulting:  the Martis Creek and Prosser Creek trends.  These faults and trends are 

orthogonal-to-conjugate to each other, and are proximate to reservoirs and dam structures 

whose failure might impact downstream communities along the Truckee River, including 

Reno.  Earthquakes were spatially associated with the two faults and with the Martis 

Creek and Prosser Creek trends, which are inferred to have developed along seismogenic 

faults.  Horizontal infinitesimal strain analysis of GPS velocity data indicates slow 

clockwise crustal rotation and NW translation consistent with right-lateral shear in the 

northern Walker Lane, as well as maximum horizontal extension oriented ENE-WSW 

consistent with average T-axis orientations from focal mechanisms. 
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CHAPTER ONE 

Introduction 

 

 

This is the second in a series of research projects in the Lake Tahoe area of eastern 

California and western Nevada, intended as contributions to our knowledge of faults that 

generate earthquakes in that area.  The motivation for these projects is to expand our 

knowledge of earthquake sources in the Lake Tahoe-Truckee area, thereby contributing 

to improved seismic safety.  In the first project, Lindsay (2011) reviewed the tectonic 

context of the Lake Tahoe area, which marks the eastern edge of the Sierra Nevada-Great 

Valley (SNGV) block and the western edge of the Basin and Range physiographic 

province within the broad boundary zone between the Pacific and North American plates 

(Figure 1;  Atwater, 1970;  Atwater and Stock, 1998).  The SNGV block is translating 

toward the northwest relative to the stable interior of the North American craton (Argus 

and Gordon, 1991; Hearn and Humphreys, 1998).  The Basin and Range is a region of 

continental stretching in a northeast-southwest direction, extending from the Wasatch 

fault zone in central Utah to the SNGV block (e.g., Wernicke and Snow, 1998;  Dixon 

and others, 2000;  Kreemer and Hammond, 2007).   

The boundary zone between the SNGV block and the Basin and Range is called the 

Walker Lane, which is a zone across which overall dextral displacement is locally 

accommodated by dextral and sinistral strike-slip faults, normal and oblique faults, and 

some clockwise vertical-axis rotation of small crustal blocks (Stewart, 1988;  Blewitt and 

others, 2009;  Hammond and others, 2009;  Kreemer and others, 2009;  Hammond and  
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Figure 1:  Generalized tectonic setting of the study area (red rectangle), from Lindsay (2011).  ECSZ is the 

eastern California shear zone, and NCSZ is the northern California shear zone (Hammond and others, 

2011).  Green arrows are GPS velocities of selected Plate Boundary Observatory sites relative to the Stable 

North American Reference Frame (Kreemer and others, 2003). 

 

others, 2011).  It has been estimated that as much as 20-25% of the relative displacement 

between the North American and Pacific plates might be accommodated along the 

Walker Lane (Hammond and Thatcher, 2007;  Oldow and Cashman, 2009;  Hammond 

and others, 2011). 
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Figure 2:  Map of epicenter locations of earthquakes used in this study. Green dots are relocated epicenters 

of 2884 earthquakes from 1984 through 2011.  Large, black dots are epicenters to earthquakes with 

magnitude 3.0 or greater with focal mechanisms used in this thesis.  Earthquake numbers relate to data in 

Table 1.  Relocated epicenters are from Waldhauser’s catalog of northern California events (Waldhauser, 

2009, 2013).  

 

The study area for this research project is located within the northern Walker Lane, 

from 39.2°-39.5°N latitude and 120.3°-119.9°W longitude in the north Tahoe-Truckee 

area of eastern California and western Nevada (Figure 1).  The relocated earthquake  
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dataset of Waldhauser (2013) includes 2884 earthquakes that occurred from 1984 through 

2011 with reported epicenters within the study area (Figure 2).  Of these, 41 earthquakes 

have reported magnitudes of 3.0 or greater.  The largest earthquake in this area is the M 

6.0 Truckee event of September 12, 1966 (event 1 on Figure 2;  Kachadoorian and others, 

1967; Greensfelder, 1968;  Ryall and others, 1968; Tsai and Aki, 1970;  Hawkins and 

others, 1986).   

 

Known Faults in the Study Area 

Faults that have ground-surface rupture “within Holocene time” are considered 

active under California’s Alquist-Priolo Earthquake Fault Zoning Act (Bryant and Hart, 

2007).  In the absence of ground-surface rupture observed in the immediate aftermath of 

a significant earthquake, the typical manner in which a fault becomes legally classified as  

an active fault is through trench studies.  A trench is excavated across the suspected fault 

by a geologist licensed by the State of California demonstrate that Holocene-aged 

material has been offset by the fault (e.g., McCalpin, 2009).  The research described in 

this thesis does not involve trench studies, but instead investigates whether a given fault 

is spatially correlated with an earthquake.  A fault that is correlated with an earthquake is 

a seismogenic fault, whether or not it is legally recognized as an active fault by the 

appropriate governmental authority. 

Only the 1966 Truckee earthquake and its aftershocks among the earthquakes 

reported in this area have been attributed to a specific structure:  the Dog Valley fault 

zone (Figure 3;  Greensfelder, 1968;  Ryall and others, 1968).  That attribution results 

from minor ground-surface rupture observed after the main shock, the distribution of  
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Figure 3:  Map of known faults in the study area and the Prosser Creek and MartisCreek trends.  

MVFZ=Mohawk Valley fault zone, WT-DPFZ=West Tahoe-Dollar Point fault zone.  Compiled from the 

Quaternary Fault and Fold Database of the United States (2013), Olig and others (2005), Hunter and others 

(2011), and Lindsay (2011). 

 

aftershocks, and the focal mechanism solution of the main shock.  Surface rupture during 

the Truckee earthquake was diffuse, discontinuous, and did not seem to follow a single 

fault surface (Kachadoorian and others, 1967).  Kachadoorian and others (1967) suggest 
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that ground rupture occurred along ~10 miles of unconsolidated alluvium striking ~30°.  

Ground-surface rupture has not been documented for any other earthquake in the area. 

The Dog Valley fault zone (DVFZ) is a left-lateral strike-slip zone striking ~40° 

northeast, apparently with distributed shear across a zone that is approximately 5 km  

wide (Figure 3).   The DVFZ passes through the Stampede Reservoir and its earth-fill 

dam structure.  According to the 2025 General Plan for the Town of Truckee, California, 

the DVFZ is capable of generating “a maximum credible earthquake 6.75” magnitude 

(Town of Truckee, 2006).   Hawkins and others (1986) describe the Dog Valley fault 

zone as “concealed” with no evidence of displacement at ground surface, yet displaying a 

“pronounced topographic lineament.” 

The Polaris fault is a right-lateral fault striking ~147° that was discovered in 2009 

by Hunter and others (2011), based on geomorphic analysis of hillshade images created 

using LiDAR data, followed by fieldwork.  Trenching across the trace of the Polaris fault 

by a group of private consultants is reported to have shown displaced Holocene strata 

(Hunter and others, 2011).  Melody (2009) conducted a small trench study in a meadow 

immediately east of State Highway 89 and west of Billy Hill, ~3.2 km north of Hobart 

Mills.  The position of his trench was selected to cross a suspicious geomorphic 

lineament, now recognized as being along the Polaris fault.  Melody (2009) indicated a 

displacement of strata exposed in the trench as recently as 7 kyr.  The Polaris fault might 

be capable of generating a magnitude 6.4-6.9 earthquake (Hunter and others, 2011).  The 

DVFZ and Polaris fault intersect one another with a conjugate or nearly orthogonal 

geometry.  No historic earthquake has been correlated to the Polaris fault, apart from the 

preliminary correlations described by Lindsay (2011).   
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This thesis focuses on two known fault systems.  Other fault systems in the area are 

mapped by Saucedo (2005), Olig and others (2005), Sylvester and others (2007, 2012), 

and Schweickert and others (1999, 2000a, 2000b, 2004). 

 

Suspected Faults in the Study Area 

The Prosser Creek trend was described by Lindsay (2011), and generally extends 

from the Hobart Mills area near Highway 89 to the southeast ~17.5 km, through Prosser  

Creek and Union Valley towards Burned Hill (Figure 4).  Lindsay (2011) used SLAM to 

tentatively correlate nodal planes of 4 earthquake events to a geomorphic linear trend 

with a strike azimuth of ~122.  The trend was identified as the Prosser Creek trend 

because it extends through Prosser Creek and Prosser Creek Reservoir.  Nodal planes 

from the events correlated with the Prosser Creek trend are steeply dipping, dextral, 

striking NW-SE, indicating possible conjugate relationship with the sinistral, steeply 

dipping DVFZ.   A segment of the Truckee River is established along the geomorphic 

trend.   

The Martis Creek trend extends from the drainage directly south of Pole Creek on 

the west side of Highway 89 through the ridge trough southeast of Lookout Mountain at 

the Northstar ski area (Figure 4).  It is expressed in the northeast (NE of highway 267) as 

an alignment of small geomorphic troughs extending through Klondike Meadow, 

extending near the summit of Burned Hill and into western Nevada to the northeast.  

Lindsay (2011) spatially correlated seismo-lineaments from 4 earthquakes with the 

Martis Creek trend, a set of geomorphic lineaments striking ~57° NE in the drainage area  
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Figure 4: Index map of the Prosser Creek trend (upper, blue curves) and the Martis Creek trend (lower, 

green curves).  Map made using the National Geographic base map with ArcGIS Online in ArcGIS 10. 

 

 

of Martis Creek northwest of Lake Tahoe.  Focal mechanism nodal planes tentatively 

correlated to the Martis Creek trend are left-lateral (Lindsay, 2011).  The conjugate 

orientations of the Polaris fault and Dog Valley fault zone and the Prosser Creek and 

Martis Creek trends are consistent with current estimates of tectonic stress regimes.   
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Importance of This Research 

Truckee is the largest town in the study area, with a permanent population of 

~16,000.  The rest of the area is sparsely populated except in the immediate vicinity of 

the Lake Tahoe shoreline and various ski resorts, although the permanent population is 

growing and the vacation-time population can be much larger.  The study area is 

traversed by Interstate Highway 80, the primary railroad corridor across the Sierra 

Nevada mountain range, and the Truckee River.  The Truckee River originates at the 

northwest corner of Lake Tahoe, and flows north before it turns east to pass through 

Verdi, Reno-Sparks and Carson City.  Tributaries of the Truckee River have been 

impounded by earthfill dams in the study area to create the Prosser Creek, Stampede, 

Martis Creek and Boca reservoirs.  Known or suspected seismogenic faults cross all of 

these reservoirs (e.g., Hawkins and others, 1986;  Olig and others, 2005).   

Martis Creek Dam was constructed in 1972 as an earthfill dam with a height of 113 

feet.  It is owned and operated by the US Army Corps of Engineers (USACE) for flood 

control and to contribute to the future water supply for the Truckee area.  During tests of 

the integrity of its reservoir basin, significant seepage was observed in the area of the 

southwest (left) abutment of the dam structure.  Modeling of dam-breach scenarios by the 

USACE "indicate the potential for large impacts to downstream areas and facilities 

including inundating large portions of the Reno-Sparks metropolitan area, railroads, 

bridges, and an Interstate Highway" (Hunter and others, 2010).  The USACE identified 

the Martis Creek Dam "as one of [the] ten highest risk dams in the US."  Geophysical and 

geologic studies begun in 2007 to define the cause of seepage at Martis Creek Dam led to 

the discovery of the Polaris fault passing through the reservoir and within a few meters of 
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the left abutment of the dam in 2009 (Hunter and others, 2011).   The Martis Creek 

Reservoir is currently empty.   

A major earthquake in the study area poses a substantial risk of damage to buildings 

constructed without attention to seismic loading, to transportation corridors and water 

supply facilities, in addition to risks of flooding due to dam failure.  A major earthquake 

might also trigger additional failure of the submerged shelf of glacial sediments along the 

western edge of Lake Tahoe, causing a tsunami that could be devastating to lakeshore 

communities such as South Lake Tahoe, Incline Village and Tahoe City (e.g., Ichinose 

and others, 2000;  Kent and others, 2005;  Moore and others, 2006).  An improved 

understanding of seismogenic faults in this area will be an important contribution to 

mitigating these risks. 

 

This Research and Prior Work 

Ryan Lindsay employed the Seismo-Lineament Analysis Method (SLAM) along 

with reconnaissance field work to evaluate the possible spatial correlation between 29 

earthquakes and known or suspected faults in the North Tahoe-Truckee area (Lindsay, 

2011).  His broad survey indicated possible correlation between several earthquakes and 

the Dog Valley fault zone or the Polaris fault.  Lindsay also identified two trends that had 

geomorphic features that are similar to those found along known faults, but along which 

no faults had been mapped to that point in time.  He called these the Prosser Creek trend 

and the Martis Creek trend.  The research described in this thesis extends Lindsay's work, 

focusing on correlation of earthquakes with these two faults and the two trends.  This is a 

different use of the general SLAM procedure described by Cronin and others (2008), 



 11 

because here the emphasis is on determining which, if any, earthquakes spatially correlate 

with specific known or suspected faults. 

Lindsay (2011) used hypocenter location data from the online catalog maintained 

by the Northern California Earthquake Data Center (NCEDC).  Hypocenter locations in 

this catalog are single-event locations, as contrasted with locations determined by the 

joint relocation of multiple earthquake hypocenters (e.g., HypoDD method of 

Waldhauser and Ellsworth, 2000;  cluster relocation method of Jordan and Sverdrup, 

1981).  Locations that are recomputed in light of information from other local 

earthquakes are often considered to be more accurate than single-event locations, if for no 

other reason than that the process often involves scrutiny of the input data to remove 

obvious errors in polarity or travel time.  The research described in this thesis uses 

hypocenter locations that result from an ongoing relocation study of northern California 

earthquakes by Felix Waldhauser (2013).   

Lindsay (2011) used earthquake focal mechanisms contributed from several 

published papers and online databases.  With the exception of the focal mechanism of the 

Truckee earthquake of 1966 (Tsai and Aki, 1970), all of the focal mechanisms used in the 

research described in this thesis are from the revised NCEDC dataset that uses FPFIT 

(Reasenberg and Oppenheimer, 1985) to compute focal mechanisms.  Peggy Hellweg of 

the University of California-Berkeley Seismology Lab described the updated NCEDC 

event data schema, which includes an improved procedure for evaluating channel 

reversals and improved wave-arrival-time picks for some events.  After these changes 

were implemented, the focal mechanism catalog was revised by re-running FPFIT for all 

events that had sufficient data (Hellweg, personal communication, 2013).  David 
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Oppenheimer of the US Geological Survey noted that the polarity corrections for data 

from stations operated by the University of Nevada-Reno and the California Department 

of Water Resources might have made considerable difference in the recomputed focal 

mechanisms in the Tahoe area (Oppenheimer, personal communication, 2013).  Hence, 

the focal mechanisms used in this research are more consistent across the dataset and 

probably more accurate than those used by Lindsay (2011). 

The SLAM code used by Lindsay (2011) treated the uncertainty region around the 

hypocenter as if it was a vertical cylinder, and did not account for the uncertainties in the 

dip or strike of the nodal planes from the focal mechanism solution.  The SLAM code has 

been revised (Cronin, 2013a), and now treats the uncertainty region around the 

hypocenter as an ellipsoid whose major axis length is the vertical uncertainty and whose 

intermediate and minor axes are defined by the horizontal uncertainty.  The revised code 

also includes the strike and dip uncertainties in nodal-plane orientation. 

Lindsay (2011) recommended that future studies should consider crustal strain as 

measured by GPS velocity data from the EarthScope Project's Plate Boundary 

Observatory (PBO) or other sources.  The research described in this thesis includes the 

results of a 2-D infinitesimal strain analysis using the horizontal components of velocity 

from seven PBO GPS sites across the study area. 

 

Purpose of This Research 

The objective of this study is to use the improved hypocenter locations and focal 

mechanism solutions in the current revision of the SLAM code to redefine seismo-

lineaments in the north Tahoe-Truckee area, and to evaluate which earthquakes might 

have occurred along the Dog Valley fault zone or the Polaris fault.  The improved 
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seismo-lineaments were also used along with more extensive geomorphic and field 

studies to evaluate possible seismogenic faulting along the Prosser Creek and Martis 

Creek trends.  Finally, velocity data from seven PBO GPS sites around the study area 

were used to investigate the horizontal infinitesimal strain averaged over most of the last 

decade.  This work is intended to contribute information that will be useful in the 

assessment of seismic risk in an area of growing population and sensitive transportation, 

communication and water-supply infrastructure. 
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CHAPTER TWO 

Methods and Primary Data 

 

Earthquake Locations 

Earthquakes that occur in the upper crust are thought to originate as a result of 

frictional slip along faults (e.g., Scholz, 2002;  Yeats and others, 1997).  The place below 

Earth's surface where the earthquake originated is called the hypocenter or focus, and the 

spot on Earth's surface directly above the hypocenter is called the epicenter.  The location 

of an earthquake hypocenter is generally expressed as the latitude and longitude of its 

epicenter and the depth of its hypocenter in kilometers below sea level.  An earthquake 

that occurs in northern California or western Nevada is usually detected by several 

seismographs in one or more networks and an initial location is computed from the 

arrival times of relevant seismic waves.  The Northern California Earthquake Data Center 

(NCEDC) maintains a searchable online catalog of single-event locations for earthquakes 

in this region (NCEDC, 2013).  Single-event locations might be biased by the anisotropic 

velocity structure of the crust and mantle through which the seismic waves traveled to the 

various seismographs, by a poor azimuthal distribution of seismographs around the 

epicenter, by recording errors, or by inaccurate first-arrival picks (e.g., Cronin and 

Sverdrup, 2003). 

Earthquake locations can be improved using one of several relocation techniques 

that have been developed to take advantage of observations from multiple earthquakes.  

A large number of earthquake hypocenters can be relocated simultaneously using the 
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HypoDD technique of Waldhauser and Ellsworth (2000;  Waldhauser, 2001), and 

locations can continue to be improved as new events are added to the catalog 

(Waldhauser, 2009).  Waldhauser used HypoDD to relocate approximately half a million 

earthquakes in Northern California between 1984 and 2012; 2884 of these relocated 

events are in the study area:  latitude 39.08°–39.45°N and longitude 119.85°–120.28°W.  

Of these, 25 earthquakes are events for which focal mechanism solutions are available 

(Table 1).  The oldest earthquake included in Table 1 is the Truckee earthquake of 1966 

(R1), whose location is taken from Ryall and others (1968).  Locations for earthquakes 

that occurred in 1980 and 1983 (R2-R4) are the single-event locations posted by the 

NCEDC (2013).  All other locations in Table 1 are from Waldhauser (2013). 

Lindsay (2011) used only single-event locations in his SLAM analysis.  A graphical 

comparison of the epicenter locations from Lindsay (2011) with the relocated epicenters 

from Waldhauser's catalog that are used in this paper do not appear to indicate a 

systematic directional bias for the entire set (Figure 5).  The maximum relocation 

distance is 3.8 km, and the average is 1.5±1.1 km.  For all but four of the earthquakes, the 

distance between the single-event location and the relocated epicenter was greater than 

the original horizontal uncertainty estimated for the single-event location, and all but five 

of the relocated hypocenters were located outside of the original vertical uncertainty.  In 

general, the new locations are significantly different than the single-event locations used 

by Lindsay (2011). 
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Table 1.  Identifiers, origin time and hypocenter location for earthquakes studied in this thesis 

Event             North East Depth   V Uncert H Uncert 

 ID  Year Month Day  Hour Minute Seconds Latitude Longitude (km) Mag  (km)  (km) 

 R1 1966 9 12 16 41 2.6 39.438 -120.16 10 6 2 1 

 R2 1980 7 21 10 12 22.34 39.295 -120.145 11.43 3.05 1 0.3 

 R3 1983 7 3 12 44 42.57 39.413 -120.209 10.65 3.6 0.6 0.2 

 R4 1983 7 3 15 8 19.49 39.412 -120.206 11.05 4 0.8 0.3 

 R5 1988 11 7 10 11 54.915 39.40536 -120.21506 10.377 3.1 0.063 0.062 

 R6 1992 3 24 11 38 54.84 39.40456 -119.96678 8.18 3.5 0.26 0.259 

 R7 1992 8 30 23 42 8.447 39.41988 -120.18962 3.975 3.2 1 0.317 

 R8 1993 8 6 0 31 38.43 39.4156 -120.1813 0.399 3.1 1.724 1.723 

 R9 1993 8 9 2 19 39.405 39.40337 -120.21403 11.023 3 1.622 1.621 

 R10 1995 4 8 22 6 17.539 39.31632 -120.05081 10.202 3 3.577 3.576 

 R11 1996 4 6 23 8 13.36 39.4134 -119.93021 6.624 3 0.127 0.126 

 R12 1998 1 15 15 12 14.448 39.44745 -120.1564 3.299 3.8 0.596 0.595 

 R13 1998 10 30 9 53 31.315 39.29587 -120.00989 10.659 4.8 2.223 2.222 

 R14 1998 10 30 10 11 9.89 39.3043 -119.98392 8.691 3 0.325 0.324 

 R15 1998 12 4 0 57 35.81 39.3251 -119.98505 0.863 3.5 2 0.734 

 R16 2000 2 6 2 31 17.22 39.33968 -120.016 6.895 3.5 0.214 0.213 

 R17 2001 5 29 6 21 9.27 39.30714 -119.9729 7.877 3 0.109 0.108 

 R18 2001 7 7 7 33 54.99 39.30503 -119.97379 7.918 3.7 0.146 0.145 

 R19 2001 7 7 7 39 53.34 39.30187 -119.97524 8.026 3.2 0.13 0.129 

 R20 2001 10 30 4 43 19.26 39.30333 -119.9764 7.859 3 0.134 0.133 

 R21 2004 6 3 8 25 37.51 39.33712 -120.0093 6.631 3 0.079 0.078 

 R22 2004 6 3 8 54 46.355 39.33636 -120.00809 6.848 4.2 0.121 0.12 

 R23 2004 6 12 14 49 41.705 39.40458 -120.21006 7.293 3.7 0.082 0.081 

 R24 2004 6 12 15 4 18.995 39.40348 -120.20919 7.301 3.4 0.16 0.159 

 R25 2005 6 26 18 45 57.64 39.31367 -120.06348 9.697 4.8 1.213 1.212 

 R26 2009 12 23 4 59 54.975 39.31812 -119.98418 4.233 3.5 0.12 0.119 

 R27 2010 10 18 3 44 42.634 39.34952 -120.02861 6.029 3.1 0.042 0.041 

 R28 2010 12 29 1 53 33.54 39.22893 -120.09963 6.657 3.3 0.014 0.013 

 R29 2011 12 23 5 30 29.837 39.4091 -120.11987 0.392 3 0.03 0.027 

Data for R1 are from Ryall and others (1968).  Data for R2-R4 are from Northern California Earthquake 

Data Center (2013).  All other data are from Waldhauser (2013). 

 

 

 

Sets of events that occurred on the same day include events 3-4, 13-14, 18-19, 21-

22, and 23-24.  The epicenters within each of these sets of earthquakes are located within 

~2 km of each other.  Sets of events that occurred within 10 days of each other include 

events 8-9 and 21-24. 
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Figure 5:  Epicenter locations of some events (small black dots) from Lindsay (2011) and relocated 

epicenters (large, black-filled dots) from Waldhauser (2013).  Red arrows indicate distance and direction 

between original and relocated epicenters. 
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Earthquake Focal Mechanisms 

The radiation pattern of compressional P waves from a simple frictional-slip 

earthquake can be modeled as originating from a double-couple mechanism, and this 

allows seismologists to use data from multiple seismographs located around the epicenter 

to compute a focal-mechanism solution for the earthquake.  Popular methods for 

computing focal-mechanism solutions include FPFIT (Reasenberg and Oppenheimer, 

1985), HASH (Hardebeck and Shearer, 2002), and the Centroid Moment Tensor 

(Dziewonski and others, 1981).  General explanations of focal mechanism solutions and 

focal mechanism diagrams are available from earthquake seismology textbooks and other 

related educational resources (e.g., Kasahara, 1981;  Jost and Herrmann, 1989;  Shearer, 

2009;  Stein and Wysession, 2003;  Cronin, 2010). 

The orthogonal axes of the focal mechanism are labeled P (pressure), T (tension) 

and N (or B), and are coincident with the S3, S1 and S2 axes, respectively, of the 

instantaneous strain ellipsoid at the hypocenter.  Radial particle motion in the immediate 

vicinity of the hypocenter during the initial pulse of energy from the earthquake is away 

from the hypocenter along the T axis, toward the hypocenter along the P axis, and null 

along the N axis.  Half-way between the P and T axes on planes that contain the N axis, 

the particle motion is also null.  These two planes are called nodal planes, and are 

perpendicular to each other.  The fault plane that generated the earthquake will coincide 

with one of the nodal planes;  the other plane is called the auxiliary plane.  Additional 

data are generally required to identify which of the two nodal planes is the fault plane. 

The focal mechanism published by Tsai and Aki (1970) was used for the Truckee 

earthquake of 1966 (event R1 in Table 2).  The focal mechanisms for all other 
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earthquakes were computed using FPFIT, and are available online from NCEDC (2013).  

Some of the focal mechanisms differ from those used by Lindsay (2011) because of 

revisions in the catalog intended to correct recognized problems in the dataset 

(Oppenheimer, 2013, personal communication).  Nodal planes are identified in Table 2 

with the numbers 1 or 2, without any implied association with the fault plane or auxiliary 

plane.  Multiple focal mechanisms are posted for 16 of the earthquakes, and these are 

differentiated from one another using the letters A, B and C in the nodal plane ID in 

Table 2.  The dip azimuth is the trend of the dip vector of a given nodal plane, and is 90° 

clockwise from the right-hand-rule strike vector.   

Focal mechanism or “beach ball” diagrams were created using the web 

application Earthquake Focal Mechanism from the Wolfram Demonstration Project 

(Scherbaum and others, 2013).  The required input for this program is the strike, dip 

angle, and rake of the hanging-wall slip vector of a fault in degrees.  Fault plane solutions 

are plotted as equal area, lower hemisphere projections and exported into Canvas 14 for 

use in associated graphics.  

 

Seismo-Lineament Analysis Method 

 

The Seismo-Lineament Analysis Method (SLAM) uses the nodal planes from 

earthquake focal mechanism solutions to predict the location of the ground-surface trace 

of the fault that generated the earthquake.  The first implementation of SLAM is 

described by Cronin and others (2008).  The ground surface is represented by a hillshade 
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Table 2.  Nodal plane identifiers, orientation and uncertainty data 

 Origin Date Event Nodal Dip Dip Az Dip Dip Angle 

 and Time ID Plane Azimuth Uncert Angle Uncert 

(yyyyMMddhhmmss)  ID (degrees) (degrees) (degrees) (degrees) 

 19660912164103 R1  1 134 unspecified 80 unspecified 

 19660912164103 R1  2 44 unspecified 90 unspecified 

 19800721101222 R2 A 1 200 10 85 8 

 19800721101222 R2 A 2 316 10 11 8 

 19800721101222 R2 B 1 150 8 75 18 

 19800721101222 R2 B 2 4 8 18 18 

 19830703124443 R3 A 1 215 15 40 10 

 19830703124443 R3 A 2 83 15 61 10 

 19830703124443 R3 B 1 50 13 75 18 

 19830703124443 R3 B 2 264 13 18 18 

 19830703150820 R4 A 1 300 8 80 13 

 19830703150820 R4 A 2 206 8 70 13 

 19830703150820 R4 B 1 85 8 50 0.1 

 19830703150820 R4 B 2 250 8 41 01 

 19881107101155 R5  1 240 20 20 13 

 19881107101155 R5  2 39 20 71 13 

 19920324113855 R6  1 110 18 75 45 

 19920324113855 R6  2 20 18 90 45 

 19920830234208 R7 A 1 205 15 80 25 

 19920830234208 R7 A 2 301 15 61 25 

 19920830234208 R7 B 1 55 20 70 10 

 19920830234208 R7 B 2 262 20 22 10 

 19930806003138 R8 A 1 195 18 50 13 

 19930806003138 R8 A 2 333 18 48 13 

 19930806003138 R8 B 1 115 13 50 3 

 19930806003138 R8 B 2 265 13 44 3 

 19930806003138 R8 C 1 235 23 60 28 

 19930806003138 R8 C 2 145 23 90 28 

 19930809021908 R9 A 1 205 20 75 23 

 19930809021908 R9 A 2 319 20 33 23 

 19930809021908 R9 B 1 45 23 90 20 

 19930809021908 R9 B 2 315 23 10 20 

 19950408220618 R10 A 1 195 15 80 13 

 19950408220618 R10 A 2 302 15 31 13 

 19950408220618 R10 B 1 145 13 60 10 

 19950408220618 R10 B 2 344 13 31 10 

 19960406230814 R11  1 250 25 55 25 

 19960406230814 R11  2 70 25 35 25 

 19980115151215 R12 A 1 200 20 60 8 

 19980115151215 R12 A 2 331 20 41 8 

 19980115151215 R12 B 1 85 18 65 25 

 19980115151215 R12 B 2 184 18 72 25 

 19980115151215 R12 C 1 290 10 35 23 

 19980115151215 R12 C 2 175 10 73 23 

 19981030095332 R13  1 130 10 60 20 

 19981030095332 R13  2 225 10 81 20 

 19981030101110 R14  1 200 28 45 35 

 19981030101110 R14  2 103 28 83 35 

 19981204005736 R15 A 1 225 10 60 18 

 19981204005736 R15 A 2 119 10 64 18 

 19981204005736 R15 B 1 100 10 80 28 
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Table 2, continued 

 Origin Date Event Nodal Dip Dip Az Dip Dip Angle 

 and Time ID Plane Azimuth Uncert Angle Uncert 

(yyyMMddhhmmss)  ID (degrees) (degrees) (degrees) (degrees) 

 19981204005736 R15 B 2 8 10 80 28 

 20000206023117 R16 A 1 260 13 85 23 

 20000206023117 R16 A 2 359 13 30 23 

 20000206023117 R16 B 1 75 28 45 33 

 20000206023117 R16 B 2 216 28 52 33 

 20010529062109 R17 A 1 270 10 50 43 

 20010529062109 R17 A 2 20 10 67 43 

 20010529062109 R17 B 1 25 18 90 30 

 20010529062109 R17 B 2 115 18 40 30 

 20010707073355 R18 A 1 270 10 80 35 

 20010707073355 R18 A 2 8 10 51 35 

 20010707073355 R18 B 1 10 10 60 35 

 20010707073355 R18 B 2 105 10 81 35 

 20010707073953 R19  1 280 20 85 35 

 20010707073953 R19  2 13 20 60 35 

 20011030044320 R20  1 205 15 55 35 

 20011030044320 R20  2 109 15 82 35 

 20040603082538 R21  1 225 10 40 10 

 20040603082538 R21  2 82 10 56 10 

 20040603085446 R22  1 215 5 50 15 

 20040603085446 R22  2 88 5 54 15 

 20040612144942 R23 A 1 145 8 75 40 

 20040612144942 R23 A 2 240 8 71 40 

 20040612144942 R23 B 1 80 8 45 10 

 20040612144942 R23 B 2 319 8 63 10 

 20040612150419 R24  1 335 10 85 18 

 20040612150419 R24  2 241 10 50 18 

 20050626184558 R25 A 1 140 10 80 20 

 20050626184558 R25 A 2 48 10 80 20 

 20050626184558 R25 B 1 95 10 30 10 

 20050626184558 R25 B 2 275 10 60 10 

 20091223045955 R26  1 200 10 65 20 

 20091223045955 R26  2 90 10 54 20 

 20101018034443 R27 A 1 315 20 85 10 

 20101018034443 R27 A 2 58 20 21 10 

 20101018034443 R27 B 1 55 15 80 13 

 20101018034443 R27 B 2 280 15 14 13 

 20101229015333 R28 A 1 320 13 70 35 

 20101229015333 R28 A 2 57 13 71 35 

 20101229015333 R28 B 1 75 28 25 25 

 20101229015333 R28 B 2 308 28 74 25 

 20111223053030 R29  1 145 10 80 33 

 20111223053030 R29  2 55 10 90 33 

Data for R1 are from Tsai and Aki (1970).  All other data are from Northern California Earthquake Data 

Center (2013). 
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Table 3.  Orientation of P and T axes of focal mechanisms 

 Origin Date Event Focal P Axis P axis T Axis T Axis 

 and Time ID Mechanism Trend Plunge Trend Plunge 

(yyyyMMddhhmmss)  ID (degrees) (degrees) (degrees) (degrees) 

 19660912164103 R1  179.44 -7.05 88.56 -7.05 

 19800721101222 R2 A 190.88 39.20 210.80 -49.06 

 19800721101222 R2 B 158.10 29.32 136.28 -58.83 

 19830703124443 R3 A 129.98 -62.86 242.60 -11.16 

 19830703124443 R3 B 36.28 -58.83 58.10 29.32 

 19830703150820 R4 A 341.98 6.63 254.56 -21.16 

 19830703150820 R4 B 137.55 -81.10 77.92 4.53 

 19881107101155 R5  27.70 -63.09 224.40 -25.93 

 19920324113855 R6  155.99 -10.55 64.01 -10.55 

 19920830234208 R7 A 166.06 13.03 248.96 -28.10 

 19920830234208 R7 B 38.93 -63.66 62.75 24.36 

 19930806003138 R8 A 174.29 0.84 262.28 -67.46 

 19930806003138 R8 B 179.65 -74.48 100.98 3.12 

 19930806003138 R8 C 185.89 -20.70 284.11 -20.70 

 19930809021908 R9 A 182.21 24.11 238.98 -50.76 

 19930809021908 R9 B 35.15 -44.14 54.85 44.14 

 19950408220618 R10 A 171.23 28.70 225.93 -46.54 

 19950408220618 R10 B 152.28 14.45 120.07 -73.06 

 19960406230814 R11  250.00 -80.00 250.00 10.00 

 19980115151215 R12 A 178.95 10.18 249.11 -62.11 

 19980115151215 R12 B 43.20 -4.57 135.97 -31.20 

 19980115151215 R12 C 331.38 -22.11 210.72 -51.45 

 19981030095332 R13   181.65 -27.38 84.06 -14.31 

 19981030101110 R14  140.68 -35.93 249.88 -24.40 

 19981204005736 R15 A 170.43 -41.28 262.81 -2.71 

 19981204005736 R15 B 144.14 -0.11 54.11 -14.11 

 20000206023117 R16 A 288.59 -42.20 234.99 33.26 

 20000206023117 R16 B 154.27 -68.91 54.25 -3.84 

 20010529062109 R17 A 332.82 -46.50 231.47 -10.58 

 20010529062109 R17 B 352.27 32.80 57.73 -32.80 

 20010707073355 R18 A 311.26 -34.78 235.06 18.96 

 20010707073355 R18 B 324.06 -14.31 61.65 -27.38 

 20010707073953 R19  322.27 -24.45 240.21 16.89 

 20011030044320 R20  151.15 -30.41 251.99 -17.76 

 20040603082538 R21  132.64 -69.28 245.95 -8.51 

 20040603085446 R22  148.06 -60.40 242.06 -2.27 

 20040612144942 R23 A 191.06 -24.62 103.29 2.99 

 20040612144942 R23 B 8.25 -55.22 113.49 -10.29 

 20040612150419 R24  11.06 23.03 295.83 -30.96 

 20050626184558 R25 A 184.14 -0.11 94.11 -14.11 

 20050626184558 R25 B 275.00 -75.00 95.00 -15.00 

 20091223045955 R26  149.64 -45.30 233.04 6.49 

 20101018034443 R27 A 335.51 -46.35 297.40 36.89 

 20101018034443 R27 B 42.95 -53.96 63.54 34.26 

 20101229015333 R28 A 8.80 -27.98 278.35 -0.84 

 20101229015333 R28 B 333.21 -56.40 112.31 -26.66 

 20111223053030 R29  190.44 -7.05 99.56 -7.05 

Tensor axes derived from nodal-plane data from Tsai and Aki (1970) and Northern California Earthquake 

Data Center (2013).  Application by Scherbaum and others (2013) used to compute axis orientation. 
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map constructed using a digital elevation model (DEM) with 10 meter resolution.  The 

DEM used in this study includes bathymetric data from Lake Tahoe (Gardner and others, 

1998, 2000) and standard USGS DEMs (USGS, 2013) in a mosaic produced using 

ArcGIS 10. 

The basic idea behind SLAM is simple.  Knowing that one of the two nodal planes 

for a given earthquake coincides with the fault plane, each nodal plane is projected from 

the hypocenter to the ground surface as represented by the DEM-based hillshade map.  If 

the hypocenter location and nodal-plane orientation were known perfectly (i.e., their 

respective uncertainties were null), the intersection of the nodal plane with the ground 

surface would be an irregular curve whose shape is determined by the shape of the 

ground surface.  When the uncertainties in hypocenter location and nodal-plane 

orientation are added, the intersection of all possible nodal planes with the ground surface 

defines a swath across the ground surface.  This swath is called a seismo-lineament 

(Cronin and others, 2008).  If that nodal plane coincides with the fault that generated the 

earthquake, and if the fault is planar and emergent at the ground-surface level, a geologist 

should be able to find evidence of the fault within the seismo-lineament. 

The current version of the SLAM code is written in Mathematica and uses an 

ellipsoidal uncertainty region around the hypocenter, where the length of the vertical axis 

of the ellipsoid is equal to the vertical uncertainty in hypocenter location and the 

horizontal axes of the ellipsoid are equal to the maximum horizontal uncertainty (Cronin, 

2013a).  The seismo-lineament for a given nodal plane is spatially bounded by the set of 

all intersections between the ground surface and all planes [1] that are tangent to the 

uncertainty ellipsoid around the hypocenter and [2] that have the same strike ± its 
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uncertainty and dip angle ± its uncertainty as the nodal plane.  In cases where all of these 

uncertainties are non-zero, the shape of the seismo-lineament resembles a bow tie, with 

the epicenter located near the narrowest part (Figure 6). 

The focal mechanism diagram for each earthquake was plotted at the epicenter, 

with seismo-lineaments depicted on a DEM-based hillshade map of the study area 

(Figures 6 and 7).  This provides a visual overview of earthquake location, respective 

fault plane orientations, and their possible intersections with the ground surface.  Criteria 

required for correlation of seismo-lineament swaths with faults or suspected faults are: 

1. Part or all of the fault or suspected fault lies inside the seismo-lineament 

swath, or within ~1 km of the swath; 

2. The orientation of the fault or suspected fault is generally the same as the 

seismo-lineament; 

3. Both sides of the seismo-lineament are within the study area; 

4. The seismo-lineament does not cover more than ~1/2 of the study area. 

If the seismo-lineament is too broad, it is not useful for field reconnaissance.  Epicenters 

of earthquakes with reported epicenters within the study area that occurred up to one  

month before the main event and up to six months after were also plotted, because some 

of these events might be foreshocks or aftershocks of the main event.   

 

Geomorphic Analysis 

 

ArcGIS 10 software was used to analyze 10-meter vertical resolution (1/3 arc-second) 

DEM-based hillshade images of the study area for geomorphic indicators of faulting.  

Where available, LiDAR data with a vertical resolution of 1 meter were also analyzed.  

The hillshade images were analyzed with adjusted illumination inclination angles 
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Figure 6:  Graphic explanation of the geometry of the seismo-lineament as defined between planes inclined 

at the dip angle minus uncertainty (blue) and dip angle plus uncertainty (yellow) plus and minus the strike 

uncertainty.  This example is based on earthquake R25, nodal plane A2.  2X vertical exaggeration. 
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Figure 7:  DEM-based hillshade of a seismo-lineament swath (illuminated bow-tie) that correlates with the 

Polaris fault (red curves).  The focal mechanism diagram, or “beach ball” is centered at the hypocenter 

location.  Illumination is from the dip direction of the nodal plane at a low angle relative to horizontal. 

 

and azimuths that are perpendicular to the strike orientation of each respective fault or 

trend in order to accentuate geomorphic lineaments that parallel the seismo-lineament.  

Linear geomorphic indication of faulting within the seismo-lineament swaths generated 

by SLAM were traced with different colors based on the strike orientation of the 

geomorphic lineation relative to the Martis Creek trend, the Prosser Creek trend, the 
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Polaris fault, and the Dog Valley fault zone.  Possible geomorphic features observed on 

hillshade imagery that might be caused by faulting are listed in Table 4 (Cronin and 

others, 2008, after Ray, 1960; Miller, 1961; Wesson and others, 1975; Bonilla, 1982; 

Slemmons and dePolo, 1986; Cronin and others, 1993; McCalpin, 2009; and Burbank 

and Anderson, 2001). 

 

Table 4.  Geomorphic indicators of faulting 

Stream channels that are aligned on opposite sides of a drainage divide 

Lower-order (smaller) stream channel aligned across a higher-order stream channel 

An anomalously straight segment of a stream channel 

Aligned straight segments of one or more stream channels 

Lower-order stream channel whose trend is directed upstream relative to the higher-order stream it 

intersects, so that water flowing from the smaller stream into the larger stream must change 

directions through an obtuse angle 

Abrupt changes in gradient along a stream channel  

A stream channel that steps down in the direction of flow, indicated by rapids or a waterfall 

(knickpoint) 

A stream channel that steps up in the direction of flow, indicated by a pond 

Apparent lateral deflection of an incised stream channel or floodplain 

Abrupt changes in gradient along a ridge crest 

A ridge crest that steps down abruptly in the direction of decreasing elevation 

A ridge crest that steps up in the direction of decreasing elevation 

A saddle in the ridge crest 

Apparent lateral deflection of a ridge crest 

Abrupt changes in the gradient of a surface localized along a narrow linear step (fault scarp) 

Benches or faceted spurs at the base of ridges that are apparently unrelated to coastal or fluvial 

erosion  

A set of ridges in an en echelon array 

A topographic basin along a linear trough (pull-apart basin, sag pond) 

A topographic hill along a linear trough (pop-up, pressure ridge) 

A ridge across the mouth of a stream drainage that is not a glacial moraine (shutter ridge) 

 

 

Fieldwork 

 

Geomorphic features that coincide with the Prosser Creek and Martis Creek trends 

were used as field guides to ground-check for evidence of faulting along these features.  

Only the most prominent geomorphic trends associated with the Prosser Creek and Martis 
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Creek trends were investigated in the field due to limited road access and time 

constraints.  The area of investigation of the Prosser Creek trend extends from the Union 

Valley/Buck Meadows area in the southeast through the Prosser Creek Reservoir and 

Highway 89 in the northwest along Prosser Creek (Figure 4).  The main lineament of the 

Martis Creek trend extends northeast from the drainage south of Pole Creek on Highway 

89, south of Truckee, through the Northstar ski area, Klondike Meadow, and near the 

summit of Burned Hill. 

Segments of these lineaments that were on or near accessible roads, or within short 

hiking distance of these roads were investigated.  Road maps, topographic maps, and 

DEM-based hillshade images were analyzed prior to fieldwork for access to roads or 

hiking trails that cross or are near geomorphic trends.  Private locations and limited-

access areas along these lineaments were not investigated.   

Possible indication or evidence of faulting was documented in the field.  

Photographs were taken to document significant geomorphic features that correspond to 

the Prosser Creek and Martis Creek trends.  Lithology was documented on both sides of 

some geomorphic trends to test possibility of block movement or slip at these locations.  

Geomorphic and other anomalies were documented, such as locations of landslides and 

groundwater springs, differential weathering patterns (fracture density, oxidation, and 

coloration changes) along strike and on either side of geomorphic trends.  Shear striations 

were photographed and their locations described.  Where an exposed fault surface is 

available, 7 strike and dip measurements were documentation.   
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GPS Velocities 

 

GPS displacement data from three or more non-colinear sites, measured relative to a 

common reference frame and converted to velocity data, can be used to define the 

average instantaneous crustal strain over the area between the sites.  The displacements 

measured over a period of several years are on the order of tens of millimeters, while the 

GPS stations are tens of kilometers apart.  Given these dimensions, 2-D 

infinitesimal/instantaneous strain theory can be used to compute the average horizontal 

crustal strain rate between the sites (e.g., Malvern, 1969;  Cartozo and Allmendinger, 

2009;  Allmendinger and others, 2012;  Cronin and others, 2012a, b).  The spreadsheet 

prepared for UNAVCO by Cronin (2012c) is used to compute the translation rate, 

rotation rate and distortion rate of the area between any three non-colinear GPS stations, 

given their site velocities. 

GPS velocity data from seven Plate Boundary Observatory (PBO) GPS stations in 

the study area were accessed on August 6, 2013 (UNAVCO, 2013).  Velocities are 

measured relative to the Stable North American Reference Frame (SNARF), based on 

GPS sites on the stable/rigid cratonic interior of North America (SNARF Working 

Group, 2011).  The PBO stations used in this research collect location data 5 times per 

second, and daily average displacements are processed and posted online.  The average 

velocities reflect measured displacements between the installation date of the site and the 

day before we accessed the data.  Average site velocities posted on the UNAVCO PBO 

site are computed by Tom Herring's group at MIT, and reflect the PBO community's 

current best estimate (Table 5). 
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Table 5.  GPS velocities of PBO stations near north Tahoe 

 PBO Latitude Longitude East East Velocity North North Velocity Install 

 GPS °North °E Velocity Uncertainty Velocity Uncertainty Date 

 Site   (mm/yr) (mm/yr) (mm/yr) (mm/yr)   

 P090 39.572803650 -119.799853735 -6.82 0.02 4.71 0.02 11/9/07 

 P141 39.046632868 -120.385584534 -9.64 0.01 6.90 0.01 10/18/06 

 P142 39.123533219 -119.810717788 -8.76 0.02 6.10 0.02 5/14/08 

 P146 39.337463837 -120.537300515 -8.97 0.01 6.61 0.01 8/17/06 

 P149 39.602130068 -120.104975551 -7.82 0.02 5.32 0.02 9/18/08 

 P150 39.292380459 -120.033854159 -9.06 0.02 5.91 0.02 9/11/08 

 SLID 39.314277670 -119.884288664 -7.72 0.01 6.03 0.01 1/30/97 

Data for site P090, for example, were accessed on August 6, 2013, via 

http://pbo.unavco.org/station/overview/P090 
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CHAPTER THREE 

Results 

 

Seismo-Lineament Analysis 

 

The goal of the seismo-lineament analysis is to identify earthquakes that might 

correlate spatially with the Dog Valley fault zone (DVFZ), the Polaris fault, the Prosser 

Creek trend or the Martis Creek trend.  The seismo-lineament analysis of earthquake data 

produced at least one swath from events 1, 2, 4-10, 12, 13, 15, 17-20, and 23-29 that 

correlate with one of these faults or trends.  Seismo-lineaments that overlap part of the 

fault zone or trend, having approximately the same orientation as the fault or trend, are 

considered tentatively correlated.  

 

Dog Valley Fault Zone 

 

Seismo-lineaments associated with the northeast-trending nodal plane of 

earthquake events 1, 4, 7, 8, 12, 23, 24, and 29 are spatially correlated with the DVFZ.  

Of these events, earthquakes 1, 4, 7, 8, 23, 24, and 29 can also be spatially correlated with 

more than one fault or trend. 

The northwest-trending seismo-lineament of the M 6.0, Truckee earthquake 

of 1966 (nodal plane 1, event R1) is spatially correlated to the DVFZ.  Much of the 

known trace and covered segments of the fault zone are within the boundary of the 

seismo-lineament.  The uncertainties in nodal plane orientation are not reported, so the 

swaths produced for event R1 do not form a “bow-tie.”  The aftershocks of the Truckee 

earthquake extend along a trend with the same general orientation as the DVFZ and the 
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seismo-lineament associated with nodal plane 1 (Figure 8). Focal mechanism data from 

the Truckee earthquake suggest a component of left-lateral shear along the DVFZ. 

Multiple focal mechanism solutions have been calculated for the August 

earthquake of 1993 (R8, M 3.1) event.  Each mechanism associated with the main 

earthquake has a seismo-lineament that extends northeast-southwest along at least part of 

the DVFZ (Figure 9).  Four to five smaller earthquakes align spatially along the strike of 

the fault and within the seismo-lineament boundaries for each calculated mechanism.   

Earthquakes 23 and 24 occurred on the same day with magnitudes 3.7 and 3.4, 

respectively.  Some smaller recorded events around this time appear to be distributed 

along the fault zone (Figure 10).  Earthquakes 4, 7, 12, and 29 also spatially correlate 

with the DVFZ (Figure 11).  The seismo-lineament of the 1983 M4.0 earthquake (R4) 

encompasses most of the DVFZ. The entire DVFZ lies within the boundaries of a seismo-

lineament from earthquake 7, and partially in the seismo-lineaments of earthquakes 12 

and 29. 

 

Polaris Fault 

 

Seismo-lineaments associated with the northwest-trending nodal planes of 

earthquake events 8, 9, 13, 23, 24, 25, 27, and 29 are spatially correlated with the known 

trace of the Polaris fault and the inferred segments of the fault (Figures 12-14).  Each of 

these earthquakes have also been correlated to other faults or suspected faults.  Focal 

mechanism data are coincident with geomorphic data published by Hunter and others 

(2011) that suggest a component of right-lateral shear associated with the Polaris fault.   
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Prosser Creek Trend 

 

Seismo-lineaments associated with the northwest-trending nodal planes of 

earthquake events 1, 4-10, 13, 15, 17-19, 25, and 26 can be spatially correlated with 

geomorphic lineaments of the Prosser Creek trend (Figures 15-19).  Earthquakes 1, 4, 6-

10, 13, 15, and 25 are also spatially correlated with other known or suspected faults.  

Focal mechanism data suggest possible right-lateral shear along the Prosser Creek trend.   

 

Martis Creek Trend 

 

Seismo-lineaments associated with the northwest-trending nodal planes of 

earthquake events 2, 6, 10, 13, 15, 20, 25, 27, and 28 are spatially correlated with 

geomorphic lineaments associated with the Martis Creek trend (Figures 20-22).  

Earthquakes 6, 10, 13, 15, 25, and 27 are spatially correlated with other known or 

suspected faults.  Focal mechanism data suggest possible left-lateral shear associated with 

the Martis Creek trend.   

Geomorphic Analysis 

 

 Hillshade images were analyzed for geomorphic lineaments that parallel the 

Prosser Creek and Martis Creek trends within the seismo-lineaments.  Twelve seismo- 

lineaments along the Prosser Creek trend, with strike azimuth of ~122°, were used in the 

study, along with nine seismo-lineaments along the Martis Creek trend, striking at ~57°.  

The geomorphic lineaments along the Prosser Creek trend and Martis Creek trend 

provided a guide for field investigations after being mapped with ArcGIS software 

(Figure 23).  Some discontinuous lineaments observed in the analysis of hillshade maps 

extend many kilometers.  Areas between segments were investigated for possible 

lineament continuity where accessible.  
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Figure 8:  Hillshade image of the seismo-lineament (illuminated area) of earthquake R1 (Table 1). Dashed 

red and white lines indicate the mapped segments of the DVFZ.  Yellow dots are epicenter locations of 

aftershocks reported by Greensfelder (1968). 
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Figure 9:  Hillshade images of seismo-lineaments (illuminated area) associated with the three focal 

mechanism solutions of earthquake R8.  Dashed red and white lines indicate the mapped segments of the 

DVFZ.  Yellow dots are epicenter locations of events that occurred one month prior to and six months after 

the main event (NCEDC, 2013). 
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Figure 10:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R23 and 

R24.  Dashed red and white lines indicate the mapped segments of the DVFZ.  Yellow dots are epicenter 

locations of events that occurred one month prior to and six months after the main events (NCEDC, 2013). 
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Figure 11:  Hillshade images of seismo-lineaments (illuminated area) associated with the earthquakes R 12, 

and R29.  Dashed red and white lines indicate the mapped segments of the DVFZ.  Yellow dots are 

epicenter locations of events that occurred one month prior to and six months after the main events 

(NCEDC, 2013). 
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Figure 12:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R9 and 

R8.  Dashed red and white lines indicate the mapped segments of the Polaris fault (Hunter and others, 

2011).  Yellow dots are epicenter locations of events that occurred one month prior to and six months after 

the main events (NCEDC, 2013). 
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Figure 13:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R13, 

R23, and R24.  Dashed red and white lines indicate the mapped segments of the Polaris fault (Hunter and 

others, 2011).  Yellow dots are epicenter locations of events that occurred one month prior to and six 

months after the main events (NCEDC, 2013). 
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Figure 14:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R25, 

R27, and R29.  Dashed red and white lines indicate the mapped segments of the Polaris fault (Hunter and 

others, 2011).  Yellow dots are epicenter locations of events that occurred one month prior to and six 

months after the main events (NCEDC, 2013). 
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Figure 15:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R1, R4, 

R5, and R6.  Blue and white lines outline geomorphic lineaments associated with the Prosser Creek trend.  

Yellow dots are epicenter locations of events that occurred one month prior to and six months after the 

main earthquakes (Greensfelder, 1968;  NCEDC, 2013). 
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Figure 16:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R7 and 

R8.  Blue and white lines outline geomorphic lineaments associated with the Prosser Creek trend.  Yellow 

dots are epicenter locations of events that occurred one month prior to and six months after the main 

earthquakes (NCEDC, 2013). 
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Figure 17:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R9, R10, 

and R13.  Blue and white lines outline geomorphic lineaments associated with the Prosser Creek trend.  

Yellow dots are epicenter locations of events that occurred one month prior to and six months after the 

main earthquakes (NCEDC, 2013). 
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Figure 18:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R15 and 

R17.  Blue and white lines outline geomorphic lineaments associated with the Prosser Creek trend.  Yellow 

dots are epicenter locations of events that occurred one month prior to and six months after the earthquakes 

(NCEDC, 2013). 
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Figure 19:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R18, 

R19, R25, and R26.  Blue and white lines outline geomorphic lineaments associated with the Prosser Creek 

trend.  Yellow dots are epicenter locations of events that occurred one month prior to and six months after 

the earthquakes (NCEDC, 2013). 
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Figure 20:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R2, R6, 

R10 and R13.  Green and white lines outline geomorphic lineaments associated with the Martis Creek 

trend.  Yellow dots are epicenter locations of events that occurred one month prior to and six months after 

the main earthquakes (NCEDC, 2013). 
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Figure 21:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquakes R15, 

R20, R25, and R27.  Green and white lines outline geomorphic lineaments associated with the Martis Creek 

trend.  Yellow dots are epicenter locations of events that occurred one month prior to and six months after 

the main earthquakes (NCEDC, 2013). 
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Figure 22:  Hillshade images of seismo-lineaments (illuminated area) associated with earthquake R28.  

Green and white lines outline geomorphic lineaments associated with the Martis Creek trend.  Yellow dots 

are epicenter locations of events that occurred one month prior to and six months after the M 3.3 event 

(NCEDC, 2013).   

 

Field Observations 

This section presents observations made during field-study as part of this research.  

The objective of fieldwork was to document indication of possible faulting along the 

Prosser Creek and Martis Creek trends, if any.  Many observations were recorded about 

topography, geomorphology, lithology, and geologic structures in the study area.  

Relevant observations are divided by lineament segments:  south Prosser Creek, north 

Prosser Creek, and Martis Creek lineaments.  

 

South Prosser Creek lineament 

The entrance to the San Francisco Fly Fishing Club (SFFFC) property is at 

approximately 39° 21’ 32” north, 120° 06’ 52” west on Old State Route 40 (Figure 24A).   
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Figure 23:  Three-dimensional hillshade images of (A) the Prosser Creek trend, viewed from the northwest 

and (B) the Martis creek trend, viewed from the southwest.  Geomorphic lineaments were mapped with 

AcrMap during geomorphic analysis and displayed in ArcScene.  

 

The property lies on the southeast side of a linear segment of the Truckee River near 

Union Mills-Glenshire.  This segment of the Truckee River curves sharply at a right-
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angle just east of the SFFFC facility (Figure 24B).  Permission was granted to access the 

property for geologic study for a day.  There is a ravine extending uphill to the southeast, 

directly south of this linear segment of the river.  Near the intersection of the Truckee 

River with this small drainage system, there is a spring referred to herein as the SFFFC 

Spring.  This spring is located ~140 m southeast of Route 40, at the site of a small 

landslide near the base of the south slope where fine-grained sediments dominate.  Talus 

material from outcrops of moderately weathered basalt flows extends downslope to the 

road on either side of this ravine.  Samples were taken of outcrop rubble on both sides of 

the drainage divide.  The samples appear to be of the same lithological composition.  

Basalt outcrops extend parallel to the Truckee River to the northeast.  Highly 

weathered basalt is visible directly adjacent to less-weathered basalt along this 

continuous segment of outcrop.  Outcrop is not present along parts of the slope, where 

talus material and slumped blocks of igneous rock are observed. 

North of Prosser Creek Reservoir, the northeast slope along Prosser Creek trends 

linearly to the northwest.  This steeply-dipping slope is composed of fluvial gravels and 

unconsolidated volcanic sediments.  The other side of the creek is less pronounced 

topographically.  Phreatophytes are common primarily along the base of the slope, 

resulting in marsh-like conditions in some areas.  At the intersection of Prosser Creek and 

California Highway 89 the Commemorative Overland Emigrant Trail extends towards the 

reservoir to the southeast.  A linear ditch extends along the trail and riverbed apparently 

 



 51 

 
 

Figure 24:  A. Aerial photo showing north (upper blue dashed line) and south (lower blue dashed line) 

Prosser Creek lineaments at the Truckee River.  Yellow dot is the San Francisco Fly Fishing Club (SFFFC) 

spring.  Shear striations are located south of the gravel quarry (yellow star).  Rectangle with dashed red line 

is the area of the larger scale image below.  B. Detail from upper image showing the right-angle bend in the 

Truckee River near the SFFFC.  Aerial photo acquired through Google Earth from a USDA Farm Service 

Agency image collected 8/26/2005. 
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unrelated to fluvial processes associated with Prosser Creek (Figure 25).  Downstream 

~100 m, there is a cut-bank exposure that extends across or nearly across the lineament.  

This exposure contains fluvial sediments and structures that appear to be unaltered. 

Rock samples were taken at locations from either side of the south Prosser Creek 

lineaments to identify possible evidence of faulting.   

 

North Prosser Creek Lineament 

 

Moderate- to highly-weathered, vesicular basalt rubble was observed at the base of 

the slope on the south side of the canyon where the Prosser Creek drains into the Truckee 

River, exposed outcrop was sampled to identify general lithology relative to the other 

side of the ravine.     

 

 

Figure 25: Geomorphic lineaments along the Prosser Creek north of the reservoir. 
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A wide terrace trends northwest, parallel to Prosser Creek, approximately 40 m 

above stream level on the north side of the ravine (Figure 26).  The terrace is ~50 m wide 

and relatively continuous along much of the north side of Prosser Creek.  There is a less 

well-defined terrace ~20 m upslope where basalts have high fracture density in the 

vicinity.  These terraces trend in the same general orientation as the north Prosser Creek 

lineament along the Prosser Creek to the Prosser Creek Reservoir. 

The area southeast of the gravel mine near I-80 is comprised of highly-weathered 

scoria, producing red soil and talus in the vicinity.  Basalt outcrops are observed to the 

north and south, with columnar-jointing apparent in the cliffs to the north.  Shear 

striations were identified along the lineament on igneous boulders ~10 m south of the 

gravel quarry perimeter (Figure 27).  These igneous boulders were not in place at either 

location, so the original orientation is unknown. 

 

 

Figure 26:  Lower terrace on Boca Hill along the north side of Prosser Creek. Photo was taken from an 

upper terrace near Truckee River. 
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Figure 27:  Shear striations observed near the gravel mine along the north Prosser Creek lineament. 

 

Martis Creek Lineament 

 

Pole Creek and the creek directly to the south flow from west to east, perpendicular 

to Highway 89 at the western extreme of the Martis Creek trend.  There is a restricted-

use, unpaved access road between the creeks that crosses both drainage areas upstream.  

Access to the creek bed from the road is limited due to thick vegetative cover.  Highly 

weathered and fractured volcanic rocks with possible shear striations were observed 

along the creek bed south of Pole Creek (Figure 28).  Seven strike and dip measurements 

were taken on a shear-striated outcrop at latitude 39° 13’ 46.132” N, longitude 120° 12’ 

41.242” W:  151 73SW, 148 74SW, 150 72SW, 146 73SW, 150 70SW, 147 70SW, 152  
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Figure 28:  Shear striations located along the Martis Creek lineament west of Highway 89. 

 

71SW.  The average orientation of this surface is computed using Fisher statistics (Fisher, 

1953;  Cronin, 2008, 2013b) and is 149±4° 72±1°SW.  

Small-scale landslides are common within the drainage south of Pole Creek.  

Andesite bedrock is highly-weathered with high fracture density.  There is a noted 

increase in weathering of rock within the walls of these landslides relative to surrounding 

outcrop. 

The “Bullshead” drainage east of CA state highway 89 along the Martis Creek trend 

is accessible by road on the unpaved, restricted-use Forest Service Road 06.  The road is 

accessed in the north from highway 267 near Truckee.  The road is accessible by most 

vehicles.  Numbered extensions of this road generally extend east and west, perpendicular 

to the main road.  There are two gates along the road, both of which were open at the 
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time of investigation.  Along this segment of the Martis Creek trend, the forest is 

extremely dense with fallen trees.  As a result, access to the lineament west of Forest 

Service Roads 06-16 and east of 06-18 was very limited.  

The ski lifts and trails at Northstar-at-Tahoe provide access to views of the Martis 

Creek trend.  From locations along a network of trails that traverse Mt. Pluto, a 

geomorphic lineament is observed along the Martis Creek trend bearing northeast, 

manifested by topographic depressions in ridges.   

The Monte Carlo Creek trough, located at ~39° 17' 16” N, 120° 4’ 45” W, is 

covered by rock rubble, soils, and vegetation.  Samples were collected to identify rock 

types across the lineament.  The rocks on the south slope are generally porphyritic 

andesite.  Intrusive igneous rock was sampled from the north slope, which had many 

andesite boulders and some basalt in float.  There are some boulders of andesite that have 

been weathered extensively.  No outcrop was observed along the trough.  A geomorphic 

lineament is apparent with the alignment of ridge depressions across Monte Carlo Creek.  

Much of the Martis Creek trend was investigated from California Highway 267 to 

the area northeast of Klondike Meadow.  These locations were accessed from branches of 

the Martis Peak Road.  Large-scale linear geomorphic features are apparent throughout 

the area, such as linear slopes and ridgeline depressions along the lineament.  No 

significant weathering patterns, shear striations, or other relevant features were apparent 

at the time of field investigation along this part of the lineament.  This northeast segment 

of the Martis Creek lineament extends mostly through private forest property, and other 

locations were covered with extremely dense vegetation, offering little geologic insight. 
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GPS Analysis: Horizontal Strain 

 

GPS velocity data from several Plate Boundary Observatory (PBO) GPS stations in 

the study area were accessed on August 6, 2013 (UNAVCO, 2013).  Velocities are 

measured relative to the Stable North American Reference Frame, based on GPS sites on 

the stable/rigid cratonic interior of North America (SNARF Working Group, 2011).  The 

measured displacements of seven PBO stations demonstrate that the crust within this set 

of GPS stations is undergoing a change in shape, observed in a horizontal plane (Figure 

29).   

The average horizontal translation velocity vector for the sixteen GPS triangles 

evaluated in this study is 10.4 mm/yr toward 305.2° (Table 6).  For comparison, the 

average motion of the Pacific plate relative to the North American plate computed for 

latitude 39.36° N and longitude 120.12° W near Truckee, California, is 48.3 mm/yr 

toward 328.1°, based on the MORVEL velocity model (DeMets and others, 2010; Cronin 

2012d, chapter 7).  The translation speed of the study area relative to SNARF is 

approximately 22% of the speed of the Pacific plate relative to North America, in a 

direction that is ~23° clockwise from the Pacific instantaneous motion vector.  All triplets 

of PBO stations used in this study are rotating clockwise at velocities that range from 

4.0x10
-7 

°/yr to 2.02x10
-6

 °/yr.  This rotation is consistent with the location of the study 

area in the northern Walker Lane, which is a zone of predominantly right-lateral 

deformation between the Sierra Nevada block and the Basin and Range province. 

The maximum and minimum extensions are along the greatest and least horizontal 

strain axes, respectively.  The horizontal strain axes are perpendicular to each other.  One 

can imagine a circle with unit radius inscribed at the center of the triangle marked by the 
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three non-colinear GPS stations.  As the triangle undergoes infinitesimal distortion, the 

circle becomes an ellipse.  The long axis of the ellipse corresponds to the S1H direction 

along which there is the greatest extension.  The least extension is along the short axis of 

the ellipse.  If the ellipse has the same area as the original circle, there has been no areal 

strain.  Positive areal strain indicated that the ellipse area is greater than that of the 

original circle.  

 

 

Figure 29:  Average GPS velocity of seven Plate Boundary Observatory stations (white circles) relative to 

the Stable North American Reference Frame (SNARF).  Velocities are represented as vectors (red arrows).  

Velocity data are from UNAVCO (2013). 
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Table 6.  Instantaneous horizontal strain rates derived from PBO velocities, north Tahoe 

 PBO Translation Translation Rotation Max Horiz Min Horiz Area S1H  

 Station Azimuth Speed Velocity Extension Extension Strain Azimuth 

 Triplet (°) (m/yr) (°/yr) (n-strain/yr) (n-strain/yr) (n-strain/yr) (°) 

 090,142,150 304.2 0.0099 -1.60x10
-6

 52.8965 -29.8532 23.0433 81.7 

 090,149,150 303.9 0.0095 -2.02x10
-6

 43.5650 -24.1043 19.4607 81.4 

 141,142,150 304.6 0.0111 -4.0x10
-7

 17.7869 -23.5961 -5.8092 96.3 

 141,146,150 305.1 0.0113 -1.10x10
-6

 -0.1230 -16.9365 -17.0595 84.2 

 141,149,150 304.4 0.0107 -1.37x10
-6

 -5.8864 -26.8516 -32.7380 55.9 

 146,149,150 304.6 0.0105 -1.56x10
-6

 4.4407 -24.4473 -20.0066 69.9 

 090,149,SLID 305.7 0.0092 -1.41x10
-6

 40.0712 -39.8613 0.2099 91.6 

 141,142,SLID 306.1 0.0108 -1.91x10
-6

 19.7411 -20.8477 -1.1065 56.1 

 141,146,SLID 306.6 0.0109 -1.19x10
-6

 25.3075 -16.3691 8.9384 75.3 

 142,150,SLID 305.2 0.0104 -1.99x10
-6

 105.4003 -18.6811 86.7193 67.3 

 146,149,SLID 306.2 0.0101 -6.3x10
-7

 22.3372 -29.5377 -7.2006 89.8 

 149,150,SLID 305.1 0.0100 -1.24x10
-6

 102.1011 -24.6079 77.4932 73.7 

 090,142,146 305.4 0.0100 -1.63x10
-6

 19.1800 -30.5764 -11.3964 77.2 

 141,142,149 304.9 0.0107 -1.04x10
-6

 13.9156 -22.2410 -8.3254 79.7 

 141,146,149 305.5 0.0108 -1.31x10
-6

 10.4906 -18.2626 -7.7720 84.9 

 142,146,149 305.2 0.0104 -1.15x10
-6

 11.9892 -23.6873 -11.6980 83.6 

 

 

 

A positive extension indicates that the final line length in a particular direction is 

longer than the original line length, and is represented on a map by a pair of white-filled 

arrows pointed away from the center of the triangle (Figures 30 & 31).  A negative 

extension indicates that the line has shortened, and is represented on a map by a pair of  

black-filled arrows pointed toward the center of the triangle.  The sizes of these arrows on 

a map indicate the relative magnitudes of the extensions.  The greatest extension is along 

the major axis of the horizontal strain ellipse, which is labeled S1H, while the minor axis 

is S2H. 

 The average azimuth of S1H derived from the sixteen PBO GPS triangles is 

78°±11°.  Fourteen of sixteen S1H axes computed in this area are associated with a 

positive extension or elongation, so the GPS data indicates crustal extension in a north 
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Figure 30:  Horizontal strain axes within four of sixteen PBO GPS station triangles analyzed. White arrows 

indicate positive extension, and black arrows indicate negative extension.  Arrow size represents relative 

extension magnitude. 

 

northeast direction concurrent with northwest translation and slow clockwise rotation. 

The average orientation the T axis of all earthquake focal mechanisms in Table 3, 

computed using Fisher statistics (Fisher, 1953;  Cronin, 1998;  Cronin, 2013b), has a 

trend of 76°±11° and a plunge of 5°±11°.  That average might be skewed by the fact that 

two or more focal mechanism solutions were computed for several events.  The average 

T axis for all events in Table 3 that have only one focal mechanism solution in the 

revised NCEDC catalog has a trend of 73°±13° and a plunge of 3°±13°.  If we admit 

multiple solutions per event but eliminate the focal mechanism solutions with a T axis 
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Figure 31: Horizontal strain axes within PBO station triangles. White arrows indicate positive extension, 

and black arrows indicate negative extension.  Arrow size represents relative extension magnitude. 

 

plunging more than 46°, as might be appropriate for an area undergoing horizontal 

extensional strain, the average T axis has a trend of 76°±10° and a plunge of 3°±10°.  The 

average T-axis orientation is consistent with the average S1H axis orientation derived 

using velocity data from PBO GPS stations. 

 

 

 

 

 

 

 



 62 

 

 

CHAPTER FOUR 

Discussion 

 

Overview 

 

 The objective of this chapter is to provide interpretations based on the results of 

the SLAM analysis, field work, and GPS analysis.  Tentative spatial correlations were 

made between earthquakes and the Dog Valley fault zone (L-lateral; strike ~40°), Polaris 

fault (R-lateral; strike ~147°), and two trends that exhibit geomorphic evidence of 

faulting but along which no faults have previously been mapped:  the Martis Creek trend 

(inferred L-lateral; strike ~57°) and the Prosser Creek trend (inferred R-lateral; strike 

~122°).  These faults/trends appear to be in an orthogonal-to-conjugate relationship with 

each other.  They pass near or through communities, important transportation corridors, 

and several reservoirs and dam structures whose failure might impact Reno and other 

downstream communities.  The east-west trend of the local horizontal extension axis 

(S1H) derived from T-axes is similar to that derived from GPS velocities of seven nearby 

PBO stations (UNAVCO, 2013).  The GPS data indicate slow clockwise rotation and 

translation to the northwest relative to the Stable North American Reference Frame, 

consistent with right- lateral shear in the northern Walker Lane. 

 

Spatial Correlation of Earthquakes with Faults or Trends 

 

The range in hypocenter depth for these events is from 11.4 km to 0.4 km subsea, 

averaging 7.3±3.2 km in an area with ground-surface elevations range from 1.4 km at the 

bottom of Lake Tahoe to 3.3 km at the top of Mt. Rose, with the Truckee airport in the 



 63 

middle of the study area at 1.8 km.  The earthquakes that are tentatively correlated with 

the Prosser Creek trend (events 1, 4-10, 13, 15, 17-19, 25 and 26) average 7.6±3.6 km in 

depth subsea, ranging to a maximum of 11.0 km.  Those tentatively correlated with the 

Martis Creek trend (events 2, 6, 10, 13, 15, 20, 25, 27, 28) average 8±3.2 km in depth 

subsea, and are as deep as 11.4 km.  It seems plausible that a history of even moderate 

earthquakes along faults coincident with either of these trends would result in the sort of 

geomorphic expression that is observed.   

One or more nodal planes from nine events are correlated spatially with a single 

fault or trend emphasized in this research: 12 (DVFZ), 5, 17-19 and 26 (Prosser Creek 

trend) and 2, 20 and 28 (Martis Creek trend).  Nodal planes from fourteen other events 

are correlated spatially with more than one fault or trend:  1, 4, 6, 7, 8, 9, 10, 13, 15, 23, 

24, 25, 27 and 29.  This ambiguity arises because of the conjugate geometry of the faults 

and trends that are the focus of this research.  For example, earthquake R1 can be 

spatially correlated with the DVFZ and the Prosser Creek trend;  however, the aftershock 

sequence helps to differentiate between the options and demonstrates that a strand of the 

DVFZ ruptured in this event (Figure 32).  Alternatively, this ambiguity could be 

interpreted as evidence that the SLAM results lack sufficient resolution to be useful in 

this area.   

Perhaps the best documented example of earthquakes on conjugate faults are the M 

6.2 Elmore Ranch earthquake and the M 6.6 Superstition Hills earthquake that occurred 

eleven hours apart on November 24, 1987, just southwest of the Salton Sea in southern 

California (Hanks and Allen, 1989).  These events were accompanied by ground-surface 

rupture, so there is no ambiguity concerning the spatial correlation of earthquake with 
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fault.  The Elmore Ranch earthquake was a left-lateral event on a northeast-trending fault, 

and the Superstition Hills earthquake was a right-lateral event on the right-lateral 

Superstition Hills fault, which is a part of the San Jacinto fault system.  The focal 

mechanisms of these two earthquakes were nearly identical (Sipkin, 1989), and the 

epicenters were just 8.9 km apart (Magistrale and others, 1989). 

In the following survey of events with ambiguous spatial correlations, the 

distribution of relocated epicenters for earthquakes that occurred one month before to six 

months after the "main shock" are used to help differentiate between the options.  The 

induced seismicity evident in the Elmore Ranch-Superstition Hills sequence encourages 

us to use caution in employing this approach. 

 

M 6 Earthquake of September 12, 1966 

 

The M 6 Truckee earthquake of September 12, 1966 (R1), has been associated with 

the DVFZ (Kachadoorian and others, 1967;  Ryall and others, 1968;  Greensfelder, 1968;  

Tsai and Aki, 1970;  Hawkins and others, 1986).  The seismo-lineament analysis 

produced swaths that correlate with the DVFZ and the Prosser Creek trend (Figure 32).  

The aftershock sequence is aligned along the northeast-striking seismo-lineament that 

coincides with the DVFZ (Greensfelder, 1968), so it is most reasonable to agree with 

previous authors and attribute the Truckee earthquake to the DVFZ. 

 

M 4.0 Earthquake of July 3, 1983 

 

The seismo-lineament analysis of the M 4.0 event of 1983 (R4) produced swaths 

that correlate with the DVFZ and the Prosser Creek trend (Figure 33).  The northeast-

trending swath captures nearly all of the DVFZ within the area including uncertainty in 
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Figure 32:  Hillshade image of seismo-lineaments associated with the M 6 earthquake of September 1966 

that correlate with the DVFZ (red and white curves) and the Prosser Creek trend (blue and white curves).  

Yellow dots are epicenter locations of aftershocks reported by Greensfelder (1968). 
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nodal plane orientation.  Most of the Prosser Creek trend is not included in the 

uncertainty region of the northwest-trending swath.  This may suggest that the fault plane 

of this earthquake is associated with the DVFZ, not the Prosser Creek trend.  

 

M 3.5 Earthquake of March 24, 1992 

 

The seismo-lineament analysis of the M 3.5 earthquake of March 24, 1992 (R6) 

shows correlation with the Prosser Creek and Martis Creek trends (Figure 34).  Both 

seismo-lineaments are ~20 km wide or more.  Both trends are completely contained 

within their respective seismo-lineament uncertainty area.  The uncertainty region of the 

nodal plane orientation is very wide, and other events at the time of the main event are 

scattered with no obvious indication of trend relation.  The correlation of this earthquake 

with a single fault or trend remains ambiguous. 

 

M 3.2 Earthquake of August 30, 1992 

 

Seismo-lineaments of the M 3.2 earthquake of August 30, 1992 (R7) are correlated 

to the DVFZ and the Prosser Creek trend (Figure 35).  Both lie within their respective 

seismo-lineament uncertainty area.  The uncertainty region of the nodal plane orientation 

is so wide, and other events at the time of the main event are scattered with no indication 

of relation to a fault or trend.  The correlation of this earthquake with a single fault or 

trend remains ambiguous. 
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Figure 33:  Hillshade image of seismo-lineaments associated with the M 4.0 earthquake of July 3, 1983 

(R4) that correlate with the DVFZ (red and white curves) and the Prosser Creek trend (blue and white 

curves).   
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Figure 34: Hillshade image of seismo-lineaments associated with the M 3.5 earthquake of March 24, 1992 

(R6) that correlate with the Prosser Creek trend (blue and white curves) and the Martis creek trend (green 

and white curves).  Yellow dots are epicenter locations of events that occurred one month prior to and six 

months after the main event. 
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Figure 35: Hillshade image of seismo-lineaments associated with the M 3.2 earthquake of August 30, 1992 

(R7) that correlate with the DVFZ (red and white curves) and the Prosser Creek trend (blue and white 

curves).  Yellow dots are epicenter locations of events that occurred one month prior to and six months 

after the main event. 
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M 3.1 Earthquake of August 6, 1993 

 

Seismo-lineaments computed from three focal mechanisms of the M 3.1 earthquake 

of August 6, 1993 (R8) correlate spatially to the DVFZ, the Polaris fault, and the Prosser 

Creek trend (Figures 9, 36 and 37).  Each of the three focal mechanisms produced swaths 

that correlate with the DVFZ, and two focal mechanisms produce swaths that correlate 

with more than one fault or trend.  Focal mechanism R8A is a thrust mechanism that 

appears to be inconsistent with the strain-axis orientations derived from other T axes and 

PBO GPS velocities.  There appears to be a slight trend of epicenters associated with 

earthquakes that occurred just before or after R8 that are aligned with the DVFZ.  Event 

R8 is interpreted to be spatially correlated with the DVFZ. 

 

M 3.0 Earthquake of August 9, 1993 

 

Seismo-lineaments computed from two focal mechanisms of the M 3.0 earthquake 

of August 9, 1993 (R9) correlate spatially to the Polaris fault and the Prosser Creek trend 

(Figure 38).  This event occurred only three days after the M 3.1 event of August 6, 1993.  

With a large nodal plane uncertainty area, either the Polaris fault or the Prosser Creek 

trend could be the possible fault plane of the earthquake.  Temporal clustering of events 

that appear to be aligned with the nodal plane orientation suggests possible faulting along 

the Prosser Creek trend;  however, some of the smaller event hypocenters are located ~8 

km or more from the northwest extreme of the Prosser Creek trend.  
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Figure 36:  Hillshade image of seismo-lineaments associated with the M 3.1 earthquake of August 6, 1993 

(R8A) that correlate with the DVFZ (red and white curves), the Polaris fault (dark red and white curves), 

and the Prosser Creek trend (blue and white curves).  Yellow dots are epicenter locations of events that 

occurred one month prior to and six months after the main event. 
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Figure 37: Hillshade image of seismo-lineaments associated with the M 3.1 earthquake of August 6, 1993 

(R8C) that correlate with the DVFZ (red and white curves trending northeast), the Polaris fault (dark red 

and white curves trending northwest), and the Prosser Creek trend (blue and white curves).  Yellow dots are 

epicenter locations of events that occurred one month prior to and six months after the main event. 
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Figure 38: Hillshade image of seismo-lineaments associated with the M 3.0 earthquake of August 9, 1993 

(R9) that correlate with the Polaris fault (red and white curves) and the Prosser Creek trend (blue and white 

curves).  Note that the focal mechanism diagrams are offset from their epicenters.  Yellow dots are 

epicenter locations of events that occurred one month prior to and six months after the main event. 
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M 3.0 Earthquake of April 8, 1995 

 

Two focal mechanisms of the M 3.0 earthquake of April 8, 1995 (R10) are the basis 

for seismo-lineaments that are spatially correlated to the Prosser Creek and Martis Creek 

trends (Figure 39).  Much of the Martis Creek trend is not included in the uncertainty 

region of the northeast-trending swath.  The Prosser Creek trend is located within the 

uncertainty region of the northwest-trending swath.  Temporally clustered earthquakes 

generally align in a northwest-southeast direction, suggesting that the fault plane of event 

R10 could be coincident with nodal plane 1 of focal mechanism A, and with the Prosser 

Creek trend.   

 

M 4.8 Earthquake of October 30, 1998 

 

The seismo-lineaments associated with the M 4.8 earthquake of October 30, 1998 

(R13) spatially correlate with the Polaris fault, the Prosser Creek trend, and Martis Creek 

trend (Figure 40).  The orientation of the northwest-trending nodal plane is consistent 

with both the Polaris fault and the Prosser Creek trend.  Epicenter locations of temporally 

clustered events trend northeast, consistent with the Martis Creek trend, suggesting that 

the fault plane might be associated with the Martis Creek trend.   

 

M 3.5 Earthquake of December 4, 1998 

 

The seismo-lineaments associated with the M 3.5 earthquake of December 4, 1998 

(R15) spatially correlate with the Prosser Creek and Martis Creek trends (Figure 41).  

The orientation of the northwest-trending nodal plane is not entirely consistent with the 

Prosser Creek trend, and hypocenters of temporally clustered events trend to the northeast 
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along the swath associated with the Martis Creek trend.  Earthquake R15 is interpreted to 

have occurred along the Martis Creek trend.  

 

 
 

Figure 39:  Hillshade image of seismo-lineaments associated with the M 4.8 earthquake of April 8, 1995 

(R10) that correlate with the Prosser Creek trend (blue and white curves) and the Martis Creek trend (green 

and white curves).  Yellow dots are epicenter locations of events that occurred one month prior to and six 

months after the main event. 
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Figure 40: Hillshade image of seismo-lineaments associated with the M 4.8 earthquake of October 30, 1998 

(R13) that correlate with the Polaris fault (red and white curves), and the Prosser Creek trend (blue and 

white curves), and the Martis Creek trend (green and white curves).  Yellow dots are epicenter locations of 

events that occurred one month prior to and six months after the main event. 
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Figure 41:  Hillshade image of seismo-lineaments associated with the M 3.5 earthquake of December 4, 

1998 (R15A) that correlate with the Prosser Creek trend (blue and white curves) and the Martis Creek trend 

(green and white curves).  Yellow dots are epicenter locations of events that occurred one month prior to 

and six months after the main event. 
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M 3.7 Earthquake of June 12, 2004 

 

The seismo-lineaments associated with the M 3.7 earthquake of June 12, 2004 

(R23) spatially correlate with the DVFZ and the Polaris fault (Figure 42).  The Polaris 

fault is completely within the area of nodal plane uncertainty and oriented consistently 

with the northwest-trending nodal plane of focal mechanism R23A2.  The DVFZ is 

partially within the uncertainty region of the northeast-trending nodal planes R23A1 and 

B2 (Figure 10).  Temporally clustered epicenters are spatially ambiguous across the area.  

The correlation between this earthquake and either fault remains ambiguous. 

 

M 3.4 Earthquake of June 12, 2004 

 

The seismo-lineaments associated with the M 3.4 earthquake of June 12, 2004 

(R24) are also spatially correlated with the DVFZ and the Polaris fault (Figure 43). The 

event occurred on the same day as the M 3.7 event, suggesting the M 3.4 event may have 

occurred as an aftershock to the main M 3.7 event.  The locations of epicenters provide 

are scattered and ambiguous for these two events.  The correlation between this 

earthquake and either fault remains ambiguous. 

 

M 4.8 Earthquake of June 26, 2005 

 

Seismo-lineaments from the M 4.8 earthquake of June 26, 2005 (R25) have been 

correlated to the Polaris fault, the Prosser Creek trend, and the Martis Creek trend (Figure 

44).  Nodal plane orientations are consistent with the fault and trends.  Temporally and 

spatially clustered epicenters are aligned parallel to the Polaris fault near the epicenter of 

the main event, suggesting a sequence of aftershocks along the northwest-trending fault 

plane.  Other epicenter locations cluster along the Prosser Creek trend and the Martis 
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Creek trend.  The correlation between this earthquake and either fault remains 

ambiguous. 

 

Figure 42:  Hillshade image of seismo-lineaments associated with the M 3.7 earthquake of June 12, 2004 

(R23) that correlate with the Dog Valley fault zone (light red and white curves) and the Polaris fault (dark 

red and white curves).  Yellow dots are epicenter locations of events that occurred one month prior to and 

six months after the main event. 
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Figure 43:  Hillshade image of seismo-lineaments associated with the M 3.4 earthquake of June 12, 2004 

(R24) that correlate with the Dog Valley fault zone (light red and white curves) and the Polaris fault (dark 

red and white curves). Yellow dots are epicenter locations of events that occurred one month prior to and 

six months after the main event. 
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Figure 44:  Hillshade image of seismo-lineaments associated with the M 4.8 earthquake of June 26, 2005 

(R25) that correlate with the Polaris fault (dark red and white curves), the Prosser Creek trend (blue and 

white curves), and the Martis Creek trend (green and white curves). Yellow dots are epicenter locations of  
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M 3.1 Earthquake of October 18, 2010 

 

Seismo-lineaments associated with the M 3.1 earthquake of October 18, 2010 (R27) 

are spatially correlated with the Polaris fault and the Martis Creek trend (Figure 45).  The 

Martis Creek trend is located in the middle of the seismo-lineament associated with nodal 

plane 1 of focal mechanism R27A.  The Polaris fault is parallel to, but adjacent to rather 

than within, the seismo-lineament associated with nodal plane 1 of focal mechanism 

R27B.  The epicenters of other events that occurred soon before or after the R27 event 

show slight spatial alignment along the northwest-trending seismo-lineament next to the 

Polaris fault, but some epicenters are aligned along the Martis Creek trend.  There is 

insufficient evidence to suggest that one nodal plane is more likely associated with the 

fault plane for this event.  The correlation between this earthquake and either the Polaris 

fault or the Martis Creek trend remains ambiguous. 

 

M 3.1 Earthquake of December 23, 2011 

 

The seismo-lineaments associated with the M 3.1 earthquake of December 23, 2011 

(R29) appear spatially correlated with the DVFZ and the Polaris fault;  however, neither 

fault trace is located within the corresponding swath (Figure 46).  The epicenters of other 

earthquakes that occurred just before or after the R29 event do not provide much help in 

differentiating between the two.  The DVFZ is inferred to be the cause of event R29, 

because the extent to which at least some of its splays are within the seismo-lineament is 

greater, and the epicenter is closer to the surface trace of this (dominantly) strike-slip 

fault.  
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Figure 45:  Hillshade image of seismo-lineaments associated with the M 3.1 earthquake of October 18, 

2010 (R27) that correlate with the Polaris fault (dark red and white curves) and the Martis Creek trend 

(green and white curves). Yellow dots are epicenter locations of events that occurred one month prior to 

and six months after the main event. 
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Figure 46:  Hillshade image of seismo-lineaments associated with the M 3.1 earthquake of December 23, 

2011 (R29) that correlate with the Polaris fault (dark red and white curves) and the DVFZ (light red and 

white curves). Yellow dots are epicenter locations of events that occurred one month prior to and six 

months after the main event. 

 

 

 



 85 

Field Interpretations 

There is strong geomorphic evidence of structural control along the Prosser Creek 

trend.  Hillshade analysis of the trend allowed for identification of multiple geomorphic 

lineaments along Prosser Creek, the Prosser Creek reservoir, and the Truckee River.  

Shear striations discovered on Pleistocene extrusive igneous boulders near the gravel 

quarry above the Truckee River suggest that a fault extends through the area and cuts 

through Quaternary rocks, although processes related to the emplacement of the igneous 

flow might have caused the sheared surface.  It is likely that the fault trends northwest 

along the Truckee River and Prosser Creek.  Parallel to, and southwest of this lineament, 

the Truckee River exhibits a right-angle-bend at the southeast extent of a linear stretch of 

the river.  Further southeast along the lineament, the SFFFC spring, McKay Spring, and 

Buck Spring align, providing further evidence of the possibility of northwest-trending 

faulting in the area.  Slip direction is inferred to be right-lateral, consistent with the 

Polaris fault, which is sub-parallel to the Prosser Creek trend. 

The Martis Creek trend exhibits geomorphic lineaments along the slope north of 

Martis Peak and other locations to the southwest.  Hillshade analysis and field evidence 

suggest northeast-trending faulting.  The direction of slip is interpreted to be left-lateral 

with a strike orientation of ~57°.  Much of the Martis Creek trend extends through private 

property.  Permission to conduct further field research along the trend would facilitate 

further evaluation of the Martis Creek trend.  Eastern extremes of the Prosser Creek trend 

and Martis Creek trend cross near the summit of Burned Hill, ~2 km west of the 

California-Nevada border.  Both trends extend into Nevada, where they were not 

investigated in this research.   
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CHAPTER FIVE 

 

Conclusions 

 

 

Seismo-lineaments of 47 focal mechanism solutions associated with 29 earthquakes 

located in the North Tahoe-Truckee area were defined using the current revision of the 

Seismo-Lineament Analysis code (Cronin, 2013a), operating on relocated hypocenters 

(Waldhauser, 2013) and recomputed focal mechanisms (NCEDC, 2013).  For the first 

time, the uncertainty in nodal plane orientation was incorporated in a SLAM study.  

Multiple earthquakes were spatially correlated with the Dog Valley fault zone (DVFZ) 

and the Polaris fault, as well as with geomorphic lineaments identified by Lindsay (2011) 

and named the Prosser Creek trend and Martis Creek trend (Table 7).  Field work along 

these trends generated data that are consistent with the existence of faults along these 

trends.  The seismo-lineament analysis indicates that if there are faults along these trends, 

they are most likely seismogenic. 

 
Table 7.  Summary of spatial correlation between earthquakes and faults/trends 

 Fault or Events for which seismo-lineament  Events tentatively interpreted to  

 trend overlaps with fault or trend trace  have occurred along the fault or trend 

 DVFZ 1, 4, 7, 8, 12, 23, 24, 29 1, 4, 8, 12, 29 

 Polaris fault 9, 23, 24, 25, 27 

 Prosser Creek trend 5, 6, 7, 9, 10, 17, 18, 19, 25, 26 5, 9, 10, 17, 18, 19, 26 

 Martis Creek trend 2, 4, 6, 13, 15, 20, 25, 27, 28 2, 13, 15, 20, 28 

 

Fault plane solutions associated with the DVFZ and the Martis Creek trend are 

northeast-striking faults with a left-lateral strike-slip component predominating.  Fault 

plane solutions associated with the Polaris fault and the Prosser Creek trend are 
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northwest-trending faults with a right-lateral strike-slip component.  These two sets of 

known or suspected faults have a conjugate-to-orthogonal geometric relationship to one 

another, implying a shortening axis generally oriented north-south and a stretching axis 

generally oriented east-west.  T-axis orientations (Table 3), which coincide with the 

maximum extensional strain axis S1 at hypocentral depth, have an average trend of 

76°±11°, plunging 5°±11°, while the maximum horizontal strain axis S1H derived from 

the velocities of Plate Boundary Observatory GPS sites have an average trend of 

78°±11°.  Strain analysis of the PBO GPS velocities shows that the area is translating 

toward an azimuth of 305° at a rate of 10.4 mm/yr relative to the Stable North American 

Reference Frame, while rotating clockwise at a rate that ranges from 0.4-2.0 x 10
-6

 °/yr.  

The translation, rotation and distortion indicated by 2-D infinitesimal strain analysis of 

PBO GPS station velocities is consistent with the study area's structural setting in the 

northern Walker Lane transition zone between the Sierra Nevada Great Valley block and 

the Basin and Range Province. 

The northern geomorphic lineament within the Prosser Creek trend is of particular 

interest because this lineament extends near the Glenshire Elementary School and the 

Truckee Fire District station 95 (Figure 24).  These buildings and others in the area could 

be at seismic risk, and should be assessed for structural integrity in the event of an 

earthquake.  Both lineaments of the Prosser Creek trend exhibit similar geomorphic 

evidence as that presented by Hunter and others (2011) in connection to the Polaris fault. 

 

 

 



 88 

 

REFERENCES CITED 

 

Allmendinger, R.W., Cardozo, N., and Fisher D., 2012, Structural Geology Algorithms -- 

Vectors and tensors: Cambridge University Press, 302 p.  

Argus, D.F., and Gordon, R.G., 1991, Current Sierra Nevada-North America motion from 

very long baseline interferometry – Implications for the kinematics of the western 

United States:  Geology, v. 19, p. 1085-1088. 

Atwater, T., 1970, Implications of plate tectonics for the Cenozoic tectonic evolution of 

western North America:  Geological Society of America Bulletin, v. 81, p. 3513-

3536. 

Atwater, T., and Stock, J., 1998, Pacific-North America plate tectonics of the Neogene 

southwestern United States – An update, in Ernst, W.G., and Nelson, C.A., 

[editors], Integrated Earth and environmental evolution of the southwestern United 

States – The Clarence A. Hall, Jr., Volume:  Boulder, Colorado, Geological Society 

of America, p. 393-420. 

Blewitt, G., Hammond, W.C., and Kreemer, C., 2009, Geodetic constraints on 

contemporary deformation in the northern Walker Lane – 1 Semi-permanent GPS 

strategy, in Oldow, J.S., and Cashman, P., [editors], Late Cenozoic structure and 

evolution of the Great Basin-Sierra Nevada transition:  Geological Society of 

America, Special Paper 447, p. 1-15. 

Bonilla, M.G., 1982, Evaluation of potential surface faulting and other tectonic 

deformation:  U.S. Geological Survey Open-File Report 82-732, p. 58. 

Bryant, W.A., and Hart, E.W., 2007, Fault-rupture hazard zones in California:  California 

Department of Conservation, California Geological Survey, Special Publication 42, 

42 p. 

Burbank, D.W. and R.S. Anderson, 2001, Tectonic Geomorphology:  Blackwell Science, 

Oxford, p. 274. 

Cardozo, N. and Allmendinger, R.W., 2009, SSPX – A program to compute strain from 

displacement/velocity data: Computers and Geosciences, v. 35, p. 1343-1357. 

Cronin, V.S., 2008, Finding the mean and 95% confidence interval of a set of strike-and-

dip or lineation data: Environmental and Engineering Geoscience, v. 14, no. 2, p. 

113-119. 



 89 

Cronin, V.S., 2010, A draft primer on focal mechanism solutions for geologists:  

Teaching Quantitative Skills in the Geosciences, http://serc.carleton.edu/files/ 

NAGTWorkshops/structure04/Focal_mechanism_primer.pdf 

Cronin, 2012a, Primer on infinitesimal strain analysis:  web site accessed via 

https://bearspace.baylor.edu/Vince_Cronin/www/PBO_ed/GPS_Strain_Primer.pdf 

on August 13, 2013. 

Cronin, 2012b, Algorithm for computing infinitesimal strain:  web site accessed via 

https://bearspace.baylor.edu/Vince_Cronin/www/PBO_ed/TriangleStrainAlgorithm.

pdf on August 13, 2013.  

Cronin, 2012c, Excel spreadsheet for computing infinitesimal strain:  web site accessed 

via 

https://bearspace.baylor.edu/Vince_Cronin/www/PBO_ed/GPS_Triangle_Strain.xls 

on August 13, 2013. 

Cronin, 2012d, Primer on the kinematics of the lithosphere and continental crust, chapter 

7, Instantaneous plate kinematics in an imaginary 2-plate world:  web site accessed 

via 

https://bearspace.baylor.edu/Vince_Cronin/www/GradStruct/GradStructHome12.ht

ml on August 9, 2013. 

Cronin, V.S., 2013a, SLAMCode.nb -- Projecting the nodal planes from a focal 

mechanism solution onto a digital elevation model surface:  Mathematica notebook 

file available from the author via Vince_Cronin@baylor.edu. 

Cronin, V.S., 2013b, FisherStats:  Mathematica notebook file accessed via 

http://bearspace.baylor.edu/Vince_Cronin/www/MathematicaCode/FisherStats.nb 

on August 9, 2013. 

Cronin, V.S., and Sverdrup, K.A., 2003, Multiple-event relocation of historic earthquakes 

along Blanco Transform Fault Zone, NE Pacific:  Geophysical Research Letters, v. 

30(19), doi:10.1029/2003GL018086. 

Cronin, V.S., Schurter, G., and Sverdrup, K.A., 1993, Preliminary Landsat lineament 

analysis of the northern Nanga Parbat-Haramosh Massif, northwest Himalaya: 

Geological Society of London Special Publication, No. 74, p. 193-206. 

Cronin, V.S., Millard, M.A., Seidman, L.E., and Bayliss, B.G., 2008, The Seismo-

Lineament Analysis Method [SLAM] – A reconnaissance tool to help find 

seismogenic faults: Environmental and Enginering Geoscience, v. 14, no. 3, p. 199-

219.  

DeMets, C., Gordon, R.G., and Argus, D.F., 2010, Geologically current plate motions:  

Geophysical Journal International, doi: 10.1111/j.1365-

246X.2009.04491.x246X.2009.04491.x 



 90 

Dixon, T.H., Miller, M., Farina, F., Wang, H.Z., and Johnson, D., 2000, Present-day 

motion of the Sierra Nevada block and some tectonic implications for the Basin and 

Range province, North American Cordillera:  Tectonics, v. 19, p. 1-24. 

Dziewonski, A.M., Chou, T.-A., and Woodhouse, J.H., 1981, Determination of 

earthquake source parameters from wave-form data for studies of global and 

regional seismicity:  Journal of Geophysical Research, v. 86, p. 2825-2852. 

Fisher, R.A., 1953, Dispersion on a sphere: Proceedings Royal Society, London, v. A217, 

no. 1130. p. 295-305. 

Gardner, J.V., Mayer, L.A., and Hughes-Clark, J., 1998, Cruise report, RV Inland 

Surveyor cruise IS-98 – the bathymetry of Lake Tahoe, California-Nevada, August 

2 through August 17, 1998, Lake Tahoe, California and Nevada:  U.S. Geological 

Survey, Open-File Report 98-509, 28 p.. 

Gardner, J.V., Mayer, L.A. and Hughes-Clarke, J.E., 2000, Morphology and processes in 

Lake Tahoe (California-Nevada): Geological Society of America Bulletin, v. 112, 

n. 5, p. 736- 746. 

Greensfelder, R., 1968, Aftershocks of the Truckee, California, earthquake of September 

12, 1966:  Bulletin of the Seismological Society of America, v. 58, no. 5, p. 1607-

1620. 

Hammond, W.C., and Thatcher, W., 2007, Crustal deformation across the Sierra Nevada, 

northern Walker Lane, Basin and Range transition, western United States measured 

with GPS, 2000-2004:  Journal of Geophysical Research, v. 112, B05411, 

doi:10.1029/2006JB004625. 

Hammond, W.C., Kreemer, C., and Blewitt, G., 2009, Geodetic constraints on 

contemporary deformation in the northern Walker Lane – 3 Central Nevada seismic 

belt postseismic relaxation, in Oldow, J.S., and Cashman, P., [editors], Late 

Cenozoic structure and evolution of the Great Basin-Sierra Nevada transition:  

Geological Society of America, Special Paper 447, p. 33-54. 

Hammond, W.C., Blewitt, G., and Kreemer, C., 2011, Block modeling of crustal 

deformation of the northern Walker Lane and Basin and Range from GPS 

velocities:  Journal of Geophysical Research, v. 116, B04402, 

doi:10.1029/2010JB007817. 

Hanks, T.C., and Allen, C.R., 1989, The Elmore Ranch and Superstition Hills 

earthquakes of 24 November 1987 -- Introduction to the special issue:  Bulletin of 

the Seismological Society of America, v. 79, p. 231-238. 

Hardebeck, J.L., and Shearer, P.M., 2002, A new method for determining first-motion 

focal mechanisms:  Bulletin of the Seismological Society of America, v. 92, p. 

2264-2276. 



 91 

Hawkins, F.F., LaForge, R. and Hansen, R.A., 1986, Seismotectonic study of the 

Truckee/Lake Tahoe area northeastern Sierra Nevada, California for Stampede, 

Prosser Creek, Boca, and Lake Tahoe dams: U.S. Bureau of Reclamation 

Seismotectonic Report No. 85-4, 210 p., plate l, scale 1:250,000. 

Hearn, E.H. and Humphreys, E.D., 1998, Kinematics of the southern Walker Lane belt 

and motion of the Sierra Nevada block, California:  Journal of Geophysical 

Research, v. 103, p. 27033-27049. 

Hellweg, P., 2013, personal email communication about revisions to the Northern 

California Earthquake Data Center's catalog of earthquake epicenters. 

Hunter, L.E., Howle, J.F., Rose, R.S., and Bawden, G.W., 2011, LiDAR-assisted 

identification of an active fault near Truckee, California: Bulletin of the 

Seismological Society of America, v. 101, no. 3, p., 1162-1181, 

doi:10.1785/0120090261. 

Hunter, L.E., Rose, R.S., Hilton, B.R., McCormick, W., and Crampton, T., 2010, Use of 

hi-resolution LiDAR in discovering the Polaris fault, Martis Creek Dam, Truckee, 

California, in Collaborative management of integrated watersheds:  Proceedings, 

30
th

 Annual United States Society on Dams Conference, Sacramento, California, p. 

281-294, available online via 

http://ussdams.com/proceedings/USSDproceedings2010.pdf. 

Ichinose, G.A., Anderson, J.G., Satake, Kenji, Schweickert, R.A. and Lahren, M.M., 

2000, The potential hazard from tsunami and seiche waves generated by large 

earthquakes within Lake Tahoe, California-Nevada: Geophysical Research Letters, 

v. 27, no. 8, p. 1203- 1206. 

Jordan, T.H., and Sverdrup, K.A., 1981, Teleseismic location techniques and their 

application to earthquake clusters in the south-central Pacific:  Bulletin of the 

Seismological Society of America, v. 71, p. 1105-1130. 

Jost, M.L., and Herrmann, R.B., 1989, A student's guide to and review of moment 

tensors:  Seismology Research Letters, v. 60, p. 37-57. 

Kachadoorian, R., Yerkes, R.F., and Waananen, A.O., 1967, Effects of the Truckee, 

California, earthquake of September 12, 1966:  U.S., Geological Survey, Circular 

573, p. 14. 

Kasahara, K., 1981, Earthquake mechanica:  Cambridge, Cambridge University Press, 

248 p. 

 

 



 92 

Kent, G.M., Babcock, J.M., Driscoll, N.W., Harding, A.J., Dingler, J.A., Seitz, G.G., 

Gardner, J.V., Mayer, L.A., Goldman, C.R., Heyvaert, A.C., Richards, R.C., Karlin, 

R., Morgan, C.W., Gayes, P.T., and Owen, L.A., 2005, 60 k.y. record of extension 

across the western boundary of the Basin and Range Province – Estimate of slip 

rates from offset shoreline terraces and a catastrophic slide beneath Lake Tahoe:  

Geology, v. 33, no. 5, p. 365-368. 

Kreemer, C., and Hammond, W.C., 2007, Geodetic constraints on areal changes in the 

Pacific-North America plate boundary zone – What controls Basin and Range 

extension?  Geology, v. 35, no. 10, p. 943-947. 

Kreemer, C., Blewitt, G., and Hammond, W.C., 2009, Geodetic constraints on 

contemporary deformation in the northern Walker Lane -- 2  Velocity and strain 

rate tensor analysis, in Oldow, J.S., and P.H. Cashman, [editors], Late Cenozoic 

Structure and Evolution of the Great Basin – Sierra Nevada Transition:  Geological 

Society of America, Special Paper 447, p. 17-31. 

Kreemer, C., Holt, W.E., and Haines, A.J., 2003, An integrated global model of present-

day plate motions and plate boundary deformation:  Geophysical Journal 

International, v. 154, p. 8-34. 

Lindsay, R., 2011, Seismo-lineament analysis of selected earthquakes in the Tahoe-

Truckee Area, California and Nevada: Waco, Texas, Baylor University Geology 

Department, M.S. thesis, 147 p. 

Magistrale, H., Jones, L., and Kanamori, H., 1989, The Superstition Hills, California, 

earthquakes of 24 November 1987:  Bulletin of the Seismological Society of 

America, v. 79, no. 2, p. 239-251. 

Malvern, L.E., 1969, Introduction to the mechanics of a continuous medium: Englewood 

Cliffs, New Jersey, Prentice Hall. 

McCalpin, J., ed., 2009, Paleoseismology [2
nd

 edition]:  Amsterdam, Academic Press, 

613 p. 

Melody, A.D., 2009, Active faulting and Quaternary paleohydrology of the Truckee fault 

zone north of Truckee, California:  unpublished M.S. thesis, Humbolt State 

University, 71 p.;  available online via http://humboldt-

dspace.calstate.edu/xmlui/handle/2148/520. 

Miller, V.C., 1961, Photogeology:  McGraw-Hill, New York, p. 248. 

Moore, J.G., Schweikert, R.A., Robinson, J.E., Lahren, M.M., and Kitts, C.A., 2006, 

Tsunami generated boulder ridges in Lake Tahoe, California-Nevada:  Geology, 

vol. 34, no. 11, p. 965-968. 

Northern California Earthquake Data Center, 2013, accessed 2012-2013, available online 

via quake.geo.berkeley.edu/ncedc/catalog-search.html. 



 93 

Oldenberg, D., 2013, personal email communication about revisions to the Northern 

California Earthquake Data Center's catalog of earthquake epicenters and focal 

mechanism solutions. 

Oldow, J.S., and Cashman, P.H., 2009, Introduction, in Oldow, J.S., and Cashman, P.H., 

[editors], Late Cenozoic structure and evolution of the Great Basin-Sierra Nevada 

transition: Geological Society of America, Special Paper 447, p. v-viii. 

Olig, S., Sawyer, T., Wright, D., Terra, F., and Anderson, L., 2005, Preliminary seismic 

source characterization of faults near Stampede and Prosse Creek dams - Washoe 

project and Boca Dam - Truckee storage project, U.S. Department of the Interior, 

Bureau of Reclamation, Denver, 65 p. 

Quaternary Fault and Fold Database of the United States, accessed 2012-2013, available 

online via http://earthquake.usgs.gov/hazards/qfaults/. 

Ray, R.G., 1960, Aerial photographs in geologic interpretation and mapping:  U.S. 

Geological Survey Professional Paper 373, p. 230. 

Reasenberg, Paul A., and Oppenheimer, David, 1985, FPFIT, FPPLOT, and FPPAGE:  

Fortran computer programs for calculating and displaying earthquake fault-plane 

solutions:  U.S. Geological Survey, Open-File Report, no. 85-739. 

Ryall, A., Van Wormer, J.D., and Jones, A.J., 1968, Triggering of micro-earthquakes by 

earth tides, and other features of the Truckee, California, earthquake sequence of 

September, 1966:  Bulletin of the Seismological Society of America, v. 58, no. 1, p. 

215-248. 

Saucedo, G.J., compiler, 2005, Geologic map of the Lake Tahoe Basin, California and 

Nevada, scale 1:100,000: California Geological Survey, Regional Geological Map 

Series, Map No. 4, accessible online via 

http://www.quake.ca.gov/gmaps/RGM/tahoe/tahoe.html 

Scherbaum, F., Kuehn, N., and Zimmermann, B., 2013, Earthquake focal mechanism:  

Wolfram Demonstration Project, accessed June 6, 2013 via 

http://demonstrations.wolfram.com/EarthquakeFocalMechanism/ 

Scholz, C.H., 2002, The mechanics of earthquakes and faulting [2nd ed.]:  Cambridge, 

U.K., Cambridge University Press, 471 p. 

Schweickert, R.A., Lahren, M.M., Karlin, R., Howle, J. and Smith, K., 2000a, Lake 

Tahoe active faults, landslides, and tsunamis, in Lageson, D.R., Peters, S.G. and 

Lahren, M.M., editors, Great Basin and Sierra Nevada: Geological Society of 

America Field Guide2, p. 1-22. 

 

 

http://earthquake.usgs.gov/hazards/qfaults/


 94 

Schweickert, R.A., Lahren, M.M., Karlin, R.E., Smith, K.D. and Howle, J.F., 2000b, 

Preliminary map of Pleistocene to Holocene faults in the Lake Tahoe Basin, 

California and Nevada: Nevada Bureau of Mines and Geology Open-File Report 

2000-4, scale 1:100,000. 

Schweickert, R.A., Lahren, M.M., Smith, K.D., Howle, J.F., and Ichinose, G., 2004, 

Transtensional deformation in the Lake Tahoe region, California and Nevada, USA:  

Tectonophysics, vol. 392, p. 303-323. 

Schweickert, R.A., Lahren, M.M., Smith, K.D., and Karlin, R., 1999, Preliminary fault 

map of the Lake Tahoe basin, California and Nevada:  Seismological Research 

Letters, v. 70, no. 3, p. 306-313. 

Shearer, P.M., 2009, Introduction to seismology [2nd ed.]:  Cambridge, U.K., Cambridge 

University Press, 396 p.  

Sipkin, S.A., 1989, Moment-tensor solutions for the 24 November 1987 Superstition 

Hills, California, earthquakes:  Bulletin of the Seismological Society of America, v. 

79, no. 2, p. 493-499. 

SNARF Working Group, 2011, Stable North American Reference Frame:  web site 

accessed via 

http://www.unavco.org/community_science/workinggroups_projects/snarf/snarf.ht

ml on August 9, 2013. 

Stein, S., and Wysession, M., 2003, An introduction to seismology, earthquakes and 

Earth structure: Malden, Massachusetts, Blackwell Publishing, 498 p. 

Stewart, J.H., 1988, Tectonics of the Walker Lane belt western Great Basin – Mesozoic 

and Cenozoic deformation in a shear zone.  In: Ernst, W.G. (Ed.), Metamorphism 

and Crustal Evolution of the Western United States.  Englewood Cliffs, Prentice 

Hall, New Jersey, pp. 683-713. 

Sylvester, A.G., Raines, G.L., and students, 2007, Preliminary geologic map of Sagehen 

Creek Basin, Independence Lake and Hobart Mills Quadrangles, Nevada and Sierra 

Counties, California:  University of California, Santa Barbara, scale 1:24,000, 

accessed 6 August 2013 via 

http://www.geol.ucsb.edu/projects/tahoe/Sagehen/8C08jth_Sagehen.pdf. 

Sylvester, A.G., Wise, W.S., Hastings, J.T., and Moyer, L.A., 2012, Digital geologic map 

of the Tahoe – Donner Pass region, northern Sierra Nevada, California:  California 

Geological Survey, Map Sheet 60, scale 1:48,000, accessed online 6 August 2013 

via http://www.quake.ca.gov/gmaps/MS/ms_60/tahoe_donner.html. 

Town of Truckee, 2006, 2025 General Plan:  accessed 6 August 2013 via 

http://www.townoftruckee.com/index.aspx?page=470 



 95 

Tsai, Y-B., and Aki, K., 1970, Source mechanism of the Truckee, California earthquake 

of September 12, 1966: Bulletin of the Seismological Society of America. v. 60, no. 

4, p. 1199-1208. 

UNAVCO, 2013, Plate Boundary Observatory, accessed 6 August 2013 via 

http://pbo.unavco.org/network/gps. 

USGS, 2013, National elevation dataset:  accessed 6 August 2013 via http://ned.usgs.gov. 

Waldhauser, F., 2001, HypoDD -- A program to compute double-difference hypocenter 

locations:  U.S. Geological Survey Open-File Report 01-113. 

Waldhauser, F., 2009, Near-real-time double-difference event location using long-term 

seismic archives, with application to northern California:  Bulletin of the 

Seismological Society of America, v. 99, no. 5, p. 2736-2748, doi: 

10.1785/0120080294 

Waldhauser, F., 2013, Real-time double-difference earthquake locations for northern 

California, accessed 6 August 2013 via http://ddrt.ldeo.columbia.edu. 

Waldhauser, F., and Ellsworth, W.L., 2000, A double-difference earthquake location 

algorithm -- method and application to the northern Hayward Fault, CA:  Bulletin 

of the Seismological Society of America, v. 90, p. 1353-1368. 

Wernicke, B., and Snow, J.K., 1998, Cenozoic extension in the central Basin and Range – 

Motion of the Sierran-Great Valley block:  International Geological Review, v. 40, 

p. 403-410. 

Wesson, R.L., Helley, E.J., Lajoie, K.R. and Wentworth, C.M., 1975, Faults and future 

earthquakes, in Borcherdt, R.D., [editor], Studies for seismic zonation of the San 

Francisco Bay region: U.S. Geological Survey Professional Paper 941-A, p. 5-30. 

Yeats, R.S., Sieh, K., and Allen, C.R., 1997, The geology of earthquakes:  New york, 

Oxford University Press, 568 p. 

 


