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Evaluation of Geodetic and Geologic Datasets in the 
Northern Walker Lane— 
Summary and Recommendations of the Workshop 

By Richard W. Briggs1 and William C. Hammond2 
1U.S. Geological Survey, Golden, Colorado 
2Nevada Bureau of Mines and Geology, University of Nevada, Reno, Reno, Nevada 

Introduction 
The Northern Walker Lane (NWL) comprises a complex network of active faults in 

northwestern Nevada and northeastern California bound on the west by the Sierra Nevada and on 
the east by the extensional Basin and Range Province. Because deformation is distributed across 
sets of discontinuous faults, it is particularly challenging to integrate geologic and geodetic data 
in the NWL to assess the region’s seismic hazard. Recent GPS measurements show that roughly 
one centimeter per year of relative displacement is accumulating across a zone about 100 km 
wide at the latitude of Reno, Nevada, but it is not clear where or how much of this strain might 
ultimately be released in damaging earthquakes. Despite decades of work in the region, the sum 
of documented late Pleistocene to recent slip rates is distinctly less than the GPS-measured 
relative displacement (dePolo, 2006). 

These observations raise important questions about how much of the contemporary strain 
in the NWL will be released in large earthquakes and what faults are the likely sources. Current 
GPS networks clearly define the distribution of the strain but questions arise about how to 
accurately incorporate the strain into seismic hazard maps of the region. These issues were the 
subject of a two-day workshop at the University of Nevada, Reno, where geodesists, geologists, 
and seismologists discussed the completeness of the available datasets and suggested strategies 
to address large-scale problems of relating spatio-temporal patterns of crustal strain 
accumulation and release. 

Recent improvements in geodetic coverage in the NWL have greatly enhanced our 
understanding of strain accumulation. Up-to-date maps of the near-mature velocity field from the 
Mobile Array of GPS for Nevada Transtension (MAGNET) network, operated by the University 
of Nevada, Reno, and results from USGS GPS campaigns and Plate Boundary Observatory 
continuous stations provide unprecedented insight into details of the local strain field. New block 
models and strain maps derived from the GPS velocity field were presented at the workshop and 
stimulated thought-provoking discussions. 

The complex fault systems in the NWL include more than 100 discontinuous strike-slip 
and normal faults of variable orientation, but only a small fraction of them have been studied in 
sufficient detail to adequately characterize their late Quaternary history of movement. 
Insufficient data for faults in the region preclude a rigorous comparison of secular strain 
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accumulation to longer-term geologic strain release. A breakout group developed a list of faults 
in the NWL near the Reno-Carson urban corridor that warrant more geologic work to define their 
faulting history. 

Conclusions of the Workshop 
The primary objective of the workshop was to examine the currently available geologic 

and geodetic datasets in the Northern Walker Lane in the context of contemporary deformation, 
Quaternary faulting, and seismic hazard assessments. The workshop focused on evaluating the 
utility and completeness of these datasets and developing strategies for incorporating this 
information into the next update of the National Seismic Hazard Maps. During the workshop, 
strategies were devised to incorporate geodetic data into the USGS’s National Seismic Hazard 
Maps. These maps are updated every few years, and with the maturation of geodetic data in the 
Reno-Carson City corridor and NWL, it is important to consider these data in a comprehensive 
assessment of the region’s seismic hazard. Accordingly, workshop participants developed a list 
of high-priority activities that will facilitate incorporating sound geologic and geodetic data into 
the National Seismic Hazard Maps. They recommended that these activities be presented as 
priorities in the next annual call for proposals for the USGS Earthquake Hazards Program. These 
activities include: (1) several detailed transects across the NWL comparing geologic, geodetic, 
and seismic strain rates; (2) a multidisciplinary examination of how shear is accommodated 
through the Reno-Carson City urban corridor, including how vertical-axis block rotations 
accommodate far-field motions; (3) measuring and refining late Pleistocene slip rates on major 
faults; and (4) evaluating the resolution and stability of strain maps and block models, including 
a future workshop to specifically address these issues. Light Detection and Ranging (LiDAR) 
data are considered to be an essential tool to map subtle faults, especially strike-slip zones in the 
NWL, which commonly have relatively subtle geomorphic expression. These suggestions for 
high-priority activities were incorporated into the Priority List for Fault Investigations developed 
by the Nevada Bureau of Mines and Geology (Appendix 3). 

Workshop Organization 
The workshop was convened at the University of Nevada, Reno with participants from 

the USGS, Nevada Bureau of Mines and Geology (NBMG), University of Nevada, Reno (UNR), 
and several other organizations (Appendix 1). The USGS recognizes the importance and value of 
working in partnership with state geological surveys and other agencies and organizations to 
assess seismic hazards and to evaluate hazardous faults. The Nevada Bureau of Mines and 
Geology is a close partner in the ongoing effort to improve estimates of seismic hazard and 
played a key role in planning and executing the workshop. Their detailed local knowledge and 
active participation provided the foundation for productive discussions and the formulation of 
research priorities. Outside experts provided a critical, and often global, perspective on the 
problems at hand.  

This report summarizes the presentations and discussions (Appendix 2) with the goal of 
providing context for the development of the priority list. For simplicity and to provide a 
succinct synopsis, we summarize the presentations and discussions as a series of bullets or 
numbered lists and provide the content of the presentations as Appendixes (Appendix 4a–i) to 
this document. This format captures the essential components of conversations and topics. 
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First Day Activities 
The first day started with an introductory presentation, then a series of talks that provided 

an overview of available geodetic data and geodetic analyses—including block models and strain 
maps—for the northern Walker Lane. Subsequent presentations summarized the current 
knowledge of Cenozoic tectonic evolution and Quaternary faulting in the region. Participants 
then divided into two break-out groups. One group examined the completeness and reliability of 
strain accumulation observations in the NWL using current space geodetic techniques and the 
second group evaluated the completeness and reliability of current geologic slip rate constraints 
in the NWL. At the end of the day, all participants reconvened to hear summaries of the 
individual breakouts and to open discussions on strategies for incorporating the datasets into the 
hazard maps.  
 

Overview—Need for the Workshop and Goals, led by Bill Hammond (NBMG) and Rich Briggs 
(USGS) 
• The northern Walker Lane poses particular challenges: Faulting is complex, deformation 

rates are low relative to plate-boundary settings, and the deformation is broadly distributed. 
All of these factors make it difficult to estimate the seismic hazard. The USGS National 
Seismic Hazard maps incorporate a variety of relevant data, including historical seismicity, 
information on Quaternary faults, and more recently, geodetic data. At this workshop, we 
will concentrate on the geologic and geodetic data. 

• The workshop is an opportunity for geodesists, geologists, and seismologists to examine the 
best analytic framework for combining geodetic and geologic observations, and to 
recommend strategies for integrating geodetic and geologic data into the next update of the 
National Seismic Hazard Maps. 

• There are five main focal points for the workshop: 
o Provide an overview of current geodetic data in the Northern Walker Lane-Western 

Basin and Range and discuss the strengths and weaknesses of those data. 
o Provide an overview of current Quaternary fault data in the region and discuss 

strategies for improving those data in the context of new geodetic data. 
o Propose an improved strategy that takes full advantage of geodetic data in the next 

update of the National Seismic Hazard maps (NSHM).  
o Suggest an experiment or series of investigations that will closely scrutinize and 

attempt to resolve (1) gaps in data and (2) apparent discrepancies between the 
geologic and geodetic data. 

o Plan subsequent workshop meeting to build consensus and specifically address how 
to include geodetic data in the next version of the National Seismic Hazard maps.  

U.S. National Seismic Hazard Maps—Intermountain West Source Models and Geodetic 
Deformation and C-Zones (Appendixes 4a and 4b), led by Mark Petersen, USGS, Chief, National 
Seismic Hazard Map project; and Yuehua Zeng, USGS 
• (Mark Petersen) In future updates of the National Seismic Hazard Maps (NSHM), it will be 

desirable to incorporate geodetic data. The national maps will be developed using estimates 
of hazard using geodetic strain rates, geologic slip rates, and paleoseismic earthquake rates. 
However, some of these data seem to give widely variable estimates of hazard. The science 
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community needs to assess these uncertainties and make recommendations on how to reduce 
these uncertainties.  

• Geodetic data were first integrated into the NSHM in 1996 using shear zones. 
• The disparity between deformation rates inferred from geologic and geodetic data highlights 

problems and makes it difficult to confidently incorporate them into the NSHM. For 
example, the significantly higher geodetic strain rate along the Wasatch Fault in Utah would 
nearly double the hazard. We need to determine the uncertainties in the geologic and 
geodetic strain rates before they are applied in the hazard maps.  

• Some of the goals of the NSHM project pertaining to the Intermountain West region include: 
o Incorporating geodetic data as a source of information for the maps. 
o Implementing new data on active faults that refine them as seismic sources, that is, 

slip rates, and recurrence intervals. 
o Characterizing the hazard in urban areas. 
o Determining if the differing strain rates based geologic and geodetic data are accurate 

and understand the source of those differences. 
o Understanding whether the distribution of Quaternary faulting is similar or different 

in the long term versus the short term. 
• At present, there are many unresolved issues with geodetic data in the context of constructing 

hazard maps: 
o Does the current 10–15 year GPS rate represent long-term average rates? 
o How sensitive are results of GPS-based block models to input model parameters (for 

example, the locking depth and other variables in models)? 
o How can we partition GPS strain-rate data onto individual faults, especially in 

complex zones that contain closely spaced faults? 
o How can we quantify the amount of strain that is likely to be released in large 

damaging earthquakes?  
o How do we translate strain rates to earthquake rates? 
o How should we assess uncertainties in the data and the results? 

• There are also important issues with fault slip-rate data: 
o Does the current rate represent long-term average rates?  
o What are the uncertainties in measurement of offsets and timing? (In nearby parts of 

California, the data for most faults are moderately to poorly constrained.) 
o How can we quantify the portion of fault slip rate released in large damaging 

earthquakes?  
o How do we translate slip rates to earthquake rates? 
o What are uncertainties in data and results? 

• Current needs of the NSHM in the Northern Walker Lane: 
o The primary need is a better characterization of hazards in urban areas (Reno/Carson 

City and Lake Tahoe) and a better understanding of hazards in other areas. 
o We also need to understand differences in strain rates obtained from geologic and 

geodetic data, and how to translate strain rates to earthquakes. 
• A fundamental goal is to develop one model that satisfies the geologic, geodetic, and 

paleoseismic data and encompasses the range of uncertainties. If this is not possible, then we 
might compromise by developing several alternative models and apply a weighting scheme 
to the individual models. 
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• To incorporate the NWL geodetic data into the existing 2008 National Seismic Hazard Maps, 
our approach was: 

o Convert strain rate to moment rate (Kostrov, 1974). 
o Define geodetic-zone (C-Zone) shapes based on a block model. 
o Estimate rates for the zones based on a composite of seismicity, geologic, and 

geodetic rates (as suggested by Western States Seismic Policy Council (WSSPC) 
advisory panel). 

o Apply 50 percent of the residual regional shear rate as the seismic moment released in 
earthquakes. 

Western USA USGS GPS Transects (Appendix 4c) led by Wayne Thatcher, USGS 
• The USGS has installed campaign-style GPS networks across the western US that were 

designed with dense spacing to detect geodetic offsets across faults. Individual networks 
have been surveyed every four years since 1999–2003 and now yield data that have ±1 
mm/yr precision after about eight years. 

• Of these GPS networks, the Lassen and Pyramid transects cross the NWL. 
• The networks document a transition from primarily strike-slip deformation to the west to 

extensional (normal faulting) deformation in northeastern California.  
o The data show about 4 mm/yr extension north of Mt. Lassen. 
o They show about 2 ± 2 mm/yr of strike-slip motion south of Mt. Lassen. 

• This transition from right-lateral shear to dominantly normal faulting roughly coincides with 
the Mendocino Triple Junction and thus may be related to plate-boundary forces. 

• Present results appear to indicate about 2 mm/yr shear-strain accumulation on each of the 
Honey Lake and Mohawk Valley fault zones. 

• The Mobile Array of GPS for Nevada Transtension (MAGNET) data will provide better 
constraints for strike-slip rates across Honey Lake and Mohawk Valley faults. 

Overview of MAGNET GPS Network, Data, velocity field, and block modeling (Appendix 4d) led by 
Bill Hammond, Nevada Bureau of Mines and Geology 
• The Nevada Geodetic Laboratory has installed MAGNET, a dense geodetic network that 

spans much of Nevada including the NWL. 
• MAGNET spans an area of about 100,000 km2 and has sites that have been running for about 

five years. The strategy is to schedule a sequence of semi‐continuous occupations. 
• The uncertainties in velocities are low (as little as 0.3 mm/yr after three years). 
• To derive an accurate velocity field in the Walker Lane, the 1954 stress transients must be 

modeled and subtracted from contemporary GPS measurements. 
• The net velocity profiles show 11 mm/yr of strongly transtensional deformation across the 

Central Walker Lane. 
• Across the Northern Walker Lane (Sierra Nevada across the Seven Troughs Range), 

MAGNET shows 8 mm/yr, nearly all of which is right-lateral shear. 
• Block models can be constructed that satisfy the detailed velocity field for the region, and in 

theory, fault slip rates fall out of the relative motion of the blocks. For example, the geodetic 
block model predicts about 3 mm/year across the Mohawk Valley fault zone. 

• Block models can also be constrained with known fault slip rates. A comparison of fault slip 
rates to modeled rates do agree in some areas but disagree in others.  
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Regional strain rate maps in Northwestern Nevada (Appendix 4e) led by Corné Kreemer, NBMG 
• Strain maps are a way to represent geodetic data that avoids some of the assumptions 

inherent in block models. 
• A strain map constructed for the western US using MAGNET and other data shows: 

o Mainly a northwest-directed sense of motion. 
o Uncertainty in the values is typically is 0.3–0.5 mm/yr. 

• In the NWL, the strain tensor does not align obviously onto faults in many places. 
o Much of the strain is in the Reno area; the area of high strain has an orientation that is 

similar to the orientation of the Mogul swarm and an orientation similar to (but not 
coincident with) the Peavine fault. 

o Strain map does not highlight the Mohawk Valley fault zone. 
• A strain map can be derived from published fault slip rates alone, and then be subtracted 

from the geodetically-derived strain map. This exercise is one way to depict strain 
accumulation that is apparently not accounted for in the current fault database. For example, 
the strain map predicts about 3 mm/yr of deformation across the south Truckee Meadows. 

• At present, the map does not show much strain across the Mohawk Valley and Honey Lake 
faults, but this is probably due to incomplete station coverage. The ongoing Mohawk Valley 
Project is addressing this problem with the limited coverage. 

o In 2008–2009, we installed 20 new sites (a project that began in 2007). 
o The strain maps measure velocities that are relative to an assumed stable Sierra 

Nevada block. 
o The map shows about 3.2 mm/yr at the Quincy station and possibly >6 mm/yr on 

Mohawk Valley fault. 

Regional strain maps in Northwestern Nevada (Appendix 4f), led by Yuehua Zeng, USGS 
• An outline of how geodetic information can be processed for strain rate information and 

compared to geologic data: 
o Available GPS measurements are converted to strain rates. 
o Strain-rate maps are constructed from GPS data, including total strain and shear 

strain. 
o Strain rate maps are also constructed from geological slip-rate data. 
o A comparison of GPS and geological strain rates shows a clear mismatch in the 

NWL. 

InSAR—Availability of data and prospects for application in the region (Appendix 4g), led by John 
Bell, NBMG 
• The presentation focused on three areas: (1) Existing Interferometric Synthetic Aperture 

Radar (InSAR) data archives; (2) Future acquisitions and prospects for continued InSAR 
studies; and (3) Results of previous InSAR studies in the NWL region. 

• Existing InSAR data archives: 
o Western North America InSAR (WInSAR) and GeoEarthscope provide data to 

member/participating institutions. Data may also be bought from the European Space 
Agency (ESA), Canadian Space Agency (CSA), Japanese Space Agency (JAXA), 
and the Alaska Satellite Facility (ASF). 
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o In the NWL region, the WInSAR archive contains European Remote Sensing 
Satellite-1 (ERS-1) frames that date from 1992 to 1996, ERS-2 frames that date from 
1995 to present, and Envisat frames that date from 2002 to present. 

o The GeoEarthscope archives include ERS-1, ERS-2, Envisat, and Radarsat data. 
o The Japanese Advanced Land Observing Satellite (ALOS) Phased Array Type-L 

band SAR (PALSAR) has many advantages over C-band radar. The ALOS PALSAR 
L1 Data Pool (WInSAR at UNAVCO) is making these data available to the research 
community. 

• Future acquisitions and prospects for continued InSAR studies: 
o WInSAR Envisat Core Region Tasking during 2009–2010 will occur over a region 

that includes the NWL. 
o ALOS has been tasked to obtain data for the Sierra Nevada-Northern Walker Lane-

Central Walker Lane; as of April 2009 initial passes had been made. 
o A future NASA mission will launch the Deformation, Ecosystem Structure, and 

Dynamics of Ice (DESDynI) Satellite, which will combine L-band radar and LiDAR. 
A launch date for this satellite has not been set.  

• Results of previous InSAR studies in the Northern Walker Lane region:  
o Interferograms showing coseismic deformation patterns have been constructed for the 

1994 Double Spring Flat, 2004 Adobe Hills, and 2009 Mogul earthquakes. 
o The interferogram for the 2009 Mogul earthquake demonstrates that deformation for 

events as small as M 4.7 can be constructed. 
o Postseismic deformation has also been imaged for the 2009 Mogul sequence. 
o Seasonal groundwater signals are common in the region, and some groundwater 

signals may illuminate tectonic structures (such as the Reno fault in the Truckee 
Meadows). 

 

The Walker Lane System—Incipient Transform along the Pacific-North America Plate Boundary 
(Appendix 4h), led by Jim Faulds and Chris Henry, NBMG 
• This talk presented an overview of the Walker Lane, including a discussion of kinematics, 

controls, and evolution of the system. 
• The Walker Lane can be viewed as an incipient transform fault as the Pacific-North America 

boundary steps inland. At about 6–12 Ma, the southern San Andreas system jumped inland to 
the Gulf of California. Similar to the San Andreas and probably tracking the Mendocino 
Triple Junction, the Walker Lane grew to the northwest. 

• The Walker Lane is made up of many discrete structural domains. An outstanding question is 
how slip is transferred between these domains. For example, how is shear transferred from 
the Carson domain into the Northern Walker Lane? 

• Deformation in the Carson domain may be taken up by a regional-scale oroclinal flexure. If 
so, this has important implications for the understanding of how strain is accommodated and 
how slip is transferred. 

• A complex strain field exists in the NWL, with northwest-trending dextral faults, east-
northeast-trending sinistral faults, east-west folds and reverse faults, and rotation of early 
normal faults. 
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• In the Pyramid Lake domain of the NWL, a series of left-stepping, overlapping dextral faults 
ends in arrays of north-striking normal faults. Each major strike-slip fault exhibits about 10 
km of offset that began 3–6 Ma.  

• The left-stepping system of overlapping right-lateral faults of the NWL strike northwest, 
subparallel to N37°W plate motion and may reflect Riedel shears above a deep-seated master 
fault. 

• The aligned axes of paleovalleys have been used to reconstruct long-term offset across faults 
of the NWL. 

• Implications for seismicity: Faults are evidence of a complex strain field with distributed 
shear in some areas, but shear focused on major faults in others. Seismicity may help define 
kinematic links between diverse fault sets. 

Synopsis of active faults of the Northern Walker Lane and their documentation in the USGS 
Quaternary Fault-and-Fold Database and National Seismic Hazard Maps (Appendix 4i), led by 
Rich Briggs, USGS and Craig dePolo, NBMG 
• Existing data for active faults of the NWL include: 

o The USGS Quaternary Fault-and-Fold Database of the United States 
(http://earthquake.usgs.gov/hazards/qfaults/) 
 This online database includes mapped fault traces and descriptions for most of 

the Quaternary-active faults in the NWL. 
 For the purposes of the topics addressed at this workshop, weaknesses of this 

dataset include: 
• Information on active faults is updated only intermittently. 
• Faults are mapped at a relatively small scale (typically 1:250,000). 
• New information on active faults is not yet represented in the database. 

o Nevada Bureau of Mines and Geology Map 167—Quaternary Faults in Nevada 
(dePolo, 2008)  
 This map supplements and updates the USGS Quaternary Fault-and-Fold 

Database. 
 The map includes most, but not all, potentially active faults that are actively 

accommodating strain in the NWL region. 
o 2008 update, National Seismic Hazard Maps (Petersen and others; 

http://earthquake.usgs.gov/hazards/) 
 Slip rates for faults included in the most recent NSHM resulted from 

workshops organized prior to the NSHM update and from informal 
communications with the NBMG. 

 The surface traces of individual faults are simplified for inclusion in the 
NSHM. 

o 2007 Nevada Quaternary Fault Working Group 
 The Working Group met in 2007 and identified a suite of important faults in 

the Reno-Carson urban corridor that need additional study. The existing slip-
rate information on these structures was summarized for the Working Group 
meeting (dePolo, 2006). 

o Sketch map created for this workshop (Figure 2) 
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 To stimulate discussion, a map of known and suspected active faults in the 
NWL was presented (Figure 2). The data quality for the faults depicted in this 
sketch map range from well-documented to completely speculative.  

• Geodetic networks that span the NWL include the MAGNET array, the USGS campaign 
lines, and PBO networks. 

o The distribution of these GPS networks was depicted with respect to mapped faults to 
show the spatial relations between the two datasets. 

• The overlay of mapped faults and GPS networks yielded the following observations: 
o The network of Quaternary faults is complex. 
o It remains unclear what subset of the Quaternary faults is currently most active. 
o Slip rates have been determined for only a few faults in the NWL. They are: 

 Carson City fault, 0.15–0.54 mm/yr (Ramelli and others, 1999). 
 Genoa fault, 2–3 mm/yr (Ramelli and others, 1999). 
 Honey Lake fault zone, 0.6–2.6 mm/yr (Wills and Borchardt, 1993; Turner 

and others, 2008). 
 Mount Rose fault zone, 1.5 mm/yr (Ramelli and dePolo, 1997). 
 Peavine Peak fault zone, greater than 1 mm/yr (Ramelli and others, 2003). 
 Pyramid Lake fault zone, 0.7–2.9 mm/yr (Briggs and Wesnousky, 2004). 
 Warm Springs Valley fault zone, 0.2–1.7 mm/yr (dePolo and others, 2004). 
 West Tahoe-Dollar Point fault zone, 0.4–0.8 mm/year (Brothers and others, 

2009). 
• Because of the limited information regarding fault slip rates, it is premature to discuss a 

discrepancy between geodetic and geologic data. However, if the fault slip rates obtained so 
far are from the most obvious, fastest-slipping faults, then it will be a challenge to identify 
the remaining faults that are responsible for the residual 8 mm/yr of shear identified from the 
geodetic data. 

• One example of a possible previously unidentified strike-slip system could be in the western 
Reno basin. Evidence for this system includes: 

o Small-scale left-echelon patterns of possible fault strands. 
o Northwest-strike of possible fault system. 
o Apparent flower structures (?) in trenches. 
o Uphill-facing scarps. 
o Possible system is on trend with seismicity associated with the 2008 Mogul sequence. 

Focus groups 
Participants divided into two focus, or breakout, groups to discuss the geologic and geodetic 
datasets of the NWL. After reconvening, the focus groups summarized their discussions for the 
combined group. 

Focus Group 1: The completeness, reliability, and elastic strain accumulation budget of the NWL 
using current space geodetic networks (discussion led by Rick Bennett, University of Arizona, and 
recorded by Jessica Murray-Moraleda, USGS) 
• The following questions were posed to help guide the discussion: 

o What are the strengths and weaknesses of existing geodetic coverage? 
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o How well resolved are cumulative displacement rates across the entire NWL and 
slip rates across individual faults? 

o What effect could postseismic relaxation from recent earthquakes have on the 
geodetic velocity field? 

o Could some NWL faults, particularly the strike-slip ones, be creeping 
aseismically or releasing strain in slow earthquakes? 

o Where would new GPS networks/InSAR imaging provide the best new slip rate 
information? 

Summary of Focus Group 1 (Geodesy) breakout 
• What are the strengths and weaknesses of existing geodetic coverage? 

o Strengths include: 
 Continually improving spatial and temporal coverage. 
 Provides good measure of slip budgets and indication of how the strain is 

partitioned across the region. 
o Weaknesses include: 

 Variable data coverage. 
 Poor constraints on competing models of the strain distribution. 
 Strain rates are a snapshot. 

• How well resolved are cumulative displacements across the entire NWL and slip rates across 
individual faults? 

o Cumulative slip budget is well-constrained, but additional GPS coverage is needed 
for individual faults. However, it may not be possible to resolve slip rates on closely-
spaced faults. 

• What effect could postseismic relaxation from recent earthquakes have on the geodetic 
velocity field? 

o Postseismic effects can be quantified and corrected in modeling, but several models 
should be constructed and compared to evaluate epistemic uncertainties in the 
modeling processes.  

• Could some NWL faults, especially strike-slip faults, be creeping aseismically or releasing 
strain in slow earthquakes? 

o The Mohawk Valley fault zone appears to be associated with the greatest slip rate 
discrepancy, but it also has the largest background seismicity. This may be evidence 
of creep. InSAR may be one way to help determine if this is the case. In Mohawk 
Valley, there are few cultural features that span the fault zone, which can be used to 
document creep. 

• Where would new GPS networks/InSAR imaging provide the best new slip rate information? 
o Resolution analysis is needed to help identify the areas where additional data are 

needed. Improved GPS coverage should target faults that have high geologic slip 
rates or where large discrepancies apparently exist between geodetic data and high-
slip-rate Quaternary faults. 
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Focus Group 2: The completeness and reliability of current geologic slip rate constraints in the 
NWL (discussion led by Tony Crone, USGS and recorded by Ryan Gold, USGS) 
 
• The following questions were posed to help guide the discussion: 

o Which faults have the best constrained late Quaternary/Holocene slip rates? Where is 
the information poorest? 

o Is our inventory of possible contributing faults complete or could there be 
unrecognized faults that make notable contributions to the regional slip rate? 

o How well can geologic methods determine the individual contributions and total 
cumulative displacement rates across the NWL system? 

o How can geodetic data guide the initiation of new fault studies? 
o Where would new geologic investigations be most helpful? 

 
Below are synopses of comments made by breakout participants: 
• If 8 mm/yr of shear strain is accumulating across the NWL, what are the faults that 

accommodate this? In response, the group generated the following list of poorly understood 
candidate structures: 

o The Sierra Valley fault system (including Grizzly Valley). 
o The Smoke Creek fault. 
o Washoe Valley faults. 
o Long Valley fault. 
o Fox Range fault. 
o The Diamond Mountains range-front fault. 
o Mohawk Valley fault system. 

• For major faults, a record of movement in the Holocene should be sufficient to realistically 
capture the slip rate. 

• Locally, sets of faults that are highly dense (few hundred meter spacing) suggest the 
possibility that "Mogul-style" earthquakes might characterize deformation in the region. 

o However, highly distributed deformation is insufficient to accommodate the entire 
deficit. 

o Furthermore, the total moment release from "Mogul-style" earthquakes is fairly 
insignificant with respect to the total moment being created by the current 
deformation. 

• The question was posed, “What exactly is the slip rate deficit?” 
o The response includes observations that, in the northern portion of the NWL across 

the Mohawk, Honey Lake, Warm Springs, and Pyramid faults, if about 2 mm/yr of 
slip is assigned to each fault, then it is possible to release a total of 6–8 mm/yr, so the 
deficit is minimal. However, to the south, across Reno area, there is a lack of discrete, 
through-going structures so it is difficult to sum a rate and get a sense of a deficit. 

o To date, no single transect has sufficient data to adequately address the regional 
mismatch between geodetic and geologic rates. 

• Slip rates on faults near Reno might even be expected to yield a slip-rate sum that is higher 
than the geodetic rate because they are not optimally oriented to accommodate northwest-
directed shear. 

• How have geodetic data guided the initiation of new fault studies? 
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• Is it possible that any transect across the NWL could cross 20 faults slipping at a rate of 0.5 
mm/yr and that we would be able to detect this geologically? 

o The consensus of group members was “no.” 
• Normal faults in the region may have a small component of dextral motion, which could 

contribute to the shear budget. 
• Careful mapping in bedrock aligned along strike of known faults can test what happens to 

slip. 

Summary of Focus Group 2 (Geology) 
• The following list of faults in NWL are relevant to the slip-deficit issue but have the 

poorest geologic data: 
o Mohawk Valley fault system. 
o Sierra Valley fault system (including Grizzly Valley). 
o Smoke Creek Desert faults. 
o Washoe Valley faults. 
o Long Valley faults. 
o Fox Range faults. 
o Diamond Mountains range-front fault. 

• Other contributors may include: 
o Unstudied strands of Honey Lake Valley fault system. 
o Unstudied strands of the Warm Spring Valley fault system. 
o The Fred Mountain fault. 
o The Spanish Springs fault. 
o The Peterson Mountain fault. 
o The Spanish Springs Peak fault. 

• It is clear that our inventory of potential contributing faults is not complete. 
• Geologic field studies can determine the contributions of individual faults to the cumulative 

displacement rate across the NWL system, with some uncertainty resulting from faults that 
slip at less than 0.5 mm/yr. 

• New geologic investigations would be most valuable on faults like those listed above. 

Day One Summary and Open Discussion 
• One issue that we don't understand is if strain is constant in space and time. 
• We also don't understand earthquake clustering in space and time. What is the physical basis 

for this process? 
o Clustering of earthquakes is observed everywhere, and it seems to be a fundamental 

phenomenon. 
• How do major fault systems like the San Andreas and the Walker Lane interact? Can stress 

be distributed widely and heterogeneously? 
o Strain maps imply this is the case. 

• Is there evidence that changes in GPS rates occur? 
o It is difficult to definitively answer this question because of changes in 

measurement techniques that might bias observations; however, no geodynamic 
model exists that could explain changes in rate. 



 13 

o It is important to note that the relative velocities between the Sierra Nevada and 
Wasatch Front have been constant over millions of years. Changes in rate are scale-
dependent. 

o Geodetic rates are generally higher than geologic rates when considered across a 
region. 

o In many places where the GPS data are good, such as Southern California, geodetic 
and geologic rates on individual faults seem to match well. 

• The NWL is an inefficient fault system. The “inefficiency coefficient” of this system 
should be considered. This raises the question, “Does it elevate hazard?” 

o Unfortunately, that might be difficult to quantify. 
• It is probably best to construct a time-invariant hazard model as a first approach, which 

assumes that things don't change over time, and then fine-tune the model. 
o In systems like the NWL, the strain accumulation rate is constant, but the release 

rate varies; this has important hazard implications. 
o At the time scale under consideration for the hazard maps, it is probably appropriate 

to assume constant strain accumulation. 
• But strain release is clearly not constant. 
• Yet we cannot simply change building codes without an 

understanding of both sides of the equation. 
• We are not yet ready to incorporate time-dependency into hazard 

maps in regions like the NWL, but perhaps logic trees can be used to 
capture a range hazard for expected return times? 

• The so-called “aseismic” component of strain that is built into the way the current hazard 
maps incorporate geodetic data deserves close scrutiny. 

Second Day Activities 
Discussions during the second day emphasized three main questions that arose during day 

one: (1) What should be the highest priority field-based studies and measurements (for example, 
fault and geologic studies, geodetic deployments) to resolve critical questions?; (2) How should 
block models and/or strain maps be integrated into the National Hazard Maps?; and (3) How 
should seismic versus non-seismic moment accumulation be determined from geodetic data, and 
how should these be included in the National Hazard Maps? Following the previous day’s 
format, these discussions first occurred in two separate breakout groups, and then everyone 
reconvened to hear a report from each group. These reports stimulated a final discussion that led 
to a priority list of future investigations in the NWL.  
 

Guidance for Day Two (Rich Briggs, USGS and Bill Hammond, NBMG) 
After the fruitful discussions on Day 1, the workshop organizers presented questions for breakout 
groups to consider during the morning of Day 2 (see above). The groups were split evenly 
between geologists and geodesists. 

Breakout Group 1: Summary 
Question 1: What are the highest priority field measurements (fault/geologic studies, geodetic 
deployments)? 
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• A northeast-southwest transect that spans the Mohawk Valley–Honey Lake–Warm 
Springs–Smoke Creek Desert valleys seems desirable. 
• Acquiring LiDAR is an important goal because it can be used to: 

o Define/recognize sites where slip rates could be measured. The group discussed the 
merits of along-strike LiDAR data versus a strike-normal transect of LiDAR data. 

o LiDAR may perhaps identify places where new GPS sites might be established that 
fully span the deformation field. 

o LiDAR transect might lead to the recognition of new strands of fault systems. 
o Some group members thought that a 125 km long by 25 km wide transect might not 

catch good sites for slip-rate measurements. 
• Discussion of oroclinal bending in the region south of Pyramid Lake: 

o If the post-6 Ma rate of rotation is really as high as implied by 90–100° of rotation 
based on bedrock mapping, then GPS should see this high rate. The area of 
oroclinal bending and left-lateral faults east of the Reno-Truckee Meadows area is 
located in an area of relatively low seismicity, yet if the rotation rate is accurate, 
then one might expect more seismicity, even at the microseismicity level. 

o The group considered the idea of deploying a local array of temporary stations, 
although the current network coverage for this area would adequately detect M 4-5 
events. 

o Collectively, the group agreed that the block rotation questions in this area could be 
addressed by a combination of geodetic, geologic, and seismological studies. 

• Discussion of the Mogul swarm: 
o The swarm coincides with the northern extent of the Mount Rose fault system and 

with Corne Kreemer's lobe of high strain in the Reno area. Strain rates seem to be 
highest along the western edge of Walker Lane. 

o This area might be an opportunity for LiDAR and detailed strip mapping in the 
West Reno-Mogul-Long Valley area. 

 
Question 2: How will block models and/or strain maps be brought into the Hazard Maps? 
Question 3: How should seismic versus non-seismic moment accumulation be determined from 
geodetic data, and how should these be included in the National Hazard Maps? (Questions 
addressed jointly.) 
• Discussion of the Seismic Hazard Map issue. 

o The first questions that come to mind are, “How stable and reliable are the strain 
maps? What parts of the strain maps are stable and reliable, and what parts are weak 
and not well controlled?” With this kind of information, it might be possible to 
eliminate those features that are poorly controlled and only include the stable, 
perhaps long-wavelength features. 

o It seems that various methods can be used to generate strain rate maps, and it is not 
clear what the variations are in the differing methods. To evaluate this, one strategy 
might be to organize a small working group where individuals would develop their 
own set of strain maps, and then compare and contrast the various maps to see what 
the sources of errors and differences might be.  

o The group favors the idea of organizing a workshop to evaluate strain-rate modeling 
methodologies and block-modeling methodologies. 
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Breakout Group 2: Summary 
Question 1: What are the highest priority field measurements (fault/geologic studies, geodetic 
deployments)? 
• Geologic slip rates are not well-known; careful transects across the NWL should look for 

“missing” slip. 
o In many portions of the NWL, it is still not clear how strain is released. 
o A closer look at focal mechanisms might illuminate important features and 

characteristics. 
o One centimeter of strain accumulates across the NWL per year; multiple 

 transects should examine how this is accommodated. 
o Transects do a good job of accounting for rates and structures along one slice, but in 

this complicated zone, we do not want to overlook potential major seismic sources 
that fall outside the transects. 

o It would be valuable to have a transect across the northern NWL but there is also 
strong appeal for a transect across the Reno-Truckee Meadows area. 

• It is not clear that the GPS data show distinct strain gradients across individual faults; we 
need to explicitly compare geodetic and geologic rates across specific faults (for example, the 
Mohawk Valley faults system and perhaps others?). 

• Strain maps also show areas of high strain accumulation that do not correspond to obvious 
faults; we need to compare the moment being stored based on geodetic data to the moment 
released seismically, and then establish if the residual moment is taken up on a previously 
uncharacterized fault. 

o For example, the strain maps show an apparent South Reno high strain patch. What is 
the origin of this patch? 

• Geologically determined slip rates do not appear to account for the geodetic strain in most 
places; these rates may need to be re-examined, even where they are thought to be relatively 
well-known. 

o Are the slip rates on the Pyramid, Warm Springs, and Honey Lake faults 
underestimated? 

• In some parts of the NWL there is a change in fault style from normal faults to short, 
conjugate strike-slip faults with small earthquakes. We need to closely examine these areas to 
see how they affect hazard. 

• Some slip may be taken up by flexure, but this should be tested geodetically and seismically. 
• We are comparing deformation rates over very different time periods, and apparently they do 

not match. We need to explore the basis for comparing these rates to confirm that the 
comparison is valid. 

 
Question 2: How will block models and/or strain maps be incorporated into the Hazard Maps? 
• If block models are used as a source of information in the hazard maps, then the block 

boundaries need to correspond to known structures. 
• If block models or strain maps are incorporated in hazard maps, then the elastic strain signal 

associated with faults, which is already included in the maps, needs to be accounted for to 
avoid double-counting. 

o Geodetic data cannot replace geologic data, but they can supplement them. 
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o A better, more dense geodetic network now allows the strain to be gridded more 
finely rather than defining broad zones of strain. 

• The styles of strain accommodation vary substantially along the NWL and these differing 
styles need to be examined and accounted for in block models and strain maps. 

• It is not clear that models and maps of the geodetic data are stable; we need to construct 
multiple models of the data to evaluate their stability. 

o One test would be to have several independent groups generate strain maps and 
compare the products. 

o We need to somehow quantify and represent the uncertainty in strain maps. 
• We are uncertain about the physical basis underlying the regions of high strain shown on the 

strain maps; we need to understand this basis before incorporating the strain maps into the 
hazard maps. 

• High strain patches might not really represent the secular rate; it would be important to test 
these patches to see if they result from possible postseismic effects of magmatic effects. 

o As part of this evaluation, we should see if nearby continuous stations show similar 
excursions. 

o We need to be exhaustive about including and accounting for postseismic effects. 
 
Question 3: How should seismic versus non-seismic moment accumulation be determined from 
geodetic data, and how should these be included in the National Hazard Maps? 
• Fifty percent of the residual geodetic strain is now considered to be released aseismically in 

the current maps; we need information that will allow us to break this amount down and to 
better quantify it. For comparison, maps in California have used values closer to 10–15 
percent. For the hazard maps, another relevant question is: 

o How much of the strain budget is accommodated by afterslip following an 
earthquake? 

o The strain released by aftershocks and afterslip needs to be tied to structures. 
• We also need to refine the quantity of the "discrepancy" between geodetic and geologic data. 
• We should also re-evaluate the components of the "aseismic" term. 

Concluding Remarks and Recommendations (moderated by Mark Petersen, Rich Briggs, and Tony 
Crone, USGS; and Bill Hammond, NBMG) 
• Mark Petersen offered valuable observations of the issues from the NSHM perspective: 

o We need to focus on what can we accomplish in five years, before the next updates of 
the NSHM: 

• It would be most useful to identify projects that address tightly-defined 
problems, like a rate-comparison transect. 

o One way to deal with the part of the geodetic signal that is assumed to be “aseismic” 
is to develop multiple, observation-based models that encompass reasonable ranges of 
aseismic strain release, and treat those models in a logic tree approach. 

o It is not yet clear how to incorporate geodetic data like strain maps into the Hazard 
Maps. It seems like the strain-map community should first address outstanding issues 
with the strain maps. 

o In terms of selecting/setting research priorities, Mark prefers not to develop these 
priorities independently, but prefers to have groups of knowledgeable individuals 
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collectively identify target priorities. Groups of regional experts generally have a 
broader perspective and more detailed knowledge of the key issues. 

• Perhaps a fundamental issue is that the NSHM needs to develop a philosophy or system for 
dealing with geodetic data in general. 

o This is a valid observation, which is why the EHP has been funding projects like the 
Mohawk Valley geodetic study. 

 
Consensus Research Priorities that should be supported by the USGS’s EHP and other 
funding agencies 
To culminate the workshop, participants developed a list of six priority areas for future studies in 
the Northern Walker Lane: 

1. Collect geologic, geodetic, and seismic data in a transect that crosses the Mohawk 
Valley/Honey Lake/Warm Springs fault systems. 

2. Conduct studies that look for shear deformation extending through the Reno-Truckee 
Meadows area. 

3. Support studies that refine the slip rates (especially longer term, that is, late Pleistocene) 
on major faults in western Nevada. 

4. Conduct studies that evaluate the resolution, reliability, and stability of strain maps and 
block models based on geodetic data. These studies should include a workshop that will 
address these specific issues. 

5. Collect and analyze geologic, geodetic, and seismic data in a transect at the latitude of 
Reno with a focus on evaluating block rotations. 

6. Seek funding and collect LiDAR data to support the NWL and Reno transects (both along 
the faults and across the transects). 
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Figure 1.  Map showing the generalized study area (green line) of the Reno-Carson City/Northern Walker 
Lane region. 
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Figure 2. Sketch map depicting known and suspected major active faults of the Northern Walker Lane 
region (faults of the Central Walker Lane are omitted). Background image is ©2009 Google, ©2009 
Digital Globe, and also contains data from the US Geological Survey and the USDA Farm Service 
Agency. 
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Appendix 2. Agenda for workshop 
Workshop Agenda 

Discussion of geodetic and geologic datasets in the Northern Walker Lane 

21–22 April, 2009, University of Nevada, Reno 
Mathewson-IGT Knowledge Center, room 104 MIKC  

Meeting Goals: 

1) Provide an overview of current geodetic data Northern Walker Lane-Western Basin and 
Range and discuss strengths/weaknesses of the dataset 

2) Provide an overview of current Quaternary fault data in the region and discuss strategies 
for improving the dataset in the context of new geodetic data 

3) Begin to develop an improved strategy that takes full advantage of geodetic data in the next 
update of the National Seismic Hazard maps (NSHM)  

4) Define an experiment or series of investigations that will closely scrutinize and attempt to 
resolve 1) gaps in data and 2) apparent discrepancies between the geologic and geodetic 
data sets 

5) Plan next working group meeting (for early 2010?) to build consensus and specifically 
address how to include geodetic data in the next update of the National Seismic Hazard 
maps 

Tuesday, 21 April 2009 

8:00 am–8:30 am: Introduction and Meeting Overview (Rich Briggs and Bill Hammond) 

8:30 am–9:00 am: Summary: How geodetic data is currently incorporated into the 
USGS National Seismic Hazard maps (Mark Petersen and Yuehua 
Zeng) 

Overview of GPS data for the Reno/Carson/NWL Region (20 min. slots; 15 min. 
presentation + 5 min. discussion) 

9:00 –9:20  Overview of USGS GPS transects in the Walker Lane region (Wayne 
Thatcher) 

9:20 - 9:40 Overview of MAGNET and GPS velocity field (Bill Hammond) 

9:40 - 10:00   Regional strain maps in northwestern Nevada (Corné Kreemer) 

10:00 - 10:20   Regional strain maps in northwestern Nevada (Yuehua Zeng) 

10:20-10:40  Break and discussion 

10:40 - 11:00 InSAR: Availability of data and prospects for application in the 
region (John Bell) 

Overview of Quaternary fault information in the Reno/Carson/NWL region 

11:00 - 11:20  Overview of the late Cenozoic and Quaternary tectonics in Northern 
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Walker Lane (Jim Faulds) 

11:20 - 11:40  Synopsis of active faults of the Northern Walker Lane and their 
documentation in the USGS Quaternary Fault-and-Fold Database 
and National Seismic Hazard Maps (Rich Briggs and Craig dePolo) 

11:40 - 12:00   Discussion 

12:00 pm–1:00 pm:  Lunch  

1:00 pm–2:30 pm: Focus groups to discuss the following: 

Group 1: The completeness, reliability and elastic strain accumulation budget of the 
NWL using current space geodetic networks (Group leader: Rick Bennett, Recorder: Jessica 
Murray-Moraleda) 

•What are the strengths and weaknesses of existing geodetic coverage? 

•How well resolved are cumulative displacement rates across the entire NWL and 
slip rates across individual faults? 

•What effect could postseismic relaxation from recent earthquakes have on the 
geodetic velocity field? 

•Could some NWL faults, particularly the strike-slip ones, be creeping aseismically 
or releasing strain in slow earthquakes? 

•Where would new GPS networks/InSAR imaging provide the best new slip rate 
information? 

Group 2: The completeness and reliability of current geologic slip rate constraints in 
the NWL (Group leader: Tony Crone, Recorder: Ryan Gold) 

•Which faults have best constrained late Quaternary/Holocene slip rates? Where is 
information poorest? 

•Is our inventory of possible contribution faults complete or could there be 
unrecognized faults that make notable contributions to the regional slip rate? 

•How well can geologic methods determine the individual contributions and total 
cumulative displacement rates across the NWL system? 

•How can geodetic data guide the initiation of new fault studies? 

•Where would new geologic investigations be most valuable? 

2:30 pm–2:40 pm: Break 

2:40 pm–3:20 pm: Focus Group Summaries (15 min. + 5 min. discussion for each group) 

3:20–5:30 Open discussion to focus on alternative strategies for incorporating the existing 
geodetic and geologic data sets into the hazard maps. 

 Where are the discrepancies between geologic and geodetic data? 

 What can we do with existing data?  

 What additional data do we need?  
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 What is the potential utility of LiDAR in the region?  

 What new field measurement experiments might address gaps in data and outstanding 
 GPS/geology slip-rate discrepancies? 

5:30 pm: Adjourn 

Dinner (informal gathering at location TBA)  
Wednesday, 22 April 2009 

8:00 am–8:30 am: Introduction to Day 2: Main Issues from Day 1 (Rich Briggs and Bill 
Hammond) 

8:30 am–10:00 am: Break Out Groups—Two independent groups, each with equal 
participation by geologists and geodesists 

 Continued discussion on the design of new field experiments 

 Are there improved or new methodologies/algorithms for incorporating geodetic data 
 into the seismic hazard maps? 

10:00 am–10:15 am: Break 

10:15 am–11:00 am: Reports from Breakout Groups (about 10 min. each, 20 min. 
discussion) 

11:00 am–12:30 pm: Focus of New Research Worthy of Earthquake Hazards Program 
(EHP) Support (Mark Petersen) 

 • NSHM Project perspective  
 • Plans and potential topics for a future workshop 
12:30 pm: Adjourn 
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Appendix 3. Nevada Bureau of Mines and Geology Priority List for Fault 
Investigations  
(from http://www.nbmg.unr.edu/EQ/NBMG_priorities_NEHRP_studies_8May2009.pdf) 
8 May 2009  
  
The Nevada Bureau of Mines and Geology has established the following list of fault systems in 
the Reno-Sparks-Carson City-Lake Tahoe urban area for which we recommend that the U.S. 
Geological Survey support fault investigations. These are listed in order of priority, from 1 
(highest) to 7 (still high in priority). In creating this list, we considered a combination of factors 
(what has already been accomplished with previous investigations of faults; how detailed the 
areas are geologically mapped; what is known about the likelihood of being able to find dateable 
materials in fault trenches, mapped stratigraphic units and geomorphic surfaces, or sedimentary 
basins accessible through drilling or deep excavations; and earthquake risk, based on a 
combination of nearness to population centers, loss-estimation modeling, and current knowledge 
of the likely range in earthquake frequency).  
  
We recognize that there are significant earthquake risks in southern Nevada, including Las Vegas 
Valley, as well. However, considering the higher hazard identified in the U.S. Geological 
Survey’s probabilistic seismic hazard analysis for the Reno-Carson City urban area than for the 
Las Vegas area, and the fact that the U.S. Geological Survey is focusing some of its internal 
efforts on obtaining better seismic, geodetic, and geologic information about earthquake hazards 
in the Reno-Carson City urban area, we currently consider fault studies in the Las Vegas urban 
area as lower priority. As studies in the Reno-Carson City urban area mature, we anticipate that 
the Las Vegas urban area will be elevated to highest priority.  
  
At a workshop organized by the U.S. Geological Survey and the Nevada Bureau of Mines and 
Geology on 21-22 April 2009, to discuss how best to integrate geodetic and geologic information 
into the U.S. Geological Survey’s probabilistic seismic hazard analysis, the participants 
identified some promising opportunities that would complement the specific investigations of 
fault systems listed by priority at the end of this document. The opportunities are bulleted below:  
  
• Collect geologic, geodetic, and seismic data in a transect across the Mohawk Valley–Honey 
Lake–Warm Springs systems.  
  
• Studies that look for shear deformation coming up through the Reno, Truckee Meadows area.  
  
• Studies that refine slip rates (especially longer term, that is, late Pleistocene) on major faults in 
western Nevada.  
  
• Studies that evaluate resolution, reliability and stability of strain maps and block models. These 
studies should include participation in an upcoming workshop that will address these issues.  
  
• Collect geologic, geodetic, and seismic data in a transect at the latitude of Reno evaluating 
block rotations using geologic, geodetic, and seismic data.  
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• Obtain LiDAR data to support transects (both along and across faults).  
  
An overarching theme of the workshop discussions was the need to understand the kinematics of 
strain release in the Reno-Carson City-Lake Tahoe area (northern Walker Lane). This involves 
the integration of geologic data (particularly the late Pleistocene record, that is, the last 130,000 
years) with geodetic and seismic data. A significant question to be answered is how much of the 
geodetic strain has been released, at various locations within the region, by major earthquakes 
versus other mechanisms such as fault creep or rotation and slippage on short faults with only 
relatively small, less hazardous earthquakes.   
  
* * * * * * * * * * * * * * * * * * * * *  
  
Nevada Bureau of Mines and Geology Priority List for Fault Investigations  
30 April 2009  
  
1. Carson Range fault system (generally east-dipping normal faults on the east side of the Carson 
Range, close to and dipping below the communities of Reno and Carson City). This includes the 
main north-striking frontal faults (Genoa, Washoe Valley, and Mount Rose faults), the three 
northeast-striking faults in the Carson City area (Indian Hill, Carson City, and Kings Canyon 
faults), and synthetic faults within the range (Little Valley fault and unnamed faults in the 
northern Carson Range). These faults form the main seismic hazard to western Nevada and are 
among the most studied faults in the area, but large uncertainties remain about the frequency and 
timing of events, and about segmentation behavior. Of particular concern is a better 
understanding of activity over a period on the order of 105 years, including better age constraints 
on late Pleistocene alluvial and glacial deposits.  
  
2. Faults on the eastern side of the basins that are east of the Carson Range (generally, but not 
always, north-striking, west-dipping normal faults located close to the communities of Reno, 
Sparks, Carson City, Minden, and Gardnerville; also included are geologically and geophysically 
identified, west-dipping normal faults near the center of Reno that are responsible for at least 
some of the tilting of Miocene sedimentary and volcanic rocks). These include the Eastern Reno 
Basin fault zone, the North Virginia Range fault, faults on the east side of Washoe Valley, and 
the Eastern Carson Valley fault zone. These faults are generally believed to be less active than 
the frontal fault system, but they are poorly understood and their proximity to urban areas 
elevates their importance.   
  
3. Left-lateral strike-slip fault systems (mostly affecting the communities of Fernley, Silver 
Springs, and Dayton, but also posing hazards for Sparks, Reno, and Carson City). These include 
the Spanish Springs Peak and Olinghouse faults and the Carson lineament.  
  
4. Faults within urban areas, primarily west of downtown Reno. These include the Verdi fault 
and the right-lateral strike-slip fault that moved during the 2008 Mogul earthquake swarm and its 
possible extensions to the southeast. Many short faults are mapped or otherwise identified 
throughout the area and more faults likely exist, but their activity, extents, and structural 
relations are poorly understood. Better depiction of active fault strands and identification of sites 
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suitable for paleoseismic study are a needed first step.  
  
5. Faults in the valleys north of Reno and Sparks. These include the Long Valley, Petersen 
Mountain, Peavine Peak, Freds Mountain, and Spanish Springs Valley faults. Much of the North 
Valleys area is undergoing rapid urban development, and a better understanding of how 
deformation is distributed across this area is needed.  
  
6. Right-lateral strike-slip systems. These include the Mohawk Valley, Honey Lake, Warm 
Springs Valley, and Pyramid Lake faults. These are key for resolving the apparent discrepancy 
between geodetic and geologic strain rates, but they are generally farther from the urban areas 
than the previously mentioned fault systems, and some have been relatively well studied already.  
  
7. Lake Tahoe area fault systems. These include the West Tahoe fault and its possible 
continuation to the north as the Dollar Point fault, the North Tahoe fault, and the Incline Village 
fault. Although more work needs to be done, including work to understand how these faults link 
kinematically with the Mohawk Valley fault, recent and ongoing studies have contributed nicely 
to understanding the seismic hazards of these faults.  
  
The Nevada Bureau of Mines and Geology plans to update this list of priorities at least annually, 
before proposals are due for submission to the U.S. Geological Survey’s external grants portion 
of the National Earthquake Hazards Reduction Program.  
  
We welcome comments and suggestions. Please address these to Dr. Jonathan G. Price,  
State Geologist and Director, Nevada Bureau of Mines and Geology, jprice@unr.edu.  
Thank you. 
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Appendix 4. Workshop presentations 
Appendix 4a. U.S. National Seismic Hazard Maps - Intermountain West Source Models, Mark Petersen, US Geological Survey 

1. 2.  

3. 4.  
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Appendix 4b. Geodetic Deformation and C-Zones, Yuehua Zeng, US Geological Survey 
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Appendix 4c. Western USA USGS GPS Transects, Wayne Thatcher, US Geological Survey 
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Appendix 4d. Overview of MAGNET GPS Network, Data, Velocity Fields and Block Modeling, Bill Hammond, Corné Kreemer, Geoff 
Blewitt, and Hans-Peter Plag, Nevada Geodetic Laboratory, Nevada Seismological Laboratory, Nevada Bureau of Mines and Geology 
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Appendix 4e. Regional Strain Rate Maps in Northwestern Nevada, Corné Kreemer, Nevada Bureau of Mines and Geology 
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Appendix 4f. Western US Strain Rate Maps, Yuehua Zeng, US Geological Survey 
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Appendix 4g. InSAR for Northern Walker Lane Region, John Bell, Nevada Bureau of Mines and Geology 
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Appendix 4h. The Walker Lane System:  Incipient Transform along the Pacific-North American Plate Boundary, Jim Faulds and Chris 
Henry, Nevada Bureau of Mines and Geology 
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Appendix 4i. Synopsis of active faults of the Northern Walker Lane and their documentation in the USGS Quaternary Faults and Fold 
Database and Nationals Seismic Hazard Maps, Rich Briggs, US Geological Survey, and Craig dePolo, Nevada Bureau of Mines and 
Geology 
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