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ABSTRACT  
 

The February 2008 Mw 6.0 Wells, Nevada earthquake [Mo = 1.30 10^18 N-m; U.S. Geological Survey (USGS) CMT] 

sequence was a well recorded normal faulting event. The mainshock involved nearly pure normal displacement on a N40°E 

striking 55°SE dipping structure contributing to the development of Town Creek Flat basin, northeast of this small, rural 

Nevada community. The aftershock zone extends for approximately 20 km in an overall northeast-southwest trend with 

coseismic offset interpreted to be represented by an approximately circular region where the central part of the sequence is 

generally free of aftershock activity. The interpreted rupture radius of about 4 km implies a radial source with an estimated 

stress drop of 89 bars and average displacement of 86 cm. Early aftershock activity, including a number of the larger events 

of the sequence, was located southeast of the mainshock in the direction of the town of Wells. This suggests a component 

of rupture directivity to the southeast, which may have resulted in relatively higher ground motions in Wells. Fortunately, 

the EarthScope USArray network was operating in eastern Nevada at the time of the earthquake providing good epicentral 

control on the mainshock and early aftershock activity. Eventually, twenty-seven temporary portable stand-alone and 

telemetered seismographs were deployed in the region. High-quality HypoDD aftershock relocations image the mainshock 

fault plane at depth and details of the aftershock distribution. A review of the seismicity in Town Creek Flat basin since 

2000 reveals that two M > 3 earthquakes (largest M 3.7 and felt in Wells) and a sequence of small events had occurred 

earlier near the location of the 2008 mainshock. This activity began on February 28, 2007, almost one year before the Mw 

6.0 event. No surface faulting along a poorly defined range front was associated with the February 2008 Wells earthquake. 

We suggest that small basins such as Town Creek Flat, which accommodate regional deformation in association with large 

regional range-bounding normal faulting systems, could develop from repeated earthquakes with no direct surface 

expression. 

 

 

INTRODUCTION 
 

A Mw 6.0 normal-faulting earthquake occurred about 8 km northeast of the small rural northeast Nevada community of 

Wells on February 21, 2008 (Origin Time: 14:16:02.62 UTC; Latitude: 41.1656; Longitude: -114.8772; Depth: 8 km; figure 

1). A number of unreinforced masonry structures in the old-town section dating to the early 20
th
 century experienced 

significant damage; these building were uninhabited. There was also damage to some homes and businesses, including the 

local high school, but fortunately no one was seriously injured (see dePolo and others, this volume, for a discussion of 

ground motion effects from the Wells earthquake).  

The 2008 Wells earthquake was the largest normal-faulting event in the Basin and Range Province since the 1993 M 

6.1 Eureka Valley, California earthquake (Peltzer and Rosen, 1995). It took place in an area of relatively low seismic 

hazard (Peterson and others, 2008). Historical seismicity in the Basin and Range Province is primarily concentrated along 

its eastern and western margins and along an east to northeast trend of seismicity running through south central Nevada and 

southwestern Utah (Pancha and others, 2006; Rogers and others, 1991; Smith and Arabasz, 1991). Also, the Central Nevada 

Seismic Belt, a north-northeast trending zone of seismicity through west-central Nevada, has included 4 M about 7 surface-

faulting earthquakes within the past 100 years (Bell and others, 2004; Wallace, 1984). The Wells event underscores the fact 
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that earthquakes can occur anywhere in the state of Nevada, and that areas of low seismic hazard are not without risk from 

damaging earthquake ground motions.  

 

 
Figure 1.  Regional monitoring stations in Nevada and eastern California including EarthScope USArray and USGS ANSS (USNSN) 

broadband stations. Also shown is the location of the Wells earthquake. 
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The earthquake occurred in Town Creek Flat (TCF) basin, a small northeast-elongated structure on the south end of the 

Snake Mountains in northern Clover Valley east of the East Humboldt Range (figure 2). The earthquake occurred directly 

east of a right step along the north-striking down-to-the-west Ruby Mountains and northern Snake Mountains frontal fault 

systems (see Henry and Colgan, and Ponce and others, this volume, for a detailed discussion of the regional geology and 

geophysics, respectively). No surface faulting has been identified for the Wells earthquake, and the event is not directly 

associated with previously mapped Quaternary faults, which is not an uncommon observation for moderate-sized 

earthquakes in the Basin and Range.  

 

 
Figure 2.  Map showing the distribution of temporary seismic stations deployed following the 2008 MW 6.0 Wells earthquake (table 1). Three 

of the 27 stations are located southwest of the map area and are therefore not shopg, Lh\d lbm^l* pab\a Zk^ bg]b\Zm^] [r Zg ƍL*Ë Zk^ ]^_bg^] 

as sites for which the estimated bedrock depth is less than 5 m (Boore and Joyner, 1997). Town Creek Flat (TCF) basin is the broad lowland 

northeast of Wells that includes the mainshock and most of the portable deployment. 
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Table 1. Wells Area Temporary Station Deployment 

 

Temporary Seismograph Stations Deployed in the Wells, Nevada, Area 
Owner1 Name Latitude 

(N) 

Longitude 

(W) 

Elevation 

(m) 

Site 

Class2 

Instrumentation 

(Digitizer, sensor(s)) 

Telemetry Start Date 

(mm/dd/, 

PST) 

End Date 

(mm/dd, 

PST) 

UU WN1 41° 06.66 114° 57.76 1724 Soil Kinemetrics Etna, 

internal Episensor 

None 02/21 04/01 

UU WN2 41° 06.73 114° 56.41 1731 Soil Kinemetrics Etna, 
internal Episensor 

None 02/21 04/01 

UU WN3 41° 10.79 114° 52.52 1799 Soil Kinemetrics Etna, 

internal Episensor 

None 02/22 04/01 

UU WN4 41° 08.80 114° 58.93 1793 Soil Kinemetrics Etna, 
internal Episensor 

None 02/23 04/01 

UU WN5 41° 02.19 114° 57.19 1843 Rock Kinemetrics Etna, 

internal Episensor 

None 02/24 04/01 

UU 

 

WN6 41° 09.70 114° 58.01 1859 Rock None, vertical Mark 

Products L-4 

Analog 02/29 03/31 

UU WN7 41° 11.06 114° 50.48 2088 Rock None, vertical Mark 

Products L-4 

Analog 02/29 03/31 

UU WN8 41° 02.29 114° 56.96 1878 Rock None, 3-comp. set of 

Mark Products L-4's 

Analog 02/29 03/31 

UU WN9 40° 56.30 115° 04.63 2161 Rock None, vertical Mark 

Products L-4 

Analog 02/29 03/31 

UNR WEL1 40° 58.70 115° 00.60 1784 Soil Kinemetrics Etna, 

internal Episensor 

None 02/22  

UNR WEL2 41° 10.73 114° 52.82 1773 Soil Kinemetrics K2, internal 

Episensor 

None 02/22  

UNR WEL3 41° 06.63 114° 48.94 1912 Rock Kinemetrics K2, internal 

Episensor 

None 02/22  

UNR WEL4 41° 04.66 115° 07.58 1797 Soil Kinemetrics Etna, 

internal Episensor 

None 02/22  

UNR WJGS 40° 28.55 115° 35.27 1924 Soil REF TEK 130, Trillium 

40, external Episensor 

None 03/08 04/30 

UNR WLAM  40° 41.38 115° 28.34 1960 Rock REF TEK 130, Trillium 

40, external Episensor 

Digital 04/02 04/30 

UNR WMDH 41° 00.34 115° 00.64 1797 Rock REF TEK 130, Trillium 

40, external Episensor 

None 03/10 04/30 

UNR WNRB 41° 05.60 115° 04.94 1808 Soil REF TEK 130, Trillium 

40, external Episensor 

Digital 04/03 04/30 

UNR WSCR 40° 51.92 115° 15.27 1817 Rock REF TEK 130, Trillium 

40, external Episensor 

Digital 04/03 04/30 

UNR WWTK 41° 06.76 114° 55.93 1738 Soil REF TEK 130, Trillium 
40, external Episensor 

Digital 03/10 04/30 

USGS WCDR 41° 07.59 114° 51.56 1809 Soil REF TEK 130, external 

MEMS 

Digital 

(after 2/28) 

02/23 05/19 

USGS WNFS 41° 06.67 114° 58.40 1723 Soil REF TEK 130, external 
MEMS 

Digital 
(after 2/28) 

02/23 Still 
operating 

USGS WTCF 41° 09.46 114° 53.31 1766 Soil REF TEK 130, external 

MEMS 

Digital 

(after 2/28) 

02/25 05/20 

USGS WTCW 41° 08.26 114° 53.97 1763 Soil REF TEK 130, external 
MEMS 

Digital 
(after 2/28) 

02/23 05/19 

USGS WTMS 41° 10.01 114° 58.52 1824 Rock REF TEK 130, external 

MEMS 

Digital 

(after 2/28) 

02/23 Still 

operating 

USGS WWHL 41° 05.78 114° 50.07 1982 Rock REF TEK 130, external 
MEMS 

Digital 
(after 2/28) 

02/24 05/19 

USGS WWKW 41° 09.20 114° 56.78 1781 Soil REF TEK 130, external 

MEMS 

Digital 

(after 2/28) 

02/23 05/19 

USGS WWPK 41° 09.67 114° 50.41 1887 Soil REF TEK 130, external 
MEMS 

Digital 
(after 2/28) 

02/25 05/20 

1
UU, University of Utah; UNR, University of Nevada, Reno; USGS, U.S. Geological Survey, Golden, Colorado 

2
Following Boore and Joyner (1997), we classify sites as rock sites if the estimated soil depth is less than 5 m. 
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Although the Nevada historical earthquake catalog includes a record of seismicity near Wells, station coverage and 

location quality have been poor in the northeastern part of the state, making it difficult to assess the historical record. At the 

time of the earthquake, the only permanent seismic station operating in the region was the U.S. Geological Survey (USGS) 

Advanced National Seismic System (ANSS; see http://www.anss.org ) station ELK east of Elko, Nevada (figure 1). 

Fortunately, the EarthScope USArray Transportable network (see http://www.earthscope.org and Busby, 2007) was 

operating in eastern Nevada (figure 1) at the time of the event and provided unique controls on the mainshock and early 

aftershock locations (figure 1). USArray continued to provide regional coverage until its removal from northeastern Nevada 

in the fall of 2008. The best control on aftershock locations in the Wells area was provided by 27 temporary stations (see 

following section).  

Recent regional normal faulting events prior to the 2008 Wells earthquake include the 1999 M 5.6 Scottys Junction, 

Nevada, the 1995 M 4.5 Bordertown, Nevada (Ichinose and others, 1996), the 1993 M 6.1 Eureka Valley, California 

(Peltzer and Rosen, 1995), the 1992 M 5.6 Little Skull Mountain, Nevada (Meremonte and others, 1995; Smith et al, 2001), 

and 1992 M 5.8 St. George, Utah (Pechmann and others, 1994; Christenson, 1995) earthquakes. These more recent normal 

faulting events predated modern field communications capabilities, and relied on analog telemetry and/or near-source, 

stand-alone, portable instruments to supplement regional networks for high-quality aftershock locations. This preliminary 

analysis of the Wells aftershock sequence was greatly improved by the implementation of a wireless IP (Internet Protocol) 

communications network with real-time digital telemetry to temporary portable instruments (see figure 2 and table 1; 

instruments labeled USGS ñStrong Motionò are telemetered). The telemetry system enabled real-time notifications, 

simplified data management, improved data quality, provided real-time data to national data centers, and ultimately reduced 

field maintenance costs. Considering the volume of data collected in the sequence, especially on-scale ground motion in the 

early aftershock period, only a preliminary analysis is provided here. This unprecedented near-source data set for a normal 

faulting sequence is evidence of the effectiveness of the USGS ANSS cooperative program. Field efforts and data 

management were coordinated among University of Utah (UU), USGS, and Nevada Seismological Laboratory (NSL) staff. 

 

 

TEMPORARY STATION DEPLOYMENT 
 

Following the earthquake, the NSL, UU, and the USGS eventually deployed a total of 27 temporary stations in the 

Wells area. The equipment at six of the stations installed by NSL was on temporary loan from National Science Foundation 

Rapid Array Mobilization Program (RAMP) through the Passcal Instrument Center in Socorro, New Mexico (see: 

http://www.passcal.nmt.edu). Figure 2 shows the locations of stations in the temporary network located directly in the 

Wells area. The University of Utah installed the initial portable instruments on the day of the earthquake (WN1 and WN2, 

table 1). By the end of the first day, UU and UNR had installed seven locally recorded digital instruments. Within three 

days of the event, UU and USGS had deployed 8 additional near-source, locally recorded digital instruments, and by 

February 29
th
 a total of 21 digital recorders were operational. The RAMP stations were installed between March 8 and April 

3 to collect data at more regional distances along the Ruby Mountains and to monitor for potential triggered seismicity 

along the Ruby Mountains range front.  

Twenty-three of the twenty-seven temporary stations were equipped with 3-component Kinemetrics Episensors or 

RefTek 131A-2/3 MEMS accelerometers. Although accelerometers have traditionally been used primarily for recording 

strong ground motions from large earthquakes, modern accelerometers with high dynamic range dataloggers are sensitive to 

low magnitude events at distances of up to about 100 km (Clinton and Heaton, 2002; Pankow and others, 2007). Also, the 

use of accelerometers ensures that the largest earthquakes remain on-scale and those most important events for ground 

motion and sources studies remain on-scale. The six RAMP stations were configured with Nanometrics 3-component 

Trillium 40 broadband seismometers in addition to 3-component accelerometers. The sensors at four of the UU stations 

were vertical- or 3-component Mark Products L-4 short period (1 Hz) seismometers.  

Ultimately data from sixteen of the twenty-seven temporary stations were telemetered in real time to recording centers 

at UNR or the UU. Continuous analog data from the four UU short-period stations were telemetered to the UU, where they 

were digitized, recorded, and transmitted to UNR, in real time, via an Earthworm export. (Earthworm is a suite of real-time 

data processing applications developed by the U.S. Geological Survey; see: http://folkworm.ceri.memphis.edu/ew-doc). 

Four of the six NSL RAMP stations telemetered continuous digital data to UNR using cellular modems. All eight of the 

USGS strong-motion stations sent continuous digital data to UNR using the communications network described below. 

Telemetry for the USGS stations did not begin until 3 to 5 days after station installation; data were recorded locally prior to 

establishing real-time communications. The remaining stations recorded continuous digital data on site (table 1). 

Digital telemetry of the USGS temporary stations to UNR was established by February 29
th 

using a point-to-multipoint 

IP communications network within the TCF basin. This network employed Motorola 900 MHz Canopy SM (Subscriber 

Module) radios with line-of-sight to a 900 MHz Canopy AP (Access Point) radio installed at the Nevada Department of 

Information Technologyôs (DoIT) Turner Station microwave site outside of Wells (figure 3). DoIT provided a T1 circuit 

and UNR installed a Cisco 2811 router with the AP in the DoIT facility at Turner Station. The data were transmitted 

http://www.anss.org/
http://www.earthscope.org/
http://folkworm.ceri.memphis.edu/ew-doc


 

132 

 

through the DoIT microwave system to a mountaintop site outside of Las Vegas where they were integrated with NSLôs 

southern Nevada communications systems. A salient feature of the Wells portable instrument telemetry system is that all IP 

devices, including radios, routers and dataloggers, were on the NSL private network and directly managed from NSL. This 

setup avoided problems encountered in interacting with local ISPs or in addressing firewalls or other third party networking 

idiosyncrasies. The real-time data were forwarded to the IRIS Data Management Center (IRIS DMC) in Seattle, 

Washington, and are publicly available. 

 

 

 
Figure 3.  Map of telemetry paths for USGS RT130 instruments to DoIT relay Turner Station (map using software application Google Earth 

http://earth.google.com/). 

 

 

The majority of the temporary stations were installed at free-field sites, and the remainder in small, one-story buildings 

in Wells. Winter weather and snow cover greatly impeded travel off paved roads and hindered the search for suitable 

recording sites, especially hard rock sites and those at higher elevations. Many of the stations were installed and maintained 

using Sno-Cats and snowmobiles provided by county and state government agencies and local businesses. However, even 

with these types of vehicles it was not possible to reach some of the planned recording sites. The original station siting 

plans were revised significantly during the course of the field operations to take into account the practical realities of the 

field conditions. These revisions, in combination with communications issues, led to some redundancy in the station 

locations. A further complicating factor was the migration of the aftershock zone to the north as the sequence evolved; 

access to northern locations was difficult. The final distribution of temporary stations was reasonably good, but not entirely 

optimal for monitoring the final geographic extent of the aftershock distribution (figure 2).  

The four UU short-period analog telemetry stations were installed primarily for use in aftershock locations. These 

stations were located at rock sites in the hills surrounding the aftershock zone (WN6, WN7, and WN8) and at a radio relay 

point 20 km south-southwest of Wells (WN9; figure 2). The five UU and four UNR ñstrong motionò accelerograph stations 

(WN1-WN5 and WEL1-WEL4; figure 2) were installed at both soil and rock sites with two main applications in mind: 

aftershock locations and the near-field recording of potential strong ground motions and to capture potentially larger events 

on nearby faults that may have been triggered by the MW 6.0 event. The eight USGS strong-motion stations were deployed 

along two profiles in order to collect data for studying the variation of ground motion amplification across TCF basin 

http://earth.google.com/
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(figure 2). The first profile extended southeastward across this valley from the southern end of the Snake Mountains to the 

northern end of the Wood Hills (stations WTMS, WWKW, WTCW, WCDR, and WWHL). The second profile extended 

northeastward from Wells (stations WNFS, WTCW, WTCF, and WWPK) and was augmented by UU and UNR stations. 

Four of the six UNR RAMP stationsðWNRB, WSCR, WLAM, and WJGS (table 1; the latter three are not on figure 2)ð

formed an 80-km-long southwest-trending line along the west side of the East Humboldt Range and the Ruby Mountains. 

The purposes of this profile were to collect data for crustal structure studies using Wells aftershocks as sources and to 

monitor for potentially triggered seismicity along the Ruby Mountains range front. 

 

 

OTHER DATA 
 

As noted above, the primary data source for the mainshock and early aftershock locations and ground motions was the 

EarthScope USArray ñTAò network (figure 1). Data from TA stations are received directly from the USArray Array 

Network Facility at U.C. San Diego via an Antelope data transfer (Antelope is a product of Boulder Real Time System, 

Boulder, CO). The only permanent station in the region is ANSS broadband ELK on the east side of the Ruby Mountains 

east of Elko, Nevada (figure 1). Station ELK is operated by the U.S. Geological Survey; all ANSS regional broadband data 

are received in real time at NSL via an Earthworm import. 

 

 

EVENT LOCATIONS 
 

For the foreshock period, mainshock, and initial aftershocks, TA network and ELK phase arrival times provide good 

epicentral control but large distances and limited constraints on the regional velocity structure in eastern Nevada result in 

poor depth control. With the portable deployment, near-source phase data supplemented by TA stations provide very good 

hypocentral depth estimates. At the time of this report, integration of the data from all non-telemetered temporary stations is 

not complete. The data from the telemetered portable stations and the TA network provide a consistent set of arrival times 

for the preliminary relocations reported here. 

The Wells sequence was relocated with application HypoDD (Waldhauser and Ellsworth, 2000) from phase arrival 

times and by applying the velocity model shown in table 2. This is a hybrid model that includes a mid- to lower-crustal 

velocity structure used in the Salt Lake City area (Pechmann, personal communication) and a shallow velocity structure 

consistent with other areas of Nevada. Due to near-source S-arrival times from multiple stations there is little change in 

hypocentral depths for high-quality locations from reasonable changes in the upper crustal velocity structure. The model 

with a 1-km thick surface layer with P-wave speed of 4.0 km/s (table 2) reduced the number of unusually shallow (< 2 km) 

event locations and results in a ñbest setò of event locations described here. All preliminary locations and phase arrival 

times were computed within the Antelope data management system and are archived in the DataScope relational database at 

NSL (Quinlin, 1995). Phase data were recovered from the DataScope database and preprocessed with application PH2DT 

prior to relocation with HypoDD. HypoDD establishes a set of relative event locations based on inter-event phase arrival 

and waveform cross-correlation times, when available. Event locations are determined relative to the average station 

elevation, which is 1.82 km above sea level for the near-source portable instruments deployed in the TCF basin (figure 4). 

 

 

 

Table 2. Velocity Model for Wells Relocations 

Depth of Top  

of Layer (km) 

P-Wave 

Velocity 

(km/s) 

0.0 4.0 

1.0 5.5 

3.0 5.8 

18.0 6.5 

25.0 7.5 

42.0 7.9 
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Figure 4. HypoDD relocations of the Wells sequence. Labeled are the physiographic features referenced in the text and the Ruby Mountains 

and East Snake Mountains range frontal fault systems. Blue arrows are for perspective views, figures 11 (view toward the SE) and 12 (view 

ESE). 

 
 

WELLS MAINSHOCK  
 

Mainshock moment tensor solutions developed from regional and global data are summarized in table 3. All moment 

tensor solutions for the mainshock are consistent with a north-northeast-striking normal fault dipping either west-northwest 

or east-southeast. The centroid depths range from 7 to 14 km; however, constraining the mainshock hypocentral depth from 

body wave arrival time data is difficult due to limited station coverage (no near-source stations) and lack of knowledge 

about the velocity structure in eastern Nevada. The closest station was at a distance of 36 km with most (TA) at distances 

greater than 100 km. Fortunately, USArray stations and station ELK (figure 1) provide good epicentral control, and the 

extent of faulting during the main event is established by high-quality aftershock locations developed subsequently with 

data from near-source instruments. We estimate the mainshock depth to be 8 km based on high-quality aftershock locations 

described below. 

 

Table 3. MW 6.0 Moment Tensor Solutions by Organization  

Agency Mo (N-m) Strike-Dip-

Rake 

Depth 

(km) 

T-axis (strike-

plunge) 

USGS CMT 1.30*10^18  9 58 -114 10.0 116 9 

Harvard CMT 1.4*10^18 30 40 -86 13.5 297 6 

USGS Body Wave 6.8*10^17 19 33 -96 7.0  293 12 

SLU
*
 8.32*10^17 25 40 -90 11.0 295 5 

Dreger and others, 

2008 

7.86-8.89*10^17 34 40 -83  7-10  

   *
SLU - St. Louis University 


