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Preliminary Documentation for the 2007 Update of the United States National Seismic Hazard Maps
By the National Seismic Hazard Mapping Project

Introduction

The draft 2007 U.S. Geological Survey (USGS) National Seismic Hazard Maps display earthquake strong ground motions for varying probability levels across the United States, and are used in seismic provisions of building codes, earthquake insurance rate structures, and other public policy decisions. The maps are developed for peak horizontal ground acceleration or spectral accelerations with 2%, 5%, or 10% probability of being exceeded in 50 years on uniform firm-rock site conditions (Vs30 = 760 m/s). USGS probabilistic seismic hazard maps and the related design maps (MCE maps) are revised about every six years to ensure compatibility with new earthquake science that is either published or thoroughly reviewed, and to keep pace with regular updates of the building code. The draft 2007 maps update the 2002 hazard maps by Frankel and others (2002), and build on previous seismic hazard models developed by the USGS over the past 30 years by Algermissen and Perkins (1976), Algermissen and others (1990), and Frankel and others (1996). The hazard models are revised using new ground shaking measurements, geologic and seismologic studies of faults and seismicity, and geodetic strain data. 

Potential changes in the national seismic hazard model and maps were discussed at a series of topical and regional USGS National Seismic Hazard Mapping Project (NSHMP) workshops held during 2005 and 2006 (Fig. 1): Central and Eastern US Attenuation Relations (August 2005 in Menlo Park; hosted by Jack Boatwright, USGS), Western US Crustal Attenuation Relations (October 2005 in Menlo Park), Pacific Northwest Seismic Hazard (March 2006 in Seattle), Central and Eastern US Seismic Hazard (May 2006 in Boston), Intermountain West Seismic Hazard (June 2006 in Reno), California Seismic Hazard (October 2006 in San Francisco), and User Needs (December 2006 in San Mateo; hosted by the Applied Technology Council). Information from the workshops can be found at:

· http://earthquake.usgs.gov/research/hazmaps/whats_new/workshops/index.php
· http://www.atcouncil.org/ (The Third ATC-35/USGS National Earthquake Ground-Motion Mapping Workshop, December 7–8, 2006; CD-ROM available).

In addition to the workshops, the USGS convened two expert panels to provide advice on the National Seismic Hazard Maps. The first panel discussed implementation of the new PEER Next Generation Attenuation Relations (NGA) in the national maps (September 2006 in Berkeley). Information from this meeting can be found at:

· http://earthquake.usgs.gov/research/hazmaps/whats_new/workshops/index.php.

The maps, input data, and procedures were reviewed by the NSHMP Advisory Panel on May 3-4, 2007 in Golden, Colorado. Figure 1 shows the current plan to develop the 2007 seismic hazard maps.

Advice was also provided by several groups outside the USGS. The Western States Seismic Policy Council convened a 3-day workshop to give recommendations to the NSHMP on Intermountain West hazard issues (March 2006 in Salt Lake City):

· http://geology.utah.gov/online/ofr/ofr-477.pdf (Lund, 2006).

The Utah Geological Survey convened a working group and held several meetings to recommend recurrence information for Quaternary faults in Utah:

·  http://ugspub.nr.utah.gov/publications/bulletins/B-134.pdf.

The Working Group on California Earthquake Probabilities (WGCEP) groups held several meetings and workshops to determine parameters and methodologies for faults in California:

· http://gravity.usc.edu/WGCEP/resources/documents/ERM2_2_Report/index.html).

The Pacific Earthquake Engineering Research Council (PEER) held several meetings to update the Western United States crustal attenuation relations:

· http://peer.berkeley.edu/products/rep_nga_models.html.

Scientists, engineers, and policy makers from government agencies, academic institutions, and private sector groups contributed to the meetings and workshops. As in the 1996 and 2002 hazard maps, the California portion of the 2007 maps are produced jointly with the California Geological Survey (CGS). Further information on California hazards can be found at:

· http://www.consrv.ca.gov/CGS/geologic_hazards/earthquakes/index.htm.

Table 1 outlines the primary changes considered in developing the draft 2007 hazard maps. The goals of this update are to include the best available new science: information on slip rates across faults, paleoseismic data from fault trenching studies, earthquake catalogs, and strong motion recordings from global earthquakes. We have implemented consistent methodologies, as much as possible, across the country. Preliminary versions of the maps were delivered on February 15, 2007, to the Building Seismic Safety Council (BSSC) for discussions of potential implementation in the 2012 building code as part of the Federal Emergency Management Agency (FEMA) and USGS sponsored PROJECT 07. State geological surveys and other interested parties will be sent the draft documentation and maps for review in June–July 2007 (Fig. 1). The final hazard maps are planned for public release in September 2007 and the design maps in December 2007. The maps will be developed for 2%, 5%, and 10% probability of exceedance in 50 years for 0.1-s, 0.2-s, 0.3-s, 0.5-s, 0.75-s, 1-s, and 2-s spectral acceleration and peak horizontal ground acceleration on uniform firm rock site condition (760 m/s shear-wave velocity in the upper 30 m of the crust). For the initial public review, draft maps with 2% probability of exceedance in 50 year maps for peak ground acceleration and 0.2-s and 1.0-s spectral accelerations will be available; the others will be developed using the same methodology. Hazard curves will be provided in September 2007 for development of risk-targeted design maps that are being considered by PROJECT 07.

The draft 2007 hazard maps are significantly different from the 2002 maps in some areas of the United States. The new maps generally show decreases of about 10% across much of the central and eastern US for 0.2-s and 1.0-s spectral acceleration and peak horizontal ground acceleration for 2% probability of exceedance in 50 years (the hazard level currently applied in building codes). The new maps for the western US show 10-% to 20-% changes for 0.2-s spectral acceleration and peak horizontal ground acceleration, but much larger changes (±30%) for 1.0-s spectral acceleration at similar hazard levels. Most of the changes at 1.0-s can be attributed to changes in the attenuation relations for crustal and subduction earthquakes.

	Table 1. Draft 2007 changes to national seismic hazard maps.

	A. California

	a. Revise earthquake catalog and account for magnitude roundoff and uncertainty

	b. Develop new gridded background seismicity model, and reduce rates of M 6.5-7 events to reduce bulge in M-f distribution

	c. Implement four new recurrence models for southern CA A-faults from WGCEP (based on moment-balanced models, paleoseismic recurrence models, Ellsworth B M-area relations, and Hanks and Bakun M-area relations)

	d. Reduce moment rate on faults by 10% to account for after-slip, creep, and small earthquakes

	e. Combine several adjacent B-faults to make larger multi-segment ruptures

	f. Revise fault geometry based on SCEC CFM

	g. Add new shear zones in Mojave, San Gorgonio, Mendocino

	B. Intermountain West

	a. Revise catalog and account for magnitude roundoff and uncertainty

	b. Revise crustal fault parameters (e.g., faults near Reno)

	c. Add new crustal faults (e.g, Tahoe)

	d. Modify fault dip for normal faults from 60 to 50 degrees

	e. Modify Wasatch fault model –10% of moment applied to floating rupture

	f. Revise shear zones (geometry and rates) based on new GPS strain data

	C. Pacific NW

	a. Revise catalog and account for magnitude roundoff and uncertainty

b. Revise magnitude-frequency distribution (M 8-9) on Cascadia subduction zone

	c. Model deep seismicity zone near Portland

	d. Add new crustal faults

	D. Central and Eastern U.S.

	a. Revise catalog and account for magnitude uncertainty

	b. Develop logic tree for New Madrid (lower recurrence on northern arm and reduce magnitude)

	c. Implement cluster model for New Madrid earthquakes

	d. Modify hypothetical fault geometry for New Madrid

	e. Develop logic tree for Mmax background zones

	E. Attenuation relations

	a. Apply three new PEER NGA equations for crustal faults. Add additional ground-motion epistemic uncertainty to NGA relations

	b. Incorporate depth to the top of rupture parameter implemented in two NGA equations

	c. Modify subduction zone interface ground motions: remove Sadigh et al (1977) crustal attenuation relations, add Zhao et al.(2006)

	d.    Add new published equations for CEUS (Toro finite fault, Silva et al., 2 Atkinson and Boore models, and Tavakoli and Pazeshk hybrid model).


Central and Eastern United States

Basic Methodology

Central and eastern United States (CEUS) methodology for the 2007 hazard maps is similar to that implemented in the 1996 and 2002 maps including background-seismicity and fault source models (Frankel and others, 1996, 2002). The maps represent estimates of hazard made for each cell on a latitude-longitude grid. Background sources account for random earthquakes that occur off known faults and moderate size earthquakes that occur on modeled faults. The background source model is composed of three smoothed (gridded) seismicity models, a large regional zone model, and local special seismicity-based zones. The gridded seismicity models are based on recorded earthquakes and account for the observation that larger earthquakes occur in regions that have experienced previous smaller earthquakes. Large regional zones account for low potential of random seismicity in areas without historical seismicity and establish a floor to the seismic hazard calculations. The special local zones allow for local variability in seismicity characteristics. Fault models account for earthquakes on mapped active faults that have paleoseismic or historical evidence of repeated large earthquakes. Sources for the central and Eastern United States are derived by combining these models.

The smoothed (gridded) seismicity models, the large regional zone model, and the local seismicity zone model require a declustered earthquake catalog for calculation of earthquake rates. A truncated-exponential or Gutenberg-Richter (Gutenberg and Richter, 1944) magnitude-frequency distribution is assumed and used to model rates for different sizes of earthquakes in each grid cell or zone. Completeness levels are estimated from the earthquake catalog, and parameters of the magnitude-rate distribution (regional b-values and a-values in cells or zones) are computed using a maximum-likelihood method (Weichert, 1980) that accounts for variable completeness. The minimum magnitude is 5.0 and the maximum magnitudes are estimated from historical or global analogs. For the smoothed seismicity models the earthquake rates in cells are spatially smoothed using a two-dimensional Gaussian smoothing operator. This procedure yields a magnitude-frequency distribution for each grid point that can be used to compute seismic hazard.

The CEUS fault model contains only four fault zones (New Madrid, Missouri; Charleston, S.C.; Meers, Oklahoma; and Cheraw, Colorado) and consists of characteristic and Gutenberg-Richter magnitude-frequency distributions for each. These distributions are constrained by fault slip rate, paleoseismic recurrence information, and historic earthquakes. In some cases multiple alternative models are weighted to account for epistemic uncertainty in the sizes and rates of future earthquakes on the sources. We also account for aleatory uncertainty in the location of future earthquakes be including alternative trace scenarios. 

Once the earthquake sources are defined, attenuation relations relate the source characteristics of the earthquake and propagation path of the seismic waves to the ground motion at a site. Predicted ground motions are typically quantified in terms of a median value (a function of magnitude, distance, site condition, and other factors) and a probability density function of peak horizontal ground acceleration or spectral accelerations (McGuire, 2004). Ground motion maps are produced by considering the ground motion distributions from each of the potential earthquakes that will affect the site and by calculating the ground motion with an annual rate of 1/2475 (2% probability of exceedance in 50 years) for building code applications. In the CEUS we generally calculate the ground motions from sources located up to 1000 km from the site.

We held two workshops to discuss the CEUS source models and attenuation relations. The issues discussed at these workshops are the basis for the input parameters, logic trees, and methodologies that were used to produce the 2007 national seismic hazard maps. This specific hazard information is discussed in the sections below.

Historical Seismicity

Catalog

For the 2007 hazard analysis we have updated the CEUS earthquake catalog through 2006. As in 1996 and 2002, we combine earthquakes from several CEUS source catalogs (Mueller and others, 1997). The NCEER91 catalog lists ~3400 events east of about longitude -105 degrees in the United States and southeastern Canada from 1700 to 1985 (Seeber and Armbruster, 1991). The catalog of significant U.S. earthquakes compiled by Stover and Coffman (1993) lists ~420 CEUS events with magnitude equal to or greater than 4.5 and/or MMI equal to or greater than VI from 1774 to 1989. A state-by-state catalog compiled by Stover and others (1984) includes many smaller earthquakes than Stover and Coffman, listing ~4700 CEUS events from 1752 to 1986. The Preliminary Determination of Epicenters (PDE) bulletin of the USGS contributes ~3200 CEUS earthquakes from 1960 through 2006. A study by Sanford and others (1995) adds ~110 events in New Mexico. Finally, the catalog compiled by the Decade of North American Geology project (Engdahl and Rinehart, 1991) contributes ~2400 CEUS events from 1727 to 1985. The CEUS catalog is updated for 2007 mainly by making several-dozen changes to the NCEER91 catalog recommended by J. Armbruster (personal communication, 2003) and by adding post-2001 earthquakes from the USGS PDE.

We want the final catalog to be dominated by entries from the best-researched sources (in our judgment: NCEER91, Stover & Coffman, Sanford and others), and we use this priority to choose the best location and magnitude from among multiple source catalogs for each earthquake. Foreshocks and aftershocks are deleted using the methodology of Gardner and Knopoff (1974), yielding a declustered catalog of independent earthquakes for the hazard analysis. Non-tectonic (man-made) seismic events are deleted if they are associated with a transient process that is no longer active (e.g., deep fluid injection at the Rocky Mountain Arsenal near Denver), or if the process is ongoing but we have no reason to expect that future large (hazardous) events will be associated with the activity (e.g., fluid injection in the Paradox Valley of western Colorado). Traditionally in the CEUS most earthquake magnitudes are reported as a short-period surface-wave magnitude like mbLg, and the ground-motions used in the hazard analysis are predicted based on mbLg. In most cases a preferred magnitude from a source catalog is simply assumed to be equivalent to mbLg, called mb hereinafter. The final declustered catalog lists ~3400 earthquakes from 1700 through 2006 with mb equal to or greater than 3.0, about 70% and 16% of these from the NCEER91 and PDE source catalogs, respectively. Completeness levels of the CEUS catalog were analyzed in 1996 and 2002, and they carry over to this version of the hazard model (below). We also maintain b-values of 0.76 for the high-seismicity zone near Charlevoix, Quebec and 0.95 for the rest of the CEUS.

Maximum Magnitude for Background Seismicity

The size of the largest expected earthquake is region-dependent, and it should be estimated from tectonic or geologic principles rather than from examination of an earthquake catalog that is much shorter than the recurrence times of the largest modeled events. The maximum-magnitude (Mmax) zonation carries over from the 2002 hazard model, but for 2007 we implement a distribution and logic tree to account for epistemic uncertainty. Wheeler (1995) defines the boundary between the CEUS craton and an outboard region of crustal extension as the landward limit of rifting of Precambrian crust during the opening of the Iapetan (proto-Atlantic) ocean about 500 ma. Figure 2 shows the boundary between the craton and extended-margin zones. Wheeler argues for different maximum magnitudes in the two regions, and we select values by analogy with other stable continental regions worldwide (Fig. 3 and 4). For 2007 we use moment-magnitude between M 6.6 and 7.2 for characterizing hazard within the craton (M 6.6 wt 0.1, M 6.8 wt 0.2, M 7.0 wt 0.5, M 7.2 wt 0.2), and between M 7.1 and 7.7 within the extended margin (M 7.1 wt 0.1, M 7.3 wt 0.2, M 7.5 wt 0.5, M 7.7 wt 0.2). These values are consistent with the data shown in Fig. 3 & 4. For the extended margin M 7.1 is similar to the magnitude inferred for the Charleston earthquake, and M 7.7 is similar to the magnitude calculated for the 2001 Buhj, India earthquake. We convert moment magnitude to mb in the hazard calculation, using the equations of Johnston (0.5 wt) and Atkinson and Boore (0.5 wt). Although the Wabash Valley region in southern Indiana and Illinois is part of the craton, M 7.5 is used for Mmax there, based on paleoliquefaction evidence of past large earthquakes. As in 1996 and 2002, we use a maximum magnitude of M 7.2 for the Charleston areal zones to avoid overlap with the mainshock, and M 7.0 for the Colorado Plateau and Rocky Mountain zones, consistent with the value used for the seismicity models in the Western United States (below). 

Gridded Seismicity

The gridded-seismicity model accounts for the expectation that future large, damaging earthquakes will generally occur near past small- and moderate-size earthquakes. We develop three models based on the completeness levels in the CEUS catalog. East of longitude -105 degrees, Model 1 uses mb 3.0 and larger earthquakes since 1924, Model 2 uses mb 4.0 and larger events since 1860, and Model 3 uses mb 5.0 and larger events since 1700. To account for later human settlement in the west, corresponding completeness levels west of -105 degrees are 1976, 1924, and 1860 for Models 1-3, respectively. In contrast to the single model with variable completeness used for the Western United States (below), the three separately-weighted seismicity models are used for the CEUS in order to represent the seismic hazard in areas like the Nemaha Ridge of eastern Nebraska and Kansas where moderate to large earthquakes have occurred that are not associated with smaller earthquakes in the catalog. 

Gridded seismicity rates for Models 1-3 are determined by counting earthquakes in each grid cell with dimensions 0.1° longitude by 0.1° latitude. A two-dimensional spatial Gaussian function is used to smooth the gridded rates; we use a correlation distance of 50 km for Model 1 and 75 km for Models 2 and 3. Smoothing parameters are based on judgments about earthquake location uncertainties and spatial patterns in the maps after applying different smoothing parameters (Frankel and others, 1996). The resulting “agrid” gives the annual rate of earthquakes with magnitude between -0.05 and +0.05 in each grid cell (incremental 10a in the Gutenberg-Richter notation: magnitude bin centered on m= 0, width= 0.1 magnitude unit).

For 2007 seismicity rates are adjusted to account for magnitude uncertainty using a result published by Tinti and Mulargia (1985). As a rough first step to account for this effect we simply assume one-sigma uncertainty values of 0.1 magnitude unit for earthquakes in 1972-2006, 0.2 for 1932-1971, and 0.3 for 1700-1931, following quidelines suggested by K. Felzer for earthquakes in California (personal communication, 2007). These assumptions are untested for the CEUS. Furthermore, rate reductions can be severe near isolated old, large earthquakes that we have made a special effort to represent in the hazard model (see the above discussion about the Nemaha Ridge). For these reasons gridded seismicity models with and without magnitude-uncertainty corrections are combined with respective weights of 1/3 and 2/3 in the final hazard model. We feel it is important to model magnitude uncertainty in a preliminary way, but we are not ready to embrace it fully in the CEUS pending more analysis and research. Lacking any information on which to base corrections in the CEUS, we make no attempt to account for possible magnitude rounding effects (see WUS below).

We recognize that, in an effort to include as many earthquakes in the model as possible in the low-seismicity CEUS, we have been somewhat optimistic in the choice of completeness levels. To account for this, seismicity rates in each grid cell are multiplied by factors that account for regional differences between “true” completeness levels determined from the modern part of the catalog (since 1976) and the assumed levels (Mueller and others, 1997).

Regional Background Seismicity Zones

Another model that carries over to the 2007 analysis consists of four regional source zones (Model 4) that implement a hazard floor to provide at least some protection against potential future earthquakes in areas with little or no historical seismicity. The four zones cover: the Colorado Plateau region, the Rocky Mountain region, the CEUS craton region, and the CEUS extended-margin region (Fig. 2). These regions are geologically and seismologically distinct (see the above discussion on maximum-magnitude zonation). For example, compared to the craton the largest historical earthquakes in the CEUS have occurred in the extended margin, and the average historical seismicity rate there is greater than twice the craton rate. An average seismicity rate for each region is determined from the catalog since 1976, and applied as a uniform source zone.

As in 1996 and 2002, Model 4 is implemented in a way that does not penalize areas of high seismicity in order to provide a hazard floor in areas of low seismicity. In each grid cell the historical seismicity rate is computed by combining Models 1-3 with respective weights of 0.5, 0.25, and 0.25. If this historical rate exceeds the floor value (Model 4), the final cell rate simply equals the historical rate. If, however, the floor value exceeds the historical rate, Models 1-4 are combined with respective weights 0.4, 0.2, 0.2, and 0.2 to give the final cell rate. The modeled seismicity rate exceeds the historical rate in the CEUS by about 10%. A special weighting scheme implemented in 2002 for the Colorado Front Range region (Frankel and others, 2002) is also carried over for 2007: the floor rate is given full weight in grid cells in the Rocky Mountain zone where the floor rate exceeds the historical rate.

Special Zones

Models 1-4 do not account for all of the local variations in earthquake potential that we would like to include in the hazard analysis. Special zones are used to account for variations in catalog completeness, magnitude-rate distribution, and maximum magnitude. The special zones used in the 2007 hazard analysis are shown in Figure 5; all carry over from the 2002 model. In addition to the special zones already discussed above (Mmax= 7.5 in Wabash, b= 0.76 for Charlevoix, completeness levels west of -105 degrees), we also implement uniform source zones for the Eastern Tennessee seismic zone and New Madrid seismic zone with average  seismicity rates determined from earthquakes in the catalog with mb equal to or greater than 3.0 since 1976. 

Computing Hazard From Seismicity

For modeling earthquakes smaller than magnitude 6.0 ground motions are computed based on the site distance from the center of the grid cell. For larger earthquakes fictitious finite faults centered on the grid cell are used; faults have lengths determined from the relations of Wells and Coppersmith (1994) and random strikes. This scheme was introduced for the CEUS in the 2002 model (Frankel and others, 2002), and carries over for 2007. Values of mb are converted to moment magnitude at several stages in the modeling process as described by Frankel and others (1996, 2002).

Fault Source Model

Figure 5 shows the locations of the four faults included in the CEUS source model.

New Madrid Seismic Zone

The New Madrid region (Fig. 5) was affected by three large earthquakes in 1811 and 1812. For the 2007 maps we have used a more extensive logic tree to describe earthquakes along the zone.

Rupture Sources

The 1811-1812 earthquakes are thought to have ruptured the Reelfoot fault and locations to the north and south (Fig. 6). The locations of these three large events are controversial because the only evidence of surface rupture for these events is along the Reelfoot fault. Thus, earthquake locations are generally constrained only by intensity (felt) and paleoseismic data. For the 2007 hazard maps we have tried to take into account the uncertainty in the locations of previous earthquakes.

In 1996 and 2002 we included three “hypothetical” faults to account for uncertainty in future earthquake ruptures on the New Madrid fault zone. These rupture sources were developed by geological interpretation of the Reelfoot Fault, mapped geologic structures, and seismicity characteristics. Fault traces in 2007 are similar to the 2002 model except we have revised the dip of the central segment and have used five rather than three sub-parallel traces. Formerly, all three arms were modeled as vertical faults, but for 2007 we have changed the central (Reelfoot) arm from a vertical fault to a fault dipping 38° to the southwest. This modification was made to reflect the seismicity patterns at depth. The change from three to five hypothetical faults was made to represent the aleatory uncertainty in the locations of future earthquakes. The central trace that most closely follows the seismicity pattern is weighted significantly higher than the other traces. The central trace of the New Madrid is weighted 0.7, the traces just outside of the central traces are weighted 0.1 each, and the outer traces are weighted 0.05 each.

Magnitude s

Magnitudes of the 1811-1812 events have been also been controversial, with suggestions generally ranging from M 7.0 up to M8.1 (Table 2). Of the three largest New Madrid earthquakes, the one in January 1812 is the most likely to have ruptured the northern arm of the seismic zone (Fig. 6). The three leading sets of magnitude estimates for the New Madrid sequence suggest that the January earthquake was 0.2±0.1 units smaller than the December shock (Table 2; Johnston, 1996; Hough and others, 2000; Bakun and Hopper, 2004). 

Table 2: Magnitudes and rupture locations for 1811-1812 earthquakes 

	Event
	Rupture segment
	Hough et al. 2000
	Bakun and Hopper 2004
	Johnston 1996

	Dec 16, 1811
	southern
	7.2-7.3
	7.6
	8.1

	Dec 16, 1811
	southern
	7.0
	
	

	Jan 23, 1812
	northern
	7.0
	7.5
	7.8

	Feb 7, 1812
	central
	7.4-7.5
	7.8
	8.0


In the 2002 model we applied a logic tree for New Madrid earthquakes for all three arms independently with the following weighting: M7.3 (wt 0.15), M7.5 (wt 0.2), M7.7 (wt 0.5), and M8.0 (wt 0.15). In the 2007 maps we assigned magnitudes for the northern section that are 0.2 units lower than those assigned for the central and southern sections. For the northern arm model we applied the following weighting: M7.1 (wt 0.15), M7.3 (wt 0.2), M7.5 (wt 0.5), M7.8  (wt 0.15). The central and southern segments remain the same as in 2002. The logic tree for magnitude uncertainty is shown in Table 3 and Figure 7.

Table 3: Weights for New Madrid ruptures

	Segment rupture 
	traces
	west
	mid-west
	central
	mid-east
	east

	Magnitude, (N-North, C-Central, S-South)
	trace wt
	0.05
	0.1
	0.7
	0.1
	0.05

	
	
	
	
	
	
	

	M 7.1 (N), 7.3 (C,S) 
	0.15
	0.0075
	0.015
	0.105
	0.015
	0.0075

	M 7.3 (N) 7.5 (C,S) 
	0.2
	0.01
	0.02
	0.14
	0.02
	0.01

	M 7.5 (N), 7.7 (C,S)
	0.5
	0.025
	0.05
	0.35
	0.05
	0.025

	M 7.8 (N), 8.0, (C,S)
	0.15
	0.0075
	0.015
	0.105
	0.015
	0.0075


Earthquake Recurrence

Paleoliquefaction data indicate a 500 year recurrence for large earthquakes in this zone. Three large earthquake sequences have been recognized from cross-cutting relationships and radiometric dating of sandblows (liquefaction effects). Events about 900 A.D., 1450 A.D., and 1811-1812 A.D. have been recognized by Tuttle and Schweig (2004). However, it is unclear whether or not the northern portion of the fault ruptured in the 1450 A.D. sequence. Therefore, in the new maps we consider the possibility of a 750 year and a 500 year recurrence, equally weighted, for the northern arm of New Madrid (Fig. 7). We did not change the 500 year recurrence for the southern and central sections because Tuttle and Schweig (2004) published evidence that all three of the sequences affected those faults.

Another modification that we made for the 2007 New Madrid source model is the inclusion of clustered large earthquake models (Silva and Toro, xxxx). The 1811-1812 earthquakes involved a sequence of three large earthquakes. As mentioned, geologic data of Tuttle and Schweig (2004) show evidence that pre-historical earthquakes on the New Madrid fault typically occur in sequences of three large earthquakes similar to that observed in 1811-1812. In the 1996 and 2002 models we employ a single large earthquake that affects all three of the hypothetical faults, since these source models assume that all earthquakes are independent. However, if we consider each of these events as independent, then we would have a much shorter recurrence time. This issue was discussed at the CEUS workshop and it was concluded that we should allow some weight for a clustered (time-dependent) model that considers these sources as sequences. A particular site will have a larger probability of exceeding a ground motion level if the site is affected by three dependent events rather than one independent event following the equation:

P(x≥x’) =  α rate of cluster * [(1-P1)*(1-P2)*(1-P3)],

where P(x≥x’) is the probability of exceeding ground motion x’, α rate of cluster  is the mean annual rate of occurrence of the cluster, and P1, P2, and P3 are the probabilities of exceeding ground motion x’ given that an earthquake of specified magnitude and distance occurs. Figure 7 presents the four clustering scenarios that we consider along with their weights. We assign equal weight to the clustered models and to a 2002-type unclustered source model. 

Charleston, South Carolina, Seismic Zone

The Charleston region (Fig. 5) was affected by an earthquake M7.3 in 1886. Two areal source zones were used in previous hazard maps to account for uncertainty in the source area of the earthquake (Fig. 8). We have not modified this zone from the 2002 model. A narrow zone encompassing the Woodstock fault and a larger zone that encompasses many of the large liquefaction features. The two zones were weighted equally. For each zone we combined a characteristic model with a magnitude of 6.8 (wt 0.2), 7.1 (wt 0.2), 7.3 (wt 0.45), 7.5 (wt 0.15) with a recurrence time of 550 years, and a truncated Gutenberg-Richter model from magnitude 6.5 to 7.3. 

Meers Fault, Oklahoma

The Meers fault (Fig. 5) is modeled using a characteristic moment magnitude of 7.0 and a recurrence time of 4,500 years as defined in the 2002 model.

Cheraw Fault, Colorado

The Cheraw fault is (Fig. 5) modeled using a slip rate of 0.15 mm/yr and a maximum magnitude of 7.0 ± 0.2 determined from the Wells and Coppersmith (1994) fault length for all slip types relation and a recurrence time of 17,400 years. This is combined with a truncated Gutenberg-Richter model from magnitude 6.5 to 7.0, yielding a mean recurrence time of 5000 years for earthquakes with magnitude ≥. 6.5. 

Crustal Intraplate Attenuation Relations

The 2007 hazard maps include several new simulation-based attenuation relations that were not available in 2002 (Fig. 9 and 10). In 1996 and 2002 we used simulated equations based on a single corner (source spectra has a single corner similar to a Brune point source model), a double corner (source spectra has two corners to a account for a finite fault), a hybrid model (source spectra from empirical sources in WUS are modified to fit CEUS parameters), and finite source models (full waveform simulations considering a finite source and propagation effects). The attenuation relations that persist unchanged from the earlier model are the Frankel and others (1996) single corner model, Somerville and others (2001) extended source model, and the Campbell (2002) hybrid model. New models have been developed by Toro and others (2005) a single corner - extended source model, Atkinson and Boore (2005) a dynamic corner frequency source model, Tavakoli and Pezeshk (2005) a hybrid model, and Silva and others (2002?) a constant stress drop with magnitude saturation model. We use the weighting scheme for the attenuation models as shown in Table 4. The weights are based on the following categories: Single corner finite fault model (accounts for magnitude saturation; wt 0.3), Single corner point source (accounts for Moho bounce and 1/r geometric spreading; wt 0.1), dynamic corner frequency models (account for magnitude saturation and variable stress drop; wt 0.2), full waveform simulations (account for finite rupture of large earthquakes in CEUS crust; wt 0.2), and hybrid model (translates western U.S. empirical strong motion data for assumed central and eastern U.S. parameters; 0.2).

Table 4: Weights for CEUS attenuation relations

	Single corner – finite fault
	Weight

	     Toro and others 
	0.2

	     Silva and others – constant stress drop with saturation
	0.1

	
	

	Single corner – point source with Moho bounce
	

	     Frankel and others
	0.1

	
	

	Dynamic corner frequency
	

	     Atkinson and Boore 140 bar stress drop
	0.1

	     Atkinson and Boore 200 bar stress drop
	0.1

	
	

	Full waveform simulation
	

	     Somerville and others: for large earthquakes
	0.2

	
	

	Hybrid empirical model
	

	     Campbell
	0.1

	     Tavakoli and Pezeshk
	0.1


The national seismic hazard maps are made using a reference site condition that is specified to be the boundary between NEHRP classes B and C, with an average shear-wave velocity in the upper 30 m of the crust of 760 m/s. However, some attenuation relations are not developed for this shear-wave velocity. Therefore, we have typically converted hard-rock attenuation relations to approximate ground motions for a site with shear velocity on the NEHRP B/C boundary. Kappa is a key parameter in this conversion that defines the high frequency near-surface site attenuation of the ground motion. For the past versions and for this version of the maps we applied a kappa value of 0.01 for the CEUS to convert from hard rock to firm rock site conditions. This value was obtained from ground shaking studies by J. Fletcher of the USGS observed in a borehole characterized by bedrock underlying a stiff soil condition (with shear wave velocity similar to boundary of NEHRP B and C). The new Atkinson and Boore (2005) attenuation relations apply a kappa of 0.02 which brings in additional epistemic uncertainty into the 2007 maps. For several of these models the hard rock (NEHRP – class A) to firm rock (NEHRP – class BC) conversion that we used for these maps is a simple factor for many spectral periods. These factors are: 1.74 for 0.1 s, 1.72 for 0.3 s, 1.58 for 0.5 s, and 1.20 for 2.0 s SA. Similar factors are available for PGA, 0.2 s, and 1.0 s.

Another parameter that is important in ground motion simulations for CEUS attenuation relations is stress drop, or the compactness of the earthquake rupture. Based on the recommendation of G. Atkinson, we have applied two alternative stress drops of 140 bars and 200 bars for the Atkinson and Boore (2005) model to account for epistemic uncertainty in that parameter.

To apply the background seismicity models, we assume a 5 km source depth. For calculating ground motions we convert mb values to moment magnitude using the Johnston (1994) factors, and use a maximum source-site distance of 1000 km. Median ground motions are capped at 1.5 g for peak ground acceleration and at 3.0 g for the 0.2 s spectral acceleration. In addition, we truncate the distribution of ground motions at three standard deviations for peak ground acceleration and 0.2 and 1.0 s spectral acceleration. The ground motion distribution for PGA is truncated at 3 g and for 0.2 s spectral acceleration at 6 g, when these values are less than the 3-sigma cutoff. These values were chosen to avoid unacceptably large ground motions and do not significantly affect the results at probability levels of 2% in 50 years and greater.

Western United States

Basic Methodology

For the Western United States we include five different classes of earthquake sources: gridded (smoothed) seismicity, regional background zones, special zones, shear zones, and fault models, and apply attenuation relations to compute the probabilistic seismic hazard. The gridded (smoothed) seismicity model, the regional background zone model, and the special zones comprise the background historical seismicity models and require a declustered earthquake catalog for calculation of earthquake rates. Earthquake rates in shear zones are estimated from the geodetically determined rate of deformation across an area of high strain rate. Fault sources are based on published fault studies or recommendations from state geological surveys. We only include mapped structures for which we can estimate a rupture length, a down-dip rupture width, and a slip rate. 

After defining the earthquake sources, we use ground motion prediction equations to compute the ground motions from each seismic source within 200 km of a site. These ground motions are typically quantified in terms of a probability distribution of peak horizontal ground acceleration or spectral accelerations for different periods (McGuire, 2004). The equations depend on magnitude, distance from source to the site, rupture characteristics (depth to top of rupture, faulting style, etc.), and ground motion modifications along the path between the source and the site. We apply different attenuation relations for crustal, subduction zone, and deep intraslab earthquakes. The ground motions are calculated for each attenuation relation separately then combined using a weighted logic tree analysis. Rates of ground motion exceedance for each source are summed at each ground motion level and a hazard curve is produced. From the hazard curve we interpolate the 2 percent, 5 percent, and 10 percent probability of exceedance in 50 year hazard level that has been applied in recent building codes to produce the national seismic hazard maps.

Historical Seismicity

Catalog

As in 1996 and 2002 we combine several WUS earthquake source catalogs into one final catalog for the hazard analysis. The catalog developed by the California Geological Survey (CGS) has been revised and extended through 2006 (T. Cao and K. Felzer, personal communication). The CGS listing contributes ~5400 events with magnitude equal to or greater than 4.0 from 1800 through 2006, and dominates the hazard from the seismicity models in California. A new catalog developed by the University of Nevada (UNR) contributes ~800 WUS events from 1855 to 1999, and many new moment-magnitude estimates for older earthquakes (Pancha and others, 2006). The catalog of significant US earthquakes compiled by Stover and Coffman (1993) lists ~2000 WUS events with magnitude equal to or greater than ~4.5 and/or MMI equal to or greater than VI from 1769 to 1989. The state-by-state catalog compiled by Stover, Reagor, and Algermissen (Stover and others, 1984) includes many smaller earthquakes than Stover and Coffman, listing ~4800 WUS events from 1857 to 1986 (it excludes earthquakes in California, Oregon, and Washington). The Preliminary Determination of Epicenters (PDE) bulletin of the USGS contributes ~17,700 WUS events from 1960 through 2006. A catalog of global earthquakes compiled by Engdahl and Villaseñor (2002) contributes ~130 WUS events with magnitude equal to or greater than ~5.5 from 1900-1999. Finally, the catalog compiled by the Decade of North American Geology project (Engdahl and Rinehart, 1991) contributes ~6200 WUS events from 1808 to 1985.

We want the final WUS catalog to be dominated by entries from the best-researched sources (in our judgment: UNR, CGS, Engdahl & Villaseñor, Stover & Coffman), and we use this priority to choose the best location and magnitude for each earthquake from among multiple source catalogs. Foreshocks and aftershocks are identified and deleted using the methodology of Gardner and Knopoff (1974), yielding a declustered catalog of independent earthquakes for the hazard analysis. Non-tectonic (man-made) seismic events are deleted from the catalog if they are associated with a transient process that is no longer active (e.g., nuclear explosions at the Nevada Test Site), or if the process is ongoing but we have no reason to expect that future large, hazardous events will be associated with the activity (e.g. mining-related events in Utah). Since the ground-motions in the hazard analysis are predicted based on moment magnitude, we use reported moment magnitude values directly and convert other magnitudes to moment magnitude when possible (following Sipkin, 2003, or Utsu, 2002, for example). The final catalog includes ~3300 independent earthquakes from 1800 through 2006 with moment magnitude equal to or greater than 4.0, with about 58% from CGS, 11% from UNR, and 17% from PDE source catalogs. The catalog is clearly incomplete in much of the WUS below the magnitude-4 level; in our judgment the catalog of earthquakes with M ≥ 4 is sufficient to define the future hazard from background seismicity.

Deep earthquakes have caused considerable damage in the Puget Lowland region including events in 1949, 1965, and 2001, and deep earthquakes have different ground motion properties than shallow earthquakes. We therefore make two separate seismicity models from earthquakes shallower and deeper than 35 km. For the shallow seismicity the b-value of 0.80 carries over, but completeness levels are slightly changed from the 2002 model (see Gridded Seismicity below). For the deep seismicity the overall completeness levels as well as b-values of 0.40 and 0.80 for the Puget Sound and Northern California regions, respectively, carry over from 2002 (Frankel and others, 2002).

Maximum Magnitude for Background Seismicity

We maintain the maximum-magnitude (Mmax) values for the WUS gridded seismicity models from the 2002 hazard model. We use an Mmax value of 7.2 for the deep seismicity (the commonly reported moment magnitude for the 1949 Puget Sound earthquake is 7.1). For the shallow seismicity Mmax is set to 7.0 in most regions; exceptions include the Central Nevada seismic zone and Puget Lowland regions where Mmax is increased as a proxy to account for deficits between geodetic and seismic deformation rates (see Special Zones below). 

In developing the 1996 and 2002 hazard maps, we recognized that one problem with our methodology of combining hazard from the gridded seismicity and faults is a potential overlap of magnitudes between M6.5 and 7.0 on fault sources and magnitudes between 5.0 and 7.0 in the gridded seismicity model (Petersen and others, 2000). Although this overlap has only a minor effect on the hazard estimates, we resolved this issue in 2002 by lowering Mmax over the faults. In these models Mmax for the gridded seismicity calculation is lowered over dipping faults and within 10 km of vertical faults so that there is no magnitude overlap. For the Gutenberg-Richter case the Mmax of the gridded seismicity calculation is set to M6.5, which is the Mmin of the Gutenberg-Richter relation for the fault. For the characteristic case, the Mmax is set to Mchar or M7.0, whichever is smaller. Mmax is set to 7.0 for the gridded seismicity calculation for areas off of faults. When the hazard is calculated from the gridded seismicity, two computer runs are performed using the Mmax grids for the characteristic and Gutenberg-Richter fault cases. The hazard curves from these two runs are then added with the appropriate weight for the characteristic and Gutenberg-Richter models used for faults in that area. We updated the model using new the new magnitudes calculated for faults in the WUS.

Gridded Seismicity

Gridded (smoothed) seismicity models are used to estimate the rate of future events that are not characterized on either faults or shear zones. The gridded-seismicity models account for the expectation that future large, damaging earthquakes will occur near past small- and moderate-size events. 

Seismicity rates for the gridded seismicity model method (Model 1) are determined by counting earthquakes in each grid cell with dimensions 0.1° longitude by 0.1° latitude, accounting for variable completeness using Weichert’s (1980) maximum-likelihood. For a zone covering most of California (including the most seismically active regions near the coast) we use completeness levels of 4.0 ≤ M < 5.5 since 1933, 5.5 ≤ M < 6.0 since 1900, and M ≥ 6.0 since 1850 (slightly changed from 2002). For the rest of the WUS we use 4.0 ≤ M < 5.0 since 1963, 5.0 ≤ M < 6.0 since 1930, and M ≥ 6.0 since 1850 (same as 2002). These completeness parameters apply to both shallow and deep seismicity. Unlike the CEUS (above), we feel that a single model is sufficient to capture the hazard from the historical seismicity in the WUS, since virtually all the magnitude 5 and greater earthquakes have occurred near numerous smaller events. It is important to note that the maximum-likelihood scheme counts one large event the same as one magnitude 4 event. The resulting “agrid” gives the annual rate of earthquakes with magnitude between -0.05 and +0.05 in each grid cell (incremental 10a in the Gutenberg-Richter notation: magnitude bin centered on m= 0, width= 0.1 magnitude unit).

Based on research into seismic observatory data and historical practice, K. Felzer (personal communication, 2007) has provided estimates of magnitude uncertainties and rounding errors for the CGS earthquakes, and we extend the guidelines given in her work to estimate magnitude uncertainty and rounding errors for earthquakes in the rest of the WUS catalog. As rough first steps to account for these effects we assume one-sigma uncertainty values of 0.1 magnitude unit for earthquakes in 1972-2006, 0.2 for 1932-1971, and 0.3 for 1700-1931, and we assume that for earthquakes from 1900-1941 magnitudes reported as x.0 and x.5 have been rounded to the nearest 0.5, and otherwise magnitudes have been rounded to the nearest 0.1 or 0.01. Both effects tend to reduce seismicity rates: magnitude uncertainty is accounted for following Tinti and Mulargia (1985), and “unrounded” magnitudes are counted or rejected following the completeness rules.

A two-dimensional spatial Gaussian function with a correlation distance of 50 km is used to smooth the gridded rates in most of the WUS (both shallow and deep seismicity). Smoothing parameters are based on judgments about earthquake location uncertainties and spatial patterns in the maps after applying different smoothing parameters (Frankel et al., 1996). One problem with this smoothing method is apparent in some parts of California where seismicity that occurs in narrow linear zones is over-smoothed into nearby aseismic regions. For 2007 we implement an anisotropic smoothing scheme that provides some smoothing but generally keeps the modeled seismicity much closer to its original location. Using respective correlation distances of 75 and 10 km for directions parallel and normal to seismicity trends, we apply this method to earthquakes within 10 km of the Brawley seismic zone in southern California, within 20 km of the creeping section of the San Andreas fault in central California, and within 25 km of the Mendocino fracture zone in offshore northern California (Table 5; also removing the Mendocino fault source that was used in previous models).

Table 5. Source parameters for seismicity-determined California zones.

	Zone
	Mmin
	Mmax
	Virtual Fault Strike (º)
	b-value
	Ratio SS:Rev:Normal

	Brawley
	5.0
	6.5
	157
	0.8
	0.5: 0: 0.5

	Creeping Section of SAF
	5.0
	6.0
	-42.5
	0.9
	0.5: 0.5: 0

	Mendocino
	5.0
	7.0
	90
	0.8
	0.5: 0.5: 0


The gridded seismicity model is based on the magnitude-frequency distribution from the earthquake catalog, and predicts the total number of earthquakes in California from M 5 to 7. In addition to this gridded model we also allow earthquakes between M 6.5 and 7.0 to occur on modeled faults. We cannot expect the background source model to match the total historical rate of M 6.5 – 7 if we are using the historical rate of earthquakes to define the gridded seismicity and then supplementing this rate with additional earthquakes on faults. We need to either reduce the rate of earthquakes on faults or reduce the rate of gridded seismicity if we want to match the historical rate. Our preliminary studies indicate that about 50% to 67% of the large earthquakes statewide are associated with modeled faults. For the 2007 model we have simply reduced the rate of earthquakes with M ≥ 6.5 in the gridded model by 2/3 to match the historical rate.  We recognize that additional research is needed to provide a more satisfactory long-term solution to this issue. 

Regional Background Models

In contrast to the gridded (smoothed) seismicity model, regional background zones and special zones account for earthquake potential spread uniformly across tectonic environments or local areas with similar geologic or strain characteristics. The earthquake rate for each WUS background zone is determined by counting earthquakes with M ≥ 4 since 1963, computing an annualized rate, and prorating this rate uniformly across the entire zone. 

We carry over from 1996 and 2002 a model (Model 2) that consists of several regional source zones that implement a hazard floor to provide at least some protection against potential future earthquakes in areas with little or no historical seismicity (Fig. 11). The seismicity-floor zones in WUS cover: the Basin and Range province extended to include the Rio Grande rift, parts of Arizona and New Mexico, western Texas, eastern Washington, and northern Montana and Idaho; the Cascade volcanic province; the Snake River Plain province; the Yellowstone parabola province; and a region of southeastern California and southwestern Arizona (Fig. 11). These regions are geologically and seismologically distinct; the reasoning behind the zonation is discussed in detail in the 1996 documentation. We feel that seismicity-floor zones are not needed in the most seismically active coastal regions of the WUS.

As in 1996 and 2002, Model 2 is implemented in a way that does not penalize areas of high seismicity in order to provide a hazard floor in areas of low seismicity. In each grid cell the historical seismicity rate from Model 1 is compared with the floor value from Model 2. If the historical rate exceeds the floor value, the final cell rate simply equals the historical rate. If, however, the floor value exceeds the historical rate, Models 1 & 2 are combined with respective weights 0.67 and 0.33 to give the final cell rate. The modeled seismicity rate exceeds the historical rate in the WUS by about 16%.

Special Zones

The basic gridded seismicity models do not account for all of the local variations in earthquake potential that we would like to include in the hazard analysis. Special zones can be used to account for variations in catalog completeness, magnitude-rate distribution, and maximum magnitude. 

We include an areal source zone for the Puget Lowland region to account for an observed deficit between the geodetic and seismic deformation rates. Mmax is increased from 7.0 to 7.3 as a proxy to account for 2.7 mm/yr of north-south contraction across the zone. The zone is modeled as a series of east-west striking hypothetical faults that dip 45° and have a 20 km rupture width. The seismicity rate is determined from the number of earthquakes with M ≥ 5.0 since 1928. Equal weight is given to the two branches of a logic tree: areal zone and gridded seismicity models. The seismicity rate calculated from the gridded seismicity and fault models is the same as the seismicity rate calculated using the geodetic based Puget Lowland zone; these represent two alternative models. 

Similarly, Mmax is increased from 7.0 to 7.5 for the gridded seismicity model in central Nevada as a proxy to account for part of the 2.0 mm/yr rate of geodetic extension observed in the region. Modeling of these zones carries over from 2002, and further details can be found in the 2002 documentation. 

ANSS data indicate that since 1990 several deep magnitude 2.5 events occurred beneath Portland, OR, with a rate of about 0.38/yr or a factor of 10 lower than the level of magnitude 2.5 events beneath the Puget Lowland region. Using a Gutenberg-Richter distribution and a b-value of 0.8 one would predict a low rate of M6.5 events of about 0.003–0.005/yr. This issue was discussed at the Pacific Northwest workshop and it was decided that it would be appropriate to include a deep seismicity zone beneath this region of Oregon.

Computing Hazard From Seismicity

For modeling earthquakes smaller than magnitude 6.0, ground motions are computed based on the site distance from the center of the grid cell. For larger earthquakes, however, fictitious finite vertical faults centered on the grid cell are used; faults have lengths determined from the relations of Wells and Coppersmith (1994) and random strikes. In 1996 and 2002 the strike of each fictitious fault was chosen randomly (except for shear zones). In the 2007 update we pre-calculate average distances from virtual faults with strike directions uniformly distributed from 0 to 180º. (The fixed-strike zones have the same distance calculation as in previous seismic hazard models.) Each virtual fault is assumed to have vertical dip. The average-distance calculation insures that no receiver is assigned a biased distance based on an arbitrary draw from a random-number generator. This algorithm modification has little visible effect on probabilistic motion at 10-4 or greater probability of exceedance, but does have an effect at small probabilities. 

Shear Zones

One outstanding issue in the Intermountain West region is that for several areas of the Basin and Range Province the moment estimated from geology is about one-half the moment estimated from Global Positioning System (GPS) data (Fig. 12; Pancha and others, 2006). Shear zones account for earthquakes in these areas where faults are poorly defined and geodetic or seismic data indicate a higher level of shear strain. These zones are typically implemented using geodetic data and Kostrov’s formula (Kostrov, 1974) that converts strain rate to moment rate. 

The 1996 and 2002 maps included four shear zones in northern California and Nevada. These zones were retained in the 2007 maps but the geometry was slightly modified to be consistent with recent geodetic strain data. In addition, two new shear zones were added to the 2007 model based on the Working Group on California Earthquake Probabilities report: a Mojave zone and a San Gorgonio zone. Parameters used to define the zones are outlined in Table 6. These zones have a preferred strike and a Gutenberg-Richter magnitude-frequency distribution between M6.5 and 7.6. For the 2007 maps we have selected M7.6 as the maximum magnitude for these zones based on the magnitude of the 1872 Owens Valley earthquake. 

Table 6. Source parameters for slip-rate determined California zones.

	Zone
	Mmin
	Mmax
	Virtual Fault Strike (º)
	b-value
	Ratio SS:Rev:Normal
	Slip Rate (mm/yr)
	Length (km)
	Width (km)

	Mojave
	6.5
	7.6
	-47
	0.8
	1: 0: 0
	2.0
	219
	15

	San Gorgonio
	6.5
	7.6
	-67
	0.8
	1: 0: 0
	2.0
	102
	18

	SHEAR1-CA foothills
	6.5
	7.6
	-35
	0.8
	1: 0: 0
	0.05
	360
	12

	SHEAR2-Northern
	6.5
	7.6
	-25
	0.8
	1: 0: 0
	2.0
	230
	15

	SHEAR3-Central
	6.5
	7.6
	-45
	0.8
	1: 0: 0
	2.0
	88
	15

	SHEAR4-Southern
	6.5
	7.6
	-45
	0.8
	1: 0: 0
	4.0
	245
	15


Faults

Fault models applied to the WUS are shown in Figure 13 and are described in Appendix A (with the exception of the CA faults that are described at: http://www.wgcep.org/ ). Fault models depend on the fault geometry (segmentation) and slip rate or paleoseismic recurrence rates to establish the locations, sizes, and rates of future earthquakes. To model each rupture we estimate a fault rupture length and width along each fault. These parameters are obtained from geologic mapping (fault geometry and length) and seismicity characteristics (fault dip and rupture depth). To model the rate of each size of earthquake along crustal faults, we use weighted combinations of characteristic and Gutenberg-Richter magnitude-frequency distributions to characterize the sources. 

Magnitudes

In the source model we either use historical magnitudes or estimate magnitude from fault area for California or from surface rupture length for the Intermountain West and Pacific Northwest regions. For determining magnitude from fault area or surface length on different segments or multi-segment ruptures we use area relations of Ellsworth – type B equation (2002) and Hanks and Bakun (2002), or surface length relations of Wells and Coppersmith (1994), respectively. 

A change in detail compared to 2002 fault-hazard modeling is that we now round derived magnitude estimates to the nearest hundredth, compared to nearest tenth in 2002. One reason for this change is that epistemic uncertainty in the magnitude area relation is frequently lost when we round to nearest tenth, but is retained when rounding to nearest hundredth. This change alters earthquake recurrence rate estimates, because larger events produce more slip per event. Changes in probabilistic ground motion that are associated with this rounding procedure change are apparent in 2002/2007 spectral acceleration (SA) ratio maps, even when the geology model for a given fault has not changed. Examples will be given below in our discussion of SA ratio maps.

We also include epistemic and aleatory uncertainty for the characteristic earthquake magnitude and the maximum magnitude of the Gutenberg-Richter distribution. In the 2007 California model we use an epistemic uncertainty of ±0.1 rather than ±0.2 that was applied in previous maps. We apply weights of 0.2 for the lower, 0.6 for the median, and 0.2 for the upper limits. This lower epistemic uncertainty seems more compatible with the uncertainties represented in the published magnitude-area relations. In addition, we include an aleatory uncertainty using a normal distribution with standard deviation of 0.12, but for 2007 maps we extend the value at which the distribution is truncated from ±0.15 magnitude units used in 2002 to a value of 2 sigma or ±0.24 that was applied in the Working Group on California Earthquake Probabilities (2002) report. All of these magnitude-frequency models are moment balanced. Additional magnitude uncertainty in California is captured by the use of two magnitude-area relations.

Earthquake Recurrence

The characteristic rate of earthquakes on a fault is determined by the ratio of the slip rate (vertical or horizontal) to the slip of the characteristic earthquake. For Gutenberg-Richter relations, we use standard equations that relate slip rate and magnitude to the rate of earthquakes in each magnitude bin (Frankel and others, 2002; Petersen and others, 1996). In the 2002 source models we applied a ratio of 67 percent characteristic and 33 percent Gutenberg-Richter magnitude frequency distribution for faults in coastal California and have applied equal weighting for the rest of the western U.S (including eastern California).

The Western State Seismic Policy Council (WSSPC) held a workshop to discuss issues for the Intermountain West region. One of their recommendations was to change the ratio of characteristic and Gutenberg-Richter magnitude-frequency distributions in the Intermountain West region to reflect similar event weighting to that used in coastal California, 67 percent characteristic and 33 percent Gutenberg-Richter. This recommendation, however, was not appealing to scientists in the Pacific Northwest region. We have implemented the 2/3 characteristic 1/3 Gutenberg-Richter magnitude-frequency distribution for faults in the Intermountain West region but not in the Pacific NW region.

Intermountain West Fault Sources

Nearly 300 faults in the Intermountain West are included as sources in the 2007 model (Appendix A). We updated input parameters for about 13 percent of those faults (Table 7) based on a literature review of parameters such as slip rate and recurrence. The majority of changes in our model resulted from the comprehensive reevaluation of all published paleoseismic studies by the Utah Quaternary Fault Working Group (Lund, 2004; available at http://ugspub.nr.utah.gov/publications/bulletins/B-134.pdf).

Table 7. IMW fault parameters.

	Fault name
	State
	Updated parameter
	2007 value
	2002 value
	References

	Hurricane fault zone (southern)
	Arizona
	slip rate
	0.08
	0.1
	Fenton and others, 2001)

	Sevier/Toroweap fault zone (southern)
	Arizona
	slip rate
	0.11
	0.16
	Fenton and others, 2001)

	Eastern Bear Lake fault
	Idaho
	slip rate
	0.6
	0.8
	Lund, 2004) based on McCalpin, 2003)

	Canyon Ferry fault
	Montana
	slip rate
	0.13
	0.1
	Anderson and LaForge, 2003)

	Hebgen Lake/Red Canyon fault
	Montana
	sources combined
	
	
	Lund, 2006)

	Black Hills fault
	Nevada
	slip rate
	0.41
	0.1
	Fossett, 2005)

	Monte Cristo Valley fault zone
	Nevada
	slip rate
	0.4
	0.3
	Bell and others, 1999)

	Peavine Peak fault
	Nevada
	slip rate
	0.5
	0.1
	Ramelli and others, 200)

	Warm Springs Valley fault zone
	Nevada
	slip rate
	0.5
	0.1
	dePolo, 2006)

	Calabacillas fault
	New Mexico
	source added
	0.0069
	NA1
	McCalpin and Harrison, 2000)

	East Paradise fault
	New Mexico
	source added
	0.0096
	NA1
	Personius and Mahan, 2000)

	Embudo fault
	New Mexico
	dip
	60
	90
	

	Hubbell Springs fault
	New Mexico
	slip rate
	0.089
	0.07
	Personius and Mahan, 2003)

	La Bajada fault
	New Mexico
	slip rate
	0.078
	0.07
	Wong and others, 1995)

	La Canada del Amagre fault zone
	New Mexico
	slip rate
	0.012
	0.06
	Wong and others, 1995)

	Lobato Mesa fault zone
	New Mexico
	slip rate
	0.0054
	0.05
	Wong and others, 1995)

	Pajarito fault
	New Mexico
	slip rate to recurrence rate
	5.74 E-05
	0.068
	Gardner and others, 2005)

	San Francisco fault
	New Mexico
	slip rate
	0.063
	0.07
	Wong and others, 1995)

	Soccoro Canyon fault
	New Mexico
	source added
	0.027
	NA1
	Phillips and others, 2003)

	East Cache fault zone
	Utah
	slip rate
	0.2
	0.22
	Lund, 2004) based on McCalpin, 1994)

	Great Salt Lake fault zone, Antelope section
	Utah
	slip rate
	0.6
	0.5
	Lund, 2004) based on Dinter and Pechmann, 2000)

	Great Salt Lake fault zone, Fremont Island section
	Utah
	slip rate
	0.6
	0.5
	Lund, 2004) based on Dinter and Pechmann, 2000)

	Great Salt Lake fault zone, Promontory section
	Utah
	slip rate
	0.6
	0.5
	Lund, 2004) based on Dinter and Pechmann, 2000)

	Hansel Valley fault
	Utah
	slip rate
	0.1
	0.12
	Lund, 2004) based on McCalpin, 1985)

	Hurricane fault zone (northern)
	Utah
	slip rate
	0.2
	0.1
	Lund, 2004) based on Stenner and others, 1999)

	Joes Valley fault zone
	Utah
	slip rate to recurrence rate
	1.00 E-04
	0.2
	Lund, 2004) based on Foley and others, 1986)

	Joes Valley fault zone west fault/ Joes Valley fault zone east fault
	Utah
	sources combined
	
	
	Lund, 2004)

	Morgan fault
	Utah
	slip rate
	0.02
	0.09
	Lund, 2004) based on Sullivan and others, 1988) and Sullivan and Nelson, 1992)

	Oquirrh-Southern Oquirrh Mountain fault
	Utah
	fault extended to included Southern Oquirrh Mountain fault
	
	
	Olig and others(2001)

	North Promontory fault
	Utah
	slip rate
	0.2
	0.53
	Lund, 2004) based on McCalpin and others, 1992)

	Wasatch fault, Brigham City section
	Utah
	recurrence rate
	7.69 E-04
	8.03 E-04
	Lund, 2004)

	Wasatch fault, Weber section
	Utah
	recurrence rate
	7.14 E-04
	5.60 E-04
	Lund, 2004)

	Wasatch fault, Salt Lake City section
	Utah
	recurrence rate
	7.69 E-04
	7.41 E-04
	Lund, 2004)

	Wasatch fault, Provo section
	Utah
	recurrence rate
	4.17 E-04
	4.37 E-04
	Lund, 2004)

	West Cache fault, Clarkston section
	Utah
	source added
	0.4
	NA1
	Lund, 2004) based on Black and others, 2000)

	West Cache fault, Wellsville section
	Utah
	slip rate
	0.1
	0.17
	Lund, 2004)

	West Valley fault zone
	Utah
	slip rate
	0.4
	0.45
	Lund, 2004) based on Keaton and others, 1987) and Keaton and Curry, 1989)

	Bear River fault zone
	Wyoming
	slip rate
	1.5
	2
	Lund, 2004) based on West, 1994)


Name changes:

	2007 Name
	2002 Name
	State

	Peavine Peak fault
	North Peavine Mountain fault zone
	Nevada

	East Great Salt Lake fault zone, Antelope section
	Great Salt Lake fault zone, Antelope section
	Utah

	East Great Salt Lake fault zone, Fremont Island section
	Great Salt Lake fault zone, Fremont Island section
	Utah

	East Great Salt Lake fault zone, Promontory section
	Great Salt Lake fault zone, Promontory section
	Utah


The Western States Seismic Policy Council (WSSPC) recommended that the USGS model allow for multi-segment rupture of the Wasatch fault. Therefore, in addition to a segmented model, similar to that applied in the 2002 maps, we include a floating M7.4 earthquake rupture model that assumes a 1.2 mm/yr mean slip rate for the Wasatch fault and that is weighted 0.1 in the model. This model allows for earthquakes that cross segment boundaries.

Another WSSPC recommendation was to change the generic dip for normal faults from 60° to 50°. The WSSPC group and our own studies indicate that a default dip of 50° may be more consistent with global normal faulting seismic data (focal mechanisms). Therefore, we have modified the dips of faults in the Basin and Range Province to adhere to their recommendation. This change generally increases the hazard by changing the distance from the source to the site and also increasing the fault-parallel slip rate.

Pacific Northwest Fault Sources

The Pacific Northwest fault sources are described in Appendix A. Most of these crustal sources have not been modified from the 2002 model. However, three new faults have been added for 2007: the Lake Creek – Boundary Creek fault, the Stonewall anticline, and the Kendall fault scarp of the Boundary Creek fault.

The biggest changes in the Pacific Northwest region are for the Cascadia subduction zone. For the Cascadia subduction zone (CSZ), which extends from Cape Mendocino in California to Vancouver Island in British Columbia, we include the same geometry and weighting scheme as was used in the 2002 model based on thermal constraints (Fig. 14; Flück and others, 1997). This scheme includes four possibilities for the lower (eastern) limit of seismic rupture: lower limit of rupture coincides with base of elastic zone (weight 0.1), lower limit of rupture coincides with base of transition zone (0.2), lower limit of rupture at midpoint in transition zone (0.2), and lower limit of rupture as suggested by geodetic data father to the east (0.5).

Recurrence times of great earthquakes on paleoseismic studies were modified using a summary compiled by Alan Nelson. We sum the hazard associated with two cases. First, we consider a rupture of the entire length of the CSZ having a maximum magnitude of M8.8 (weight 0.2), M9.0 (0.6), and M9.2 (0.2). The recurrence time for such an event is estimated to be 500 years. Second, we include smaller earthquakes that do not rupture the entire CSZ. The rate of these earthquakes is constrained by observations of paleo-tsunamis at Bradley Lake, Oregon, that are not associated with ruptures of the entire subduction zone (Nelson and others, 2006). They estimate the recurrence interval for such events at 500-600 years. Equal weights were applied to magnitudes at one-tenth magnitude units from 8.0 to 8.6, and the locations of the ruptures were considered to be uniformly distributed along the zone (i.e., “floated”) along the entire CSZ.  The rate of earthquakes on the Cascadia subduction zone has been constrained to have one event every 500 years at each place along the zone.

California Fault Sources (not including the Cascadia Subduction Zone)

The 1996 and 2002 California seismic hazard models are described in Petersen and others (1996) and Frankel and others (1996, 2002). For the 2007 seismic hazard maps we have updated the fault parameters by adopting new information from the Working Group on California Earthquake Probabilities (WGCEP).  The major changes to the fault parameters are outlined in Table 8. The WGCEP has modified fault locations, fault rupture parameters, and shear zones in California.

Table 8: Changes to California B-fault models

	Fault name
	Updated parameter
	2007 value
	2002 value

	Anacapa-Dume
	length
	50.9434
	74.9821

	Anacapa-Dume
	width
	21.9
	28

	Battle Creek
	width
	11.4
	11

	Big Lagoon-Bald Mtn
	width
	22.7
	23

	Birch Creek
	length
	15.498
	15.4982

	Blackwater
	length
	59.5521
	59.6672

	Blackwater
	slip rate
	0.5
	0.6

	Blackwater
	width
	12.1
	13

	Burnt Mtn
	dip
	-67
	90

	Burnt Mtn
	width
	17.3
	13

	Calico-Hidalgo
	length
	116.953
	94.8655

	Calico-Hidalgo
	slip rate
	1.8
	0.6

	Calico-Hidalgo
	width
	13.9
	13

	Casmalia (Orcutt Frontal fault)
	length
	29.073
	29.0734

	Casmalia (Orcutt Frontal fault)
	slip rate
	0.2
	0.25

	Casmalia (Orcutt Frontal fault)
	width
	10.4
	10

	Channel Island Thrust
	dip
	20
	17

	Channel Island Thrust
	length
	59.2224
	62.8181

	Channel Island Thrust
	width
	21.3
	34

	Chino-Central Ave
	length
	24.353
	28.1211

	Chino-Central Ave
	width
	14.8
	17

	Clamshell-Sawpit
	dip
	50
	45

	Clamshell-Sawpit
	length
	16.051
	16.0514

	Clamshell-Sawpit
	width
	18.3
	18

	Cleghorn
	width
	15.5
	13

	Collayomi
	length
	28.5
	28.5003

	Coronado Bank
	length
	186.458
	185.084

	Coronado Bank
	width
	8.6
	13

	Cucamonga
	dip
	-45
	45

	Cucamonga
	width
	11
	18

	Death Valley-graben
	dip
	-60
	60

	Death Valley-graben
	length
	76.0914
	54.1178

	Death Valley-northern
	length
	106.625
	109.923

	Death Valley-south
	length
	41.9275
	61.6424

	Deep Springs
	dip
	-60
	60

	Earthquake Valley
	length
	20.3692
	20.0452

	Earthquake Valley
	width
	18.8
	15

	Elmore Ranch
	width
	11.4
	12

	Eureka Peak
	length
	18.863
	18.8639

	Eureka Peak
	width
	15
	13

	Fickle Hill
	width
	22.7
	23

	Fish Slough
	dip
	-60
	60

	Gillem-Big Crack
	width
	12.7
	13

	Gravel Hills-Harper Lake
	width
	11.4
	13

	Great Valley 10
	length
	21.574
	21.5742

	Great Valley 11
	length
	24.489
	24.4894

	Great Valley 12
	length
	17.455
	17.4557

	Great Valley 13
	dip
	-15
	15

	Great Valley 13
	length
	31.5822
	30.0155

	Great Valley 13
	top of rupture
	9.1
	7

	Great Valley 13
	width
	23.6
	10

	Great Valley 14
	dip
	-22
	15

	Great Valley 14
	length
	24.0116
	23.9007

	Great Valley 14
	top of rupture
	8.1
	7

	Great Valley 14
	width
	38.4
	10

	Great Valley 2
	length
	21.895
	21.8955

	Great Valley 3
	dip
	20
	15

	Great Valley 3
	length
	51.4414
	54.765

	Great Valley 3
	slip rate
	1.2
	1.5

	Great Valley 3
	top of rupture
	9
	7

	Great Valley 3
	width
	14.6
	10

	Great Valley 5
	dip
	90
	15

	Great Valley 5
	length
	31.9238
	28.0071

	Great Valley 5
	slip rate
	1
	1.5

	Great Valley 5
	top of rupture
	10
	7

	Hat Creek-McArthur-Mayfield
	dip
	-60
	60

	Hat Creek-McArthur-Mayfield
	width
	11.1
	11

	Helendale-S. Lockhart
	length
	114.092
	97.3931

	Helendale-S. Lockhart
	width
	12.8
	13

	Hollywood
	length
	16.8402
	17.0552

	Hollywood
	width
	18.4
	14

	Holser
	dip
	58
	65

	Holser
	width
	21.9
	14

	Hosgri
	dip
	-80
	90

	Hosgri
	length
	171.353
	169.435

	Hosgri
	width
	6.9
	12

	Hunter Mtn-Saline Vlly
	width
	12.4
	13

	Hunting Creek-Berryessa
	length
	59.7003
	59.6509

	Independence
	dip
	64
	60

	Independence
	length
	54.0241
	48.6879

	Independence
	width
	16.2
	15

	Johnson Valley N
	width
	15.9
	13

	Landers
	length
	94.5869
	83.2194

	Landers
	width
	15.1
	13

	Lenwood-Lockhart-Old Woman Springs
	length
	145.257
	144.569

	Lenwood-Lockhart-Old Woman Springs
	slip rate
	0.9
	0.6

	Lenwood-Lockhart-Old Woman Springs
	width
	13.2
	13

	Lions Head
	width
	10.4
	10

	Little Lake
	length
	39.7324
	41.6858

	Los Osos
	width
	14.1
	14

	Maacama-Garberville
	length
	221.086
	221.12

	Mad River
	width
	22.7
	23

	Malibu Coast
	dip
	74
	75

	Malibu Coast
	length
	37.8102
	36.985

	Malibu Coast
	width
	17.3
	13

	McKinleyville
	width
	22.7
	23

	Mission Ridge-Arroyo Parida-Santa Ana
	dip
	70
	60

	Mission Ridge-Arroyo Parida-Santa Ana
	width
	8.1
	15

	Newport-Inglewood
	width
	15.1
	13

	Newport-Inglewood offshore
	width
	10.2
	13

	North Channel Slope
	dip
	-26
	26

	North Channel Slope
	length
	50.6891
	67.8876

	North Channel Slope
	slip rate
	1
	2

	North Channel Slope
	top of rupture
	1.1
	10

	North Channel Slope
	width
	7.8
	23

	North Frontal fault zone-eastern
	dip
	41
	45

	North Frontal fault zone-eastern
	width
	25.3
	18

	North Frontal fault zone-western
	dip
	49
	45

	North Frontal fault zone-western
	length
	50.1888
	50.4458

	North Frontal fault zone-western
	width
	20.8
	18

	Northridge
	dip
	35
	42

	Northridge
	length
	33.3677
	30.5693

	Northridge
	top of rupture
	7.4
	5

	Northridge
	width
	16.4
	22

	Oakridge Mid Channel Montalvo-Oak
	dip
	16
	28

	Oakridge Mid Channel Montalvo-Oak
	length
	30.2551
	36.5286

	Oakridge Mid Channel Montalvo-Oak
	slip rate
	3
	1

	Oakridge Mid Channel Montalvo-Oak
	top of rupture
	0.4
	5

	Oakridge Mid Channel Montalvo-Oak
	width
	44.6
	11

	Ortigalita
	length
	70.1817
	70.1823

	Owens Valley
	length
	85.7694
	121.036

	Owens Valley
	width
	13.5
	13

	Owl Lake
	length
	25.213
	25.2132

	Palos Verdes
	length
	99.1943
	106.551

	Palos Verdes
	width
	13.6
	13

	Pinto Mtn
	width
	15.5
	13

	Pisgah-Bullion Mtn-Mesqite Lk
	slip rate
	0.8
	0.6

	Pisgah-Bullion Mtn-Mesqite Lk
	width
	13.1
	13

	Pleito Thrust
	dip
	-46
	45

	Pleito Thrust
	width
	18.9
	16

	Point Reyes
	width
	11.7
	12

	Puente Hills blind thrust
	width
	18.9
	19

	Quien Sabe
	length
	22.859
	22.8597

	Raymond
	dip
	-79
	75

	Raymond
	width
	15.9
	13

	Red Mountain
	dip
	56
	60

	Red Mountain
	length
	100.6
	38.9597

	Red Mountain
	width
	17
	15

	Rinconada
	length
	190.925
	190.001

	Robinson Creek
	length
	16.689
	16.6896

	Rose Canyon
	width
	7.7
	13

	S Emerson-Copper Mtn
	width
	14.1
	13

	S. Sierra Nevada
	length
	112.53
	76.4206

	S. Sierra Nevada
	width
	15.7
	15

	San Cayetano
	dip
	-42
	60

	San Cayetano
	width
	23.9
	15

	San Gabriel
	dip
	-61
	90

	San Gabriel
	length
	71.3775
	71.7073

	San Gabriel
	width
	16.8
	13

	San Joaquin Hills Thrust
	dip
	-23
	23

	San Joaquin Hills Thrust
	width
	26.6
	15

	San Jose
	dip
	74
	75

	San Jose
	width
	16.4
	13

	San Luis Range -s. margin
	width
	14.1
	14

	Santa Cruz Island
	length
	69.157
	50.3516

	Santa Cruz Island
	width
	13.3
	13

	Santa Monica
	dip
	-50
	75

	Santa Monica
	length
	27.9943
	28.2201

	Santa Monica
	width
	15.1
	13

	Santa Rosa Island
	length
	57.5779
	57.3326

	Santa Rosa Island
	width
	8.7
	13

	Santa Susana
	dip
	-53
	55

	Santa Susana
	length
	43.2495
	27.2033

	Santa Susana
	width
	13.3
	16

	Santa Ynez-east segment
	dip
	-70
	80

	Santa Ynez-east segment
	length
	68.4112
	67.9067

	Santa Ynez-east segment
	width
	14.2
	13

	Santa Ynez-west segment
	dip
	-70
	80

	Santa Ynez-west segment
	length
	58.3633
	64.4602

	Santa Ynez-west segment
	width
	9.8
	13

	Sierra Madre
	dip
	53
	45

	Sierra Madre
	width
	17.8
	18

	Sierra Madre-San Fernando
	width
	18.4
	18

	Simi-Santa Rosa
	dip
	-60
	60

	Simi-Santa Rosa
	length
	39.1787
	40.1592

	Simi-Santa Rosa
	width
	12.8
	15

	Surprise Valley
	width
	11.1
	11

	Table Bluff
	length
	48.8765
	49.0529

	Table Bluff
	width
	18.4
	18

	Tank Canyon
	dip
	-53
	60

	Tank Canyon
	length
	15.991
	15.9918

	Tank Canyon
	width
	10.4
	15

	Trinidad
	width
	22.7
	23

	Upper Elysian Park
	width
	15.7
	13

	Ventura-Pitas Point
	dip
	64
	75

	Ventura-Pitas Point
	length
	43.8086
	40.3241

	Ventura-Pitas Point
	width
	15.6
	13

	Verdugo
	dip
	55
	45

	Verdugo
	width
	17.7
	18

	White Wolf
	dip
	75
	60

	White Wolf
	length
	63.4088
	66.8867

	White Wolf
	width
	15.1
	21


We incorporate two classes of fault sources (A and B) into the seismic hazard maps for the western U.S. The class A faults are well-known faults that are defined using published information on fault geometry, earthquake sequences, slip rates, and dates of previous earthquakes. Typically, these faults are part of the San Andreas fault system or the Cascadia subduction zone. These A-faults are modeled using characteristic (segmented) earthquakes that occur as single segment ruptures, multi-segment ruptures, or are modeled using earthquakes of a given magnitude that are shifted uniformly along the fault, the “floating earthquake model” or “unsegmented model”. Class B-faults are characterized by published information on slip rates and fault geometry. Coastal California fault sources are modeled assuming a 2/3 weight for characteristic earthquakes and a 1/3 weight for a truncated Gutenberg-Richter model from 6.0 to the maximum magnitude. California fault sources located in the Basin and Range or extensional region of eastern part of the state are modeled using equal weighting between the two magnitude-frequency distributions, to be consistent with the rest of the Intermountain West region.

The Working Group on California Earthquake Probabilities (WGCEP) has revised many of the A-faults included in this model. Fault traces, dips, and rupture depth for most faults in southern California are based on the 1996 and 2002 models, updated using the “Community Fault Model” developed by the Southern California Earthquake Center. The WGCEP has also defined new sections (rupture models) on the southern San Andreas, San Jacinto, and Elsinore faults. Geologists have analyzed paleoseismic data to model a more detailed magnitude-frequency distribution along these faults. Deformation models derived from geology and geodetic data have been developed for southern California and are the basis for defining alternative fault models that allow for different interpretations of the slip-rate along southern California A-faults. Two different types of models were developed for California: 1) a moment balanced model that honors the slip rates, 2) a event rate model that honors the paleoseismic data. For each of these models the magnitudes were calculated using the Ellsworth- B and Hanks and Bakun magnitude-area equations. The four resulting models for using different data and magnitude-area relations are each weighted equally, 25% for each.

Other significant fault changes are in the B-faults located in the Santa Barbara Channel, Lake Tahoe region, and along the southern Great Valley. In addition, a few of the B-faults in southern California have been modified to allow larger multi-fault ruptures. The source model from the WGCEP is available on the website: http://www.wgcep.org/. We have adopted all of the WGCEP models for California faults except for the creeping section of the San Andreas fault, where we retain the 2002 source model (about 61 year recurrence of M6.2 earthquakes on this segment).

One of the major changes to the source model for California is that the moment rate on A and B class faults have been reduced by 10% to account for aseismic slip or aftershock slip that does not rupture in independent large earthquakes. This reduction reduces the rate of earthquakes in California and with other modifications in the background seismicity and fault models (in preliminary calculations) brings the California model rate of earthquakes within about 50 percent of the historical rate of earthquakes (Petersen and others, 2000; Frankel and others, 2002).

Depth To The Top Of Rupture (Ztor) For WUS faults

Several of the attenuation relations include terms that produce sensitivity to depth to top of rupture, or Ztor. This sensitivity is in addition to that which arises from geometric spreading. All Quaternary faults in the hazard model have specified depth to top of fault rupture. Most of these have tops at the Earth surface, and this (large) subset is the one we discuss now. In the past, all ruptures were modeled to fill the rupture width. Now, however, we attempt to produce a reasonable distribution of depths to top of rupture in our hazard model. For the 2007 model we define the distribution as follows. All characteristic ruptures continue to rupture over the entire fault width. Gutenberg Richter ruptures, however, have a downdip distribution of Ztor as shown in Table 9.

Table 9. Depth to top of rupture.

	Magnitude Range
	Pr [ztor=0]
	Pr [ztor=2 km]
	Pr [ztor=4 km]

	6.5≤M≤6.75
	0.333
	0.333
	0.333

	6.75<M≤7.0
	0.5
	0.5
	0

	7.0 < M
	1.0
	0
	0


Currently, the GR distribution has a lower M limit of 6.5. All fault sources with M≤6.5, because they are characteristic, rupture the entire fault width, as do all sources, characteristic or GR, with M>7.0. Thus our implementation of downdip rupture tops on Quaternary faults is confined to the GR part of the model, with magnitude range 6.5 to 7.0. 

For gridded hazard, that is, for sources for which no faults are identified, all rupture tops are currently fixed at 5.0 km depth. All such sources will therefore be affected by non-surface-rupturing terms in the ground-motion prediction models. We could consider variable depth or ztor for the gridded hazard from crustal sources.

Campbell and Bozorgnia (2006) suggested using the surface rupture versus magnitude probabilities proposed by Wells and Coppersmith (1993). Figure 15 shows this distribution and shows an approximate graph of the expected distribution of ztor for fault sources with Mchar in the 6.5 to 7.0 range in our current implementation. This graph is approximate because there are complications associated with the epistemic and aleatory range of magnitudes associated with any given Mchar. However, Figure 15 illustrates several features of the current model. 

(1) For lower magnitudes, the probability of non-surface rupturing is greater than for higher magnitudes. 

(2) The probability of surface rupture increases as the weight applied to Gutenberg-Richter distribution decreases. 

(3) There are two magnitudes, at M6.75 and M7.0, where the probability of surface rupture jumps. 

The relative positions of the colored curves compared to the Wells and Coppersmith distribution will vary depending on exactly what the value of Mchar is and other details. 

The above discussion pertained to faults that crop out on the Earth surface. The growing inventory of blind thrusts (e.g., those of the Great Valley, San Fernando Valley, and elsewhere in California) in the Quaternary fault data base may need to be included when comparing our model with the W&C distribution (1993) or other proposed distributions of depth of surface rupture.

One feature of the Wells and Coppersmith distribution that is not in our current WUS fault model is the significant probability (>10%) of non-surface rupturing M>7 earthquakes on faults that crop out at the Earth surface.  Whether such events should be included in the seismic hazard model is a topic of current debate.

Ground Motion Relations

Crustal Fault Sources

The seismic hazard is calculated using ground motion prediction equations (empirical attenuation relations) that relate the peak ground acceleration or spectral acceleration to the distance between the source and site, characteristics of the earthquake rupture, and soil conditions at the site. Researchers sponsored by the Pacific Earthquake Engineering Research Center (PEER) and involved in the Next Generation Attenuation Relation project (NGA) developed a global strong motion database containing strong motion records from 173 earthquakes (Fig. 16). These data were used to revise crustal ground motion prediction equations between 2002 and 2006. The goals of the each of the NGA modelers was to apply their own selection criteria to the database but justifying why data was discarded and documenting why different choices were made in developing the models. In addition, the modelers used 1-d simulations of rock ground motions, 1-d simulations of shallow site response, and 3-d simulations of basin response to constrain their models. 

The current attenuation relations used in this current update of the hazard maps were posted on the PEER website on January 19, 2007. We held a workshop on NGA equations that gave the external community an opportunity to comment on the equations (October, 2005) and we convened an expert panel on strong ground motion models to provide advise on how to implement the NGA equations in the national maps (September, 2006). This panel recommended that we include three NGA attenuation models for calculating ground motions from crustal western U.S. earthquake sources: Boore and Atkinson (2006), Campbell and Bozorgnia (2006), and Chiou and Youngs (2006). Figure 17 shows a plot comparing the revised Chiou and Youngs equation with the older Sadigh et al. equation. The new ground motions are saturated for large magnitudes and are lower than the older values for all magnitudes at source-receiver distances between 10 and 50 km. We assign equal weights to each of the three NGA equations based on recommendations from the expert panel on ground motions.

We produce maps using a reference site condition that is specified to be the boundary between NEHRP classes B and C, with an average shear-wave velocity in the upper 30-m of the crust of 760 m/s. The new NGA equations allow for direct calculations of ground motions for this shear wave velocity. In previous versions of most of the attenuation equations, combinations of rock and soil were used to account for this soil velocity in the USGS maps. The difference between the rock and soil attenuation relations and the new NGA soil factors accounts for part of the reduction in a few of the new NGA equations compared to the older equations. Participants in the ATC/USGS workshop indicated that the USGS should continue to develop maps for this 760 m/s shear wave velocity soil condition.

For the 2007 update, we considered including directivity in the ground motions for 1 s and longer periods. However, work by J. Watson-Lamprey indicated that the data residuals with respect to directivity in the new NGA equations were not significant. At the user Needs workshop (Applied Technology Council ) we discussed increasing the aleatory uncertainty by 10 percent with a distance dependence to account for directivity in the maps. This increase in sigma is consistent with the NGA dataset. However, for this version of the national seismic hazard map we have not decided whether or not to include directivity. 

The NGA review panel also suggested that the national maps should incorporate additional epistemic uncertainty because large magnitude earthquakes at short distances are not adequately represented in the current NGA database. This was also discussed at the Applied Technology Council user workshop and the California regional workshop. We developed a M,R-dependent ground-motion uncertainty based on number of earthquakes in M,R bins in the NGA data base. The ground-motion uncertainty is assumed to be 50 percent for M>7 and R<10 km. This is an additive factor of 0.4 in log-space (90% confidence limits). The factors for other bins are 0.4*√(n/N) where N is the number of earthquakes recorded in another bin, and n is the number in the M≥7, R<10km bin. The other bins had uncertainties ranging from 10 percent to 50 percent. Following NGA modelers, we partitioned the source space into 9 bins, 3 in distance and 3 in magnitude. Table 10 shows the number of earthquakes in each bin that two NGA modeling groups used for their ground-prediction estimation effort, and the resulting uncertainty using the square-root rule. Finally, we averaged the two estimates (final column of Table 10) and used this average value for the additional epistemic ground-motion uncertainty part of the hazard model. This uncertainty was applied symmetrically, i.e., gnd + dgnd models were weighed equally with gnd – dgnd models, where gnd stands for the logarithm of median spectral acceleration or PGA for a given ground-motion prediction model. The unmodified gnd model is given 0.63 weight, and the gnd ±dgnd models are given 0.185 weight when the hazard curves from these three branches are added. The same dgnd terms are applied to all three NGA relations, Boore and Atkinson (B&A), Campbell and Bozorgnia (C&B), and Chiou and Youngs (C&Y), that are used with all WUS crustal sources in the hazard model.

Table 10. Number of earthquakes (N) in each bin for the Chiou and Youngs (C&Y) and Campbell and Bozorgnia (C&B) attenuation relations.

	M and Rrup range
	Neq (C&Y)
	C&Y dgnd term
	Neq (C&B)
	C&B dgnd term
	Average dgnd term

	5≤M<6,Rrup<10
	24
	0.22
	4
	0.53
	±0.375

	5≤M<6,10≤Rrup<30
	50
	0.15
	15
	0.27
	0.21

	5≤M<6, Rrup≥30
	26
	0.21
	14
	0.28
	0.245

	6≤M<7,Rrup<10
	24
	0.22
	19
	0.24
	0.23

	6≤M<7,10≤Rrup<30
	26
	0.21
	20
	0.25
	0.225

	6≤M<7, Rrup≥30
	23
	0.21
	18
	0.25
	0.23

	M≥7, Rrup<10
	7
	0.40
	7
	0.40
	0.40

	M≥7,10≤Rrup<30
	8
	0.37
	9
	0.35
	0.36

	M≥7, Rrup≥30
	10
	0.33
	13
	0.29
	0.31


Subduction Zone Attenuation Relations

Ground motions for great Cascadia earthquakes were determined from: Youngs and others, 1997, Atkinson and Boore (2003; global model), and a new equation published by Zhao et al. (2006).  The new weights are: Youngs and others (0.25 wt), Atkinson and Boore (0.25), and Zhao et al. (0.5 wt) which replaces the Sadigh et al. equation used in the 2002 maps.

Intermediate Depth Attenuation Relations

To calculate ground motions for intermediate depth earthquakes (depth >40 km), we incorporated two attenuation relations. We used the attenuation relation by Geomatrix (1993) with modification for depth dependence that was incorporated in the 1996 and 2002 maps. In addition we included the Boore and Atkinson (2000) equations for intraslab earthquakes. Deep events were assumed to occur at 40 km depth for the ground motion calculations.

Results

Draft seismic hazard maps are shown in Figures 18-25 for 0.2 s and 1.0 s SA for the central and eastern US and western US. and. We have prepared several other map comparisons that can be found at the website:  

· http://eqweb-menlo.wr.usgs.gov/research/hazmaps/whats_new/workshops/externalReview/index.php.

CEUS Maps

Figures 18 and 19 show the draft 2007 CEUS seismic hazard maps for 0.2 s and 1.0 s SA, respectively, for a hazard level of 2% probability of exceedance in 50 years and firm rock site condition. Figures 20 and 21 show the respective ratios between the draft 2007 and 2002 maps. The CEUS hazard is typically ~10% lower along the eastern seaboard than the 2002 hazard. The decreased hazard in much of the CEUS is caused by the new attenuation relations that indicate faster decay of ground shaking with distance for earthquakes with magnitudes less than 7.0. Hazard values for the 2007 maps are generally high over the New Madrid and Charleston seismic zones, greater than 1.5 g at 0.2 s SA and about 0.6 g at 1.0 s SA. The seismic hazard is moderately high in the northeastern U.S., eastern Tennessee region, and near the Meers fault in Oklahoma. The new clustering model for New Madrid earthquakes causes the probabilistic ground motions to increase about 10-20% perpendicular to the fault zone. Most of the local “bullseye” increases in hazard (especially noticeable in Fig. 21) are caused by earthquakes that have occurred or have been promoted in magnitude since 2002.

WUS Maps

Figures 22 and 23 show the draft 2007 WUS (and westernmost CEUS) seismic hazard maps for 0.2 s and 1.0 s SA, respectively, for a hazard level of 2% probability of exceedance in 50 years and firm rock site condition. Figures 24 and 25 show the respective ratios between the draft 2007 and 2002 maps. Areas of high hazard include the San Andreas fault system (CA), Walker Lane (NV), Cascadia and Puget Sound regions (WA and OR), and the Intermountain West seismic belt (UT, WY, MT, ID). Most of the changes in the maps are due to new attenuation relations (saturation of ground shaking from large earthquakes, hanging wall terms, depth to the top of rupture terms, etc.), and new magnitude-frequency distribution models for the San Andreas and Wasatch faults, and the Cascadia subduction zone. 

Changes in the 2007 maps for 0.2 s SA are generally about ±10-20% compared to 2002 for a hazard level of 2% probability of exceedance in 50 years. Local larger differences are generally due to differences in the smoothed (gridded) seismicity model. A change in the way earthquake magnitudes are calculated (to the nearest hundredth in 2007) results in changes of ~15% in mean recurrence rates of characteristic earthquakes and ~10% probabilistic ground motions (2% in 50) near some faults. For example, on the Battle Creek fault in north-central California, the 2007 characteristic M is 6.54, versus 6.5 in 2002. This M increase of 0.04 units translates to an annual event-rate decrease from 7.59∙10-4 to 6.54∙10-4 or less (depending on M(A) formula used), or at least 14%. This methodology change was also applied to many other WUS faults, resulting in similar perturbations of event-rate estimates on many of them. For some faults, M is constrained by historical data, e.g., Hebgen Lake fault, MT and would not be affected by the modification in methodology. 

The seismic hazard maps for 2% probability of exceedance in 50 years for the WUS are generally ~20-30% lower for 1.0 s SA throughout the Basin and Range and coastal California, mostly due to the new NGA relations. Ground motions in the Pacific NW have increased ~30% compared to 2002 due to the new Cascadia magnitude-frequency distribution and from updating the attenuation relations. These changes are significant for engineering design and have been discussed at several regional workshops.

Figure 26 shows the 1996 WUS seismic hazard maps and the post-1996 seismicity. This figure indicates that the earthquakes have tended to occur in regions of high seismic hazard. Future testing of these maps will allow further improvements to the seismic source models and maps. 

Known Issues (05Jun07)

· Three prominent sequences of small seismic events have occurred east of Paonia, Colorado (2001-2005, largest event mb 3.6); west of Raton, New Mexico (2001-2006, largest event mb 5.0); and northwest of Carlsbad, New Mexico (1999-2006, largest event mb 4.1). Events in these sequences are spaced widely enough in time that many of them survive the declustering process, and they significantly increase the local hazard in the new maps. (For comparison, only the largest event of the month-long 2001 Trinidad, Colorado, swarm survived the declustering algorithm.) We are evaluating whether these events are man-made or natural earthquakes, and whether they should be treated as special cases in the hazard model.

· In developing the hazard model for California, some modeling decisions have been constrained by the goal of matching the modeled and historical rates of seismicity. Seismicity rates from the current hazard model also exceed the historical rates in some other parts of the western US. We are evaluating possible changes in the model that might help to reduce some of these rate differences.

· We may want to constrain a small percentage of M7+ earthquakes on daylighting faults to have subsurface top-of-rupture. There is little guidance for doing this in the literature, especially for compressional or tranpressional tectonic regions.

· Mmax alternatives in the CEUS have preferred values concentrated at M7.5 for the extended margin and 7.0 for the stable craton. A more uniform (rather than triangular) distribution has been suggested by members of the advisory panel, as well as an eastern shift in the boundary between these regions (that is, should the extended margin include regions of Cambrian rifting?).

· Published ground-motion predictions for Cascadia subduction sources are very diverse. Adding the Gregor etal (2006) and Kanno etal (2006) relations has been suggested, but we give them zero weight in the current model based on their high predicted ground motions at intermediate-to-long periods and the lack of corroborating high ground motions from the megathrust database. We are continuing to evaluate the weighting of Cascadia ground motions.
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APPENDIX A. Western United States fault parameters.

	Fault name
	Slip rate (mm/yr)
	Dip (°)
	Width (km)
	Rupture top (km)
	Length (km)
	Characteristic magnitude
	Characteristic rate
	Scenario weight
	10a value
	b-value

	Arizona
	
	
	
	
	
	
	
	
	
	

	Algodones fault zone
	0.15
	50
	20
	0
	19
	6.57
	2.74E-04
	1
	1.719
	0.8

	Aubrey fault zone
	0.018
	50
	20
	0
	65
	7.18
	1.35E-05
	1
	0.313
	0.8

	Big Chino fault
	0.083
	50
	20
	0
	49
	7.04
	7.59E-05
	1
	0.910
	0.8

	Dutchman Draw fault
	0.075
	50
	20
	0
	16
	6.49
	1.55E-04
	1
	
	

	Hurricane fault zone (central)
	0.2
	50
	20
	0
	108
	7.44
	1.02E-04
	1
	1.347
	0.8

	Hurricane fault zone (southern)
	0.081
	50
	20
	0
	100
	7.40
	4.39E-05
	1
	0.938
	0.8

	Sevier/Toroweap fault zone (southern)
	0.11
	50
	20
	0
	171
	7.51
	
	1
	1.260
	0.8

	Colorado
	
	
	
	
	
	
	
	
	
	

	Northern Sangre de Cristo fault
	0.18
	50
	20
	0
	185
	7.51
	
	1
	1.510
	0.8

	Southern Sawatch fault
	0.062
	50
	20
	0
	45
	6.99
	6.19E-05
	1
	0.943
	0.8

	Idaho
	
	
	
	
	
	
	
	
	
	

	Beaverhead fault
	0.12
	50
	20
	0
	134
	7.01
	
	1
	1.704
	0.8

	Big Flat-Jakes Creek fault
	0.04
	50
	20
	0
	31
	6.81
	5.13E-05
	1
	0.660
	0.8

	Cuddy Mountain-Lick Creek fault
	0.05
	50
	20
	0
	30
	6.79
	6.67E-05
	1
	1.053
	0.8

	Eastern Bear Lake fault
	0.6
	50
	20
	0
	81
	7.29
	3.85E-04
	1
	1.762
	0.8

	Lemhi fault
	0.22
	50
	20
	0
	147
	7.01
	
	1
	2.007
	0.8

	Lost River fault
	0.15
	50
	20
	0
	141
	7.01
	
	1
	1.891
	0.8

	Rush Peak fault
	0.05
	50
	20
	0
	29
	6.78
	6.69E-05
	1
	1.044
	0.8

	Squaw Creek fault
	0.1
	50
	20
	0
	48
	7.03
	9.43E-05
	1
	0.993
	0.8

	Montana
	
	
	
	
	
	
	
	
	
	

	Blacktail fault
	0.03
	50
	20
	0
	40
	6.94
	3.17E-05
	1
	0.597
	0.8

	Canyon Ferry fault
	0.13
	50
	20
	0
	39
	6.92
	1.43E-04
	1
	1.229
	0.8

	Centennial fault
	0.9
	50
	20
	0
	64
	7.17
	6.90E-04
	1
	2.011
	0.8

	Emigrant fault
	0.25
	50
	20
	0
	57
	7.12
	2.03E-04
	1
	1.424
	0.8

	Georgia Gulch fault
	0.031
	50
	20
	0
	14
	6.42
	7.14E-05
	1
	
	

	Hebgen-Red Canyon fault
	0.5
	50
	20
	0
	25
	7.31
	4.99E-05
	1
	1.175
	0.8

	Helena Valley fault
	0.01
	50
	20
	0
	20
	6.60
	1.75E-05
	1
	0.558
	0.8

	Jocko fault
	0.08
	50
	20
	0
	16
	6.47
	1.72E-04
	1
	
	

	Madison fault
	0.4
	50
	20
	0
	111
	7.45
	2.02E-04
	1
	1.654
	0.8

	Mission fault
	0.32
	50
	20
	0
	92
	7.36
	1.84E-04
	1
	1.518
	0.8

	Red Rock fault
	0.5
	50
	20
	0
	27
	6.73
	7.29E-04
	1
	2.024
	0.8

	Red Rock Hills fault
	0.17
	50
	20
	0
	11
	6.27
	4.90E-04
	1
	
	

	Sweetwater fault
	0.04
	50
	20
	0
	13
	6.38
	9.64E-05
	1
	
	

	Thompson Valley fault
	0.08
	50
	20
	0
	10
	6.22
	2.45E-04
	1
	
	

	Nevada
	
	
	
	
	
	
	
	
	
	

	Antelope Range-Kingsley Mountains fault zone
	0.01
	50
	20
	0
	71
	7.23
	6.90E-06
	1
	-0.049
	0.8

	Antelope Valley
	0.8
	50
	20
	0
	41
	6.95
	8.46E-04
	1
	2.034
	0.8

	Bare Mountain fault
	0.008
	50
	20
	0
	19
	6.57
	1.47E-05
	1
	0.448
	0.8

	Battle Mountain fault
	0.1
	50
	20
	0
	26
	6.72
	1.47E-04
	1
	1.318
	0.8

	Benton Spring fault, southern section
	0.26
	90
	15
	0
	85
	7.32
	9.33E-05
	1
	1.179
	0.8

	Beowawe fault
	0.1
	50
	20
	0
	48
	7.03
	9.37E-05
	1
	0.990
	0.8

	Bettles Well-Petrified Springs fault
	0.1
	90
	15
	0
	71
	7.23
	4.07E-05
	1
	0.722
	0.8

	Black Hills fault
	0.41
	50
	20
	0
	9
	6.18
	1.32E-03
	1
	
	

	Black Rock fault zone
	0.19
	50
	20
	0
	80
	7.29
	1.20E-04
	1
	1.258
	0.8

	Bloody Run Hills fault
	0.01
	50
	20
	0
	27
	6.74
	1.44E-05
	1
	0.331
	0.8

	Bonham Ranch fault zone
	0.2
	50
	20
	0
	56
	7.11
	1.66E-04
	1
	1.326
	0.8

	Buena Vista Valley fault zone
	0.1
	50
	20
	0
	92
	7.36
	5.71E-05
	1
	1.009
	0.8

	Buffalo Creek fault zone
	0.1
	50
	20
	0
	28
	6.77
	1.36E-04
	1
	1.340
	0.8

	Buffalo Mountain fault
	0.1
	50
	20
	0
	18
	6.54
	1.91E-04
	1
	1.528
	0.8

	Buffalo Valley fault zone
	0.1
	50
	20
	0
	41
	6.95
	1.05E-04
	1
	1.128
	0.8

	Butte Mountains fault zone
	0.01
	50
	20
	0
	61
	7.15
	7.90E-06
	1
	0.048
	0.8

	California Wash fault
	0.28
	50
	20
	0
	35
	6.87
	3.32E-04
	1
	1.538
	0.8

	Carico Lake Valley fault zone
	0.1
	50
	20
	0
	42
	6.96
	1.04E-04
	1
	1.134
	0.8

	Carson City fault
	0.1
	50
	20
	0
	16
	6.48
	2.11E-04
	0.25
	
	

	Carson Range fault
	2
	50
	20
	0
	53
	7.08
	1.75E-03
	0.25
	2.315
	0.8

	Carson Range-Kings Canyon faults
	2
	50
	20
	0
	71
	7.23
	1.38E-03
	0.75
	2.252
	0.8

	Clan Alpine fault zone
	0.15
	50
	20
	0
	35
	6.87
	1.78E-04
	1
	1.269
	0.8

	Coaldale fault 1
	0.1
	90
	15
	0
	65
	7.19
	4.30E-05
	1
	0.828
	0.8

	Coaldale fault 2
	0.1
	90
	15
	0
	17
	6.51
	1.18E-04
	1
	1.285
	0.8

	Cortez Mountain fault zone
	0.1
	50
	20
	0
	67
	7.20
	7.23E-05
	1
	1.064
	0.8

	Coyote Spring fault
	0.01
	50
	20
	0
	15
	6.45
	2.19E-05
	1
	
	

	Crescent Dunes fault
	0.01
	50
	20
	0
	45
	7.00
	9.75E-06
	1
	0.151
	0.8

	Desatoya Mountains fault zone
	0.1
	50
	20
	0
	47
	7.02
	9.57E-05
	1
	0.988
	0.8

	Diamond Mountains fault
	0.1
	50
	20
	0
	85
	7.32
	6.11E-05
	1
	0.996
	0.8

	Diamond Valley fault
	0.1
	50
	20
	0
	23
	6.67
	1.58E-04
	1
	1.293
	0.8

	Dixie Valley fault zone
	0.3
	50
	20
	0
	119
	7.01
	7.73E-04
	1
	2.050
	0.8

	Dry Lake fault
	0.008
	50
	20
	0
	49
	7.04
	7.34E-06
	1
	-0.105
	0.8

	Dry Valley-Smoke Creek Ranch fault zone
	0.1
	50
	20
	0
	50
	7.05
	9.12E-05
	1
	1.001
	0.8

	Duck Flat fault
	0.1
	50
	20
	0
	16
	6.49
	2.05E-04
	1
	
	

	Dunn Glenn fault
	0.1
	50
	20
	0
	16
	6.48
	2.10E-04
	1
	
	

	Eastern Bilk Creek Mountains fault zone
	0.01
	50
	20
	0
	30
	6.80
	1.31E-05
	1
	0.055
	0.8

	Eastern Edwards Creek Valley fault zone
	0.1
	50
	20
	0
	39
	6.92
	1.10E-04
	1
	1.114
	0.8

	Eastern Granite Range fault
	0.1
	50
	20
	0
	34
	6.85
	1.22E-04
	1
	1.081
	0.8

	Eastern Independence Valley fault zone
	0.1
	50
	20
	0
	46
	7.01
	9.57E-05
	1
	0.977
	0.8

	Eastern Monitor Range fault zone
	0.1
	50
	20
	0
	105
	7.43
	5.16E-05
	1
	1.039
	0.8

	Eastern Osgood Mountains fault zone
	0.01
	50
	20
	0
	33
	6.84
	1.24E-05
	1
	0.077
	0.8

	Eastern Osgood Mountains piedmont fault
	0.01
	50
	20
	0
	30
	6.79
	1.33E-05
	1
	0.354
	0.8

	Eastern Pine Forest Range fault zone
	0.1
	50
	20
	0
	10
	6.25
	2.94E-04
	1
	
	

	Eastern Pyramid Lake fault
	0.1
	50
	20
	0
	44
	6.99
	9.85E-05
	1
	1.144
	0.8

	Eastern Tuscarora Mountains fault zone
	0.01
	50
	20
	0
	52
	7.07
	8.81E-06
	1
	0.008
	0.8

	Edna Mountain fault
	0.1
	50
	20
	0
	35
	6.88
	1.15E-04
	1
	1.091
	0.8

	Eglington fault
	0.1
	50
	20
	0
	11
	6.29
	7.14E-052
	0.5
	
	

	Emigrant Peak fault zone
	0.76
	50
	20
	0
	29
	6.78
	1.03E-03
	1
	2.233
	0.8

	Eugene Mountains fault
	0.1
	50
	20
	0
	10
	6.24
	3.00E-04
	1
	
	

	Fairview fault zone
	0.1
	50
	20
	0
	34
	7.21
	3.70E-05
	1
	0.773
	0.8

	faults in Excelsior Mountains
	0.1
	90
	15
	0
	27
	6.74
	8.33E-05
	1
	1.093
	0.8

	Fox Range fault zone
	0.1
	50
	20
	0
	35
	6.86
	1.21E-04
	1
	1.089
	0.8

	Freds Mountain fault
	0.1
	50
	20
	0
	29
	6.78
	1.36E-04
	1
	1.352
	0.8

	Frenchman Mountain fault
	0.015
	50
	20
	0
	20
	6.59
	2.66E-05
	1
	0.728
	0.8

	Golden Gate fault
	0.01
	50
	20
	0
	36
	6.89
	1.14E-05
	1
	0.096
	0.8

	Granite Springs Valley fault zone
	0.2
	50
	20
	0
	49
	7.05
	1.80E-04
	1
	1.296
	0.8

	Grass Valley fault zone
	0.1
	50
	20
	0
	54
	7.09
	8.56E-05
	1
	1.017
	0.8

	Hiko fault zone
	0.01
	50
	20
	0
	15
	6.46
	2.15E-05
	1
	
	

	Hoppin Peaks fault zone
	0.1
	50
	20
	0
	103
	7.41
	5.40E-05
	1
	1.038
	0.8

	Hot Springs fault zone
	0.1
	50
	20
	0
	24
	6.68
	1.58E-04
	1
	1.303
	0.8

	Huntoon Valley fault system
	0.1
	90
	15
	0
	38
	6.92
	6.40E-05
	1
	0.880
	0.8

	Independence Valley fault zone
	0.1
	50
	20
	0
	66
	7.19
	7.40E-05
	1
	1.063
	0.8

	Indian Head fault
	0.1
	90
	15
	0
	15
	6.45
	1.29E-04
	1
	
	

	Indian Hills fault
	0.1
	50
	20
	0
	8
	6.13
	3.53E-04
	0.25
	
	

	Ione Valley fault
	0.1
	50
	20
	0
	79
	7.28
	6.50E-05
	1
	0.979
	0.8

	Jackson Mountains fault zone
	0.1
	50
	20
	0
	75
	7.25
	6.80E-05
	1
	0.966
	0.8

	Jakes Valley fault zone
	0.01
	50
	20
	0
	35
	6.88
	1.16E-05
	1
	0.093
	0.8

	Jersey Valley fault zone
	0.1
	50
	20
	0
	34
	6.86
	1.20E-04
	1
	1.084
	0.8

	Kane Spring Wash fault
	0.01
	90
	15
	0
	43
	6.97
	6.00E-06
	1
	-0.093
	0.8

	Kawich-Hot Creek Ranges fault zone
	0.2
	50
	20
	0
	121
	7.49
	9.61E-05
	1
	1.374
	0.8

	Kings Canyon fault zone
	0.2
	50
	20
	0
	18
	6.52
	3.97E-04
	0.25
	1.822
	0.8

	Little Fish Lake Valley fault
	0.1
	50
	20
	0
	43
	6.98
	1.00E-04
	1
	1.142
	0.8

	Little Valley fault
	0.2
	50
	20
	0
	18
	6.54
	3.84E-04
	0.25
	1.830
	0.8

	Lone Mountain fault zone
	0.13
	50
	20
	0
	41
	6.95
	1.37E-04
	1
	1.243
	0.8

	Marys Mountain fault
	0.001
	50
	20
	0
	20
	6.58
	1.81E-06
	1
	-0.451
	0.8

	McGee Mountain fault zone
	0.01
	50
	20
	0
	42
	6.96
	1.03E-05
	1
	0.131
	0.8

	Middlegate fault zone
	0.1
	50
	20
	0
	38
	6.92
	1.10E-04
	1
	1.113
	0.8

	Montana Mountains/Desert Valley fault zone
	0.1
	50
	20
	0
	102
	7.41
	5.37E-05
	1
	1.036
	0.8

	Monte Cristo Valley fault zone
	0.4
	90
	15
	0
	29
	6.78
	3.17E-04
	1
	1.719
	0.8

	Mount Irish Range fault
	0.01
	50
	20
	0
	12
	6.32
	2.67E-05
	1
	
	

	Mount Rose fault zone
	1.5
	50
	20
	0
	36
	6.89
	1.71E-03
	1
	2.272
	0.8

	Nightingale Mountains fault
	0.1
	50
	20
	0
	36
	6.88
	1.18E-04
	1
	1.099
	0.8

	Northern Butte Valley fault
	0.1
	50
	20
	0
	17
	6.49
	2.08E-04
	1
	
	

	Northern Huntington Valley fault zone
	0.1
	50
	20
	0
	39
	6.93
	1.08E-04
	1
	1.116
	0.8

	Northern Roberts Mountains fault
	0.1
	50
	20
	0
	23
	6.65
	1.63E-04
	1
	1.283
	0.8

	Northern Simpson Park Mountains fault zone
	0.1
	50
	20
	0
	13
	6.37
	2.46E-04
	1
	
	

	Paradise Range fault zone
	0.1
	50
	20
	0
	43
	6.97
	1.02E-04
	1
	1.138
	0.8

	Peavine Peak fault zone
	0.5
	50
	20
	0
	13
	6.36
	1.25E-03
	1
	
	

	Penoyer fault
	0.016
	50
	20
	0
	56
	7.11
	1.34E-05
	1
	0.232
	0.8

	Petersen Mountain fault
	0.1
	50
	20
	0
	26
	6.72
	1.47E-04
	1
	1.318
	0.8

	Petersen Mountain fault 2
	0.05
	50
	20
	0
	16
	6.49
	1.03E-04
	1
	
	

	Pleasant Valley fault zone
	0.1
	50
	20
	0
	68
	7.61
	1.85E-05
	1
	0.775
	0.8

	Pyramid Lake fault zone
	2
	90
	15
	0
	77
	7.27
	7.71E-04
	1
	2.042
	0.8

	Railroad Valley fault zone
	0.07
	50
	20
	0
	159
	7.51
	
	1
	1.031
	0.8

	Rainbow Mountain fault zone
	0.15
	90
	15
	0
	72
	7.23
	6.18E-05
	1
	0.903
	0.8

	Rattlesnake Flat fault
	0.1
	90
	15
	0
	15
	6.46
	1.27E-04
	1
	
	

	Ruby Mountains fault zone
	0.28
	50
	20
	0
	37
	6.90
	3.18E-04
	1
	1.554
	0.8

	Ruby Mountains fault zone
	0.28
	50
	20
	0
	53
	7.08
	2.45E-04
	1
	1.463
	0.8

	Ruby Valley fault zone
	0.1
	50
	20
	0
	81
	7.30
	6.23E-05
	1
	0.982
	0.8

	San Emidio fault zone
	0.2
	50
	20
	0
	34
	6.86
	2.38E-04
	1
	1.382
	0.8

	Sand Springs Range fault
	0.1
	50
	20
	0
	42
	6.96
	1.03E-04
	1
	1.132
	0.8

	Schell Creek Range fault system
	0.01
	50
	20
	0
	105
	7.43
	5.14E-06
	1
	0.038
	0.8

	Selenite Range fault zone
	0.1
	50
	20
	0
	18
	6.53
	1.96E-04
	1
	1.528
	0.8

	Seven Troughs Range fault zone
	0.1
	50
	20
	0
	39
	6.93
	1.08E-04
	1
	1.119
	0.8

	Sheep Basin fault
	0.044
	50
	20
	0
	22
	6.65
	7.14E-05
	1
	0.924
	0.8

	Sheep Creek Range southeastern fault
	0.1
	50
	20
	0
	38
	6.92
	1.10E-04
	1
	1.113
	0.8

	Shoshone Range fault zone
	0.1
	50
	20
	0
	121
	7.50
	4.67E-05
	1
	1.071
	0.8

	Simpson Park Mountains fault zone
	0.22
	50
	20
	0
	73
	7.24
	1.51E-04
	1
	1.301
	0.8

	Singatse Range fault zone
	0.1
	50
	20
	0
	34
	6.85
	1.22E-04
	1
	1.081
	0.8

	Smith Valley fault
	0.38
	50
	20
	0
	94
	7.37
	2.16E-04
	1
	1.597
	0.8

	Southwest Reese River Valley fault
	0.1
	50
	20
	0
	80
	7.29
	6.35E-05
	1
	0.980
	0.8

	Spanish Springs Peak fault
	0.1
	90
	15
	0
	5
	5.88
	2.98E-04
	1
	
	

	Spanish Springs Valley fault
	0.1
	50
	20
	0
	21
	6.62
	1.72E-04
	1
	1.271
	0.8

	Spruce Mountain Ridge fault zone
	0.1
	50
	20
	0
	33
	6.83
	1.27E-04
	1
	1.075
	0.8

	The Lava Beds fault
	0.1
	50
	20
	0
	26
	6.73
	1.44E-04
	1
	1.321
	0.8

	Toiyabe Range fault zone
	0.22
	50
	20
	0
	127
	7.51
	
	1
	1.432
	0.8

	Unnamed faults
	0.1
	90
	15
	0
	40
	6.93
	6.38E-05
	1
	0.889
	0.8

	Warm Springs Valley fault zone
	0.5
	90
	15
	0
	38
	6.92
	3.20E-04
	1
	1.578
	0.8

	Wassuk Range fault zone
	0.55
	50
	20
	0
	119
	7.49
	2.61E-04
	1
	1.808
	0.8

	West Gate fault
	0.1
	50
	20
	0
	25
	6.69
	1.55E-04
	1
	1.307
	0.8

	West Spring Mountains fault
	0.045
	50
	20
	0
	53
	7.08
	3.90E-05
	1
	0.665
	0.8

	Western Diamond Mountains fault zone
	0.1
	50
	20
	0
	65
	7.18
	7.49E-05
	1
	1.057
	0.8

	Western Granite Range fault
	0.2
	50
	20
	0
	28
	6.76
	2.77E-04
	1
	1.638
	0.8

	Western Humboldt Range fault zone
	0.1
	50
	20
	0
	78
	7.28
	6.44E-05
	1
	0.975
	0.8

	Western Smoke Creek Desert fault 2
	0.1
	50
	20
	0
	19
	6.57
	1.85E-04
	1
	1.548
	0.8

	Western Toiyabe Range fault zone
	0.2
	50
	20
	0
	139
	7.51
	
	1
	1.432
	0.8

	White River Valley fault zone
	0.045
	50
	20
	0
	105
	7.42
	2.39E-05
	1
	0.694
	0.8

	New Mexico
	
	
	
	
	
	
	
	
	
	

	Alamogordo fault
	0.11
	50
	20
	0
	121
	7.50
	5.11E-05
	1
	1.110
	0.8

	Black Mesa fault zone
	0.02
	50
	20
	0
	18
	6.54
	3.81E-05
	1
	0.827
	0.8

	Caballo fault
	0.025
	50
	20
	0
	22
	6.64
	4.17E-05
	1
	0.679
	0.8

	Calabacillas fault
	0.0069
	50
	20
	0
	33
	6.83
	8.73E-06
	1
	-0.086
	0.8

	Canones fault
	0.02
	50
	20
	0
	31
	6.81
	2.56E-05
	1
	0.358
	0.8

	County Dump fault
	0.038
	50
	20
	0
	37
	6.89
	4.40E-05
	1
	0.683
	0.8

	East Paradise fault zone
	0.0096
	50
	20
	0
	13
	6.38
	2.33E-05
	1
	
	

	Embudo fault
	0.09
	90
	15
	0
	66
	7.19
	3.90E-05
	1
	0.785
	0.8

	Gallina fault
	0.02
	50
	20
	0
	39
	6.93
	2.17E-05
	1
	0.420
	0.8

	Hubbell Springs fault
	0.089
	50
	20
	0
	45
	7.00
	8.72E-05
	1
	1.102
	0.8

	Jemez-San Ysidro fault
	0.02
	50
	20
	0
	54
	7.09
	1.70E-05
	1
	0.315
	0.8

	La Bajada fault
	0.078
	50
	20
	0
	42
	6.96
	8.10E-05
	1
	1.026
	0.8

	La Canada del Amagre fault zone
	0.012
	50
	20
	0
	17
	6.50
	2.44E-05
	1
	
	

	La Jencia fault
	0.021
	50
	20
	0
	33
	6.84
	2.57E-05
	1
	0.395
	0.8

	Lobato Mesa fault zone
	0.0054
	50
	20
	0
	19
	6.56
	1.00E-05
	1
	0.271
	0.8

	Nacimiento fault
	0.02
	50
	20
	0
	83
	7.30
	1.27E-05
	1
	0.292
	0.8

	Nambe fault
	0.02
	50
	20
	0
	50
	7.05
	1.81E-05
	1
	0.297
	0.8

	Organ Mountains fault
	0.15
	50
	20
	0
	30
	6.79
	1.98E-04
	1
	1.526
	0.8

	Pajarito fault
	
	50
	20
	0
	50
	7.05
	5.74E-05
	1
	1.036
	0.8

	Picuris-Pecos fault
	0.05
	50
	20
	0
	99
	7.39
	2.78E-05
	1
	0.729
	0.8

	Pojoaque fault
	0.02
	50
	20
	0
	48
	7.03
	1.87E-05
	1
	0.291
	0.8

	Puye fault
	0.03
	50
	20
	0
	20
	6.59
	5.31E-05
	1
	1.029
	0.8

	San Andres Mountains fault
	0.1
	50
	20
	0
	130
	7.51
	
	1
	1.101
	0.8

	San Felipe fault zone
	0.043
	50
	20
	0
	43
	6.97
	4.42E-05
	1
	0.774
	0.8

	San Francisco fault
	0.063
	50
	20
	0
	28
	6.76
	8.77E-05
	1
	1.139
	0.8

	Sawyer Canyon fault
	0.024
	50
	20
	0
	8
	6.15
	8.24E-05
	1
	
	

	Soccoro Canyon fault zone
	0.027
	50
	20
	0
	49
	7.04
	2.50E-05
	1
	0.428
	0.8

	Southern Sangre de Cristo fault
	0.13
	50
	20
	0
	104
	7.42
	6.83E-05
	1
	1.151
	0.8

	Tijeras-Canoncito fault
	0.09
	90
	15
	0
	81
	7.29
	3.40E-05
	1
	0.708
	0.8

	Zia fault
	0.038
	50
	20
	0
	33
	6.84
	4.68E-05
	1
	0.654
	0.8

	Oregon
	
	
	
	
	
	
	
	
	
	

	Abert Rim fault
	0.5
	50
	20
	0
	45
	7.00
	4.92E-04
	1
	1.854
	0.8

	Alvin Canyon fault
	6.4
	90
	15
	0
	71
	7.23
	2.61E-03
	0.05
	2.529
	0.8

	Battle Rock fault zone
	0.1
	50
	20
	0
	45
	7.00
	7.62E-05
	1
	1.044
	0.8

	Beaver Creek fault zone
	0.2
	50
	20
	0
	17
	6.52
	3.10E-04
	1
	1.714
	0.8

	Bolton fault
	0.013
	60
	17
	0
	9
	6.19
	3.28E-05
	1
	
	

	Cape Blanco anticline
	1.4
	45
	21
	0
	47
	7.02
	1.56E-03
	0.5
	2.202
	0.8

	Chemult graben fault system (east)
	0.052
	50
	20
	0
	62
	7.16
	3.12E-05
	1
	0.655
	0.8

	Chemult graben fault system (west)
	0.44
	50
	20
	0
	68
	7.21
	2.45E-04
	1
	1.479
	0.8

	Coquille anticline
	0.24
	60
	17
	0
	29
	6.78
	2.54E-04
	1
	1.623
	0.8

	Cottonwood Mountain fault
	0.09
	50
	20
	0
	42
	6.97
	7.17E-05
	1
	0.984
	0.8

	Daisy Bank fault
	5.7
	90
	15
	0
	81
	7.30
	2.08E-03
	0.05
	2.506
	0.8

	Gales Creek fault zone
	0.016
	90
	15
	0
	27
	6.75
	1.31E-05
	1
	0.302
	0.8

	Grant Butte fault
	0.11
	50
	20
	0
	9
	6.21
	2.67E-04
	1
	
	

	Happy Camp fault
	0.025
	60
	17
	0
	20
	6.58
	3.55E-05
	1
	0.842
	0.8

	Helvetia fault
	0.014
	60
	17
	0
	14
	6.40
	2.56E-05
	1
	
	

	Juniper Mountain fault
	0.01
	50
	20
	0
	18
	6.53
	1.52E-05
	1
	0.416
	0.8

	Klamath graben fault system (east)
	0.2
	50
	20
	0
	92
	7.36
	9.01E-05
	1
	1.207
	0.8

	Klamath graben fault system (west)
	0.16
	50
	20
	0
	51
	7.06
	1.11E-04
	1
	1.099
	0.8

	Lacamas Lake fault
	0.026
	90
	15
	0
	24
	6.67
	2.44E-05
	1
	0.481
	0.8

	Metolius fault zone
	0.038
	50
	20
	0
	92
	7.36
	1.70E-05
	1
	0.484
	0.8

	Mount Angel fault
	0.067
	60
	17
	0
	30
	6.80
	6.85E-05
	1
	0.775
	0.8

	Mount Hood fault
	0.16
	50
	20
	0
	11
	6.29
	3.48E-04
	1
	
	

	Newberg fault
	0.016
	90
	15
	0
	34
	6.85
	1.14E-05
	1
	0.053
	0.8

	Paulina Marsh fault
	0.29
	50
	20
	0
	10
	6.26
	6.58E-04
	1
	
	

	Pine Valley graben fault system, Brownlee section
	0.008
	50
	20
	0
	19
	6.56
	1.17E-05
	1
	0.339
	0.8

	Pine Valley graben fault system, Halfway-Posey Valley section
	0.008
	50
	20
	0
	38
	6.91
	7.01E-06
	1
	-0.092
	0.8

	Portland Hills fault
	0.1
	60
	17
	0
	50
	7.05
	7.08E-05
	1
	0.890
	0.8

	Sandy River fault zone
	0.016
	90
	15
	0
	17
	6.50
	1.89E-05
	1
	
	

	Santa Rosa fault system
	0.13
	50
	20
	0
	171
	7.51
	
	1
	1.333
	0.8

	Sky Lakes fault zone
	0.28
	50
	20
	0
	53
	7.08
	1.92E-04
	1
	1.357
	0.8

	South Slough thrust and reverse faults
	0.62
	60
	17
	0
	11
	6.29
	1.33E-03
	1
	
	

	Southeast Newberry fault zone
	0.51
	50
	20
	0
	68
	7.20
	2.93E-04
	1
	1.671
	0.8

	Steens fault zone
	0.3
	50
	20
	0
	214
	7.51
	
	1
	1.794
	0.8

	Tule Springs Rim fault
	0.1
	50
	20
	0
	37
	6.90
	1.12E-04
	1
	1.102
	0.8

	Turner and Mill Creek faults
	0.007
	60
	17
	0
	20
	6.59
	9.79E-06
	1
	0.294
	0.8

	Waldport fault
	0.14
	60
	17
	0
	15
	6.43
	2.47E-04
	1
	
	

	Wallowa fault
	0.14
	50
	20
	0
	53
	7.08
	9.45E-05
	1
	1.049
	0.8

	Warner Valley faults (east)
	0.11
	50
	20
	0
	147
	7.51
	
	1
	1.196
	0.8

	Warner Valley faults (west)
	0.11
	50
	20
	0
	44
	6.99
	1.08E-04
	1
	1.184
	0.8

	Wecoma fault
	8.5
	90
	15
	0
	88
	7.34
	2.95E-03
	0.05
	2.700
	0.8

	Whaleshead fault zone
	2.55
	90
	15
	0
	46
	7.01
	1.45E-03
	1
	2.157
	0.8

	Winter Rim fault system
	0.43
	50
	20
	0
	66
	7.19
	3.18E-04
	1
	1.696
	0.8

	Yaquina faults
	0.6
	60
	17
	0
	8
	6.14
	1.62E-03
	0.5
	
	

	Texas
	
	
	
	
	
	
	
	
	
	

	Acala fault
	0.088
	50
	20
	0
	7
	6.09
	3.27E-04
	1
	
	

	Amargosa fault
	0.11
	50
	20
	0
	70
	7.22
	7.77E-05
	1
	0.992
	0.8

	Arroyo Diablo fault
	0.013
	50
	20
	0
	14
	6.41
	3.03E-05
	1
	
	

	Caballo fault
	0.11
	50
	20
	0
	42
	6.97
	1.12E-04
	1
	1.177
	0.8

	Campo Grande fault
	0.048
	50
	20
	0
	45
	7.00
	4.67E-05
	1
	0.831
	0.8

	East Baylor Mountain - Carizzo Mountain fault
	0.008
	50
	20
	0
	41
	6.96
	8.22E-06
	1
	0.032
	0.8

	East Franklin Mountains fault
	0.1
	50
	20
	0
	48
	7.03
	9.40E-05
	1
	0.992
	0.8

	East Sierra Diablo fault
	0.02
	50
	20
	0
	35
	6.86
	2.42E-05
	1
	0.391
	0.8

	West Delaware Mountains fault zone
	0.024
	50
	20
	0
	25
	6.70
	3.65E-05
	1
	0.690
	0.8

	West Eagle Mountains-Red Hills fault
	0.013
	50
	20
	0
	24
	6.69
	2.00E-05
	1
	0.418
	0.8

	West Indio Mountains fault
	0.044
	50
	20
	0
	23
	6.66
	7.13E-05
	1
	0.935
	0.8

	West Lobo Valley fault zone
	0.034
	50
	20
	0
	61
	7.15
	2.69E-05
	1
	0.580
	0.8

	Utah
	
	
	
	
	
	
	
	
	
	

	East Cache fault zone 
	0.2
	50
	20
	0
	83
	7.31
	2.92E-04
	1
	1.288
	0.8

	Great Salt Lake fault zone, Promontory section 
	0.6
	50
	20
	0
	54
	7.09
	3.93E-05
	1
	1.793
	0.8

	Great Salt Lake fault zone, Fremont Island section 
	0.6
	50
	20
	0
	32
	6.83
	5.11E-04
	1
	1.846
	0.8

	Great Salt Lake fault zone, Antelope section 
	0.6
	50
	20
	0
	39
	6.93
	5.17E-04
	1
	1.898
	0.8

	Hansel Valley fault 
	0.1
	50
	20
	0
	13
	6.61
	1.11E-04
	1
	1.368
	0.8

	Hurricane fault zone (northern) 
	0.2
	50
	20
	0
	47
	7.02
	8.45E-04
	1
	1.283
	0.8

	Joes Valley fault zone 
	0.2
	50
	20
	0
	47
	7.0
	1.00E-042
	1
	1.468
	0.8

	Morgan fault 
	0.02
	50
	20
	0
	17
	6.52
	7.46E-04
	1
	0.818
	0.8

	North Promontory fault 
	0.2
	50
	20
	0
	27
	6.73
	6.48E-04
	1
	1.627
	0.8

	Oquirrh-Southern Oquirrh Mountains fault zone 
	0.2
	50
	20
	0
	63
	7.17
	2.18E-04
	1
	1.355
	0.8

	Paragonah fault 
	0.46
	50
	20
	0
	27
	6.75
	6.47E-04
	1
	1.995
	0.8

	Sevier/Toroweap fault zone (northern) 
	0.36
	50
	20
	0
	87
	7.33
	1.89E-04
	1
	1.558
	0.8

	Stansbury fault zone 
	0.4
	50
	20
	0
	54
	7.09
	6.52E-04
	1
	1.619
	0.8

	Strawberry fault 
	0.1
	50
	20
	0
	39
	6.92
	1.76E-04
	1
	1.117
	0.8

	Wasatch fault, Brigham City section 
	NA
	50
	20
	0
	40
	6.91
	7.70 E-042
	1
	1.937
	0.8

	Wasatch fault, Weber section 
	NA
	50
	20
	0
	63
	7.21
	7.1E-042
	1
	2.058
	0.8

	Wasatch fault, Salt Lake City section 
	NA
	50
	20
	0
	48
	7.01
	7.7E-042
	1
	2.048
	0.8

	Wasatch fault, Provo section 
	NA
	50
	20
	0
	77
	7.31
	4.2E-042
	1
	1.808
	0.8

	Wasatch fault, Nephi section 
	NA
	50
	20
	0
	46
	7.01
	4E-042
	1
	1.764
	0.8

	Wasatch fault, Levan section 
	NA
	50
	20
	0
	32
	7.01
	2.37E-042
	1
	1.314
	0.8

	West Cache fault, Clarkston section 
	0.4
	50
	20
	0
	23
	6.66
	6.47E-04
	1
	1.894
	0.8

	West Cache fault, Wellsville section 
	0.1
	50
	20
	0
	20
	6.60
	1.53E-04
	1
	1.560
	0.8

	West Valley fault zone 
	0.4
	50
	20
	0
	16
	6.48
	3.43E-04
	1
	
	

	Washington
	
	
	.6
	
	
	
	
	
	
	

	Devils Mountain fault
	0.15
	60
	17
	0
	125
	7.51
	
	1
	1.153
	0.8

	Hite fault system
	0.02
	90
	15
	0
	88
	7.34
	6.92E-06
	1
	0.071
	0.8

	Horse Haven Hills structure (NW trend)
	0.031
	60
	17
	0
	59
	7.14
	1.92E-05
	1
	0.423
	0.8

	Mill Creek Thrust fault
	0.038
	60
	17
	0
	56
	7.11
	2.48E-05
	1
	0.501
	0.8

	Rattlesnake-Wallula fault system
	0.043
	60
	17
	0
	109
	7.44
	1.73E-05
	1
	0.575
	0.8

	Saddle Mountain fault
	0.052
	60
	17
	0
	91
	7.35
	2.39E-05
	1
	0.619
	0.8

	Southern Whidbey Island fault
	0.6
	60
	17
	0
	63
	7.16
	3.65E-04
	1
	1.723
	0.8

	Strawberry Point fault
	0.25
	90
	15
	0
	26
	6.73
	2.11E-04
	1
	1.486
	0.8

	Utsalady Point fault
	0.15
	90
	15
	0
	25
	6.69
	1.36E-04
	1
	1.251
	0.8

	Wyoming
	
	
	
	
	
	
	
	
	
	

	Bear River fault zone
	1.5
	50
	20
	0
	37
	6.90
	4.35E-04
	1
	1.689
	0.8

	Eagle Bay fault
	0.48
	50
	20
	0
	32
	6.82
	6.13E-04
	1
	1.749
	0.8

	East Mount Sheridan faults
	1.4
	50
	20
	0
	22
	6.64
	2.32E-03
	1
	2.425
	0.8

	Grand Valley fault
	1.1
	50
	20
	0
	55
	7.10
	9.31E-04
	1
	2.065
	0.8

	Greys River fault
	0.62
	50
	20
	0
	50
	7.05
	5.64E-04
	1
	1.792
	0.8

	Hoback fault
	0.071
	50
	20
	0
	19
	6.56
	1.33E-04
	1
	1.392
	0.8

	Rock Creek fault
	1.7
	50
	20
	0
	41
	6.95
	1.79E-03
	1
	2.360
	0.8

	Teton fault
	1.3
	50
	20
	0
	62
	7.16
	9.96E-04
	1
	2.159
	0.8

	Upper Yellowstone Valley faults
	0.37
	50
	20
	0
	18
	6.54
	7.06E-04
	1
	2.095
	0.8
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