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SCOPE OF INVESTIGATIONS

The Wasatch fault zone, one of the longest and most active norma-dip faults in the world, parales
the densely populated Wasatch Front area of Utah. The Salt Lake City segment, extending for about 46
kilometers, is one of the more active segments of the Wasatch fault zone (figure 1). This segment
generated four surface-faulting earthquakes in the past 6,000 years (Black and others, 1996). A
conservative estimate for the magnitude of a surface-faulting earthquake on the segment is moment
magnitude (M) 7. A large earthquake within the Wasatch Front region would place more than 1.7 million
people (2000 census) at risk and cause large losses to persona property and infrastructure.
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Emergency managers and planners need an accurate and
current scenario of expected geologic effects that will likely occur during a large earthquake. We will
take advantage of recent progress in geologic-hazard mapping of the Salt Lake City metropolitan areato
anayze and map seismic hazards in a 16,000 square kilometer portion of the Wasatch Front resulting
froman M 7 event dong the Salt Lake City segment of the Wasatch fault zone. Our seismic-hazard maps,
at a scale of 1:250,000, will be the basis for developing a scenario that can be used to estimate losses
using risk-assessment methods developed jointly by the Federal Emergency Management Agency
(FEMA) and the Nationd Ingtitute of Building Sciences, referred to as HAZUS (Nationa Ingtitute of
Building Sciences, 1999). Our earthquake-scenario maps for ground shaking are complete.  We will
modify techniques used by HAZUS to map liquefaction, landdliding, and surface fault rupture hazards;
use published estimates for tectonic subsidence; and estimate the potential for dam failure and seichesin
Great Salt Lake.

Figurel. Outline of the study area and segments
of the Wasatch fault zone with arrows showing
segment boundaries.

RESULTS OF COMPLETED STUDIES
AND PROPOSED TECHNIQUES FOR FUTURE INVESTIGATIONS

Ground Shaking

To incorporate site-response effects into our computed ground motions, we modified site-response
units defined by Ashland (2001) from surficial-geologic mapping and shear-wave velocity data for the
Sat Lake Valey. We identified four site-response units, each divided into six thickness ranges with a
maximum thickness of 488 meters of unconsolidated sediment, for atotal of 24 subcategories. We used
the stochastic numerica ground-motion modeling approach coupled with an equivalent linear
methodology (Silva and others, 1998) to calculate amplification factors for 5 percent damped response
spectra for each site-response unit. At peak horizontal acceleration, the median amplification factors
ranged from 0.62 to 2.09 (values less than 1.0 signify deamplification). At 0.2 and 1.0-second spectra
accelerations, the median factors ranged from 0.50 to 2.19 and 0.94 to 3.13, respectively.

We used empirical attenuation relations appropriate for soft rock sites in the western U.S.
(Abrahamson and Silva, 1997; Campbell, 1997; Sadigh and others, 1997; Spudich and others, 1999) and
numerical modeling to compute ground motions for the scenario earthquake. The relations were



respectively weighted 0.40, 0.15, 0.15, and 0.30 to give the greatest weight to the two relations most
appropriate for extensional regimes. Scenario ground-motion values were cal culated by assigning a 0.40
weight to the values computed from the empirica attenuation relations and a 0.60 weight to the
numerically modeled values. Our ground-motion maps show that high-frequency motions, characterized
by peak horizontal acceleration, could approach or possibly exceed 1 g from the scenario earthquake.
The highest ground motions (greater than 0.7 g) occur in stiff gravels and sands near the Wasatch faullt,
whereas lower ground motions occur over lacustrine and aluvia silts and clays that are damping out the
high-frequency ground motions. Site effects appear to be more dominant than the hanging-wall effect.

Damaging ground shaking (greater than 0.1 g) will occur beyond Sdt Lake Valey and will include
the cities of Ogden and Provo along the Wasatch Front, Tooele to the west, and the back valleys of the
Wasatch Range to the east. The pattern of ground shaking at short periods (0.2-second spectral
acceleration) resembles that for peak acceleration. In contrast, the correspondence between site-response
units and ground motions is not as strong for ground shaking at long periods (1.0-second spectral
acceleration). At long periods, the highest ground motions (greater than 1.1 g) occur in the deeper
portions of the basins having thick deposits of unconsolidated sediment. Directivity effects, which are
long period in nature (greater than 0.5 seconds), are not readily apparent because they have been diluted
somewhat by the use of empirical attenuation relations and/or masked by site effects.

Liquefaction

HAZUS maps liquefaction susceptibility using the classification system of Y oud and Perkins (1978),
which assigns a relative liquefaction susceptibility rating based on age, depositiona environment, and
materia type. However, Anderson and others (1986) argue that the criteria of Y oud and Perkins (1978)
were defined for deposits in California and are not relevant to Utah's closed basins. Therefore, we will
use liquefaction potential maps from Wasatch Front liquefaction studies (for example Anderson and
others, 1986) and information on topographic and geologic settings to evauate the liquefaction hazard in
our study area We will then calculate liquefaction probability using the HAZUS relation between
conditiona liquefaction probability (Liao and others, 1988), earthquake magnitude and ground-water
depth (Nationa Research Council, 1985), and the proportion of map units susceptible to liquefaction
(which HAZUS determines from examination of soil-property data from various regiond liquefaction
studies such as Power and others [1982]).

We will use HAZUS techniques to estimate the amount of liquefaction-induced ground deformation
related to each susceptibility category for both latera spreading and ground settlement. For latera
spreading, HAZUS estimates ground deformation for each susceptibility category by combining the
Liquefaction Severity Index relation of Youd and Perkins (1978) with the ground-motion attenuation
relation of Sadigh and others (1986). The expected permanent ground displacement due to latera
spreading depends on the threshold ground acceleration necessary to induce liquefaction, which we will
obtain using the critical accelerations from Wasatch Front liquefaction studies. We will then compare our
mapped PGA to the threshold ground acceleration to determine the amount of permanent ground
displacement. Because the relations to calculate displacement are based on an earthquake with M=7.5,
we can adjust the calculation using a displacement correction factor, calculated by HAZUS based on
work done by Seed and Idriss (1982). For ground settlement, HAZUS indicates that relations presented
by Tokimatsu and Seed (1987) demondtrate very little dependence on ground-motion level given the
occurrence of liquefaction. Therefore, HAZUS cal culates the expected settlement for each susceptibility
category as the product of the probability of liquefaction for a given ground-motion level and the
characteristic settlement amplitude appropriate to the susceptibility category.

Landdiding

HAZUS uses the reation between criticd acceleration, dope inclination, lithology, and
ground-water depth developed by Wilson and Keefer (1985) as the basis for mapping landdide
susceptibility.  Wilson and Keefer (1985) define three geologic groups containing rock and soil having



smilar shear strengths. The landdide susceptibility of each group is divided into categories based on
dope angle, and each category is defined as a function of critical acceleration. Landdide susceptibility is
assigned to the categories for each of two conditions, wet (ground-water level at ground surface) and dry
(ground water below level of diding). We will use these relations to map landdide susceptibility by
assigning each geologic unit from the statewide geologic map (Hintze, 1980) to a geologic group,
subdividing the groups into categories based on dope usng USGS Digitd Elevation Models, and
determining susceptibility under both wet and dry conditions to assure a complete estimate of landdide
susceptibility.

Wieczorek and others (1985) indicate that the relations developed by Wilson and Keefer (1985) are
conservative, representing the most landdide-susceptible geologic types likely to be found in each
geologic group. The probability of dope failure must be considered when using these relations. HAZUS
assesses the percentage of a landdlide susceptibility category expected to be susceptible to landdiding
using information from Wieczorek and others (1985). At any given location there is a specified
probability of the presence of susceptible deposits depending on whether the induced PGA (determined
from our map) exceeds the critical acceleration.

HAZUS caculates ground deformations due to landdiding using the approach developed by
Newmark (1965). According to this approach, earthquake-induced downs ope deformations occur when
the induced PGA within the dide mass exceeds the critical acceleration, and the amount of downdope
movement depends on the duration or number of cycles of ground shaking. Rather than using the
Newmark method employed by HAZUS, we will use the modified Newmark method suggested by Jibson
(1993) and updated by Jibson and others (1998) using data collected during and after the 1994 Northridge
earthquake. This modified Newmark method establishes an empiricd relation between Arias intensity,
critica acceleration, and Newmark displacement. We can determine Arias intensity from two equations
presented by Jibson (1993). Combining the two equations creates a third relation that permits us to
caculate Arias intensity from PGA and earthquake moment magnitude. Wilson and Keefer (1985) define
critical acceleration for each susceptibility category.

Surface Fault Rupture

We will use the method employed by HAZUS to estimate the hazard from surface fault rupture.
This method is based on the empirica relation developed by Wells and Coppersmith (1994) between
surface fault displacement and earthquake moment magnitude, and a probability distribution for vaues of
displacement along the fault trace. The method assumes that the maximum displacement can potentialy
occur a any location along the fault, athough displacements must drop to zero at the ends of the fault.
However, considerable uncertainty exists in the maximum displacement—displacement estimates vary by
a factor of two within plus-or-minus one standard deviation from the median estimate. For this reason,
HAZUS conservatively estimates the probability distribution for values of displacement along the fault
rupture segment. Wells and Coppersmith (1994) found that the average displacement adong the fault
rupture segment was agpproximately equal to one-half the maximum displacement. Thisis equivadent to a
uniform probability distribution for values of displacement ranging from zero to the maximum
displacement. As a conservative estimate, HAZUS incorporates a uniform probability distribution
equivalent to average displacement ranging from a minimum of one-haf of the maximum fault
displacement (rather than zero) in the loss estimation methodology for any location adong the fault
rupture.

Tectonic Subsidence

Valley bottoms may tilt toward the Wasatch fault zone on the downdropped side of the surface fault
rupture during alarge earthquake. Asaresult, areas aong the shores of Great Salt Lake may permanently
subside, causing locd flooding. Keaton (1986) mapped the inundation potential along the shores of Great
Salt Lake for various probable lake levels during the next 100 years. Chang and Smith (1998) mapped
the inundation potentia by subtracting earthquake-induced topographic changes from ground elevations



to determine the tectonic subsidence and new lake-shordline locations. We will use these maps for our
earthquake scenario. Subsidence may also cause a relative rise in ground-water levels, causing water to
pond, and flooding basements and buried facilities. Keaton (1986) mapped areas of possible shallow
ground-water flooding from tectonic subsidence, and we will use this map as well.

Dam-Failure Inundation

HAZUS includes information on 247 dams within our study area from a database developed from
the Nationa Inventory of Dams (FEMA, 1993). In the event of failure, many of these dams (high-hazard
dams) may pose a threat to human life. However, the U.S. Bureau of Reclamation, U.S. Army Corps of
Engineers, and Utah Divison of Water Rights have dam-safety programs to evauate the expected
performance of large, high-hazard dams during earthquakes. |If these dams were not initially designed
and constructed to withstand large earthquakes, the programs require modification to provide better
performance. Some of the modifications are complete and completion of the remainder is expected in the
next few years. Once completed, officials believe al large, high-hazard dams in our study area will
provide satisfactory performance with no uncontrolled releases during our scenario earthquake. Smaller
high-hazard dams, including debris basins and flood-control structures, are not subject to seismic criteria
but are generdly dry and unlikely to contain significant amounts of water during the scenario. Thus, our
scenario does not include dam-failure flooding.

Seiche

Few studies of seiche potential exist for lakes and reservoirs within our study area and seiche
anaysis for most of them is beyond the scope of our study. However, considerable interest exists in the
seiche potential for Great Salt Lake because it lies near the Salt Lake City metropolitan area. Pechmann
(1987) first discussed possible seiches in Great Sdt Lake in an andysis of earthquake design
considerations for the inter-idand diking project. He noted that accounts of the 1909 M 6 Hansdl Valley
earthquake near the north lake shore reported significant earthquake-induced waves, which Lowe (1993)
later estimated to be more than 3.7 meters high. These accounts suggested to Pechmann that the
earthquake epicenter, athough placed by felt reports about 15 kilometers north of the lake shore, might
actually have occurred beneath the lake resulting in lake waves caused by displacement of the lake
bottom rather than by ground shaking. The 1934 M 6.6 Hansdl Vdley earthquake did not generate
similar lake waves, consistent with instrumental location of its epicenter and with surface faulting located
just northeast of the north lake shore. Because our scenario earthquake does not involve lakebed
displacement, this mechanism will not contribute to seiches in Great Salt Lake.

For generation of significant seiche waves by ground shaking, the frequency of earthquake ground
motion must be close to the natural frequency of the lake. Lin and Wang (1978) determined that the
fundamental mode of the natural period (the inverse of frequency) in the south basin of Great Salt Lake
(the part of the lake nearest the Salt Lake City segment of the Wasatch fault zone) is 6.33 hours.
However, the period of surface waves from strong earthquake ground motions is from about 15 to 25
seconds, and the period of body waves is even smaller. Because the frequency of strong earthquake
ground motions is not close to the natural frequency of Great Salt Lake, seiche waves generated by
ground shaking in our scenario earthquake will not be significant and will probably have a maximum
wave height of only afew centimeters.

NON-TECHNICAL SUMMARY

A large earthquake on the active Wasatch fault zone may impact more than 1.7 million people living
along the densely populated and rapidly expanding Wasatch Front urban area of northern Utah. We are
studying earthquake hazards such as ground shaking, liquefaction, landdiding, surface fault rupture,
tectonic subsidence, dam-failure inundation, and seiches resulting from a large earthquake on this fault
zone near Salt Lake City. The study results will be used for emergency-response planning to identify
potential earthquake effects and to estimate losses using risk-assessment methodology (HAZUS)



developed by the Nationa Ingtitute of Building Sciences for the Federa Emergency Management
Agency.

REPORTS PUBLISHED

No reports have been published yet. Upon project completion, the Utah Geological Survey will
publish the hazard maps and mapping protocols.

AVAILABILITY OF DATA

When complete, the seismic-hazard maps will be available in digitd form through the Utah
Geologica Survey. The digitized maps will aso be available from the State Geographic Information
Database through the Utah Automated Geographic Reference Center.
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