
by Jessica J. Castleton, Ashley H. Elliott, and Greg N. McDonald

GEOLOGIC HAZARDS OF THE COPPERTON 
QUADRANGLE, SALT LAKE COUNTY, UTAH

SPECIAL STUDY 152
UTAH GEOLOGICAL SURVEY 
a division of 
UTAH DEPARTMENT OF NATURAL RESOURCES 

2014



by Jessica J. Castleton, Ashley H. Elliott, and Greg N. McDonald

Cover photo: View east towards the Wasatch Mountains from the Copperton quadrangle. 

SPECIAL STUDY 152 
UTAH GEOLOGICAL SURVEY 

a division of 
UTAH DEPARTMENT OF NATURAL RESOURCES 

2014

ISBN: 978-1-55791-899-4

GEOLOGIC HAZARDS OF THE COPPERTON 
QUADRANGLE, SALT LAKE COUNTY, UTAH



STATE OF UTAH
Gary R. Herbert, Governor

DEPARTMENT OF NATURAL RESOURCES
Michael Styler, Executive Director

UTAH GEOLOGICAL SURVEY
Richard G. Allis, Director

PUBLICATIONS
contact

Natural Resources Map & Bookstore
1594 W. North Temple

Salt Lake City, UT 84114
telephone: 801-537-3320

toll-free: 1-888-UTAH MAP
website: mapstore.utah.gov
email: geostore@utah.gov

UTAH GEOLOGICAL SURVEY
contact

1594 W. North Temple, Suite 3110
Salt Lake City, UT 84114
telephone: 801-537-3300
website: geology.utah.gov

Although this product represents the work of professional scientists, the Utah Department of Natural Resources, Utah Geological 
Survey, makes no warranty, expressed or implied, regarding its suitability for a particular use. The Utah Department of Natural 
Resources, Utah Geological Survey, shall not be liable under any circumstances for any direct, indirect, special, incidental, or 
consequential damages with respect to claims by users of this product. For use at 1:24,000 scale only.



CONTENTS

ABSTRACT................................................................................................................................................................................... 1
INTRODUCTION......................................................................................................................................................................... 1

Purpose and Scope.................................................................................................................................................................. 1
Previous Work......................................................................................................................................................................... 1
Setting.....................................................................................................................................................................................3
Geology	..................................................................................................................................................................................3

HAZARDS..................................................................................................................................................................................... 4
Shallow Groundwater............................................................................................................................................................. 5
Liquefaction............................................................................................................................................................................ 7
Surface Fault Rupture............................................................................................................................................................. 9
Flood Hazards....................................................................................................................................................................... 12
Landslide Hazards................................................................................................................................................................ 12

	  Rock Fall Hazards................................................................................................................................................................. 14
Radon Hazard....................................................................................................................................................................... 15
Collapsible Soil Susceptibility.............................................................................................................................................. 17
Expansive Soil and Rock Susceptibility............................................................................................................................... 17
Shallow Bedrock................................................................................................................................................................... 19

MAP LIMITATIONS................................................................................................................................................................... 19
ADDITIONAL INFORMATION AND GUIDELINES.............................................................................................................. 20
ACKNOWLEDGMENTS........................................................................................................................................................... 20
REFERENCES............................................................................................................................................................................ 20

.

.

FIGURES

Figure 1. Index map of the Copperton quadrangle........................................................................................................................ 2
Figure 2. The Intermountain Seismic Belt (ISB)........................................................................................................................... 5
Figure 3. Earthquake epicenters > M 4 in the Wasatch Front region............................................................................................. 6
Figure 4. Four principal types of liquefaction-induced ground failure.......................................................................................... 8
Figure 5a. Diagram of a normal fault........................................................................................................................................... 11
Figure 5b. Diagram of a graben formed by two normal faults.................................................................................................... 11
Figure 6. Components of a characteristic rock-fall path profile.................................................................................................. 15
Figure 7. Typical structural damage to a building from expansive soil.......................................................................................18

TABLES

Table 1. Liquefaction investigation and report requirements...................................................................................................... 10
Table 2. Recommended requirements for site-specific landslide-hazard investigations............................................................. 14
Table 3. Recommended requirements for site-specific rock-fall hazard investigations.............................................................. 15
Table 4. Radon-hazard-potential classifications.......................................................................................................................... 16
Table 5. Correlation between geotechnical tests of soils and expansive-soil susceptibility........................................................19

PLATES

Plate 1. Shallow groundwater potential map as indicated by soil infiltration properties.......................................................on CD
Plate 2. Liquefaction susceptibility map................................................................................................................................on CD
Plate 3. Surface fault rupture hazard map..............................................................................................................................on CD
Plate 4. Flood hazard map......................................................................................................................................................on CD
Plate 5. Landslide susceptibility map....................................................................................................................................on CD
Plate 6. Rock-fall hazard map................................................................................................................................................on CD
Plate 7. Radon hazard potential map......................................................................................................................................on CD
Plate 8. Collapsible soil susceptibility map...........................................................................................................................on CD
Plate 9. Expansive soil and rock susceptibility map..............................................................................................................on CD
Plate 10. Shallow bedrock potential map..............................................................................................................................on CD



ABSTRACT

The Copperton quadrangle, in the southwest portion of Salt 
Lake Valley, is expected to experience a significant popula-
tion increase in the next several decades. As urbanization  
expands into areas less suited for development, geologic haz-
ards become of increasing concern in the planning, design, 
and construction of new facilities. This geologic-hazard study 
of the Copperton quadrangle incorporates geologic, hydro-
logic, soil, and geotechnical information to identify where 
geologic hazards may exist, and where detailed, site-specific, 
geotechnical/geologic-hazard investigations are necessary.

This study provides maps and information for 10 geologic 
hazards including shallow groundwater, liquefaction, surface 
fault rupture, flooding, landsliding, rock fall, radon, collaps-
ible soil, expansive soil and rock, and shallow bedrock. His-
torically, the most widespread hazard in Utah on an annual 
basis is flooding. Flooding is of special concern because it 
occurs frequently, can cause significant damage to facilities, 
and can be life threatening. Landslides and rock falls are 
of growing concern as development increases on hillsides, 
where development is often favored due to scenic vistas and 
aesthetics. Large earthquakes are rare events in the Copper-
ton quadrangle, but the hazards associated with them (mainly 
ground shaking, surface fault rupture, and liquefaction) have 
the greatest potential for producing catastrophic property 
damage, economic disruption, and loss of life of any hazard 
in the study area. The remaining hazards are typically local-
ized in nature and rarely are life threatening (except for in-
door radon). However, they are potentially costly when not 
recognized and properly accommodated in project planning 
and design.

INTRODUCTION

This study provides maps and information on 10 geologic 
hazards in the Copperton quadrangle. The Copperton quad-
rangle is in southwestern Salt Lake Valley about 15 miles 
(25 km) from downtown Salt Lake City, and includes areas  
expected to see increasing growth in the coming decades. 
As the valley’s population grows, urbanization will increase; 
therefore, timely geologic information early in the planning 
and design process is critical to avoid or reduce risk from geo-
logic hazards. 

Purpose and Scope

Geologic-hazard mapping is a multidisciplinary, dynamic 
process that uses a variety of available data to create an inte-
grated product intended for multiple uses. This study provides 
geotechnical engineers, engineering geologists, design profes-
sionals, building officials, developers, and the general public 
with information on the types and locations of geologic hazards 
that may affect existing and future development in the Copper-
ton quadrangle (figure 1). We compiled the data and created the 
maps for this study at a scale of 1:24,000 (1 inch = 2000 feet) 
using a geographic information system (GIS). This approach 
results in geologic-hazard maps that incorporate data and meth-
ods from a variety of scientific disciplines including engineer-
ing geology, geomorphology, aerial-photography analysis, GIS 
technology, and geologic field mapping.

The geologic-hazard maps are designed as an aid for general 
planning to indicate areas where detailed, site-specific geo-
technical/geologic-hazard investigations are recommended. 
The maps should not be enlarged for use at scales larger than 
1:24,000, and are not a substitute for site-specific geotechni-
cal/geologic-hazard investigations. These maps are based on 
a geologic-hazard analysis of the Copperton quadrangle. The 
geologic hazards addressed include shallow groundwater,  
liquefaction, surface fault rupture, flooding, landsliding, rock 
fall, indoor radon, collapsible soil, expansive soil and rock, and 
shallow bedrock. 

The scope of work for this study consisted of (1) identify-
ing and reviewing geologic, hydrologic, and soils information 
available for the study area, (2) digitizing relevant geologic, 
hydrologic, and soils information, (3) compiling a digital geo-
technical database incorporating test data, borehole logs, and 
other information from existing geotechnical/geologic-hazard 
reports in the study area, (4) field mapping, and (5) preparing 
this report and maps describing each geologic hazard. Other 
hazards than mapped for this study may be present within the 
quadrangle that may affect existing and future development. 

Previous Work

Christenson and Shaw (2008) compiled selected, existing 
geologic-hazard investigations for the Wasatch Front into a 
GIS database. Their maps include the Copperton quadrangle 
and present information on debris-flow, surface-fault-rupture, 
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Figure 1. Index map of the Copperton quadrangle showing principal geographic features including boundaries of cities and towns (unshaded areas are unincorporated Salt Lake County, 
including Copperton) and major transportation routes (AGRC, 2006).
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landslide, and liquefaction hazards. Other previous geologic-
hazard investigations that encompass the Copperton quadran-
gle include investigations of:

•	 earthquake site conditions (McDonald and Ashland, 
2008), 

•	 earthquake hazards associated with a scenario 
magnitude (M) 7 earthquake on the Salt Lake City  
segment of the Wasatch fault zone (including ground 
shaking, surface fault rupture, liquefaction, earth-
quake-induced landslides, and other geologic haz-
ards) (Solomon and others, 2004), 

•	 liquefaction (Anderson and others, 1994; Bartlett 
and others, 2005, 2006; Olsen and others, 2007; 
Hinckley, 2010), and

•	 radon-hazard potential (Black, 1996). 

Additionally, recent geologic mapping (Biek and others, 
2007) and geotechnical/geologic-hazard investigations have 
greatly increased our understanding of the area’s geology and 
hazards. 

Setting

The Copperton quadrangle includes the unincorporated town 
of Copperton (in its entirety) as well as parts of the cities of 
West Jordan, South Jordan, Riverton and Herriman. Princi-
pal transportation routes crossing the study area include State 
Route (SR) 111, SR 48 (New Bingham Highway), 11800 
South, and Mountain View Corridor (figure 1). 

Elevations in the quadrangle range from approximately 6725 
feet (2050 m) in the Oquirrh Mountains, to 4658 feet (1420 
m) in the northeast corner of the quadrangle. The study area 
is characterized by moderate precipitation, large daily tem-
perature changes, cold damp winters, and warm dry summers. 
Average annual precipitation at the Garfield weather sta-
tion approximately 12 miles (19 km) northwest of the town 
of Copperton, and at approximately the same elevation, was 
17.2 inches (43.6 cm) from November 1, 1924, to December 
31, 2009 (Western Regional Climate Center [WRCC], 2010). 
Precipitation in the Oquirrh Mountains bordering the Copper-
ton quadrangle on the west, is more than 5 inches (13 cm) 
greater than in the valley, based on WRCC (2010) data for the 
Bingham Canyon weather station from December 1, 1940, to  
October 31, 1974. Most precipitation is associated with storms 
from the north Pacific Ocean during fall, winter, and spring. 
Winter precipitation occurs primarily as snow. Summer tem-
peratures at lower elevations in the study area commonly  
exceed 90° Fahrenheit (°F) (32.2°C); the November 1, 1924, 
to December 31, 2009, average maximum temperature for 
July at the Garfield weather station is 91.5°F (33.1°C), and 
the January 1, 1948, to December 31, 2009, average maxi-
mum temperature for July at the Salt Lake International Air-
port weather station is 92.8°F (33.8°C) (WRCC, 2010). The 
dominant vegetation on the valley floor includes various types 

of perennial grasses. However, in the north part of the quad-
rangle, where shallow groundwater is present and flooding 
can be frequent, greasewood and Russian olive trees domi-
nate. As the elevation rises along the valley margins, vegeta-
tion changes to a variety of shrubs, including sagebrush. 

These maps are printed on a USGS topographic base map 
published in 1999, that conforms to the North American  
Datum of 1983 (NAD 83). However, the boundary of the base 
map conforms to the North American Datum of 1927 (NAD 
27) resulting in a slight offset in boundaries and a gap on the 
west edge of the map with no topographic data. The hazard 
mapping is in NAD 83. 

Geology

Salt Lake Valley occupies a structural basin in the Basin and 
Range physiographic province (Stokes, 1977). The basin is 
bounded by the Wasatch Range on the east and the Oquirrh 
Mountains on the west. The Wasatch Range consists of a 
complex sequence of sedimentary, metamorphic, and igneous 
rocks ranging in age from Precambrian to Tertiary. The range 
marks the western boundary of the Middle Rocky Moun-
tains physiographic province and the eastern boundary of the  
Basin and Range physiographic province (Stokes, 1977). The 
Oquirrh Mountains are composed primarily of Pennsylvanian 
and Permian sedimentary rocks and Tertiary sedimentary and 
volcanic rocks. Additionally, hydrothermal solutions intro-
duced in conjunction with Tertiary intrusive activity caused 
the precipitation of ore and gangue minerals in and surround-
ing the intrusives (Tooker, 1999), making the Oquirrh Moun-
tains rich in valuable ore. The Oquirrh Mountains are home 
to the Bingham Canyon mine, in the southwest corner of the 
Copperton quadrangle, which is one of the largest copper 
mines in the world. The bedrock in the vicinity of the Copper-
ton quadrangle was deformed by Cretaceous to early Tertiary 
contractional faulting and folding of the Sevier orogeny (e.g., 
Willis; 1999; DeCelles, 2006; Schelling and others, 2007), 
extensional faulting during late Eocene to middle Miocene 
“collapse” (Constenius, 1996; Constenius and others, 2003), 
and middle Miocene to recent basin-and-range faulting (Zo-
back and others, 1981; Smith and Bruhn, 1984). The Wasatch 
fault zone (at the western base of the Wasatch Range), the 
West Valley fault zone (in the north-central part of Salt Lake 
Valley), and the Oquirrh fault zone (at the western base of 
the Oquirrh Mountains) are the most prominent and young-
est structures (e.g., Holocene age) associated with basin-and-
range extensional faulting in the region.

Salt Lake Valley is in the Great Basin geographic area, charac-
terized by its internal drainage for much of the past 15 million 
years. The surficial valley sediments were mostly deposited 
by late Pleistocene Lake Bonneville (Oviatt and others, 1992, 
1999), a large pluvial lake that covered much of northwest-
ern Utah and adjacent parts of Idaho and Nevada (Gilbert, 
1890). The lake began to rise above levels comparable to 



Utah Geological Survey4

those of Great Salt Lake after 35,000 years ago (CRONUS-
Earth Project, 2005), and was in part contemporaneous with 
the most recent Rocky Mountain glacial advance, the Pine-
dale glaciation (Lips and others, 2005). Four major regional 
shorelines—Stansbury, Bonneville, Provo, and Gilbert— 
associated with transgressive (rising) and regressive (lower-
ing) phases of Lake Bonneville, are recognized in Salt Lake 
Valley. The Bonneville and Provo shorelines are preserved 
within the Copperton quadrangle. At the higest level of Lake 
Bonneville the Bonneville shoreline formed, evident in the 
southern part of the Copperton quadrangle as the highest top-
ographic bench on the valley margin. The level of the Bonn-
eville shoreline was controlled by an overflow threshold at an 
elevation of approximately 5092 feet (1552 m) near Zenda 
in southern Idaho. About 18,000 years ago (Miller and oth-
ers, 2013), overflow and rapid erosion at the Zenda threshold 
resulted in catastrophic lowering of the lake by 340 feet (104 
m) (Jarrett and Malde, 1987) in less than one year (O’Conner, 
1993). Lake Bonneville then stabilized at a new lower thresh-
old near Red Rock Pass, Idaho, and the Provo shoreline 
formed on the lower slopes of the Oquirrh Mountains. About 
15,000 years ago, a warming climate induced further lowering 
of the lake level (Godsey and others, 2005), and Lake Bonn-
eville began a decline to the current level of Great Salt Lake.

More details on the stratigraphy, structure, and geologic  
resources of the Copperton quadrangle and additional refer-
ences are included on the geologic map of the quadrangle 
(Biek and others, 2007). Additionally, studies of the West 
Valley fault zone (Keaton and Currey, 1993; Keaton and 
others, 1993; DuRoss and Hylland, 2012), the Oquirrh fault 
zone (Lund, 1996), and the Oquirrh Mountains (Cook, 1961; 
Tooker and Roberts, 1998; Tooker, 1999) contain information 
regarding the geology of the area.

HAZARDS

The early recognition and mitigation of geologic hazards can 
reduce risk to life and property. Hazard mapping is essential 
to identify areas where further investigations are necessary 
to determine risk, hazard extent, and needed mitigation mea-
sures. On an annual basis, the most common and damaging 
geologic hazard in Utah, and affecting the Copperton quad-
rangle, is flooding. Because of their potentially wide distribu-
tion, frequent occurrence, and destructive nature, floods will 
likely be the principal geologic hazard in the quadrangle with 
which planners and others will contend in the future.

Landslides and rock falls are of growing concern as devel-
opment increases on hillsides, where development is often  
favored due to scenic vistas and aesthetics. Existing landslides 
in the quadrangle, especially older ones, can be difficult to 
recognize, but their stability remains suspect. Landslide iden-
tification and proper accommodation in project planning and 
design is critical to avoid slope-stability problems. Some bed-
rock units in the study area contain a high percentage of clay 

and are correspondingly weak and susceptible to landslides, 
especially when wet. The close correlation in the quadrangle 
between existing landslides and weak bedrock units provides 
ample warning that development on slopes underlain by land-
slide-susceptible bedrock must proceed with caution. Land-
slides are also associated with susceptible unconsolidated 
deposits. Conditions conducive to rock fall are present along 
the western boundary of the quadrangle, and damaging events 
are likely to increase as development moves into those areas, 
unless effective hazard-reduction measures are implemented.

Large, damaging earthquakes are rare in the Copperton quad-
rangle, but active faults in the quadrangle and surround-
ing area are capable of producing earthquakes of M 6.5 or 
greater (Keaton and others, 1993; Lund, 1996; Solomon and  
others, 2004; DuRoss and Hylland, 2012). In Utah, most 
earthquakes are associated with the Intermountain Seismic 
Belt (ISB) (Smith and Sbar, 1974; Smith and Arabasz, 1991), 
an approximately 100-mile-wide (160 km), north-south trend-
ing zone of earthquake activity extending from northern Mon-
tana to northwestern Arizona (figure 2). Hazards associated 
with large earthquakes (ground shaking, surface fault rupture, 
landslides, rock falls, and liquefaction) have the greatest po-
tential for catastrophic property damage, economic disrup-
tion, and loss of life of any hazard in the study area. Ground 
shaking is the most widespread and typically most damaging 
earthquake hazard (Yeats and others, 1997). Strong ground 
shaking can last from several seconds to minutes and can be  
amplified (increased) or deamplified (decreased) depending on  
local soil and rock conditions (Reiter, 1990). Ground shak-
ing is usually strongest near the earthquake epicenter and  
decreases away from that point. However, foundation condi-
tions (type of soil or rock) and the type and quality of con-
struction play large roles in determining the extent of ground 
shaking damage. 	

The Copperton quadrangle may experience significant ground 
shaking due to nearby faults, primarily the West Valley fault 
zone and the Wasatch fault zone, but also the Harkers fault and 
an unnamed fault in the southwest part of the quadrangle for 
which the time of latest movement is not known. Numerous 
earthquakes greater than M 4 have occurred in proximity to 
the Copperton quadrangle over the past century, including the 
1962 Magna M 5.2 earthquake and the 1992 Western Traverse 
Mountains M 4.2 earthquake (Christensen, 1992; University 
of Utah Seismograph Stations, 2010a; figure 3). The Magna 
earthquake resulted in minor damage to buildings in several 
cities and towns within one mile (1.6 km) to the southwest of 
the earthquake epicenter, which is approximately 5 miles (8 
km) north of the Copperton quadrangle (figure 3). Newspa-
per articles, photographs, and personal accounts of the Magna 
earthquake can be viewed on the University of Utah Seis-
mograph Stations’ (2010a) website. Eldredge and O’Brien 
(2001) also present photographs and discuss geologic effects 
and building damage from this earthquake. Additional infor-
mation on earthquake preparedness and safety can be found 
in the Utah Seismic Safety Commission (2008) handbook 
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and others, 1992).

for earthquakes in Utah, Putting Down Roots in Earthquake 
Country, which is available online at http://ussc.utah.gov/put-
ting_down_roots.html. 

 Several different studies related to ground shaking have been 
completed or are ongoing for Salt Lake Valley (Wong and 
others, 2002; McDonald and Ashland, 2008; Magistrale and 
others 2009). For this reason, we did not complete a ground-
shaking-hazard map or analysis for the Copperton quadran-
gle for this study. The effects of large earthquakes must be  
reduced through land-use planning, adoption and enforce-
ment of modern seismic building codes (International Code 
Council, 2009a; International Code Council, 2009b), and  
disaster preparedness planning and drills. 

The remaining geologic hazards considered in this report 

are typically localized in nature, and while potentially costly 
when not recognized and properly accommodated in project 
planning and design, problems associated with them are rarely 
life threatening. An exception is the hazard posed by elevated 
levels of indoor radon. Breathing radon over time increases 
the risk of lung cancer, but effective techniques are available 
for reducing indoor radon levels in existing construction and 
preventing dangerous levels in new construction.

Shallow Groundwater

Groundwater is found in saturated zones beneath the land  
surface in soil and rock at various depths. Shallow groundwa-
ter levels typically are dynamic and fluctuate in response to a 
variety of conditions; groundwater levels may rise or fall in 
response to long-term climatic change, seasonal precipitation, 
irrigation, and the effects of development. Most development-
related groundwater problems occur when water is within 10 
feet (3 m) of the ground surface. Shallow groundwater can 
flood basements and other underground facilities; damage 
buried utility lines, and destabilize excavations. Ground-
water inundation of landfills, waste dumps, and septic-tank  
systems can impair the performance of those facilities and 
lead to groundwater contamination. Groundwater can change 
the physical and chemical nature of rock and soil, cause soils 
susceptible to expansion and collapse to activate, and can be 
a contributing factor to slope instability (Wieczorek, 1996; 
Ashland and others, 2005, 2006). During moderate to large 
earthquakes, groundwater within approximately 50 feet (15 
m) of the ground surface can cause liquefaction in sandy soils.

Groundwater may exist under either unconfined (water table) 
or confined (artesian/pressurized) conditions, in regional 
aquifers, or as local perched zones. The deep unconfined and 
confined aquifers are commonly grouped together and called 
the principal aquifer (Thiros, 1995). Groundwater from the 
principal aquifer can be forced upward by artesian pressure 
to the ground surface where it is discharged through springs 
and seeps. A shallow unconfined aquifer is typically present 
where confining layers overlie the principal aquifer (Thiros, 
1995). Perched groundwater develops where water from pre-
cipitation, irrigation, or urban runoff percolates through thin,  
permeable, unconsolidated surface deposits and collects 
above less-permeable underlying layers. 

Surficial deposits in the quadrangle are highly variable and 
range from impermeable to moderately permeable lacustrine 
silt, sand, and gravel (Biek and others, 2007). Groundwater 
data in the quadrangle are limited outside areas of recent  
development; therefore, perched water may extend outside of 
the mapped zone of shallow groundwater (plate 1). Perched 
groundwater and seasonally shallow groundwater may locally 
contribute to development problems in areas not having per-
sistent shallow groundwater. 

Our mapping focused on shallow groundwater including the 

http://ussc.utah.gov/putting_down_roots.html
http://ussc.utah.gov/putting_down_roots.html
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Figure 3. Earthquake epicenters > M 4 in the Wasatch Front region from 1850 to 2009 (University of Utah Seismograph Stations, 
2010b) and major Quaternary faults in the region (Black and others, 2003), including the Oquirrh fault zone (OFZ), West Valley fault 
zone (WVFZ), and Wasatch fault zone (WFZ). The area outlined in black shows the Copperton quadrangle. The black dot to the north 
of the Copperton quadrangle shows the epicenter of the 1962 M 5.2 Magna earthquake.



7Geologic hazards of the Copperton quadrangle, Salt Lake County, Utah

principal aquifer where it is shallow, and locally unconfined 
or perched aquifers 50 feet (15 m) or less below the ground 
surface. However, the shallow-groundwater-potential map 
does not differentiate between aquifers and is not intended to 
model the deeper regional aquifer; instead it indicates the po-
tential for shallow groundwater resulting from soil drainage 
capacity, geology, and hydrology. 

To evaluate shallow groundwater potential (plate 1) we used 
six main sources of data: (1) recent Utah Geological Sur-
vey (UGS) geologic mapping (Biek and others, 2007), (2) 
a geotechnical database compiled by the UGS, (3) previous 
groundwater investigations, (4) water-well drillers’ logs on 
file with the Utah Division of Water Rights (UDWR, 2009), 
(5) private industry water well data, and (6) the Natural  
Resources Conservation Service (NRCS) Soil Survey Geo-
graphic (SSURGO) Database for Salt Lake Area, Salt Lake 
County, Utah (NRCS, 2006).

We obtained groundwater-level data from geotechnical/geo-
logic-hazard investigations and water well logs and incorpo-
rated the data into a geotechnical database. The NRCS maps 
the occurrence of wet or potentially wet soil conditions. Wet 
conditions are defined by the NRCS as soils in which depth to 
groundwater is less than 60 inches (152 cm), and potentially 
wet soil conditions are defined as poorly drained, fine-grained 
soils that may develop shallow groundwater locally when rates 
of water application exceed the soil’s drainage capacity. These 
data provide the base for our shallow-groundwater-potential 
maps. Mapped geologic units were overlain onto the NRCS 
base and were used as a modifier where necessary, such as in 
areas of bedrock or geologic units that add conflicting data to 
the NRCS descriptions at depths greater than 5 feet (1.5 m) 
below the ground surface. We also modified the NRCS units 
where depth to groundwater was observed to be shallow (less 
than or equal to 10 feet [3 m]) in geotechnical boreholes and 
water-well logs. To account for temporal and seasonal fluctua-
tions in groundwater, we used the most conservative (shallow-
est) depth to groundwater reported in an area. 

Our shallow-groundwater-potential map (plate 1) is not in-
tended to provide numerical depths to groundwater, but rather 
to indicate where shallow groundwater may affect develop-
ment and contribute to other geologic hazards. We classify 
three shallow-groundwater-potential categories to identify 
soil and rock units that are either naturally wet or have the 
potential to develop wet conditions. The categories define the 
conditions under which shallow groundwater may occur, but 
the categories do not represent relative severity rankings, or 
actual depth to groundwater. 

Liquefaction

Liquefaction and liquefaction-induced ground failures are 
major causes of earthquake damage (Keller and Blodgett, 
2006). Upon liquefaction, a soil loses its strength and abil-

ity to support the weight of overlying structures or sediments. 
Figure 4 illustrates the four principal types of liquefaction-
induced ground failure. Liquefaction typically occurs within 
approximately 50 feet (15 m) of the ground surface (Seed, 
1979), but the likelihood of liquefaction occurring in most 
deposits is very low when groundwater is deeper than about 
30 feet (10 m) (Youd and Perkins, 1978; Youd and Gilstrap, 
1999). However, perched groundwater, locally saturated soils, 
and changes in local and regional water management patterns, 
along with seasonal variations of the water table, must also be 
considered when evaluating liquefaction hazard (Martin and 
Lew, 1999; California Geological Survey, 2008).

Liquefaction occurs when water-saturated, loose soil is  
subjected to strong ground shaking (Seed, 1979; Martin and 
Lew, 1999). Loose soils are typically sandy, with little clay, 
and have grains that do not readily adhere together, although 
some silty and gravelly soils are also susceptible to liquefac-
tion. In general, an earthquake of M 5 or greater is necessary 
to induce liquefaction. Larger earthquakes are more likely to 
cause liquefaction, and may result in liquefaction at greater 
distances from the earthquake epicenter. All of the following 
conditions must be present for liquefaction to occur:

•	 the soils must be submerged below the water table,

•	 the soils must be loose/soft to moderately dense/stiff,

•	 the ground shaking must be intense, and

•	 the duration of ground shaking must be sufficient for 
the soils to lose their shearing resistance.

To evaluate liquefaction susceptibility (plate 2) we used four 
main sources of data: (1) recent UGS geologic mapping (Biek 
and others, 2007), (2) a geotechnical database compiled by 
the UGS, (3) the NRCS Soil Survey Geographic (SSURGO) 
Database for Salt Lake Area, Salt Lake County, Utah (NRCS, 
2006), and (4) our shallow groundwater potential mapping. 
We assigned a liquefaction susceptibility classification of low, 
very low, or not susceptible based on geologic and groundwa-
ter conditions. 

We used geologic mapping, NRCS soil data, and soil bore-
hole logs from our geotechnical database to delineate uncon-
solidated geologic deposits typically associated with liquefac-
tion. We evaluated each geologic map unit based on dominant 
grain-size distribution (fine to coarse grained), sorting (poorly 
to well sorted), and cementation (none to strong), and inte-
grated these data with the groundwater data. Where depth to 
groundwater is likely 50 feet (15 m) or less, we classified the 
liquefaction susceptibility of the corresponding geologic unit 
as low, very low, or not susceptible based on textural charac-
teristics and cementation (plate 2). 	

Geologic units that consist of well sorted sands, silty sands, 
and gravels where depth to groundwater is less than or equal 
to 50 feet (15 m) below the ground surface are mapped as 
high. Geologic units that consist of moderately to poorly 
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Figure 4. Four principal types of liquefaction-induced ground failure. Arrows indicate direction of ground movement (modified from Youd, 
1984).
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sorted sands and gravels where depth to groundwater is less 
than or equal to 50 feet (15 m) below the ground surface are 
mapped as moderate. Geologic units that consist of poorly 
sorted sands and gravels where depth to groundwater is likely 
greater than 50 feet (15 m) below the ground surface but shal-
low groundwater potential mapping identifies soil conditions 
likely to develop perched groundwater are mapped as low 
susceptibility. Geologic units that consist of moderately to 
poorly sorted sands and gravels where depth to groundwater 
is greater than or equal to 50 feet (15 m) below the ground  
surface are mapped as very low susceptibility. Areas of sandy 
to fine-grained soils and perched or seasonally high ground-
water may increase liquefaction susceptibility within the 
mapped low and very low susceptibility areas. Anderson and 
others (1994) emphasized that “perched groundwater is equal 
to true groundwater with respect to soil liquefaction,” stat-
ing that “saturated granular material is the chief concern; the 
source of the saturation is immaterial.” 

The liquefaction susceptibility map (plate 2) does not integrate 
expected earthquake ground motions with soil characteristics 
and depth to groundwater, which is required to determine rela-
tive liquefaction potential (potential is equal to susceptibility 
plus opportunity) in susceptible soils. Probabilistic liquefac-
tion potential and liquefaction-induced ground-failure map-
ping for the urban Wasatch Front is ongoing at the University 
of Utah in collaboration with the Utah Liquefaction Advisory 
Group (ULAG, http://geology.utah.gov/ghp/workinggroups/
ulag.htm) and other universities (Bartlett and others, 2005, 
2006). The liquefaction susceptibility map also does not  
indicate if liquefaction of subsurface material will manifest 
at the surface, nor does it differentiate ground-failure types or 
amounts, both of which are required to fully assess the hazard 
and evaluate mitigation techniques.

The liquefaction susceptibility map is intended for general 
planning purposes to indicate where liquefaction suscepti-
bility may be present and to assist in designing liquefaction- 
hazard investigations. Minimum requirements for liquefaction 
investigations are detailed in the International Building Code 
(IBC) (International Code Council, 2012a), and are implied in 
the International Residential Code (IRC) (International Code 
Council, 2012b), which applies to the design and construction 
of one- and two-family dwellings and townhouses. The 2012 
IBC Section 1803.5.11 (p. 394) requires a liquefaction evalua-
tion if a structure is in Seismic Design Category C, D, E, or F, 
and 2012 IBC Section 1803.5.12 (p. 394) requires a liquefac-
tion evaluation and an assessment of potential consequences 
of any liquefaction if the structure is in Seismic Design Cate-
gories D, E, or F. Although the IRC does not specifically men-
tion liquefaction, IRC Section R401.4 (p. 73) leaves the need 
for soil tests up to the local building official in areas likely to 
have expansive, compressive, shifting, or other questionable 
soil characteristics, such as liquefiable soils.

IBC seismic design categories are described in IBC section 
1613.3.3. Seismic design categories are determined on a site-

specific basis, and vary throughout the Copperton quadrangle 
depending on IBC Site Class, defined in IBC section 1613.3.2, 
maximum considered earthquake ground motions, and the 
IBC Risk Category of the proposed structure. Risk Categories 
are based on the nature of the structure’s use and occupancy 
and are described in IBC Section 1604.5 (p. 336) and table 
1604.5 (p. 3336). The IBC specifies four Risk Categories  
(I, II, III, and IV). Risk Category I includes buildings and 
other structures, such as temporary or storage facilities, that 
represent a low hazard to human life in the event of a failure. 
Risk Category II includes single and multi-family residences, 
and those buildings and other structures not listed in Risk 
Categories I, III, and IV, including single-family homes and 
townhomes. Risk Category III includes buildings and other 
structures, such as schools, that represent a substantial haz-
ard to human life in the event of failure. Risk Category IV 
includes buildings and other structures designated as essential 
facilities, such as critical utility facilities and hospitals. 

The Salt Lake County Geologic Hazards Ordinance (Salt 
Lake County, 2010) stipulates the minimum requirements 
for liquefaction investigations prior to development. Table 1 
shows the current Salt Lake County requirements based on 
intended land use and incorporates the corresponding IBC  
occupancy category. Martin and Lew (1999) provide guide-
lines for conducting both reconnaissance (screening) and  
detailed (quantitative) liquefaction investigations. In conjunc-
tion with the Salt Lake County requirements, we recommend 
at a minimum: 

•	 reconnaissance investigations for all Occupancy 
Category II and III structures in all hazard areas, 

•	 a detailed investigation for all Occupancy Category 
II and III structures when the reconnaissance inves-
tigation indicates the liquefaction hazard is moderate 
or greater, and

•	 a reconnaissance evaluation only for Occupancy 
Category I structures in moderate to high liquefac-
tion-hazard areas.

No investigation is recommended for Occupancy Category I 
buildings in low, very low, or no susceptibility areas. 

Surface Fault Rupture

Among the potential damaging effects of large earthquakes is 
surface fault rupture, which occurs when fault movement at 
depth propagates upward along the fault to the ground surface. 
The resulting displacement of the ground surface may also 
produce ground cracking and warping, and may result in more 
than one fault scarp (figure 5a). Depending on the magnitude 
of the earthquake, fault scarps can range from a few inches to 
several feet high and extend for many miles along the fault 
trace. Local ground tilting and graben formation (figure 5b) 
by secondary faulting may accompany surface fault rupture,  
resulting in a zone of deformation along the fault trace that 

http://geology.utah.gov/ghp/workinggroups/ulag.htm
http://geology.utah.gov/ghp/workinggroups/ulag.htm
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Table 1. Liquefaction investigations and reports required prior to development approval in Salt Lake County. Modified after Salt Lake County 
Geologic Hazard Ordinance table 19.75.050 (Salt Lake County, 2010).

Land Use and IBC Risk Correlation Liquefaction Potential

Land Use (Type or Facility) IBC Risk Category1 High and Moderate Low and Very Low

Critical and essential facilities as defined in 
Section 19.75.020 of the Salt Lake County 
Geologic Hazards Ordinance 

IV Yes Yes

Industrial and commercial buildings  
(1 story and <5,000 sq. ft.) II No2 No

Industrial and commercial buildings  
(>5,000 sq. ft.) III Yes No

Residential-single family lots/single family 
homes II No2 No

Residential subdivisions (>9 lots),  
and residential multi-family dwellings  
(4 or more units per acre)

II Yes No

Residential subdivisions (<9 lots),  
and residential multi-family dwellings  
(<4 units per acre)

II No2 No

can be tens to hundreds of feet wide. Surface fault rupture, 
while of limited areal extent when compared to ground shak-
ing, can have serious consequences for structures or other  
facilities that lie along or across the rupture path. 

To evaluate surface-fault-rupture hazard (plate 3) we used 
five main sources of data: (1) recent UGS geologic mapping 
(Biek and others, 2007), (2) the Quaternary Fault and Fold 
Database and Map of Utah (Black and others, 2003), (3) the 
Guidelines for Evaluating Surface-Fault-Rupture Hazards in 
Utah (Christenson and others, 2003), (4) aerial photography 
interpretation, and (5) 2-meter bare earth Light Detection and 
Ranging (LiDAR) data (Utah Automated Geographic Refer-
ence Center [AGRC], 2006). 

In California, the Alquist-Priolo Earthquake Fault Zoning Act 
(Bryant and Hart, 2007), which regulates development along 
known active faults, defines an “active fault” as one that has 
had “surface displacement within Holocene time (about the 
past 11,000 years).” California has a well-recognized earth-
quake hazard and was the first state to implement regulations 
designed to reduce risk from those hazards. The California 
“Holocene” standard is used in many regulations in other 
parts of the country, even in areas where the Holocene is not 
the best time frame against which to measure surface-fault-
ing recurrence. DePolo and Slemmons (1998) argue that in 
the Basin and Range Province, a time period longer than the 
Holocene is more appropriate for defining active faults be-
cause many faults in the province have surface-faulting recur-

rence intervals (average repeat times) that approach or exceed 
10,000 years. They advocate a late Pleistocene age criterion, 
specifically 130,000 years, to define active faults in the Basin 
and Range Province. They base their recommendation on the 
observation that six to eight (>50 percent) of the 11 historical 
surface-faulting earthquakes in the Basin and Range Province 
occurred on faults that lacked evidence of Holocene activity, 
but which did have evidence of late Pleistocene activity.

Christenson and others (2003) recommend adopting the fault 
activity classes defined by the Western States Seismic Policy 
Council (WSSPC) for the Basin and Range Province, because 
of the difficulties in using a single “active” fault definition 
(WSSPC Policy Recommendation 11-2; first adopted in 1997 
as WSSPC Policy Recommendation 97-1, and revised and  
readopted in 2002, 2005, 2008, and 2011, available at http://
www.wsspc.org/policy/files/Adopted/ADOPTED_PR11-2_
BRFault.pdf [WSSPC, 2011]). WSSPC Policy 11-2 recom-
mends that the following definitions of fault activity be used 
to categorize potentially hazardous faults in the Basin and 
Range Province:

•	 Holocene fault – a fault that has moved within the 
past 11,700 calibrated years before present (B.P.).

•	 Late Quaternary fault – a fault that has moved  
within the past 130,000 years.

•	 Quaternary fault – a fault that has moved within the 
past 2,600,000 years.

1International Code Council, 2012a
2Although a site-specific investigation is not required, the owner is required to file a disclosure notice prior to land-use approval.

http://www.wsspc.org/policy/files/Adopted/ADOPTED_PR11-2_BRFault.pdf
http://www.wsspc.org/policy/files/Adopted/ADOPTED_PR11-2_BRFault.pdf
http://www.wsspc.org/policy/files/Adopted/ADOPTED_PR11-2_BRFault.pdf
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Based upon recent UGS geologic mapping (Biek and others, 
2007), we categorize normal faults (where the hanging wall 
has moved down relative to the footwall [figure 5a]) as well 
defined, concealed, or approximately located, and established 
special-study areas for surface-fault-rupture hazard (after  
Robison, 1993; Christenson and others, 2003; Lund and oth-
ers, 2008) for each fault category. We consider a fault well  
defined if its trace is clearly detectable by a trained geolo-
gist as a physical feature at the ground surface (Bryant and 
Hart, 2007). We classified faults as well defined if UGS 
1:24,000-scale mapping (Biek and others, 2007) shows them 
as solid lines, indicating that they are recognizable as faults 
at the ground surface. The special-study areas established for 
well-defined faults extend for 500 feet (150 m) on the down-
thrown side of the fault and 250 feet (75 m) on the upthrown 
side of the fault. Christenson and others (2003) provide rec-
ommendations for investigating and reporting surface-fault-
rupture hazards, and procedures for establishing safe setback 
distances from active faults in Utah. 

Although not well expressed at the surface, buried or  
approximately located Quaternary faults still may represent a 
significant surface-fault-rupture hazard and should be evalu-
ated prior to development. Given their uncertain location, the 
special-study areas around these faults are broader, extending 
1000 feet (300 m) from either side of the suspected fault. The 
surface-fault-rupture hazard map (plate 3) shows potentially 
active faults on the Copperton quadrangle along which sur-
face faulting may occur. A special-study area is shown around 
each fault, within which the UGS recommends a site-specific 
surface-fault-rupture-hazard investigation be performed prior 
to development. Faults that pose a potential surface-fault- 
rupture hazard in the Copperton quadrangle are the Harkers 
fault in the northwestern corner, and two small unnamed faults 
mapped east of the Harkers fault (Biek and others, 2007). Both 
the Harkers fault and the unnamed faults are north-northeast- 
trending normal faults that cut older Quaternary alluvial-fan 
deposits; however, little else is known about these faults. The 

hazard from surface fault rupture should be investigated for 
all critical facilities within the special-study zones for these 
faults. 

Site-specific geotechnical/geologic-hazard investigations can 
resolve uncertainties inherent in this generalized hazard map 
and help ensure safety by identifying the need for fault set-
backs. The Guidelines for Evaluating Surface-Fault-Rupture 
Hazards in Utah (Christenson and others, 2003; http://ugspub.
nr.utah.gov/publications/misc_pubs/MP-03-6Guidelines.pdf) 
includes a detailed rationale for investigating and reporting 
surface-fault-rupture hazards, and procedures for establishing 
safe setback distances from potentially active faults. City and 
county officials, planners, and consultants should refer to the 
guidelines for the details of conducting and reviewing inves-
tigations of surface-fault-rupture hazards. For well-defined 
faults, we recommend that investigations be performed in 
accordance with the UGS guidelines (Christenson and oth-
ers, 2003). Concealed and approximately located faults lack 
a clearly identifiable surface trace, and therefore may not be 
amenable to trenching, which is the standard hazard evalua-
tion technique used to study well-defined faults (McCalpin, 
2009). Where development is proposed in a special-study area 
for a concealed or approximately located fault, we recom-
mend that at a minimum the following tasks be performed to 
better define the surface-fault-rupture hazard in those areas:

1.	 Review of published and unpublished maps, litera-
ture, and records concerning geologic units, faults, 
surface water and groundwater, previous subsurface 
investigations, and other relevant factors.

2.	 Stereoscopic interpretation of aerial photographs 
and/or interpretation of LiDAR imagery to detect 
any subtle fault-related features expressed in the site 
topography, vegetation, or soil contrasts, and any 

Scarp

Footwall

Normal Fault

Scarp

Graben

Hanging
WallFootwall

Normal Fault
Figure 5a. Diagram of a normal fault showing the relative movement 
of the hanging wall and footwall.

Figure 5b. Diagram of a graben formed by two normal faults 
showing the relative movement of the hanging wall and footwall.

http://ugspub.nr.utah.gov/publications/misc_pubs/MP-03-6Guidelines.pdf
http://ugspub.nr.utah.gov/publications/misc_pubs/MP-03-6Guidelines.pdf
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lineaments of possible fault origin.

3.	 Field evaluation of the proposed site and surround-
ing area to observe surface evidence for faulting; 
map geologic units as necessary to define critical 
geologic relations; evaluate geomorphic features 
such as springs or seeps (aligned or not), sand blows 
or lateral spreads, or other evidence of earthquake-
induced features; and excavate test pits to evaluate 
the age of deposits onsite to constrain the time of 
most recent surface faulting.

If the results of these investigations reveal evidence of possi-
ble surface-faulting related features, those features should be 
trenched in accordance with the UGS guidelines (Christenson 
and others, 2003). In addition, we recommend that construc-
tion excavations and cuts be carefully examined by a qualified 
geologist for evidence of faulting as development proceeds.

Flood Hazards

Flooding is the overflow of water onto lands that are normal-
ly dry, and is the most commonly occurring natural hazard 
(Keller and Blodgett, 2006). Damage from flooding includes 
inundation of land and property, erosion, deposition of sedi-
ment and debris, and the force of the water itself, which can 
damage property and take lives (Stauffer, 1992). Historically, 
flooding is the most prevalent and destructive (on an annual 
basis) hazard affecting Utah. 

The flood hazard map (plate 4) shows areas in the Copperton 
quadrangle that may be susceptible flooding. Several creeks 
capable of flooding are at least partially within the quadrangle. 
These include Barneys Creek, Rose Canyon Creek, Butter-
field Creek, Bingham Canyon Creek, Midas Creek, and Cop-
per Creek. Several smaller ephemeral drainages contribute 
to the flood hazard as well. Seasonal weather patterns that 
deliver moisture to northern Utah also contribute to a high 
flood hazard. The risk from flooding is significantly increased 
by wildfires because in burn areas wildfires cause a decrease 
in water infiltration and an increase in run-off and erosion. 
Human activities, such as placing structures and constrictions 
in floodplains, active alluvial fans, or erosion-hazard zones; 
developing without adequate flood and erosion control; poor 
watershed management practices (such as overgrazing or  
allowing indiscriminate off-road vehicle traffic); and the unin-
tentional release of water from an engineered water-retention 
or conveyance structure (such as a dam or canal) also increase 
the potential for flooding. 

To evaluate flood hazard (plate 4) we used four main sources 
of data: (1) Federal Emergency Management Agency (FEMA) 
National Flood Insurance Program Flood Insurance Rate 
Maps (FIRMs [FEMA, 2009]), (2) recent UGS geologic map-
ping (Biek and others, 2007), (3) aerial photography interpre-
tation, and (4) 2-meter LiDAR data (AGRC, 2006) to exam-
ine past and present drainage patterns. Geologic mapping is 

critical to determine the distribution of geologically young 
flood-related deposits, which aids in identifying flood-prone 
areas and in evaluating their relative susceptibility to flooding 
and/or debris flow. Active floodplains and low terraces along  
perennial and larger ephemeral streams, active alluvial fans, 
and young lacustrine deltaic deposits are mapped as high 
flood hazard. Normally dry stream channels, floodplains, and 
low terraces, along with older alluvial-fan deposits, lagoon-fill 
deposits, and colluvial deposits are mapped as moderate flood 
hazard. Minor ephemeral drainages are mapped as low flood 
hazard. Pediment-mantle alluvium is mapped as very low 
flood hazard. Large bedrock areas in the Oquirrh Mountains, 
on the western boundary of the quadrangle, were not assigned 
a flood-hazard category, because flooding in these areas will 
likely be concentrated in drainages. Individual drainages were 
not mapped due to the topographic complexities and scale 
limitations of the area.

 FEMA-designated flood zones delineated on the FIRMs are 
overlain on our mapped hazard categories. FEMA, through its 
National Flood Insurance Program (NFIP), makes federally 
subsidized flood insurance available to qualified individuals 
residing in participating communities. FIRMs are legal docu-
ments that govern the administration of the NFIP. Property 
owners should consult the appropriate FIRM directly when 
considering the purchase of NFIP flood insurance.

Landslide Hazards

Landslide is a general term that refers to the gradual or rapid 
movement of a mass of rocks, debris, or earth down a slope 
under the force of gravity (Neuendorf and others, 2005). The 
term covers a wide variety of mass-movement processes, and 
includes both deep-seated and shallow slope failures. The 
moisture content of the affected materials when a slope fails 
can range from dry to saturated. However, high moisture con-
tent reduces the strength of most deposits susceptible to land-
slides, and is often a contributing factor to landsliding.

Three broad factors, acting either individually or in combi-
nation, contribute to landsliding (Varnes, 1978; Wieczorek, 
1996): (1) an increase in shear stress, (2) low material strength, 
and (3) a reduction of shear strength. Common factors that  
increase shear stress include adding mass to the top of a slope, 
removing support from the toe of a slope, transient stresses  
associated with earthquakes and explosions, and the long-
term effects of tectonic uplift or tilting. Low material strength 
in rock or soil typically reflects the inherent characteristics of 
the material or is influenced by discontinuities (such as joints, 
faults, bedding planes, and desiccation fissures). Factors 
that reduce shear strength include both physical and chemi-
cal weathering, and the addition of water to a slope, which  
increases pore-water pressures and reduces the effective inter-
granular pressure within the slope materials.

Although one or more of the above causes may make a rock 
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or soil mass susceptible to landsliding, a trigger is required for 
landsliding to occur (Varnes, 1978; Cruden and Varnes, 1996). 
A trigger is an external stimulus or event that initiates land-
sliding either by increasing stresses or reducing the strength of 
slope materials (Wieczorek, 1996). Landslide triggers may be 
either static or dynamic. Static conditions include intense rain-
fall or prolonged periods of above-normal precipitation, rapid 
snowmelt, added water from irrigation or improper drainage, 
improper grading, and rapid erosion. Dynamic conditions 
include earthquakes and other ground shaking. Although 
frequently obvious, some triggers are subtle and not readily  
apparent. For example, a nearly imperceptible combination of 
weathering and gradual erosional undercutting can eventually 
cause landsliding.

To evaluate landslide susceptibility (plate 5) we used five 
main sources of data: (1) recent UGS geologic mapping (Biek 
and others, 2007), (2) previous landslide investigations, (3) 
aerial photography interpretation, (4) 2-meter LiDAR data 
(AGRC, 2006), and (5) field mapping and reconnaissance. 
We classify landslide susceptibility as high, moderate, or low. 
High landslide susceptibility consists of mapped landslides as 
well as geologic units that have experienced previous land-
sliding elsewhere in Utah as identified by geologic mapping 
and that underlie slopes that equal or exceed a selected criti-
cal slope angle. Moderate landslide susceptibility consists of 
areas having slopes greater than a selected critical slope angle 
in geologic units having no known prior landsliding. Low 
landslide susceptibility consists of areas having slopes with a 
critical angle lower than determined for specific geologic unit 
and units not likely susceptible to landsliding. 

In the Copperton quadrangle, we applied critical slope angles 
of 10 and 20 degrees based on analysis of landslides in north-
ern Utah within the same geologic units. To determine these 
slope angles we used GIS to calculate the average slope of 
each mapped landslide included in the Landslide Maps of 
Utah (Elliott and Harty, 2010) in northern Utah. The landslide 
slopes were then exported to a spreadsheet based on geologic 
unit and the average slope angle for each geologic unit was 
determined. Using mean landslide slopes plus or minus one 
standard deviation we assigned critical angles to geologic 
units in the Copperton quadrangle. Similar methodology 
has been used in other landslide evaluation and susceptibil-
ity investigations in similar geologic units to define critical 
slope (Hylland and Lowe, 1997; Giraud and Shaw, 2007). 
We assigned a critical angle of 10 degrees to Lake Bonnev-
ille deposits and Tertiary volcanic deposits, and 20 degrees to 
Oquirrh Group deposits. 

Although earthquake-induced ground shaking increases the 
potential for landsliding in susceptible material, the relative 
landslide susceptibility of the slope material does not change. 
For example, slopes mapped as having moderate landslide 
susceptibility are more likely to fail during an earthquake than 
under static conditions; however, slopes having moderate 
landslide susceptibility are less likely to fail than slopes hav-

ing high susceptibility under static and/or dynamic conditions. 

The landslide-susceptibility map (plate 5) shows areas of rela-
tive landslide susceptibility where site-specific slope-stability 
conditions (material strength, orientation of bedding and/
or fractures, groundwater conditions, and erosion or under-
cutting) should be evaluated prior to development. A valid 
landslide-hazard investigation must address all pertinent con-
ditions that could affect, or be affected by, the proposed de-
velopment, including earthquake ground shaking, perched or 
irrigation-induced groundwater, and slope modifications. This 
can only be accomplished through the proper identification 
and interpretation of site-specific geologic conditions and 
processes (Hylland, 1996). The analysis of natural and modi-
fied slopes for static and/or seismic stability is a challenging 
geotechnical problem. Blake and others (2002) consider accu-
rate characterization of the following as required for a proper 
static slope stability analysis:

1. 	 Surface topography.

2. 	 Subsurface stratigraphy.

3. 	 Groundwater levels and possible subsurface flow  
patterns.

4. 	 Shear strength of materials through which the fail-
ure surface may pass.

5. 	 Unit weight of the materials overlying potential  
failure planes.

The stability calculations are then carried out using an appro-
priate analysis method for the potential failure surface being 
analyzed. A seismic slope-stability analysis requires consider-
ation of each of the above factors for static stability, as well as 
characterization of:

•	 design-basis earthquake ground motions at the site, 
and 

•	 earthquake shaking effects on the strength and 
stress-deformation behavior of the soil, including 
pore pressure generation and rate effects.

Although Blake and others (2002) consider all of the above 
factors vital for a proper slope stability analysis, they note 
that some are more easily characterized than others. Two fac-
tors, subsurface stratigraphy/geologic structure and soil shear 
strength, can be particularly challenging to accurately char-
acterize. 

Additionally, UGS Circular 92, Guidelines for Evaluating Land-
slide Hazards in Utah (Hylland, 1996; http://ugspub.nr.utah.
gov/publications/circular/C-92.pdf), recommends minimum  
standards for performing landslide-hazard evaluations in 
Utah. Circular 92 outlines a phased approach to slope-stability 
investigations, beginning with a geologic evaluation and pro-

http://ugspub.nr.utah.gov/publications/circular/C-92.pdf
http://ugspub.nr.utah.gov/publications/circular/C-92.pdf
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property, roadways, and vehicles, and pose a significant safety 
threat. Rock-fall hazards are found where a rock source exists 
above slopes steep enough to allow rapid downslope move-
ment of dislodged rocks by falling, rolling, and bouncing. 
Most rock falls originate on slopes steeper than 35 degrees 
(Wieczorek and others, 1985; Keefer, 1993), although rock-
fall hazards may be found on less-steep slopes. 

Rock-fall hazard potential is based on a number of factors in-
cluding geology, topography, and climate. Rock-fall sources 
include bedrock outcrops or boulders on steep mountainsides 
or near the edges of escarpments such as bluffs, terraces, and 
ancient shorelines. Talus cones and scree-covered slopes are 
indicators of a high rock-fall hazard, although other areas are 
also vulnerable. Rock falls may be initiated by frost action, 
rainfall, weathering and erosion of the rock or surrounding 
material, and root growth, though in many cases a specific 
triggering mechanism is not apparent. Rock falls may also be 
initiated by ground shaking. Keefer (1984) indicates earth-
quakes as small as M4 can trigger rock falls. 

The rock-fall hazard map (plate 6) shows areas in the Cop-
perton quadrangle that may be susceptible to rock fall. Where 
no hazard is mapped, rock-fall hazard is either absent or too 
localized to show on a 1:24,000-scale map. Each hazard  
category includes three components (figure 6): (1) a rock-fall 
source, in general defined by geologic units that exhibit rela-
tively consistent patterns of rock-fall susceptibility through-
out the study area, (2) an acceleration zone, where rock-fall 
fragments detached from the source gain energy and momen-
tum as they travel downslope—this zone often includes a talus 
slope, which becomes less apparent with decreasing relative 
hazard and is typically absent where the hazard is low, and (3) 
a runout zone or rock-fall shadow, including gentler slopes 
that may be covered discontinuously by scattered large boul-
ders that have rolled or bounced beyond the base of the slope. 

gressing through reconnaissance and detailed geotechnical-
engineering evaluations as needed based on the results of the 
previous phase. Black and others (1999) and Blake and others 
(2002) provide additional guidance for evaluating landslide 
hazards. Minimum UGS recommendations for site-specific 
investigations for each landslide-susceptibility category in the 
Copperton quadrangle, in accordance with UGS Circular 92, 
are shown in table 2. 

Salt Lake County’s Zoning Ordinance Code prohibits  
development (including clearing, excavating, and grading) 
on slopes exceeding 30 percent (16 degrees) and sets aside 
these areas as natural private or public open space (Salt Lake 
County, 2010). Also, all roads are restricted from crossing 
slopes above 30 percent (16 degrees) unless they meet specific  
requirements and gain authorization (Salt Lake County, 2010).

While it is possible to classify relative landslide hazard in a 
general way on the basis of material characteristics and criti-
cal slope inclinations, landslides ultimately result from the  
effects of site-specific conditions acting together to drive the 
slope toward failure. For that reason, all development in areas 
of sloping terrain where modifications to natural slopes will 
be significant or where landscape irrigation or onsite waste-
water disposal systems may cause groundwater levels to rise 
(Ashland, 2003; Ashland and others, 2005, 2006), require a 
site-specific geotechnical/geologic-hazard investigation to 
evaluate the effect of development on slope stability.

Rock-Fall Hazards

Rock fall is a natural mass-wasting process that involves the 
dislodging and downslope movement of individual rocks and 
small rock masses (Varnes, 1978; Cruden and Varnes, 1996). 
Rock falls are a hazard because a boulder traveling at high 
speed can cause significant damage. Rock falls can damage 

Landslide Susceptibility Recommended Site-Specific Investigation

High Detailed engineering geologic and geotechnical-engineering investigation necessary 

Moderate
Geologic evaluation and reconnaissance-level geotechnical-engineering investigation  
necessary; detailed engineering geologic and geotechnical-engineering investigation may 
be necessary

Low
Geologic evaluation and reconnaissance-level geotechnical-engineering investigation  
necessary; detailed geotechnical-engineering investigation generally not necessary

Table 2. Recommended requirements for site-specific landslide-hazard investigations in the Copperton quadrangle.
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Figure 6. Components of a characteristic rock-fall path profile (after 
Lund and others, 2008).

To evaluate rock-fall hazard (plate 6) we used five main sourc-
es of data: (1) recent UGS geologic mapping (Biek and others, 
2007), (2) previous landslide investigations, (3) aerial photog-
raphy interpretation, (4) 2-meter LiDAR data (AGRC, 2006), 
and (5) field mapping and reconnaissance.

We assigned a hazard designation of high, moderate, or low 
based on the following rock-fall-source parameters: rock type, 
joints, fractures, orientation of bedding planes, and potential 
clast size, as determined by geologic mapping (Biek and  
others, 2007), as well as slope angle, acceleration zone, and a 
shadow angle of 20 degrees. We evaluated slopes below rock-
fall sources for slope angle, vegetation, clast distribution, clast 
size range, amount of embedding, and weathering of rock-fall 
boulders. Table 3 summarizes our recommended requirements 
for site-specific geotechnical/geologic-hazard investigations 
related to rock-fall hazards to protect life and safety.

Radon Hazard

Radon is an odorless, tasteless, and colorless radioactive gas 
that is highly mobile and can enter buildings through small 
foundation cracks and other openings such as utility pipes. 
The most common type of radon is naturally occurring and  
results from the radioactive decay of uranium, which is found 
in small concentrations in nearly all soil and rock. Although 
outdoor radon concentrations never reach dangerous levels  
because air movement and open space dissipate the gas, indoor 
radon concentrations may reach hazardous levels because of 
confinement and poor air circulation in buildings. Breathing 
any level of radon over time increases the risk of lung can-
cer, but long-term exposure to low radon levels is generally 

considered a small health risk. Smoking greatly increases 
the health risk due to radon, because radon decay products  
attach to smoke particles and are inhaled into the lungs, great-
ly increasing the risk of lung cancer. The U.S. Environmental 
Protection Agency (EPA, 2009) recommends that action be 
taken to reduce indoor radon levels exceeding 4 picocuries 
per liter of air (pCi/L), and cautions that indoor radon levels 
less than 4 pCi/L still pose a health risk, and in many cases 
can be reduced. 

Indoor radon levels are affected by several geologic factors 
including uranium content in soil and rock, soil permeability, 
and groundwater. Granite, metamorphic rocks, some volcanic 
rocks and shale, and soils derived from these rocks are gener-
ally associated with elevated uranium content contributing to 
high indoor radon levels. 

Hazard  
Potential

Classification of Buildings and Other Structures for Importance Factors1

I II III IV

One- and Two-
Family Dwellings 
and Townhouses

All Other Buildings 
and Structures 
Except Those 

Listed in Groups 
II, III, and IV

Buildings and Other 
Structures That Rep-
resent a Substantial 

Hazard to Human Life 
in the Event of Failure

Buildings and 
Other Structures 
Designated as 

Essential  
Facilities

Buildings and Other 
Structures That  

Represent a Low 
Hazard to Human  
Life in the Event of 

Failure

High,  
Moderate Yes Yes Yes Yes No2

Low Yes Yes Yes Yes No2

None No No No No No

1 Risk category from International Code Council, 2012a.
2 Property damage possible, but little threat to life safety.

Table 3. Recommended requirements for site-specific geotechnical/geologic-hazard investigations related to rock-fall hazards to protect life 
and safety.
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Soil permeability and groundwater affect the mobility of  
radon from its source. If a radon source is present, the abil-
ity of radon to move upward through the soil into overlying 
buildings is facilitated by high soil permeability. Conversely, 
radon movement is impaired in soils having low permeability. 
Saturation of soil by groundwater inhibits radon movement 
by dissolving radon in the water and reducing its ability to 
migrate upward through the soil (Black, 1996). 

Along with geologic factors, a number of non-geologic fac-
tors also influence radon levels in a building. Although the 
influence of geologic factors can be estimated, the influence of 
non-geologic factors such as occupant lifestyle and home con-
struction are highly variable. As a result, indoor radon levels 
fluctuate and can vary in different structures built on the same 
geologic unit; therefore, the radon level must be measured in 
each building to determine if a problem exists. Testing is easy, 
inexpensive, and may often be conducted by the building 
occupant, but professional assistance is available (for more 
information visit http://radon.utah.gov). Evaluation of actual 
indoor radon levels in the quadrangle was beyond the scope 
of this investigation. 

To evaluate the radon-hazard potential (plate 7) we used 
four main sources of data to identify areas where underlying 
geologic conditions may contribute to elevated radon levels: 
(1) radon-hazard-potential studies where available, (2) soil 
permeability data from the NRCS Soil Survey Geographic 
(SSURGO) Database for Salt Lake Area, Salt Lake County, 
Utah (NRCS, 2006), (3) depth-to-groundwater mapping, and 
(4) recent UGS geologic mapping (Biek and others, 2007). 
Using the geologic factors contributing to uranium content, 
soil permeability, and depth to groundwater, we classified soil 
and rock units into high and moderate hazard categories based 
on their potential to generate radon gas and the ability of the 
gas to migrate upward through the overlying soil and rock (af-

ter Black, 1996; table 4). Geologic mapping is important for 
identifying geologic units having high uranium content, par-
ticularly outside of areas covered by previous investigations 
where radiometric data are limited. 

The NRCS reported hydraulic conductivity (Ksat) values of 
saturated soil for their soil units based on testing performed at 
representative locations (NRCS, 2006). The NRCS assigned 
permeability classes to their soil units based on the hydraulic 
conductivity of the unit. The hydraulic conductivity values 
of non-soil map units (water, borrow pits, and other artificial 
units as mapped by the NRCS) are reported as zero; howev-
er, they do not necessarily represent impermeable surfaces. 
Therefore, the hydraulic conductivity of adjacent units is  
assumed to apply to non-soil map units.

Saturation of soil by shallow groundwater (less than approxi-
mately 30 feet [9 m]) inhibits radon movement by dissolving 
radon in the water and reducing its ability to migrate upward 
through foundation soil (Black, 1996). Our groundwater map-
ping focused on the principal aquifer where it is shallow and 
unconfined or artesian, and on locally unconfined or perched 
aquifers 30 feet (9 m) or less below the ground surface. 

The map of radon-hazard potential (plate 7) is intended to  
provide an estimate of the underlying geologic conditions that 
may contribute to the radon hazard. The map does not char-
acterize indoor radon levels because they are also affected by 
highly variable non-geologic factors. The map can be used to 
indicate the need for testing indoor radon levels; however, we 
recommend testing be completed in all existing structures. If 
professional assistance is required to test for radon or reduce 
the indoor radon hazard, a qualified contractor should be se-
lected. The EPA provides guidelines for choosing a contrac-
tor, and a listing of state radon offices, in Consumer’s Guide 
to Radon Reduction (EPA, 2010). The radon-hazard potential 

Geologic Factors

Radon hazard category1

Low Moderate High

Uranium (ppm) <2 2-3 >3

Soil permeability2
Impermeable 

(Hydraulic conductivity  
<0.6 in/hr [<4.23 µm/s])

Moderately permeable 
0.6-6 in/hr 

(4.23 µm/s – 42.34 µm/s)

Highly permeable 
>6 in/hr (>42.34 µm/s)

Depth to groundwater < 10 ft (3 m) 10-30 ft (3 m- 9 m) > 30 ft (9 m)

Table 4. Radon-hazard-potential classifications based on geologic factors affecting the ability of radon gas to migrate upward through the 
overlying soil and rock.

1 Black (1996) 
2 NRCS (2006)

http://radon.utah.gov
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map is not intended to indicate absolute indoor radon levels 
in specific buildings. Although geologic factors contribute to 
elevated indoor-radon-hazard potential, other highly variable 
factors, such as building materials and foundation openings, 
affect indoor radon levels; therefore, indoor radon levels can 
vary greatly between structures located in the same hazard 
category. 

The hazard-potential categories shown on the map are approx-
imate and mapped boundaries are gradational. Localized areas 
of higher or lower radon potential are likely to exist within any 
given map area, but their identification is precluded because 
of the generalized map scale, relatively sparse data, and non-
geologic factors such as variability in building construction. 
The use of imported fill for foundation material can also affect 
radon potential in small areas, because the imported material 
may have different geologic characteristics than native soil. 

Collapsible Soil Susceptibility

Collapsible soils are relatively dry, low-density soils that 
decrease in volume or collapse under the load of a structure 
when they become wet. Collapsible soils may have consider-
able strength and stiffness in their dry natural state, but can 
settle up to 10 percent of the susceptible deposit thickness 
when they become wet for the first time following deposition 
(Costa and Baker, 1981; Rollins and Rogers, 1994; Keaton, 
2005) causing damage to property, structures, pavements, and 
underground utilities. 

Collapsible soils are present in the Copperton quadrangle 
and are typically geologically young materials, chiefly Holo-
cene debris-flow sediments in alluvial fans and Pleistocene to  
Holocene lacustrine and colluvial deposits (plate 8). Collaps-
ible soils typically have a high void ratio, a corresponding 
low unit weight (<80 to 90 lb/ft3; Costa and Baker, 1981), and 
a relatively low moisture content (<15 percent; Owens and 
Rollins, 1990), all characteristics that result from the initial 
rapid deposition and drying of the sediments. Alluvial fans 
are an example of this depositional environment and in many 
cases have a high collapsible soil hazard. Intergranular bonds 
form between the larger grains (sand and gravel) of a collaps-
ible deposit; these bonds develop through capillary tension 
or a binding agent such as silt, clay, or salt. Characteristi-
cally, collapsible soils consist of silty sands, sandy silts, and 
clayey sands (Williams and Rollins, 1991), although Rollins 
and Rogers (1994) identified collapse-prone gravels contain-
ing as little as 5 to 20 percent fines at several locations in the 
southwestern United States. Later wetting of the soil results 
in a loss of capillary tension or the softening of the bonding 
material, allowing the larger particles to slip past one another 
into a denser structure. Naturally occurring deep percolation 
of water into collapsible deposits is uncommon after deposi-
tion due to the arid conditions in which the deposits typically 
form and the steep gradient of many alluvial fans. Therefore, 
soil collapse is often triggered by human activity related to 
urbanization such as irrigation or wastewater disposal. 

To evaluate collapsible-soil susceptibility (plate 8) we used 
two main sources of data: (1) recent UGS geologic mapping 
(Biek and others, 2007), and (2) the geotechnical database 
compiled by the UGS. First, we evaluated test data from the 
geotechnical database; swell/collapse tests (SCT), dry density, 
and moisture tests are all used to determine collapse potential. 
Next, we integrated geologic unit descriptions from recent 
UGS geologic mapping (Biek and others, 2007) with the geo-
technical data to assign a susceptibility category to mapped 
geologic units. We classified unconsolidated geologic units 
into five categories based on their collapse potential. 

Where geotechnical data provide evidence for high collapse 
susceptibility, as indicated by SCT results exhibiting collapse 
potential equal to or more than 3 percent (Jennings and Knight, 
1975), we assigned two susceptibility categories: highly col-
lapsible soil, where SCT tests indicate collapse potential equal 
to or more than 5 percent, and collapsible soil A, where SCT 
tests indicate collapse potential over 3 percent and less than 
5 percent. For geologic units in which other geotechnical in-
formation (chiefly low density and moisture content) provide 
evidence for potentially collapsible soils, we delineated a col-
lapsible soil B category using geologic contacts. Where geo-
technical data are lacking, we assigned geologic units with a 
genesis and texture conducive to collapse to the collapsible 
soil C category. Finally, where older geologic units (Pleis-
tocene) are mapped with no available geotechnical data, but 
with a genesis or texture permissive of collapse, we assigned 
the collapsible soil D category. All susceptibility categories 
represent geologic units having a potential for collapse. Geo-
logic units with SCT results indicating a demonstrated high 
percentage of collapse dictate that the geologic units contain-
ing the SCT test data are elevated above other similar geologic 
units lacking geotechnical test data. However, all mapped sus-
ceptibility categories may potentially exhibit a high percent-
age of collapse; therefore, site-specific investigations should 
be performed at all locations to resolve uncertainties inherent 
in the maps.

Expansive Soil and Rock Susceptibility

Expansive soil and rock swells as it gets wet, and shrinks as it 
dries out. These changes in volume can cause cracked foun-
dations and other structural damage to buildings, structures, 
pavements, and underground utilities (figure 7), heaving and 
cracking of canals and road surfaces, and failure of waste-
water disposal systems. Expansive soil and rock contains a 
significant percentage of clay minerals that can absorb water 
directly into their crystal structure when wetted. At clay con-
tents greater than approximately 12 to 15 percent, the expan-
sive nature of the clay begins to dominate and the soil is sub-
ject to swell. Some sodium-montmorillonite clay can swell as 
much as 2000 percent upon wetting (Costa and Baker, 1981). 
The resulting expansion forces can be greater than 20,000 
pounds per square foot (Shelton and Prouty, 1979) and can 
easily exceed the loads imposed by many structures. Expan-
sive soils are chiefly derived from weathering of clay-bearing 
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Figure 7. Typical structural damage to a building from expansive soil (after Black and others, 1999).

rock formations and may be residual (formed in place) or 
transported (usually a short distance) and deposited in a new 
location. The principal transporting mechanisms are water 
or wind, but soil creep and mass-wasting processes can play  
important roles locally. 

To evaluate susceptibility to expansive soil and rock (plate 
9) we used three main sources of data: (1) recent UGS geo-
logic mapping (Biek and others, 2007), (2) the geotechnical 
database compiled by the UGS, and (3) the NRCS Soil Sur-
vey Geographic (SSURGO) Database for Salt Lake Area, Salt 
Lake County, Utah (NRCS, 2006). We classified soil and rock 
units into three categories based on their potential for volu-
metric change: high, moderate, and low. 

The NRCS (2006) assigned a linear extensibility value to soils. 
Linear extensibility is an expression of volume change that 
represents the change in length of an unconfined clod as mois-
ture content is decreased from a moist to a dry state (NRCS, 
2006). We compared the ratings presented by the NRCS with 
the laboratory test results in our geotechnical database. Cor-
relations between the NRCS information and the geotechni-
cal test data are generally good, but some discrepancies exist  
locally. Where geotechnical testing data show elevated levels 
of swell potential, we use geologic-map data to modify the 
boundaries between susceptibility categories. 

Using geotechnical data in our database, we evaluated liquid 
limit (LL), plasticity index (PI), SCT tests, and expansion  

index data for swell potential. SCT tests are the most reliable 
indicator of swelling potential; we used them as the primary 
indicator of swell potential, and LL and PI tests in the absence 
of SCT data. 

Chen (1988) recognized that while PI is an indicator of ex-
pansive potential, other factors also exert an influence, and 
therefore reported a range of PI values that categorize a soil’s 
capacity to shrink or swell. Chen (1988) presented a correla-
tion between swell potential and PI (table 5) that illustrates the 
use of PI as an indicator of swelling potential. The use of PI 
values can assist in selecting samples for swell/collapse test-
ing. Chen (1988) placed the lower bound of soils with high 
swelling potential at a PI of 20, but also included soils with 
a PI between 20 and 35 in the moderate category. Therefore, 
using a PI between 20 and 35 from a site-specific geotechnical 
investigation as an indicator of high swell potential is conser-
vative and may overestimate the potential for high swell val-
ues at the site. In contrast, the IBC and the IRC (International 
Code Council, 2012a, 2012b), which use PI as one of four 
criteria to determine if soils are considered expansive, include 
soils having a PI of 15 or greater in the expansive soil cat-
egory. In general, PI values equal to or more than 20 can serve 
as a rough indicator of high swell potential and can be used to 
select samples for more extensive swell/collapse testing.

The Unified Soil Classification System (USCS) uses LL data 
when classifying fine-grained soils. The USCS classifies soils 
having an LL greater than 50 as highly plastic (capable of be-
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Table 5. Correlation between geotechnical tests of soils and expan-
sive-soil susceptibility.

ing permanently deformed without breaking); such soils typi-
cally contain expansive fat clays. The USCS classifies fine-
grained soils, including soils that are not expansive lean clay, 
with an LL less than 50 as having low or medium plasticity.

We identified geologic units containing expansive clay miner-
als by examining geologic unit descriptions and geotechnical 
test data from the units. We classified them as having mod-
erate or high swell potential depending on geotechnical test 
data from the unit and its corresponding NRCS classification. 
Due to the scale of our mapping, individual sites within any 
susceptibility category (high, moderate, low) may exhibit a 
high percentage of swell; therefore, site-specific geotechni-
cal/geologic-hazard investigations should be performed at all  
locations to resolve uncertainties inherent on the map. 

Shallow Bedrock

Bedrock formations that are not significantly fractured pro-
vide relatively incompressible foundations with high shear 
strengths, making mechanical compaction of these materials 
generally ineffective and unnecessary (Christenson and Deen, 
1983). The principal problem related to shallow bedrock is 
difficulty of excavation, particularly in highly resistant bed-
rock units. Shallow bedrock makes excavations for base-
ments, foundations, underground utilities, and road cuts dif-
ficult, can cause areas of perched groundwater, and can create 
problems for wastewater disposal.

Resistant bedrock crops out at the ground surface in many 
foothill locations of Utah. Less obvious are areas of shallow 
bedrock within valleys, where bedrock is overlain by a thin 
cover of unconsolidated Lake Bonneville and younger allu-
vial deposits. 

To evaluate shallow-bedrock potential (plate 10) we used five 
main sources of data: (1) recent UGS geologic mapping (Biek 
and others, 2007), (2) the NRCS Soil Survey Geographic 
(SSURGO) Database for Salt Lake Area, Salt Lake County, 
Utah (NRCS, 2006), (3) the geotechnical database compiled 
by the UGS, (4) the UDWR well information program WELL-
VIEW (Utah Division of Water Rights, 2009), and (5) field 
mapping and reconnaissance. We classify shallow bedrock as 
hard or soft where exposed at the surface, and identified areas 
of buried shallow bedrock (less than 10 feet [3 m] below the 
surface). 	

We used recent geologic mapping (Biek and others, 2007) to 
identify areas where bedrock crops out at the ground surface, 
and qualitatively classified bedrock units based on geologic 
unit descriptions. After identifying bedrock outcrops, we 
used the restrictive layer data reported by the NRCS (2006) 
soil survey to identify areas of potentially shallow bedrock. 
The restrictive layer column identifies areas where bedrock 
is found less than 6.5 feet (2 m) below the surface. Other  
restrictive layers, such as duripan and petrocalcic layers, are 

also identified by the NRCS in western Salt Lake Valley, but 
they were not considered because they are likely related to ce-
mented Lake Bonneville sediments and not shallow bedrock. 
However, areas of duripan or petrocalcic layers can still pose 
difficulty for excavations, subsurface investigations, waste-
water disposal, and can cause perched groundwater.	

We used geotechnical borehole logs in the UGS geotechnical 
database and the UDWR well information program WELL-
VIEW (UDWR, 2009) to help identify areas of shallow bed-
rock. We compared the borehole logs with geologic mapping, 
NRCS soils mapping, and geotechnical testing information 
to confirm the existence of shallow bedrock where it was 
identified by NRCS and to identify other potential areas of 
shallow bedrock. Correlations between the borehole logs, 
geologic mapping, geotechnical data, and NRCS information 
are generally good, but some local discrepancies commonly 
exist.	  

MAP LIMITATIONS

The geologic-hazard maps accompanying this report are de-
signed to provide geotechnical engineers, engineering geolo-
gists, design professionals, planners, building officials, devel-
opers, and the general public with information on the geologic 
hazards that may affect existing and future development in 
the Copperton quadrangle. Information provided herein in-
cludes the type and location of critical geologic hazards, and 
recommendations for site-specific investigations to mitigate 
the hazards. The maps indicate where detailed, site-specific 
geotechnical/geologic-hazard investigations should be per-
formed. Additionally, the maps can aid local governments in 
developing geologic-hazards elements for their general land-
use plans for development, re-development, planning, regula-
tion, and design in Utah (Christenson and Ashland, 2007). We 
mapped 10 geologic hazards on the Copperton quadrangle; 

Test
Susceptibility Category

Low Moderate High

SCT 0–2% 2–3% > 3%

LL 0–30 20–50 > 45

PI1 0–15 10–35 > 20

Expansion 
Index2 0–50 51–90 >91

1 Chen (1988)
2 Nelson and Miller (1992)
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however, other hazards may exist that may affect existing and 
future development. 

We recommend performing site-specific geotechnical/geo-
logic-hazard investigations for all development in the Cop-
perton quadrangle. Site-specific geotechnical/geologic-hazard 
investigations can resolve uncertainties inherent in these gen-
eralized hazard maps and help ensure safety by identifying 
the need for hazard mitigation and/or special construction 
techniques. As with all maps, these geologic-hazard maps 
have limitations. The maps are not for use at scales other 
than 1:24,000, and are not a substitute for site-specific geo-
technical/geologic-hazard investigations. The maps are based 
on limited geologic, geotechnical, and hydrologic data. The 
quality of each map depends on the quality of the data, which 
varies by hazard throughout the study area. Consequently, 
special-study-area boundaries shown on the maps are ap-
proximate and subject to change with additional information. 
Small, localized areas of geologic hazards may exist in a study 
area, but their identification may be precluded due to limita-
tions of either data availability or map scale.

ADDITIONAL INFORMATION AND 
GUIDELINES

In addition to the information contained in this report, the 
UGS Earthquakes and Geologic Hazards web page at http://
geology.utah.gov/utahgeo/hazards/index.htm provides links 
to general information on geologic hazards in Utah. The UGS 
web page for consultants and design professionals (http://ge-
ology.utah.gov/ghp/consultants/index.htm) provides links to 
recommended guidelines for geotechnical/geologic-hazard 
investigations and reports, UGS geologic-hazard maps and 
reports, geologic maps, groundwater reports, historical aerial 
photography, and other sources of useful information. The 
UGS advises following the recommended guidelines when 
preparing site-specific engineering-geologic reports and con-
ducting site-specific geotechnical/geologic-hazard investiga-
tions in Utah. Typically, geologic-engineering and geologic-
hazard considerations would be combined in a single report, 
or included as part of a geotechnical report that also addresses 
site foundation conditions and other engineering aspects of 
the project.
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EXPLANATION
Not Mapped  – Are a n o t mappe ddu e  to  sign ifican t an d o n go in g hu man  distu rban ce .

SHALLOW GROU NDWATER POTENTIAL CATEGORIES
Sh allow Ground water unit 1 (SGW1) – Are a ide n tifie d as havin g po te n tially shallo w  

gro u n dw ate r, o r the  po ssibility o f de ve lo pin g shallo w  gro u n dw ate r. In clu de s so ils 
mappe d by the  Natu ral Re so u rce s Co n se rvatio n  Se rvice  (NRCS) as n atu rally w e t, po o rly 
drain e d o r fre qu e n tly irrigate d, an d w he re  w ate r-w e ll o r ge o te chn ical data in dicate  a 
sign ifican t are a o f po o rly drain e d so ils characte ristics o r co n fin in g ge o lo gic co n ditio n s 
w he re  pe rman e n t shallo w  gro u n dw ate r (le ss than  10 fe e t) may de ve lo p. Cu rre n t gro u n d-
w ate r le ve ls may be  de e pe r than  10 fe e t be lo w  the  su rface ; ho w e ve r, co n stru ctio n , irri-
gatio n , ru n o ff, an d in cre ase d pre cipitatio n  in  the se  are as w ill like ly in cre ase  shallo w  
gro u n dw ate r po te n tial. Fo llo w in g de ve lo pme n t, lan dscape  irrigatio n  an d o the r so u rce s o f 
u rban  ru n o ff may cau se  gro u n dw ate r le ve ls to  rise  e ve n  highe r in  the se  are as.

Sh allow Ground water unit 2 (SGW2) – Are a ide n tifie d as havin g po te n tially shallo w  
gro u n dw ate r, o r the  po ssibility o f de ve lo pin g shallo w  gro u n dw ate r. In clu de s so ils 
mappe d by the  NRCS as po o rly drain e d, ge n e rally fin e -grain e d so ils that may de ve lo p 
shallo w  gro u n dw ate r lo cally w he n  rate s o f w ate r applicatio n  e xce e d the  so il’s drain age  
capacity. Su bsu rface  drain s are  fre qu e n tly re qu ire d to  pre ve n t the se  so ils fro m be co min g 
satu rate d. Be cau se  the se  so ils n atu rally drain  slo w ly, the y may re main  w e t fo r mo st o f the  
ye ar, e ve n  tho u gh w ate r is applie d o n ly du rin g the  gro w in g se aso n .  Pe rman e n t shallo w  
gro u n dw ate r is po ssible  fo llo w in g u rban izatio n .  

Sh allow Ground water unit 3 (SGW3) – Are a ide n tifie d as havin g po te n tially shallo w  
gro u n dw ate r, o r the  po ssibility o f de ve lo pin g shallo w  gro u n dw ate r. In clu de s so ils 
mappe d by the  NRCS as mo de rate ly to  fre e ly drain in g so ils that are  co mmo n ly irrigate d 
fo r agricu ltu ral pu rpo se s. Ho w e ve r, w he re  in te n se  le ve ls o f w ate r applicatio n  o ccu r, the se  
so ils may de ve lo p se aso n ally high gro u n dw ate r, bu t typically drain  qu ickly o n ce  w ate r 
applicatio n  sto ps o r is re du ce d be lo w  the  so il’s drain age  capacity. Se aso n al o r tran sie n t 
shallo w  gro u n dw ate r is po ssible  e spe cially fo llo w in g de ve lo pme n t; lan dscape  irrigatio n  
an d o the r so u rce s o f u rban  ru n o ff may cau se  gro u n dw ate r le ve ls to  rise  e ve n  highe r in  
the se  are as.

Bed rock
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U SING THIS MAP
This map sho w s the  lo catio n  o f kn o w n  an d po te n tial are as o f shallo w  gro u n dw ate r in  the  
Co ppe rto n  qu adran gle ; ho w e ve r, the  map is n o t in te n de d to  pro vide  n u me rical de pths to  
gro u n dw ate r, bu t rathe r to  in dicate  w he re  shallo w  gro u n dw ate r may affe ct de ve lo pme n t an d 
co n tribu te  to  o the r ge o lo gic hazards. This map is fo cu se d o n  ge o lo gic an d so il co n ditio n s that may 
co n tribu te  to  shallo w  gro u n dw ate r po te n tial. Pe rman e n t gro u n dw ate r w ithin  the  de e pe r re gio n al 
aqu ife r is n o t like ly to  be  e n co u n te r e d le ss than  50 fe e t be lo w  the  su rface  o n  the  Co ppe rto n  
qu adran gle . The  shallo w -gro u n dw ate r-po te n tial map do e s n o t diffe re n tiate  be tw e e n  aqu ife rs an d is 
n o t in te n de d to  mo de l the  de e pe r re gio n al aqu ife r; in ste ad it in dicate s the  po te n tial fo r shallo w  
gro u n dw ate r re su ltin g fro m so il drain age  capacity, ge o lo gy, an d hydro lo gy. The  map is in te n de d 
fo r ge n e ral plan n in g pu rpo se s to  in dicate  w he re  shallo w  gro u n dw ate r may be  pre se n t an d w he re  
site -spe cific ge o te chn ical/ge o lo gic-hazard in ve stigatio n s may be  re qu ire d.  The  UGS re co mme n ds 
a site -spe cific ge o te chn ical/ge o lo gic-hazard in ve stigatio n  fo r de ve lo p-me n t at all lo catio n s in  the  
Co ppe rto n  qu adran gle . Site -spe cific ge o te chn ical/ge o lo gic-hazard in ve stigatio n s can  re so lve  
u n ce rtain tie s in he re n t in  ge n e ralize d hazard mappin g an d he lp e n su r e  safe ty by ide n tifyin g the  
n e e d fo r spe cial e n gin e e rin g de sign , mitigatio n , an d/o r co n stru ctio n  te chn iqu e s. The se  in ve st-
igatio n s are  particu larly impo rtan t fo r are as w ithin  the  Co ppe rto n  qu adran gle  be cau se  lo cal are as 
o f shallo w  pe rche d gro u n dw ate r to o  small to  sho w  at the  map scale  (1:24,000) may be  pre se n t 
an yw he re  w ithin  the  qu adran gle . This map is n o t in te n de d fo r u se  at scale s o the r than  1:24,000, 
an d is de sign e d fo r u se  in  ge n e ral plan n in g to  in dicate  the  n e e d fo r site -spe cific ge o -
te chn ical/ge o lo gic-hazard in ve stigatio n s. Site -spe cific ge o te chn ical/ ge o lo gic-hazard in ve st-
igatio n s may re qu ire  in stallin g an d mo n ito rin g o bse rvatio n  w e lls thro u gh mo re  than  o n e  se aso n  
an d/o r e xamin in g se dime n ts e xpo se d in  te st pits fo r e vide n ce  o f se aso n al gro u n dw ate r flu c-
tu atio n s. 

Fo r additio n al in fo rmatio n  abo u t the  shallo w  gro u n dw ate r po te n tial in  the  Co ppe rto n  qu adran gle , 
re fe r to  the  acco mpan yin g re po rt.
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EXPLANATION
Not Mapped – Area not mapped due to significant and ongoing human disturbance.

    LIQUEFACTION SUSCEPTIBILTY CATEGORIES
High – Geologic units that consist of w ell-sorted sands, silty  sands, and gravels w here depth to 

groundw ater is less than or equal to 50 feet (15 m) below  the ground surface.
Moderate – Geologic units that consist of moderately  to poorly  sorted sands and gravels w here 

depth to groundw ater is less than or equal to 50 feet (15 m) below  the ground surface.
Low – Geologic units that consist of moderately  to poorly  sorted sands and gravels depth to 

groundw ater is lik ely  greater than or equal to 50 feet (15 m) below  the ground surface. 
These locations have been identified by  shallow  groundw ater potential mapping as lik ely  
to develop perched groundw ater conditions due to soil drainage properties or confining 
geologic units, w hich may  contribute to increased liquefaction potential.

Very Low – Geologic units that consist of poorly  sorted sands and gravels w here depth to 
groundw ater is greater than 50 feet (15 m). Liquefaction susceptibility  is considered very  
low  in these units because of their tex tural characteristics, age, and/or degree of 
cementation. 

Not Susceptible – Bedrock  units not susceptible to liquefaction.

112°7'30"

112°7'30"

40°30'0" 40°30'0"

UTAH GEOLOGICAL SURVEY
a division of
Utah Department of Natural Resources

Plate 2 of 10
Utah Geological Survey Special Study 152

Geologic Hazards of the Copperton Quadrangle, Salt Lake County, Utah

LIQUEFACTION SUSCEPTIBILITY MAP OF THE  
COPPERTON QUADRANGLE, SALT LAKE COUNTY, UTAH 

 

by 
 

Jessica J. Castleton, Ashley H. Elliott, and Greg N. McDonald 
 

2014 
 

1 0 10.5 MILE

5000 0 50002500 FEET
1 0 10.5 KILOMETER

1:24,000SCALE

CONTOUR INTERVAL 20 FEET

Although this product represents the work of professional
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shall not be liable under any circumstances for any direct,
indirect, special, incidental, or consequential damages with
respect to claims by users of this product.

This map is printed on a USGS topographic base map published in
1999, that conforms to the North American Datum of 1983 (NAD 83).

However, the boundary of this base map conforms to the North
American Datum of 1927 (NAD 27) resulting in a slight offset in

boundaries and a gap on the west edge of the map with no
topographic data. Hillshade derived from 2-meter bare earth LiDAR

(2006) data from the Utah Automated Geographic Reference Center
State Geographic Information Database.
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USING THIS MAP
This map show s areas of liquefaction susceptibility  in the Copperton quadrangle. The map is 
intended for general planning purposes to indicate w here liquefaction susceptibility  may  ex ist and 
to assist in the design of liquefaction-haz ard investigations. The map does not integrate earthquak e 
ground motions w ith soil characteristics and depth to groundw ater, w hich is required to determine 
relative liquefaction potential (potential is equal to susceptibility  plus opportunity ) in susceptible 
soils. This map is based on limited geological, geotechnical, and hy drological data. The quality  of 
the map depends on the quality  of these data, w hich vary  throughout the study  area. The mapped 
boundaries betw een liquefaction susceptibility  categories are approx imate and subject to change 
w ith additional information. The liquefaction susceptibility  at any  particular site may  be different 
than show n because of geologic and hy drologic variations w ithin a map unit, gradational and 
approx imate map unit boundaries, and the generaliz ed map scale.  Small, localiz ed areas of higher 
or low er liquefaction susceptibility  may  ex ist any w here w ithin the study  area, but their ident-
ification is precluded due to limitations of either data or map scale. Seasonal and long-term 
fluctuations in groundw ater levels can alter liquefaction susceptibility  at any  given site. The map 
is not intended for use at scales other than 1:24,000, and is designed for use in general planning to 
indicate the need for site-specific geotechnical/geologic-haz ard investigations. Site-specific geo-
technical/geologic-haz ard investigations are required to produce more detailed information.
For land-use planning recommendations relative to the different susceptibility  categories as w ell 
as additional information about liquefaction haz ard in the Copperton quadrangle, refer to the 
accompany ing report.
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EXPLANATION
Not Mapped– Area not map p ed du e to sig nificant and ong oing  hu man distu rbance.

SURFACE FAULT RUPTURE HAZARD CATEGORIES
Well-located fault – bar and ball on downdropped side: Su rface-fau lt-ru p tu re hazard 

inv estig ations recommended for all stru ctu res intended for hu man occu p ancy and all 
critical facilities.

Approx im ately located or concealed fault with  an unk nown activity class – bar and ball on 
downdropped side: Activ ity class u nknow n; p aleoseismic data are lacking ; dashed 
w here ap p roximately located, dotted w here concealed and ap p roximately located.  The 
UGS recommends inv estig ators consider all p ossible Qu aternary fau lts to be Holocene 
u nless data are adeq u ate to p reclu de Holocene disp lacement; p reliminary inv estig ations 
shou ld be condu cted to make this determination. If the fau lt is determined to be Holocene 
inv estig ations shou ld be condu cted according  to that activ ity class (Christenson and 
others, 2003). If the fau lt is determined not to be Holocene in p reliminary inv estig ations, 
bu t is determined to be a Qu aternary fau lt then su rface-fau lt-ru p tu re hazard inv estig ations 
are recommended for all essential and critical facilities. Inv estig ations for other stru ctu res 
intended for hu man occu p ancy are op tional (bu t recommended) becau se of the low  
likelihood of su rface fau lt ru p tu re, althou g h su rface fau lt ru p tu re is still p ossible.

Surface-fault-rupture h azard special-study area – bar and ball on downdropped side: 
Becau se the location of the fau lts on the Cop p erton q u adrang le are ap p roximate and in 
p laces concealed by you ng er dep osits, the sp ecial-stu dy areas arou nd the fau lts extend 
1000 feet on each side of the map p ed fau lt trace (in accordance w ith Christenson and 
others, 2003). 
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This map is printed on a USGS topographic base map published in
1999, that conforms to the North American Datum of 1983 (NAD 83).

However, the boundary of this base map conforms to the North
American Datum of 1927 (NAD 27) resulting in a slight offset in

boundaries and a gap on the west edge of the map with no
topographic data. Imagery base from National Agriculture Imagery

Program (NAIP, 2012) and hillshade derived from 2-meter bare earth
LiDAR (2006) data from the Utah Automated Geographic Reference

Center
State Geographic Information Database.
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USING THIS MAP
This map  show s p otentially activ e fau lts on the Cop p erton q u adrang le along  w hich 
su rface fau lting  may occu r. A sp ecial-stu dy area is show n arou nd each fau lt, w ithin 
w hich the UGS recommends a site-sp ecific, su rface-fau lt-ru p tu re hazard inv estig ation be 
p erformed p rior to dev elop ment. Site-sp ecific g eotechnical/g eolog ic-hazard inv est-
ig ations can resolv e u ncertainties inherent in the g eneralized map  scale and help  ensu re 
safety by identifying  the need for fau lt setbacks. This map  is not intended for u se at 
scales other than 1:24,000; it is ou r op inion that the inv entory of p otentially activ e fau lts 
show n on this map  is likely comp lete at this scale. How ev er, smaller fau lts may not hav e 
been detected du ring  map p ing  or are concealed beneath you ng  g eolog ic dep osits. Addi-
tionally, concealed and ap p roximately located fau lts by definition lack a clearly ident-
ifiable su rface trace; therefore, their locations are ap p roximate. Site-sp ecific fau lt-
trenching  inv estig ations shou ld be p receded by a carefu l field ev alu ation of the site to 
identify the su rface trace of the fau lt as w ell as other fau lts and fau lt-related featu res not 
ev ident at 1:24,000-scale. 
For additional information abou t the su rface-fau lt-ru p tu re hazard in the Cop p erton 
q u adrang le, refer to the accomp anying  rep ort.
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EXPLANATION
Not Mapped – Area n ot m apped due to sig n ifican t an d on g oin g  h um an  disturban ce.
Bed rock – Area of bedrock  in  th e Oquirrh  Moun tain s th at do n ot pose a floodin g  h az ard 

but m ay  con tribute as a source area. 
FEDERAL EMERGENCY MANAGEMENT AGENCY (FEMA)

FLOOD INSU RANCE RATE MAP (FIRM) ZONES
Zone A – Area h avin g  a 1% an n ual ch an ce of floodin g  (100-y ear flood) an d a 26% 

ch an ce of floodin g  over th e life of a 30-y ear m ortg ag e.  Flood even t g en erally  
determ in ed usin g  approxim ate m eth odolog ies. Man datory  flood in suran ce 
purch ase requirem en ts an d floodplain  m an ag em en t stan dards apply .   Base flood 
elevation s are n ot determ in ed. 

Zone AE –Area of special flood h az ard z on e with  th e sam e specification s as Zon e A, 
h owever base flood elevation s are determ in ed.

Zone X 0.2% –Areas h avin g  a 0.2% an n ual ch an ce of floodin g  (500-y ear flood), or 1% 
an n ual ch an ce of floodin g  (100-y ear flood) with  averag e depth s of less th an  1 
foot (0.3 m ) or h avin g  a drain ag e areas less th an  1 square m ile (2.6 square k m ), 
an d areas protected by  levees from  100-y ear flood. 

All areas ouside of z on e A, AE, an d X  determ in ed to be outside th e 0.2% an n ual ch an ce 
floodplain . 

FLOOD HAZARD CATEGORIES
High  – Active floodplain s an d low terraces alon g  peren n ial an d larg er eph em eral 

stream s, active  alluvial fan s, an d deposits th at periodically  flood due to sh allow 
g roun d water an d stream flow.                                                         

Mod erate – Stream  ch an n els, floodplain s, an d low terraces alon g  sm aller, n orm ally  dry  
stream s with  com paratively  sm all drain ag e basin s subject to floodin g  durin g  
in frequen t cloudburst storm s; older alluvial-fan  deposits, lag oon -fill deposits 
located in  closed depression s.

Low – Min or eph em eral drain ag es, subject to in frequen t floodin g  from  adjacen t uplan d 
areas durin g  cloudburst storm s.

Very Low – Pedim en t-m an tle alluvium  on  ridg e tops.
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This map is printed on a USGS topographic base map published in
1999, that conforms to the North American Datum of 1983 (NAD 83).

However, the boundary of this base map conforms to the North
American Datum of 1927 (NAD 27) resulting in a slight offset in

boundaries and a gap on the west edge of the map with no
topographic data. Hillshade derived from 2-meter bare earth LiDAR

(2006) data from the Utah Automated Geographic Reference Center
State Geographic Information Database.
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U SING THIS MAP
Th is m ap sh ows drain ag es covered by  th e 2009 Flood In suran ce Rate Maps (FIRMs) an d oth er 
poten tial flood-h az ard areas iden tified usin g  g eolog ic data. However, because in ten se cloudburst 
storm s can  create a poten tial for flash  floods, debris flows, an d sh eetfloods an y wh ere in  th e study  
area, even  location s outside of iden tified poten tial flood-h az ard areas could be subject to periodic 
floodin g . Th is m ap is desig n ed for use in  g en eral plan n in g  to in dicate th e n eed for site-specific 
in vestig ation s an d iden tify  areas wh ere th e FIRM can  be con sulted to determ in e th e availability  of 
flood in suran ce. Th is m ap also sh ows wh ere existin g  developm en ts are with in  poten tial flood-
h az ard areas an d th erefore m ay  require rem edial flood-h az ard-reduction  m easures.
Th is m ap is based on  lim ited g eolog ical, g eotech n ical, an d h y drolog ical data. Th e quality  of th e 
m ap depen ds on  th e quality  of th ese data, wh ich  vary  th roug h out th e study  area. Th e m apped 
boun daries of th e flood-h az ard categ ories are approxim ate an d subject to ch an g e with  addition al 
in form ation . Th e flood h az ard at an y  particular site m ay  be differen t th an  sh own  because of 
g eolog ical an d h y drolog ical variation s with in  a m ap un it, g radation al an d approxim ate m ap-un it 
boun daries, an d th e g en eraliz ed m ap scale. Th is m ap is n ot in ten ded for use at scales oth er th an  
1:24,000, an d is desig n ed for use in  g en eral plan n in g  an d desig n  to in dicate th e n eed for site-
specific g eotech n ical/g eolog ic-h az ard in vestig ation s, wh ich  are required to produce m ore detailed 
flood-h az ard in form ation .
For addition al in form ation  about th e flood h az ard in  th e Copperton  quadran g le, refer to th e 
accom pan y in g  report.
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EXPLANATION
Not Mapped – Area no t map p ed du e to  s ig nificant and o ng o ing  hu man dis tu rbance.
Landslide Deposit – As  map p ed by Biek and o thers  (2007) and identified by this  s tu dy.

LANDSLIDE HAZARD CATEGORIES
High – Area identified in field o bs erv atio ns , aerial p ho to g rap hy analys is , g eo lo g ic map s , and 

to p o g rap hic map s  as  hig hly s u s cep tible to  fu tu re lands lide mo v ement, du e to  s lo p e ang le, 
g eo lo g ic dep o s it, and exis ting  lands lides  w ithin the g eo lo g ic u nit. A critical ang le o f 10 
deg rees  w as  as s ig ned fo r Lake Bo nnev ille and Tertiary v o lcanic dep o s its , and 20 deg rees  
fo r Oqu irrh Gro u p  dep o s its .

Moderate – Area identified in field o bs erv atio ns , aerial p ho to g rap hy analys is , g eo lo g ic map s , 
and to p o g rap hic map s  as  mo deratly s u s cep tible to  fu tu re lands lide mo v ement as  defined 
by areas  hav ing  s lo p es  belo w  the as s ig ned critical ang le in g eo lo g ic u nits  hig hly 
s u s cep tible to  lands lideing  and Qu aternary dep o s its  o v erlaying  thes e u nits .

Low – Area identified as  lo w  lands lide s u s cep tibility as  defined by areas  hav ing  s lo p es  belo w  
the critical ang le in g eo lo g ic u nits  u nlikely to  be s u s cep tible to  lands liding .
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This map is printed on a USGS topographic base map published in
1999, that conforms to the North American Datum of 1983 (NAD 83).

However, the boundary of this base map conforms to the North
American Datum of 1927 (NAD 27) resulting in a slight offset in

boundaries and a gap on the west edge of the map with no
topographic data. Hillshade derived from 2-meter bare earth LiDAR

(2006) data from the Utah Automated Geographic Reference Center
State Geographic Information Database.
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USING THIS MAP
This  map  s ho w s  areas  o f relativ e lands lide s u s cep tibility and indicates  w here s ite-s p ecific s lo p e-
s tability co nditio ns  (material s treng th, o rientatio n o f bedding  and/o r fractu res , g ro u ndw ater 
co nditio ns , ero s io n o r u ndercu tting ) s ho u ld be ev alu ated p rio r to  dev elo p ment. The map p ed 
bo u ndaries  betw een lands lide-s u s cep tibility categ o ries  are ap p ro ximate, g radatio nal, and s u bject 
to  chang e w ith additio nal info rmatio n. Lands lide s u s cep tibility at any p articu lar s ite may be 
different than s ho w n becau s e o f g eo lo g ical and hydro lo g ical v ariatio ns  w ithin a map  u nit, 
g radatio nal and ap p ro ximate map -u nit bo u ndaries , and the g eneralized map  s cale. Small, lo calized 
areas  o f hig her o r lo w er lands lide s u s cep tibility are likely to  exis t w ithin any g iv en map  area. The 
lands lide-s u s cep tibility categ o ries  do  no t co ns ider hazards  cau s ed by cu ts , fills , o r o ther alteratio ns  
to  the natu ral terrain. 
This  map  is  no t intended fo r u s e at s cales  o ther than 1:24,000, and is  des ig ned fo r u s e in g eneral 
p lanning  to  indicate the need fo r s ite-s p ecific g eo technical/g eo lo g ic hazard inv es tig atio ns , w hich 
are requ ired to  p ro du ce mo re detailed lands lide-s u s cep tibility info rmatio n and s ho u ld be 
co ndu cted by qu alified p ro fes s io nals .  Map p ed lands lide s u s cep tibilities  indicate o nly the s o u rce 
zo nes  o f lands lides  (the p arts  o f s lo p es  that may fail). This  map  do es  no t s ho w  ho w  far do w ns lo p e 
the materials  may trav el befo re s to p p ing .  Pro p o s ed dev elo p ment in areas  do w ns lo p e o f lands lide 
s o u rce zo nes  s ho u ld co ns ider this  in s ite-s p ecific inv es tig atio ns . A v alid lands lide-hazard 
ev alu atio n mu s t addres s  all p ertinent co nditio ns  that co u ld affect, o r be affected by, the p ro p o s ed 
dev elo p ment, inclu ding  earthqu ake g ro u nd s haking .  
Fo r additio nal info rmatio n abo u t lands lides  and lands lide s u s cep tibility in the Co p p erto n 
qu adrang le, refer to  the acco mp anying  rep o rt.
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EX PLANATION
Not Mapped– Area not mapped due to significant and ongoing human disturbance.

ROCK-FALL HAZARD CATEGORIES
High –Slopes that are greater than or equal to 20 degrees w ithin a geologic unit highly  

susceptible to rock  fall, and slopes greater than 35 degrees w ithin a rock -fall source area 
w ithin a geologic unit moderately  susceptible to rock  fall. High-haz ard areas include 
rock -fall sources and their associated shadow  angle z ones.

Moderate –Slopes betw een 20 and 35 degrees w ithin a geologic unit moderately  susceptible to 
rock  fall, and slopes greater than 35 degrees w ithin a rock -fall source area w ithin a 
geologic unit having low  susceptibility  to rock  fall.  Moderate-haz ard areas include rock -
fall sources and their associated shadow s, w hich ex tend into rock -fall source areas that 
w ould otherw ise be mapped in the low -haz ard category .

Low –Slopes betw een 20 and 35 degrees w ithin a geologic unit having low  susceptibility  to rock  
fall. Low -haz ard areas include rock -fall sources and their associated shadow s, w hich 
ex tend into areas that w ould otherw ise be mapped as having a negligible haz ard. 

Rock -fall haz ard is considered negligible in the remainder of the study  area if not included in one 
of the above haz ard categories.
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This map is printed on a USGS topographic base map published in
1999, that conforms to the North American Datum of 1983 (NAD 83).

However, the boundary of this base map conforms to the North
American Datum of 1927 (NAD 27) resulting in a slight offset in

boundaries and a gap on the west edge of the map with no
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USING THIS MAP
This map show s areas of relative rock -fall haz ard in the Copperton quadrangle. We recommend 
performing site-specific geotechnical/geologic-haz ard investigations w ithin the mapped rock -fall 
haz ard areas. These investigations can resolve uncertainties inherent in generaliz ed haz ard 
mapping and help ensure safety  by  identify ing the need for rock -fall-resistant design or mitigation. 
For most areas, site-specific assessment may  only  require a field geologic evaluation to determine 
if a rock -fall source is present.How ever, if a source is identified, additional w ork  to adequately  
assess the haz ard is needed.This map is based on limited geologic and slope data, and aerial 
photography  analy sis. The quality  of the map depends on the quality  of these data, w hich varies 
throughout the study  area.The mapped boundaries betw een rock -fall-haz ard categories are 
approx imate and gradational. Small, localiz ed areas of higher or low er rock -fall potential are 
lik ely  to ex ist w ithin any  given map area, but their identification is precluded due to the 
generaliz ed map scale, and the relatively  sparse data. This map is not intended for use at scales 
other than 1:24,000, and is designed for use in general planning to indicate the need for site-
specific geotechnical/geologic haz ard investigations. The rock -fall-haz ard categories do not 
consider haz ards caused by  cuts, fills, or other alterations to the natural terrain. This map is 
intended primarily  for planning purposes and should not be used as a substitute for site-specific 
geotechnical/geologic-haz ard investigations conducted by  qualified professionals. Site-specific 
geotechnical/geologic-haz ard investigations are required to produce more detailed rock -fall-
haz ard information.
For additional information about the rock -fall haz ard in the Copperton quadrangle, refer to the 
accompany ing report.
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EXPLANATION
Not Mapped – Area not map p ed due to significant and ongoing human disturbance.

INDOOR RADON HAZARD POTENTIAL CATEGORIES
High – Area where p robable soil uranium concentrations are greater than 3 p arts p er million 

(p p m); groundwater dep th is greater than 30 feet below the surface and soil is highly  
p ermeable to moderately  p ermeable.

Moderate – Area where p robable soil uranium concentrations range from 2–3 p p m; ground 
water dep th is less than 30 feet below the surface and soil is moderately  p ermeable.
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1999, that conforms to the North American Datum of 1983 (NAD 83).
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boundaries and a gap on the west edge of the map with no
topographic data. Hillshade derived from 2-meter bare earth LiDAR

(2006) data from the Utah Automated Geographic Reference Center
State Geographic Information Database.

Datum: NAD 1983
Spheroid: Clarke 1886

GIS and Cartography: Jessica J. Castleton and Ben A. Erickson
Utah Geological Survey

1594 West North Temple, Suite 3110
P.O. Box 146100, Salt Lake City, UT 84114-6100

(801) 537-3300
geology.utah.gov

U T A H
QUADRANGLE

LOCATION

1 2 3

4 5

6 7 8

ADJOINING 7.5' QUADRANGLE NAMES

APPROXIMATE MEAN
DECLINATION, 2014

11°50'

TR
UE

  N
OR

TH
MA

GN
ET

IC
  N

OR
TH

USING THIS MAP
This map  is intended to p rovide an estimate of the underly ing geologic conditions that may  contribute to 
the indoor-radon-hazard p otential. This map  is not intended to indicate indoor radon levels in sp ecific 
buildings. Although certain geologic factors are conducive to elevated indoor radon hazard p otential, other 
highly  variable factors affect indoor radon levels, such as building materials and foundation op enings; 
therefore, indoor radon levels can vary  greatly  between structures located in the same hazard category . This 
map  is not intended for use at scales other than 1:24,000, and is designed for use in general p lanning to 
indicate the need for site-sp ecific indoor-radon-level testing. Indoor radon testing is imp ortant in all hazard 
categories and we recommend testing be comp leted in all ex isting structures.  
For additional information about the indoor radon p otential in the Cop p erton quadrangle, refer to the 
accomp any ing rep ort.
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EX PLANATION
Not Mapped – Area not mapped due to significant and ongoing human disturbance.

COLLAPSIBLE SOIL SUSCEPTIBILITY CATEGORIES
Highly Collapsible Soil – Unconsolidated geologic units containing highly collapsible soils with reported 

collapse values greater than or equal to 5 percent.  
Collapsible Soil A – Unconsolidated geologic units having reported collapse values between 3 and 5 

percent. In areas continually subjected to saturation or flooding, collapsible soils are unlikely.  
Collapsible Soil B – Unconsolidated geologic units lacking geotechnical collapse data, but for which other 

geotechnical information (chiefly low unit weight and moisture content) are indicative of materials 
susceptible to collapse.  In areas continually subjected to saturation or flooding, collapsible soils are 
unlikely.  

Collapsible Soil C – Unconsolidated, young geologic units (Holocene) for which no geotechnical data are 
available, but which have a genesis or texture susceptible to collapse.  In areas continually subjected 
to saturation or flooding, collapsible soils are unlikely.

Collapsible Soil D – Unconsolidated older geologic units (Pleistocene) for which no geotechnical data are 
available, but which have a genesis or texture susceptible to collapse. Because of their age, these 
deposits have experienced greater exposure to natural wetting and may have already experienced 
collapse, and/or the deposits may have become cemented by secondary calcium carbonate or other 
soluble minerals, making them less susceptible to collapse.  

Bedrock – Area unlikely to be susceptible to collapse.
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USING THIS MAP
This map shows the location of known and suspected collapsible soil conditions in the Copperton 
quadrangle. The map is intended for general planning purposes to indicate where collapsible soils 
may exist. We recommend performing a site-specific geotechnical/geologic-hazard investigation 
for all development in the Copperton quadrangle. Site-specific geotechnical/geologic-hazard 
investigations can resolve uncertainties inherent in generalized mapping and help ensure safety by 
identifying the need for special foundation designs, mitigation, and/or construction techniques. 
This map is not intended for use at scales other than 1:24,000, and is designed for use in general 
planning to indicate the need for site-specific geotechnical/geologic-hazard investigations. The 
presence and severity of collapsible soil, along with other geologic hazards, should be addressed 
in these investigations. If collapsible soil is present at a site, appropriate design and construction 
recommendations should be provided.
For additional information about collapsible soil susceptibility in the Copperton quadrangle, refer 
to the accompanying report.
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         EX PLANATION
Not Mapped – Area n o t m ap p ed due to  sign ifican t an d o n go in g h um an  disturban ce.

EX PANSIVE SOIL SUSCEPTIBILITY
High – So il o r ro ck classified by th e U.S. Natural Reso urces Co n servatio n  Service (NRCS) as 

h avin g a h igh  p o ten tial fo r vo lum etric ch an ge (lin ear exten sibility greater th an  6%); 
in cludes geo lo gic un its m ap p ed by Biek an d o th ers (2007) in  w h ich  geo tech n ical testin g 
in dicates an  abun dan ce o f exp an sive clay m in erals (sw ell/co llap se test [SCT] values 
greater th an  o r equal to  3% an d/o r liquid lim it [LL] values greater th an  o r equal to  45, 
an d p lasticity in dex [PI] values greater th an  o r equal to  20). In cludes geo lo gic bedro ck 
un its m ap p ed by Biek an d o th ers (2007) th at w eath er to  clay. 

Moderate – So il o r ro ck classified by th e NRCS as h avin g m o derate suscep tibility fo r 
vo lum etric ch an ge (lin ear exten sibility 3– 6%); in cludes in terbedded Lake Bo n n eville 
dep o sits m ap p ed by Biek an d o th ers (2007)  in  w h ich  geo tech n ical bo reh o le lo gs in dicate 
th ick exp an sive clay layers are p resen t.  Typ ically, th ese un its h ave SCT values o f 2– 3% 
an d/o r an  LL o f 20– 40 an d a PI o f 10– 30.  In cludes geo lo gic bedro ck un its m ap p ed by 
Biek an d o th ers (2007) th at w eath er to  clay. 

Low – So il o r ro ck classified by th e NRCS as h avin g lo w  p o ten tial fo r vo lum etric ch an ge 
(lin ear exten sibility 0– 3%); in cludes geo lo gic un its do m in ated by san d an d gravel 
m ap p ed by Biek an d o th ers (2007) in  w h ich  geo tech n ical testin g in dicates a lack o f 
exp an sive clay m in erals (SCT values o f 0– 2% an d/o r an  LL o f 0– 30 an d a PI o f 0– 15).

   Area h avin g n o  exp an sive so il o r ro ck.
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Although this product represents the work of professional
scientists, the Utah Department of Natural Resources, Utah
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shall not be liable under any circumstances for any direct,
indirect, special, incidental, or consequential damages with
respect to claims by users of this product.

This map is printed on a USGS topographic base map published in
1999, that conforms to the North American Datum of 1983 (NAD 83).

However, the boundary of this base map conforms to the North
American Datum of 1927 (NAD 27) resulting in a slight offset in

boundaries and a gap on the west edge of the map with no
topographic data. Hillshade derived from 2-meter bare earth LiDAR

(2006) data from the Utah Automated Geographic Reference Center
State Geographic Information Database.
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USING THE MAP
Th is m ap  sh o w s th e lo catio n  o f kn o w n  o r susp ected exp an sive so il an d ro ck in  th e Co p p erto n  quadran gle.  
Th e p resen ce an d severity o f exp an sive so il o r ro ck alo n g w ith  o th er geo lo gic h azards sh o uld be addressed 
in  site-sp ecific geo tech n ical/geo lo gic-h azard in vestigatio n s. Th is m ap  is n o t in ten ded fo r use at scales o th er 
th an  1:24,000, an d is design ed fo r use in  gen eral p lan n in g to  in dicate th e n eed fo r site-sp ecific 
geo tech n ical/geo lo gic-h azard in vestigatio n s. Site-sp ecific geo tech n ical/geo lo gic-h azard in vestigatio n s can  
reso lve un certain ties in h eren t in  gen eralized m ap p in g an d h elp  en sure safety by iden tifyin g th e n eed fo r 
sp ecial fo un datio n  design s, m itigatio n  an d/o r co n structio n  tech n iques.   
Fo r additio n al in fo rm atio n  abo ut exp an sive so il an d ro ck in  th e Co p p erto n  quadran gle, refer to  th e 
acco m p an yin g rep o rt.
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EX PLANATION
Not Mapped – Area not mapped due to significant and ongoing human disturbance.

SHALLOW BEDROCK CATEGORIES
Hard – Area where generally hard and resistant (when unweathered) bedrock crops out at the 

ground surface as identified by Biek and others (2007).  Bedrock units in this category 
typically require blasting to excavate; includes bedrock units older than Tertiary age.

Soft – Area where the less resistant Jordan Narrows unit of the Tertiary Salt Lake Formation 
crops out at the ground surface as identified by Biek and others (2007).  Even where 
unweathered, bedrock can be excavated without blasting, although local blasting may be 
required.  The Jordan Narrows unit contains expansive clay minerals and can be deeply 
weathered.

Buried – Area where depth to bedrock is greater than or equal to 10 feet (3 m) beneath soil 
cover.  

    Deep –  Area where depth to bedrock is greater than 10 feet (3 m).
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This map is printed on a USGS topographic base map published in
1999, that conforms to the North American Datum of 1983 (NAD 83).

However, the boundary of this base map conforms to the North
American Datum of 1927 (NAD 27) resulting in a slight offset in

boundaries and a gap on the west edge of the map with no
topographic data. Imagery base from National Agriculture Imagery
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USING THIS MAP
This map shows locations where bedrock crops out at the ground surface or is present in the shallow sub-
surface in the Copperton quadrangle. The map is intended for general planning purposes to indicate where 
shallow bedrock conditions may exist and special investigations may be required. This map is not intended 
for use at scales other than 1:24,000, and is designed for use in general planning to indicate the need for 
site-specific geotechnical/geologic-hazard investigations. Site-specific geotechnical/geologic-hazard in-
vestigations can resolve uncertainties inherent in generalized mapping and help ensure safety by ident-
ifying the need for special foundation designs, mitigation and/or construction techniques. The pre-sence 
and severity of bedrock conditions along with other geologic hazards should be addressed in these 
investigations. If shallow bedrock is present at a site, appropriate design recommendations should be 
provided.  
For additional information about shallow bedrock in the Copperton quadrangle, refer to the accompanying 
report.

1. Farnsworth Peak
2. Magna
3. Salt Lake City South
4. Bingham Canyon
5. Midvale
6. Lowe Peak
7. Tickville Spring
8. Jordan Narrows

4497

T 2 S

4495

4484000mN

4485

4486

4487

4488

4489

4490

4491

4492

4493

4494

4496

T 3 S

408 410 414413411409407

4484000mN

4485

4486

T 3 S

T 4 S

4497

4491

4492

4493

4494

4495

4496

4487

4488

4489

4490

T 3 S

T 2 S

406 408 410 414 415000mE413411409407405

T 3 S

T 4 S

112°0'2" 

112°0'2" 
40°37'30" 40°37'30"

412

412 415406000mE 5'0" 2'30"

32'30"

2'30"5'0"

32'30"


	ABSTRACT
	INTRODUCTION
	Purpose and Scope
	Previous Work
	Setting
	Geology

	HAZARDS
	Shallow Groundwater
	Liquefaction
	Surface Fault Rupture
	Flood Hazards
	Landslide Hazards

	Rock Fall Hazards
	Radon Hazard
	Collapsible Soil Susceptibility
	Expansive Soil and Rock Susceptibility
	Shallow Bedrock

	MAP LIMITATIONS
	ADDITIONAL INFORMATION AND GUIDELINES
	ACKNOWLEDGMENTS
	REFERENCES
	Figure 3. Earthquake epicenters > M 4 in the Wasatch Front region from 1850 to 2009 (University of Utah Seismograph Stations, 2010b) and major Quaternary faults in the region (Black and others, 2003), including the Oquirrh fault zone (OFZ), West Valley fa
	Figure 4. Four principal types of liquefaction-induced ground failure. Arrows indicate direction of ground movement (modified from Youd, 1984).
	Figure 5a. Diagram of a normal fault showing the relative movement of the hanging wall and footwall.
	Figure 5b. Diagram of a graben formed by two normal faults showing the relative movement of the hanging wall and footwall.
	Figure 6. Components of a characteristic rock-fall path profile (after Lund and others, 2008).
	Table 2 Recommended requirements for site-specific landslide-hazard investigations in the Copperton quadrangle.

