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Low Hazard - Bedrock units with low shrink/swell hazard, which include the
Timpoweap Member of the Moenkopi Formation and the Kayenta Formation. We

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 may play important

Table 2. Correlation of soil swelling potential with plasticity index
(from Chen, 1988).
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drilled pier deep foundations; moisture barriers; chemical stabilization of expansive clays; and

consider these units to have a lower hazard than the bedrock units identified above roles locally. . . - . i i . . .
EXPLANATION however, low-hazard units contain some fine-grained, clay-rich strata that may cause Swelling Potential Plasticity Index careful site landscape and dra'lnage design to keep moisture away from buildings and expansive
_ _ shrink/swell problems locally. Low 015 soils (Nelson and Miller, 1992; Keller and Blodgett, 2006).
Expansive Soil
. . . Medium 10-35
High Hazard - Soils classified by the Natural Resources Conservation Service (NRCS) Concealed Highly Expansive Soil or Rock High 20-55 MAP LIMITATIONS

as having high hazard for volumetric change. These soils are typically clay rich and Concealed - Areas suspected of having highly expansive soil or rock (>4 percent swell) i

have a liquid limit (LL) >35, plasticity index (PI) >15, and/or swell/collapse test P g mgnly exp =4 P Very High 35 and above This map is based on limited geologic and geotechnical data; site-specific investigations are

(SCT) values of >4 percent swell (Mortensen and others, 1977; Chen, 1988; Nelson
and Miller, 1992). Soils having these characteristics are of limited aerial extent in the
study area, and are typically associated with the Petrified Forest Member of the
Chinle Formation and other clay-rich bedrock units.

Moderate Hazard - Soils classified by the NRCS as having moderate hazard for
volumetric change (LL 25-55, Pl 5-35). The LL and PI values in this category
overlap at their upper ends with soils in the high-hazard category. Chen (1988)
recognized that while Pl is an indicator of expansive potential, other factors also exert
an influence, and therefore reported a range of Pl values when categorizing a soil’s
capacity to shrink or swell.

Low Hazard - Soils classified by the NRCS as having low hazard for volumetric change
(LL 0-40, PI from nonplastic to 15). The LL and PI values in this category overlap ai
their upper ends with soils in the moderate-hazard category. However, the low-
hazard category includes soils with highly variable potential for volumetric change

in the shallow subsurface (<20 feet), with little or no evidence of such materials at the
ground surface. The likely presence of highly expansive materials in the shallow
subsurface is based on the outcrop pattern of the Petrified Forest Member of the
Chinle Formation, which indicates that the Petrified Forest Member likely underlies
thin unconsolidated deposits in those areas. The Petrified Forest Member typically
contains highly expansive shale and claystone, and past experience in southwestern
Utah has shown that when wetted, highly expansive soil or rock can cause damaging
differential displacements at the ground surface even when overlain by as much as 20
feet of nonexpansive material (Lund and others, 2008). Therefore, we consider areas
where the Petrified Forest Member may be present in the shallow subsurface as
having a potential for highly expansive soil and rock problems despite the lack of
surface evidence for such materials.

INTRODUCTION

Figure 1. Typical structural damage to a building from expansive soil (modified from Black and others, 1999).

Table 3 shows the relation between ASTM Unified Soil Classification System (USCS) soil types
and SCT test results in the geotechnical database. Of the 90 SCT values in the database, 11 (12%)
exhibited >4 percent swell, and therefore fall into the problematic-swell category. Problematic-
swell values are associated with three types of material: CH soil (high-plasticity inorganic clays),
CL soil (low- to medium-plasticity inorganic clays), and clay-rich bedrock. Eighty percent of the
CH clays and fine-grained bedrock samples tested reported values >4 percent swell, while a much
smaller percentage of CL clays (8%) showed >4 percent swell. Note that for all three material
types, a relatively small number of the total available samples were tested: 38 percent of CH
clays, 19 percent of CL clays, and 24 percent of fine-grained bedrock.

Table 3. Relation of high swell test values (>4%) from SCT testing to USCS soil types in the
geotechnical database.

required to produce more detailed geotechnical information. The map also depends on the quality
of those data, which may vary throughout the study area. The mapped boundaries between hazard
categories are approximate and subject to change as new information becomes available. The
hazard from expansive soil and rock may be different than shown at any particular site because of
variations in the physical properties of geologic deposits within a map unit, gradational and
approximate map-unit boundaries, and the small map scale. The map is not intended for use at
scales other than the published scale, and is designed for use in general planning and design to
indicate the need for site-specific investigations.
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[ M ] Moderate Hazard - Bedrock units with moderate shrink/swell hazard, which include the
Shnabkaib and lower, middle, and upper red members of the Moenkopi Formation.
These rock units are chiefly fine grained and contain alternating strata of shale, clay-
stone, mudstone, siltstone, sandstone, and limestone. Not all or even the majority of
these strata contain expansive clay minerals; however, past experience in southwest-
ern Utah has shown that a sufficiently high percentage of strata do contain expansive
clay that shrink/swell problems are often associated with these bedrock units. We
include landslides mapped within moderate-hazard rock units in this category.
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Sources of information used to evaluate expansive soil and rock in the State Route 9 Corridor
Geologic-Hazard Study Area (SR-9 study area) include (1) 40 geotechnical reports on file with
the National Park Service (NPS), the Utah Department of Transportation (UDOT), and the towns
of Springdale and Virgin, (2) Natural Resources Conservation Service (NRCS) (formerly Soil
Conservation Service) Soil Survey of Washington County Area, Utah (Mortensen and others,
1977), (3) the four Utah Geological Survey (UGS) 1:24,000-scale geologic quadrangle maps that
cover the study area (Virgin [Hayden and Sable, 2008], Springdale West [Willis and others, 2002],
Springdale East [Doelling and others, 2002], and Smithsonian Butte [Moore and Sable, 2001]),

Geologic Characteristics

Several bedrock formations in the SR-9 study area consist in whole or part of shale, claystone, or
mudstone containing expansive clay minerals. These rock units and the expansive soils derived
from them are capable of significant expansion and contraction when wetted and dried, causing
structural damage to buildings (figure 2); cracked roads and driveways; damage to curbs, gutters,
and sidewalks; and heaving of roads and canals. Expansive soils are chiefly derived from the
weathering of clay-bearing rock formations (figure 3) and may be residual (formed in place) or

113°07'30"

R12W 31200 E

W
RUW 37°15'

4124000"7 N

Figure 3. Outcrop of the clay-rich Petrified Forest Member of the Chinle Formation in Springdale.
Photo date: February 2011.

Geotechnical Data Evaluation

Data on expansive soils in the SR-9 study area are limited. The geotechnical database
compiled for this study (see Sources of Information section) includes laboratory test data
for soil samples collected from test pits and exploratory boreholes in and near the study
area. The database includes 65 samples with liquid limit (LL) and plasticity index (PI)
data, and 90 samples with swell/collapse test (SCT) data. Swell/collapse test results are
the most reliable indicator of a soil’s capacity to shrink or swell. An SCT value of >4
percent swell under a 60 pounds per square foot (psf) surcharge is generally considered
the lower bound (table 1) of problematic swell-susceptible soils in southwestern Utah
(David Black, Rosenberg Associates, written communication 2012). Plasticity index,
LL, and expansion index data are sometimes used as qualitative indicators of
shrink/swell potential (table 2) (Chen, 1988; International Code Council, 2009a) either in
the absence of SCT data or to assist in selecting samples for swell/collapse testing. The
International Building Code (IBC) states (Section 1803.5.3; International Code Council,
2009a) that a soil meeting the following four provisions shall be considered expansive:
(1) P1 >15, determined in accordance with ASTM D 4318, (2) >10 percent of soil
particles pass the No. 200 sieve (0.075 mm), determined in accordance with ASTM D
422, (3) >10 percent of the soil particles are less than 5 micrometers (0.005 mm) in size,
determined in accordance with ASTM D 422, and (4) expansion index >20 determined
in accordance with ASTM D 4829.

Table 1. Soil swell hazard rating (modified from Southern
Nevada Building Officials, 2010).

HAZARD CLASSIFICATION
Soil

We grouped soils into three shrink/swell-hazard categories on the basis of their expansive
characteristics and potential for volumetric change. The principal sources of information
regarding expansive soil characteristics in the study area are the “Estimated Soil Properties of
Significance to Engineering” and “Interpretation of Engineering Test Data” tables in the NRCS
Soil Survey of Washington County Area, Utah (Mortensen and others, 1977). We compared the
ratings and data presented in those tables with the limited laboratory test results in our
geotechnical database. The correlation between the NRCS information and the geotechnical test
data is generally good, with a few local discrepancies. The discrepancies are not unexpected
given the generalized nature of the NRCS information and the susceptibility of soil characteristics
to local influences, such as adjacent or underlying bedrock, depositional process and history,
effects of soil-forming processes, and limited depth of characterization (upper 60 inches of the
soil column) of the NRCS data.

Details of our geotechnical data analysis are presented in the Geotechnical Data Evaluation
section. Information from UGS geologic maps (see Sources of Information section) was used to
estimate shrink/swell hazard beyond the boundaries of the NRCS mapping and geotechnical
database coverage.

The expansive-soil-hazard categories are described in the Explanation section.

Rock

We also grouped bedrock units in the study area into three shrink/swell-hazard categories on the
basis of relative abundance of expansive clay minerals, abundance and thickness of fine-grained
strata in mixed bedrock units, and past experience with expansive rock units in southwestern Utah
(Lund and others, 2008). We did not classify bedrock formations possessing little or no potential
for volumetric change.

The expansive-rock-hazard categories are described in the Explanation section.

Areas of Concealed Highly Expansive Soil or Rock

This map shows several locations where highly expansive soil or rock may be present in the
shallow subsurface (<20 feet), with little or no evidence of such materials at the ground surface.
The likely presence of highly expansive materials in the shallow subsurface is based on the
outcrop pattern of the Petrified Forest Member of the Chinle Formation, which indicates that the
Petrified Forest Member likely underlies thin unconsolidated deposits in those areas. The
Petrified Forest Member typically contains highly expansive shale and claystone, and past
experience in southwestern Utah has shown that when wetted, highly expansive soil or rock can
cause damaging differential displacements at the ground surface even when overlain by as much
as 20 feet of nonexpansive material (Lund and others, 2008). Therefore, we consider areas where
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This map shows the location of known or suspected expansive soil and rock in the SR-9 study
area. The map is intended for general planning and design purposes to indicate where expansive
soil and rock may exist and special investigations should be required. Site-specific investigations
Pazs can resolve uncertainties inherent in generalized mapping and help identify the need for special
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i 3 severity of expansive soil and rock, along with other geologic hazards should be addressed in
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these investigations. If expansive soil or rock is present at a site, appropriate design and
construction recommendations should be provided.

HAZARD REDUCTION

Although costly when not recognized and properly accommodated in project design and
construction, problems associated with expansive soil and rock rarely are life threatening. As with
most geologic hazards, early recognition and avoidance are the most effective ways to mitigate
potential problems. However, expansive soil and rock are present in some of the most heavily
developed parts of the study area, and avoidance may not always be a viable or cost-effective
option.
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