
4.6  GEOLOGY AND SOILS 

This section provides an assessment of potential seismic and geologic impacts resulting from the Project.  
Impacts may include strong seismic ground shaking, seismic related ground failure, landslides, and 
unstable or expansive soils.  To provide a basis for this evaluation the setting describes the applicable 
policies and regulations for each issue as well as existing conditions. 

IMPACTS EVALUATED IN OTHER SECTIONS 
The following subjects are related to Geology and Soils, but are evaluated in another section of this 
document: 

• Impacts related to soil erosion or the loss of topsoil are evaluated in Chapter 4.9, Hydrology and 
Water Quality.   

• Impacts to mineral resources are addressed in Section 4.11, Mineral Resources.  

SETTING 

Local Geology and Soils 

Figure 4.6-1 shows the geology in the Project area. The Lake Herman Quarry is part of the Sulphur 
Springs Mountain mineral resource (Sectors G-1, G-2, and G-3) that has been designated by the State of 
California as a Mineral Resource of Regional Significance. The primary mineral resource being mined is 
an extrusive rock of volcanic origin known as Jurassic basalt (Jb) that formed as a result of subaqueous 
extrusion (i.e. underwater).  The general geology surrounding the mine is described as upper cretaceous 
marine sedimentary rock.  Rock material is Mesozoic ultra basic extrusive rock, specifically pillow basalts 
mentioned above with minor amounts of other rock types. 

Figure 4.6-2 shows soil associations in the Project area. The average depth of topsoil overlying the 
mineral resource to be extracted in the expansion area is anticipated to be 18 inches deep, but would 
vary from 6 inches to 30 inches (Syar Industries 2013). Underneath the topsoil is a layer consisting of 
weathered rock, shale, and volcanic ash that is intermixed with the commercial quality aggregate and 
other materials that do not meet the specifications for construction grade aggregate.  These materials are 
considered overburden.   

Soils in the expansion area consists of Altamont clay (AcF2), a dark grayish brown clay over siltstone, 
Hambright loam (HaF), a brown colored cobbley loam over hard, fractured basic igneous rock, and, 
Toomes stony loam (ToG2), a light brownish grey and light grey loam over light-colored tuffaceous rock.   

In the northern part of the Project site, soil types include Trimmer loam (TrE) and Hambright loam (HaF).  
Approximately 5 years ago, a landslide occurred in the far northern portion of the Project area (see Figure 
4.6-4). The location of the landslide occurred in the area of “no new ground disturbance” indicated on 
Figure 2-3 of this EIR.   

Soils in the southern portion of the Project site, south of the expansion area, include Altamont clay (AcE), 
Hambright loam (HaF), and Toomes stony loam (ToG2). Soil cover in the area of the proposed bridge 
includes Altamont clay (AcE) and Capay silty clay loam (Ca), as well as stream channel and alluvial fan 
deposits.   

Faults and Seismicity 

Figure 4.6-3 shows regional faults in the Project area. No active or potentially active fault has been 
mapped on or in the immediate vicinity of Lake Herman Quarry.  There are multiple inactive faults located 
in the area of the Lake Herman Quarry (Figure 4.6-1). The faults include the Lake Herman Fault, Sky 
Valley Fault, and the Sulphur Springs Thrust Fault (USGS 1999). The nearest active fault to the Project 
site is the Concord-Green Valley fault, located approximately 3.4 miles east of the main quarry and 3.1 
miles east of the proposed bridge site. Other nearby regional faults include the West Napa fault to the 
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northwest, and the Hayward fault to the west-southwest.  The shortest distances from the site to the 
mapped surface expression of these faults are presented in Table 4.6-1.   

TABLE 4.6-1 
Active Fault Proximity to Project Site 

Fault Direction Approximate Distance 
from Project Site (Miles) 

Concord-Green Valley East 3.4 

West Napa Northwest 4.7 

Cordelia Northeast 6.1 

Hayward -Rodgers Creek Southwest 12.7 

Calaveras South/Southeast 19.9 

San Andreas Southwest 30.4 

 

The four major hazards associated with earthquakes are summarized below. 

Ground Shaking.  Ground shaking can be described in terms of peak acceleration, peak velocity, and 
displacement of the ground. It is controlled by the magnitude and intensity of an earthquake, a site’s 
distance from the epicenter, and local geologic conditions.  Moderate to major earthquakes generated on 
the Concord-Green Valley fault and other regional faults can be expected to cause strong ground shaking 
at the site.   

Surface Fault Rupture. Surface fault rupture, displacement at the earth’s surface resulting from fault 
movement, is typically observed close to or on the active fault trace.  

Liquefaction and Ground Failure.  Liquefaction is the process by which water-saturated soil materials lose 
strength and fail during strong seismic ground shaking.  The shaking causes the pore-water pressure in 
the soil to increase, thus transforming the soil from a solid to a liquid.  Lateral spreading occurs when a 
continuous layer of potentially liquefiable soil extends to a free face, such as a creek.  Densification (to 
compress) is the settlement of loose, granular soils above the groundwater level due to earthquake 
shaking.  Liquefaction has been responsible for ground failures during almost all of California’s major 
earthquakes. 

Earthquake-induced Landslides. Seismically induced landsliding is typical of upland areas with slopes 
greater than 25 percent.  Earthquake groundshaking can trigger slope movements such as earth flows 
and rotational landslides, or dislodge fractured bedrock material resulting in a rockfall. 

Geologic Hazards 

Geologic hazards that could affect the Project include expansive soils and landsliding. A summary of 
each of these hazards is provided below. 

Expansive soils.  Expansive soils possess a “shrink-swell” characteristic (cyclic change in volume due to 
the increase or decrease in moisture content) that occurs in fine grained clay sediments.  Expansion and 
contraction over the long term cause structural damage, usually the result of inadequate soil and 
foundation engineering or the placement of structures directly on expansive soils. 

Landsliding.  Figure 4.6-4 shows the distribution of landslides in the Project area.  A landslide is a mass of 
rock, soil, and debris displaced down-slope by sliding, flowing, or falling.  Steep slopes and down-slope 
creep of surface materials characterize areas most susceptible to landsliding.  The landslide hazard is 
increased with steep slopes located close to an active fault zone. 

Other types of slope failures in open pit mines include plane failure, wedge failure, and toppling failure 
(Girard 2001).  Plane failures occur when a geologic discontinuity, such as a bedding plane, strikes 
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parallel to the slope face and dips into the excavation at an angle steeper than the angle of friction.  
Wedge failures occur when two discontinuities intersect and their line of intersection daylights in the face.  
Toppling can occur when vertical or near-vertical structures dip toward the pit.   

REGULATORY FRAMEWORK 

Surface Mining and Reclamation Act of 1975 

The California Surface Mining and Reclamation Act of 1975 (SMARA) requires that all jurisdictions 
incorporate mapped mineral resources designations approved by the State Mining and Geology Board 
within their general plans. SMARA was enacted to limit new development in areas with significant mineral 
deposits. The Department of Conservation’s Office of Mine Reclamation (OMR) and the State Mining and 
Geology Board (SMGB) are jointly charged with ensuring proper administration of the Act’s requirements. 
The SMGB promulgates regulations to clarify and interpret the Act's provisions, and also serves as a 
policy and appeals board. The OMR provides an ongoing technical assistance program for lead agencies 
and operators, maintains a database of mine locations and operational information statewide, and is 
responsible for compliance-related matters. 

Alquist-Priolo Earthquake Fault Zoning Act  

The Alquist-Priolo Earthquake Fault Zoning Act was passed in 1972 to mitigate the hazard of surface 
faulting to structures for human occupancy.  This state law was a direct result of the 1971 San Fernando 
Earthquake, which was associated with extensive surface fault ruptures that damaged numerous homes, 
commercial buildings, and other structures.  The Act requires the establishment of earthquake fault zones 
(formerly known as special studies zones) along known active faults in California.  Strict regulations on 
development within these zones are enforced to reduce the potential for damage due to fault 
displacement.  

Seismic Hazards Mapping Act 

The Seismic Hazards Mapping Act of 1990 (Public Resources Code, Chapter 7.8, Section 2690-2699.6) 
directs the Department of Conservation, California Geological Survey to identify and map areas prone to 
earthquake hazards of liquefaction, earthquake-induced landslides and amplified ground shaking.  The 
purpose of the Act is to reduce the threat to public safety and to minimize the loss of life and property by 
identifying and mitigating these seismic hazards.  The Act was passed by the legislature following the 
1989 Loma Prieta earthquake. 

California Uniform Building Code 

The State of California provides minimum standards for building design through the California Building 
Standards Code (California Code of Regulations (CCR), Title 24). The California Building Code (CBC) is 
based on the Uniform Building Code (UBC), which is used widely throughout the U.S. and has been 
modified for California conditions with numerous more detailed and/or more stringent requirements. 

The California Building Standards Commission (BSC) is responsible for coordinating, managing, 
adopting, and approving building codes in California. As of November 7, 2005, the BSC indicated its 
intent to release the 2007 Triennial Building Standards Code. This publication will update all the 
subsequent codes under CCR Title 24 and will include new codes, including the International Building 
Code, the International Fire Code, and Appendix Chapter A1 of the International Existing Building Code. 
These codes will replace the adopted Uniform Building Code, Uniform Fire Code and Appendix Chapter 1 
of the Uniform Code for Building Conservation (BSC No Date). 

Solano County 

The County of Solano is responsible for implementation of State and federally mandated laws and 
regulations related to geology and soils prior to permitting projects. In addition, several portions of the 
County Code relate to geology, soils, and other geologic hazards. Chapters 29 and 31 of the County 
Code apply to mineral resources and erosion control, respectively. 
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Chapter 29, Solano County Code – Surface Mining and Reclamation 

Chapter 29 of the Solano County Code provides regulations for surface mining and reclamation of mining 
areas under the authorization and direction of SMARA. This chapter was adopted to comply with SMARA 
and fulfill the purposes of the act. The provisions provided in this chapter apply to the unincorporated 
areas of Solano County. 

Chapter 31, Solano County Code – Grading and Erosion Control 

Chapter 31 of the Solano County Code provides regulations related to grading and erosion control. In 
conjunction with Chapter 70 of the Uniform Building Code, this Chapter sets forth the means for 
controlling soil erosion, sedimentation, increased rates of water runoff and related environmental damage. 
Chapter 31 establishes minimum standards and provides regulations for the construction and 
maintenance of fills, excavations, cuts and clearing of vegetation, revegetation of cleared areas, drainage 
control, and protection of exposed soil surfaces in order to protect downstream waterways and wetlands.   

Goals and Policies of the Solano County General Plan 

The following policies and implementation plans related to geology and soils from the Solano County 
General Plan are applicable to the Project.   

HS.P-12 Require new development proposals in moderate or high seismic hazard areas to 
consider risks caused by seismic activity and to include project features that minimize 
these risks. 

HS.P-13 Review and limit the location and intensity of development and placement of 
infrastructure in identified earthquake fault zones. 

HS.P-14 Identify and minimize potential hazards to life and property caused by fault displacement 
and its impact on facilities that attract large numbers of people, are open to the general 
public, or provide essential community services and that are located within identified 
earthquake fault zones. 

HS.P-15 Reduce risk of failure and reduce potential effects of failure during seismic events through 
standards for the construction and placement of utilities, pipelines, or other public 
facilities located on or crossing active fault zones. 

HS.P-17 Restrict the crossing of ground failure areas by new public and private transmission 
facilities, including power and water distribution lines, sewer lines, and gas and oil 
transmission lines. 

HS.P-18 Make information about soils with a high shrink-swell potential readily available. Require 
proper foundation designs in these areas. 

HS.P-19 Minimize development in areas with high landslide susceptibility. 

HS.I-18 Revise the County Zoning Ordinance to do the following: Limit development occurring in 
geologic hazard areas, including active fault traces and fault zones, landslide 
susceptibility zones, and creek banks susceptible to lurching.  Prohibit structures in active 
fault trace areas. Per the Alquist-Priolo Earthquake Fault Zoning Act, structures for 
human occupancy must be set back at least 50 feet from active fault traces.  Further limit 
development intended for human occupancy within 100 feet of active fault trace areas to 
one-story wood-frame structures.  Limit development within landslide areas 3 and 4 on 
Figure HS-5 to agriculture, open space, or other nonurban uses.  Adopt and implement 
hillside slope/density and land capacity ordinances within landslide area 2. 
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HS.I-19 Adopt and enforce the most current versions of the International Building Codes, as 
modified by the California Building Standards Commission. 

HS.I-20 Create or modify design requirements for new utilities which will guide the construction 
and placement of these utilities. 

HS.I-21 Require geotechnical investigation and recommendations for buildings meant for public 
occupancy within geologic hazard areas. A state certified Engineering Geologist shall 
produce a report examining development issues that considers: soil, slope, or other 
geologic hazard conditions; found on site; potential off-site development impacts, such as 
increased runoff and/or slope instability; and requirements of any regulations concerning 
the hazard area. 

HS.I-22 Require geotechnical evaluation and recommendations before new development in 
moderate or higher-hazard areas. Such geotechnical evaluation shall analyze the 
potential hazards from: landslides, liquefaction, expansive soils, steep slopes, erosion, 
subsidence, Alquist-Priolo Earthquake Fault Zones or other identified fault zones, 
tsunamis, and seiches.  Require new development to incorporate project features that 
avoid or minimize the identified hazards. Costs related to providing or confirming required 
geotechnical reports will be borne by the applicant. 

HS.I-24 Provide current data to the public regarding geologic hazards. Coordinate with cities to 
gather and periodically assess new geologic data including fault zone activity, landslide 
activity, and distribution of shrink-swell soils. 

HS.I-25 Develop a geologic constraints and hazards database to be maintained in the County 
geographic information system (GIS).  The GIS shall be used to identify areas containing 
hazards and constraints that could potentially affect the type or level of development 
allowed in these areas.  Make these data available to the public. 
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EVALUATION CRITERIA WITH THRESHOLD OF SIGNIFICANCE 

TABLE 4.6-2 
Evaluation Criteria with Significance Threshold – Geology & Soils 

Evaluation Criteria As Measured By Significance 
Threshold 

Sources of Criteria 

GEO-1. Will the Project be 
subject to rupture of a 
known earthquake fault, as 
delineated on the most 
recent Alquist-Priolo 
Earthquake Fault Zoning 
Map issued by the State 
Geologist for the area or 
based on other substantial 
evidence of a known fault?  

Distribution of Alquist-
Priolo Earthquake 
Fault Zones or other 
known faults. 

Location of Project 
crossing a mapped 
Alquist-Priolo Fault 
Zone or other known 
fault. 

CEQA Guidelines 
Appendix G, Checklist 
Item VI (a)(i) 
Alquist-Priolo 
Earthquake Fault 
Zone Act 
Solano County 
General Plan  

GEO-2. Will the Project 
expose people or 
structures to substantial 
adverse effects from strong 
seismic ground shaking? 

Distribution of shaking 
amplification in the 
Project area. 

Construction not in 
conformance with 
requirements of 
applicable building 
codes and 
geotechnical design 
practice. 

CEQA Guidelines 
Appendix G, Checklist 
Item VI (a) (ii) 
Shaking hazard maps 
California Building 
Code (CBC 2007) 
Solano County 
General Plan 

GEO-3. Will the Project 
expose people or 
structures to substantial 
adverse effects from 
landslides? 

Distribution of 
landslides and earth 
flows within the study 
area. 

Location of Project in 
mapped landslide 
complex area. 

CEQA Guidelines 
Appendix G, Checklist 
Item VI (a) (iv) 
Landslide 
Susceptibility Maps 
Solano County 
General Plan 

GEO-4. Will the Project be 
located on a geologic unit 
or soil that is unstable, or 
that would become 
unstable as a result of the 
Project, and potentially 
result in on- or off-site 
landslide, lateral spreading, 
subsidence, liquefaction or 
collapse? 

Distribution of soils 
within the Project area 
susceptible to 
liquefaction during an 
earthquake. 
 

Location of Project in 
areas with the 
potential for 
liquefaction.  
 

CEQA Guidelines 
Appendix G, Checklist 
Item VI (a)(iii) and (c) 
Solano County 
General Plan  

GEO-5. Will the Project be 
located on expansive soil, 
as defined in Table 18-1 of 
the Uniform Building Code 
(1994), creating substantial 
risk to life or property? 

Distribution of soils 
within the Project area 
with an elevated 
shrink-swell potential. 

Location of Project in 
areas with expansive 
soils. 

CEQA Guidelines 
Appendix G, Checklist 
Item VI (d) 
Solano County 
General Plan  
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METHODOLOGY 
The potential environmental impacts related to seismic and geologic hazards are based on review of 
relevant geologic literature and information available for the Project area. The topsoil overlying the 
mineral resource in the quarry expansion area would be removed and stockpiled in accordance with the 
Mining and Reclamation Plan. The topsoil would be reused during final reclamation of the quarry site.  
There would be no substantial loss of topsoil.  The potential for soil erosion associated with removal and 
reuse of topsoil and overall quarry operation is evaluated in Section 4.9, Hydrology and Groundwater.  
The Project would not use septic tanks or alternative waste disposal systems for disposal of wastewater.  
Therefore, these impacts are screened from further evaluation in the impact analysis. 

IMPACTS AND MITIGATION MEASURES 

Impact: GEO-1: Will the Project be subject to rupture of a known earthquake fault, as 
delineated on the most recent Alquist-Priolo Earthquake Fault Zoning Map issued 
by the State Geologist for the area or based on other substantial evidence of a 
known fault?  

Analysis: Less than Significant 

Earthquakes occur when forces underground cause faults (weaknesses in rock) to 
rupture and suddenly slip.  In some cases, the rupture extends to the surface. The 
California Geological Survey publishes maps of the active faults in the Bay Area that 
reach the surface as part of its work to implement the requirements of the Alquist-Priolo 
Earthquake Fault Zone Act. These maps show the most comprehensive depiction of fault 
traces that can rupture the surface. 

Figure 4.6-3 shows regional Alquist-Priolo Earthquake Fault Zones in the vicinity of the 
Project site.  The nearest Alquist-Priolo Earthquake Fault zone, the Concord-Green 
Valley fault, is located approximately 3.4 miles east of the quarry site and 3.1 miles east 
of the bridge replacement. Due to the distance of this fault from the Project site, and 
specifically because it does not cross the Project site, the risk of ground rupture is 
considered low.  In a seismically active area, the possibility exists for future faulting in 
areas where no faults previously existed; however, the risk of surface faulting and 
consequent secondary ground failure is low. The impact is considered less than 
significant. 

Inactive faults located in the area of the Project site are shown on Figure 4.6-1. The 
rupture hazard of these faults is considered low.  For the potential exposure of the Lake 
Herman fault, which is located on the Project site, and its impacts to slope stability refer 
to the discussion under GEO-2. 

Mitigation:  No mitigation is necessary. 

Impact: GEO-2: Will the Project expose people or structures to substantial adverse effects 
from strong seismic ground shaking? 

Analysis: Significant 

Ground shaking is usually the primary cause of damage in seismic events.  It is controlled 
by the magnitude and intensity of an earthquake, a site’s distance from the epicenter, and 
local geologic conditions. The nearest active fault to the Project site is the Concord-
Green Valley fault.  Other nearby regional faults include the West Napa and Hayward 
faults.  Shaking intensity for earthquakes on these faults may result in moderate to very 
strong ground shaking at the site (ABAG 2010).  The overall probability of a magnitude 
6.7 or greater earthquake within the next 30 years in the Greater Bay Area is 63% (USGS 
2008).  The Project therefore could experience at least one major earthquake during the 
proposed 35-year quarry life.  Seismic ground shaking from a major earthquake in the 
region could result in rockfall, temporary slope instability, and damage to equipment, 
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buildings, and the proposed bridge, all of which would pose risks to site workers.  This 
impact is considered significant. 

Inactive faults located in the area of the Project site are shown on Figure 4.6-1.  The 
presence of the Lake Herman fault in the quarry expansion area could affect slope 
stability, if exposed.  This is considered a significant impact.   

Mitigation:  Mitigation Measure GEO-2a Geotechnical Study 

An independent California licensed Geotechnical Engineer or Engineering Geologist shall 
conduct a design-level geotechnical study for new structures, including the bridge 
replacement across Sulphur Springs Creek. The geotechnical study shall evaluate 
seismic hazards and provide recommendations to mitigate the effect of strong ground 
shaking and unstable soils.  The geotechnical study shall provide design criteria to 
mitigate strong seismic ground shaking in adherence with current California Building 
Code standards for earthquake resistant construction.  The seismic criteria shall take into 
account the active faults in the Vallejo area and beyond, and ground motions and shaking 
related to the faults shall be accounted for.   

The geotechnical study shall include evaluation of unstable land in the area of the bridge 
replacement, including areas susceptible to liquefaction or settlement, and areas 
containing expansive soils.  The study shall provide measures to repair, stabilize, or 
avoid such soils, and may include, but would not be limited to:  

• Removal of native soils and replacement with engineered fill materials not prone to 
seismically-induced liquefaction or shrinking and swelling; 

• Soil stabilization, such as lime treatment to alter soil properties to reduce shrink-
swell potential to an acceptable level. 

• Deepening support structures to a depth where unstable soils are no longer 
present. 

The Project shall be designed and constructed in conformance with the specific 
recommendations contained in a design-level geotechnical study, including 
recommendations for grading, ground improvement, and foundation support for the 
bridge. The recommendations made in the geotechnical study shall be incorporated into 
the final plans and specifications and implemented during construction.  Professional 
inspection of foundation and excavation, earthwork and other geotechnical aspects of site 
development shall be performed during construction in accordance with the current 
version of the Uniform Building Code. 

 Mitigation Measure GEO-2b Slope Stability Inspections 

A California licensed Geotechnical Engineer or Engineering Geologist shall conduct slope 
stability inspections of the expansion area. Scheduled geologic reconnaissance 
(frequency and timing dependent upon operation progress but shall occur at least once 
per year) shall be performed to assess the slope stability of quarry operation areas, 
including, but not limited to, areas where the operation is approaching the proposed 
“finished” slope location and configuration. The reconnaissance shall be conducted to 
identify potentially adverse conditions which could negatively affect both local and global 
stability of the slope. The inspections shall also evaluate the stability of existing 
overburden stockpile areas. Inspections shall include mapping and movement monitoring 
of the slopes to assess the potential for project excavation, grading, and overburden 
storage to trigger movement of debris flow and landslides.  

In areas where adverse conditions are identified, the following actions shall be 
completed. These actions shall also be completed in areas where landslide deposits, 
rhyolite and rhyolitic tuff, or other non-consolidated basaltic materials, may be 
encountered, as summarized in the November 10, 2011 Kleinfelder Preliminary Slope 
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Stability Analysis. An independent California licensed Geotechnical Engineer or 
Engineering Geologist shall conduct an in-depth geotechnical investigation of the 
proposed cut slope area.  The geotechnical investigation shall include: 

1. A kinematic analysis to evaluate the structure of the rock mass and the slope 
stability effects of groundwater and/or surface waters in fractures in the rock 
mass. 

2. A global stability analyses based on data collected in the investigation, including 
consideration of effects (if any) of the proposed excavation on the mapped 
landslide deposits, both during excavation and following reclamation. 

3. A rockfall hazard analysis to evaluate the potential for rockfall from the proposed 
cut slope (where it will remain exposed), and validate the proposed slope and 
bench configuration. 

A memorandum summarizing the findings of the inspections and any recommendations 
shall be prepared and submitted to the County of Solano and Syar Industries after each 
reconnaissance.  Engineering recommendations for slope repair or stabilization shall be 
approved by the County of Solano and incorporated into the Project.   

After 
Mitigation: Less than Significant 

Mitigation Measures GEO-2a and GEO-2b would be adequate to reduce impacts from 
strong seismic ground shaking to less than significant. These measures would reduce the 
impact because 1) site specific geotechnical reports and slope stability assessments 
would be performed; 2) the proposed bridge would be required to meet applicable 
structural requirements; and 3) corrective actions would be required to be implemented 
as needed.   

Impact: GEO-3: Will the Project expose people or structures to substantial adverse effects 
from landslides? 

Analysis: Significant 

The slopes on the inside of the quarry expansion area would include a 25-foot wide 
bench each 50 vertical feet, which would catch the majority of small-scale failures and 
rockfall during blasting. As part of ongoing maintenance procedures, mechanical 
excavation equipment would be used to clear loose rock from benches to facilitate 
drainage.  The intervening slopes between the benches would be nearly vertical.   

Steep slopes up to 70 percent gradient exist on both sides of the Sulphur Springs 
Mountain ridgeline.  The average depth of topsoil overlying the mineral resource to be 
extracted in the expansion area is anticipated to be 18 inches deep, but would vary from 
6 inches to 30 inches (Syar Industries 2013). USGS Open File Report 97-745 provides 
digital data and map files outlining areas of potential landslide activity in the San 
Francisco Bay region (USGS 1997). Three types of damaging landslide activity are 
addressed in the report: slides, earth flows, and debris flows.  Mapping of the quarry 
expansion area indicates areas designated as flatland, areas of few landslides, and areas 
of mostly landslides (Figure 4.6-4).   

Geologic mapping completed as part of the preliminary slope stability analysis for the 
Project suggests that the proposed quarry expansion excavation could encounter 
landslide deposits, rhyolite and rhyolitic tuff along the east margin site (Appendix I, 
Preliminary Slope Stability Analysis). The lateral extent, depth and existing strength of 
these deposits are unknown and are considered a significant impact.  In addition, 
overburden fill is a source of potential landslides and considered a significant impact. 
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Mitigation:  GEO-2b Slope Stability Inspections 

After 
Mitigation: Less than Significant 

Mitigation Measure GEO-2b would reduce the impact by requiring ongoing slope stability 
inspections to evaluate the structure of the rock mass for potential landslide failures and 
to further evaluate the global stability of the proposed cut slopes and existing overburden 
areas and provide recommendations prior to moving forward with excavation. The impact 
following mitigation is considered less than significant. 

Impact:  GEO-4: Will the Project be located on a geologic unit or soil that is unstable, or that 
would become unstable as a result of the Project, and potentially result in on- or 
off-site landslide, lateral spreading, subsidence, liquefaction or collapse? 

Analysis: Significant  

Liquefaction is the temporary transformation of loose, saturated granular sediments from 
a solid state to a liquefied state as a result of seismic ground shaking.  Lateral spreading 
can occur when a continuous layer of liquefiable soil extends to a free face, such as a 
creek. Regional liquefaction hazard mapping indicates that the majority of the quarry 
expansion area has very low liquefaction susceptibility (Figure 4.6-5). The western 
portion of the project area, including the western most portion of the quarry expansion 
area and portions of Lake Herman Road are located in areas with moderate liquefaction 
susceptibility (Figure 4.6-5). Based on the low liquefaction susceptibility, risks associated 
with liquefaction, subsidence, and lateral spreading at the Project site, excluding the 
bridge site, are considered less than significant. Based on the moderate liquefaction 
susceptibility in certain portions of the project area, the hazard from liquefaction is 
considered significant. 

Regional liquefaction hazard mapping indicates that the area surrounding Sulphur 
Springs Creek, where the proposed bridge would be constructed, has very low to 
moderate liquefaction susceptibility (Figure 4.6-5). The stream channel and alluvial fan 
deposits in that area pose a potentially significant impact to the integrity of the bridge 
during an earthquake because the underlying sediments may liquefy and cause bearing 
capacity failure and differential settlement.  The hazard from liquefaction to the bridge is 
considered significant. 

As summarized under Impact GEO-3 above, geologic mapping completed for the 
Project’s preliminary slope stability analysis suggests that the proposed quarry expansion 
excavation could encounter landslide deposits along the east margin quarry expansion 
area.  The lateral extent, depth and existing strength of these deposits are unknown and 
are considered a significant impact. 

The preliminary slope stability analysis also estimated safety factors for existing cut 
slopes, proposed finished slopes following reclamation, and slopes near the ground 
surface (refer to Appendix I, Preliminary Slope Stability Analysis). The estimated safety 
factors were then compared to the minimum recommended factors of safety [1.5 for static 
conditions and 1.0 for dynamic (i.e. seismic) conditions] contained in the Guidelines for 
Evaluating and Mitigating Seismic Hazards in California (SP117A). The analysis indicated 
that the proposed configuration of quarry slopes meets or exceeds the guidelines set in 
SP117A for factors of safety. As explained in preliminary slope stability analysis, the 
estimated factors of safety reported assume a uniform slope and a homogenous rock 
mass.  Rock discontinuities can reduce the factor of safety in localized areas depending 
upon the physical properties of the discontinuity and the orientations of the discontinuities 
in relation to themselves and the completed cut slope.  In addition, data collected during 
the geologic mapping indicates the presence of locally adverse conditions throughout the 
pit in its current configuration.  The impact is considered significant.    
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Mitigation:  GEO-2a Geotechnical Study 

GEO-2b Slope Stability Inspections 

After 
Mitigation: Less than Significant 

Mitigation Measures GEO-2a and GEO-2b would reduce impacts from unstable soils to 
less than significant. Mitigation Measure GEO-2a would reduce the impact at the 
proposed bridge by requiring a site specific geotechnical report be performed which 
would include a soils analysis, and which would provide engineering design and 
construction recommendations to substantially lessen or avoid potential impacts from 
liquefaction, subsidence and settlement. Mitigation Measure GEO-2b would reduce 
impacts from unstable soils in the quarry expansion area by requiring ongoing slope 
stability assessments, including evaluation of cut slopes, rock mass, overburden 
stockpiles, global stability, and rock fall hazards and providing recommendations prior to 
proceeding with excavation. The impact following mitigation is considered less than 
significant. 

Impact: GEO-5: Will the Project be located on expansive soil, as defined in Table 18-1 of 
the Uniform Building Code (1994), creating substantial risk to life or property? 

Analysis: Significant 

Expansive soils owe their characteristics to the presence of clay minerals that swell when 
wet.  In general, expansive soils can undergo significant volume change with changes in 
moisture content.  They can shrink and harden when dried and can expand and soften 
when wetted which often cause cracking, heaving and break-up of pavements.   

Mapping for the County of Solano indicates the Project site is located in an area of high 
shrink-swell potential (Solano County 2008).  Loamy soils within the proposed quarry pit 
expansion area would be removed in order to access the mineral resource below.  The 
bedrock beneath the soil would not subject to shrinking and swelling.  The impact in the 
expansion area is considered less than significant. 

Soil cover in the area of the bridge replacement includes Altamont clay (AcE) and Capay 
silty clay loam (Ca), as well as stream channel and alluvial fan deposits (Figure 4.6-2).  
The soils have a moderate to high shrink-swell potential, and are considered a potentially 
significant hazard. 

Mitigation:  GEO-2a Geotechnical Study 

After 
Mitigation: Less than Significant 

Mitigation Measure GEO-2a would reduce impacts from expansive soils to less than 
significant.  This measure would reduce the impact because a site specific geotechnical 
study would be required which would include a soils analysis, and which would provide 
engineering design and construction recommendations to substantially lessen or avoid 
potential impacts from expansive soils. 
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CUMULATIVE IMPACTS 

IMPACT: GEO-C1: Will the Project’s incremental effect on geology or soils be cumulatively 
considerable, based on criteria 1 through 5?   

Analysis: No Impact 

Geologic and soils related impacts are site specific, and therefore would not contribute to 
cumulative geologic or soils-related impacts. With incorporation of engineering and 
design measures specified in geotechnical reports and slope stability assessments, the 
potential geologic and soils-related impacts would be less than significant. No significant 
cumulative impacts would occur. 

Mitigation:  No mitigation is necessary. 
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