4.4—GEOLOGY AND SOILS
This section of the Draft EIR describes the local and regional geologic, soils, and seismic conditions that
occur in the vicinity of the project site. These conditions are described and evaluated to ensure that project
facilities or personnel as relates to reclamation would not be significantly affected by seismic hazards, such
as ground rupture or ground shaking caused by seismic activity, and that quarry slopes would not present
physical hazards as a result of ground shaking or landslides.
The information in this section is based on an applicant-prepared study and publicly available sources.
The applicant-prepared studies used is titled Geotechnical Evaluations for Revised Reclamation Plan, Clayton
Quarry, Clayton, California prepared by Golder Associates, Inc. (Golder) (Geotechnical Evaluation) (see
Appendix F, “Geotechnical Evaluations for Revised Reclamation Plan”)
Darwin Myers Associates (Darwin Myers) was retained by the County to peer review two preliminary
slope stability analysis reports prepared by Golder in 2015. Darwin Myers provided comments that were
taken into consideration in preparation of the final Geotechnical Evaluation in 2017 (see Appendix F).
Darwin Myers submitted initial comments on the Golder report, after which Golder submitted responses
to their comments May 11, 2018. On March 8, 2019, Darwin Myers deemed the 2017 Golder report adequate.
Benchmark Resources peer reviewed the reports in October 2020. The Geotechnical Evaluation was again
determined to be adequate, and no changes were necessary.

4.4.1

Environmental Setting

The existing soil, geologic, and seismic conditions at the project site and vicinity are discussed below.
Unless otherwise noted, the information presented in this subsection is based on the Geotechnical
Evaluation (see Appendix F).

4.4.1.1

Geologic Conditions

Regional Geology
The project site is located within the Coast Ranges geomorphic province. A geomorphic province is a
naturally defined geologic region that displays a distinct combination of features based on geology, faults,
topography, and climate. Eleven geomorphic provinces are recognized in California. The Coast Ranges
geomorphic province is a relatively geologically young and seismically active region (California Geological
Survey [CGS] 2002). The Coast Ranges are mountain ranges (approximately 2,000 to 4,000, and in some
areas 6,000 feet, in elevation above mean sea level [msl]) and valleys that trend northwest, approximately
parallel to the San Andreas fault, from near the Oregon border to southern California. The only major break
in the Coast Ranges is the depression containing the San Francisco Bay.

Regional and Local Topography
The project site is located within Clayton Quarry in Contra Costa County, California, approximately 3.5
miles north-northwest of Mount Diablo in central Contra Costa County, California on the east side of
Mount Zion (as shown on Figure 1-2, “Site Location,” in Chapter 1, “Introduction”). Mount Zion is
approximately 1,635 feet high, with natural slope inclinations of approximately 20 to 35 degrees to the
southeast in the area of the project site. The elevation of the project site ranges from approximately 560 feet
msl at the Mitchell Canyon Road entrance to the project site, at the northeast corner of the site, to
approximately 1,540 feet msl at the top of the high wall on the west side of the quarry, along the western
edge of the site.
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The area in the vicinity of the project site is drained by Mitchell Creek, an intermittent stream trending to
the north-northeast, and draining the northwest-slopes of Mount Diablo and the east side of Mount Zion.
At its nearest, Mitchell Creek is located approximately 400 feet east of the project site and approximately
1,300 feet east of the quarry pit.

Project Site Lithology
The geology of the site is shown on Figure 4.4-1, “Site Geology Map.” The quarry is underlain by both
diabase rock types of the Mount Diablo Ophiolite formation and by the Knoxville formation. Diabase is an
igneous rock formed during the Jurassic Period in the ocean at a submarine spreading center. The Knoxville
formation is a sedimentary rock consisting of shale with intermittent lenses of limestone and sandstone
beds formed in the Late Jurassic and Early Cretaceous periods.
Diabase is located on the western portion of the quarry, and the Knoxville formation is located in the eastern
portion of the quarry. The two formations are in contact at the southeastern portion of the quarry, as
indicated on Figure 2-10, “Clayton Quarry Plan,” in Chapter 2, “Project Description.” A conceptual
depiction of the Knoxville formation and diabase contact is shown on Figure 4.4-2, “Knoxville-Diabase
Transition Concept.” The contact between the Knoxville formation and the diabase dikes is characterized
by altered rock-like materials derived from both the Knoxville formation and the diabase. It typically
consists of a dense, highly fractured dark green to black aphanitic rock.
As shown on Figure 4.4-1, quaternary alluvium (Qoa and Qa) occurs along the eastern edge of the project
site, in the areas outside of the quarry pit. The older quaternary alluvium (Qoa) consists of sand, silt, clay,
and gravel. The younger quaternary alluvium (Qa) located at the northeast corner of the project site consists
of sand, silt, and gravel.

Quarry Topography
The project site contains an open-pit quarry with benches. The rim of the existing quarry varies from a
minimum elevation of 755 feet msl, where the haul road enters the east side of the quarry, to approximately
1,540 feet msl at the top of the high wall on the west side of the quarry. As of May 2021, the elevation of the
bottom of the quarry was about 530 feet msl.
The western quarry wall slope is approximately 0.5H:1V (63.4 degrees) and is made up of benches
approximately 60 feet high and 30 feet wide. Above the current working level, the western quarry wall
slope is a final slope, with no further changes planned. The eastern quarry wall slope is still being
developed. As of April 2017, the overall slope of the eastern quarry wall was approximately 1.6H:1V to
1.4H:1V (32 to 35 degrees). To facilitate truck transport, a haul road exists in the quarry pit, and is
continually developed toward the pit bottom as quarrying progresses.

Soils
Soil is generally defined as the unconsolidated mixture of mineral grains and organic material which
mantles the land surfaces of the earth. Regional soil mapping indicates that the project site consists
primarily of clay loam, clay, and gravelly loam soils, as summarized in Table 4.4-1, “Soils within the Project
Site,” and mapped on Figure 4.4-3, “Soils Map.” The shrink-swell potential and hydrologic characteristics
of the soil are also presented in Table 4.4-1.

4.4-2

February | 2022

Project Site Boundary

SOURCE: Compass Land Group 2020; compiled by Benchmark Resources in 2021
NOTE: Figure is not to scale.

Site Geology Map
CLAYTON QUARRY RECLAMATION PLAN AMENDMENT
DRAFT EIR
Figure 4.4-1

CLAYTON QUARRY RECLAMATION PLAN AMENDMENT
DRAFT EIR

4.4—Geology and Soils

THIS PAGE
INTENTIONALLY
LEFT BLANK

4.4-4

February | 2022

SOURCE: Compass Land Group 2020; compiled by Benchmark Resources in 2021
NOTE: Figure is not to scale.

Knoxville-Diabase Transition Concept
CLAYTON QUARRY RECLAMATION PLAN AMENDMENT
DRAFT EIR
Figure 4.4-2

CLAYTON QUARRY RECLAMATION PLAN AMENDMENT
DRAFT EIR

4.4—Geology and Soils

THIS PAGE
INTENTIONALLY
LEFT BLANK

4.4-6

February | 2022

Y:\_CAD & GIS Archive\422 - CEMEX Clayton Quarry EIR\422 - FIgures\422 - DEIR

Project Site Boundary
Soils Boundary

SOURCE: USDA NRCS, May 2020; modified by Benchmark Resources in 2021
NOTES: Figure is not to scale.

Soils Map

CLAYTON QUARRY RECLAMATION PLAN AMEND
DRAFT EIR

Figure 4.4-3

CLAYTON QUARRY RECLAMATION PLAN AMENDMENT
DRAFT EIR

4.4—Geology and Soils

THIS PAGE
INTENTIONALLY
LEFT BLANK

4.4-8

February | 2022

CLAYTON QUARRY RECLAMATION PLAN AMENDMENT
DRAFT EIR

4.4—Geology and Soils

TABLE 4.4-1
SOILS WITHIN THE PROJECT SITE
Soil Association/
Name
Gilroy Clay Loam, 15
to 30 percent slopes
Gilroy Clay Loam, 30
to 50 percent slopes
Gilroy Clay Loam, 50
to 75 percent slopes
Los Osos Clay Loam,
15 to 30 percent slopes
Perkins gravelly loam,
2 to 9 percent slopes
Perkins Gravelly loam,
9 to 15 percent slopes
Quarry
Rock outcropXerorthents association

Approximate
Acreage
13
35
1
24
20
17

Soil Profile Summary
Clay loam (0 to 29 inches)
Very gravelly loam (29 to 39 inches)
Bedrock (39 to 44 inches)
Clay loam (0 to 21 inches)
Bedrock (21 to 25 inches)
Clay loam (0 to 21 inches)
Bedrock (21 to 25 inches)
Clay loam (0 to 10 inches)
Clay (10 to 32 inches)
Bedrock (32 to 42 inches)
Gravelly loam (0 to 19 inches)
Gravelly clay loam (19 to 60 inches)
Gravelly loam (0 to 19 inches)
Gravelly clay loam (19 to 60 inches)

Shrink-Swell
Potentiala
Moderate
Moderate
NA
Moderate
NA
Moderate
NA
High
Very high
Very high
Moderate
Moderate
Moderate
Moderate

Hydrologic
Soil Groupa,b
C
C
C
D
C
C

73

NA

NA

NA

9

40 percent rock outcrop
30 percent Xerorthents and similar soils

NA

NA

Source: United States Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS), 2021. Web Soil Survey
website. Available at: https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm, accessed February 23, 2021.
Notes: NA = not applicable
a
Shrink-swell potential of soils is determined by measuring the linear extensibility, which is the change in length of an unconfined
clod as moisture content is decreased from a moist to a dry state. A moderate, high, or very high shrink-swell potential can cause
significant changes in soil volume as moisture content changes, which can result in damage to overlying improvements and
buildings.
b
Hydrologic soil groups are based on estimates of runoff potential. Group A soils have a high infiltration rate (low runoff potential)
when thoroughly wet. These consist mainly of deep, well drained to excessively drained sands or gravelly sands. Group B soils
have a moderate infiltration rate when thoroughly wet. Group C soils have a slow infiltration rate when thoroughly wet. These
consist chiefly of soils having a layer that impedes the downward movement of water or soils of moderately fine texture or fine
texture. Group D soils have a very slow infiltration rate (high runoff potential) when thoroughly wet. These consist chiefly of
clays that have a high shrink-swell potential, soils that have a high-water table, soils that have a claypan or clay layer at or near
the surface, and soils that are shallow over nearly impervious material.

Site Hydrogeology
Hydrogeology is primarily addressed in Section 4.6, “Hydrology and Water Quality.” The following
discussion is a brief overview of hydrogeologic conditions at the site. The northeast portion of the project
site that contains the plant site and north overburden fill area is underlain by the Clayton Valley
groundwater basin. The south overburden fill area and the quarry pit are not underlain by a groundwater
basin (California Department of Water Resources [DWR] 2021).
The Geotechnical Evaluation indicates that the quarry is unlikely to encounter significant groundwater or
intersect a regional aquifer. The diabase in the quarry consists of dense igneous rock with very low porosity
and hydraulic conductivity. Groundwater, where encountered in such rocks, occurs only in fractures and
results from surface water seeping into fractures in the rock mass on the slopes of Mount Zion. Water that
occurs in the diabase exposed in the quarry consists primarily of water derived from the surface infiltration
of precipitation that has percolated into discontinuities within the rock mass (i.e., seeps along fractures).
This water then daylights in the quarry pit slopes. The current base of the quarry contains a small pit formed
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from seepage and runoff from existing quarry benches; however, the generally dry conditions and high
rates of evaporation minimize the accumulation of water in the pit lake.
The final depth of the quarry would be 110 feet msl, approximately 400 feet below Mitchell Creek, but it is
unlikely that Mitchell Creek would significantly contribute to groundwater flows in the quarry due to the
distance between the creek and the quarry and the hydraulic nature of the intervening rock materials. The
quarry is located approximately 1,300 feet to the west of Mitchell Creek, and Mitchell Creek is underlain
by a different geologic unit (Alluvium). Geologic maps and site observations of the area indicate no faults
or other geologic structures that might intercept surface water flowing in Mitchell Creek and act as conduit
for groundwater flow into the quarry.

4.4.1.2

Seismic Conditions

The entire San Francisco Bay region is located within the San Andreas Fault Zone, a complex of active faults
(i.e., faults that show evidence of rupture within the past 11,000 years). Numerous historic earthquakes
have been generated in northern California by the San Andreas Fault Zone. This level of active seismicity
results in relatively high seismic risk in the San Francisco Bay region. The Working Group on California
Earthquake Probabilities and the United States Geological Survey (USGS) have predicted a 33 percent
probability of a Moment Magnitude (MW) 1 6.7 or greater earthquake on the Hayward Fault between 2014
and 2043, a 22 percent chance on the San Andreas Fault, and a total probability of 72 percent that an
earthquake of MW 6.7 or greater will occur on one of the regional Bay Area faults during that time (USGS
2016).

4.4.1.3

Soils, Geologic, and Seismic Hazards

Surface Fault Rupture
The project site is not located within a State-designated Alquist-Priolo Earthquake Fault Zone (California
Department of Conservation, Division of Mines and Geology 1993). The nearest active faults to the project
site are the Greenville fault, located about 1 mile east of the project site, and the Concord fault, located
about 3 miles west of the project site (USGS and CGS 2021). An active fault is defined by the State of
California has having surface displacement within the past 11,000 years.
The Knoxville formation deposits were thought to on-lap the Mount Diablo Ophiolite formation at the
project site as a depositional contact, however, the contact may also have experienced uplift and faulting
over geologic time. The Geotechnical Evaluation for the proposed project reviewed published literature,
maps, and reports prepared by the USGS. The materials indicate that the contact on the east side of the
quarry between the Knoxville Formation and the diabase rock to be a fault that dips east at about 60
degrees. Field mapping conducted as part of the Geotechnical Evaluation and site-specific drilling data
evaluated provided by the project applicant indicate that the contact dips at approximately 61 degrees to
the east in the east wall of the quarry, consistent with the USGS interpretation. This contact is not
considered an active fault.

Liquefaction, Lateral Spreading, Seismically Induced Settlement, and Subsidence
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. In the process, the soil undergoes transient loss of
strength, which commonly causes ground displacement or ground failure to occur. Because saturated soils
1

MW, as opposed to Richter Magnitude, is now commonly used to characterize seismic events. MW is determined from the physical
size (area) of the rupture of the fault plane, the amount of horizontal and/or vertical displacement along the fault plane, and the
resistance to rupture of the rock type along the fault.
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are a necessary condition for liquefaction, soil layers in areas where the groundwater table is near the
surface have higher liquefaction potential than those in which the water table is located at greater depths.
The potential for liquefaction-induced ground failure (e.g., loss of bearing strength, ground fissures, and
sand boils) depends on the thickness of the liquefiable soil layer relative to the thickness of the overlying
non-liquefiable material.
Lateral spreading is a form of horizontal displacement of soil toward an open channel or other “free” face,
such as an excavation boundary. In a lateral spread failure, a layer of ground at the surface is carried on an
underlying layer of liquefied material over a nearly flat surface toward a river channel or other bank. The
lateral spreading hazard tends to mirror the liquefaction hazard for a site, assuming a free face is located
nearby. Seismically induced settlement occurs when loose sandy soils become denser when subjected to
shaking during an earthquake.
Potential impacts from liquefaction, lateral spreading, and seismically induced settlement include loss of
bearing capacity, differential settlement, lateral movements, and surface manifestation such as sand boils.
The majority of the project site, including the quarry, is underlain by the Mount Diablo Ophiolite formation
and Knoxville formation, which consist of shallow soils over bedrock with groundwater that occurs only
in fractures. Consequently, there is low potential for liquefaction, lateral spreading, or seismically induced
settlement to occur in these areas. A portion of the easternmost edge of the project site underlying the north
overburden fill area is mapped as having “moderate” liquefaction susceptibility (USGS and CSG 2006).

Subsidence
Subsidence is the lowering of the land-surface elevation. The mechanism for subsidence is generally related
to groundwater pumping and subsequent consolidation of loose aquifer sediments. The primary hazards
associated with subsidence are increased flooding hazards and damage to underground utilities as well as
above-ground structures. Other effects of subsidence include changes in the gradients of stormwater and
sanitary sewer drainage systems for which the flow is gravity driven.

Landslides
Slope failure can occur as either rapid movement of large masses of soil (landslide) or slow, continuous
movement (creep) on slopes of varying steepness. Areas susceptible to landslides are characterized by steep
slopes and downslope creep of surface materials. The project site is located along the slopes of Mount Zion,
which, as described in the “Regional and Local Topography” section, has natural slope inclinations of
approximately 20 to 35 degrees in the area of the project site. Mount Zion does not have a recent history of
landslides as documented by the U.S. Landslide Inventory (USGS 2021) but does have moderate to high
landslide susceptibility as mapped in the Contra Costa County Draft Hazard Mitigation Plan (Contra Costa
County 2018). In addition, the Geotechnical Evaluation notes that the existing north overburden fill area
experienced slope instability in March 2016 in response to heavy rainfall, and based on available records,
likely represented a renewed failure of a landslide that occurred in 2000. As described in Section 2.5.6, “Fill
Slopes and Compaction Standards,” in Chapter 2, the existing north overburden fill area (shown on Figure
1-2) was improved in 2017 between the quarry haul road and Mitchell Canyon Road by a combination of
removing and replacing the slide material with materials that have higher strength properties (shear key),
coupled with adding weight to the toe of the slide to counteract the driving forces from the upper portion
of the slide (gravity buttress fill), pursuant to Contra Costa County Grading Permit BLG16-011287.
Additional work is underway to expand the shear key to improve stability of the north fill area and
accomplish a more aesthetic profile for the buttress fill, pursuant to Contra Costa County Building Permit
BLG20‐003645. This work is anticipated to be completed in 2021.
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Expansive Soils
Expansion and contraction of soil volume can occur when expansive soils undergo alternating cycles of
wetting (swelling) and drying (shrinking). During these cycles, the volume of the soil changes markedly.
Shrink-swell potential is influenced by the amount and type of clay minerals present and can be measured
by the percent change of the soil volume. Shrink-swell potential is also influenced by the location of the
soils; soils below the groundwater table maintain a steady moisture content and would therefore not be
subject to shrink-swell effects.
As a consequence of volume changes due to expansive soils, structural damage to buildings and
infrastructure can occur if potentially expansive soils are not considered in project design and during
construction. The soils in the project site range from moderate to very high shrink-swell potential (i.e., low
to very high linear extensibility) (Table 4.4-1). Moderate to very high shrink-swell potential soils are
classified as expansive soils, which can pose geotechnical hazards to subsurface utilities and building
foundations (USDA NRCS 2021).

4.4.1.4

Paleontological Resources

Paleontological resources include fossilized remains or traces of organisms, including plants, vertebrates
(animals with backbones), invertebrates (e.g., starfish, clams, ammonites, and marine coral), and
microscopic plants and animals (microfossils), including their imprints, from a previous geological period.
Paleontological resources are considered to be older than recorded human history and/or older than middle
Holocene (i.e., older than about 5,000 years) (Society of Vertebrate Paleontology 2010). The majority of the
project site is underlain by diabase rock types of the Mount Diablo Ophiolite formation. Igneous rocks are
formed from the solidification of molten rock material and therefore have a low potential to contain
paleontological resources. However, the remainder of the project site is underlain by the Knoxville
formation sedimentary rocks and quaternary alluvium deposits, both of which have the potential to contain
paleontological resources. In particular, a record search of the UC Berkeley Museum of Paleontology
(UCMP) database identified 12 fossils in the Knoxville formation within Contra Costa County, and 264
fossils in the Knoxville formation throughout California (UCMP 2021).

4.4.2

Regulatory Setting

The following sections discuss federal, state, and local regulations pertaining to geology and soils.

4.4.2.1

Federal

U.S. Geological Survey Landslide Hazard Program
To fulfill the requirements of Public Law 106‐113, USGS created the National Landslide Hazards Program
to reduce long‐term losses from landslide hazards by improving understanding of the causes of ground
failure and suggesting mitigation strategies. The Federal Emergency Management Agency is the
responsible agency for the long‐term management of natural hazards.

4.4.2.2

State

Alquist-Priolo Earthquake Fault Zone Act
The project site is not located within a State-designated Alquist-Priolo Earthquake Fault Zone (California
Department of Conservation, Division of Mines and Geology 1993). The State Alquist-Priolo Earthquake
Fault Zoning Act of 1972 (Alquist-Priolo Act) was passed to mitigate the hazards associated with surface
faulting in California. Administered by the California Department of Conservation (DOC), the AlquistPriolo Act prevents construction of buildings used for human occupancy on the surface traces of active
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faults. Before a project can be permitted, cities and counties must require a geologic investigation to
demonstrate that proposed buildings will not be constructed across active faults.

Seismic Hazards Mapping Act
The 1990 Seismic Hazards Mapping Act and related regulations establish a statewide minimum public
safety standard for mitigation of earthquake hazards. The purpose of this act is to protect the public from
the effects of strong ground shaking, liquefaction, landslides, or other ground failure as well as other
hazards caused by earthquakes. This act provides the minimum level of mitigation needed to reduce the
risk of a building collapse. Under this act, the lead agency can withhold permits until geologic
investigations are conducted and mitigation measures are incorporated into building plans. In addition,
the act addresses not only seismically induced hazards but also expansive soils, settlement, and slope
stability. The program and actions mandated by this act closely resemble those of the Alquist-Priolo Act
by requiring:
•

the State Geologist to delineate various “seismic hazard zones” and

•

cities, counties, and/or other local permitting authority to regulate certain development “projects”
within these zones by withholding the development permits for a site until the geologic and soil
conditions are investigated and appropriate mitigation measures (if required) are incorporated into
development plans.

Surface Mining and Reclamation Act
Mineral Resource Zones

California’s Surface Mining and Reclamation Act of 1975 (SMARA) requires the State Geologist to
classify land into Mineral Resource Zones (MRZs) based on the known or inferred mineral resource
potential of that land. The process is based solely on geology, without regard to existing land use or
land ownership. The primary goal of mineral land classification is to help ensure that the mineral
resource potential of lands is recognized and considered in the land-use planning process. The western
project site, including the existing quarry, is classified as MRZ-2, which is defined as “areas where
adequate information indicates that significant mineral deposits are present, or where it is judged that
a high likelihood of their presences exists”. The eastern portion of the project site is classified as MRZ3, which is defined as areas that contain mineral deposits whose significance cannot be evaluated from
available data (Stinson et al. 1987).

Slope Stability

SMARA does not specify a minimum factor of safety for slope stability. However, CCR Section
3502(b)(3) indicates that final reclaimed slopes shall be flatter than the critical gradient, which implies
that pseudo-static factors of safety should be greater than 1.0. The section further states:
Whenever final slopes approach the critical gradient for the type of material involved, regulatory agencies
shall require an engineering analysis of the slope stability. Special emphasis on slope stability and design
shall be necessary when public safety or adjacent property may be affected.

CCR Section 3502(b)(4) states that:
Areas mined to produce additional materials for backfilling and grading, as well as settlement of filled areas,
shall be considered in the reclamation plan. Where ultimate site uses include roads, building sites, or other
improvements sensitive to settlement, the reclamation plans shall include compaction of the fill materials in
conformance with good engineering practice.

February | 2022

4.4-13

CLAYTON QUARRY RECLAMATION PLAN AMENDMENT
DRAFT EIR

4.4—Geology and Soils

CCR Section 3704(d) states that:
Final reclaimed fill slopes, including permanent piles or dumps of mine waste rock and overburden, shall not
exceed 2:1 (horizontal:vertical), except when site-specific geologic and engineering analysis demonstrate that
the proposed final slope will have a minimum slope stability factor of safety that is suitable for the proposed
end use, and when the proposed final slope can be successfully revegetated.

CCR Section 3704(f) states that:
Cut slopes, including final highwalls and quarry faces, shall have a minimum slope stability factor of safety
that is suitable for the proposed end use and conform with the surrounding topography and/or approved end
use.

California Public Resources Code
Paleontological resources are limited, nonrenewable resources of scientific, cultural, and educational value
and are afforded protection under state laws and regulations. Public Resources Code, Chapter 1.7, sections
5097.5 and 30244 regulate removal of paleontological resources from state lands, define unauthorized
removal of fossil resources as a misdemeanor, and require mitigation of disturbed sites. Professional
standards of practice, such as those adopted by the Society of Vertebrate Paleontology (2010), offer
additional guidance for the control and remediation of adverse effects on significant paleontological
resources.

4.4.2.3

Local

Contra Costa County General Plan
The following goals and policies are contained within the Contra Costa County General Plan and pertain to
geology and soils (Contra Costa County 2014).

Conservation Element

Policy 9-11:

High-quality engineering of slopes shall be required to avoid soil erosion,
downstream flooding, slope failure, loss of vegetative cover, high
maintenance costs, property damage, and damage to visual quality.
Particularly vulnerable areas should be avoided for urban development.
Slopes of 26 percent or more should generally be protected and are
generally not desirable for conventional cut-and-fill pad development.
Development on open hillsides and significant ridgelines shall be
restricted.

Safety Element
Goal 10-E:

To minimize the risk of loss of life or injury due to landslides, both ordinary and
seismically-induced.

Policy 10-23:

Slope stability shall be given careful scrutiny in the design of
developments and structures, and in the adoption of conditions of
approval and required mitigation measures.

Contra Costa County Code of Ordinances
The Contra Costa County Surface Mining and Reclamation Ordinance (Chapter 88-11) includes the
following provisions related to geology and soils:
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88-11.822—Final Slope Gradient:
Final slope gradients shall assure slope stability, maintenance of required vegetation, public safety,
and the control of drainage, as may be determined by engineering analysis of soils and geologic
conditions and by taking into account probable future uses of the site. They shall not exceed the
critical gradient as determined by an engineering analysis of the slope stability. Additionally, they
shall not:
1.

Be incompatible with the alternate future uses anticipated for the site; or

2.

Be hazardous to persons that may use the site under the alternate future uses anticipated
for the site; or

3.

Reduce the effectiveness of revegetation and erosion control measures where such are
necessary.

88-11.824—Emplacement of Fill:
All fill shall be compacted to avoid excessive settlement and to the degree necessary to
accommodate anticipated future uses. If future uses of the site include streets or structures for
human occupancy, or if an engineered fill is necessary as a safety measure, fill emplacement shall
conform to the requirements of Division 716 of this code. Material used as fill shall be of a quality
suitable to prevent contamination and pollution of groundwater.
88-11.826—Resoiling:
Resoiling shall be accomplished in the following manner: coarse, hard material shall be graded and
covered with a layer of finer material or weathered waste, and a soil layer then placed on this
prepared surface. Where quantities of available soils are inadequate to provide cover, native
materials should be upgraded to the extent feasible for this purpose.
88-11.828—Revegetation:
All lands permanently exposed by mining operations shall be revegetated, except as the director
of community development determines this to be technically infeasible or detrimental.
Revegetation methods and plant materials utilized shall be appropriate for the site's topographical,
soil and climatic conditions, and native species shall be used wherever practicable.
The Contra Costa County Drainage Ordinance (Chapter 1010) includes the following provisions related to
geology and soils:
1010-2.002—Purpose:
This division is adopted to provide for the implementation of drainage, recreation and riparian
vegetation provisions of the general plan, protect watercourse riparian vegetation, permit control
of projects that may change the hydraulic characteristics of watercourses and drainage facilities,
control erosion and sedimentation, prevent the placement or discharge of polluting matter into
watercourses, and require adequate watercourse drainage facilities.
1010-8.006—Exhibits and Conditions:
The applicant shall enclose with, include, attach or add to the application for a permit a map, plat,
sketch, diagram or similar exhibit of a size and in such quantity as the enforcing officer may
prescribe, on which exhibit shall be plainly shown any and all information of a technical or
engineering nature necessary to locate, delineate, illustrate, identify, justify and substantiate the
proposed act or work, and the right and necessity of the applicant to perform the act or work. The
enforcing officer may require to be submitted such soil investigation, tests of materials,
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environmental documents, engineering plans and investigations, technical reports and other
permits, as the officer deems necessary and proper. If necessary, changes, corrections and notes
may be made on any such exhibit and/or conditions inserted on the permit and these items shall
become an integral part of the permit when attested to by the enforcing officer.

4.4.3

Significance Thresholds and Analysis Methodology

4.4.3.1

Significance Criteria

Based on Appendix G of the CEQA Guidelines, the proposed project would have a significant impact to
geology and soils if it would:
a) directly or indirectly cause potential substantial adverse effects, involving the risk of loss, injury,
or death involving;
-

rupture of a known earthquake fault, as delineated on the most recent Alquist-Priolo
Earthquake Fault Zone Map issued by the State Geologist for the area or based on other
substantial evidence of known fault (Refer to Division of Mines and Geology Special
Publication 42),

-

strong seismic ground shaking,

-

landslides;

-

seismic-related ground failure, including liquefaction, or

b) result in substantial soil erosion or the loss of topsoil;
c)

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;

d) be located on expansive soil, as defined in Table 18-1-B of the Uniform Building Code (1994),
creating substantial direct or indirect risks to the life or property;
e) have soils incapable of adequately supporting the use of septic tanks or alternative wastewater
disposal systems where sewers are not available for the disposal of wastewater; or
f)

directly or indirectly destroy a unique paleontological resource or site or unique geological feature.

Regarding threshold (e), as described in Appendix A-4, “Initial Study,” the proposed project would not
include supporting the use of septic tanks or changes to the existing wastewater disposal systems;
therefore, this issue requires no further consideration.

4.4.3.2

Analysis Methodology

Evaluation of the geology and soils impacts in this section is based on information from the Geotechnical
Evaluation (see Appendix F) and from maps, reports, and other documents that describe the geologic,
seismic, and soil conditions of the project area. The analysis assumes that the project proponents will
conform to all applicable regulatory requirements including the Contra Costa County Code of Ordinances,
SMARA, and National Pollutant Discharge Elimination System (NPDES) requirements.
In preparation of the Geotechnical Evaluation, Golder performed four phases of work to address
geotechnical issues relating to slope stability and placement of overburden at the project site. These study
phases included:
•

4.4-16
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•

pit slope stability on the east side of the quarry (i.e., Knoxville formation),

•

geotechnical investigations and stability improvements related to the existing north overburden
fill area and proposed south overburden fill area, and

•

analysis of a potential seiche related to rockfall into a future pit lake.

SMARA (CCR Section 3704) requires that reclaimed quarry slopes and overburden piles have a minimum
factor-of-safety that is suitable for their proposed end use. Because open space is the proposed end use of
the project site, Golder identified that the minimum acceptable factors-of-safety for static loading is greater
than or equal to 1.30 and for pseudo-static (seismic) loading is greater than or equal to 1.00. A pseudo-static
(seismic) loading analysis assesses the level of stability of a slope subjected to ground accelerations likely
to be experienced at the site during an earthquake.
The following is a summary of the methodology implemented in the Geotechnical Evaluation. Detailed
methodology and findings of the site reconnaissance, subsurface explorations, and laboratory testing,
geotechnical characterization, engineering analysis of the quarry pit slopes, and stability analysis of the
overburden fill areas are located in Appendix F.

Summary of Geotechnical Characterization of Quarry
Based on the site reconnaissance, subsurface explorations, and laboratory testing, the geotechnical
characterization found that the diabase on the west highwall can be characterized as “weathered” or
“slightly weathered to fresh”. The weathered diabase occurs to about 100 feet below the original ground
surface. Weathered diabase rock has a lower intact rock strength intersected by joints with lower shear
strength characteristics than the fresh to slightly weathered diabase. Intact rock strength is the strength of
the unfractured blocks of rock between joints in a rock mass. Shear strength is the strength of a rock mass
against the structural failure as a result of a shear load, which is a force that tends to produce a sliding
failure on a rock mass along a plane that is parallel to the direction of the force.
The quarry rock mass on the east side of the quarry was characterized as three geotechnical units: (1)
Knoxville formation, Knoxville formation/diabase contact materials, and diabase (slightly weathered to
fresh).
Overall slope stability is also controlled by the shear strength of the rock mass. While shear through the
rock mass is unlikely in strong, brittle rocks such as diabase, slopes composed of highly fractured rock like
the Knoxville formation are more likely to become unstable due to shear through the rock mass. Once the
kinematics (i.e., the paths that rocks take during deformation) of a rock mass are understood, the level of
stability of a rock slope can be quantified by performing a limiting equilibrium slope stability analysis.

Stability Analysis of Quarry
Golder’s engineering analyses performed on the slopes at the quarry were split into two studies: analyses
of the eastern pit slopes, and analyses of the western pit slopes, as shown on Figure 4.4-4, “Geotechnical
Evaluation Component Boundaries.” These are considered to be the most critical slopes from a geologic
perspective. Southern pit slopes at the quarry consist of similar geology to those of the eastern pit slopes.
However, due to the bench geometry, depth of mining, and exposure of the weathered Knoxville formation,
eastern pit slopes are considered more critical for stability analysis. Similarly, northern pit slopes consist of
similar geology to those of the western pit slopes, but western pit slopes have the greatest slope height
exposed due to mining. Therefore, the analysis of the eastern and western pit slopes encompasses the
worst-case slope stability conditions that could be encountered along the southern and northern pit slopes,
respectively.
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The level of stability of the bedrock slopes composed of diabase in the western pit slopes of the quarry was
quantified by performing stability analyses. The analyses completed consisted of:
•

Kinematic analyses to evaluate the potential for development of bench and large-scale plane shear
and wedge failures in the quarry walls that will be exposed after reclamation.

•

Limit-equilibrium analyses to evaluate the level of slope stability under both static and seismic
loading and the potential for deep-seated failures to occur due to shear through the rock mass.

Several iterations and types of engineering analyses were performed to evaluate the stability of the diabase
rocks and Knoxville formation forming the eastern pit slopes of the quarry. The analyses completed
consisted of:
•

Kinematic analyses to evaluate the potential for overall slope instability to develop related to
discontinuities (i.e., geologic structures) intersecting the east quarry slope.

•

Limit-equilibrium analyses to evaluate a variety of cases for the overall stability of the eastern
slopes.

Supplemental analyses were then performed to address the following specific issues:
•

The long-term stability of the proposed Knoxville formation final reclamation slopes.

•

The long-term stability of the Knoxville formation/diabase contact materials.

Stability Analysis of South Overburden Fill Area
For evaluating the stability of overburden fill, Golder estimated the soil shear strength based on the Mohr
Coulomb strength criterion. This is the most widely used method of estimating soil shear strength for slope
stability and is the standard of practice in the industry. Golder then performed an infinite slope analysis to
assist in selecting an appropriate slope for design of the overburden fill. The infinite slope analysis provides
an indication of the maximum slope of the fill where calculated factor-of-safety values begin to fall below
the design factor-of-safety (i.e., factor-of-safety greater than or equal to 1.30 for static loading and greater
than or equal to 1.00 for pseudo-static loading). The analysis evaluated both static and pseudo-static
(seismic) loading.
To support the infinite slope analysis, a cross-section of the proposed south overburden fill area (crosssection A-A’ on Figure 4.4-4) was evaluated to check the stability of the proposed south overburden fill
area under both static and pseudo-static (seismic) loading for three cases: (1) overall stability of the
overburden fill, (2) stability of the contact between the fill and the foundation, and (3) the stability of the
foundation beneath the overburden fill.

Stability Analysis of North Overburden Fill Area
Golder used the two-dimensional limit-equilibrium stability model SLIDE 7.022 for stability analysis based
on Mohr-Coulomb material properties. The analysis evaluated both static and pseudo-static (seismic)
loading. Based on the analysis, the Geotechnical Evaluation recommended improvement measures that
have been implemented pursuant to Contra Costa County Building Permits BLG16-011287 and BLG20‐
003645, as described in Chapter 2.
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Project Impacts and Mitigation Measures

Impact 4.4-1:

Exposure of People or Structures to Potential Substantial Adverse Effects,
Including the Risk of Loss, Injury, or Death, as a Result of Rupture of a Known
Fault

The project site is not located within a State-designated Alquist-Priolo Earthquake Fault Zone
(California Department of Conservation, Division of Mines and Geology 1993). The Geotechnical
Evaluation indicates that the Knoxville formation/diabase contact on the east side of the quarry is a
fault that dips east at about 60 degrees. However, the fault is not active.
The Geotechnical Evaluation notes that regional geologic mapping in conjunction with site-specific
mapping does not indicate the presence of large-scale faults or other geologic structures that might
intersect the quarry slopes to form large structural plane shear or wedge failures. This was confirmed
by observations of the inactive fault area conducted during the site reconnaissance. Based on regional
and site-specific mapping and site observations, the Geotechnical Evaluation concludes that the quarry
slopes are stable with respect to the potential presence of large-scale faults or other geologic structures
that could result in large structural ground failure.
Therefore, the potential for the revised reclamation plan to result in the exposure of people or structures
to potential substantial adverse effects as a result of rupture of a known fault would be less than
significant.
Level of Significance: Less than significant.
Mitigation Measures: None required.

Impact 4.4-2:

Exposure of People or Structures to Potential Substantial Adverse Effects,
Including the Risk of Loss, Injury, or Death, as a Result of Strong Seismic Ground
Shaking

The implementation of the proposed reclamation plan would not develop structures on the project site,
with the exception of the stormwater drainage infrastructure that would be developed after the
completion of mining. The stormwater drainage infrastructure would consist of a proposed 24-inch
diameter drainage pipeline that would convey flows from the quarry pipeline to the 18-inch
stormwater line located along Mitchell Canyon Road. In accordance with the Contra Costa County
Drainage Ordinance (Chapter 1010), the quarry operator would be required to obtain a drainage permit
prior to the construction of the drainage pipeline. As part of the permit process, the County would
require the applicant to submit the materials necessary to ensure that the drainage pipeline design is
structurally sound and appropriately designed based on site conditions. These materials could include
soil investigation, tests of materials, environmental documents, engineering plans and investigations,
technical reports and other permits, as the officer deems necessary and proper.
People on the project site would continue to be limited to workers conducting mining and reclamation
activities. Upon completion of mining and reclamation, people on the project site would be limited to
workers who periodically visit the site, as needed, for the maintenance of the property. The number of
workers on the project site would not increase relative to existing conditions as a result of the revised
reclamation plan.
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In summary, the only infrastructure proposed would consist of a drainage pipeline that would be
required to be developed in accordance with the requirements of a county drainage permit, which
would ensure that the pipeline is structurally sound and appropriately designed based on site
conditions, and therefore generally resistant to damage from disturbance such as ground shaking. The
revised reclamation plan would not increase the number of people on the project site relative to existing
conditions. For these reasons, the potential for seismic ground shaking on the project site to expose
people or structures to substantial adverse effects would be less than significant.
Level of Significance: Less than significant.
Mitigation Measures: None required.

Impact 4.4-3:

Exposure of People or Structures to Potential Substantial Adverse Effects, as
Result of Seismically-Induced Liquefaction, Lateral Spreading, and Settlement

As described in Section 4.4.1.1, above, the majority of the project site, including the quarry, is underlain
by the Mount Diablo Ophiolite formation and Knoxville formation, which consist of shallow soils over
bedrock with groundwater that occurs only in fractures. Consequently, there is low potential for
seismically-induced liquefaction, lateral spreading, or settlement to occur in these areas.
A portion of the easternmost edge of the project site underlying the north overburden fill area is
mapped as having “moderate” liquefaction susceptibility (USGS and CSG 2006). However, as
described under Section 4.4.3.2, above, the Geotechnical Evaluation conducted a stability analysis of
the north overburden fill area that evaluated both static and pseudo-static (seismic) loading conditions.
The recommendations of the Geotechnical Evaluation for the stabilization of the north overburden fill
slope have been implemented pursuant to Contra Costa County Building Permits BLG16-011287 and
BLG20‐003645. Under the revised reclamation plan, overburden materials would no longer be added
to the north overburden fill slope. Instead, the overburden fill area would be hydroseeded with
California native chaparral seed mix. The revegetation of the area would further stabilize the slope.
Because the majority of the project site has low potential for liquefaction, lateral spreading, and
seismically-induced settlement to occur, and because the only area with documented potential for
liquefaction to occur is located at the north overburden fill area which is being currently stabilized and
would be revegetated under the revised reclamation plan, the potential for the revised reclamation
plan to expose people or structures to risk from seismically-induced liquefaction, lateral spreading, and
settlement would be less than significant.
Level of Significance: Less than significant.
Mitigation Measures: None required.

Impact 4.4-4:

Exposure of People or Structures to Potential Substantial Adverse Effects,
Including the Risk of Loss, Injury, or Death, as a Result of Rockfalls and
Landslides within the Quarry

As described under Impact 4.4-2, the revised reclamation plan would not increase the number of
workers on the site relative to existing conditions and the structures developed under the revised
reclamation plan would be limited to drainage infrastructure. However, the existing elevation of the
quarry pit is about 530 feet msl, and the final elevation of the quarry pit under the revised reclamation
plan would be 110 feet msl. The depth of the final elevation of the quarry pit could result in increased
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risk of rockfalls and landslides on the project site that in turn could result in injury and death to people
on the site if the proposed quarry pit is not developed in accordance with appropriate seismic safety
considerations.
In a study of landslides caused by earthquakes, Keefer (1984) noted that rockfalls (falls of boulders of
disrupted masses of rock) and rockslides (masses of rock fragments that slide on discontinuities
dipping out of the rock) are relatively common. Large deep-seated rock slumps and block slides and
rock avalanches are less common. These failures typically require either conspicuous weak
discontinuities dipping out of the slope (rock block slides) or intensely fractured rocks (rock avalanches
and slumps).

Rockfalls

Performance of bench slopes is indicated by their ability to catch rockfall or raveling from benches at
higher elevations. Bench performance can be evaluated based on the width of the bench remaining in
the slope, and over time the ability of the bench to maintain adequate width to retain rockfall so it does
not fall into the working areas of the quarry. Typical mining practice includes leaving wider catch
benches as the pit slope is developed if upper benches become full and are inadequate to retain rockfall.
With regards to the west, north, and south walls of the quarry, based on the joint characteristic data
Golder collected during the site visit, the wedges and plane shears in these walls are likely to be small
and infrequent, and most of the failed material would be caught on the remaining intact benches. Based
on field observations, these catch benches appear to be effective for control of rockfall during existing
quarry operations. After reclamation is complete, the quarry pit would fill with water to form a lake,
which would minimize the potential for rockfall hazards to occur or cause injuries.
Regarding the east wall of the quarry, based on the joint characteristic data Golder collected during the
site visit, few joints have formed in the existing east wall of the quarry; and where they have occurred,
they have been removed during mining and bench scaling operations. This practice would continue
under the proposed project and would be effective to control rockfall during quarry operations. After
reclamation is complete, the quarry pit would fill with water to form a lake, which would minimize
the potential for rockfall hazards to occur or cause injuries. In addition, as shown on Figure 2-8,
“Revised Reclamation Plan Detail,” in Chapter 2, during final reclamation, fencing would be installed
around the project site and along the more gently sloped areas surrounding the quarry pit; fencing
would not be located along much of the northern and northeastern areas surrounding the quarry pit,
but the slopes in these areas are steep and would be difficult for people to climb. Therefore, public
access to the lake would be effectively restricted, and the public would not be exposed to risks from
rockfalls.
Based on joint characteristic data of the diabase rocks and Knoxville formation that compose the quarry
walls, the effectiveness of current practices to reduce rockfall hazards during mining and reclamation
activities, the proposed conversion of the project site to open space with a quarry pit lake, and the
addition of fencing around the site and quarry pit lake, the potential exposure of people or structures
to substantial adverse effects as a result of rockfalls would be less than significant.

Landslides

The Geotechnical Evaluation quantified the Geologic Strength Index of the different rock types at the
quarry, as summarized in Table 4.4-2, “Geologic Strength Index by Rock Type.” The Geologic Strength
Index provides an estimate of rock mass quality, which in turn is an indication of the condition of the
rock that accounts for the intact strength of the rock; and the persistence, spacing, and condition of the
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natural fractures in the rock mass. The Geologic Strength Index was used to estimate the rock mass
shear strength properties used in slope stability analysis.
TABLE 4.4-2
GEOLOGIC STRENGTH INDEX BY ROCK TYPE
Rock Type
Diabase
(Slightly Weathered to Fresh)
Weathered Diabase
Knoxville Formation/Diabase
Contact
Knoxville Formation (Siltstone)

Structure

Discontinuity Surface
Conditions

Geologic Strength
Index

Very Blocky

Very Good to Good

55

Very Blocky

Fair to Poor

35

Blocky/Disturbed/Seamy

Poor to Very Poor

20

Blocky/Disturbed/Seamy

Poor to Very Poor

20

Source: Appendix F.

The diabase (slightly weathered to fresh) is classified as a strong, brittle rock mass containing three or
more discontinuities. Due to the high shear strength of the rock mass, even high, steep slopes are likely
to be stable. The shear strength of the weathered diabase, while lower than the diabase (slightly
weathered to fresh), still forms a sufficiently strong rock mass such that deep-seated failures in the
weathered portions of the slopes are not considered likely. While portions of the east quarry slope
consisting of Knoxville Formation and Knoxville formation/diabase contact are composed of highly
fractured rock with a lower Geologic Strength Index than diabase, the quarry slope is not particularly
steep or high and so does not correspond to the conditions likely to produce large-scale, earthquakeinduced landslides.
Golder completed a limit-equilibrium stability analysis to quantify the level of stability of the east and
west quarry slopes. Golder selected two sections for the analysis of the quarry pit, which are shown on
Figure 4.4-4: Section C-C’ represents the critical section for the highest pit slopes in the western wall;
and Section B-B’ represents the critical section for the highest and steepest pit slopes in the eastern wall
of the quarry. The analysis evaluated slope stability at the end of mining operations, when the quarry
pit elevation would be excavated to a depth of about 110 feet msl, and also evaluated slope stability
with the quarry pit filled with water at an elevation of 735 feet. The analysis considered both static and
pseudo-static (seismic) loading conditions. As stated under Section 4.4.3.2, above, the minimum
acceptable factors-of-safety for static loading is greater than or equal to 1.30 and for pseudo-static
(seismic) loading is greater than or equal to 1.00.
The results of the analysis are presented in Table 4.4-3, “Results of Quarry Pit Slopes Stability
Analysis.” The lowest factor of safety under static loading was 1.79 during the end of mining operations
(before the formation of the proposed quarry pit lake) at the toe of the surface in the Knoxville
formation/diabase contact zone. The lowest factor of safety under pseudo-static (seismic) loading was
1.09 with the quarry pit filled with water at an elevation of 735 feet. This condition was found to occur
at the toe of the surface in the Knoxville formation/diabase contact zone. This analysis shows that
acceptable factors-of-safety would be achieved for both static and seismic loading for the eastern and
western quarry slopes.
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TABLE 4.4-3
RESULTS OF QUARRY PIT SLOPES STABILITY ANALYSIS
Quarry
Wall

CrossSection

West

C-C’

Case
Overall Slope
Overall Slope
Overall Slope
Overall Slope

East

B-B’

Toe of Surface in
Diabase
Toe of Surface in
Diabase
Toe of Surface in
Contact Zone
Toe of Surface in
Contact Zone
Toe of Surface in
Knoxville
Toe of Surface in
Knoxville

Stage of Operation
End of quarry operations, pit
floor at 110 feet msl
Reclaimed pit with pit lake to
735 feet msl
End of quarry operations, pit
floor at 110 feet msl
Reclaimed pit with pit lake to
735 feet msl
End of quarry operations, pit
floor at 110 feet msl
Reclaimed pit with pit lake to
735 feet msl
End of quarry operations, pit
floor at 110 feet msl
Reclaimed pit with pit lake to
735 feet msl
End of quarry operations, pit
floor at 110 feet msl
Reclaimed pit with pit lake to
735 feet msl

Factor-of-Safety
Pseudo-Static
Static
(Seismic)
2.40

1.84

2.45

1.75

2.17

1.65

2.44

1.52

2.05

1.51

2.25

1.46

1.79

1.28

1.85

1.09

2.26

1.57

2.23

1.54

Source: Appendix F.
Notes: Cross-sections are illustrated on Figure 4.4-4.
feet msl = feet above mean sea level

Supplemental Analyses of Knoxville Slopes (East Wall of Quarry)

As stated under Section 4.4.3.2, above, Golder completed a supplemental analysis of the long-term
stability of the proposed Knoxville formation final reclamation slopes. The supplemental analysis
consisted of the evaluation of slope stability under two different conservative scenarios:
1) An analysis of slope stability using reduced shear strength assumptions (i.e., the Knoxville
formation rock was assumed to be less stable than indicated by geologic field data), but
assuming the design slope configuration proposed under the revised reclamation plan; and
2) An analysis of slope stability using the shear strength assumptions indicated by geologic field
data, but assuming a design slope configuration steeper than what is proposed under the
revised reclamation plan.
For the analysis using reduced shear strength assumptions, the strength parameter was reduced to
1,200 pounds per square inch, which is a typical for poorly indurated shale and claystone, but not the
more indurated siltstone/sandstone that forms the Knoxville formation as characterized by drilling
conducted as part of the Geotechnical Evaluation. The results of this analysis are presented in Table
4.4-4, “Results of Slope Stability Analyses with Reduced Shear Strength in Knoxville Formation,” and
indicate that even with reduced strength assumptions, the slopes proposed for the east quarry slope
would provide acceptable factors-of-safety (i.e., factors-of-safety greater than greater than or equal to
1.30 for static loading and greater than or equal to 1.00 for pseudo-static [seismic] loading).
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TABLE 4.4-4
RESULTS OF SLOPE STABILITY ANALYSES WITH REDUCED SHEAR STRENGTH IN KNOXVILLE FORMATION
Quarry
Wall

CrossSection

Case
Overall Slope
Overall Slope

East Wall

B-B’
Single Bench Failure
Single Bench Failure

Condition
End of quarry operations,
pit floor at el. 110 ft
Reclaimed pit with pit lake
to el. 735 ft
End of quarry operations,
pit floor at el. 110 ft
Reclaimed pit with pit lake
to el. 735 ft

Factor-of-Safety
Pseudo-Static
Static
(Seismic)
1.70

1.19

1.67

1.16

1.78

1.30

2.07

1.25

Source: Appendix F.
Notes: Cross-sections are illustrated on Figure 4.4-4. This analysis assumed reduced shear strength assumptions for the Knoxville
formation (i.e., the Knoxville formation rock was assumed to be less stable than indicated by geologic field data).

For the analysis of a design slope configuration steeper than what is proposed under the revised
reclamation plan, the results indicate that it would be possible to cut slopes in the Knoxville formation
at steeper angles than those proposed under revised reclamation plan and still provide acceptable
factors-of-safety. The results are presented in Table 4.4-5, “Results of Slope Stability Analysis for
Steeper Knoxville Formation Slopes.” Therefore, the proposed slopes are relatively conservative and it
is reasonably foreseeable that they will perform adequately.
TABLE 4.4-5
RESULTS OF SLOPE STABILITY ANALYSIS FOR STEEPER KNOXVILLE FORMATION SLOPES
Quarry
Wall

CrossSection

East

B-B’

Bench Face Angle
(degrees)
86.5
72

Inter- ramp
Angle
(degrees)
61
50

Bench
Height
(feet)
60
60

Bench
Width
(feet)
30
30

Factor-of-Safety
Pseudo-Static
Static
(Seismic)
1.09
1.03

Source: Appendix F.
Notes: Cross-Sections are illustrated on Figure 4.4-4. The bench face angle and inter-ramp angle of this analysis are steeper than
those proposed under the revised reclamation plan.

Supplemental Analysis of Stability of Submerged Knoxville Formation and Knoxville
Formation/Diabase Contact

As stated under Section 4.4.3.2, above, Golder completed a supplemental analysis of the long-term
stability of the proposed submerged Knoxville formation and Knoxville formation/diabase contact
with the quarry pit lake assumed to be present at an elevation of 735 feet msl. This analysis consisted
of observations of existing excavated slopes, jar slake tests conducted as part of the field testing, and
additional slope stability analyses that evaluated conditions under both the standard shear strength
assumptions and under reduced shear strength assumptions (i.e., the Knoxville formation rock was
assumed to be less stable than indicated by geologic field data). The slope stability analysis is
summarized in Table 4.4-6, “Results of Slope Stability Analyses of Submerged Knoxville and Contact
Zone.”
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TABLE 4.4-6
RESULTS OF SLOPE STABILITY ANALYSES OF SUBMERGED KNOXVILLE AND CONTACT ZONE
Quarry
Wall

East

Strength
Assumes best
estimate of
shear strengths
based on
geologic field
data
Assumes
reduced shear
strength in
Knoxville
formation

Case
Toe of Surface in
Knoxville

Condition
Reclaimed pit with pit
lake to el. 735 ft

Toe of Surface in
Knoxville/diabase
Contact Zone
Toe of Surface in
Knoxville
Toe of Surface in
Knoxville/diabase
Contact Zone

Factor-of-Safety
Pseudo-Static
Static
(Seismic)
2.37

1.62

Reclaimed pit with pit
lake to el. 735 ft

2.49

1.68

Reclaimed pit with pit
lake to el. 735 ft

1.65

1.11

Reclaimed pit with pit
lake to el. 735 ft

1.57

1.00

Source: Appendix F.

Slaking is the process in which earth materials disintegrate and crumble when exposed to moisture.
Based on Golder’s site observations and slake tests, the materials do not appear to slake upon
immersion in water. Even if the benches recede from near vertical to a shallower slope (about 60
degrees) from small scale failures, the slope stability analyses indicate that the slope will retain
adequate factors-of-safety with respect to global stability. This remains the case even when reduced
shear strengths are assumed for the Knoxville formation.

Conclusions

Based on site observations, field testing, and slope stability analysis completed by Golder as part of the
Geotechnical Evaluation of the revised reclamation plan (see Appendix F), the development of the
quarry with the proposed slopes would achieve the required factors-of-safety for slope stability under
both static and seismic loading.
However, the Geotechnical Evaluation notes that differences between the geotechnical characterization
and geologic models described in this report and the actual geotechnical and geologic conditions
encountered as the east side of the quarry pit is mined should be anticipated. Geologic risks include:
•

Unidentified faults, geologic contacts, or changes in the orientation of bedding planes in the
Knoxville formation or persistence and orientation of dike contacts in the diabase.

•

Distribution of more highly fractured zones that could affect the ability to develop steep bench
and stable bench faces and the ability to implement effective controlled blasting methods (presplit and trim blasting).

The implementation of Mitigation Measure 4.4-4 would require periodic inspection of the east quarry
slopes by a qualified engineering geologist or geotechnical engineer. The engineering geologist or
geotechnical engineer would provide recommendations to mitigate potential slope instability that was
not feasible to assess in the Geotechnical Evaluation (see Appendix F). Implementation of Mitigation
Measure 4.4-4 would reduce the potential risks of slope instability due to currently unknown
conditions within the quarry to less than significant.
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Level of Significance Before Mitigation: Potentially significant.
Mitigation Measure 4.4-4: Slope Stability Monitoring
The operator of the Clayton Quarry (Operator) shall retain a County-approved qualified engineering
geologist or geotechnical engineer experienced in evaluating the stability of slopes within the Knoxville
formation at the diabase/Knoxville contact. These slopes shall be inspected every 5 years, or at an alternative
frequency, if recommended by the engineering geologist or geotechnical engineer and approved by the
County. The results of the inspection and any recommendations by the engineering geologist or
geotechnical engineer shall be documented and submitted to the County within 30 days following the
inspection. The report shall be accompanied with the Board of Supervisor’s approved fee for review by the
County Geologist. Inspections shall summarize the rock types observed, provide detailed rock mass
descriptions and measured discontinuity orientations, observed seepage conditions, and compare the
observed conditions relative to those identified in the project geotechnical evaluation completed for the
revised reclamation plan by Golder Associates Inc. [Golder] in 2017 (“Geotechnical Evaluations for
Revised Reclamation Plan, Clayton Quarry, Clayton, California”). The geotechnical evaluation shall be
appended to the Mitigation Monitoring and Reporting Program and shall be incorporated into the
conditions of approval for the project. If the conditions vary from the geotechnical evaluation document
characterization, the engineering geologist or geotechnical engineer shall evaluate whether the changes
have an adverse impact on slope stability, and, if so, provide feasible recommendations to mitigate the slope
stability concerns to achieve a minimum static factor of safety of 1.3 and a pseudo-static factor of safety
greater than 1.0. Recommendations shall be implemented within 6 months by the Operator, if feasible,
otherwise as soon as practicable thereafter, upon approval by the County.
Level of Significance After Mitigation: Less than significant.

Impact 4.4-5:

Exposure of People or Structures to Potential Substantial Adverse Effects,
Including the Risk of Loss, Injury, or Death, as a Result of Landslides within the
Overburden Fill Areas

As described under Section 4.4.3.2, above, the Geotechnical Evaluation conducted a stability analysis
of the north overburden fill area that evaluated both static and pseudo-static (seismic) loading
conditions. The recommendations of the Geotechnical Evaluation for the stabilization of the north
overburden fill slope have been implemented pursuant to Contra Costa County Building Permits
BLG16-011287 and BLG20‐003645. Under the revised reclamation plan, overburden materials would
no longer be added to the north overburden fill slope. Instead, the north overburden fill area would be
hydroseeded with California native chaparral seed mix. The revegetation of the area would further
stabilize the slope.
As described under Section 4.4.3.2, above, both an infinite slope analysis and a slope stability analysis
were conducted to evaluate the stability of the proposed south overburden fill area. The results are
summarized in Table 4.4-7, “Results of Infinite Slope Analyses for South Overburden Fill Area,” and
Table 4.4-8, “Results of Proposed South Overburden Fill Area Slope Stability Analysis.” Based on the
infinite slope analysis, a slope of 2.3H:1V (23.5 degrees) would provide acceptable factors-of-safety (i.e.,
factors-of-safety greater than or equal to 1.30 for static loading and greater than or equal to 1.00 for
pseudo-static [seismic] loading) under both static and pseudo-static (seismic) loading. The revised
reclamation plan proposes a flatter slope of 2.5H:1V (21.8 degrees) for this area. The analysis of a crosssection of the south overburden fill area (cross-section A-A’ on Figure 4.4-4) confirms that the proposed
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south overburden fill area design would provide acceptable factors-of-safety under both static and
pseudo-static (seismic) loading.
TABLE 4.4-7
RESULTS OF INFINITE SLOPE ANALYSES FOR SOUTH OVERBURDEN FILL AREA

Slope Angle (degrees)
21.8 (2.5H:1V)

Factor-of-Safety
Pseudo-Static
Static
(Seismic)
1.69
1.08

23.5 (2.3H:1V)

1.55

1.01

26.6 (2.0H:1V)

1.35

0.90

33.7 (1.5H:1V)

1.01

0.70

Source: Appendix F.

TABLE 4.4-8
RESULTS OF PROPOSED SOUTH OVERBURDEN FILL AREA SLOPE STABILITY ANALYSIS
Factor-of-Safety
CrossSection
A-A’

Case
Overall Slope Stability in Fill

Static
1.72

Pseudo-Static
(Seismic)
1.10

A-A’

Fill-Foundation Contact Stability

1.56

1.01

A-A’

Foundation Stability

1.56

1.00

Source: Appendix F.
Notes: Cross-sections are illustrated on Figure 4.4-4.

The design of the proposed south overburden fill area provides acceptable factors of safety under both
static and pseudo-static (seismic) conditions, and the north overburden fill area is currently being
stabilized and would be revegetated under the revised reclamation plan, which would provide further
stability. For these reasons, the potential of the revised reclamation plan to expose people or structures
to potential substantial adverse effects, including the risk of loss, injury, or death, as a result of slope
instability within the overburden fill areas would be less than significant.
Level of Significance: Less than significant.
Mitigation Measures: None required.

Impact 4.4-6:

Exposure of People or Structures to Potential Substantial Adverse Effects,
Including the Risk of Loss, Injury, or Death, as a Result of Landslides within the
Plant Site Area

The revised reclamation plan would not bring additional employees to the project site and therefore
would not increase the risks to people on the plant site as a result of landslides. The proposed plant
site is relatively gently sloped, ranging in elevation of approximately 640 to 560 feet msl across an
approximately one-quarter mile distance from north to south, as shown on Figure 2-1, “Revised
Reclamation Plan Overview,” in Chapter 2. The areas south of the plant site consist of the slopes of
Mount Zion, which has moderate to high landslide susceptibility as mapped in the Contra Costa
County Draft Hazard Mitigation Plan (Contra Costa County 2018). However, the slopes are vegetated
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and do not have a recent history of landslides (USGS 2021). Furthermore, the infrastructure developed
would be limited to one underground drainage pipeline that would convey flows from the proposed
quarry pit lake to a stormwater pipeline in Mitchell Canyon Road. Because the revised reclamation
plan would not bring additional employees to the project site, the plant site area is relatively gently
sloped, the steeper slopes of Mount Zion are vegetated and do not have a recent history of landslides,
and the proposed drainage pipeline would be located underground, the potential of the revised
reclamation plan to result in substantial adverse effects to people or structures as a result of landslides
would be less than significant.
Level of Significance: Less than significant.
Mitigation Measures: None required.

Impact 4.4-7:

Result in Substantial Soil Erosion or the Loss of Topsoil

Erosion

Potential impacts from soil erosion are analyzed in Section 4.6. The analysis indicates that runoff from
the project site would decrease. This is because the removal of existing structures on the project site
during final reclamation would decrease impervious surfaces. Additionally, during the first 158-year
period after mining is complete, a significant amount of runoff that currently drains via overland flow
to Mitchell Creek would be collected in the quarry pit until water levels reach 735 feet msl. Once at the
735-foot level, water would flow through a pipe that is designed to decrease vulnerability to erosion
before discharging to the storm drain system that drains to Mitchell Creek. Consequently, the potential
for the proposed project to result in off-site erosion would be less than significant.
Additionally, the implementation of Mitigation Measures 4.6-4a and 4.6-4b would require the
incorporation of all erosion control measures recommended in the Geotechnical Evaluation (see
Appendix F) and the analysis of runoff from the east rim haul road (see Appendix G-6, “Quarry Road
Runoff Management”). Measures would include, but are not limited to, diverting runoff away from
exposed surfaces of the Knoxville formation; the installation of drainage control such as cross slopes
and rock-lined ditches along the east rim haul road; the placement of rip-rap along the quarry pit lake
shore; the development of overburden fill areas consistent with the slope and compaction standards of
the Geotechnical Evaluation report; and revegetation of exposed surfaces. Therefore, with
implementation of Mitigation Measure 4.6-4a and 4.6-4b, the potential for substantial on-site erosion to
occur under the revised reclamation plan would be less than significant.
Refer to Section 4.6, for a detailed analysis.
Level of Significance Before Mitigation: Potentially significant.
Mitigation Measures: Implement Mitigation Measure 4.6-4a and 4.6-4b (see Impact 4.6-4).
Level of Significance After Mitigation: Less than significant.

Loss of Topsoil

Topsoil within and surrounding the quarry pit and processing plant site has been previously removed
as part of existing mining activities. Similarly, the topsoil within the north overburden fill area has
already been disturbed as part of existing use of the north overburden fill area. Therefore, the
implementation of the revised reclamation plan would not result in the loss of topsoil in the quarry,
plant site area, or north overburden fill area.
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As described in Chapter 2, topsoil preservation in the south overburden fill area would be conducted
as follows:
•

The fill area would be divided into sub-areas measuring approximately one-quarter to onehalf acre in size.

•

Prior to the use of a particular sub-compartment, the topsoil would be salvaged up to a depth
of eighteen inches and used as cover for reclamation of a previously disturbed subcompartment.

•

If salvaged topsoil cannot be used immediately, then the topsoil will be stockpiled separately
and not disturbed until needed for reclamation.

Because topsoil within the quarry, processing plant site, and north overburden fill area has already
been disturbed under existing mining operations, and because the proposed project would salvage and
reuse topsoil in the south overburden fill area, the potential loss of topsoil as a result of implementation
of the revised reclamation plan would be less than significant.
Level of Significance: Less than significant.
Mitigation Measures: None required.

Impact 4.4-8:

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

As described under Impact 4.4-3, the project site would not require groundwater pumping in loose
aquifer sediments and therefore would not have any impact related to subsidence. The majority of the
project site consists of shallow soils over bedrock (as indicated in Table 4.4-1) and therefore is not
vulnerable to liquefaction, lateral spreading, or settlement. As described under Impact 4.4-4, the slope
stability analysis completed of the south overburden fill area indicates that the proposed design
provides acceptable factors-of-safety under both static and pseudo-static (seismic) conditions. A
portion of the north overburden fill area is mapped over soils with moderate liquefaction potential and
has experienced recent landslides. However, this area has been stabilized in accordance with the
recommendations of the Geotechnical Evaluation pursuant to Contra Costa County Building Permits
BLG16-011287 and BLG20‐003645. Under the revised reclamation plan, overburden materials would
no longer be added to the north overburden fill slope. Instead, the overburden fill area would be
hydroseeded with California native chaparral seed mix. The revegetation of the area would further
stabilize the slope.
As described under Impact 4.4-4, the proposed plant site is relatively gently sloped, ranging in
elevation of approximately 640 to 560 feet msl across an approximately one-quarter mile distance from
north to south, as shown on Figure 2-1. The plant site is not located in an area with a potentially
unstable geologic or soil unit. Under the proposed reclamation plan, the plant site would be converted
to open space and revegetated under the completion of mining activities. This proposed land use does
not have the potential to cause unstable soils or geologic conditions.
As described under Impact 4.4-4, the design of the east and west quarry wall benches is adequate to
capture the anticipated rockfalls that could occur during mining and after the completion of
reclamation. Furthermore, the slope stability analyses completed of the east and west quarry walls and
of the Knoxville formation/diabase contact indicate that the proposed design of the quarry provides
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acceptable factors-of-safety for slope stability under both static and pseudo-static (seismic) conditions.
These analyses evaluated conditions that would occur when the quarry pit is excavated to a depth of
110 feet msl, and when the quarry pit is excavated and filled with water to a depth of 735 feet msl.
However, the Geotechnical Evaluation notes that differences between the geotechnical characterization
and geologic models described in this report and the actual geotechnical and geologic conditions
encountered as the east side of the quarry pit is mined should be anticipated. The implementation of
Mitigation Measure 4.4-4 would require periodic inspection of the quarry slopes by a qualified
engineering geologist or geotechnical engineer. The engineering geologist or geotechnical engineer
would provide recommendations to mitigate slope instability concerns that are not addressed by the
most recent geotechnical investigation (see Appendix F). This would reduce the potential risks of slope
instability within the quarry to less than significant.
Level of Significance Before Mitigation: Potentially significant.
Mitigation Measures: Implement Mitigation Measure 4.4-4 (see Impact 4.4-4).
Level of Significance After Mitigation: Less than significant.

Impact 4.4-9:

Be Located on Expansive Soil, as Defined in Table 18-1-B of the Uniform Building
Code (1994), Creating Substantial Risks to Life or Property

As described in Table 4.4-1, the project site consists of a total of 80 acres of quarry area and rock
outcrops that do not contain soils and therefore do not have the potential to cause impacts related to
expansive soils. The remaining soils on the project site contain soils with moderate to high shrink-swell
potential. The proposed project would not develop buildings that could be damaged by potentially
expansive soils. However, the development of the proposed 24-inch diameter drainage pipeline that
would convey flows from the quarry pipeline to the 18-inch stormwater line located along Mitchell
Canyon Road would cross Los Osos clay loam soil (as shown on Figure 4.4-3). This soil has a high to
very high shrink-swell potential (Table 4.4-1). Therefore, if not properly installed, the drainage pipeline
could experience damage over time.
As described under Impact 4.4-2, in accordance with the Contra Costa County Drainage Ordinance
(Chapter 1010), the quarry operator would be required to obtain a drainage permit prior to the
construction of the drainage pipeline. As part of the permit process, the County would require the
applicant to submit the materials necessary to ensure that the drainage pipeline design is structurally
sound and appropriately designed based on site conditions. Compliance with the requirements of the
drainage permit would ensure that the pipeline is structurally sound and designed in a manner that
takes into consideration site conditions such the presence of expansive soils. Therefore, the potential of
the proposed project to result in substantial risks to life or property due to expansive soils would be
less than significant.
Level of Significance: Less than significant.
Mitigation Measures: None required.

Impact 4.4-10:

Directly or indirectly Destroy a Unique Geological Feature

Unique geological features include attractive or interesting rock formations, erosional features, and/or
landforms that represent a public attraction due to their unusual appearance, exemplary
characteristics, and/or educational value. Examples of unique geological features in the greater San
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Francisco Bay Area include the caves and rock outcrops of Rock City in Mount Diablo State Park;
unusual scarps created along the San Andreas Fault within the Midpeninsula Regional Open Space
District; the coastal rock forms within Natural Bridges State Park along the Pacific Coastline; and the
prominent and unusual volcanic features atop Round Top Mountain in the East Bay Regional Park
District. The ridgeline and landform along the slopes of Mount Zion where the project site is located
do not have geological characteristics that differ from hillside and mountain slopes surrounding Mount
Zion and Mount Diablo, and therefore do not represent a unique geological feature. Thus, the proposed
project would have no impact on unique geological features. Note that the contribution of ridgelines
and landforms in the project area with respect to the visual character and quality within and
surrounding the project area is discussed in Section 4.1, “Aesthetics and Visual Resources.”
Level of Significance: No impact.
Mitigation Measures: None required.

Impact 4.4-11:

Directly or indirectly Destroy a Unique Paleontological Resource

As discussed in Section 4.4.1.4, above, the majority of the project site is underlain by igneous diabase
rock types with low potential to contain paleontological resources. However, the remainder of the
project site is underlain by the Knoxville formation sedimentary rocks and quaternary alluvium
deposits, both of which have the potential to contain paleontological resources. Numerous fossils have
been documented in the Knoxville formation in Contra Costa County and throughout the State.
Quaternary alluvium along the eastern portion of the site may also have some potential to contain
paleontological resources.
Quaternary alluvium is located in the areas underlying the proposed north and south overburden fill
areas. The overburden fill areas would be used for the placement of overburden and would not be
excavated with the exception of the salvaging of topsoil. Topsoil does not contain paleontological
resources. Consequently, development of the overburden fill areas would not have the potential to
directly or indirectly destroy a paleontological resource.
The reclamation of the plant site would remove existing equipment from already disturbed areas. If
determined necessary by a soil scientist, the area would be resoiled prior to revegetation. Because these
areas are disturbed and because any additional ground disturbance would be limited to surficial soils,
the potential for the reclamation of the plant site to destroy a unique paleontological resource would
be less than significant.
The existing elevation of the quarry pit is about 530 feet msl, and the final elevation of the quarry pit
under the revised reclamation plan would be 110 feet msl. The mining of diabase aggregate materials
would have low potential to destroy paleontological resources. Mining of aggregate material from the
Knoxville formation pit would have the potential to result in the destruction of paleontological
resources. However, mining in the quarry pit is part of vested mining activity and not the proposed
project.
The proposed 24-inch diameter drainage pipeline that would convey flows from the quarry pipeline to
the 18-inch stormwater line located along Mitchell Canyon Road would cross the Knoxville formation
and quaternary alluvium. Although the proposed pipeline would disturb a relatively narrow corridor
within the project site, it is possible that paleontological resources could be encountered during the
development of the 1,700-foot cut and cover segment of the pipeline (it would not be possible to
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identify paleontological resources during the development the 300-foot jack and bore segment of the
pipeline because these methods do not allow the observation of the materials encountered by the
drilling equipment). Therefore, the development of the drainage pipeline would have the potential to
result in the destruction of paleontological resources.
The implementation of Mitigation Measure 4.4-11, which requires that excavation activities associated
with reclamation be halted should a paleontological resource be encountered, and the curation of any
substantial find, would reduce this impact to less than significant.
Level of Significance Before Mitigation: Potentially significant.
Mitigation Measure 4.4-11: Paleontological Resources
The operator of the Clayton Quarry (Operator) shall inform its employees and contractors involved in
ground disturbing activities associated with reclamation of the sensitivity of the project area for
paleontological resources and shall include the following directive in employee and contractor training
materials:
“The subsurface of the quarry may be sensitive for paleontological resources in the Knoxville
formation (the east side of the quarry pit) and in the alluvium (east side of the Clayton Quarry
property). If paleontological resources are encountered during subsurface disturbance, all ground
disturbing activities within 100 feet of the find shall be redirected and a qualified paleontologist
contacted to assess the situation, consult with agencies as appropriate, and make
recommendations for the treatment of the discovery. Employees and contractors shall not collect
or move any paleontological materials. Paleontological resources include fossil plants and
animals, and such trace fossil evidence of past life as animal tracks. Employee/contractor
acknowledges and understands that excavation or removal of paleontological material is
prohibited by law and constitutes a misdemeanor under California Public Resources Code, Section
5097.5.”
A copy of the training materials and documentation of completed training shall be provided to the County
for review upon request.
If a paleontological resource is encountered during implementation of the revised reclamation plan, the
Operator shall notify the County and all activity within 100 feet of the find shall halt until it can be
evaluated by a qualified paleontologist. The paleontologist shall evaluate the resource and determine its
significance. If significant, the paleontologist shall notify the County and the Operator, in consultation
with the County and the paleontologist, shall prepare a treatment plan such that the fossil would be
recovered and scientific information preserved. The paleontologist shall implement the treatment plan in
consultation with the County and Operator prior to allowing work in the 100-foot radius to resume.
Level of Significance After Mitigation: Less than significant.
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