
3.5 GEOLOGY AND SOILS 

This section discusses whether any element of the proposed project would result in increased 
exposure of people, structures, and/or the surrounding environment to geologic and seismic 
hazards such as ground shaking, slope failure, and accelerated erosion. Active surface mining 
and associated stockpiling and processing activities have been occurring in the project area 
since 1986. As a result, a substantial amount of information has been developed on the 
mineralogy, strength, and character of geologic units, the predominant orientation and 
abundance of geologic contacts and faults, and areas of existing slope instabilities. The 
conclusions in this section are based on project-specific geological data and on analyses and 
findings that have been developed by the project’s geotechnical consultants and Omya’s 
project geologist, Howard Brown (CHJ Consultants 2012, 2013 [EIR Appendix F]) and the results of 
annual sedimentation and erosion monitoring DCI 2012.  These studies are the primary sources of 
information, conclusions, and recommendations presented in this section.  The CHJ and DCI 
studies are part of the application materials for the proposed project included with the 
Amended Plan.   

The County published a Notice of Preparation and Initial Study (NOP/IS) for the proposed project 
on June 12, 2013. A copy of the NOP/IS, along with comments received during the public review 
period, is contained in EIR Appendix A.  The Office of Mine Reclamation (OMR) submitted 
comments on the NOP.  OMR’s comments were considered in the preparation of the analysis. 

As required under the California Environmental Quality Act (CEQA), the effects of the project are 
analyzed in the existing environmental context, which is that of an active quarry whose pit 
highwalls have been generally stable, but localized rockfalls and landslides of side-cast 
overburden materials have occurred. One of the project’s objectives is to correct the areas of 
instability in ongoing quarry excavations. This section evaluates the impacts of the project relative 
to baseline conditions, including whether its implementation would cause changes that would 
adversely affect off-site properties, the public, or the natural environment related to geologic and 
seismic hazards during and upon the completion of the proposed reclamation activities. 

3.5.1 EXISTING SETTING 

REGIONAL PROJECT GEOLOGY 

The White Knob/White Ridge Limestone Quarries are located in the northern portion of the San 
Bernardino Mountains, which are part of California’s Transverse Ranges Geomorphic Province, 
and south of Lucerne Valley (Figure 3.5-1). The Mojave Desert Geomorphic Province is located 
to the north of the site. The White Knob/White Ridge Limestone Quarries occupy an east–west-
oriented resistant and rugged limestone ridge formed in the very steep north-sloping topography 
of the northern San Bernardino Mountains. Natural slopes descend to the north and northwest 
from the ridge of the quarries. A satellite ore deposit occurs to the east of the main White Knob 
Quarry on an adjacent north-trending White Ridge area that appears to be structurally related 
to the main quarry ridge. The area of the White Ridge deposit is not mined at this time, and 
adjacent slopes are in a natural state. The project includes future mining in this area.  

A variety of rocks of Precambrian to recent age are exposed within the San Bernardino Mountains 
and the White Knob/White Ridge Limestone Quarries area. The Late Precambrian and Paleozoic 
metasedimentary rocks unconformably overlie earlier Precambrian basement (Figure 3.5-2). A 
major unconformity is present between Upper Cambrian and Devonian strata throughout the 
Mojave region. In the San Bernardino Mountains, Upper Precambrian and Lower Cambrian rocks 
are of miogeoclinal aspect; meaning  sediments deposited at the edge of the continent or craton 
in shallow water and lacking sediments of volcanic origin. The middle Cambrian strata are of 
cratonal aspect, and upper Paleozoic rocks are identical to inner miogeoclinal facies of the 
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central and eastern Mojave region (Brown 1984). The general geologic structure and lithology of 
the site region are shown on Figure 3.5-3 adapted from Miller, Matti, and Brown (2000).  

Several major tectonic events have been recognized in various parts of the San Bernardino 
Mountains, including complex Mesozoic age multiphase folding and thrust faulting, contact and 
regional metamorphism, and intrusive events. Cenozoic activity includes several generations of 
high- and low-angle faulting and mild folding. The San Bernardino Mountains area continues to 
be seismically active, as evidenced by the significant earthquakes in the area during the last 15 
years (see subsection 3.5.2, Regional and Local Faulting and Seismicity). 

The complex geologic history of the San Bernardino Mountains has allowed the formation of 
several large high brightness, high purity crystalline limestone deposits in the upper Paleozoic 
miogeoclinal limestone formations in the mountain range, with the White Knob/White Ridge 
Limestone Quarries among these deposits. Mississippian Monte Cristo limestone is mined for high 
brightness, high purity calcium carbonate, and the Pennsylvanian Bird Spring Formation is mined 
for cement grade limestone. At the quarries, Monte Cristo Limestone is mined. The White Knob 
Quarry deposit contains exceedingly coarse grained, very white translucent calcite marble. 
Individual calcite crystals are commonly over 1 inch across.  

High purity white crystalline limestones have a large number of uses and are classified as white 
fillers and extenders with value added characteristics. The products are finely ground, high 
brightness, high purity limestone, and are the whitest, purest, and most valuable per ton of all 
limestone products. For most uses, white fillers and extenders require not only the most pure 
limestone but also the whitest color of all limestones. 

Quaternary deposits mapped by Miller, Matti, and Brown (2000) along the northern flank of the 
San Bernardino Mountains include alluvial fan, axial valley, talus, colluvial, surficial, and landslide 
deposits ranging in age from very old (Pleistocene) to recent (Holocene) age. Sediments within 
the mining area primarily comprise colluvium and surficial sediments as thin slope mantling soils 
and in drainage channels as thin coarse-grained veneers in bedrock channels. 

TOPOGRAPHY  

The San Bernardino Mountains are one of the major ranges in the east–west-trending Transverse 
Ranges province of southern California. The north slope of the range rises abruptly from the 
desert floor in Lucerne Valley, with elevations along the north range crest reaching 8,400 feet 
above mean sea level (amsl). The access roadway for the White Knob/White Ridge Limestone 
Quarries mining operations begins east of the mine at an elevation of approximately 4,000 feet 
amsl near the Lucerne Valley processing plant facility. The roadway runs westerly across the 
desert for approximately 4.4 miles to an elevation of approximately 4,400 feet amsl where it turns 
southward toward the quarries. The mine roadway rises over the next 0.7 miles to an elevation of 
approximately 4,900 feet amsl where it enters the quarry operations area. The current quarry 
operations have excavated into the limestone from an elevation of approximately 5,465 to 6,250 
feet amsl. Overburden materials currently in place in the main central drainage area range in 
elevation from approximately 5,330 to 5,050 feet amsl.  
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3.5 GEOLOGY AND SOILS 

PROJECT GEOLOGY AND SOILS 

Bedrock and Soils 

Rocks at the White Knob/White Ridge Limestone Quarries include Paleozoic metamorphosed 
sedimentary rocks, Mesozoic granitic rocks, and younger landslide, talus, and coarse-grained 
alluvial deposits. The San Bernardino Mountains contain the largest high brightness, high purity 
limestone mining operations in North America. 

Paleozoic Rocks and Limestone Deposit 

Paleozoic rocks and ore grade limestone deposits at the quarries are mined from the Bullion 
Member of the upper Monte Cristo limestone of Mississippian Age. The stratigraphic section of 
Monte Cristo limestone at the White Knob/White Ridge Limestone Quarries is developed in an 
isoclinally folded (a fold with parallel limbs) and overturned section. The full thickness of the 
Bullion Member is up to 400 feet thick. The White Knob/White Ridge Limestone Quarries deposit 
occurs in the core of a tight fold and where the thickness of the Bullion Member has been 
increased. In the quarry area, the rocks strike nearly east–west and dip to the south. Dips range 
from about 45 degrees up to vertical.  

The southern and northern margins of the White Knob/White Ridge Limestone Quarries ore 
deposit are formed by contact with steeply south-dipping intrusive rocks that include granitic 
and foliated schistose rocks. Foliation (bedding) measured within and along the ore body 
margin generally strikes east–west and dips southward at steep inclinations. Major contacts 
between the geologic mapping units include faults as mapped by Howard Brown, the Omya 
project geologist. High-angle faults are also mapped trending perpendicular to the east–west 
trend of the ore body (cross faults). The bedrock geologic materials observed in the quarry walls 
exhibit well-developed joint sets and systems, localized shear zones, and localized foliation that 
were measured with a geologic compass and recorded on a 100-scale topographic map (EIR 
Appendix F, CHJ 2013). These data are shown on the Geologic Map and Site Plan (Figure 3.5-4).  

Mesozoic Rocks 

Mesozoic rocks at the quarry include a variety of granitic rocks, which have intruded the deposit 
to the south, and younger thin granite dikes have intruded the deposit in several places. The 
rocks can be differentiated as to older plutonic rocks, which are non-fluorescent, and younger 
thin more siliceous dikes in which feldspars are highly fluorescent. The granitic rocks have 
created both regional and contact metamorphism of the adjacent carbonate rocks and have 
allowed coarse-grained marbles to form. 

Other Metamorphic and Mineralized Rocks 

Contact metamorphism in the general area of the quarries has formed several small skarn1 
zones, some of which contain small amounts of metallic minerals. In the surrounding area are 
several small zones that have been prospected in the past for a variety of metallic minerals, 
including gold, copper, and zinc. The known showings are small and non-economic. Within the 

1 A coarse-grained metamorphic rock, typically containing garnet, pyroxene, and wollastonite, formed by contact 
metamorphism of carbonate rocks. 
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3.5 GEOLOGY AND SOILS 

quarry, a small contact sulfide zone has been encountered. This zone is up to 2 feet thick and is 
dominated by pyrite, pyrrotite, sphalerite, and magnetite. The material is volumetrically 
insignificant as an ore deposit, contaminates the adjacent limestone, and is waste rock. The 
sulfide-bearing rock, which is less than 0.005 percent of the waste rock, is placed in the 
overburden site where it is encapsulated by the carbonate-dominated waste rock, and thus no 
acid mine drainage can form from the material. 

Younger Rocks and Alluvial Deposits 

Younger rocks at the quarry area are derived from the older sedimentary, metamorphic, and 
igneous rocks and include landslide, talus, colluviums, and alluvial deposits. Landslide deposits 
are located along the north slope of the deposit and within a drainage to the south of the 
deposit. The landslide deposit to the north includes numerous very large boulders of white 
marble. Early attempts at mining at the deposit were in the landslide material, which tried to 
recover the white boulders. 

Talus deposits are present along the east slope of the upper Western Drainage. Early road 
building in the 1970s constructed several roads in the talus deposit material. It is estimated that 
the natural talus material is up to 30 feet thick and forms a mantle on the steep slopes. The talus 
formed in Pleistocene and Holocene time by erosion of the very steep canyon slopes. Alluvial 
deposits include several generations of Pleistocene and Holocene and recent alluvium derived 
from exposed bedrock by fluvial processes. 

Overburden Material 

Overburden and waste rock at the White Knob/White Ridge Limestone Quarries are composed 
of grey impure limestone and granite intrusive rock and granite dikes. Overburden and waste 
rock are nontoxic, naturally occurring rock material, but are of insufficient quality (purity and 
brightness) to process for ore. The vast majority (60 percent) of the overburden and waste rock is 
dominantly impure calcium carbonate. Most of the remainder (40 percent) is granitic rock 
(monzonite). Limestone waste rock/overburden does not have the chemical composition to 
create acid mine drainage. 
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Figure 3.5-4
Soil Resources at White Knob/White Ridge Quarries
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Figure 3.5-4
Geologic Map of White Knob/White Ridge Quarries





3.5 GEOLOGY AND SOILS 

Native Soils 

The White Knob/White Ridge Limestone Quarries soil resources were assessed in the report 
entitled Soil Resources at White Knob Quarry by Paul Kielhold, dated October 2008. Published soil 
surveys were reviewed and site visits made to correlate mapping data to the Amended 
Reclamation Plan. 

The soils at the White Knob/White Ridge Limestone Quarries have been the subject of two 
mapping efforts to date by the U.S. Department of Agriculture, Natural Resources Conservation 
Service. The results of the first effort were published in a survey entitled, Soil Survey of San 
Bernardino County, California, Mojave River Area (CA671), which was published in 1986 by what 
was then called the U.S.D.A. Soil Conservation Service in cooperation with the U.C. Agricultural 
Experiment Station. That survey covers only a small portion of the current mine site along the 
northern boundary. 

A second survey was conducted of the San Bernardino National Forest Area (CA777), which 
extends from south of the quarry to a line north of Sections 7 and 8, Township 3 North, Range 1 
West, San Bernardino Base and Meridian. The second survey covers the quarry area and most of 
the area within the currently proposed amendment to the mine reclamation plan. Data from 
both soil surveys was accessed via the Internet (NRCS). The mapping units and discussion that 
follow are taken primarily from the second, more recent survey with references made to the 
corresponding units from the first survey. The soil mapping units from published surveys have 
been transferred to the amended mine reclamation plan map (Figure 3.5-5).  

There are three mapping units shown on most of the site, with the difference between two of 
them being the degree of slope (30–50 percent slopes versus 50–75 percent slopes). The soil-
mapping units from the more recent survey (CA777) are:  

• Wapi-Pacifico families, dry – Rock outcrop complex, 30 to 50 percent slopes 

• Wapi-Pacifico families, dry – Rock outcrop complex, 50 to 75 percent slopes 

• Yermo gravelly sandy loam, 30 to 50 percent slopes. 

A “complex” mapping unit is one that consists of two or more soils or miscellaneous areas in such 
an intricate pattern or in such small areas that they cannot be shown separately on the maps. 
Some surveys include “miscellaneous areas,” which have little or no soil material and support 
little or no vegetation. A rock outcrop is an example. Due to the rugged mountainous nature of 
the area and arid climate, limestone often forms rocky ridges devoid of soil or with only a thin 
rocky layer developed. Generally, soil or growth medium is rarely more than 6 to 12 inches thick. 
Tree roots may extend only several feet down into fractures in the bedrock. Soil may be 2 feet 
thick or more near or within ravines and may be up to 3 feet in the Yermo gravelly sandy loam in 
the northeast area along the haul road on-site.  

The soils in White Knob/White Ridge Limestone Quarries area are mapped predominantly as 
Wapi-Pacifico complexes containing rock outcrop. As such, they contain areas that average 
about 0.8 feet of soil depth and essentially barren areas (rock outcrop) over as much as 25 
percent of the area of the mapping unit. The soil north (downslope) from the north quarry wall 
(original mountain ridge) is more developed and averages about 3 feet deep. This includes the 
Crafton-Sheephead-Rock outcrop, the Arrastre-Rock outcrop, and the Yermo gravelly sandy 
loam units. 
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The Yermo gravelly sandy loam can be 60 inches deep. The Yermo unit as mapped on-site 
extends from the northeast corner (near the haul road) to the southwest, about as far as White 
Knob. As originally mapped, it covers alluvial and colluvial slopes at the lower elevations and 
extends to the steep mountainsides near White Knob, such as those now described as Wapi-
Pacifico-Rock outcrop complexes. 

Forest Service studies have determined that much of the soil found in the limestone mining area 
is classified as low to very low in productivity (Kielhold 2008). The soils are predominantly shallow, 
moderate to excessively drained and coarse textured with low moisture holding capacity. 
Bedrock outcroppings and substantial rock fragments are present throughout the soil. 
Vegetation response on these soils varies greatly due to low moisture conditions. The rugged 
mountainous steep terrain, rocky outcrops, and paucity of soil severely limit the amount of soil 
that may be recoverable through standard industry practices. This is particularly true at the 
project site, where virtually no soil is present on the limestone deposits and there is minimal 
vegetative material to be salvaged. Trees and vegetation that do exist will be grubbed and 
stored in growth media stockpiles on the overburden pads. Growth media salvaged will be 
composed of small amounts of topsoil, brown-colored fine-textured waste, and/or white-colored 
crusher fines and will be stored at the overburden site pads or distributed directly at active 
reclamation sites. Permanent and temporary material/growth media stockpiles will be stockpiled 
separately from overburden, fines, and waste rock, clearly identified, and covered with larger 
material to control erosion if needed. 

The chemical composition of soils developed from Paleozoic limestone formations on the Omya 
California claims was analyzed by Burke (1981) and found to be pH neutral ranging from 7.2 to 
7.8. Chemical analysis shown on Table 3.5-1 is similar to the soils in the project area. Soil pH of less 
than 8.3 is not considered to represent an overly alkaline condition for most native plant species 
of the arid southwest, and the reclamation sites will not require chemical treatments to control 
pH.  

TABLE 3.5-1 
SOIL PROPERTIES FROM BURKE EXPERIMENTAL REVEGETATION PLOTS SAMPLES 

Soil Property Mean Standard Deviation 

pH 7.5 0.2 

Electrical Conductance (x 1,000) 0.4 0.1 

Nitrate Nitrogen 3.6 1.2 

Sulfate Sulfur <5.0 – 

Potassium 109.5 64.3 

Phosphate Phosphorus 6.1 1.9 

Iron 6.1 3.1 

Zinc 4.4 1.2 

Copper 1.4 0.4 

Manganese 5.9 3.4 

Sodium* 7.6 10.1 

Calcium* 111.3 77.4 

Magnesium 15.0 4.7 

Source: Burke 1981 
Mean = Nutrient values are in parts per million air dry soil or (*) saturation extract.     
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Mineral Resources 

Omya has received Mineral Resource Zone 2 status (MRZ-2) for the limestone deposits on the 
White Knob/White Ridge Limestone Quarries area. Mineral resource zones are defined by the 
(California Department of Conservation (DOC) as follows: 

• MRZ – 2: Areas underlain by mineral deposits where geologic data show that significant 
measured or indicated resources are present. MRZ-2 is divided on the basis of both 
degree of knowledge and economic factors.  

− MRZ-2a contain discovered mineral deposits that are either measured or indicated 
reserves as determined by such evidence as drilling records, sample analysis, surface 
exposure, and mine information. Land included in the MRZ- 2a category is of prime 
importance because it contains known economic mineral deposits. A typical MRZ-2a 
area would include an operating mine, or an area where extensive sampling 
indicates the presence of a significant mineral deposit. 

− MRZ-2b—Areas underlain by mineral deposits where geologic information indicates 
that significant inferred resources are present. Areas classified MRZ-2b contain 
discovered deposits that are either inferred reserves or deposits that are presently 
sub-economic as determined by limited sample analysis, exposure, and past mining 
history. Further exploration work and/or changes in technology or economics could 
result in upgrading areas classified MRZ-2b to MRZ-2a. A typical MRZ-2b area would 
include sites where there are good geologic reasons to believe that an extension of 
an operating mine exists or where there is an exposure of mineralization of economic 
importance (DOC No Date, p. 4). 

Core drilling, detailed geologic mapping, and assay data prove the deposits are significant 
mineral resources (MRZ-2) and easily exceeded the criteria established by the California 
Department of Conservation Division of Mines and Geology. Figure 3.5-6 shows the MRZ zoning 
of the White Knob/White Ridge claim area. The White Knob/White Ridge Limestone Quarries 
deposit is given MRZ-2 rating, which indicates it is recognized by the state as a valuable proven 
mineral resource with substantial reserves. MRZ-2 status is significant, as it recognizes the 
significance and importance of mineral resources and mining in land use planning.  

REGIONAL AND LOCAL FAULTING AND SEISMICITY 

Earthquake Terminology and Concepts 

Earthquake Mechanisms and Fault Activity 

A “fault” is defined as a fracture or zone of closely associated fractures along which rocks on 
one side have been displaced with respect to those on the other side. Most faults are the result 
of repeated displacement that may have taken place suddenly and/or by slow creep. A fault is 
distinguished from those fractures or shears caused by landsliding or other gravity-induced 
surficial failures. A “fault zone” is a zone of related faults that commonly are braided and 
subparallel, but may be branching and divergent. A fault zone has significant width (with 
respect to the scale at which the fault is being considered, portrayed, or investigated), ranging 
from a few feet to several miles.  

An earthquake on a fault is produced when tectonic stress across the fault exceeds the strength 
of the earth’s crust and the rock ruptures. The rupture causes seismic waves to propagate 
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through the earth’s crust, producing the ground shaking effect known as an earthquake. The 
amount of rupture along a fault often varies, producing differing amounts of movement or slip 
along the fault. Fault rupture may or may not be visible at the earth’s surface. 

The Alquist-Priolo Earthquake Fault Zoning Act became part of California law on December 22, 
1972, and went into effect March 7, 1973 (Bryant and Hart 2007). The law is codified in the 
California Public Resources Code (PRC) as Division 2, Chapter 7.5. This law initially was 
designated as the Alquist-Priolo Geologic Hazard Zones Act. The act was renamed the Alquist-
Priolo Special Studies Zones Act effective May 4, 1975, and the Alquist-Priolo Earthquake Fault 
Zoning Act effective January 1, 1994. The original designation “Special Studies Zones” was 
changed to “Earthquake Fault Zones” when the act was last renamed.  

For the purposes of the Alquist-Priolo Earthquake Fault Zoning Act, an “active fault” is defined by 
the State Mining and Geology Board in PRC Section 3601 as one which has had surface 
displacement within Holocene time (about the last 11,000 years). This definition does not, of 
course, mean that faults lacking evidence for surface displacement within Holocene time are 
necessarily inactive. A fault may be presumed to be inactive based on satisfactory geologic 
evidence; however, the evidence necessary to prove inactivity sometimes is difficult to obtain 
and locally may not exist. 

An active fault can be identified if historic (last 200 years) displacement has occurred and is 
associated with one or more of the following: (a) a recorded earthquake with surface rupture, 
(b) fault creep slippage (slow ground displacement usually without accompanying 
earthquakes), and/or (c) displaced survey lines. Holocene fault displacement that occurred 
during the past 11,000 years without a historic record is identified by geomorphic evidence. 
Geomorphic evidence for Holocene faulting includes sag ponds, scarps showing little erosion, or 
the following features in Holocene age deposits: offset stream courses, linear scarps, shutter 
ridges, and triangular faceted spurs. The age of faulting offshore is based on the interpreted age 
of the youngest strata displaced by faulting. 

Because the Alquist-Priolo Act requires the State Geologist to establish Earthquake Fault Zones to 
encompass all “potentially and recently active” traces of the San Andreas, Calaveras, Hayward, 
and San Jacinto faults, additional definitions were needed (PRC Section 2622). Initially, faults 
were defined as “potentially active” and were zoned if they showed evidence of surface 
displacement during Quaternary time (last 1.6 million years). Exceptions were made for certain 
Quaternary (i.e., Pleistocene) faults that were presumed to be inactive based on direct geologic 
evidence of inactivity during all of Holocene time or longer. The term “recently active” was not 
defined, as it was considered to be covered by the term “potentially active.” Beginning in 1977, 
evidence of Quaternary surface displacement was no longer used as a criterion for zoning. 
However, the term “potentially active” continued to be used as a descriptive term on map 
explanations on Earthquake Fault Zone maps until 1988. 

Earthquake Magnitude 

When an earthquake occurs along a fault, its size can be determined by measuring the energy 
released during the event. A network of seismographs records the amplitude and frequency of 
the seismic waves that an earthquake generates. The Richter Magnitude (M) of an earthquake 
represents the highest amplitude measured by a seismograph at a distance of 100 kilometers 
from the epicenter. Richter magnitudes vary logarithmically, with each whole number step 
representing a ten-fold increase in the amplitude of the recorded seismic waves and 31.6 times 
the amount of energy released. While Richter Magnitude was historically the primary measure of 
earthquake magnitude, seismologists now use Moment Magnitude as the preferred way to  
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3.5 GEOLOGY AND SOILS 

express the size of an earthquake. The Moment Magnitude scale (Mw) is based on the moment 
of the earthquake, which is equal to the rigidity of the earth times the average amount of slip on 
the fault, times the amount of fault area that slipped. Although the formulas of the scales are 
different, they both contain a similar continuum of magnitude values, except that Mw can 
reliably measure larger earthquakes and do so from greater distances. 

Peak Ground Acceleration 

A common measure of ground motion at any particular site during an earthquake is the peak 
ground acceleration (PGA). The PGA is the maximum acceleration experience by a particle of 
the earth during the course of the earthquake motion. Acceleration is chosen to describe 
earthquake motion because the building codes prescribe how much horizontal force building 
should be able to withstand during an earthquake. PGA is expressed as the percentage of the 
acceleration due to gravity (1.0 g), which is approximately 980 centimeters per second squared. 
Unlike measures of magnitude, which provide a single measure of earthquake energy, PGA 
varies from place to place and is dependent on the distance from the epicenter and the 
character of the underlying geology (e.g., hard bedrock, soft sediments, or artificial fills). For 
example, the maximum horizontal PGA value recorded in the San Fernando Valley of Southern 
California during the January 17, 1994, magnitude 6.7 (Mw) Northridge earthquake ranged from 
0.39 g to 1.82 g (Yegian et al. 1995). 

Modified Mercalli Intensity Scale 

The Modified Mercalli Intensity Scale (Table 3.5-2) assigns an intensity value based on the 
observed effects of ground shaking produced by an earthquake. Unlike measures of 
earthquake magnitude and PGA, the Modified Mercalli (MM) intensity scale is qualitative in 
nature, which means it is based on actual observed effects rather than measured values. Similar 
to PGA, MM intensity values for an earthquake at any one place can vary depending on its 
magnitude, the distance from its epicenter, the focus of its energy, and the type of underlying 
geologic material. The MM values for intensity range from I (earthquake not felt) to XII (damage 
nearly total), and intensities ranging from IV to X could cause moderate to significant structural 
damage. Because the MM is a measure of ground shaking effects, intensity values can be 
related to a range of average PGA values, also shown in Table 3.5-2. 

TABLE 3.5-2 
MODIFIED MERCALLI SCALE 

Modified 
Mercalli 

Scale 
Effects of Intensity 

Average Peak 
Ground 

Accelerationa 

I Not felt except by a very few under especially favorable conditions. <0.0017g 

II Felt only by a few persons at rest, especially on upper floors of buildings. Delicately 
suspended objects may swing. 

0.0017–0.0014g 
III 

Felt quite noticeably by persons indoors, especially on upper floors of buildings. 
Many people do not recognize it as an earthquake. Standing motor cars may rock 
slightly. Vibrations similar to the passing of a truck. Duration estimated. 

IV 
During the day, felt indoors by many, outdoors by few during the day. At night, 
some awakened. Dishes, windows, doors disturbed; walls make cracking sound. 
Sensation like heavy truck striking building. Standing motor cars rocked noticeably. 

0.035–0.092 g 

V 
(Light) 

Felt by nearly everyone, many awakened. Some dishes, windows, etc., broken; a few 
instances of cracked plaster; unstable objects overturned. Disturbances of trees, 
poles, and other tall objects sometimes noticed. Pendulum clocks may stop. 

0.092–0.18 g 
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Modified 
Mercalli 

Scale 
Effects of Intensity 

Average Peak 
Ground 

Accelerationa 

VI 
(Moderate) 

Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen 
plaster. Damage slight. 0.092–0.18 g 

VII 
(Strong) 

Everybody runs outdoors. Damage negligible in building of good design and 
construction; slight to moderate in well-built ordinary structures; considerable in 
poorly built or badly designed structures; some chimneys broken. Noticed by 
persons driving motor cars. 

0.18–0.34 g 

VIII 
(Very 

Strong) 

Damage slight in specially designed structures; considerable in ordinary substantial 
buildings, with partial collapse; great in poorly built structures. Panel walls thrown 
out of frame structures. Fall of chimneys, factory stacks, columns, monuments, walls. 
Heavy furniture overturned. Sand and mud ejected in small amounts. Changes in 
well water. Persons driving motor cars disturbed. 

0.34–0.65 g 

IX 
(Violent) 

Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings, with partial collapse. 
Buildings shifted off foundations. Ground cracked conspicuously. Underground 
pipes broken. 

0.65–1.24 g 

X 
(Very 

Violent) 

Some well-built wooden structures destroyed; most masonry and frame structures 
destroyed with foundations; ground badly cracked. Rails bent. Landslides 
considerable from river banks and steep slopes. Shifted sand and mud. Water 
splashed (slopped) over banks. 

>1.24 g 

XI 
(Very 

Violent) 

Few, if any, (masonry) structures remain standing. Bridges destroyed. Broad fissures 
in ground. Underground pipelines completely out of service. Earth slumps and land 
slips in soft ground. Rails bent greatly. 

>1.24 g 

XII 
(Very 

Violent) 

Damage total. Practically all works of construction are damaged greatly or destroyed. 
Waves seen on ground surface. Lines of sight and level are distorted. Objects are 
thrown upward into the air. 

>1.24 g 

Source: University at Buffalo, State University of New York, 2013 
Note: a. Value is expressed as a fraction of the acceleration due to gravity (g). Gravity (g) is 9.8 meters per second squared. 1.0 g of 
acceleration is a rate of increase in speed equivalent to a car traveling 328 feet from rest in 4.5 seconds. 

Regional Faults 

The tectonics of the Southern California area are dominated by the interaction of the North 
American and Pacific tectonic plates, which are sliding past each other in transform, or 
sideways, strike-slip motion. The San Andreas Fault Zone is a right-lateral strike-slip fault that is 
thought to represent the major surface expression of the tectonic boundary and to be 
accommodating most of the transform slip between the Pacific Plate and the North American 
Plate. Although some of the motion may be accommodated by rotation of crustal blocks such 
as the western Transverse Ranges (Dickinson 1996), some of the plate slip is accommodated by 
other northwest-trending strike-slip faults that are related to the San Andreas system, such as the 
San Jacinto fault and the Elsinore fault. Local compressional or extensional strain resulting from 
the transform motion along this boundary is also accommodated by left-lateral, reverse, and 
normal faults such as the Cucamonga fault and the nearby North Frontal Fault Zone (NFFZ).  

The fault of most significance to the project from a ground-shaking standpoint is the NFFZ, 
exposed approximately 1 mile north of the site along the range front of the San Bernardino 
Mountains. This fault is a complex zone of left-lateral, thrust, and reverse faults and forms the 
boundary between the Mojave Desert Geomorphic Province on the north and the Transverse 
Ranges Geomorphic Province on the south. Since this fault dips at a moderate angle to the 
south (approximately 49 degrees, according to Petersen et al. 2008), the fault plane is about 1 
mile beneath the project site.  
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The Eastern California Shear Zone (ECSZ) is a zone of regional deformation traversing the Mojave 
Desert that includes a system of predominantly northwest-trending strike-slip faults. The ECSZ 
accommodates strain along the Pacific/North American plate boundary across a zone 
approximately 65 miles wide and is thought to transfer as much as 15 percent of the total plate 
boundary shear into the Great Basin area (Shermer, Luyendyk, and Cisowski 1996). A number of 
faults of this system ruptured in combination during the 1992 Landers earthquake east of the site. 
Rupture of that event extended within approximately 25 miles of the mine area and included 
several faults (Hauksson 1993). An earthquake of magnitude 6.4, known as the Big Bear 
earthquake, occurred a few hours later. The Big Bear quake and its aftershocks occurred along 
a northeast-trending alignment located approximately 12 miles southeast of the project site. The 
Hector Mine earthquake of 1999 occurred on the Lavic Lake and Bullion faults of the ECSZ. The 
Helendale fault, Lenwood-Lockhart fault, and Johnson Valley fault of this system are located 
approximately 4.9 miles northeast, 15.5 miles northeast, and 19 miles east-northeast of the 
project site, respectively. These faults are major components of the ECSZ and are considered 
Holocene active. 

The northwest-trending San Andreas fault is located approximately 18 miles southwest of the 
project site. The toe of the mountain front in the San Bernardino area roughly demarcates the 
presently active trace of the San Bernardino Mountains segment. Youthful fault scarps, 
vegetational lineaments, springs, and offset drainages characterize both segments. Figure 3.5-7 
depicts faults and their associated status of activity in the region of the site.  

Local Faults 

No evidence of active faulting traversing the mine quarry area was found during review of 
published and unpublished literature and maps, during the review of stereoscopic aerial 
photographs, or during prior field mapping. The quarry areas of the project site are not within an 
Alquist-Priolo Fault Rupture Hazard Zone (AP Zone), as designated by the California Alquist-Priolo 
Earthquake Fault Zoning Act (Bryant and Hart 2007) (see Figure 3.5-8). However, an AP Zone 
does run across the northern portion of the project and cross the unpaved access roadway 
(Bryant 1986a, 1986b). Ground rupture due to active faulting in the quarry area is not 
anticipated. Faults (localized shear zones) and folds were observed in existing quarry exposures. 
These faults and folds are typical of the rocks of the northern San Bernardino Mountains, and 
most or all of these structures are likely to predate or be associated with Cenozoic uplift of the 
San Bernardino Mountains or folding of the Paleozoic age rocks during Mesozoic time. 
Quaternary activity appears to be concentrated on faults along the south margin of the modern 
mountain range, and potential activity along locally mapped faults is considered very low. 
Various high-angle faults are mapped in the existing quarry area. These faults strike primarily 
north and south. It is anticipated that additional high-angle faults may be exposed/mapped 
during future quarry operations. 

Regional Seismicity 

Numerous small earthquakes have occurred in the region in the historic time period. Figure 3.5-9 
is a map of recorded earthquake epicenters (Epi Software 2000). The epicenters and 
magnitudes shown are based on data from recording instruments in a California Institute of 
Technology-Southern California Earthquake Data Center catalogue. This enclosure presents 
circles as epicenters of earthquakes with magnitude equal to or greater than 4.0 that were 
recorded from 1932 through 2011. The cluster of small earthquakes in the area of the project site 
may be partially attributable to quarry blasts. 
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As discussed previously, the most significant fault to the site from a ground-shaking standpoint is 
the NFFZ, mapped approximately 1 mile north of the site along the range front of the San 
Bernardino Mountains.  

The regional structure of the Mojave Desert includes major northwest-trending, strike-slip fault 
zones. Jennings (1994) indicated several of these fault zones with evidence for Holocene fault 
displacement. Geomorphic evidence for Holocene fault displacement includes sag ponds, fresh 
fault scarps, or the following features in Holocene deposits: offset drainages, linear scarps, 
shutter ridges, and faceted spurs.  

The Helendale fault is the closest of these Holocene active faults and is located approximately 8 
miles northeast of the site. Jennings also indicates the Old Woman Springs, Lockhart, Harper, and 
Camp Rock faults, located at greater distances from the site, as having Holocene fault 
displacement. Surface rupture occurred on the southeastern end of the Camp Rock fault during 
the magnitude 7.3 Landers earthquake of June 28, 1992. An earthquake of magnitude 6.4, 
known as the Big Bear earthquake, occurred a few hours later.  

The Working Group on California Earthquake Probabilities (1995) tentatively assigned a 28 
percent (±13 percent) probability to a major earthquake occurring on the San Bernardino 
Mountains segment of the San Andreas fault between 1994 and 2024. 

More recent 2009 probabilistic seismic hazard mapping using the U.S. Geological Survey’s (USGS) 
Earthquake Hazard Program’s interactive website finds the probability that the White Knob 
Quarry at latitude/longitude coordinates N34.3629, W117.012 will experience ground shaking 
from a magnitude 6.5 or greater earthquake ranges from 50 to 60 percent (see Figure 3.5-10). 

Deterministic Seismic Hazard Analysis 

A deterministic evaluation of seismic hazard was calculated for the NFFZ using the attenuation 
relations of Boore and Atkinson (2008), Campbell and Bozorgnia (2008), and Chiou and Youngs 
(2008) and magnitude 7.1 at a distance of 1 mile. A peak ground acceleration of 0.56g is 
estimated by the deterministic method (EIR Appendix F, CHJ 2013).  Applying the 2010 California 
Building Code (CBC) Design Acceleration Parameters to the project site’s latitude and 
longitude, the corresponding peak acceleration is 0.52g.  
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Source: CHJ Consultants

Figure 3.5-7
Regional Fault Map for White Knob/White Ridge Quarries
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3.5 GEOLOGY AND SOILS 

3.5.3 GEOLOGIC HAZARDS 

METHODS AND PARAMETERS OF SLOPE STABILITY ANALYSIS 

This subsection discusses the various hazards and/or adverse conditions associated with the mine 
quarrying operation in the geologic setting of the project site. Slope failure occurs when a mass 
of rock, soil, or overburden fill moves downslope by sliding, flowing, falling, or as a complex 
combination. Slope instability occurs when the driving forces, forces causing the material to 
move, exceed resisting forces, forces holding the material in place. Natural factors that can 
affect the stability of a slope include the height and steepness of the slope; the strength and 
bulk density of the soil or bedrock; the degree of continuity, orientation, width, weathering, and 
density of bedrock discontinuities (e.g., fractures, faults, bedding planes); groundwater 
conditions; and the type and distribution of vegetation. While these natural features are 
important factors that determine the predisposition of a slope to fail, external processes such as 
exceptionally heavy rainfall, shaking from earthquakes, external surcharge loads (e.g., fills, 
buildings), or human disturbances (e.g., quarrying, road cuts, and large-scale vegetation 
removal) may trigger a new or reactivate an existing slope failure.  

The stability of a slope is determined by analyzing the forces acting on a slope. The ratio of the 
forces resisting movement to those causing movement is expressed as the factor of safety (FOS). 
When a calculated FOS value is less than 1.0, forces that make a slope susceptible to failure 
have exceeded those that tend to hold it in place. In order to adequately calculate the FOS, 
geotechnical engineers and engineering geologists characterize the topography, underlying 
material types and material strengths, layering and orientation of each material type, and type, 
number, and orientation of discontinuities that may act as planes of weakness and form a 
surface of failure.  

Geotechnical investigative methods include site-specific geologic and topographical mapping, 
drilling and logging, collecting samples, and laboratory testing. Based on the results of their 
investigation, professional judgment, and conservative assumptions, geotechnical engineers 
determine the potential types of failures and then use this information in engineering 
calculations of the forces acting on the slope. By this method, the resulting engineering 
calculations derive a factor of safety. The acceptable FOS analyzed under earthquake loading 
is less than that required under static conditions. The FOS that is considered acceptable varies 
based on the purpose of the slope, the adjacent structures, and the nature of the end land use. 
Methods for making slope stability engineering calculations vary from graphic nomograms 
(charts) to complex computer analyses.  

A computer slope stability analysis can provide a more robust analysis because the program will 
conduct stability analyses along hundreds of failure surface geometries in a search to find the 
most “critical” failure surface that results in the lowest FOS. Engineering judgment is then needed 
to evaluate whether the computer-selected critical geometry is a valid potential failure surface. 
Slope stability analyses that have been conducted for various locations in the project area are 
further discussed below (EIR Appendix F, CHJ 2013).  

White Knob/White Ridge Limestone Quarries Slope Stability 

The project’s geotechnical consultant, CHJ Consultants (2012, 2013), conducted a geotechnical 
study of the quarry and overburden slopes. The results of their technical analysis are summarized 
in subsection 3.5.5, Impacts and Mitigation Measures, below. In their evaluation of slope stability 
at White Knob/White Ridge Limestone Quarries, CHJ Consultants considered a landslide to be a 
deep-seated slope failure with a rupture surface at least 50 feet deep. As such, landslides are 
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typically related to the underlying structure of the parent material. CHJ used the term “surficial 
failures” to refer to shallow failures that affect the upper weathered or colluvial horizon of 
overlying material. Evidence for deep-seated landsliding was not observed in the White 
Knob/White Ridge Quarries walls or in natural exposures of the White Ridge area during CHJ’s 
2007 and 2008 evaluations or on their aerial photographs reviewed. 

Groundwater in Slope Stability Analysis 

No evidence of springs or perched groundwater conditions was observed at the project site 
during the geologic mapping or on the aerial photographs reviewed (CHJ 2012, 2013 [EIR 
Appendix F]). Depth-to-groundwater data is not available for the site vicinity from the California 
Department of Water Resources or the U.S. Geological Survey. The closest data available is from 
wells in the town of Lucerne Valley, located at significantly lower elevations in alluvial sediments 
north of the site. Field experience at the mine site by Omya’s geologist, Howard Brown found 
that groundwater has not been encountered in exploratory borings drilled to at least 550 feet 
below ground surface (bgs). The current depth to groundwater at the site is not known, but is 
expected to be greater than 550 feet bgs. Based on the planned mining excavation depths, the 
anticipated depth of groundwater, and the presence of non-liquefiable bedrock, no potential 
for liquefaction and other shallow groundwater-related hazards is anticipated. 

Quarry Highwalls 

The coarse-grained calcite marble (limestone) ore at the site is relatively strong from a global 
slope stability standpoint, with no weak clay or schist interbeds observed in natural or mined 
exposures (EIR Appendix F, CHJ 2013). Natural cliffs formed in the calcite material stand vertically 
near the quarry site. Most joints are oriented favorably with respect to the planned quarry wall 
configurations and are typically discontinuous relative to global stability. The geologic structure 
was considered in planning the quarry slopes. 

The granitic rocks on the margins of the ore body exhibit a similar orientation and spacing of joint 
sets as observed in the calcite marble. As described in the Amended Reclamation Plan, road 
cuts formed in the granitic rocks exhibit joint control of north–south striking faces at inclinations of 
approximately 57 degrees. Most joints dip at steep angles (between 70 and 90 degrees) as 
measured during geologic mapping of the existing road cuts in the granitic rock slopes and thus 
form stable slope configurations at existing slope angles. 

Quarry Highwall Kinematic Slope Stability Analysis 

CHJ (2013) (EIR Appendix F) utilized stereonet analysis of mapped geologic structures at the 
White Knob/White Ridge Limestone Quarries and then performed kinematic stability analyses to 
evaluate future slope performance. During field mapping, the orientation and relative continuity 
of joints, foliation, dikes, and shear zones were measured and recorded and are shown on in 
Figure 3.5-4. An example of the kinematic analysis is given in Figure 3.5-11. Kinematic data and 
stereonet analyses for the White Knob/White Ridge Quarries are given in Appendix B of the 2013 
CHJ report, which is included in EIR Appendix F of this EIR.  
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Based on stereonet analysis of the discontinuity orientations, joint, foliations, and shears, CHJ 
found that a small percentage of joints exhibit a potential to form surfaces that dip out of slope 
at angles between 35 and 40 degrees. Although factors of safety lower than 1.0 were 
calculated for planar failures along some joints, the limited continuity of joints in the ore body 
and wall rocks, relative roughness of surfaces formed in the coarse-grained calcite marble, and 
lack of empirical evidence for large failures on joints with this orientation indicate that the 
potential for large failures along such joint features is low.  

The inclusion of catch benches in cut slope design provides mitigation of potential small, intra-
bench scale rockfall debris, which is anticipated to be the primary mode of slope debris 
generation. In addition, subsequent to blasting of new walls, quarry operations include the use of 
a large scaling chain to assist in removal of loose or precarious blocks during removal of the ore. 
Therefore, CHJ concluded that the consideration of the geologic structure of the ore body and 
surrounding wall rocks in the planning and practice of quarry operations has resulted in 
formation of grossly stable slopes in the existing White Knob Quarry.  

Field experience at the mine site by Omya’s geologist Howard Brown found that groundwater 
has not been encountered in exploratory borings drilled to at least 550 feet below ground 
surface. Therefore, a condition of long-term saturated groundwater is not anticipated. 

A few potentially unstable blocks/boulders were observed on the natural slopes above the 
existing and proposed slopes. These boulders could be mobilized during a major seismic event 
and roll downslope; however, this rockfall hazard is not affected by the proposed mining.  

Given the steepness of natural slopes at the site and vicinity and the close proximity to the 
active NFFZ, the geologic materials at the site display a remarkably low susceptibility to deep-
seated landsliding. Due to the purity of the calcite marble, no significant clay seams were 
observed in existing cut slopes nor are they expected to be exposed in the proposed cut slopes. 
In general, fracturing/jointing effectively reduces the strength of an overall rock mass by forming 
discontinuities between individual blocks of rock in the natural and cut slopes; however, the 
widely spaced and non-continuous joint density, joint roughness, moderate to total healing, and 
favorable joint orientations exhibited in the White Knob/White Ridge Limestone Quarries 
exposures also effectively limit the depth and areal extent of potential slope failures.  

Global Slope Stability Analysis 

White Knob/White Ridge Limestone Quarries Highwall Slope Stability 

The global stability of the proposed final 1H:1V mine highwall slopes as depicted in the 
Amended Reclamation Plan documents (cross sections A-A', B-B', and C-C') were analyzed 
under both static and seismic conditions for rotational failures utilizing the SLIDE computer 
program, version 6.02 (Rocscience 2012). The Amended Reclamation Plan cross section A-A’ is 
given in Figure 2.0-5, and the global stability analysis of one of the highwalls in cross section A-A’ 
is given in Figure 3.5-12. The analysis considered the highest and steepest slope sections 
proposed for the mine. The seismic stability calculations were performed using a lateral pseudo-
static coefficient “k” of 0.2g due to the proximity of the North Frontal Fault Zone. The factors of 
safety were calculated by Spencer’s method.  

The rock strength parameters listed in Table 3.5-3 were obtained from testing of hand samples 
and large exposures of the existing quarry slopes. The Hoek-Brown criteria allow for estimation of 
rock mass properties based on field criteria such as how easily a specimen can be broken with a 
rock hammer and mining methods as well as other methods. The rock strengths used in the SLIDE 
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computer program were modeled utilizing the Generalized Hoek-Brown criteria (Hoek 2000; 
Hoek, Carranza-Torres, and Corkum 2002) and the program’s built-in parameter calculator with 
the using estimated input values for both limestone and granite-type rocks given in Table 3.5-4. 

The results of the global slope stability analyses are summarized in Table 3.5-6. Details of stability 
calculation results including material type boundaries, strength parameters, and the minimum 
factors of safety and critical slip surface are given in the 2013 CHJ report in Enclosures C-1 
through C-6 for static and seismic conditions (EIR Appendix F). 

As shown in Table 3.5-6, sufficient static FOS in excess of 1.5 and seismic FOS in excess of 1.1 were 
calculated for the reclamation slope configurations and satisfy San Bernardino County and State 
SMARA Guidelines. Based on the global stability analysis and observations of existing quarry slopes, 
it is anticipated that current mining practices will produce final mining and reclaimed quarry 
slopes that are suitably stable with regard to large-scale or deep-seated slope failure.  

TABLE 3.5-3 
MARBLE TYPE ROCK PROPERTIES 

 Value Description 

Unit Weight (pcf*) 160  

Intact UCS1 (psf**) 1,500,000 Specimen requires more than one blow of a geologic hammer to fracture it 

Geologic Strength Index 65 Blocky with good surface conditions 

Intact Rock Constant (mi***) 9 Marble 

Disturbance Factor 1 Production blasting 
Source: EIR Appendix F, CHJ 2013, Table 2 
*    pcf = pounds per cubic foot 
**  psf = pounds per square foot 
*** mi = unitless constant 
1 = uniaxial compressive strength 

TABLE 3.5-4 
GRANITE TYPE ROCK PROPERTIES 

 Value Description 

Unit Weight (pcf*) 155  

Intact UCS1 (psf**) 1,500,000 Specimen requires more than one blow of a geologic hammer to fracture it 

Geologic Strength Index 55 Very blocky with good surface conditions 

Intact Rock Constant (mi***) 32 Granite 

Disturbance Factor 1 Production blasting 
Source: EIR Appendix F, CHJ 2013, Table 3 
* pcf = pounds per cubic foot 
**psf = pounds per square foot 
*** mi = unitless constant 
1 = uniaxial compressive strength 
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White Knob/White Ridge Limestone Overburden Fill Slope Stability 

As stated previously, overburden and waste rock at the White Knob/White Ridge Limestone 
Quarries are composed of grey impure limestone and granite intrusive rock and granite dikes. 
Overburden and waste rock are nontoxic, naturally occurring rock material, which are of 
insufficient quality (purity and brightness) to process for ore. The vast majority (60 percent) of the 
overburden and waste rock is dominantly impure calcium carbonate. Most of the remainder (40 
percent) is granitic rock (monzonite).  

The Amended Reclamation Plan proposes to expand the existing 15-acre overburden site (OB-1) 
by approximately 17 acres northward from its current site limits. Portions of the proposed 
expanded site include ground that is already disturbed by existing stockpiles. The final slope of 
OB-1 will have 2H:1V interslopes with benches placed at 100-foot vertical intervals with widths 
varying from approximately 25 to 75 feet. OB-1 fill will be placed from an elevation of 
approximately 5,580 to 4,850 feet amsl, creating a maximum fill slope height of 730 feet. 

Two additional overburden fills, OB-2 and OB-3, will be created during Phase 4 of mining. OB-2 
will fill 13 acres of a southern central canyon area by placing fill from an elevation of 5,815 to 
5,425 feet amsl with an interslope angle of 1.5H:1V and an overall slope of no greater than 
2H:1V. Benches in OB-2 will be places at approximately 50-foot vertical intervals with widths of 
approximately 25 to 50 feet. Backfilling of the White Knob Quarry will bury the toe of OB-2 to an 
elevation at the end of mining of approximately 5,575 feet amsl, creating a final maximum fill 
slope height of 240 feet. Overburden fill at OB-3 will cover approximately 3 acres and be placed 
northeast of the White Ridge Quarry between approximate elevations of 5,200 and 5,025 feet. 
The final slopes of 2H:1V will be have a maximum height of approximately 85 feet without a 
bench. Overburden backfilling of the White Knob Quarry will rise to a maximum elevation of 
5,575 feet amsl and slope to the south and west at a 0.5 percent grade to create a large 
sedimentation basin. 

The strength of overburden stockpile materials was estimated based on direct shear testing 
results performed on samples remolded to 85 percent relative compaction (EIR Appendix F, CHJ 
2013). An internal frictional angle of φ=39 degrees, a cohesive strength of C=150 pounds per 
square foot (psf), and a unit weight of 125 pounds per cubic foot (pcf) were utilized in the SLIDE 
model to calculate the shear strength of overburden stockpile materials. 

The global stability of the proposed benched final overburden slopes as depicted in the 
Amended Reclamation Plan documents (cross sections A-A', B-B', and C-C') were analyzed 
under both static and seismic conditions for rotational failures utilizing the SLIDE computer 
program, version 6.02 (Rocscience 2012). The Amended Reclamation Plan cross section B-B' is 
given in Figure 2.0-8, and the global stability analysis for overburden material along the northern 
portion of cross-section B-B' given in Figure 3.5-13. The analysis considered the highest and 
steepest fill slope sections proposed for the mine overburden fill. The seismic stability calculations 
were performed using a lateral pseudo-static coefficient “k” of 0.20 due to the proximity of the 
North Frontal Fault Zone. The factors of safety were calculated by Spencer’s method. 

As shown in Table 3.5-5, sufficient static factors of safety in excess of 1.5 and seismic factors of 
safety in excess of 1.1 were calculated for the reclamation fill slope configurations and satisfy 
San Bernardino County and State SMARA Guidelines. Based on the global stability analysis and 
observations of existing overburden stockpile slopes, it is anticipated that current and future 
mining practices will produce final mining and reclaimed overburden stockpile slopes that are 
suitably stable with regard to large-scale or deep-seated slope failure.  
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TABLE 3.5-5 
SLOPE STABILITY SUMMARY 

Cross Section Material Static FOS Seismic FOS (k=0.2) 

A-A' Rock slope 2.33 1.73 

B-B' Fill-over-rock slope 1.93 1.27 

C-C' Rock slope 2.37 1.83 

Source: EIR Appendix F, CHJ 2013, Table 4 

Shallow Landslides and Geologic Hazards 

Shallow Landslide and Boulder Hazard 

Quaternary talus, slope wash, stream terraces, landslides, and recent alluvium (Qal) occupy the 
topographic low areas in the vicinity of the White Knob/White Ridge Limestone Quarries (DCI 
2012). Qal is mapped to extend upward from Lucerne Valley into the east Ruby drainage, locally 
called the Western Drainage, to an elevation of approximate 5,200 feet amsl. In addition, 
several landslides (Qls) were mapped in the quarry vicinity, prior to initiation of Omya mining 
operations (see Figure 3.5-14). One landslide extends northwest from the future quarry location 
down the east slope of the Western Drainage to the streambed, with a mapped base width of 
approximately 375 feet within the streambed. Another landslide located immediately adjacent 
to and upslope from the first landslide extends down the east side of the Western Drainage to 
the streambed, with a mapped base width of approximately 500 feet within the streambed. The 
bases of these two landslides are separated by a mapped distance of approximately 125 feet, 
with a combined mapped talus slope base length of approximately 1,000 feet (CDMG 1985). 

Recent geotechnical studies by the project’s consultant, CHJ, found no observable evidence for 
deep-seated landsliding in the White Knob/White Ridge Limestone Quarries highwalls or in 
natural exposures of the White Ridge area (CHJ 2012, 2013 [EIR Appendix F]). CHJ Consultants 
and Miller, Matti, and Brown (2000) identified remnant areas of very old alluvial fan deposits, 
Qvof. Small areas of Qvof deposits occur sporadically in the mining area, as shown in Figure 3.5-
3.  

Boulder rolling and surficial sliding of side-cast overburden material has occurred on the slopes 
northwest and north of the White Knob Quarry. In the past, the side-casted overburden material 
on the northwest slope has been transported downslope during high intensity rainfall events and 
deposited in the Western Drainage. CHJ (2012) analyzed the northwest slope for potential rockfalls 
and concluded that rockfall hazard from individual clasts is high compared to the adjacent 
natural slopes; CHJ made recommendations for mitigating the hazard, as discussed below. The 
Western Drainage eventually drains to Ruby Springs, one of several areas of natural springs that 
occur along the faulted flank of the San Bernardino Mountains. Studies and monitoring have been 
undertaken by DCI (2009, 2010, and 2011) to evaluate the extent that mine sediment has 
transported down the Western Drainage and the impacts to Ruby Springs. The most recent DCI 
(2012) sedimentation and erosion monitoring report is attached in Appendix C1 of the Amended 
Plan. 
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Northwest Talus Slope Stability and Rockfall Hazard  

CHJ (2012) (EIR Appendix F) conducted a site investigation of the northwest slope and analyzed 
the stability of the talus materials and the potential for rockfalls. They found that the slope-
forming bedrock units that underlie the northwest slope consist of strong and grossly stable 
crystalline rock types, which are shown by the overall angle of quarry slopes and calculations 
performed to be stable at gradients steeper than exhibited in the existing slope. Evidence of 
deep-seated landsliding in the northwest slope was not present in the existing terrain or on 
historic aerial imagery of the site. Therefore, CHJ did not evaluate the gross bedrock stability of 
the northwest slope, but focused on the surficial stability of overlying colluvium/talus materials 
and the rockfall potential. 

The northwest slope is approximately 700 feet high and consists of two main areas/chutes of talus 
separated by a bedrock ridge that bisects the slope along the fall-line axis (see Figure 3.5-15). The 
toe of the slope forms the southern flank of the Western Drainage. Native slopes in the area of the 
northwest slope consist of granitic bedrock slopes mantled by a thin veneer of colluvium and 
locally small talus. Limestone/marble outcrops form cliffs and steep slopes at the top of the 
northwest slope. Native talus is typically light gray to gray-hued matrix-supported talus of small 
boulder to gravel size in a matrix of fine- to medium-grained silty sand. Talus generated by mining is 
typically white-colored small to large boulder size, clast-supported talus with a smaller fraction of 
gravel-to-cobble-size clasts. The mining talus is generally more angular than native talus and 
exhibits rounded to less common tabular forms.  

The 2012 CHJ investigation found that the existing conditions of the northwest slope are:  

1) Movement of individual boulders may occur where the underlying substrate is subject to 
downhill creep. Downhill creep is an ongoing natural process in colluvial slope 
environments and is expected to occur at natural rates in the northwest slope. Where 
boulders have come to rest on talus deposits, it is expected that the interlocking force of 
the angular materials is sufficient to result in retention of most clasts within the talus fields. 
Addition of boulders to the talus or undermining by headward erosion may perturb some 
clasts to induce rolling or sliding movement in the future. 

2) Individual boulder roll-down by movement of an existing clast located on the slope face 
has occurred in the recent past (no material has been introduced to the northwest slope 
for several years). The most likely location (fall line) for long run-out roll-down is at the east 
flank of the slope where boulder-poor colluvium is exposed. The source area of this fall 
line is the slope on the west side of the White Knob Annex. The existing boulder fields act 
as a catchment area for large clasts. 

3) Progressive down-gradient filling and movement of alluvium, generated by slope creep 
and debris flow into flat-lying accumulations between and upon boulders, were noted in 
the accumulation zone at the toe of the slope. This indicates the active and ongoing 
formation of a step pool system within the boulder accumulation zone that can act as a 
sediment/fines filtering area. 

4) In the past, some boulders have traveled with sufficient momentum to carry partly up the 
toe of the opposing slope and generate flying debris from collision. The presence of a 
few boulders on the topographic terrace surface indicates that rock fall hazard is present 
in this area as well as at the toe of the northwest slope. 
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5) Natural slopes in the site area have been subjected to many more precipitation and 
seismic shaking events than the geologically young talus slope formed from recent 
mining of the White Knob area. It is expected that within a relatively short time, the 
northwest slope will achieve a state of stability that mimics the erosion/rock fall rate of 
surrounding natural slopes. The presence of a continuous trail traversing the slope 
indicates a relatively stable condition at this time. For undisturbed talus slopes, 
weathering and incremental gravity induced shifting of boulders to a more stable 
position will increase boulder stability with time. 

CHJ analyzed the stability of the talus slope for static and seismic conditions for non-circular 
failures utilizing the SLIDE computer program, version 6.0 (Rocscience 2011). Based on the results 
of the slope stability calculations, observations of the existing slope conditions and observations 
of surrounding terrain and nearby natural slopes, CHJ concluded that the current northwest 
slope configuration is grossly stable and surficially stable compared with the expected natural 
conditions of slopes in the area. 

CHJ used the Colorado Rockfall Simulation Program (CRSP) version 4.0 by Jones, Higgins, and 
Andrew (2000) to model the behavior of rolling boulders calibrated to the observed site 
conditions. The existing slope includes fall lines with different substrate properties. CHJ evaluated 
a combined talus and soft soil substrate to model rocks falling along the east side and a soft soil 
substrate and relatively smooth surface condition to model rocks falling along the west side of 
the northwest slope. Rock size was varied for each of the two fall lines and calibrated to existing 
conditions observed during field mapping. Analysis Points along the slope profile were selected 
in the program to coincide with accumulation features observed in the field.  

CHJ found that for the existing materials on the northwest slope, there is evidence from 
individual shifted boulders and fresh-appearing bounce marks that rockfall hazard from existing 
individual clasts is high compared with natural rates on adjacent slopes in this area.  

Northwest Slope, Western Drainage, and Ruby Springs Areas 

The slope on the western side of the White Knob Quarry is called the northwest slope, and runoff 
generally flows into the Western Drainage (see Figure 3.5-16). The Western Drainage forms the 
eastern component of a pair of drainages that drain northeast and converge in the northwest 
corner of Section 5, Township 3 North, Range 1 West, San Bernardino Base and Meridian. These 
two drainages were named in the DCI monitoring reports as the east and west Ruby drainages, 
with the east Ruby drainage adjacent to the quarry and equivalent to the Western Drainage.  

Past mining operations at White Knob Quarry inadvertently allowed white talus overburden 
material to fall onto the northwest slope. An intense rain storm event that occurred in early 
August 2003 was described as a relatively small isolated system that slowly moved 
northwestward along the northern front of the San Bernardino Mountains toward the White Knob 
Quarry. Rain that fell in the upper reaches of the east Ruby drainage, reportedly for 40 minutes 
was so intense that a mine worker could not see out his vehicle windshield with the wipers 
operating on their highest setting (Omya California 2005). No local rainfall data is available for 
this storm event because neither rain nor weather gauges were located in the vicinity of the 
quarry at the time of the storm. 
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On September 30, 2003, the California Department of Fish and Game (CDFG) (now the 
California Department of Fish and Wildlife [CDFW]) filed an investigation report summarizing its 
observations of the effects of erosion of the white talus material from the northwest slope on the 
streambed and vegetation of the Western Drainage, aka, east Ruby drainage. The report was 
based on reconnaissance surveys conducted by CDFG personnel on August 29, September 10, 
September 19, and September 22, 2003. The main conclusion of the CDFG investigation was that 
the white talus slope provided material that caused scouring of approximately 1.8 miles of the 
Western Drainage, resulting in streambed and vegetation damage, presumably in response to 
the August 2003 storm event.  

DCI conducted a series of annual qualitative studies in the Western Drainage in 2005, 2006, 2007, 
2008, and 2009 (DCI 2012) to provide a qualitative comparison of the Western Drainage via 
visual evaluation of observed changes in the noted sediments and vegetation, as well as 
surface water flow originating from Ruby Springs. Field data collected by DCI from 2005 to 2009 
indicated that the damage from the August 2003 storm event was limited to the upper 
approximate 1.2 miles of streambed in the Western Drainage, essentially between the base of 
the white talus slope to the unnamed spring, Reaches +01 through +14 (see Figure 3.5-17). Thus, 
the lower approximate 0.6 miles of streambed in the study zone, extending from immediately 
below the unnamed spring to the end of the Western Drainage (Reaches +15 through +19), 
were not damaged in response to the August 2003 storm event. 

Following a 2007 review letter by the California Office of Mine Reclamation (OMR) of Omya's 
2006 initial Amended Reclamation Plan for White Knob Quarry, a more quantitative assessment 
was requested of impacts to the Western Drainage and Ruby Springs that included monitoring of 
the effects of sedimentation on the drainage and spring. A Sedimentation and Erosion 
Monitoring Technical Work Plan (dated May 31, 2008) was implemented to collect data for two 
reporting periods, June 2008–May 2009 and June 2009–May 2010. Additionally, in accordance 
with a settlement agreement between the Bureau of Land Management (BLM) and Omya, 
data collection was resumed during December 2011. 

Following the collection of additional Ruby Springs discharge/surface water distance data 
during April through July 2011, Omya and DCI presented a conceptual model of the impact of 
the talus slope on Ruby Springs discharge rates to BLM personnel on August 3, 2011. The 
conceptual model was discussed, after which the BLM issued a letter summarizing the 
requirements of a report regarding the impact of the talus slope on Ruby Springs (see BLM 2011a 
and DCI 2012, Appendix A). A follow-up field investigation was conducted during early 
September 2011 by Thomas C. Deane, CHg (DCI) and, in part, Dr. Noel Ludwig, PhD (BLM 
California Desert District Hydrologist/Moreno Valley field office). 

The “Talus Slope Impact on Ruby Springs – Western Drainage” report (DCI 2011), which 
summarized to-date data, presented a non-mathematical groundwater conceptual model for 
the Western Drainage from White Mountain to Ruby Springs and indicated that the talus slope 
has had a positive impact on Ruby Springs discharge rates, and was submitted to the BLM for 
review and comment. A November 22, 2011, comment letter by the BLM indicated agreement 
with the report’s conclusions, but requested additional collection of data for the “foreseeable 
future” (BLM 2011b), presumably in accordance with the Sedimentation and Erosion Monitoring 
Technical Work Plan (DCI 2008). Due to the late timing of the BLM comment letter with respect to 
the assumed earlier beginning of Western Drainage precipitation, the period for data collection 
was shortened for the 2011–2012 reporting period. Results of the 2008–2009, 2009–2010, and 
2011–2012 reporting periods (DCI 2009, 2010, 2012) found that the annual net changes in ground 
surface elevation and volume were similar in magnitude (see Figure 3.5-17). 
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2011–2012 Reporting Period 

• Ground surface elevation for the streambed of the Western Drainage, per surveyed 
reach, ranged between approximately -0.024 feet per year (ft/yr) (-7 mm/yr, Reach +19, 
net erosion) and +0.014 ft/yr (+4 mm/yr, Reach +05, net sedimentation).  

• Volume, per surveyed reach, ranged between approximately -4 cubic yards (Reach +14, 
net erosion) and +6 cubic yards (Reaches +05 and +11, net sedimentation).  

• Native soil ground surface elevation for the 2011–2012 reporting period, per surveyed 
reach, ranged between approximately -0.026 ft/yr (-8 mm/yr, Reach +08, net erosion) 
and +0.010 ft/yr (+3 mm/yr, Reaches +01 and +13, net sedimentation). 

2009–2010 Reporting Period 

• Ground surface elevation approximately -0.053 ft/yr (-16 mm/yr, Reach +19, net erosion) 
and +0.043 ft/yr (+13 mm/yr, Reach +02, net sedimentation) 

• Volume approximately -8 cubic yards (Reach +05, net erosion) and +14 cubic yards 
(Reach +11, net sedimentation). 

• Native soil ground surface elevation for the 2009–2010 reporting period, which was 
approximately -0.026 ft/yr (-8 mm/yr, Reaches +11 and +19, net erosion) to +0.034 ft/yr 
(+10 mm/yr, Reach +06, net sedimentation). 

2008–2009 Reporting Period 

• Ground surface elevation approximately -0.031 ft/yr (-9 mm/yr, Reach +14, net erosion) 
to +0.105 ft/yr (+32 mm/yr, Reach +19, net sedimentation) 

• Volume approximately -9 cubic yards (Reach +14, net erosion) to +40 cubic yards 
(Reach +11, net sedimentation). 

• Native soil ground surface elevation for the 2008–2009 reporting period, which was 
approximately -0.027 ft/yr (-8 mm/yr, Reach +14, net erosion) to +0.058 ft/yr (+18 mm/yr, 
Reach +19, net sedimentation). 

The cross-channel scores at CS-1 through CS-3 in the lower portion of the upper reaches of the 
Western Drainage (Figure 3.5-17) experienced an estimated peak ephemeral surface water flow 
discharge rate of approximately 101.1 gallons per minute (gpm) during a series of rain events 
that occurred during December 16–26, 2010 (2010–2011 rain year). In addition, observations at 
tracer clast location TCL-3 in the lower reaches and cross-channel scores CS-4 through CS-6 
found no evidence of ephemeral surface water flow within the lower reaches of the Western 
Drainage in response to the series of December 2010 rain events. A 2011–2012 reporting period 
comparison of intact cross-channel scores, CS-1 through CS-6, and tracer clasts, TCL-1 through 
TCL-3, to the 2008–2009 and 2009-2010 reporting periods indicate there was no evidence of any 
measurable surface water flow or sediment/clast movement within the Western Drainage.  
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Liquefaction 

Liquefaction is a transformation of soil from a solid to a liquefied state during which saturated soil 
temporarily loses strength resulting from the buildup of excess pore water pressure, especially 
during earthquake-induced cyclic loading. Soils that are susceptible to liquefaction include 
loose to medium dense sand and gravel, low-plasticity silt, and some low-plasticity clay deposits. 
Ground failure can occur when liquefaction occurs in layers of sediment underlying a site. Soil 
liquefaction and associated ground failure can damage roads, pipelines, underground cables, 
and buildings with shallow foundations. Liquefaction can occur in areas characterized by water-
saturated, cohesionless, granular materials at depths less than 40 feet. Soil that liquefies can 
manifest a number of failures, including lateral spreading, rapid settlement, and flow slides.  

The only areas in the White Knob/White Ridge Limestone Quarries where high groundwater 
might cause a saturated condition in natural soils are in the bottoms of the main drainages. The 
soils in these drainages are typically too coarse grained to facilitate liquefaction. The 
overburden fill material that the mining operations will place in the drainages is a mixture of fines, 
angular rock, and boulders, and likewise is too coarse grained to be susceptible to liquefaction. 
The current depth to groundwater at the site is not known, but is expected to be greater than 
550 feet bgs.  

3.5.4 REGULATORY FRAMEWORK 

The following section provides a brief summary of the federal, state, and local regulations, goals, 
and policies for quarry mining, mining safety, and protection of natural resources from open pit 
mining operations and reclamation activities. 

FEDERAL 

Mine Safety and Health Administration 

The Mine Safety and Health Administration (MSHA), a division of the U.S. Department of Labor, 
administers the provisions of the Federal Mine Safety and Health Act of 1977. The MSHA develops 
and enforces mandatory safety and health regulations pursuant to the Code of Federal 
Regulations (CFR) that apply to all surface and underground mines located in the United States 
through inspections, rigorous training, and the provision of educational programs for employers 
and employees in the mining industry. The ultimate purpose is to eliminate fatal accidents, 
reduce the frequency and severity of nonfatal accidents, minimize health hazards, and promote 
improved safety and health conditions in mines. Project operations would be regulated by 
MSHA, and periodic inspections would be performed under MSHA regulations to ensure 
maximum worker safety during implementation of the Amended Plan. Mining operations are 
subject to periodic safety inspections by the MSHA. 

STATE 

Surface Mining and Reclamation Act  

The Surface Mining and Reclamation Act (SMARA) (including the State Mining and Geology 
Board Reclamation Regulations) is flexible with respect to addressing geotechnical slope stability 
for both fill slopes and cut slopes. SMARA does not specify a minimum factor of safety (FOS) 
required for slope stability. However, Title 14, Chapter 8, California Code of Regulations [CCR] 
Section 3704(f) requires that: “Cut slopes, including final highwalls and quarry faces, shall have a 
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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.” For fill slopes, Section 3704(d) 
states “fill slopes shall be 2H:IV or flatter. Slopes steeper than 2H:IV must be supported by site-
specific geologic and engineering analyses to indicate that the minimum FOS is suitable for the 
proposed end use.”  

A more general SMARA requirement of Section 3704(e) is that at closure, all fill slopes, including 
permanent piles or dumps of mine waste and overburden, must conform to the surrounding 
topography and/or approved end use. For the White Knob/White Ridge Limestone Quarries 
project, the proposed end use is undeveloped open space.  

California Building Code 

The California Building Code (CBC) has been codified in the California Code of Regulations as 
Title 24, Part 2. Title 24 is administered by the California Building Standards Commission, which, by 
law, is responsible for coordinating all building standards. Under state law, all building standards 
must be centralized in Title 24 or they are not enforceable. The purpose of the CBC is to establish 
minimum standards to safeguard the public health, safety, and general welfare through 
structural strength, means of egress facilities, and general stability by regulating and controlling 
the design, construction, quality of materials, use and occupancy, location, and maintenance 
of all buildings and structures within its jurisdiction. The 2010 edition of the CBC is based on the 
2009 International Building Code published by the International Code Conference. The 2010 
CBC contains California amendments based on the American Society of Civil Engineers (ASCE) 
Minimum Design Standards 7-05. ASCE 7-05 provides requirements for general structural design 
and includes means for determining earthquake loads as well as other loads (such as wind 
loads) for inclusion in building codes. The provisions of the CBC apply to the construction, 
alteration, movement, replacement, and demolition of every building or structure or any 
appurtenances connected or attached to such buildings or structures throughout California. 
While the White Knob/White Ridge Limestone Quarries project does not include the construction 
of any buildings, the Amended Reclamation Plan requires the demolition, removal, and/or off-
site transport of existing temporary structures, including any equipment maintenance facility, 
office spaces, conveyors, crushers, screens, wash plants, scales, explosive storage, and other 
miscellaneous structures. 

LOCAL 

County of San Bernardino Development Code 

Geologic Hazards Overlay 

The County’s policies and standards pertaining to geologic hazards and associated 
investigation and mitigation standards are contained in Chapter 82.15.000, Geologic Hazards 
Overlay, of the San Bernardino County Development Code, 2007 edition. The County’s policies 
and standards pertaining to mineral resources are contained in Chapter 82.17.000, Mineral 
Resources Overlay. 

The Geologic Hazards Overlay (GHO) was created to provide greater public safety by 
establishing investigation requirements for areas that are subject to potential geologic problems, 
including active faulting, landsliding, debris flow/mud flow, rockfall, liquefaction, seiche, and 
adverse soil conditions. The GHO establishes minimum requirements for the geologic evaluation 
of land based on proposed land uses. The provisions of the GHO are also intended to ensure 
that the County fulfills its duties under state law regarding geologic hazards, including the 
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Alquist-Priolo Earthquake Fault Zoning Act (surface fault rupture) and the Seismic Hazards 
Mapping Act (earthquake-induced landslides and liquefaction ground failure). The County 
Planning Office and/or the County Geologist reviews land development applications, building 
permit applications, and land use proposals using maps showing the official County Geologic 
Hazard Zone maps and other maps and pertinent data, including but not limited to previous 
investigations of the subject property, to determine if a geologic investigation is required.  

The northern portion of the project site intersects areas mapped by San Bernardino County as a 
surface fault rupture hazard zone (see Figure 3.5-7). No buildings or grading, other than for the 
access roadway, are proposed for the project. With respect to the Amended Plan, the County 
has required the project applicant to submit geologic hazard evaluations of the slopes subject 
to SMARA requirements. The stability of these mining slopes is discussed in the subsections 3.5.2, 
3.5.3, and 3.5.5. 

Surface Mining and Reclamation Overlay 

The County of San Bernardino Surface Mining and Reclamation Overlay, Chapter 88.03.000 of 
the San Bernardino County Development Code, was adopted in order to comply with and 
implement the provisions of SMARA by adopting procedures for reviewing, approving, and/or 
permitting surface mining operations, reclamation plans, and financial assurances in the 
unincorporated areas of the county. The overlay sets forth the general procedural, operational, 
and reclamation requirements that must be complied with, where applicable, by surface mining 
and production operations in the county. The overlay contains requirements for the content of a 
reclamation plan, the review procedure, and mining standards. Applicability of the County’s 
SMARA Overlay to State SMARA law and regulation is found in Section 88.03.090(a)(1) and (a)(2), 
which require reclamation plans to comply with Public Resources Code Sections 2777–2773 and 
California Code of Regulations Sections 3500–3505 and 3700–3713. In addition, performance 
standards in Division 3, Section 88.03.090(b), of the San Bernardino County Countywide 
Development Standards also apply to reclamation plans. 

County of San Bernardino General Plan 

The County of San Bernardino General Plan includes several policies with the goal of addressing 
natural geologic and seismic hazards to the general public. (Note that General Plan policies 
specifically associated with mining and resource extraction are described in Division 2, Chapter 
82.17.000, Mineral Resources.)  

The General Plan policies related to natural hazards focus on reducing the threat of natural 
hazards for the general public and therefore are focused primarily on controlling the location 
and type of land uses permitted in hazardous areas and ensuring proposals adequately 
consider the presence of geologic and seismic hazards. The project would be consistent with 
these plans and policies. 

The General Plan includes the following project-related policies concerning geology, soils, and 
seismic hazards:   

Policy S 4.2  Apply the provisions of the Revised Erosion and Sediment Control Ordinance 
countywide. 

Policy S 4.3  Tailor grading, land clearance, and grazing to prevent unnatural erosion in 
erosion susceptible areas. 
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Policy S 6.1  Require development on hillsides to be sited in such a manner that minimizes 
the extent of topographic alteration required to minimize erosion, to maintain 
slope stability, and to reduce the potential for offsite sediment transport. 

Policy S 7.1  Strive to mitigate the risks from geologic hazards through a combination of 
engineering, construction, land use, and development standards. 

Policy S 7.4  Designate areas identified by the Alquist-Priolo Earthquake Fault Zoning Act 
(Public Resources Code, Division 2, Chapter 7.5) on the Hazard Overlay Maps 
to protect occupants and structures from high level of risk caused by ground 
rupture during earthquake. 

Policy S 7.5  Minimize damage caused by liquefaction, which can cause devastating 
structural damage and a high potential for saturation exists when the 
groundwater level is within the upper 50 feet of alluvial material. 

Policy S 7.6  Protect life and property from risks resulting from landslide, especially in San 
Bernardino and San Gabriel Mountains that have high landslide potential. 

3.5.5 IMPACTS AND MITIGATION MEASURES 

STANDARDS OF SIGNIFICANCE 

Consistent with the County of San Bernardino Environmental Checklist and Appendix G of the 
CEQA Guidelines, the project would have a significant impact if it would result in: 

1) Exposure of people or structures to potential substantial adverse effects, including the risk 
of loss, injury, or death, involving: 

i. 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. 

ii. Strong seismic ground shaking. 

iii. Seismic-related ground failure, including liquefaction. 

iv. Landslides. 

2) Substantial soil erosion or the loss of topsoil. 

3) Location of development on a geologic unit or soil that is unstable, or that would 
become unstable as a result of development, and potentially result in on- or off-site 
landslide, lateral spreading, subsidence, liquefaction, or collapse. 

4) Location of development on expansive soil, as defined in Table 18-1-B of the Uniform 
Building Code (1994), creating substantial risks to life or property. 

5) Location of development on 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. 
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The Initial Study prepared for the proposed project (see EIR Appendix A) determined that there 
would be no impact related to expansive soil or soils incapable of adequately supporting the 
use of septic tanks or alternative wastewater disposal systems (standards of significance 4 and 
5). The reader is referred to the NOP/IS for a complete analysis of these impact areas. A copy of 
the NOP/IS, along with comments received during the public review period, is contained in EIR 
Appendix A. 

METHODOLOGY 

The following impact analysis is based on independent review of project-specific geological 
data and on analyses and findings that have been developed by the project’s geotechnical 
consultants (CHJ 2012, 2013; DCI 2012) and other literature cited in the section, with full 
bibliographic references provided in Chapter 6.0, References.  The CHJ (EIR Appendix F) and 
DCI (Amended Reclamation Plan Appendix C1) studies are the primary sources of information 
presented in the impact analysis.  The reports provide a comprehensive description of the 
methodologies used to evaluate existing conditions and conditions that would occur with 
project implementation. 

PROJECT IMPACTS AND MITIGATION MEASURES 

Exposure of People or Structures to Potential Substantial Adverse Seismic Effects (Standards of 
Significance 1 and 3) 

Impact 3.5.1 The project site is located in an area with the potential for seismic activity. This 
is a less than significant impact.   

No evidence of active faulting traversing the quarry area was found during a review of 
published and unpublished literature and maps, during the review of stereoscopic aerial 
photographs, or during prior field mapping. The quarry areas of the project site are not within an 
Alquist-Priolo Fault Rupture Hazard Zone (AP Zone), as designated by the California Alquist-Priolo 
Earthquake Fault Zoning Act (see Figure 3.5-8). However, an AP Zone of the North Frontal Fault 
Zone (NFFZ) crosses the off-site haul road north of the project site (Bryant 1986a, 1986b). Ground 
rupture due to active faulting in the quarry area is not anticipated. Ground rupture due to 
active faulting in the quarry area is not anticipated. The northern portion of the project site (haul 
road) intersects areas mapped by San Bernardino County as surface fault rupture hazard zones 
(see Figure 3.5-7). 

The most significant fault to the project from a ground shaking standpoint is the NFFZ, exposed 
approximately 1 mile north of the site along the range front of the San Bernardino Mountains. This 
fault is a complex zone of left-lateral, thrust, and reverse faults and forms the boundary between 
the Mojave Desert Geomorphic Province on the north and the Transverse Ranges Geomorphic 
Province on the south. Since this fault dips at a moderate angle to the south (approximately 49 
degrees according to Petersen et al. 2008), the fault plane is about 1 mile beneath the site.  

More recent 2009 probabilistic seismic hazard mapping using the USGS Earthquake Hazard 
Program’s interactive website finds the probability that the White Knob Quarry at 
latitude/longitude coordinates N34.3629, W117.0120 would experience ground shaking from a 
magnitude 6.5 or greater earthquake ranges from 50 to 60 percent (see Figure 3.5-10). 

Based on an anticipated depth of groundwater greater than 550 feet below ground surface 
and the lack of liquefiable sediments, no potential for liquefaction and other shallow 
groundwater-related hazards is anticipated. 
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While no buildings or grading, other than for the haul road, are proposed for the project, the 
potential to result in the exposure of people to seismic hazards does exist on the project site. San 
Bernardino County has created the Geologic Hazards Overlay (GHO) to provide greater public 
safety by establishing investigation requirements for areas that are subject to potential geologic 
problems, including active faulting, landsliding, debris flow/mud flow, rockfall, liquefaction, 
seiche, and adverse soil conditions. The GHO establishes minimum requirements for the geologic 
evaluation of land based on proposed land uses. The County Planning Office and/or the County 
Geologist reviews land development applications, building permit applications, and land use 
proposals using maps showing the official County Geologic Hazard Zone maps and other maps 
and pertinent data, including but not limited to previous investigations of the subject property, 
to determine if a geologic investigation is required. The project is subject to these previsions and 
as such, has provided geologic hazard evaluations of the slopes subject to SMARA requirements, 
which are discussed further under Impact 3.5.2. As a result of the geologic hazards evaluations 
and the resultant procedures adopted by the project applicant, the potential to expose 
structures or people to seismic hazards is considered less than significant. 

Mitigation Measures  

None required. 

Slope Stability (Standards of Significance 1 and 3) 

Impact 3.5.2 Rock and soil slopes constructed as part of the proposed reclamation of the 
White Knob, Annex, and White Ridge Quarries could fail under static or 
seismic forces if not properly engineered and constructed. However, with 
implementation of existing procedures, this would result in a less than 
significant impact. 

Slope stability analyses conducted by the project’s geotechnical consultant CHJ (2012) on the 
northwest slope concluded that continued mining in the White Knob Quarry above the 
northwest slope and mining of the White Knob Annex is feasible, provided that suitable 
conditions can be established to limit addition of material or access to the existing and 
proposed slopes.  

Based on prior gross slope stability analyses for limestone/marble mining and current surficial 
slope stability analysis, the existing talus/colluvium slopes are considered suitably stable to mass 
movement with respect to the stability of adjacent natural slopes and the anticipated final 
reclamation condition. It is anticipated that the talus slope would trend toward a more stable 
condition and achieve a natural state of stability with the passage of time. Additional evaluation 
of slopes above the Western Drainage may be warranted at the completion of mining and prior 
to final reclamation. 

Reclamation activities within the White Knob Quarry pit would begin around year 2035 and 
would involve backfilling the pit to a depth of approximately 275 feet of overburden to a floor 
elevation of approximately 5,575 feet amsl. The remaining overburden would be placed in three 
areas (OB-1, OB-2, and OB-3) until the end of mining in 2055. Fill slopes would have an overall 
grade of 2H:1V or less with benches and crest berms to control and direct runoff.  

At the end of mining, the White Knob Quarry highwalls would have an overall slope of 1 
horizontal to 1 vertical (1H:1V), a maximum elevation of approximately 6,275 feet amsl, and a 
maximum mining depth of 5,300 feet amsl. At the end of mining, overburden would be placed in 
the White Knob Quarry up to an elevation of 5,575 feet amsl, leaving the maximum highwall 
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height of approximately 625 feet. The Annex Quarry 1H:1V highwalls would extend from a 
elevation of approximately 6,100 feet amsl to a depth of 5,575 feet amsl, a maximum highwall 
height of approximately 525 feet. The White Ridge Quarry 1H:1V highwalls would have a 
maximum elevation of approximately 5,800 feet amsl with the quarry floor at 5,050 feet amsl, a 
maximum highwall height of 750 feet.   

Typical highwall slopes would be benched at 50-foot vertical intervals with an interslope face 
angle averaging 70 degrees. Bench width is typically 25 feet, but is greater if interslope wall 
height is over 50 feet. Generally, bench width is half of the interslope wall height. Pit ramps are 25 
to 35 feet wide, and grade is 12 to 18 percent depending on conditions.  

The 1H:1V highwalls in the White Knob Quarry would have a temporary maximum height of 
approximately 900 feet, but overburden backfilling the pit would create a final maximum height 
of approximately 625 feet. In the Annex Quarry, the highwalls would have a maximum height of 
525 feet. For the White Ridge Quarry, the maximum highwall height would be 750 feet. 

Future mining in the Annex and White Ridge areas is anticipated to provide mine slopes similar to 
those achieved in the White Knob area based on the continuity of the ore body and associated 
structural character between the existing and planned mine areas.  

Adherence to the slope benching plan and consideration of newly exposed adverse structural 
features (if present) during future quarry excavation work can result in stable slopes during 
mining and after completion of quarry reclamation. The arid environment of the site precludes 
significant groundwater in the proposed slopes, except on a very sporadic basis where water 
may be concentrated along geologic structures such as faults following periods of precipitation. 

Raveling processes during quarry operations would result in talus on the benches. This process 
has already occurred along older existing mine slopes. The talus would be left on the benches to 
facilitate revegetation and to give the reclaimed slopes a more natural appearance. It is 
anticipated that any resulting boulders would be angular and relatively resistant to rolling. Large, 
unstable, rounded blocks/boulders on slopes steeper than approximately 2H:1V within the active 
mining areas would be removed or stabilized. 

Slope stability analyses conducted by the project’s geotechnical consultant CHJ (2013) 
concluded that the final highwall slopes of the quarry pits have an acceptable FOS under static 
and earthquake conditions that are suitable for the open space end land use. The slope stability 
analyses were done using both the kinematic Markland Test and SLICE, a limit-equilibrium 
computer program.  

The results of both the kinematic Markland Test and the SLICE program’s static and pseudo-static 
limit-equilibrium analyses found that the stability of final quarry highwalls and overburden fill 
slopes would be adequate for the end land use. Table 3.5-6 gives the results of the SLICE stability 
analyses, and Enclosures B-2.0 to B-9.0 in Appendix B of CHJ Consultants report (2013) provide 
the results of the kinematic analyses.  

Slope stability analyses conducted by CHJ (2013) demonstrate that quarry and overburden fill 
slopes would remain stable. Therefore, the project would cause no adverse impact related to 
slope failure within the quarry pit. Based on the data and the results of CHJ’s investigation, deep-
seated landsliding is not anticipated in the proposed slopes. Additional analysis of the proposed 
quarry slopes is discussed previously in this section. Based on this information, it is anticipated that 
future mining practices would produce final mining and reclaimed quarry slopes which are 
suitably stable with regard to large-scale or deep-seated slope failure.  
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The 2012 CHJ northwest slope report also found that potential rockfall hazard is apparent in the 
western slope area. During mining of the rock in the deposit at the top of the ridge and along 
the crest, boulders of white limestone have inadvertently rolled down the slope to the north and 
to the west onto the northwest slope and into the Western Drainage. The incidental boulder roll-
down has partly covered the older natural talus and landslide deposits, and is visible from 
Lucerne Valley. Precautions have been taken and procedures have been implemented to 
minimize future roll-down. However, because of remaining cliffs, some roll-down would be 
unavoidable, as it is necessary to continue to mine the ridge down and daylight in order to 
safely recover the ore. Once the limit of the ore is reached, no additional roll-down or visible 
changes would occur.  

Procedures that were implemented in late 2003 and would continue for the life of the project to 
minimize boulder roll-down include:  

1. Precision drilling and buffer blasting when the outside edge is approached. 

2. Drilling lifters on the edge to undercut the remaining slope and let it fall into the pit (like 
directional falling of a tree). 

3. Excavator to pull down and pull in toward the pit blasted rock away from the edge. 

4. Use of alternatives to blasting along the outside such as rock breakers, surface miners, 
cutting heads, and excavators.  

5. Loader to pull back material from the edge. 

6. Loader to dig at an angle to the edge or parallel to the edge when possible. 

7. Manually scaling boulders from the highwalls where they may be above a haulage road. 

Additionally, revegetation of the upper slopes, undertaken mainly to reduce visual impacts, has 
also helped stabilize the upper slopes and reduce erosion and sediment transport.  

CHJ recommended that personnel be precluded from occupying the northwest slope until such 
time as protective measures can be emplaced (by remote means) and/or the rate of rockfall 
from existing material is suitably lower. It should be noted that boulders bounding down the 
slope have been estimated to travel at maximum velocities up to approximately 115 feet per 
second, which gives a person at the toe of the 1,200-foot-long slope approximately 10 seconds 
to relocate from the path of a rolling boulder. CHJ also concluded that the likelihood of 
witnessing a rolling boulder under current slope conditions appears low. However, given the 
anticipated outcome of a human/boulder interaction, it would be prudent to exercise caution 
when performing tasks at the base of the western slope.  

The 2012 CHJ report on the northwest slope concluded that continued mining in the White Knob 
Quarry above the northwest slope and mining of the White Knob Annex is feasible, provided that 
suitable conditions can be established to limit addition of material or access to the existing and 
proposed slopes. Based on the prior gross slope stability analyses for limestone/marble mining 
and the current surficial slope stability analysis, the existing talus/colluvium slopes are considered 
suitably stable to mass movement with respect to the stability of adjacent natural slopes and 
anticipated final reclamation condition. It is anticipated that the talus slope would trend toward 
a more stable condition and achieve a natural state of stability with the passage of time. 
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Additional evaluation of slopes above the Western Drainage may be warranted at the 
completion of mining and prior to final reclamation. 

The 2012 CHJ report also found that potential rockfall hazard is apparent in the northwest slope 
area. Placement of conspicuous signs and/or barriers in the Western Drainage approach, 
warning of potential rockfall, is warranted based on observation of recent bounce marks and 
shifted boulders in the northwest slope. Mitigation of rockfall for individual clasts present on the 
slope by direct means is not considered practical with regard to human life safety at this time. 
Remote methods may be feasible; however, these may act to exacerbate movement of 
already stable clasts and contribute to sediment transport. There is a potential for debris flow 
activity during localized intense storm activity in the northwest slope area. Monitoring of 
sediment transport in the Western Drainage if future debris flow occurs may provide information 
with regard to sediment transport rates and potential effects on downstream features. 

The continued implementation of the practices above during mine operations so as to avoid or 
minimize shallow slumps and boulder roll-out, signing in the Western Drainage approach warning 
of rockfalls, and the revegetation during reclamation of the disturbed areas would result in a less 
than significant impact. 

Mitigation Measures  

None required. 

Rock and Soil Talus Erosion (Standard of Significance 3) 

Impact 3.5.3 Rock and soil talus on the northwest slope and within the Western Drainage 
could impact the Ruby Springs area. This is a potentially significant impact. 

Past mining operations at White Knob Quarry allowed white talus overburden material to fall 
onto the northwest slope. An intense rain storm in early August 2003 in the upper reaches of the 
Western Drainage caused some of this talus material to reach the Western Drainage. 

Following a 2003 investigation report by the CDFG (2003), Omya’s consultant, DCI Consultants, 
conducted a series of annual qualitative studies in the Western Drainage in 2005, 2006, 2007, 
2008, and 2009 (DCI 2012) to provide a qualitative comparison of the Western Drainage via 
visual evaluation of observed changes in the noted sediments and vegetation, as well as 
surface water flow originating from Ruby Springs. Field data collected by DCI from 2005 to 2009 
indicated that the damage from the August 2003 storm event was limited to the upper 
approximate 1.2 miles of streambed within the Western Drainage, essentially between the base 
of the white talus slope to the unnamed spring, Reaches +01 through +14 (see Figure 3.5-17).  

In 2008, a Sedimentation and Erosion Monitoring Technical Work Plan (dated May 31, 2008) was 
implemented to collect more quantitative data of the effects of sedimentation on the drainage 
and spring for two reporting periods, June 2008–May 2009 and June 2009–May 2010. In 
accordance with the April 20, 2011, settlement agreement between the BLM and Omya, data 
collection was resumed during December 2011. 

Following the collection of additional Ruby Springs discharge/surface water distance data 
during April through July 2011, Omya and DCI presented a conceptual model of the impact of 
the talus slope on Ruby Springs discharge rates to BLM personnel in August 2011. The conceptual 
model was discussed, after which the BLM issued a letter summarizing the requirements of a 
report regarding the impact of the talus slope on Ruby Springs (see BLM 2011a and DCI 2012, 
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Appendix A). A November 22, 2011, comment letter by the BLM indicated agreement with the 
report’s conclusions, but requested additional collection of data for the “foreseeable future” 
(BLM 2011b), presumably in accordance with the Sedimentation and Erosion Monitoring 
Technical Work Plan (DCI 2008). 

The April 20, 2011, Settlement Agreement between the BLM and Omya relating to activities at 
the White Knob Quarry included six separate components (Parts A–F). The Part A component 
deals with Ruby Springs and the Western Drainage and requires the following: 

• Part A – Omya has agreed to study and monitor Ruby Springs, located to the northwest 
of the quarry. Ongoing monitoring through 2014 is being undertaken and reported to the 
BLM, and no substantial impacts to the drainage or springs have been observed (see 
Appendix C1 of Sedimentation and Erosion Monitoring 2010–2011 Reporting Period, Ruby 
Springs Area [DCI 2012]). 

Mitigation Measures  

MM 3.5.3  Omya shall prepare and submit periodic monitoring of the Western Drainage 
and Ruby Springs area to the County of San Bernardino. If the results of 
periodic monitoring of the Western Drainage and Ruby Springs area finds that 
sediments from the White Knob Quarry operation have caused a measurable 
impact to Ruby Springs, Omya shall prepare and submit for approval 
additional sediment control measures that may include (1) revision of the 
2008 Sedimentation and Erosion Monitoring Technical Work Plan, and/or 
(2) remediation of the Western Drainage and/or Ruby Springs area. Any 
remediation efforts in the Western Drainage and/or Ruby Springs area will 
occur prior to proceeding with work on the ground. Omya shall obtain all 
necessary permits and pay all required fees and financial assurances, 
including, but not limited to, County of San Bernardino permits, BLM permits, 
California Department of Fish and Wildlife permits, and US Fish and Wildlife 
Service permits.  

Reporting of monitoring results shall be done at least once every two years 
and following any significant rain event that is equal to or exceeds the 10-
year return period rainfall for the project site. Reports of monitoring activities, 
data, and findings shall be provided to the County of San Bernardino at least 
once every two years prior to the annual SMARA inspection. The first report 
shall be submitted within the year following the approval of the Amended 
Reclamation Plan. The monitoring shall be done in accordance with the 2008 
Sedimentation and Erosion Monitoring Technical Work Plan (dated May 31, 
2008) and any subsequent approved amendments. 

Timing/Implementation: Ongoing as part of quarry operations 

Enforcement/Monitoring: County of San Bernardino Planning 
Department 

This mitigation measure will ensure that the talus discharged into the Western Drainage will not 
impact Ruby Springs or the unnamed spring, and requires periodic monitoring and potentially 
additional sediment control measures of the outflow of Ruby Springs and the unnamed spring 
and measurement of sedimentation migration and deposition rates in the Western Drainage. The 
implementation of this mitigation measure during mine operations would avoid or minimize 
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impacts to the Western Drainage and Ruby Springs area. As a result, this impact would be 
mitigated to a less than significant level. 

Erosion and Soil Loss (Standard of Significance 2) 

Impact 3.5.4 Earthmoving and other ground disturbance associated with the phased 
reclamation of the site could temporarily promote accelerated erosion and 
soil loss. This is a less than significant impact.  

The impact of the project on erosion and soil loss with respect to hydrologic conditions and 
water quality is discussed in Section 3.7, Hydrology and Water Quality. This impact focuses on the 
potential for accelerated erosion (such as sheet wash, rilling, rutting, and in more extreme cases, 
gullying, sloughing, or sliding of incised gully sidewalls) to undermine haul roads or cause 
damage to other structures. Accelerated erosion typically occurs on bare, unprotected slopes 
during the wet season, particularly in response to prolonged, intense storms.  

As discussed previously, the susceptibility of a surface to erosion depends largely on the soil 
condition present. Coarse overburden material is unlikely to undergo significant erosion because 
of its ability to freely and rapidly drain excess water. However, stockpiles of washed fines, fill 
slopes along haul roads, or unprotected soil cover could potentially be subject to accelerated 
erosion. Following successful reclamation of the project area, erosion and soil loss would be 
approximately similar to natural pre-mining conditions. However, the interim phases of 
reclamation could leave certain surfaces temporarily subject to accelerated erosion.  

As discussed in Chapter 2.0, Project Description, of this DEIR, temporary erosion control measures 
would be installed within the project site as described in the drainage report, the stormwater 
pollution prevention plan, and the revegetation plan. The drainage report concludes that the 
project would be designed consistent with State Water Resources Control Board requirements 
and the San Bernardino County  Development Code, and would meet SMARA’s reclamation 
standards for erosion and sediment control (14 CCR Section 3706). A monitoring program would 
be instituted to observe and classify the condition of surface soils in the project area, and 
remedial measures, such as reseeding, regrading, and installation of silt fences, would be 
implemented based on the severity and extent of erosional features observed. 

Drainage ditches, swales, and sedimentation basins that would serve to capture excess 
sediment would be inspected, cleared, and maintained as needed and would be sufficient to 
convey the 10- and 20-year precipitation events and safely release 100-year flows. Standard 
procedures and implementation of the measures described above would prevent or remediate 
accelerated and damaging erosion within the project area. With respect to excessive sediment 
load being carried by stormwater flows, numerous controls, as described in Section 3.7, 
Hydrology and Water Quality, would be designed and implemented in a manner that reduces 
the potential impact to less than significant. As such, the impact with respect to erosion and soil 
loss would be less than significant. 

Mitigation Measures  

None required. 
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