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EXECUTIVE SUMMARY

Vulcan Materials Company, Western Division (VMC) is proposing to amend the existing
conditional use permit and reclamation plan for the 270-acre Azusa Rock Quarry (hereinafter
referred to as the “Site”) (Figure 1). VMC’s current operations are focused on the mining and
ultimate reclamation of approximately 190 acres of the Site.
The existing conditional use permit and reclamation plan will be updated to the current standards
for implementation of the Surface Mining & Reclamation Act (SMARA). Reclamation plan
amendments will include the creation of a naturalized landform (microbenched, recontoured and
revegetated with native species) out of the west and east quarry faces, accelerating the time scale
for beginning reclamation activities, and inclusion of the currently un-mined 80 acres in the
western portion of the Site in the reclamation plan. Fish Creek will be restored to its pre-mining
biologic, hydrologic, and topographic condition. The total acreage of Site disturbance under the
proposed revisions to the Conditional Use Permit and Reclamation Plan is identical to the
currently permitted area (190 acres), but mining and reclamation will occur on the westernmost
80 acres of the Site in lieu of the easternmost 80 acres under the proposed revision. Mining is
still projected to continue until 2038, but the reclamation timeline will be accelerated to improve
the aesthetic appeal of the Site. For the full project description, please see RGP Planning &
Development Services’ Revised Conditional Use Permit and Reclamation Plan--Project
Description (September 2008).
This report analyzes the impact of the revised plan on geology and soil with respect to the
significance criteria from the California Environmental Quality Act (CEQA). Included in the
conditions discussed are soil erosion, liquefaction, earthquakes, seismic design, and waste water
disposal. Finally, a geotechnical analysis of the proposed revisions to the reclamation plan slopes
to assess slope stability has been conducted.
In the western quarry area and the southern portion of the eastern quarry area, analyses indicated
that the proposed final slope orientations would be stable under normal (static) conditions. The
majority of geologic discontinuities measured at the Site were found to have physical
characteristics and orientations favorable for maintaining stable slopes. For the northern portion
of the eastern quarry, a more conservative slope angle than that in the currently permitted
reclamation plan was chosen. Using this slope angle, analyses of the northern slope of the east
quarry also indicate that the final reclaimed slopes will be stable under static conditions. To
ensure that this robust factor of safety is maintained, the material chosen to construct the buttress
2
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fill at the toe of the eastern slope should be tested to confirm that characteristics of the fill
material will equal or exceed those stipulated in this report.
Under seismic shaking from a large (magnitude of 7 or more) nearby earthquake, the proposed
final reclaimed slopes would be subject to failure potentials similar to the steep natural slopes in
the surrounding area of the San Gabriel Mountains (Figure 13). The proposed overall reclaimed
slopes at the Site will range from approximately 33º to 40º. Many of the natural slopes in the
surrounding area are as steep or steeper than the proposed reclaimed slopes (Figure 26);
however, engineering the final slope using naturalized contouring to avoid, when possible,
daylighting discontinuities may increase the stability of the reclaimed slopes relative to the
surrounding natural slopes.
No mitigation measures can reduce the chance of a large earthquake. The slope stability of the
final proposed reclaimed slopes is considered to be similar to that of the surrounding natural
slopes during an earthquake. Similarly, the floor of Fish Canyon is classified as susceptible to
liquefaction during a seismic event (Figure 13). Neither current Site operations nor the
configuration of the final proposed reclamation plan increases the potential for liquefaction on
the Site. However, the Site will be left as open space at the completion of mining, and no
manmade structures will be left on Site. Therefore, the potential for earthquake-induced
landslides or liquefaction does not pose a substantial adverse effect to people or structures under
the California Environmental Quality Act. For the same reason, there will be no need to dispose
of waste water after the reclamation is complete. Finally, the Site slopes will be microbenched
and revegetated, which will both encourage the creation of topsoil and impede the loss of newly
created topsoil to erosion when Site reclamation is complete.
With regard to CEQA significance criteria and stipulations of SMARA and Associated
Regulations, the currently available data indicate that slope stability, soil erosion, liquefaction,
and waste water disposal for the revised reclamation plan are suitable to the proposed end use of
the Site as open space and will not result in a significant adverse impact to open space.
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1.0 INTRODUCTION

Vulcan Materials Company, Western Division (VMC) is proposing to amend the existing
conditional use permit and reclamation plan for the 270-acre Azusa Rock Quarry (hereinafter
referred to as the “Site”) (Figure 1). Currently, VMC is permitted to mine and reclaim
approximately 190 acres of the Site, and mining operations are currently permitted to continue
until 2038.
The following background information provides a brief project description. For the full project
description, please see RGP Planning & Development Services’ Revised Conditional Use Permit
and Reclamation Plan--Project Description (September 2008). In summary, the revision
proposes to concurrently conduct mining and reclamation activities on currently active and future
excavation areas. Additionally, the proposed amendment to the reclamation plan would use stateof-the-art reclamation techniques, using microbenching, contouring, and revegetation with native
ground cover to match reclaimed slopes to the natural setting. Under the proposed revisions,
mining of the eastern portion of the Site will cease. Preservation of un-mined areas and
reclamation of the already-mined area on the eastern side of the Site will commence immediately
to improve the aesthetic appeal of the Site. The total acreage of Site disturbance under the
proposed revisions to the conditional use permit and reclamation plan is identical to the currently
permitted area (190 acres), but mining and reclamation will shift to the westernmost 80 acres of
the Site. Mining is still projected to continue until 2038.
The existing plan will be updated to the current standards for implementation of the Surface
Mining & Reclamation Act (SMARA). Reclamation plan amendments will include the creation
of a naturalized landform (recontoured and revegetated with native species) out of the west and
east quarry faces, accelerating the time scale for beginning reclamation activities at the east
quarry face, and inclusion of the currently un-mined 80 acres in the western portion of the Site in
the reclamation plan. All reaches of Fish Creek will be restored to its pre-mining biologic,
hydrologic, and topographic condition.
1.1

Baseline Geologic Conditions vs. Revised Conditional Use Permit and Reclamation
Plan

This report describes baseline geologic conditions in the area of the Site, including regional
geomorphology, local rock units, and seismic hazard. This report then discusses potential slope
failure hazards for the Site under the proposed reclamation plan amendments. Included in the
4
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conditions discussed are soil erosion, liquefaction, earthquakes, seismic design, waste water
disposal, and, of course, slope stability.
The revised plan with variable contouring includes only 190 acres of the Site, as mining
operations on the easternmost 80 acres would cease (Figure 3). The revised plan is depicted on
VMC Drawing Number 505-011-001-RCL-R002 Revision B, and is based on topography as of
May 17, 2007. The new plan will consist of a state-of-the-art reclamation program to reshape,
revegetate, and naturalize the appearance of the benches and terraces of the east and west quarry
faces. Mining will still occur on the west side by creating a series of operating benches.
However, during reclamation, which will take place concurrently with mining operations at
lower elevations, the benches will be converted to microbenches of approximately 12 inches to
24 inches and contours will be modified to reduce regularity. On the east side, material will be
excavated from the upper portion of the quarry face and placed at the foot to decrease overall
degree of slope and increase stability; both the quarry face and the fill at its foot will then be
microbenched and contoured as described above. The final naturalized slopes and peripheral
ridge lines will be revegetated with chaparral to match the native vegetation on adjacent hillsides
(See RGP, 2008).
1.2

CEQA Significance Criteria

This report presents an analysis of the potential impact, pursuant to the California Environmental
Quality Act (CEQA), of the proposed revisions to the reclamation plan. Where applicable,
strategies are proposed to mitigate Site impacts. The proposed revised conditional use permit and
reclamation plan would result in a significant adverse impact under the CEQA with regard to
geology, seismicity and soils if it:
•

•
•

•

Exposes people or structures to potential substantial adverse effects, including risk of
loss, injury, or death involving: 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 based on other substantial evidence of a known fault, strong seismic ground
shaking, and seismic-related ground failure, including liquefaction and landslides;
Results in substantial soil erosion or the loss of topsoil;
Would be located on a geologic unit or soil that is unstable, or would become unstable as
a result of the project, and potentially result in on- or offsite landslide, lateral spreading,
subsidence, liquefaction, or collapse;
Would be located on expansive soil, as defined in Table 18-1-B of the Uniform Building
Code (1994), creating substantial risks to life or property; or,
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•

Would have soils incapable of adequately supporting the use of septic tanks or alternative
waste water disposal systems where sewers are not available for the disposal of waste
water.

Of the above listed significance criteria from Appendix G of the State Guidelines for
Implementation of the California Environmental Quality Act (Title 14, Chapter 3 of California
Code of Regulations), the potential for slope instability is considered most applicable to local
conditions at the Site. This report includes a detailed discussion of all potential impacts in
Section 5, and an in depth geotechnical evaluation of slope stability of the proposed final slopes
is presented at the end of that section.
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2.0 BACKGROUND

The following background information provides a brief overview of project location, Site
history, and permits. For the full project background and description, please see RGP Planning &
Development Services’ Quarry Expansion and Reclamation Plan Amendment-Project
Description (September 2008).
2.1

Project Location

The Site is located in the foothills of the San Gabriel Mountains, in the City of Azusa, Los
Angeles County (Figure 1). The physical address is 3901 Fish Canyon Road, Duarte, California.
Despite this address, the Site is entirely located within the City of Azusa. The Site is adjacent to
and northwest of the San Gabriel River and south of and adjacent to the Angeles National Forest.
The major natural drainage feature in the quarry site is Fish Creek (Fish Canyon), which passes
north-south through the center of the 270-acre site. The Site is located along the Sierra Madre
fault zone.
The Azusa Rock Quarry is a hard-rock quarry that supplies stone to the Reliance Processing
Plant. The Reliance Processing Plant produces stone for construction grade aggregate, concrete
aggregates, asphaltic concrete aggregate, ballast, and road base for use in construction projects.
Public street access to the property from the 210 Freeway is provided via Irwindale Avenue,
Foothill Boulevard, and Encanto Parkway. An overland conveyor transfers material from the Site
to the Reliance Processing Plant.
In 1995, the overland conveyor system was completed pursuant to City and federal permits
(USACOE License DACW09-3-92-09, 1992 and renewed 2003) to transport aggregate mined
from the site approximately 2.5 miles south to the Reliance Processing Plant in Irwindale. Use of
this off-site processing facility eliminates truck traffic related to on-site product sales and
eliminates any potential environmental impacts of processing finished products on-site.
Operation of the conveyor belt replaces the need for material to be trucked by highway or
overland to the Reliance Processing Plant, thereby eliminating truck traffic for this project on
Encanto Parkway. Material mined at the Site is minimally screened and crushed for proper sizing
for transport by the conveyor system to the Reliance Processing Plant.
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2.2

Site History

Quarry operations at this Site began in the 1920s. The Site operated as a quarry during the first
half of the 20th century and then increased production levels in the early 1960s.
In the early 1990s, CalMat Co. and Owl Rock Products, who both operated on the east side of
the San Gabriel River, jointly acquired the Site to supply their respective processing plants along
the river. In 1995 CalMat Co. purchased Owl Rock Products’ interest in Azusa Rock, thus
becoming the sole owner. Vulcan Materials Company purchased CalMat Co. in 1999, at which
time CalMat Co. became known as Vulcan Materials Company, Western Division (VMC).
The Site is currently owned and operated by Azusa Rock, Inc. (Azusa Rock), a wholly-owned
subsidiary of VMC. The California Department of Conservation has assigned State Mine I.D. No
91-19-0035 to the Site.
2.2.1 History of Slope Stability
Past mining practices used on this Site focused on undercutting the toe of a slope to induce slope
failure. When a failure occurred due to this oversteepening, the slope debris would be collected
and processed as a mined material. Such practices have not been in use since the current owner
acquired the Site. This historic mining practice left the eastern quarry face at a precariously steep
angle. This is why, as recently as 1997, weathered and sheared rock from the top of the eastern
slope has failed (CNI, 2001). Natural erosion in the intervening years may have exacerbated the
oversteepened slope left by past mining operations, further undercutting the upper slope.
Together, this oversteepened slope, the decomposed nature of the rock unit, and potentially
increased pore-water pressure due to water saturation from the near record level rainfall during
winter of 1997-1998 may have contributed to its failure. Most of the debris has since been
removed by erosion, leaving an east quarry wall with a slope angle of 45 degrees in the lower
part and about 60 degrees on the upper part over a total of approximately 700 vertical feet
(Figure 6). The type of mining practice that was used by VMC’s predecessor that induced this
slope failure is no longer used at this Site, nor are there plans that it shall ever be used in the
future.
2.3

Permits

2.3.1 City of Azusa
The Azusa City Council approved a special use permit (now termed “conditional use permit,” or
CUP) for the Site in 1956 (Resolution No. 3546), following the annexation of the Site and
surrounding lands to the City of Azusa. This resolution (Azusa Rock CUP) vested the mining
rights for the entire 270-acre Azusa Rock property. Pursuant to SMARA, a Reclamation Plan for
8
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the Site was submitted to the City of Azusa for review and was approved in February 1988
(Planning Commission Resolution No. 2540). Prior to that time, the existing permits assured the
right to mine but not the responsibility to assure reclamation. SMARA required all operations
with vested rights existing as of 1976 to submit a reclamation plan to the lead agency for
approval prior to March 31, 1988.
Also in 1988, the City of Azusa established a term for the permit and operation of the Site
(Resolution No. 8553). Thus, with continued substantial compliance with the conditions of
approval, the operations can continue as currently designed and permitted until 2038. The
Revised Conditional Use Permit and Reclamation Plan will not affect the existing 2038 end-date
for active mining.
This 1988 Reclamation Plan, which governs Site operations today, encompassed the entire 270
acres, but an 80-acre area on the western side of the Azusa Rock Site was intentionally not
included in the performance standards. Instead, this 80-acre area was designated for future
mining operations, with the application of reclamation standards to be subsequently developed.
Market conditions at that time generated only enough demand for aggregate material to justify
mining operation on approximately 190 acres on the eastern portion of the Site. However, market
demand has increased substantially while supply in the San Gabriel Valley
Production/Consumption Area has steadily dwindled. As a result, VMC has determined that it is
necessary to use the remaining mining reserves owned by VMC.
2.3.2 Industrial General NPDES Permit
Azusa Rock operates under the National Pollutant Discharge Elimination System (NPDES)
general permit for discharges of storm water associated with industrial activities (Industrial
Storm Water General Permit Order 97-03-DWQ). The Notice of Intent (NOI) was processed on
March 31, 1992. The standard industrial classification (SIC) code for Azusa Rock is 1442
(construction sand and gravel) and the waste discharge identification number is 4 19S002248. A
Storm Water Pollution Prevention Plan (SWPPP) was developed for the Site and was most
recently updated in February 2005. The SWPPP describes and dictates management practices to
prevent contaminants from entering storm water discharge and prevent unauthorized non-storm
water discharges. Accordingly, storm water discharges to any surface or groundwater shall not
cause or contribute to exceeding any applicable water quality objectives or standards contained
in a Statewide Water Quality Control Plan, the California Toxics Rule, or the applicable
Regional Water Quality Control Board’s (RWQCB) basin plan.
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3.0 METHODS

This investigation comprised compilation of all existing geologic and geotechnical data and a
field mapping task to evaluate the stability of the final cut slopes as shown on Figure 3. The
methods and rationale are introduced in this section.
3.1

Literature Review

The rock within the quarry was characterized by geological field mapping conducted as part of
this evaluation and synthesizing previous evaluations as described in existing data and reports.
The existing data and reports comprised geologic mapping, laboratory testing, and seismic
refraction geophysics. The reports used to help evaluate the geologic and geotechnical conditions
within the quarry are referenced throughout the report as appropriate and are listed in the
Reference section at the end of the text. The existing topographic map (Figure 2) and the map of
mine phasing and reclamation planning (Figure 3) were obtained from VMC. The Regional
Geological Map (Figure 4) is the published map by Dibblee (1998).
3.2

Aerial Photographs

Aerial photographs were analyzed to evaluate the nature of slopes and geologic structures. The
photographs analyzed were of several vintages from 1928 up to the present. The 1928
photographs are about the first aerial photographs ever flown systematically with overlapping
images that allow stereographic (3-Dimensional) viewing. The most recent photos were from the
past few years and these show the extent of recent mining. The following is a list of the verticalview, stereographic, aerial photographs reviewed for this investigation.
1928 Flight C-300, Frames L-117,118, 87, 88
1953 U.S. Department of Agriculture, Line AXJ-9K, Frames 20, 21
1965 Los Angeles County Flood Control District, Flight 1933-01, Frames 184, 185
1973 U-2, Flight 73-036, Frame 164, 165
2003 Vulcan, Azusa mine
2008 Google
In addition to the vertical stereo photographs, we acquired oblique-angle stereographic
photographs during a helicopter flight on 15 May 2008 using high-resolution, medium-format
(6x7 cm) equipment. These were useful for analysis of discontinuity patterns within the recently
mined (past few years) slopes.
10
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3.3

Field Geologic Mapping

Geological mapping conducted as part of this investigation consisted primarily of measuring the
orientation of planar geologic discontinuities and the characterization of rock mass.
Discontinuities are any geological structure that might form a weakness or abrupt change in the
rock mass. Discontinuities within the Azusa quarry consist primarily of joints, faults, dikes, and
lithologic contacts; some metamorphic fabrics are also considered discontinuities. The primary
purpose of the discontinuity mapping was to collect data for analyzing the stability of the final
cut slopes proposed in the final reclamation plan.
In addition to collecting orientation data (dip, dip direction), the following parameters were also
examined in the field to assess geologic discontinuities:
1) length (persistence, continuity)
2) spacing
3) surface roughness
4) surface shape/configuration (planarity, undulations, waviness)
5) surface condition of discontinuity (e.g. degree of alteration)
6) aperture width (opening)
8) aperture filling material
9) nature of filling
10) strength of fill
11) moisture
Exhibit A contains tables defining characterization parameters and quantifying the various
classification dimensions that were used in this investigation. In addition to data on
discontinuities, the rocks were characterized as to hardness, weathering, intact strength, rock
quality (RQD, see Appendix A), mineral composition, and water/moisture.
The discontinuity data were collected using statistical mapping approaches. Statistical
approaches are necessary due to the large area of the quarry and to poor accessibility throughout
much of the Site due to steep slopes, thick weathering profiles, and dense chaparral vegetation.
The data were collected using a scan-line method. This method employs establishing an
approximately horizontal line and measuring every discontinuity that crosses the line(s). Several
scan lines were mapped in both the east and the west quarry. The key to success with such an
analysis is to choose areas that are typical and representative of the area as a whole. This is
where the oblique aerial photos taken during the helicopter flight were useful because they
provided a better view of fracture patterns in the recently mined slopes than the other types of
photographs.
11
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The rocks were classified according to standard rock mass rating systems such as the CSIR or
RMR (Beniawski, 1976), GSI (Hoek and Brown, 1997), and the Q system (Barton et al, 1974).
Classes of rock quality within these systems are: 1) very poor, 2) poor, 3) fair, 4) good, and 5)
very good. These characterizations were combined with other data and the rocks were
categorized into general categories of Type 1A, 1B, 2, and 3. These are discussed in more detail
in the Slope Stability Results section of this report and are estimated on the geological cross
sections. Note however, that the terms and characterizations used in this report are for
geotechnical aspects and may not be applicable or equivalent to terms used for rock and
aggregate mining.
3.4

Stereonet Analyses

Orientation data collected during the field-mapping task were analyzed using stereonets and the
RockPack III® program for kinematic rock-slope stability analyses. The joint orientations are
plotted on the stereograms as dip vectors and poles. The stereograms are then analyzed for
clusters of points that indicate joint trends. Clusters of points indicate dominant joint sets. These
joint sets were then analyzed with respect to the proposed final slope orientations to evaluate
which slopes are likely to have instabilities. Methods and procedures for stereonet analysis are
summarized in Hoek and Bray (1974).
The RockPack program allows the geologic discontinuity data to be analyzed according to
Markland’s test. This test plots the friction angle (Φ = phi) relative to the slope orientations to
indicate which joints fall within a potential critical zone that would make them susceptible to
slope failure (landsliding, block sliding, toppling) if other factors are unfavorable for stable
slopes. In addition to block sliding, the RockPack program analyzes for rock toppling. Toppling
may occur where discontinuities are very steep such that blocks of rock may rotate outward
down the slope face or “topple.”
Plotting the orientations as dip vectors is generally most advantageous for slope stability
analysis, but in some cases the dip vector plots are difficult to interpret. This is the case for
Azusa Quarry where the majority of planar discontinuities are steeply dipping features resulting
in crowding of data into the central part of the stereogram. The crowding in the middle of the
stereogram results in points plotting on top of each other potentially obscuring some of the data.
Another method for plotting points is to use the pole method where planes are represented by a
unique single pole that is normal to the plane. Converting the dip vector points to pole plots
clearly indicated that planar discontinuities at the Site are widely spread without any significant
clustering indicating that the discontinuities are essentially random. This is discussed further
below under the Slope Stability Results section.
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4.0 PHYSICAL AND GEOLOGIC SETTING

This Section describes the physical and geologic setting of the Site.
4.1

Topography

The following description of regional and local topography was obtained from existing maps of
the area.
The Site is on the southern margin of the San Gabriel Mountains, a major east-west trending
range within the California Transverse Ranges physiographic province. The San Gabriel
Mountains are a high, rugged range that rises abruptly from the floor of the San Gabriel Valley to
reach a crest of around 5,000 feet above mean sea level (amsl) north of the Site. Peaks up to
10,000 feet amsl are located farther north, in the central portion of the range cross section. Mount
San Antonio (“Old Baldy”), located northeast of the Site, is the highest peak in the San Gabriel
Mountains at 10,064 feet amsl.
The San Gabriel Valley is a gently sloping valley ranging from an elevation of about 650 to 800
feet amsl along the northern margin near the Site down to about 200 to 300 feet amsl at the
southern margin. The major drainage of the region is the San Gabriel River which exits the San
Gabriel Mountains just east of the Site. Fish Creek, which flows through the central part of the
Site, is a tributary to the San Gabriel River. The San Gabriel River flows southerly across the
Valley floor, along with the Rio Hondo, and both flow into the Los Angeles Basin through
Whittier Narrows. The natural drainage system of the San Gabriel Mountains and San Gabriel
Valley has been significantly altered by dams, channelization, urban development, and by
spreading ponds.
The physiography of the quarry area is very rugged with natural slopes commonly in the 45 to 50
degree range and locally steeper areas (Figures 2 and 5). Some of these slopes have been
steepened in places by mining activity which has created both temporary and semi permanent
benches up to 40 feet high and near-vertical slopes. Fish Creek effectively divides Azusa Quarry
into eastern and western slopes. The lowest elevations within the Site are along Fish Creek,
which runs from 900 feet amsl near the north property line to 730 feet amsl near the south
property line (Figure 2). The highest elevations found in the Site are found in the western
portion, with upper elevations ranging from approximately 1,500 to 2,000 feet amsl; the highest
elevation at the Site, 2,070 feet amsl, is in the northwest corner of the property. The highest
elevation in the eastern portion of the Site is 1,790 feet amsl, found along a ridgeline at the
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northern property line and culminating at the crest just above the final extent of mining and
reclamation on the eastern portion of the Site under the revised Reclamation Plan (Figure 3).
4.2

Local Geologic Units

The Site consists primarily of two basic rock types: igneous (qd) and metamorphic (gn) (Figures
4, 6, 7, 8, 9, 10, and 11). The contact between these two formations is very irregular and varies
considerably between closely spaced borings. These rocks are covered locally by thin deposits of
sediments consisting of modern stream alluvium (Qg), older Quaternary-age fan and terrace
deposits (Qog), and by colluvium (slopewash/residual soil).
4.2.1 Igneous Rocks
Igneous rock predominates the Site subsurface geology. Most of the western portion of the Site
comprises igneous rock, and the exposed metamorphic rock in the eastern portion of the quarry is
underlain by igneous rock (Figures 4, 6, 7, 8, 9, 10 and 11). The igneous rock is early Cretaceous
(~122 Ma, or million years old), and representative of an intrusive event whereby magma moved
through the preexisting surrounding basement rock, contributing to the metamorphism in the
other major rock unit at the Site (see below).
The igneous unit is generally of intermediate composition consisting largely of quartz diorite,
though local mineralogic variations resulting in rocks of granodiorite, quartz monzonite, and
granite composition are common (Crandall and Associates, 1989; VMC 1989, 2000a, 2000b).
The geotechnical properties are generally unaffected by these minor mineralogic variations.
Many of the igneous rocks exhibit weak to moderate metamorphic textures (foliation), generally
characterized by alignment of dark minerals.
4.2.2 Metamorphic Rocks
Precambrian metamorphic rocks (>540 Ma) are the oldest rocks at the Site. These ancient
basement rocks were metamorphosed into gneiss, a banded or layered rock composed primarily
of quartz, feldspar, and ferromagnesium minerals. Mineralogically, the composition of the gneiss
found at the Site is similar to the igneous diorite found at the Site. Generally, the metamorphic
rocks are highly fractured, sheared, and weathered with abundant mineral alteration and
decomposition. At shallow depth within the weathered zone, these rocks can typically be
disaggregated by hand pressure or by soft blows from a hammer. In the east quarry, the upper
approximately 100 to 300 feet are highly weathered and substantial weathering extends to an
approximate depth of 400 feet (VMC, 2000b).
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4.2.3 Dikes
Dikes are common throughout the site in both igneous and metamorphic rocks. The most
obvious dikes are basalt and andesite (map symbol bi on Figure 4), but dikes of coarse-grained
granitic/dioritic rock (pegmatite) and fine-grained, white, granitic (aplite) dikes are also observed
(VMC 1989, 2000a, 2000b; Crandall and Associates, 1989). The dikes are commonly steeply
dipping (>50 degrees) and oriented in an approximate east-west direction but there are many
exceptions. The dike rocks are generally the hardest and least weathered rocks, but are also
commonly associated with faulting.
4.2.4 Sediment and Soil
Sediments occur locally throughout the site (Figure 4). The principal deposits are the active
stream-channel deposits along the floor of Fish Canyon. These materials are primarily loose,
uncemented sand and gravel. They have been substantially disturbed and modified by stream
reclamation and mining activities.
Older sediments are scattered across the ridges and hill tops (Figure 4). These are remnants of
uplifted alluvial fan and stream terrace deposits and are primarily comprised of silt, sand, and
gravel.
Colluvium and residual soils are scattered across local hills and slopes. These materials are silts,
sands, and gravels resulting from in-place weathering and decomposition of the underlying rock.
The thickness of the residual soil is highly variable and ranges from a few inches to as much as
10 feet. Where these deposits occupy steep slopes they may be subject to slow downslope creep
from gravitational forces and from local erosion during rainfall events.
4.3

Local Groundwater

The Site lies within the San Gabriel Groundwater Basin and San Gabriel River Watershed and is
located in the San Gabriel Valley hydrologic area within the Los Angeles-San Gabriel
hydrologic unit (Los Angeles Regional Water Quality Control Board, 1994). The groundwater
basin is replenished by stream runoff from the San Gabriel Mountains, subsurface inflow from
the adjacent basins, rainfall onto the valley floor, and percolation from urban water usage (City
of Azusa, 2003). The Los Angeles County Department of Public Works (LACDPW) artificially
recharges the underlying groundwater supply aquifers via surface spreading ponds using local
runoff, recycled water, imported water, and water impounded by upstream dams during storms
(City of Azusa, 2003). One LACDPW spreading ground is located about three-quarters of a mile
southeast of the Site.
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There are no onsite groundwater monitoring wells; therefore, groundwater levels presented here
are estimated based on data from adjacent areas. Groundwater levels vary naturally in response
to seasonal rainfall patterns. The levels can be affected in complex ways by local and regional
pumping, storage levels in upstream reservoirs, volume and timing of artificial recharge, bedrock
fracture patterns, and year-to-year climatic variations. The elevation of the San Gabriel River
along the southeast border of the Site is approximately 700 amsl. Assuming groundwater
equilibrium and continuous flow in the San Gabriel River, the groundwater elevation underlying
the Site is therefore greater than 700 feet amsl. The aquifer material below the Site is hard rock
and groundwater is likely present in the open fractures of the rock. Additionally, a natural seep
located at the base of the western quarry face at an approximate elevation of 800 feet amsl flows
intermittently depending on the extent of seasonal mountain front recharge. Using these two data
points, the surface of the groundwater table at the seep is constrained between elevations of
approximately 700 and 800 feet amsl during dry months and at 800 feet amsl or above during
months in which the seep is flowing. It is expected that the elevation of the groundwater table
surface follows the natural topography to some extent, which is to say that the groundwater
surface under the Site probably slopes upwards to both the east and the west from Fish Creek at
the point of the seep. The elevation of Fish Creek within the boundary of the Site ranges from
between 730 and 900 feet amsl (Figure 2), but Fish Creek does cease to run during dry years.
Approximately 1½ miles south of the Site, just south of Foothill Boulevard, groundwater depth
ranges from about 260 to 290 feet below ground surface (bgs), or from approximately 310 to 340
feet amsl. State well number 01S10W7R002S is located about five miles southwest of the Site.
Since 1993, the depth to groundwater surface has ranged from approximately 120 feet to 155 feet
bgs (California DWR), or approximately 270 to 235 feet amsl. From these data, it can be inferred
that the regional groundwater surface slopes southwest and south at an angle that is less than the
topographic surface (City of Azusa, 2003).
In the summer of 1989 and again in the winter of 1999 several deep boreholes were logged to
assess the subsurface geological conditions at the Site (VMC 1989, VMC 2000a, VMC 2000b).
Drilling was conducted with the aid of water and synthetic drilling mud, so no information on
Site groundwater levels can be obtained from these drilling logs.
4.4

Local and Regional Geologic Structure

The long history of repeated folding, faulting, and uplift of the San Gabriel Mountains has
resulted in highly weathered and highly to moderately fractured rock that is susceptible to
crumbling, rock falls and slides, toppling, and landslides. The fractures comprise both faults and
joints. This study included limited fieldwork to characterize discontinuities on the Site. The
fractures are largely randomly oriented in all azimuths and dip angles but dips are generally steep
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(50-90o). Some local exposures exhibit discontinuities with subparallel orientations, but these
features are of limited extent and appear to be discontinuous, short, and cut off by other joints or
faults.
Many of the fractures show small displacements and, therefore, are small faults. However, most
of these are minor local features associated with the break-up of the rocks during a long history
of uplift within the San Gabriel Mountain mass. Most of these faults extend for short distances
where they are offset by another fault, which is offset by another fault and so on. The recently
mined slopes at the Site reveal numerous faults with continuity of hundreds of feet, but none of
these can be seen to be directly related to active seismogenic faults. There do not appear to be
any major through-going faults exposed within the Site. No active faults or earthquake fault
zones (Alquist-Priolo Zones) have been identified at the site by the California Geological
Survey.
The geological mapping by Crandall and Associates (1989) and a previous slope-stability
analysis by Call and Nicolas (CNI, 2001) indicated a wide zone of northwest-southeast trending
faults in the northern part of the east quarry and characterized this zone as a shear zone. A shear
zone is not shown on any regional geological map (for example, Dibblee, 1999), but this
orientation is similar to the regional northwesterly metamorphic fabric.
The major potentially active faults in the Site region are shown on Figure 13. Table 1 below lists
the estimated earthquake potential for these faults. Other faults in the region were analyzed but
were found either to be too far from the site to generate large ground motions or are not capable
of generating larger earthquakes than the listed faults.
TABLE 1
FAULT PARAMETERS
FAULT NAME

MAXIMUM
EARTHQUAKE (1)

DISTANCE
FROM SITE
miles
(km)

FAULT
TYPE(2)

Sierra Madre

7.0

0.3 mi

(0.5 km)

RE

Duarte

6.5

1.6 mi

(2.6 km)

RE

Clamshell-Sawpit

6.5

2.8 mi

(4.5 km)

RE

San Gabriel

7.0

6 mi

(10 km)

ST

Raymond

6.5

8 mi

(13 km)

RO

Puente Hills

7.0

16 mi

(23 km)

RE
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Notes: 1) Moment magnitude scale.
2) NL =Normal, NO=Normal-Oblique, RE=Reverse or Thrust, RO=Reverse-Oblique; ST=Strike Slip

The major fault with respect to the Site is probably the Sierra Madre fault, which is a northerly
dipping reverse (or thrust) fault that is part of a major fault system, bounding the southern
margin of the Transverse Ranges from the Channel Island region in the west to the San
Bernardino Region in the east. The Sierra Madre fault is a complex system comprising several
subparallel branches. It extends from the San Fernando Valley region (Sylmar area) to
approximately 1,500 feet south of the Site area and merges with the Cucamonga fault to the east,
which extends to the San Jacinto/San Andreas fault system near San Bernardino. The central part
of the Sierra Madre fault along the north side of the San Gabriel Valley has not ruptured the
surface in historical times, but the westerly part of the fault was the source of the 1971 San
Fernando earthquake. Although the fault is not identified as an active fault or an Earthquake
Fault Zone (Alquist-Priolo Zone) by the California Geological Survey, there is ample
geomorphic and stratigraphic evidence that the feature should be considered a seismic source
capable of large surface ruptures and about a 7.5 magnitude earthquake (Rubin et al, 1998).
Another fault, the Duarte fault, about 1.6 miles south of the site appears to merge with the Sierra
Madre fault and may be a local branch. This fault also appears to be a northerly dipping reverse
fault. Together, these faults appear to be the major crustal break along which the San Gabriel
Mountains were uplifted and thrust over the sedimentary basin fill of the San Gabriel Valley
(Dibblee, 1998).
The Clamshell-Sawpit fault, which is about 2.8 miles north of the Site, may also be a branch of
the Sierra Madre fault. As discussed below, the Clamshell-Sawpit fault appears to have been
seismically active in 1991 (Hauksson, 1994).
4.5

Earthquake History

The Site is located in seismically active southern California. The present-day stress field in the
San Gabriel region, like most of southern California, is one of north-northeasterly compression.
This is indicated by the geologic structures, by earthquake focal-mechanism solutions, and by
geodetic measurements. Earthquakes in the region occur primarily as loose clusters along the
Newport-Inglewood Structural Zone, along the southern margin of the Santa Monica Mountains,
the southern margin of the Santa Susana and San Gabriel Mountains, and in the Coyote HillsPuente Hills area. There is no clustering or alignment of earthquakes in proximity to the Site, and
there has not been any substantial historical seismicity in the immediate Site area (Figure 14).
Although most of the earthquakes in the southern California region occur in proximity to known
faults, generally they cannot be associated with certainty to any specific surface fault unless they
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are accompanied by a robust aftershock sequence or visible rupture of the ground surface. Part of
this difficulty is due to the fact that the basin is underlain by several subsurface thrust faults
(blind faults). Approximately 40 percent of the seismic moment release within southern
California cannot be directly correlated to known surface faults (Ward, 1994).
One of the largest recent historical earthquakes within the Site region was the 1987 Whittier
earthquake of magnitude (ML) 5.9 (moment magnitude MW=5.9), which occurred at a depth of
about 15 km (9 miles) below the San Gabriel Basin (Figure 14). The event did not rupture the
surface but is generally believed to have been associated with a buried thrust fault dipping under
the San Gabriel Valley from the southwest side of the Puente/Repetto Hills (Davis and Namson,
1989; Shaw and Shearer, 1999; Shaw et al, 2002).
Other significant earthquakes in the Los Angeles region include the 1933 Long Beach, 1971 San
Fernando, and the 1994 Northridge events (Figure 14). The 1933 event (M=6.4) occurred in the
Los Angeles Basin on the Newport-Inglewood fault near the border between Huntington Beach
and Newport Beach (Hauksson and Gross 1991). The 1971 San Fernando (ML=6.4, MW=6.7)
earthquake occurred along the northern margin of the San Fernando Valley and produced a
surface rupture which coincided partly with a zone of mapped surface faults within the western
Sierra Madre fault system. The more recent 1994 Northridge (ML=6.4, MW=6.7) earthquake was
not associated with surface rupturing and occurred at a depth of about 19 km (12 miles) on a
south-dipping reverse fault below the San Fernando Valley.
Other small but significant earthquakes in the region include the 1988 Pasadena earthquake of
ML=4.9, the 1988 and 1990 Upland events (ML=4.6 and 5.2, respectively), and the 1991 Sierra
Madre (ML=5.8) event. The Pasadena event occurred at a depth of about 16 km (10 miles) and
had no surface rupture. The earthquake focal mechanism indicates left-lateral displacement. It
has been postulated (Jones et al, 1990) that the Pasadena event was associated with the Raymond
fault, one of the faults within the southern bounding fault system of the Transverse Ranges, even
though the surficial characteristics of the fault suggest it is a reverse fault. The Upland 1988 and
1990 events occurred at depths of about 10 and 5 km (6 and 3 miles), respectively, with focal
mechanisms indicating left-lateral strike slip. There was no surface rupture with these events, but
the aftershock distribution suggests they were associated with the San Jose fault, a southwesterly
trending branch of the southern range-bounding fault system (Hauksson and Jones, 1991). The
1991 Sierra Madre event occurred at a depth of 12 km (7.5 miles) under the San Gabriel
Mountains with a thrust-fault focal mechanism. No surface rupture occurred, but the aftershock
distribution suggests that the event may have been associated with the Clamshell-Sawpit fault, a
branch of the Sierra Madre fault zone (Hauksson, 1994).
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Another significant earthquake in the region was the 1812 earthquake which caused damage at
the San Juan Capistrano Mission. The location and magnitude of the 1812 earthquake are
unknown but geological studies (Jacoby et al, 1988; Fumal et al, 1993; Weldon et al., 2004)
postulated that it did not occur in the Capistrano area, but rather was a large (M> 7.0) distant
event on the San Andreas Fault in the Wrightwood area of the San Gabriel Mountains.
The earliest documented earthquake in the region was reported by the Portola expedition as they
camped near the Santa Ana River in 1769. This event has been attributed by various geoscientists
to nearly every fault in the Los Angeles area but it could very well have been a distant event that
shook a wide area as did the 1971 San Fernando, the 1987 Whittier, and the 1994 Northridge
events, as well as many other more-distant events (for example, the 1992 Landers event).
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5.0 ANALYSIS OF SIGNIFICANCE DETERMINATION

This section presents the findings and analysis of this report and a significance determination for
each criterion set forth in the CEQA guidelines for determining project impacts regarding
geology, seismicity and soils.
5.1

Soil Erosion

The Site is primarily composed of rock with steep topography and thin soil. The present nearsurface rocks are frequently highly weathered, but at the depths of final excavation they will
predominately be hard and unweathered. These types of materials are generally not susceptible to
erosion; therefore, erosion may decrease as a result of this project. The amended reclamation
plan proposes to create slopes similar to or at shallower slope gradients than the overall grades of
the adjacent natural slopes, but the reclaimed slopes will be carved into microbenches of
approximately 18 to 24 inches height and width.
Unvegetated slopes may be a source of erosion that could cause adverse effects. To mitigate the
potentially adverse effects of erosion, the revised conditional use permit and reclamation plan
includes proposed hydroseeding of the microbenched hillsides with a mix of native species. If
revegetation is adequate, the vegetation will decrease potential for erosion relative to bare
surfaces. Additionally, the locally flat surfaces created by this technique will act to decrease
erosion as a soil layer is developed by the introduced vegetation. The revised conditional use and
reclamation plan is not expected to result in substantial erosion or loss of topsoil.
5.2

Liquefaction

Figure 13 presents the seismic hazard zone map for the Azusa quadrangle by the California
Geological Survey (California Department of Conservation, 1999) with the traces of the major
regional faults added. Figure 13 identifies the low-lying area within the flood plain of the San
Gabriel River, south of the site, as susceptible to liquefaction during an earthquake. This map
also identifies Fish Canyon as susceptible to liquefaction. These designations appear to be based
on the assumption that these sediments are loose sands or silts and saturated with water.
Although the materials in Fish Canyon are loose locally, they are primarily coarse-grained sand
and gravel with local lenses of finer grained sands. Coarse materials such as those at the Site are
not highly susceptible to liquefaction, though liquefaction could potentially occur locally in the
finer grained lenses. In any case, the area of potential liquefaction is very small and no
permanent man-made facilities are planned in these areas. Liquefaction in an open space is
unlikely to damage man-made structures.
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5.3

Fault Risk

There are no known exposed earthquake faults at the Site and therefore no evidence of potential
direct impact on the Site by surface rupture. The risk of surface rupture will not be increased by
mining or reclamation operations at the Site. A number of faults could affect the Site indirectly
by subjecting the Site to strong ground motion which could cause landsliding or liquefaction.
These are discussed separately.
The strength of ground motion is strongly influenced by the magnitude of the event and the
distance between the fault and the Site. The nearest fault is the Sierra Madre fault, which is
capable of generating some of the largest earthquakes (M≥7.0) in the region (Rubin et al., 1998;
Tucker and Dolan, 2001). Thus, the Sierra Madre fault is the controlling earthquake source.
Another fault in the region that could cause larger earthquakes is the Mojave section of the San
Andreas fault, which was the location of an M~7.9 event in 1857. However, the San Andreas
fault is approximately 31 kilometers (19 miles) from the Site, so strong ground motion will
attenuate to levels less than those likely to be generated by the Sierra Madre fault.
5.4

Seismic Design

The Sierra Madre fault is the greatest potential seismic hazard at the Site and will control the
seismic design. The seismic design coefficients for the Site from the 2007 California Building
Code (CBC) are summarized on Table 2.
TABLE 2
SEISMIC DESIGN PARAMETERS
CATEGORIZATION/COEFFICIENT
Soil Profile Type (Table 1613.2)
Seismic Source Name
Distance to Seismic Source (Kilometers)
Short Period Spectral Acceleration Ss
1-sec Period Spectral Acceleration S1
Site Coefficient Fa (Table 1613.5.3 (1))
Site Coefficient Fv (Table 1613.5.3 (2))
Short Period MCE Spectral Acceleration SMS**
1-Second Period MCE* Spectral Acceleration SM1**
Short Period Design Spectral Acceleration SDS**
1-Second Period Design Spectral Acceleration SD1**

DESIGN VALUE
SA
Sierra Madre Fault
<1
2.665
1.003
0.8
0.8
2.132
0.803
1.421
0.535
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* MCE: Maximum Considered Earthquake
** Values obtained from USGS Earthquake Hazards Program website
http://earthquake.usgs.gov/research/hazmaps/design/, based on the ASCE-7 and 2006
International Building Code. Site coordinates of N 34.3145 and W-117.4193.
In accordance with the 2007 CBC, the peak horizontal ground acceleration (PHGA) at the site
for the design earthquake is 0.57g.
The Site is not located on expansive soils as defined by Table 18-1-B of the Uniform Building
Code (1994), and no permanent structures will be left on the Site when reclamation is complete.
Accordingly, no substantial risk to life or property related to expansive soil or structure failure
induced by seismic activity is created.
5.5

Waste Water Disposal

The Site will be left as open space without any sewage or water facilities at the completion of
reclamation. Septic tanks or sewer connections will be unnecessary, so no significant impact
with regard to waste water disposal is expected.
5.6

Slope Stability

With regard to CEQA, the alternative plan would result in a significant adverse impact if it
would be located on a geologic unit or soil that is unstable or would become unstable as a result
of the project and potentially result in on- or offsite landsliding, including seismic-related ground
failure.
The Surface Mining and Reclamation Act (SMARA) and Associated Regulations provides
further guidance on significance criteria, with Article 9 of the State Mining and Geology Board
Reclamation Regulations stipulating that “fill slopes shall not exceed 2:1 (horizontal:vertical),
except when site-specific geologic and engineering analysis demonstrate that the proposed final
slope will have a minimum slope stability factor of safety that is suitable for the proposed end
use, and when the proposed final slope can be successfully revegetated” (Section 3704.d).
Additionally, “cut slopes, including final highwalls and quarry faces, shall have a minimum
slope stability factor of safety that is suitable for the proposed end use and conform with the
surrounding topography and/or approved end use” (Section 3704.f).
The remainder of this section presents analyses investigating the slope stability and factor of
safety for the proposed final reclaimed mine configuration.
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5.6.1

Results of Slope Stability Evaluation

5.6.1.1 General Characteristics of Rocks and Discontinuities
The Site is in a terrain of high relief with rugged steep slopes, most of which are identified by the
California Geological Survey as having a potential for landsliding during earthquakes (Figure
13). These steep slopes are generally composed of igneous and metamorphic rocks which are
typically quite stable in many terrains. However, the rocks within the site are highly weathered
and highly fractured, which may render them potentially unstable even under existing natural
conditions. The near-surface rocks at the Azusa quarry (upper 100 feet) are generally very poor
whereas those at depth (but now exposed by mining activity) are generally good rock.
As discussed in the Methods section, all of the previous investigations were reviewed and
utilized for this investigation. However, a considerable amount of mining has occurred since the
earlier reports revealing rocks that were not visible to previous investigators. On the other hand,
the boreholes drilled for previous investigations provide data on rocks that still can not be seen.
These borings give data on rocks that are near the final depths of mining; therefore, these borings
provide invaluable insight on the nature of what the final slopes will be like. In general, we did
not see anything significantly different than was described in previous reports.
Data compiled from previous studies included geologic surface mapping (Crandall and
Associates, 1989), limited discontinuity characterization based on photographs and laboratory
rock tests (CNI 2001; VMC 1989), seismic refraction geophysical surveys (Ryland Associates,
Inc., 1989), and borehole logs (VMC 2000a; 2000b). In addition, 12 days of geological mapping
were conducted as part of this investigation.
The compiled data were compared to typical rock mass characterization methods such as the
Council for Scientific and Industrial Research (CSIR) Geomechanics Classification System
(Bieniawski, 1976), the Q system (Barton et al, 1974), the GSI method of Hoek and Brown
(1997), as well as books such as Hoek and Bray (1974). For example, applying the RMR system
to the Site resulted in the Type 1A and 1B rocks getting ratings of 21 and 26, respectively, which
would result in a classification as very poor rocks. Type 2 rocks got a score of 50-55 which
indicates fair rock quality. The deep rocks of Type 3 got a score of 73 which would classify as
good rock. In summary, the rock quality ranges from very poor near the surface where the rock is
highly weathered and highly fractured to fair in the middle depths and good at greater depths.
Based on a compilation of all the available data, a general model of rock types was constructed.
This model generated four general rock type categories listed in Table 3.
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TABLE 3
ROCK TYPES AND ESTIMATED PROPERTIES
ROCK CATEGORY

PHI
degrees

COHESION
psf
(kPa)

TYPE 1A (Colluvium and
completely decomposed rock)

25-35

1,000-1,500 (50-100)

UNCONFINED
COMPRESSIVE
STRENGTH (PSI)
Gneiss and Diorite
1,000-2,000

TYPE 1B (intensely weathered to
moderately weathered rock)

30-35

2,000-3,000 (100-150)

Gneiss 2,000-5,000
Diorite 3,000-7,000

TYPE 2 (moderately to slightly
weathered to fresh rock)

35-40

3,000-4,000 (150-200)

Gneiss 5,000-10,000
Diorite 5,000-15,000

TYPE 3 (Quartz diorite/granite)
(slightly weathered to fresh rock)

40-45+

3,000-6,000 (200-300)

Gneiss10,000-25,000
Diorite 15,000-25,000
Basalt 10,000-30,000
Pegmatite 6,000-20,000

Note: Cohesion values are for intact rock
The discontinuity mapping revealed that the rocks at the Site generally are very intensely
fractured to moderately fractured. At the lower levels there are many large blocks (10x10 feet)
that appear not to be fractured or only slightly fractured, but closer inspection reveals that most
of these would break into much smaller fragments if removed from the slope face. In spite of the
presence of some major joints and faults, the geologic discontinuities are predominantly short,
commonly in the 1-2 foot continuity range. This is not obvious from a distance and the few
larger faults and joints may seem more important than they really are. The surfaces of the
discontinuities are generally rough and stepped or slightly rough and undulating with many
abrupt asperities. The discontinuities are almost entirely dry with little evidence of recent water
or moisture. Apertures are predominantly tight with little filling. The little filling that there is
consists primarily of iron and manganese staining in the upper elevations of the quarry, and at
the lower levels of paper-thin patchy calcite films along with iron staining; these characteristics
indicate that water moved along the fractures at some time in the past, but as mentioned above,
the rock mass is now dry so water is not a factor in the slope stability. All of these
characteristics, with the exception of high fracture density, are favorable for stable slopes.
Six geological cross sections are presented on Figures 6, 7, 8, 9, 10, and 11. The locations of
these cross sections were chosen to cross the steepest parts of each of the final proposed slopes
(Figure 3). Figure 3 is a contour map representing the proposed post-reclamation topography.
Upon completion of mining, the slopes will be benched and reconfigured to simulate a natural
configuration replete with hills and swales. The slopes will be benched using a microbench
technique with benches of approximately 12 to 24 inches wide and high (see the reclamation
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plan described in RGP, 2008). These benches will allow more complete revegetation and an
increase in slope stability.
5.6.1.2 Slope Stability in the East Quarry
The geological mapping along with the borehole data and relatively high seismic velocities
recorded by geophysical surveys indicate the east quarry is underlain by gneiss and diorite. Both
of these rock units are transected by abundant dikes of basalt and pegmatite. Based on core
drilling about 10 to 20 percent of the rock mass is basalt in the form of dike intrusions. Dikes of
pegmatitic and aplitic granite are also common. Because these dikes have similar mineral
composition as the diorite it is difficult to differentiate in some places between actual intrusive
dikes of this material and lenses or pods of altered original rock.
In general, both the basaltic and the granitic dikes criss-cross the rock mass and may add strength
and stability to the slopes, but it is not possible to quantify this aspect because most of the
boreholes did not record dike orientation.
As shown on the cross sections, approximately the top 100 feet of the hills in the east quarry are
decomposed material. The estimated strength parameters of this material are summarized in
Table 3. The material consists of a weathered and highly fractured breccia. However, the
material is so thoroughly weathered that it may be unwarranted to call it rock; the material is
more like a soil than a rock. The material consists of small fragments of 1 or 2 inches in size
surrounded by a soil-like silt/sand/clayey matrix (Figure 13). Though the material resembled
gravel at first glance (and may have been incorrectly mapped as such), closer inspection
indicated the small blocks are somewhat interlocking, implying that the material is stronger than
gravel. However, slope stability analysis using a limit-equilibrium type analysis like the ones
conducted by CNI (2001) and ENV America (2005) is entirely appropriate. The stability of this
material cannot be adequately characterized using a kinematic rock analysis like the RockPack
program.
CNI (2001) evaluated the eastern upper slope stability by conducting a two-dimensional limiting
equilibrium analysis using Spencer’s Method of Slices. CNI noted that this type of analysis may
not be the best method for analyzing slope stability of rock slopes, but that a more rigorous rockmass analysis was not possible due to lack of sufficient data on rock strength and discontinuity
characteristics. Our current field investigation indicated very poor quality rock at the top of the
east slope that seems more similar to soil than to rock, so the analysis by CNI and later by ENV
America may be the only appropriate method of analysis. To obtain representative geotechnical
parameters, CNI assumed that the factor of safety for slope stability during the winter of 19971998 was 1.0 and conducted a “back analysis” to evaluate shear strength (phi) and cohesion (C)
of the rock mass. Then CNI used these values in their stability analysis. They estimated that the
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appropriate value for phi (Φ) was 38 degrees and for cohesion (C) was 1,350 pounds per square
foot (psf).
The contacts of the various rock categories project toward the base of the material at the top of
the oversteepened slope left by past mining techniques where material has failed in the past
(Figure 5). The past failure could very well have involved detachment of the primarily weak
decomposed material (Type 1A) approximately along the contact with the stronger material
(Types 1B and Type 2) that lies below.
The eastern quarry area is underlain by gneiss metamorphic rock in the upper few hundred feet
and by diorite igneous rock in the lower (Figure 6). The rock is decomposed to very intensely
weathered in the upper 70 to 100 feet and intensely weathered with zones of decomposed
material to a depth of about 200-250 feet. These rocks are very intensely to intensely fractured
(few blocks >2-3 inches in size). The rocks are generally dry except for locally observed residual
moisture in clay-like fault gouge and fracture zones deep within the rock mass. From 250 to 400
feet depth, rocks are very intensely to moderately fractured with zones of slightly fractured
material; most material at this depth or below is dry. Below approximately 400 feet, rocks are
moderately to slightly weathered with a few fresh unweathered rocks; though fracture density at
this depth is commonly less than above, the rock is still predominantly intensely to moderately
fractured with some zones of slightly fractured rock.
Almost all joints are lined or stained with iron and manganese oxide and/or patches of paper-thin
calcite. A few joints also have chlorite or epidote stain and gypsum. Fault and fracture zones are
common and allow weathering to extend to depths greater than just described. Dikes of basalt
and granitic rock are common and these are generally harder, more competent rock.
Colors of the rocks on the east slope change from yellowish material near the surface to grayish
material toward the central part of the slope (Figures 16 and 17). The yellowish-brown material
is thickest near the crown of the hill and thins somewhat downslope. The yellowish-brown color
is due to oxidation associated with deep prolonged weathering. The grayish material seen on the
photo represents less weathered and stronger rocks of Type 1B and Type 2. Most of the failed
debris has been largely eroded revealing less weathered rocks and basalt dikes. There is
significantly less material now than there was during the 2005 investigation. The crest of the
slope still has a “wedge” of this decomposed material (Figure 6) and this should be removed, as
recommended by CNI (2001) and ENV America (2005). Removal of this material will remove
weak material, reduce the possibility of rock falls, and reduce driving weight.
Seismic refraction surveys at the Site in the east quarry indicate compressional seismic-wave
velocities of about 1,500 to 9,000 feet per second (fps) (Ryland, 1989). These are low seismic
27
October 16, 2008
P:\Vulcan\VMC-07-20 Azusa Permitting\Tasks 210-240 Geotech Evaluation\Final_Oct 08\Geology and Soils Impact Analysis 10-16-08 FINAL.doc

velocities for metamorphic rock and indicate poor quality rock with a high degree of fracturing
and weathering.

5.6.1.2.1

Stereonet Analysis of Geologic Discontinuities Along Cross-Section E1

Geological Cross-Section E1 (Figure 6) extends in an ENE-WSW direction from Fish Creek, up
the east slope, to slightly beyond the eastern property line of Azusa quarry (Figure 3). This
section extends across the steepest part of the oversteepened slope of the east quarry. The crosssection also shows the current topography and the proposed new profile of the slope after
emplacement of the recommended buttress fill at the base of the slope, and after the upper wedge
of decomposed metamorphic rock is removed. As shown in Figure 6, the majority of the face of
the proposed final slope configuration is composed of Type 1A rock or the buttress fill material.
As discussed above, the highly decomposed nature of the Type 1A layer makes a kinematic rock
analysis inadequate. Though an analysis using the RockPack program is presented below, this is
supplemented by a limited-equilibrium analysis more suited to the actual conditions of the
surface material in the following Section 5.6.3.2.2.
Figure 18 is a stereogram produced using the RockPack program with geologic discontinuity dip
vectors for data from the E1 cross-section. The stereogram shows a great circle representing the
slope face which is trending at an azimuth of 340° (N20°W) and dipping 35° to the southwest.
The friction angle is plotted at 35° as a small circle. With these parameters there is virtually no
critical zone and therefore there would be little potential for slope failure if the slope face were a
cohesive rock unit rather than deeply weathered and fractured Type 1A rock.
Data points are concentrated within the central part of the stereonet because the geologic
discontinuities are predominantly steep (50° to 90°). Figure 19 compares a pole plot of the same
data to data previously collected by Crandall & Associates (1989), replotted as a pole plot. Note
how the dip vectors are bunched toward the center of the stereogram on the dip vector plot but
are randomly distributed when plotted as poles. Crandall & Associates (1989) previously
identified several joint sets; however, their data may not be statistically valid because they did
not collect the data using a statistical method such as a scan line or window mapping method.
The comparison in Figure 19 clearly illustrates that the geologic discontinuities in both sets of
data are widespread and random, and that there are no dominant joint sets.

5.6.1.2.2

Limit Equilibrium Slope Stability Analyses Along Cross-Section E1

Additional slope stability calculations were performed using the computer code GSTABLE7
with Stedwin Version 2.005 by G.H. Gregory and H.W. Van Aller, which is more appropriate for
the soil-like conditions of Type 1A rock and the buttress fill along cross-section E1. This
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formulation assumes that plain strain conditions exist in the direction perpendicular to the crosssection.
Circular potential slip surfaces were considered in the analysis because no distinct weak bedding
was observed during our investigation. Limit equilibrium (method of slices) of Modified Bishop
circular search was used for automated selection to calculate the factor of safety against sliding
(FOS).
The bedrock shear strength parameters were obtained from the estimated values in Table 3.
Shear strength for fill material was estimated from the type of soils to be used as fill. A bag of
this material was submitted to Hushmand and Associates by VMC for testing. Due to the coarse
nature of the material, direct shear or standard triaxial shear tests could not be performed on this
soil. We recommend further testing of the proposed fill and the underlying bedrocks during the
proposed grading/excavations to confirm the assumed values in the analyses.
The proposed buttress includes an approximate 1½H:1V (Horizontal:Vertical) slope. Using
friction angles of 35°, 40°, and 42° with a cohesion of 500 psf results in a FOS of 1.22, 1.43, and
1.52, respectively, for the proposed fill buttress. Compacted fills from the material extracted
from the in-situ material are not expected to result in high cohesions. However, large friction
angles may be expected depending on the angularity and size of the material used as fill.
Therefore, either the fill material should have a shear strength of equal or better than a friction
angle of 42 degrees and cohesion of 500 psf or the fill slope should be laid back to satisfy a FOS
of 1.5 or greater. Large size laboratory tests should be performed to verify the required strength.
Global slope stability analyses were performed using the lower and upper bedrock shear strength
values. The analyses indicate a minimum FOS of 1.43 and 1.60, respectively. The most critical
failure surface along the hillside passes through the weathered bedrock. A pseudostatic FOS
associated with the lower and upper bound shear strength values were 1.10 and 1.22,
respectively. Therefore, a reasonable global FOS is attained based on the available estimates of
the shear strength of the native material.
Results of the slope stability analyses are provided in Exhibit B of this report.

5.6.1.2.3

Stereonet Analysis of Geologic Discontinuities Along Cross-Section E2

Geological Cross-Section E2 (Figure 7) is also in the east quarry but is across the benched
section in the southern part of the slope (Figure 3). The section shows the current ground profile
and the proposed final slope. The proposed final slope dips from about 35° to 40° with an
average of about 37°. In this area, the majority of the slope face will be comprised of Type 2
rock, with Type 1B rock near the top of the slope. These materials exhibit higher cohesion than
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Type 1A rock; thus, the RockPack program may be used to predict the stability of the proposed
final slope.
The stereogram (Figure 20) shows all dip vectors for planar geologic discontinuities in the east
quarry along with a great circle for a slope oriented of 345° (N15°W) and dipping 40° to the
southwest. The friction angle is plotted at 35°. The resulting critical zone is the thin arcuate
shaded zone. Inspection of the diagram reveals that there are no geologic discontinuities within
the critical zone so this slope configuration also should be stable.
The diagonal straight lines on Figure 20 identify zones of potential toppling. In this case, the
topple zone is so small as to be lost in the data. However, any points in the topple zone are
statistically not significant. Microbenching should further reduce any potential for toppling.
5.6.1.3 Slope Stability in the West Quarry

5.6.1.3.1

Rock Mass Characterization

Four geological cross sections (Figures 8, 9, 10, and 11) are drawn for the west quarry area
(Figure 3). These sections show the geological conditions along each of the proposed final slopes
in the west quarry as revealed by geologic mapping, drilling, and geophysical investigations.
Geologic conditions in the west quarry are similar to the east as given on Table 3 except that the
west area consists primarily of dioritic rocks. As in the east quarry, these rocks are transected by
basalt/andesite and pegmatite/aplite dikes. The volume of basalt rock ranges up to 35-40 percent
based on borehole data (borings 89-5, 89-11, and 99-2); however, this is assumed to be a local
characteristic, because geologic mapping did not confirm such a high percentage of basalt
throughout the entire area.
The northwest part of the western 80-acre area (Figure 5) has material with a gneissic texture.
Exposures are few and small so the relative volume and distribution of this material is not
known, but it appears to be restricted to the upper depths in the northwest corner (Figure 9).
The main difference between the east and west quarry seems to be the thickness of the rock type
units. The thickness of Unit 1A in the west quarry is generally a little less than 100 feet thick.
Likewise Unit 1B also appears to be thinner than on the east side. Type 2 and 3 diorites appear
quite similar on both sides.
The borings indicate low to very low RQDs. For example, RQD percentages in boring 99-14
were 0% from 0 to 110 feet depth, 20 to 30% from 110 to 150 feet, 20 to 50% between 150 and
210 feet, 5 to 20% between 210 and 240 feet, and 20 and 50% from 240 to the bottom at 353
feet. Boring 99-15 had similarly low RQDs. These were 0% from 0 to 130 feet deep, 10 to 30%
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from 130 to 160 feet, 0% at 160 to 240 feet, 30 to 50% from 240 to 370 feet, 10 to 30% from 370
to 430 feet, 30 to 50% from 430 to 650 feet, and 0 to 30% from 650 to the bottom at 750 feet
depth. In summary, these numbers indicate highly fractured rock both near the surface and at the
depths of the proposed final slope. All of the borings had similar low RQDs. Even at great depth
there were zones of very low RQD that probably represent fault zones.
Seismic refraction surveys (Ryland, 1989) indicate velocities (Vp) of 2,500 to 3,000 ft/sec in the
upper 30 feet and 4,000 to 6,700 ft/sec to depths of about 100 to 200 feet, and 7,700 ft/sec to 400
feet. The low velocities in the upper few feet indicate firm soils (i.e. decomposed rock) overlying
weathered soft rocks to 100-200 feet. The velocities indicate moderately hard rock below about
200 feet. Undoubtedly, there are zones of hard rock at shallow depth but seismic refraction
techniques only record the bulk rock mass characteristics.

5.6.1.3.2

Stereonet Analysis of Geologic Discontinuities Along Cross-Section W1

Section W1 (Figure 8) is the cross section that extends in an east-west direction across the
western quarry (Figure 3). Upon completion of mining, the western part of this section will
consist of a slope dipping at approximately 40° from the western property line to an elevation of
about 720 feet amsl. The floor of the excavation will extend approximately 1,300 lateral feet
from the western edge (approximately 720 feet amsl) to the present valley floor in the east
(approximately 800 feet amsl). Typical of the Azusa Quarry, rocks in the upper 100± feet of the
western section are decomposed, and the rocks are intensely weathered to about 250 feet. Rock
Quality (RQD) is low, indicating highly fractured rocks. For example, RQD is 0 to about 50 feet
bgs, 20 to 40% from 50 to 500 feet bgs, 10 to 20% from 500 to 570 feet bgs, and 20 to 40% to
700 feet bgs. RQDs rarely reached 50%.
Figure 21 is a stereogram showing discontinuity orientation data collected in the west quarry
along Section W1. The points are dip vectors of planar geologic discontinuities. The most
apparent aspect of the stereogram is that the great majority of points are in the central part of the
diagram. This reflects the steep angles of the joints and indicates that there are few out-of-slope
(daylighted) discontinuities, which is favorable for stable slopes. The diagram shows Markland’s
test for the data relative to the proposed final slope along Section W1. The slope is shown as a
great circle trending N-S and dipping 40° to the east. The friction angle for Markland’s test is a
small circle (solid line) at 35°, which we believe is a conservative estimate. The arcuate shaded
area on the figure represents the critical zone. Geologic discontinuities within this shaded area
may be susceptible to slope instabilities. Inspection of the diagram reveals that only two joints,
out of the 658 discontinuity points collected, fall within the critical zone. These points are
statistically insignificant. The paucity of daylighted features and the generally favorable aspects
of discontinuity surfaces described above indicate that the proposed slope will be stable.
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Features with a propensity for toppling fall within the apex of the two straight diagonal lines on
the stereogram. Despite the large number of steeply dipping discontinuities, few features plot
within the topple zone. As with the daylighted discontinuities, the number of points in the topple
zone relative to the number of points collected are statistically insignificant. In addition, the
planned slope microbenching and reduced slope angle should reduce the potential for rock
toppling to less than significant.

5.6.1.3.3

Stereonet Analysis of Geologic Discontinuities Along Cross-Section W2

Section W2 (Figure 9) is drawn through the northwest part of the west quarry (Figure 3). The
section extends northwest-southeast across the steepest part of the proposed final slope in that
part of the quarry. The rocks along most of this section are highly fractured diorite similar to the
rest of the west quarry, except for the northwest end where there are some rocks with a gneissic
fabric. Our field reconnaissance revealed both dioritic rocks and gneiss but there are few exposed
outcrops in the area due to the deep weathering. The proposed final slope along section W2 is
generally steeper than other proposed slopes. As shown on Figure 9, the slope dip angles range
from about 30° to 56° with an average of about 40°.
The stereogram on Figure 22 is a plot of the planar discontinuity data with a slope azimuth
trending 55° (N55°E) and a southeast dip of 40° with a friction angle of 35°. As shown on the
figure, the shaded critical zone of the Markland’s test is free of geologic discontinuities, thus
indicating stable slopes.
Again, the topple zone is very small. The number of discontinuities that plot within the topple
zone is statistically insignificant, so there is little potential for rock toppling.

5.6.1.3.4

Stereonet Analysis of Geologic Discontinuities Along Cross-Section W3

Section W3 (Figure 10) is in the southwest part of the west quarry (Figure 3). The rocks in this
area appear to be typical of the quarry, i.e. highly fractured diorite rocks. The section shows the
existing ground profile along with the proposed final slope. The final slope is proposed to have
about a 45° slope.
The stereogram for this section is shown on Figure 23 with a slope azimuth of 100° (N80°W)
and a dip of 40°, and a friction angle of 35°. Six individual discontinuities (one fracture zone,
five joints) plot within the critical zone. These features represent a small fraction (<1%) of the
collected data, and are not statistically significant. They are not considered significant for slope
stability.
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The shaded area at the apex of the diagonal lines represents the topple zone. There are a few
points within the topple zone, but, again, they are a very small percentage of the total. The
likelihood of these features resulting in rock topples will be greatly reduced by the proposed
microbenching.

5.6.1.3.5

Stereonet Analysis of Geologic Discontinuities Along Cross-Section W4

Cross-section W2 (Figure 11) is the second southeast facing slope in the west quarry evaluated in
this study. Inspection of the area revealed intensely fractured rock overlain by a thick zone of
oxidized and decomposed rock similar to that of the east slope. The stereonet analysis (Figure
24) indicates that this slope should be stable once the bulk of the decomposed rock (overburden)
is removed during mining and the angle of the slope is reduced.
5.6.1.4 Factor of Safety for Rock Slopes
Slope stability evaluations commonly calculate factors of safety (FOS) to help quantify and
characterize slope stability. An important parameter in these FOS calculations is cohesion.
Cohesion values in rock slope stability analyses are ordinarily very small because failures
generally occur along existing out-of-slope (daylighted) discontinuity planes that allow the rocks
to slide without much resistance. Due to the general lack of dominant daylighted discontinuity
planes at the Azusa Quarry, any potential slide must shear through or override asperities of intact
hard rocks. Although FOS calculations may not be appropriate for these conditions, we
conducted test calculations, or sensitivity analyses, for the mined slopes. To test the potential for
sliding at the quarry, we used very conservative parameters, and even with these conservative
parameters, the calculations indicate stable slopes (i.e. FOS > 1.0) under existing and proposed
static conditions. Using more realistic parameters, the FOS will exceed 1.5.
An exception to this generalization is cross-section E1, which is crosses highly weathered
metamorphic rock units. As discussed in section 4.6.3.2.2, the global FOS for cross-section E1
and the northern slopes in the east quarry is considered reasonable (minimum static FOS of 1.43
to 1.60). A conservative reclamation plan slope for the east quarry and cross-section E1 was
chosen that calls for the slope to be laid back further from its present state and provides this
improved factor of safety relative to the slope that would be left in this area under the currently
permitted traditional reclamation plan.
However, historic earthquakes in southern California (e.g. 1971 San Fernando, 1994 Northridge)
revealed that many slopes experience downslope soil and rock movements during strong
earthquake shaking. Under seismic loading, the calculated FOS for cross-section E1 will be 1.10
to 1.22, and the FOS in the west quarry will be well below 1.0. The topography of most hills and
mountains in southern California is generally very rugged with high relief, steep slopes, and
narrow v-shaped canyons and gullies. A large proportion of the natural slopes in the surrounding
33
October 16, 2008
P:\Vulcan\VMC-07-20 Azusa Permitting\Tasks 210-240 Geotech Evaluation\Final_Oct 08\Geology and Soils Impact Analysis 10-16-08 FINAL.doc

area are as steep or steeper than those that will be left on Site following reclamation, with slopes
frequently at or exceeding 1½:1 (33o) (Figures 16, 25), many steeper than 45o, and some locally
more than 60o. These steep natural slopes will be at least as susceptible to downslope movement
as the reclaimed slopes of the quarry; in fact, most of the San Gabriel Mountain range in the
vicinity of the Site has been classified as susceptible to earthquake-induced landsliding by the
California Department of Conservation (Figure 13). This rugged topography is a result of the
active tectonic nature of southern California, which results in rapid uplift of mountain masses at
rates much higher than erosion rates. Normal geological processes of weathering and soil
formation result in thick accumulations of alluvium and colluvium on hill slopes. During years of
normal precipitation the soil-covered slopes are stable, but during years of heavy precipitation
(i.e., El Niño events) and during earthquakes, soil slumping and landsliding are common. The
occurrence of slumps and rock falls during earthquakes is a natural process and there is no
assured measure to completely prevent such events. Thus, the proposed slope recontouring,
reduction of slope steepness, microbenching, and revegetation planned for the Azusa Quarry will
improve the slope stability and result in greater stability than the natural slopes in the
surrounding hills and canyons.
5.6.2 Slope Stability Conclusions
The rock mass and discontinuity characteristics in the Azusa rock quarry were analyzed relative
to the stability of the final slopes proposed for the reclamation plan. With regard to CEQA
significance criteria and stipulations of SMARA and Associated Regulations, the currently
available data indicate that the slope stability for the revised reclamation plan slopes is suitable
to the proposed open space end use of the Site. All slopes in this area of the San Gabriel
Mountains, including both natural slopes and mined/reclaimed slopes, may experience slips and
rock falls under earthquake shaking from a large (M~7) nearby earthquake (Figures 13, 25). The
minimum static FOS for the eastern quarry was found to be 1.43 to 1.6. However, the material
used in the buttress fill must be sufficiently large and angular to provide high cohesion and shear
strength values. The material should be lab tested prior to use; values too low may necessitate
further shallowing of the buttress fill slope. For the western quarry area and the southern portion
of the eastern quarry area, the majority of planar geologic discontinuities were found to have
physical characteristics (joint roughness, short continuity, no aperture, etc.) favorable for stable
slopes and were favorably oriented (i.e. random and steeply dipping) with very few out-of-slope
(daylighted) orientations. Stereonet analysis using Markland’s test indicates the proposed final
slopes would be stable (minimum factor of safety of 1.4) under normal static conditions once the
slope angles have been reduced and the slopes revegetated. The stability of the final reclaimed
slopes under the revised plan for the Azusa Quarry is expected to be as good or better than the
surrounding natural slopes (Figure 25).
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6.0 CONCLUSIONS

The revised conditional use permit and reclamation plan will reshape, revegetate, and naturalize
the appearance of the benches and terraces of the east and west quarry faces. Many measures
already included in the proposed revisions (See RGP, 2008) act to mitigate potential
environmental impacts under CEQA. For example, microbenching the final reclaimed slopes will
provide added protection against rock toppling and landslides, as well as decrease erosion.
Hydroseeding the slopes to promote revegetation with native plant cover will also decrease
erosion.
The Site, by means of its location in tectonically active Southern California, is subject to risk of
seismic shaking and potential slope failure thereby. However, all slopes in this area of the San
Gabriel Mountains, including both natural slopes and mined/reclaimed slopes, may experience
slips and rock falls under earthquake shaking from a large (M~7) nearby earthquake (Figures 13,
25). The stability of the final reclaimed slopes under the revised plan for the Azusa Quarry is
expected to be as good or better than the surrounding natural slopes.
While nothing can be done to reduce earthquake potential at the Site, any measures that increase
the static stability of the final slopes will also decrease the likelihood of seismically induced
landslides. We recommend the following measures to assure stability in the final reclaimed
slopes:
•

Fill material selection and testing. The buttress fill constructed at the toe of the eastern
slope to improve its stability should be constructed of material with a shear strength of equal
or better than friction angle of 45 o and cohesion of 500 psf. To ensure that these criteria are
met, the fill material should be laboratory tested prior to use.

•

Geologic mapping of actual cut slopes. The existing natural and cut slopes are on the order
of ¼-mile from the planned final cut slopes. Considering the highly fractured, discontinuous
nature of the rocks, it is possible that the planar discontinuity orientations within the final cut
will be significantly different than the present exposures. The orientation of the cut slopes
can be a major factor since slopes oriented such that discontinuities are daylighted (i.e.
unsupported) will be more susceptible to slides than slopes with discontinuities dipping into
slope or neutral to the slope face. By knowing the orientation and characteristics of the rockmass discontinuities and of the cut slopes, the potential for slope failure can be mitigated. By
mapping and monitoring cut-slope discontinuities, slope cuts can be oriented to minimize
35
October 16, 2008
P:\Vulcan\VMC-07-20 Azusa Permitting\Tasks 210-240 Geotech Evaluation\Final_Oct 08\Geology and Soils Impact Analysis 10-16-08 FINAL.doc

adverse relationships thereby reducing the slide potential. In certain areas, changing bench
widths and sequencing could mitigate the hazards.
•

Adjustments to final design. The alternative plan calls for recontouring and sculpting the
cut slopes to mimic natural slopes and drainages. While this sculpting process is largely for
aesthetic purposes, it also provides the desired flexibility for reorienting potentially unstable
configurations. As discussed above, mapping and monitoring rock quality and geologic
discontinuity characteristics during mining and especially near the final cuts is necessary to
allow assessment of stability conditions at the final cut.

In summary, we conclude that the Revised Conditional Use Permit and Reclamation Plan at the
Azusa Quarry, which proposes to reclaim the Site through mimicking the natural topography and
vegetation of the surrounding area and leave the Site as open space, will not have significant
impact on geology and soils pursuant to the significance criteria set forth in CEQA.
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EXHIBIT A
TERMS AND CLASSIFICATION PARAMETERS USED FOR
THE ROCK MASS CHARACTERIZATION

DISCONTINUITY TERMS & ABBREVIATIONS
DISCONTINUITY TYPE
Bedding (no parting)
Bedding-Plane Joint
Parting Surface
Contact
Joint
Random Fracture/Joint
Incipient Joint
Fracture Zone
Shear Zone
Fault
Vein
Foliation
Foliation Joint
Fissile (shaley/flakey)
Mechanical Break

(B)
(BJ)
(PS)
(C)
(J)
(RF)
(IJ)
(FZ)
(SZ)
(F)
(V)
(FO)
(FJ)
(FI)
(MB)

SURFACE ROUGHNESS
Stepped
(ST) Near-vertical steps and ridges
Rough
(R) Large, angular asperities
Moderately Rough
(MR) Asperities clearly visible and surface feels abrasive
Slightly Rough
(SR) Small asperities visible and can be felt
Smooth
(S)
No asperities, smooth to the touch
Polished
(P) Extremely smooth to the touch
Slickensided
(SK) Smooth or polished with scratches or grooves
Mullions
(MU) Linear ridges and troughs, generally smooth and polished

PLANARITY
(generally applicable only at the outcrop)
Irregular
(I)
Planar
(P)
Curviplanar
(C)
Wavy or Undulating (W)

APERTURE (Preferable to use numbers on logs; relative terms may be used in text)
Tight
(0 to hairline)
Slightly Open
(<1 mm)
Moderately Open
(1-3 mm)
Open
(3 - 10 mm)
Moderately Wide
(1-3 cm)
Wide
(> 3 cm)
FILLING MATERIAL
Calcite
(CA)
Quartz
(QZ)
Silica
(SA)
Manganese Oxide
(MN)
Iron Oxide
(FE)
Pyrite
(PY)
Gypsum
(GP)
Clay
(CL)
Silt
(SI)
Sand
(SA)
FILLING THICKNESS (on logs use numbers; relative terms may be used in text)
Clean
(no films or staining)
Very Thin
(films to < 1 mm)
Moderately thin
(1-3 mm)
Thin
(3-10 mm)
Moderately thick
(1-3 cm)
Thick
(> 3 cm)
SPACING (distance between fractures)
Very Close
(< 3 cm)
Close
(3-10 cm)
Moderate
(11-30 cm)
Wide
(31 cm -1 m)
Very Wide
(1-3 m)
Extremely Wide
(> 3 m)

DENSITY fractures per ft (or per meter)
Very Intensely Fractured
Intensely Fractured
Moderately Fractured
Slightly Fractured
Very Slightly Fractured

[may use either]
>10 fractures per ft (>30 per m)
3-10 per ft (10-30 per m)
1 to 2 per ft (4-9 per m)
<1 per ft (2-4 per m)
<1 per 3 ft to 1 per 10 ft (<1 per m)

HARDNESS AND STRENGTH
HARDNESS
(abrasion resistance)

STRENGTH
(crushing resistance)

Extremely Hard (XH)
Very hard (VH)
Moderately Hard (MH)
Moderately soft (MS)
Soft (S)
Very soft (VS)
Friable (FR)
Weak (WE)
Moderately Strong (MO)
Strong (ST)
Very Strong (VS)
Extremely Strong (XS)

Plasticity (Slight, Plastic, Very)

crumbles with light to moderate manual pressure
breaks with light blow or heavy manual pressure
breaks with moderate hammer blow
strong hammer blow required to break
breaks only with repeated strong hammer blows
can only be chipped with repeated strong blows

ROCK WEATHERING
Descriptors
and
Abbreviations

Body of Rock

Fracture
Surfaces

Grain Boundary

Texture

Solutioning

General characteristics
(strength, excavation, etc).

Fresh
(F)

No discoloration, not oxidized

No discoloration
or oxidation

No separation, intact
(tight)

No change

None

Hammer rings when crystalline rocks are struck;
Naturally weak or weakly cemented rocks such
as siltstones or shales may not ring but “clink”

Slightly
Weathered
(SW)

Discoloration or oxidation is
limited to surface or a short
distance from fractures; some
feldspar crystals are dull

Minor to
complete
discoloration or
oxidation of most
surfaces

No visible separation,
Intact, tight

Preserved

Minor
leaching of
some soluble
minerals

Hammer rings when crystalline rocks are struck;
Body of rock not weakened. Except weaker rocks,
such as siltstones or shales.

Moderately
Weathered
(MW)

Discoloration or oxidation
Extends from fractures usually
throughout; Fe-Mg minerals are
rusty, feldspar crystals are
cloudy

All fracture
surfaces are
discolored or
oxidized

Partial separation of
Boundaries visible

Generally preserved

Soluble
minerals may
be mostly
leached

Hammer does not ring when rock is struck.
Body of rock is slightly weakened.

Intensely
Weathered
(IW)

Discoloration or oxidation
throughout; all feldspars and FeMg minerals are altered to clay
to some extent; or chemical
alteration produces in situ
disaggregation; see grain
boundary conditions.

All fracture
surfaces are
discolored or
oxidized;
Surfaces friable

Partial separation;
rock Is friable; in
semiarid conditions
crystalline rocks are
disaggregated

Texture altered by
chemical disintegration
(hydration, argillation)

Leaching of
soluble
minerals may
be complete

Dull sound when struck with hammer, usually
can be broken with moderate to heavy manual
pressure or by light hammer blow without
reference to planes of weakness such as
Incipient or hairline fractures, or veinlets.
Rock Is significantly weakened.

Decomposed
(D)

Discolored or oxidized
throughout, but resistant
minerals such as quartz may be
unaltered; all feldspars and FeMg minerals are completely
altered to clay

Generally not
preserved

Complete separation
of grain boundaries
(disaggregated)

Resembles a soil, partial
or complete remnant
rock structure may be
preserved; leaching of
soluble minerals usually
complete

Can be granulated by hand. Resistant minerals
such as quartz may be present as stringers or
dikes.

, 1963

EXHIBIT B
SLOPE STABILITY CALCULATIONS
FOR THE EAST SLOPE BUTTRESS FILL

Azusa Rock Quarry, Section E-1, Circular, Final Slope, Static, Fill
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Desc. Type
No.
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D-1B
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DG-3
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G-1A
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G-1B
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G-2
6

Total Saturated Cohesion Friction Piez.
Unit Wt. Unit Wt. Intercept Angle Surface
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No.
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z:\projects-proposals-laboratory\hai2008\2008 projects\vulcan-azusa rock quarry\analysis\new east slope design\e1c-fill(new).pl2 Run By: Current User, HAI 9/23/2008 11:07AM
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Total Saturated Cohesion Friction Piez.
Unit Wt. Unit Wt. Intercept Angle Surface
(pcf)
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Total Saturated Cohesion Friction Piez.
Unit Wt. Unit Wt. Intercept Angle Surface
(pcf)
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Total Saturated Cohesion Friction Piez.
Unit Wt. Unit Wt. Intercept Angle Surface
(pcf)
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Azusa Rock Quarry, Section E-1, Circular, Final Slope, Pseudostatic, Upper Bound
2800

z:\projects-proposals-laboratory\hai2008\2008 projects\vulcan-azusa rock quarry\analysis\new east slope design\e1a-psub(new).pl2 Run By: BH 9/9/2008 11:34AM
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Total Saturated Cohesion Friction Piez.
Unit Wt. Unit Wt. Intercept Angle Surface
(pcf)
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125.0
125.0
500.0
45.0
0
135.0
135.0
3000.0
35.0
0
165.0
165.0
6000.0
45.0
0
125.0
125.0
1500.0
35.0
0
135.0
135.0
3000.0
35.0
0
165.0
165.0
4000.0
40.0
0

Load
Peak(A)
kh Coef.

Value
0.570(g)
0.150(g)<

2000
a

1600

g

dc
j
ih f e
5

1200

1
2
1

800

2 1
2 22

2

23

2

4

44

4 4

5
6

5
6

5
6

4 4

3

6

3

4

5
6

3

4
4
4
4

4

3

3

3

4

5
6

6

5
5
22

b

4

3

3

400

00
0

400

800

1200

1600

2000

2400

2800

3200

GSTABL7 v.2 FSmin=1.220
Safety Factors Are Calculated By The Modified Bishop Method

3600

4000

4400

