
 
 
 
 
 

March 16, 2010 
J.N. 118-10 

Mr. Tom Tomlinson 
CASTLE & COOKE ALBERHILL RANCH, INC. 
4113 Pearl Street 
Lake Elsinore, California 92530 
 
Subject: Geologic Constraints Study for an Environmental Impact Report (EIR) Submittal, 

Alberhill Villages Specific Plan, 1,374± Acres, West of Lake Street and South of Temescal 

Canyon Road, City of Lake Elsinore, Riverside County, California 

 
Dear Mr. Tomlinson: 
 
In accordance with your request, Petra Geotechnical, Inc. (Petra) has prepared this geologic constraints 

study for an approximately 1,374-acre property, identified as the Pacific Clay Products, Inc. and Pacific 

Aggregates, Inc. (herein referred to as Pacific Clay), located west of Lake Street and south of Temescal 

Canyon Road in the City of Lake Elsinore, California (Figure 1).  The purposes of our study were to 

obtain available geotechnical and geologic information on the nature of the previous land usage and 

current surface-soil conditions, to evaluate the potential geologic constraints that may affect development 

of the property, and to provide geologic and geotechnical mitigation recommendations for planning 

purposes for submittal with an Environmental Impact Report (EIR) for the Alberhill Villages Specific 

Plan (AVSP).   

 

This report presents the findings and opinions regarding the feasibility of the proposed project with 

respect to the geologic and geotechnical factors that may impact site development.  This report is based 

on review of information provided by you, KWC Engineers and The Planning Associates, available 

geologic and geotechnical reports and data, research and review of available historical documents and 

aerial photographs, pertinent interviews, site reconnaissance and surficial geologic mapping. 

 

Respectfully submitted, 
 
PETRA GEOTECHNICAL, INC. 

 
 
 
Grayson R. Walker, GE 
Vice President 
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PURPOSE AND SCOPE OF SERVICES 

 
The purpose of this study was to research and obtain available surface information and 

background data within the site and surrounding areas in order to characterize the geologic 

constraints with regards to an EIR submittal for the AVSP and future proposed development of 

the property and to provide recommendations for additional geotechnical studies.  The scope of 

services for this level of study was as follows. 

 
 Research and review of available reports prepared by Petra and other geotechnical 

consultants for the site and general vicinity. 
 Research available published and unpublished geologic maps and government publications. 
 Research and review historical texts and documents with regards to the Alberhill area’s 

history. 
 Research and review historic stereoscopicaerial photographs of the property vicinity to 

evaluate site geomorphology and previous land usage. 
 Conduct interviews with Pacific Clay’s geologist to determine the site’s previous usage. 
 Review archived records and maps at the Pacific Clay facility to determine the property’s 

previous mining history. 
 Conduct a site reconnaissance and surficial geologic mapping of exposed geologic units. 
 Identify the relevant geologic, seismic and geotechnical constraints that would affect 

development of the property. 
 Prepare a generalized geologic map showing the approximate extent of surficial geologic 

units. 
 Preparation of this report presenting the results of our evaluation and provide 

recommendations for mitigating geologic impacts with regards to the AVSP and future 
development. 

 
Location and Site Description 

 
The subject site is an irregular shaped parcel encompassing approximately 1,374 acres and is 

located immediately west of Lake Street and south of Temescal Canyon Road in the City of Lake 

Elsinore, California, approximately ¼ mile south of Interstate 15.  The site is located in an area 

defined as the Pacific Clay and Pacific Aggregates facility, formerly know as the LA Brick 

Company.  The approximate location of the site boundary is shown on Figure 1. A newly 

developed residential tract is located adjacent to the northwest western property boundary and 

the Alberhill Ranch residential development is located directly across from Lake Street adjacent 
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to the southeastern boundary.   The future Alberhill Ridge property is located across from Lake 

Street along the northeastern boundary.   The Pacific Clay brick plant is located just south of 

Temescal Canyon Road at the northern end of the project and the existing Pacific Aggregates 

offices are located in several temporary trailers near the Lake Street entrance in the southeastern 

section of the site.   

 
A large portion of the property is characterized by undocumented-fill stockpiles and mine 

tailings of unknown depths, deep open-pit mining excavations and in-filled pits, surface ponds, 

and mining support structures and improvements.  These features have greatly disturbed the 

natural surface of the majority of the site.  The various undisturbed areas located adjacent to the 

actively mined/disturbed areas, are generally characterized by gently to steeply sloping hills 

comprised of older alluvium or bedrock, trending northeast to northwest and incised by drainage 

channels.  Vegetation within the site consists of moderate to dense chaparral brush on the flanks 

of the natural slopes with occasional isolated trees.  A larger stand of eucalyptus and cottonweed 

trees are located within the alluvial drainage along Temescal Canyon Road at the northern 

property boundary.  Large portions of the site were void of vegetation growth due to the former 

and current mining operations. 

 
Numerous power lines, haul roads, outbuildings, maintenance shops, aggregate plant machinery, 

water tanks, well houses, concrete pads and various other man-made improvements associated 

with the former and current mining and trucking operations are located throughout various areas 

of the site.  A former residential community and school house are located in the northeastern 

corner of the property.  Various abandoned structures and possible mine shafts are also located 

within the property.   
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GEOTECHNICAL EVALUATION 

 
Background Information 

 
Coal and clay have been mined in the general area since the 1880’s and in 1886 C.H. Albers and 

J.H. Hill founded the community of Alberhill.  Historically, both coal and clay were mined by 

underground methods with coal mining terminated around 1900.  Since 1940, clay has been 

mined almost entirely by open-pit methods.  The majority of the property to be developed has 

been extensively mined with the remnants of the mining operation present throughout the site.  

These remnants include excavated pits, quarry faces, tailings stockpiles and infilling, desilting 

basins, and possibly portions of the subsurface mine horizontal adits and laterals.  Significant 

quantities of mine tailings and/or stripped overburden materials have been used to backfill clay 

mining pits, sedimentation basins and temporary reservoirs which were no longer in use.   

 

The following synopsis highlights the some of the major land use activities and history related to 

the mining and development of the site and is based on our research of available documents, 

interviews and aerial photo analysis for the Pacific Clay property. 

 
 The existing historical school house was built in 1912 and operated until 1960.  Several 

residences were observed in aerial photo’s surrounding the school house from at least 1949 
to 1958.  The area surrounding the school site was graded in 1962. 

 In 1927, the Los Angeles Brick and Clay Company opened the existing clay products plant 
located at the northern end of the property. 

 Pacific Clay Products Company moved operations from Terra Cotta City to the Alberhill 
area in 1940.  Since then mining has been by open pit methods. 

 The current clay pipe storage area (former brick plant) adjacent to Lake Street began 
operations sometime between 1927 and 1938. 

 Portions of the High Power Pit, 25 Fire Clay Pit and the three smaller unnamed pits 
immediately north were excavated prior to 1938.  The vast majority of the site was in an 
undisturbed state in 1938.  The 25 Fire Clay Pit excavation expansion and other operations 
continued to nearly present day.  It is possible that some mines were excavated into the 
south side of the 25 Fire Clay Pit. 

 The 25 Fire Clay Pit operations expanded south into the area of the future Sun Glow Pit 
between 1950 and 1953.   

 Between 1950 and 1953 the ERM pit was excavated to the northwest of the future Sloan Pit. 
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 Open-pit mining operations began in 1955 at Sloan Pit.  Sloan Pit excavation, expansion 

and other operations have continued to nearly present day. 
 Two existing 100-foot deep wells located immediately north of the existing clay brick plant 

were installed during the 1950’s.   
 Pacific Clay Products Company purchased the subject property from the Los Angeles Brick 

Company in 1963. 
 David H. Murdock purchased Pacific Clay Products in 1973. 
 Pacific Clay Products submitted an application to the State Mining and Geology Board for a 

reclamation plan approval in August 1978 (Converse Ward Davis Dixon, 1978). 
 Mining/excavations for the reservoir/pit between the current Pacific Aggregates offices and 

Lake Street began between 1987 and 1988. 
 A 300-foot deep well was installed between the ERM and Sloan Pits in the late 1990’s. 
 The Yellow Shale Pit was mined in 2005 for additional clay materials.   
 The WYROC Pit was excavated intermittently for construction aggregate between 2001 and 

2008. 
 Numerous sedimentation ponds for disposal of washed aggregate waste products were 

excavated at the southern end of the site between 2006 and 2008. 
 Ongoing mining of sand and gravel within the southeastern portion of the site near Lake 

Street for construction aggregate continue to the present day.  Pacific Aggregates reportedly 
plans to continue expanding this operation into the near future.  The deep open mine pits in 
this general area are not accurately depicted on the current topographic maps by KWC 
Engineers (KWC, 2010).   

 
Previous Geotechnical Studies and Literature Review 

 
Feasibility-level studies were performed by G. A. Nicoll and Associates (Nicoll, 1988a, 1988b) 

for a small portion of the subject property and Petra Geotechnical (Petra, 1991) provided 

geologic input for the subject property for a previous EIR approximately 20 years ago.  The G.A. 

Nicoll studies included geologic mapping, subsurface exploration, and laboratory testing for 

small sections of the project site adjacent to Lake Street.  The Petra report was primarily a 

reconnaissance-level engineering geologic study that was mainly a desktop review of available 

documents and aerial photos and included a site reconnaissance, however no detailed mapping 

was conducted.    We also reviewed our engineering and engineering geologic investigation for 

the adjacent Alberhill Ranch development (Petra, 1990) which included subsurface investigation, 

testing and recommendations for the residential development. 
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Ninyo & Moore conducted a geotechnical evaluation of the feasibility for mining of construction 

quality aggregate within the undisturbed natural hillsides in the southwest portion of the site and 

the hill immediately northwest of the existing clay plant building (Ninyo, 2003).  Their 

evaluation included exploratory borings and test pits, as well as seismic refraction lines.    

 

Petra conducted a fault investigation within the Rice Canyon wash, immediately south of the 

southern property line for a proposed tentative tract (Petra, 2004).  Fault trenching was 

conducted across the entire width of the State of California delineated Alquist-Priolo Earthquake 

Fault Zone (EFHZ) as well as trenching in areas of suspected lineaments outside of the fault zone 

near Pacific Clay’s property boundary.  Active faulting was not encountered within the EFHZ, 

however an active fault was encountered in trenches that project towards the Pacific Clay 

property.  Petra also performed a preliminary geotechnical investigation for the proposed 30-acre 

commercial site and a foundation report for a proposed pedestrian bridge over Lake Street within 

the subject property (Petra, 2007a and 2007b).  Petra conducted a feasibility study for the 

proposed Phase I area of development (223 acres) within the subject property (Petra, unpublished 

report 2008).  The geotechnical investigations included subsurface investigation, laboratory 

testing and recommendations for future development.  The unpublished Phase I feasibility study 

included research of the Pacific Clay site and limited geologic mapping. 

 

We have also reviewed various published and unpublished geologic maps, reports, data and 

government publications which pertain to the geology of both the specific site and the general 

region.   

 
Aerial Photo Analysis 

 
Sequential black and white stereo, color oblique, and individual-frame, aerial photographs (1938 

to 2007) covering portions of or all of the site area were obtained and reviewed by Petra.  These 

photographs, obtained from Continental Aerial Photo, Whittier College (Fairchild Collection), 

Pacific Clay Products Archives, University of California Riverside, University of California 



CASTLE & COOKE ALBERHILL RANCH INC. March 16, 2010 
Pacific Clay Property/Lake Elsinore J.N. 118-10 
 Page 6 
 
Santa Barbara, and Petra’s in-house aerial photographic library, were at scales ranging from 1 

inch equals 500 feet to 1 inch equals 4,150 feet. 

 

Additional sources of aerial photos for review included Geo-Tech Imagery Intl., Riverside 

County Flood Control, USDA Soil Conservation Service, UCLA (Spence Collection), Lake 

Elsinore Historical Society, and the Lake Elsinore Public Library. 

 
Interviews 

 
Petra geologists met with Mr. Chad Warren, current Manager of Geology and Mining for Pacific 

Aggregates, Inc. and Dr. Karl Kottman, former mining manager at their office facilities in 

February 2010 to discuss and review available documents, photographs, and maps pertaining to 

the site history and recent mining operations.  A limited search of Pacific Clay’s archived files 

was also conducted.  Pertinent information is included in our study. 

 
Geologic Mapping 

 
Surficial geologic mapping of the site was accomplished utilizing 100-scale topographic maps 

provided by KWC.  The topographic information was flown on May 5, 2008 by Inland Aerial 

Surveys, Inc.  The reconnaissance-level mapping was subsequently performed by Petra 

geologists between January 28 and February 2, 2010.  The results of our previous geologic 

mapping conducted in July 2008 for the Phase I study (223 acres) is also included with this 

study. This information has been plotted on the enclosed Figures 2 and 3. 

 

 

FINDINGS 

 
Topography and Drainage 

 
The site descends generally to the north-northeast towards Lake Street and Temescal Canyon 

Road. Elevations varied from a high of approximately 1,820 feet above mean sea level (msl) in 

the peaks of the natural hills within the southwestern portion of the site to a low of 
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approximately 1,210 feet msl at the northeastern extremity of the site along Temescal Canyon 

Road.  Natural slope gradients on the site ranged from nearly level along ridge tops to as steep as 

1:1 (horizontal: vertical [h:v]) (h:v) along the sides of the incised drainage channels.  Numerous 

man-made cut slopes varied from 2:1 (h:v)to basically vertical up to heights of approximately 80 

feet.  Natural drainage is generally toward the north to northeast towards the westward flowing 

Temescal Creek; however, many of the natural drainage channels within the property have been 

re-directed or dammed entirely by haul roads and/or undocumented fills/stockpiles associated 

with the previous and ongoing mining operations.    In addition numerous deep open pits have 

created localized topographic lows compared with the surrounding areas that collect surface 

water or are utilized as sedimentation ponds and/or reservoirs for the Pacific Clay operations.  

Three main north-northeast trending natural drainages formerly dissected the site and include the 

Rice Canyon Wash in the central portion of the site and two unnamed canyon washes, one that 

enters the site near the Sun Glow pit and another that crosses the northwestern corner of the site.  

The extreme northern portion of the site is located within the Temescal Creek floodplain. 

 

It should be noted that the topography of the site, as shown on the topographic maps provided by 

KWC (KWC, 2010) and used as a base map for our geologic maps (Figures 2 and 3) may not be 

indicative of the most current topography due to ongoing fill stockpiling and mining operations 

throughout the site. 

 
Subsurface Mines 

 
No evidence for subsurface mines or mine shafts was observed within this property during our 

literature research, aerial photo analysis, or field geologic mapping.  However, based on 

conversations with current Pacific Clay geologists it is possible that some mine shafts may have 

been excavated within the hillside south of the 25 Fire Clay Pit. 
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Regional Geologic Setting 

 
Regionally, the site is located in the northern portion of the Peninsular Ranges Geomorphic 

Province of California.  The Peninsular Range Province is characterized by northwest-trending 

mountain ranges formed and separated by a series of sub-parallel fault zones associated with the 

San Andreas Fault System.  From west to east, these faults include primarily the Rose Canyon-

Newport Inglewood, Elsinore-Whittier, San Jacinto and San Andreas Fault zones.  These faults 

separate the continental crust into three major blocks identified as the Santa Ana, Perris and San 

Jacinto blocks.  The subject site is located along the eastern flanks of the Santa Ana Mountains at 

the northern end of the northwest-trending Lake Elsinore Valley which forms the boundary 

between the Santa Ana and Perris blocks.  Formed by extension of the en echelon Elsinore fault 

zone, the Elsinore Valley is a structural trough separating the Santa Ana Mountains to the west 

and the Perris Structural Block to the east.  Lake Elsinore fills the majority of the northern part of 

this extensional structural basin.   

 

The Santa Ana mountain range consists of basement rocks that include Jurassic-aged, slightly 

metamorphosed sedimentary and metasedimentary bedrock of the Bedford Canyon Formation, 

intruded by both Middle to Late Cretaceous igneous rock of the Southern California Batholith 

and early Cretaceous Santiago Peak volcanic rock.  The Jurassic Bedford Canyon formation 

forms the oldest rocks within the site area, generally placed between 145 to 200 million years 

ago (Ma).  The intrusive granitic pluton of the Southern California Batholith in the Santa Ana 

Mountains area has an approximate emplacement age of 110-126 Ma.  The intrusive Santiago 

Peak volcanic rocks have an approximate emplacement age of 123 to 134 Ma making it similar 

in age with the older part of the Southern California Batholith.   

 

Marine sedimentary rock of the Paleocene Silverado Formation (55 to 65 Ma) is also exposed 

unconformably overlying the basements rocks within portions of the site area and is further 

overlain by Pleistocene-aged consolidated older alluvium.   Older alluvium also overlies the 

Bedford Canyon formation, Santiago Peak volcanics and granitic bedrock in numerous areas.  
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Many local valleys contain recent terrestrial sedimentary units that typically consist of Holocene 

topsoil, colluvium and/or alluvium (channel sands, flood plain, alluvial fans etc.). 

 

Generally the site consists of north-to northeast-trending ridges descending from the flanks of the 

Santa Ana Mountains, separated by shallow to deep incised canyon drainages.  Deformation 

resulting from broad folding, thrust and strike-slip faulting, and regional uplift has exposed the 

bedrock formations at or near the surface within portions of the site where they have been 

subsequently modified by weathering and erosion.  As noted, the bedrock is often mantled by 

Pleistocene-age, consolidated older alluvium and more recent, unconsolidated, porous alluvium 

of variable depths.  The more recent alluvium is primarily limited to canyon drainages.  Large 

portions of the site are covered with recent man-made stockpiles and fill, as well as deep open 

mine pits related to the mining activities that have occurred on the site over the past 90 to 100 

years.    

 
Local Geology and Surface Conditions 

 
Earth units exposed at the surface during our reconnaissance level mapping consisted of recent 

and historical artificial fill (stockpiles, haul roads, mine tailings, pit infill, sedimentation ponds 

etc), recent alluvium, colluvium and alluvial wash, Pleistocene-aged older alluvium, an 

intermediate clay unit Pacific Clay denotes as the Olive Formation, landslide deposits, Paleocene 

sedimentary bedrock of the Silverado Formation, Cretaceous granitic bedrock, Cretaceous 

Santiago Peak volcanics and Jurassic metamorphosed bedrock of the Bedford Canyon 

Formation.  The units are discussed in detail below. 

 
 Artificial Fill (no map symbol) – Undocumented fill, mine tailings, open-pit infill, and soil 

and aggregate stockpiles were encountered across large portions of the site.  The depths of 
many of these areas are unknown at this time but may be as deep as 50 feet or greater below 
existing grades in some areas. 

 
 Alluvium (no map symbol) – Alluvium and colluvium of Holocene-age was present along 

the natural and diverted drainages and within the floodplain area at the northern end of the 



CASTLE & COOKE ALBERHILL RANCH INC. March 16, 2010 
Pacific Clay Property/Lake Elsinore J.N. 118-10 
 Page 10 
 

site.  Alluvial deposits are considered to be unconsolidated and subject to varying degrees 
of settlement.   

 
 Older Alluvium (map symbol Qoal) – Pleistocene-age older alluvium was observed at 

various locations across the site and is generally comprised of consolidated to locally 
cemented, silty sand to sands which include gravel-to cobble-sized sedimentary and granitic 
clasts.  This unit caps many of the older bedrock units at variable depths. 

 
 Olive Formation (map symbol Qofm) – A stratigraphicaly thin intermediate clay unit 

underlying the older alluvium and overlying the Silverado Formation is exposed in various 
areas through the site.  This clay unit does not appear to be part of the Silverado Formation 
and have been named the Olive Formation by Pacific Clay geologists.  It is estimated to be 
of early Pleistocene age but is not definitively age dated. This material is discontinuous 
across the site and where exposed is observed to consist of olive green plastic clays that are 
susceptible to landsliding in slope areas.   

 
 Landslide Deposits (map symbol Qls) – Several landslide and surficial failures/slumps were 

encountered within portions of the site generally attributed to areas of Silverado Formation 
bedrock and the Olive Formation.  Some of the failures were observed in man-made 
oversteeepened cut slopes within open-pit mine excavations such as the 25 Fire Clay pit and 
the Sun Glow Pit.  Exposures of the Olive Formation within many slope areas also showed 
signs of surficial failures and are know by Pacific Clay geologists to be problematic during 
excavating. 

 
 Tertiary Silverado Formation Bedrock (map symbol Tsi) – Exposures of the Paleocene-aged 

Silverado Formation were observed in many of the mined open-pit cut slopes within the 
central portion of the site.  Silverado Formation was also encountered beneath the older 
alluvium during our previous investigations at the eastern end of the site.  This unit is 
juxtaposed with the Bedford Canyon Formation by faulting at the 25 Fire Clay pit. This 
bedrock typically consists of marine and non-marine thin to thickly interbedded sandstones, 
siltstones and claystones that are tilted to varying degrees. 

 
 Cretaceous Granitic Bedrock (map symbol Kgr) – Undifferentiated intrusive granitic 

bedrock (granite, granodiorite, tonalite, diorite etc.) is exposed within the hillsides at the 
southern extremity of the site on either side of the Rice Canyon wash. The unit is typically 
highly weathered at the surface by chemical and mechanical processes and was found to be 
moderately hard to hard, fractured and locally faulted.   

  
 Cretaceous Santiago Peak Volcanic Bedrock (map symbol KJsp) – Intrusive volcanic rocks 

were exposed in the hillsides in the southwestern portion of the site and the hill immediately 
west of the existing clay brick plant.  These materials consisted primarily of latite and dacite 
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porphyries that were grey, brown-grey or yellow brown, hard to very hard, massive, slightly 
to moderately weathered in the near surface and closely fractured/jointed.   

 
 Jurassic Bedford Canyon Bedrock (map symbol Jbc) – Bedrock of the Bedford Canyon 

Formation was exposed at the surface north and northwest of the ERM and Sloan Pits as 
well as south of the 25 Fire Clay Pit and several hills in the south central portion of the site.  
The Bedford Canyon Formation typically forms resistant ridges and consists of massive, 
hard to very hard metasedimenatry rock that is jointed and highly fractured. 

 
Groundwater 

 
Groundwater was encountered during our previous geotechnical investigation in the 30-acre 

commercial site near Lake Street and groundwater is reported by Pacific Clay to be at very 

shallow depths at the north end of the site near Temescal Creek. (Petra, 2007a, 2007b).  Surface 

water has collected in many of the ponds and topographic low points at various locations 

throughout the site.  In addition perched groundwater has been routinely encountered within 

differing bedrock units during the course of mining operations by Pacific Clay geologists.   

 
Faulting 

 
Numerous active faults exist in southern California most of which exist to accommodate right-

lateral shear deformation associated with the relative motion between the Pacific and North 

American tectonic plates.  Thus, southern California is along a tectonic plate boundary, with 

most of the motion between the plates accommodated by the San Andreas Fault System.  Within 

this system, most of the active faults in southern California strike toward the northwest and 

include (east to west) the San Andreas fault (proper), the San Jacinto fault, the Elsinore fault, the 

Rose Canyon-Newport Inglewood fault and various offshore faults. 

 

Although the site exists just outside of the limits of a Fault Hazard Zone for the Elsinore fault 

zone, as defined by the state of California in the Alquist-Priolo Earthquake Fault Zoning Act, 

portions of the southern end of the site are located within a Riverside County Fault Zone.  The 

faults located within the southern boundary of the site are thought by Riverside County and in 

our professional opinion, to be potentially active.  In the State of California, an active fault is 
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considered to have had surface displacement within Holocene time or approximately during the 

past 11,000 years.  The property is located in an area of relatively complex faulting within the 

Elsinore fault zone that exhibits numerous faults across a 3,000- to 4,000-foot wide zone.   This 

complexity is partly associated with a large releasing step over within the Elsinore fault zone 

that consists of the Glen Ivy North fault on the north side of Lake Elsinore and the Wildomar 

fault on the south side of Lake Elsinore.  The southern end of the site resides essentially at the 

northern end of the releasing step over. 

 

The Elsinore fault zone consists of en-echelon, northwest to west-northwest-trending faults.  

Many of these faults are accompanied by geomorphic and geologic features that indicate they 

have been active during late Pleistocene and Holocene time.  Displacement of Holocene-age 

sediments and evidence for ground-surface rupture associated with the May 15, 1910 earthquake 

have been documented in a trench in Temescal Valley along the Glen Ivy segment of the 

Elsinore fault zone (Millman and Rockwell, 1986).  The Glen Ivy segment is capable of 

producing an earthquake with a maximum moment magnitude of 6.8 with a moderately 

constrained slip rate of 5±2 millimeters per year (CGS, 2002). 

 

The northern fault strand within the 3,000- to 4,000-foot wide fault zone in the area of the site is 

called the Glen Ivy North fault, which, in our professional opinion, is likely the main trace of the 

Elsinore fault zone in the area.   However, this portion of the fault is not within the California 

State EFHZ.   The Glen Ivy North fault is currently mapped within the southern boundary of the 

property.  These potentially active faults are shown on the attached Figure 2 in the south and 

southwestern corners of the property.  Based on our fault investigation south of the site in the 

Rice Canyon Wash, an active splay of the Glen Ivy North fault projects towards the property 

(Petra, 2004).   

 

Based on review of Pacific Clay’s files, numerous other bedrock faults are delineated on Pacific 

Clay geologist’s cross sections throughout the property.  These bedrock faults are buried under 
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older alluvium at variable depths and do not have a surface expression, thus indicating they are 

considered to be inactive faults.  

 
Landslides 

 
Although not mapped on regional geologic maps, landslides and/or surficial failures were 

observed and mapped within the site boundaries.  Several of these failures have occurred due to 

man-made cut slopes in the Silverado Formation bedrock such as within the Sun Glow pit area 

and the 25 Fire Clay pit area.  In addition, evidence of surfical slope failures was commonly 

observed in the weak plastic clay of the Olive Formation.   

 
 

CONCLUSIONS  

 

Development Feasibility 

 
Based on our research and review of pertinent geotechnical literature and on the surficial 

geologic mapping, development of the Alberhill Villages Specific Plan is considered feasible 

from a geotechnical standpoint.  However, there are a number of geologic and geotechnical 

constraints inherent to the property that should be considered during the design process.  These 

constraints and other preliminary design considerations should be more thoroughly investigated 

at the Tentative Map-level of planning for the Alberhill Villages Specific Plan and are presented 

in the following paragraphs.   

 
 

GEOLOGIC AND GEOTECHNICAL CONSTRAINTS 

 

Active Faulting 

 
Several splays of the Glen Ivy North fault, a segment of the Elsinore Fault Zone, are mapped as 

crossing portions of the southern end of the property and are shown on Figures 2 and 3.  

Although the site is not located within a State-determined Alquist-Priolo Earthquake Fault Zone 

these splays are within a Riverside County fault zone and are considered potentially active.  
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Additionally, previous work by Petra immediately south of the site in the Rice Canyon wash has 

indicated that at least one of these splays is active.  If structures for human occupancy are 

planned to be developed within these areas then a subsurface fault study would be necessary to 

locate the faults and determine whether they are active or inactive.  If development of structures 

for human occupancy or structures sensitive to ground rupture are not planned in these areas then 

a fault investigation would not be required.  

 
Hard Rock 

 
Outcropping of hard to very hard Bedford Canyon Formation, Santiago Peak Volcanics and 

granitic bedrock exposed at the surface and on hillsides was observed in various areas of the 

property.  These geologic units are depicted on Figures 2 and 3.  Difficulty in excavating these 

materials is anticipated due to the hard nature of the bedrock.  Significant costs associated with 

excavation and/or blasting of the bedrock hillsides should be expected.  In addition substantial 

amounts of oversize rock may be generated that may not be suitable for use in engineered fills.  

Seismic tomographic line survey or an evaluation with an air-trac drill rig would help constrain 

the depths of hardness of the bedrock to help determine the amount of blasting, if any, that may 

be necessary.   

 
Landsliding and Potential Slope Instability 

 
Evidence of slope failures was observed during our field mapping and discussions with the 

Pacific Clay geologists. In addition, there is a potential to create additional unstable slopes 

during future site development.  As discussed, portions of the site have large stockpiles of 

uncompacted, undocumented fill that might be subject to slope failures in their current condition.  

Additionally, if cut slopes are proposed in Silverado Formation, Olive Formation or Bedford 

Canyon Formation and Santiago Peak bedrock, they may encounter an out-of-slope component 

depending on the dip of the Silverado Formation bedding, and/or the fracturing/jointing/faulted 

pattern of the Bedford Canyon Formation and Santiago Peak volcanic bedrock.  Further 

evaluation within specific areas, including subsurface exploration with a bucket auger and 
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computer models for slope stability analysis may be necessary depending of the proposed 

grading concept with regards to potential cut slopes areas.   

 
Compressible Soils 

 
The most extensive geotechnical constraint, with regards to the subject property, are the areas of 

compressible soils which are generally comprised of undocumented fill, mine tailings, soil and 

aggregate stockpiles, open-pit mine infill, saturated open-pit excavations and recent 

alluvium/colluvium.  The horizontal extent of the compressible soil areas are shown as the 

uncolored areas on Figures 2 and 3; however the depths to competent soils and/or bedrock are 

unknown at this time. Depending on the development scheme, the project could be impacted by 

significant costs with regards to remedial grading.  Subsurface geotechnical drilling, sampling 

and laboratory testing would help constrain the depths of compressive soils in areas that would 

require remedial grading.   

 
Expansive Soils 

 

Although not specifically tested as part of this study, expansive soil may be encountered 

throughout portions of the site.  In addition, highly expansive soils were encountered within the 

Silverado Formation bedrock during the subsurface investigation for the 30-acre commercial site 

by Petra at the eastern end of the site (Petra, 2007a).  Based on the fact that the site was 

previously mined for clay products, we also anticipate encountering some clayey, expansive soil 

materials within areas of mined stockpiles and/or tailings.  Although the extent of these materials 

is currently unknown, Petra assumes that expansive soil materials will be encountered during site 

development and specialized grading recommendations may be needed.  
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Liquefaction Potential 

 
Portions of the site are delineated as having a moderate potential for liquefaction based on 

Riverside County Land Information System, and groundwater is anticipated to be within 50 feet 

for portions of the site.  Based on these facts, there is the potential for dynamic settlement within 

areas of the site underlain by undocumented fill and/or recent alluvium during a seismic event. 

The liquefaction potential will need to be evaluated during the geotechnical investigation phases 

within specific areas of the site that are to be developed with building structures in accordance 

with the State of California’s guidelines presented within Special Publication 117.  This would 

include subsurface drilling and sampling to at least 50 feet below ground surface, laboratory 

testing of samples obtained at or below the water table, computer modeling and engineering 

analysis. 

 
Strong Ground Motions 

 
The subject site is located within a seismically active area of southern California that is likely to 

be subjected to moderate to strong ground shaking during the life of the project.  Structures 

should be designed to resist the effects of seismic ground motions as provided in the applicable 

building code requirements when the site is developed in the future.  Seismic design parameters 

and peak ground accelerations will be provided during the future site specific geotechnical 

investigations.  The anticipated seismic-induced ground motions are anticipated to be 

accommodated by design parameters of the 2007 CBC. 

 
Suitability of On-Site Materials for Use as Engineered Fill 

 
Based on our surficial observations at the subject site, the vast majority of soil materials would 

be suitable for use as engineered fill.  As previously discussed expansive soils may be 

encountered during site development that may require special recommendations and/or oversize 

rock may be generated during excavation/blasting of Bedford Canyon Formation, Santiago Peak 

and/or granitic bedrock.  Saturated soils, if encountered, would be suitable provided they are air-

dried back to near optimum moisture content.  As with most remedial grading, the majority of 
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soils exposed at or near the surface would require moisture conditioning to near optimum 

moisture for use as engineered fill. 

 
Shallow Groundwater 

 
Although shallow groundwater is not anticipated to impede the majority of the proposed 

development, numerous surface ponds/reservoirs are located within the property.  Depending of 

the proposed development scheme, these areas may need to be drained of the surface water 

followed by remedial grading to prepare these areas for future engineered fill placement.  

Additionally, the extreme northern portion of the site near Temescal Creek is anticipated to 

encounter groundwater at shallow depths. If deep excavations are proposed, perched 

groundwater or seepage may also be encountered. 

 
 

RECOMMENDATIONS  

 
Mitigation of Geologic /Geotechnical Constraints 

 

Active Faulting 

 
Subsurface fault trenching should be performed during the Tentative Map phase of planning in 

all areas where structures for human occupancy, as well as structures sensitive to ground rupture, 

are proposed and active faults are mapped or are suspected.  The areas of known potentially 

active faulting are currently limited to the south central extremity and the southwestern corner of 

the site as shown on Figures 1 and 2.  If these faults are located but proven to be inactive, or if 

there is no evidence of faulting, then the proposed development will not be constrained by a fault 

surface rupture hazard.  If active fault strands are discovered, then appropriate fault setbacks will 

be required for structures for human occupancy.  Evidence of active faults do not preclude other 

forms of development such as roadways, park sites, graded slopes etc. 
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Hard Bedrock 

 
Geotechnical studies should be performed at the time definitive grading plans have been 

prepared for each site to evaluate the excavation and rippability characteristics of the Silverado 

Formation (Tsi), Bedford Canyon Formation (Jbc), Santiago Peak (KJsp) and Granitic (Kgr) 

bedrock materials.  These studies may indicate the possible need for blasting.  A combination of 

several techniques are available to evaluate bedrock excavation and rippability characteristics 

that include seismic tomographic (refraction) line surveys, air-trac borings and excavation of test 

trenches utilizing a large excavator.        

 

To facilitate future excavation of building footings and utility trenches with backhoes and wheel 

trenchers, hard bedrock exposed at finish grade in building pad and street areas should be 

overexcavated and replaced with compacted fill.  The depths of overexcavation in building areas, 

in general, should extend to a depth of about 2 to 3 feet below the bottoms of the footings or to 

the depth of the deepest utility, whichever is greater.  The depths of overexcavation in street 

areas should extend to at least 1 foot below the depth of the deepest utility. 

 
Landslides and Potential Slope Instability 

 
Areas that have been mapped as landslides or areas that have suspect soils and bedrock materials 

know to be susceptible to slope failure should be fully investigated utilizing down-hole geologic 

logging of bucket auger borings to evaluate the geologic structure and analyze the potential for 

future failures and to provide engineering recommendations for stabilizing these areas.  Areas of 

known landslide will require (remedial) grading to remove the slide mass to competent materials 

(bedrock) and replacing with a compacted buttress fill.    

 

Depending on their orientation, proposed cut slopes excavated in the Silverado Formation 

bedrock or Olive Formation may expose bedding components that dip out-of-slope and create an 

unstable slope condition.  In addition, proposed cut slopes excavated in the Bedford Canyon or 

Santiago Peak bedrock may expose unfavorable out-of-slope fracturing/jointing patterns that 
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may also create an unstable slope condition.  Therefore, additional mapping of bedrock 

discontinuities and large-diameter bucket auger borings are recommended in proposed cut slope 

areas to evaluate bedrock structure.  Analysis of the geologic structure of the bedrock and the 

shear strength of the soil and bedrock materials will determine the gross (global) and surficial 

stability of the proposed slopes.  Where instability is anticipated, the cut slope may be 

reconstructed as either a buttress fill or stabilization fill slope depending on the nature of the 

instability.  Proposed cut slopes excavated in existing undocumented artificial fill materials or 

low density alluvial soils will be grossly unstable and should be reconstructed as engineered fill 

slopes. 

 

In addition, all existing large and/or overstepped cut slopes created by the previous mining 

operations will need to be analyzed for existing gross stability and how these slopes will impact 

the future development. 

 
Compressible Soils 

 
Compressible soils identified throughout the property are generally comprised of undocumented 

fill, mine tailings, soil and aggregate stockpiles, open-pit mine infill, saturated open-pit 

excavations and recent alluvium/colluvium.  Any compressible soils that exist within proposed 

structural fill areas, or any that remain in-place at finish grade in proposed cut areas, should be 

removed to underlying competent bedrock or older alluvium and then replaced as compacted fill.  

Subsurface exploration combined with sampling and laboratory testing of the onsite soils should 

be performed to determine the horizontal limits and the depths of remedial grading that will 

likely be required. 

 
Expansive Soils 

 
Expansive soils are present throughout much of the property.  Without proper mitigation 

measures, expansive soils can have an adverse effect on building foundations, street 

improvements (i.e., pavement sections) as well as a variety of other site improvements (i.e., 
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walkways, driveways, masonry walls, etc.).   Subsurface exploration combined with sampling 

and laboratory testing of the onsite soils should be performed to determine their expansion 

potential characteristics in order to develop specific geotechnical design parameters for building 

foundations and site improvements to mitigate the effects of expansive soils.   

 

Such mitigation measures typically entail removal of the expansive soils from beneath the 

affected areas, replacing them with non-expansive soils.  Other mitigative measures include 

compensation in the building or improvement design to accommodate expansive soils, or 

treatment of expansive soils with lime or cement to enhance soil characteristics.  

 
Liquefaction Potential 

 
The potential for earthquake-induced liquefaction should be evaluated in areas of the property 

underlain with recent alluvial deposits that have been delineated by the Riverside County Land 

Information System as having a moderate potential for liquefaction.   A series of hollow-stem 

auger borings, rotary wash borings and/or cone penetration tests (CPT) extending to a depth of 

least 50 feet or to bedrock, whichever occurs first, should be conducted in selected areas to 

determine the depths to groundwater and the in-situ physical characteristics of the subsurface 

soils.  The potential secondary effects of liquefaction should also be evaluated, such as ground 

subsidence, dynamic settlement, lateral spreading and manifestation of liquefaction at the surface 

(i.e., sand boils, foundation bearing failure).  If the liquefaction analyses indicate a potential for 

earthquake-induced liquefaction is present within any portions of the property, mitigation 

recommendations will be provided.  The recommendations may include ground modification 

measures and/or the use of special foundation types such as deep foundations, post-tensioned 

slabs or mat foundations. 

 
Strong Ground Motions 

 
Since the subject property is located within a seismically active area of southern California, 

moderate to strong ground shaking can be expected within the site during the life of the project.  
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Therefore, structures should be designed the resist the effects of seismic ground motions as 

provided in the applicable building codes at the time the site is developed.  Seismic design 

parameters and peak ground accelerations will be provided as part of future site specific 

geotechnical investigations. 

 
Suitability of On-Site Materials for Use as Engineered Fill 

 
On-site soil and bedrock materials that are free of hard rock greater than 12 inches in maximum 

dimension, and any trash, organics or similar deleterious materials will be suitable for use as 

engineered fill.  Rock greater than 12 inches in maximum dimension may be buried in deep fill 

areas utilizing special grading techniques such as placing the rock in windrows or as rock 

blankets.  Specific recommendations and grading techniques for burying oversize rock would be 

provided as part of future site specific geotechnical investigations. 

 
Surface Water and Shallow Groundwater 

 
Temporary dewatering may be required during remedial grading operation such as removal and 

recompaction of low-density alluvial materials, as well as removal of compressible soils that 

exist in ponded areas.  In addition, materials subject to removal may be very moist to saturated 

and will be unsuitable for placement as engineered fill until the moisture content has been 

reduced to a satisfactory level.  This will require large areas to spread the wet materials and 

allow drying.  Additional equipment would also be required to periodically turn the materials to 

facilitate the drying process and promote uniformity of the material moisture content. Specific 

recommendations and grading techniques would be provided as part of future site specific 

geotechnical investigations. 

 
 

RECOMMENDATIONS FOR ADDITIONAL STUDY 

 
The findings and conclusions presented in this geologic constraints evaluation are based on the 

research and preliminary field mapping performed by Petra for the Pacific Clay Specific Plan.  

When Tentative Tract and Final maps for each of the subsequent project sites have been 
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developed, additional studies, including preliminary subsurface investigations, detailed geologic 

mapping and geotechnical testing and analysis, will be necessary to provide detailed 

recommendations that are appropriate for the proposed construction.  The following is a synopsis 

of the typical types of studies that may be performed during the subsequent development phases. 

 
Tentative Tract Map Phase 
 

 Subsurface fault investigations in areas of known or suspected active faulting. 
 Clearing areas of potential ground surface rupture hazards and/or establishing fault 

setback zones. 
 Detailed geologic mapping within areas of proposed development. 
 Geophysical and/or air-trac subsurface investigations to evaluate the ripability of hard 

bedrock units and/or possibility of blasting. 
 Drilling of geotechnical hollow-stem auger borings and or excavating test pits in areas of 

compressible soils (fill and natural alluvium) to determine the depths to competent 
materials. 

 Excavating large-diameter bucket auger borings for down-hole geologic logging and 
subsequent slope stability analysis in slope areas of know or suspected landslides and 
failures as well as proposed cut slopes to be excavated within suspect geologic units. 

 Evaluate the potential for liquefaction in areas with suspected shallow groundwater and 
soil materials prone to liquefy under seismic shaking.  A combination of CPT soundings 
or geotechnical hollow-stem auger borings may be utilized  

 Evaluation of groundwater, if encountered within our borings, with respect to the grading 
design concept. 

 
Final Tract Map Phase 
 

 Comparison review with the previous Tentative Tract map for design changes. 
 Site specific 40 grading plan reviews. 
 Grading specific recommendations, including but not limited to areas for disposal of 

oversize rock, slope buttressing or stabilization, specialized grading for highly expansive 
soil materials etc. 

 Site specific supplemental geotechnical investigations which may include additional 
subsurface borings, test pits, CPT’s and/or geophysical methods depending on the 
location of the proposed structures and/or changes to the grading concept. 

 Preliminary foundation design recommendations. 
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EVALUATION LIMITATIONS 

 
This report is based on the project site as shown on the 100-scale topographic maps (KWC, 

2010) provided for our review and our geologic and geotechnical research as described herein. 

The surface materials encountered during our evaluation are believed representative of the 

project area and the conclusions and recommendations contained in this report are presented on 

that basis. 

 

This report has been prepared in a manner consistent with the level of care being provided by 

other professionals providing similar services at the same locale and time period. The contents of 

this report are professional opinions and, as such, are not to be considered a guarantee or 

warranty. 

 

We hope this information meets your needs at this time.  Should you have questions, please 

contact this office. 

 
Respectfully submitted, 
 
PETRA GEOTECHNICAL, INC. 

 
 
 
____________________________ ____________________________- 
 
Douglass L. Johnston, CEG  Grayson R. Walker, GE 
Project Geologist   Principal Engineer 
CEG 2477  GE 871 
 
Attachments: References 

 Figure 1 – Site Location Map 
 Figures 2 and 3 – Geologic Maps 
 
Distribution: (2) Addressee 
 (2) KWC Engineers, Attn: Mr. Ken Crawford 
 (4) The Planning Associates, Attn: Mr. Hardy Strozier 
DJ/GW/jg/kms 
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Aerial-Photographs Reviewed 

 
 

Agency Date Flight - Photo Number 

Scale 

1 inch = --- 

feet 

Davidson Library, 
UCSB 7/28/1938 AXM-73 – 28, 29 1,500 

Fairchild Collection 1947 C-11730 F – 20-3, 20-4 1,500 
Continental Aerial 

Photo 5/6/1949 AXM-3F – 128, 129 1,500 

Petra In-House Library 5/6/1949 AXM-3F – 127, 128 1,500 
Fairchild Collection 6/10/1954 C-20546 – 1:8, 1:9 2,000 

Fairchild Collection 10/24/1955 
C-22280 – 5:131, 5:132, 5:133, 5:134, 5:135, 

5:136,  
5:142, 5:143, 5:144, 5:145, 5:146,  

600 

Fairchild Collection 10/28/1955 
C-22280 – 6:5, 6:6, 6:7, 6:8, 6:9, 6:10, 6:49, 

6:50, 6:51, 
6:52, 6:53 

600 

Fairchild Collection 1958 C-23023 – ORA:99, ORA:99, RIV:5:95, 
RIV:5:96 3,000 

Pacific Clay Archives May 1958 23023 – 5-99 3,000 

Fairchild Collection August 
1961 C-24153 – 50, 51, 52, 53 1,000 

Petra In-House Library 1/2//1962 24244 – 184, 185, 186, 449 1,800 
Continental Aerial 

Photo 5/15/1967 AXM-3HH – 246, 247 1,800 

Petra In-House Library 11/22/1969 43, 44 1,000 
Petra In-House Library 6/20/1974 578, 579 2,000 
Petra In-House Library 6/20/1974 578, 579, 580 3,000 

Continental Aerial 
Photo 2/15/1977 RIV – 6-01, 6-02 4,150 

Petra In-House Library 1/20/1984 929 1,600 
Pacific Clay Archives 9/15/1987 W.O. 236-87 – 1-1, 1-2, 1-3, 1-4, 1-5 500 

Continental Aerial 
Photo 2/11/1988 C-80 – 61-26, 61-27  

Continental Aerial 
Photo 9/23/1988 C-80 – 63A-1 2,125 

Petra In-House Library Sept. 1989 9899 –Hunsaker (7 unmarked oblique color 
photos) Various 



CASTLE & COOKE ALBERHILL RANCH INC. March 16, 2010 
Pacific Clay Property/Lake Elsinore J.N. 118-10 

 

Aerial-Photographs Reviewed 

 

 

Agency Date Flight - Photo Number 

Scale 

1 inch = --- 

feet 

Petra In-House Library 9/9/1989 9899 – 3-1, 3-2, 3-3, 3-4, 4-1, 4-2, 4-3, 4-4 500 
Continental Aerial 

Photo 6/24/1993 C-94-11 – 84, 85 2,000 

Continental Aerial 
Photo 9/11/1997 C-116-38 – 102, 103 2,000 

Continental Aerial 
Photo 3/2/1999 C-135-38 – 66, 67 2,000 

Petra In-House Library 3/2/1999 C-135-38 – 97, 98 2,000 
Petra In-House Library 7/27/2005 12-10, 12-11 1,800 

KWC Engineers 1/5/2006 N/A 500 
KWC Engineers 1/3/2007 N/A 500 

 




































































































































































































































