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SUMMARY OF FINDINGS
At the request of HELIX Environmental Planning, Inc., on behalf of Hesperia Venture 1, LLC,
Applied EarthWorks, Inc. (Æ) performed a paleontological resource assessment in support of the
proposed Tapestry Project (Project) in the City of Hesperia, San Bernardino County, California.
The assessment included a comprehensive literature review and museum records search at the
San Bernardino County Museum (SBCM). The purpose of the literature review and records
search was to identify the geology of the Project area and to determine whether or not previously
recorded paleontological localities occur either within the Project boundary or within the same
geologic deposits elsewhere. The museum records search was supplemented by a search of the
University of California Museum of Paleontology’s (UCMP) online collections database. Using
the study results, the paleontological resource potential (i.e., sensitivity) of the Project area was
determined in accordance with current Society of Vertebrate Paleontology (SVP) guidelines
(2010).
As a result of this study, portions of the Project area have been determined to have a high
paleontological resource potential (i.e., sensitivity) and the likelihood of impacting scientifically
significant vertebrate fossils as a result of Project development is high. Published geologic maps
indicate the Project area is underlain by sedimentary rock formations of late Cenozoic age.
Museum records contained two previously recorded paleontological localities directly within
Project boundary, in addition to at least 10 scientifically significant fossil localities that have
been recorded within the Project vicinity. All of these localities were discovered within the
Miocene age Crowder Formation, the Pliocene-Pleistocene Phelan Peak deposits of Weldon, and
the Early Pleistocene Shoemaker Gravel/Victorville Fan deposits. Therefore, it is recommended
that a qualified paleontologist be retained to develop and implement a paleontological resources
impact mitigation plan during Project development. At the conclusion of all Project-related
ground disturbances, all significant fossils found during the course of on-site monitoring should
be permanently curated in an accredited museum repository and a final technical report of
findings should be drafted and submitted to the repository and Hesperia Venture I, LLC.
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1
INTRODUCTION
At the request of HELIX Environmental Planning, Inc., on behalf of Hesperia Venture I, LLC,
Applied EarthWorks, Inc. (Æ) performed a paleontological resource assessment in support of the
proposed Tapestry Project (Project), a master planned community development on approximately
9,367 acres (ac) within the City of Hesperia (City), San Bernardino County, California. The
assessment included a comprehensive literature review, museum records search at the University
of California Museum of Paleontology (UCMP), geologic map review, and preparation of this
technical report that includes Project-specific management recommendations.
1.1

PROJECT LOCATION AND DESCRIPTION

Hesperia Venture I, LLC proposes to construct Tapestry Project, a master planned community
development within the City, San Bernardino County, California (Figure 1). Specifically, the
Project area covers approximately 9,367 ac and is mapped within portions of Township 3 North/
Range 5 West, Sections 24–25, and 36; Township 4 North/ Range 4 West, Sections 34-35;
Township 3 North/ Range 4 West, Sections 2–3, 8–17, and 19–36 on the Hesperia (2012), Lake
Arrowhead (2012), and Silverwood Lake (2012), CA 7.5-minute U.S. Geological Survey
quadrangles (Figure 2). The Project is located approximately eight miles (mi) east of Interstate
15 along State Highway 138. State Highway 173 generally serves as the southern and eastern
boundary of the Project site. Situated approximately 12 mi north of the City of San Bernardino,
the Project site is located along the base of the north face of the San Bernardino Mountains at the
southern edge of the Mojave Desert. The Project’s northern boundary is primarily along the
southern edge of Antelope Valley, to the south of Ranchero Road.
In preparation for submitting the Project Environmental Impact Report (EIR) to the City of
Hesperia, HELIX Environmental Planning, Inc., on behalf of Terre Verde Group LLC, requested
that Æ perform a paleontological resource assessment based on the current land use plan of the
Project. The Tapestry Project area is located within the previously approved Rancho Las Flores
Specific Plan (SP-89-01) area. The original Rancho Las Flores Specific Plan (SP-89-01) and
Final EIR were approved by the City of Hesperia in 1990. The previous plan was for a masterplanned mixed-use community of single-family and multi-family residential, commercial, town
center, recreational, and community uses. The revised Tapestry Project excludes the
approximately 490-ac Las Flores Ranch, and would allow the proposed development in lieu of
the originally proposed Specific Plan. In addition, the Project applicant is preparing a Tentative
Tract Map (TTM) for Phase 1 of development, as described below.
The Tapestry Specific Plan proposes a maximum of 19,398 residential units with a mix of
densities ranging from very low density and estate to high density and mixed use. The majority
of the residential units would be low/medium density. Development would be separated into
three distinctive villages: Mesa Village, Summit Valley Village, and Grass Valley Village. The
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latter would be primarily equestrian. In addition to residential uses, the Specific Plan also
proposes the following:









Two mixed-use town centers totaling approximately 137 ac
Approximately 371 ac of park land, including community and neighborhood parks,
sports fields, passive recreational open space areas, and water features
An extensive trail system including trails and enhanced parkways adjacent to streets and
off-street and equestrian trails, totaling approximately 140 mi (114 ac)
Eight elementary schools, two middle schools and two high schools totaling
approximately 261 ac of school uses
Public and civic facilities (e.g., post office, library branch, fire station, etc.)
A wastewater treatment facility and lift stations
Roadways, drainage facilities, domestic and recycled water infrastructure and other
associated infrastructure
Preservation of approximately 3,457 ac of the site’s natural elements and open space,
including an approximately 451-ac conservation easement and the approximately 81-ac
Serrano Heritage Preserve

Primary access to the Project site would be from Ranchero Road, which would provide the
primary connection from within the City north of the site. Direct access is provided by SR 138
and SR 173. The City has indicated that the Project may have to participate in the construction
of a number of off-site major roads, including extensions of Summit Valley Road, Maple Avenue,
and Santa Fe Avenue, some of which pass through the County of San Bernardino. Construction
would be phased over the next two decades with the northern extent of the project area
developed first. Subsequent phases have yet to be defined. Permitting requirements for the
Project includes a U.S. Army Corps of Engineers permit under Section 404 of the Clean Water
Act (33 USC 403).
1.2

PURPOSE OF INVESTIGATION

The purpose of this investigation is to: (1) identify the geologic deposits underlying the Project
area and assess their paleontological resource potential; (2) determine whether or not the Project
has the potential to adversely impact known scientifically significant paleontological resources;
and (3) provide Project-specific management recommendations for paleontological resources
mitigation, as necessary. The study was conducted in accordance with professional standards
and guidelines set forth by the Society of Vertebrate Paleontology (SVP) (SVP 2010) and meets
the requirements of the California Environmental Quality Act (CEQA).
1.3

KEY PERSONNEL

Æ’s Paleontology Program Manager Jessica DeBusk requested the museum records search and
served as primary author of this report. Staff Paleontologist Heather Clifford conducted the
literature and geologic map review, and contributed to the geology and paleontology sections of
this report. DeBusk has 10 years of professional experience as a consulting paleontologist and
meets the SVP’s definition of a qualified professional paleontologist. Geographic Information
Systems (GIS) Specialist Mike Mirro produced all graphics. Regional Manager Vanessa Mirro
served as Æ’s Project Manager.
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1.4

REPORT ORGANIZATION

This report documents the results of Æ’s paleontological resource assessment of the Project area.
Chapter 1 has introduced the scope of work, identified the Project location, described the Project,
defined the purpose of the investigation, and presents key personnel. Chapter 2 outlines the
regulatory framework governing the Project. Chapter 3 defines paleontological significance and
sensitivity criteria and summarizes professional standards used for this assessment. Chapter 4
presents methods and Chapter 5 provides an overview of the geology and paleontology of the
Project area. Analysis and the results of the study are provided in Chapter 6. Chapter 7 contains
Æ’s management recommendations, while conclusions are presented in Chapter 8. Lastly,
Chapter 9 lists references cited.

Paleontological Resources Assessment Report for the Proposed Tapestry Project

5

2
REGULATORY FRAMEWORK
Paleontological resources (i.e., fossils) are considered to be nonrenewable scientific resources
because once destroyed, they cannot be replaced. As such, paleontological resources are
afforded protection under the various federal, state, and local laws and regulations briefly
discussed in this chapter.
2.1

FEDERAL

Federal laws and regulations apply when projects are located on federal lands or federally
managed lands, when they are federally funded, or when they require federal approval.
Paleontological resources are protected under numerous federal laws and regulations, including
the Antiquities Act of 1906, the Federal-Aid Highway Act of 1935, the National Environmental
Policy Act (NEPA) of 1969, the Federal Land Policy and Management Act of 1976, and Title 43
of the Code of Federal Regulations, among others. Additionally, the Paleontological Resources
Preservation Act (PRPA) was recently enacted as a result of the passage of the Omnibus Public
Lands Management Act of 2009. Because the proposed Project will require a Section 404 permit
from the U.S. Army Corps of Engineers (USACE), the Phase 1 portion of the Project is
considered a federally licensed “undertaking” per 36 CFR § 800.2 (o) and subject to compliance
with NEPA.
2.2

STATE

Paleontological resources are considered nonrenewable scientific resources and are protected
under CEQA. Specifically, in Section V(c) of Appendix G of the CEQA Guidelines (California
Code of Regulations Title 14, Section 15000 et seq.), the “Environmental Checklist Form,” the
question is posed: “Will the project directly or indirectly destroy a unique paleontological
resource or site or unique geologic feature?” In order to determine the uniqueness of a given
paleontological resource, it must first be identified or recovered (i.e., salvaged). Mitigation of
this adverse impact to paleontological resources is mandated by CEQA.
Additionally, California Public Resources Code 5097.5 affirms that no person shall willingly or
knowingly excavate, remove, or otherwise destroy a vertebrate paleontological site or
paleontological feature without the express permission of the overseeing public land agency. It
further states under Code 30244 that any development that would adversely impact
paleontological resources shall require reasonable mitigation. These regulations apply to
projects located on land owned by or under the jurisdiction of the state or any city, county,
district, or other public agency.
2.3

LOCAL

2.3.1 City of Hesperia 2010 General Plan Update
The 2010 City of Hesperia General Plan Update is a comprehensive update of the 1991 City of
Hesperia General Plan. The General Plan update addresses seven state mandated general plan
Paleontological Resources Assessment Report for the Proposed Tapestry Project
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elements (land use, housing, circulation, safety, open space, conservation, and noise) (Michael
Brandman Associates 2011). The updated General Plan is intended to achieve the land use,
circulation, and other goals of the City in order to reflect the community’s current values for
growth over the long term.
In regard to paleontological resources, the Conservation element of the City of Hesperia General
Plan Update contains a Goal and five Policies to protect the City’s historical and paleontological
resources (Michael Brandman Associates 2011:3.5-12). The Goal (CN-5) states that the “City
shall establish policies and procedures in compliance with state and Federal laws and regulations
to identify and properly protect found historical, cultural and paleontological artifacts and
resources.” The five implementation measures state:
CN-5.1 Implementation Policy: Encourage
paleontological and cultural resources.

the

preservation

of

historical,

CN-5.2 Implementation Policy: In those areas where surveys and records indicate
historical, paleontological and cultural resources may be found, appropriate surveys and
record searches shall be undertaken to determine the presence of such resources, if any.
CN-5.3 Implementation Policy: All historical, paleontological and cultural resources
discovered shall be inventoried and evaluated according to CEQA regulations and the
California Office of Historic Preservation.
CN-5.4 Implementation Policy: The City shall coordinate with the Archaeological
Information Center at the San Bernardino County Museum in reviewing potential records
and in preserving such artifacts as may be found.
CN-5.5 Implementation Policy: Through its CEQA and other environmental
procedures, the City shall notify appropriate Native American representatives of possible
development and shall comply with all State and Federal requirements concerning the
monitoring and preservation of Native American artifacts and places.
2.3.2 City of Hesperia 2010 General Plan Update: Mitigation Monitoring and
Reporting Program
In order to reduce the potential impacts of the 2010 City of Hesperia General Plan Update on
paleontological resources located within the Planning Area, the City adopted a mitigation
monitoring and reporting program that contained paleontological resources mitigation measures
including (Michael Brandman Associates 2010a, 2011):
Mitigation Measure CR-3a: Areas of the City have been determined to exhibit “Low”
paleontological resource sensitivity in the technical report written in support of the
General Plan Update EIR. If the particular project is located in a region deemed Low and
exhibits the following qualities, no further paleontological research is necessary if:
1. The property has been surveyed by a qualified professional in the last five
years, or,
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2. The property has been mass graded for modern construction purposes in the
recent past or,
3. The property is less than five acres in size.
Mitigation Measure CR-3b: In those areas of the City that exhibit “Medium”
paleontological resource sensitivity, a qualified paleontologist as part of the planning
process must undertake a formal records search of the project at a local museum. A
paleontological records search need not take place if City Planning determines that:
1. The property has been previously evaluated by a qualified paleontological
professional, or,
2. The property has been mass graded for modern construction purposes in the
recent past.
A qualified paleontologist shall monitor areas exhibiting Medium resource sensitivity
during construction-related earthmoving if and only if the records search shows that there
is some potential for impacts to paleontological resources at the specific site.
Mitigation Measure CR-3c. In those areas of the City that exhibit “High”
paleontological resource sensitivity, a qualified paleontologist must undertake a records
search and a field survey of the Planning Area. A survey in the High sensitivity areas
need not take place if research shows that:
1. The property has been previously evaluated by a qualified paleontological
professional, or,
2. The property has been mass graded for modern construction purposes in the
recent past.
A qualified paleontologist shall monitor areas exhibiting High resource sensitivity during
construction-related earthmoving in all cases.
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3
PALEONTOLOGICAL RESOURCE ASSESSMENT GUIDELINES
3.1

DEFINITION OF PALEONTOLOGICAL RESOURCES AND SIGNIFICANCE
CRITERIA

Paleontological resources are the evidence of once-living organisms as preserved in the rock
record. They include both the fossilized remains of ancient plants and animals and the traces
thereof (e.g., trackways, imprints, burrows, etc.). In general, fossils are considered to be older
than recorded human history or greater than 5,000 years old and are typically preserved in
sedimentary rocks. Although rare, fossils also can be preserved in volcanic rocks and low-grade
metamorphic rocks formed under certain conditions (SVP 2010).
Significant paleontological resources are defined as “identifiable” vertebrate fossils, uncommon
invertebrate, plant, and trace fossils that provide taphonomic, taxonomic, phylogenetic,
paleoecologic, and stratigraphic or biochronological data (SVP 2010). These data are important
because they are used to examine evolutionary relationships, provide insight on the development
of and interaction between biological communities, establish time scales for geologic studies,
and for many other scientific purposes (Scott and Springer 2003; SVP 2010).
3.2

PROFESSIONAL STANDARDS AND PALEONTOLOGICAL RESOURCE
SENSITIVITY

Absent specific agency guidelines, most professional paleontologists in California adhere to
guidelines set forth by SVP in “Standard Procedures for the Assessment and Mitigation of
Adverse Impacts to Paleontological Resources” (SVP 2010). These guidelines establish detailed
protocols for the assessment of the paleontological resource potential (i.e., “sensitivity”) of a
project area and outline measures to follow in order to mitigate adverse impacts to known or
unknown fossil resources during project development. In order to prevent project delays, SVP
highly recommends that the owner or developer retain a qualified professional paleontologist in
the advance planning phases of a project to conduct an assessment and to implement
paleontological mitigation during construction, as necessary.
Using baseline information gathered during a paleontological resource assessment, the
paleontological resource potential of the geologic unit(s) (or members thereof) underlying a
project area can be assigned to one of four categories defined by SVP (2010). These categories
include high, undetermined, low, and no potential. The criteria for each sensitivity classification,
and the corresponding mitigation recommendations, are summarized in Table 1 below.
If a project area is determined to have high or undetermined potential for paleontological
resources following the initial assessment, then SVP recommends that a paleontological
resources mitigation plan be developed and implemented during the construction phase of a
project. The mitigation plan describes, in detail, when and where paleontological monitoring
will take place and establishes communication protocols to be followed in the event that an
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unanticipated fossil discovery is made during project development. If significant fossil resources
are known to occur within the boundary of the project and have not been collected, then the plan
will outline the procedures to be followed prior to the commencement of construction (i.e.,
preconstruction salvage efforts or avoidance measures including fencing off a locality). Should
microfossils be known to occur in the geologic unit(s) underlying the project area or suspected to
occur, then the plan will describe the methodology for matrix sampling and screening.
Table 1
Paleontological Sensitivity Categories*
Resource
Potential

Criteria

Mitigation Recommendations

No Potential

Rock units that are formed under or exposed to
immense heat and pressure, such as high-grade
metamorphic rocks and plutonic igneous rocks.

No mitigation required.

Low Potential

Rocks units that have yielded few fossils in the past,
based upon review of available literature and
museum collections records. Geologic units of low
potential also include those that yield fossils only on
rare occasion and under unusual circumstances.

Mitigation is not typically required.

Undetermined In some cases, available literature on a particular
Potential
geologic unit will be scarce and a determination of
whether or not it is fossiliferous or potentially
fossiliferous will be difficult to make. Under these
circumstances, further study is needed to determine
the unit’s paleontological resource potential (i.e.,
field survey).

A field survey is required to further assess
the unit’s paleontological potential.

High Potential Geologic units with high potential for paleontological
resources are those that have proven to yield
vertebrate or significant invertebrate, plant, or trace
fossils in the past or are likely to contain new
vertebrate materials, traces, or trackways. Rock units
with high potential also may include those that
contain datable organic remains older than late
Holocene (e.g., animal nests or middens).

Typically, a field survey as well as on-site
construction monitoring will be required.
Any significant specimens discovered will
need to be prepared, identified, and curated
into a museum. A final report documenting
the significance of the finds will also be
required.

* - Adapted from SVP (2010).

The paleontological resources impact mitigation plan should be prepared by a qualified
professional paleontologist and developed using the results of the initial paleontological
assessment and survey. Elements of the plan can be adjusted throughout the course of a project
as new information is gathered and conditions change, so long as the lead agency is consulted
and all parties are in agreement. For example, if after 50 percent of earth-disturbing activities
have occurred in a particular unit or area, and no fossils whatsoever have been discovered, then
the project paleontologist can reduce or eliminate monitoring efforts in that unit or area.
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4
METHODS
Paleontological resources are not found in “soil” but are contained within the geologic deposits
or bedrock that underlies the soil layer. Therefore, in order to ascertain whether or not a
particular study area has the potential to contain significant fossil resources at the subsurface, it
is necessary to review relevant scientific literature and geologic mapping to determine the
geology and stratigraphy of the area. Further, to delineate the boundaries of an area of
paleontological sensitivity, it is necessary to determine the extent of the entire geologic unit
because paleontological sensitivity is not limited to surface exposures of fossil material.
To determine whether or not fossil localities have been previously discovered within the project
area or a particular rock unit, a search of pertinent local and regional museum repositories for
paleontological localities within and nearby the project area should be performed. For this
Project, a museum records search was requested at the San Bernardino County Museum (SBCM)
and the University of California Museum of Paleontology’s (UCMP) online database was
reviewed.
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5
GEOLOGY AND PALEONTOLOGY
5.1

REGIONAL GEOLOGY

The Project is situated at the junction of two major geomorphic provinces: the Transverse Ranges
and the Mojave Desert (Morton and Miller 2006). A geomorphic province is a region of unique
topography and geology that is readily distinguished from other regions based on its landforms
and diastrophic history. The Project area is located in the northern foothills of the western San
Bernardino Mountains, which are part of the Transverse Ranges geomorphic province of
southern California. The Transverse Ranges extend 325 mi west-east from the Santa Ynez
Mountains in Santa Barbara County, to the San Gabriel Mountains in Los Angeles County, and to
the San Bernardino Mountains in San Bernardino County (Norris and Webb 1990). The geology
in the vicinity of the Project area is complex and includes Mesozoic and Cenozoic igneous rocks
of the San Bernardino Mountains’ plutons, unconformably overlain by Late Cenozoic
sedimentary deposits and Quaternary alluvium. The regional geology has been highly impacted
by the San Andreas fault zone, which runs along the southwestern border of the San Bernardino
Mountains through the Cajon Valley (Wallace 1990). The Project area also encompasses
portions of the West Fork Mojave River—a mountain stream that forms the source of the Mojave
River at its confluence with Deep Creek (Stamos et al. 2001). According to published geologic
maps, the Project area is underlain by, immediately adjacent to, or generally proximal to the
geologic formations discussed in this chapter (Figure 3).
5.1.1 San Bernardino Mountains
The San Bernardino Mountains rise 11,502 feet (ft) above mean sea level (amsl) at the highest
peak and extend 65 mi from the Cajon Pass and the San Andreas fault on the west and southwest,
to Twentynine Palms and the Morongo Valley in the east and southeast (Norris and Webb 1990).
The San Bernardino Mountains began forming 2 to 3 million years ago (Ma) due to uplift of the
structural block(s) that are bounded to the north by a system of reverse faults and to the south by
the San Andreas fault system (Miller 1987; Spotila et al. 2008). The mountain range consists of
Mesozoic and Cretaceous quartz monzonite and granitic rocks overlain by Late Cenozoic
sedimentary deposits, with local exposures of fossiliferous Precambrian and Paleozoic limestone
and quartzite. Faults of the region are predominantly right-lateral strike-slip faults, including the
San Andreas, San Jacinto, and Elsinore fault zones. Interior faults, such as the left-lateral
Cleghorn fault, have resulted in extensive fracturing of the crystalline rocks within the San
Bernardino Mountains (Matti and Morton 2000). Active uplift and erosion in the San Bernardino
Mountains has produced steep canyons, rugged topography, numerous landslides, and extensive
alluvial sedimentation (Morton and Miller 2006).
Granitic basement rocks are common in the San Bernardino Mountains due to Late Cenozoic
uplift of several plutons that crystallized during the Mesozoic. In the Project area, an intrusive
assemblage mapped by Morton and Miller (2006) as Mzsl is exposed. The granitic assemblage
includes: Triassic hornblende monzonite; Jurassic to Cretaceous hornblende-biotite quartz
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monzonite, quartz monzodiorite, and tonalite; and Cretaceous biotite granodiorite. Morton and
Miller (2006) describe the intrusive igneous rocks as very heterogeneous, felsic to intermediate
composition, locally moderately recrystallized, and highly weathered with sphene as a common
accessory mineral. Near the eastern portion of the Project area, the intermediate assemblage is
cut by an intrusive body of felsic Cretaceous monzogranite (Kkc). The monzogranite is quartzrich, muscovite-biotite-bearing, medium-grained, felsic igneous rock, with abundant potassium
feldspar giving the unit a pink tint, with zircon as a common accessory mineral.
5.1.2 Mojave Desert Province
Northeast of the San Bernardino Mountains, the Mojave Desert Province extends north and east
towards the Garlock Fault and the Basin and Range province. Thought to once have been a part
of the Basin and Range Province, the Mojave Desert was formed as a result of crustal shearing
associated with tectonic movements along the San Andreas and Garlock faults. Near the Project
area, the Mojave Desert province is situated on top of an uplifted basement block consisting of
Precambrian to Mesozoic crystalline rocks similar to those underlying the San Bernardino
Mountains (Morton and Miller 2006). The basement lithology comprises Precambrian
metamorphic rocks, overlain by metasedimentary and volcanic rocks of Paleozoic to Jurassic
age, that are in turn overlain by late Mesozoic to early Tertiary age igneous rocks (Garfunkel
1974). In general, the Mojave Desert is dominated by broad alluvial basins whose deposition has
been controlled, in part, by the geography of uplifted and unroofed basement rock, Late
Cenozoic basaltic and rhyolitic volcanic activity, and Quaternary hydrology, including
sedimentation within an extensive pluvial lake network, and drainage associated with the
ancestral Mojave River. The Mojave Desert is entirely landlocked and averages 2,500 ft amsl in
elevation (Norris and Webb 1990).
The ancestral Mojave River began forming between 3.8 to 2.55 Ma, during the initial uplift of
the San Bernardino Mountains. During that time, the Mojave River advanced toward Victorville,
depositing granitic sand, silt, gravel, and clay throughout the Victorville basin (Cox and
Hillhouse 2000). From the Middle to Late Pleistocene, the Mojave River advanced farther
inland towards Barstow and the eastern Mojave Desert. Episodes of higher rainfall related to
Middle to Late Pleistocene climate variability led to the formation of pluvial lakes along the
Mojave River corridor. The headwaters of the modern Mojave River originate at the confluence
of the West Fork Mojave River and Deep Creek, directly east of the Project area in the San
Bernardino Mountains. The Mojave River is in the largest drainage basin within the Mojave
Desert Province of southern California (Cox and Hillhouse 2000). Currently, the terminus of the
Mojave River is at the Silver Lake Playa in the central-east Mojave Desert (Enzel et al. 2003).
5.1.3 Cajon Valley and the Victorville Fan
At the margin of the Mojave Desert province and the San Bernardino Mountains, a large alluvial
fan complex, informally known as the Victorville Fan, is exposed. The Victorville Fan is a
northeast-sloping alluvial fan between the Cajon Valley and the City of Victorville (Cox et al.
2003). Alluvial fans are coarse cone-shaped deposits formed at the base of narrow canyons in
arid environments where steep highland rivers rapidly dump sediment onto the valley floor. The
steeply dipping fan was formed 1.7 to 0.5 Ma (Early to Middle Pleistocene) during translational
movement of the nearby San Gabriel Mountains, which was related to movement along the San
Andreas fault (Morton and Miller 2006). The sediment source of the Victorville Fan originated
in the San Gabriel Mountains, but due to right-lateral movement along the San Andreas fault, the
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fan is now located immediately north of the San Bernardino Mountains and the Cajon Valley
(Meisling and Weldon 1989). The upward-coarsening sediments of the Victorville Fan include
the Harold Formation, Shoemaker Gravel, and the very old alluvial-fan deposits (Cox and
Hillhouse 2000).
South of the Victorville Fan, the Cajon Valley is located within the Cajon Pass region between
the San Bernardino Mountains and the San Gabriel mountains, and is bounded to the south by
the San Andreas fault. The varied topography of the Cajon Pass is an expression of the complex
underlying geologic structures related to movement along the San Andreas fault zone (Wallace
1990). The Cajon Valley was formed due to headward erosion of streams originating in the
mountains, which also removed the proximal section of the adjacent Victorville Fan (Morton and
Miller 2006). The lithology in the Cajon Valley consists of Miocene sedimentary rocks,
including the Crowder Formation, Phelan Peak deposits of Weldon, Quaternary alluvium, and
recent Holocene deposits, including fluvial deposits from the West Fork Mojave River.
5.2

LITHOLOGY AND PALEONTOLOGY OF THE GEOLOGIC DEPOSITS IN THE
PROJECT AREA

5.2.1 Crowder Formation
The Crowder Formation is Miocene in age (23 Ma to 5.3 Ma) and was named by Dibblee (1967)
after its type locality in Crowder Canyon west of the Project area. The formation consists of a
basal fanglomerate made of gray, poorly sorted small boulders, cobbles, and pebbles encased in a
soft sandy matrix. The clasts consist of felsic granitic rocks, metavolcanic rock, quartzite, basalt,
and dark gray hornblende (Morton and Miller 2006). The remainder of the formation is
dominated by a light tan to nearly white, fine- to coarse-grained, bedded sandstone that becomes
mostly a conglomerate near the Project area (Dibblee and Minch 2008). Dibblee (1967)
originally described the unit as measuring 1,800 ft (~548 meters [m]) in thickness, overlying the
early Pliocene Punchbowl Formation and underlying greenish-gray sandy alluvial deposits
correlative to the Pleistocene-age Harold Formation of the Palmdale area. This original
interpretation of stratigraphic position led Dibblee to conclude that the Crowder Formation is
probably Pliocene in age. Subsequent studies have indicated that the Crowder Formation
actually measures 3,000 ft (~914 m) in thickness and lies unconformably on top of the early
Miocene Cajon Valley Beds, separated by and northeast of the Squaw Peak fault.
Magnetostratigraphic studies coupled with the known ages of relatively recent discoveries of
vertebrate fossils at its base indicate that the Crowder Formation was likely deposited between
17 Ma to 9.5 Ma, in the middle to late Miocene (Reynolds et al. 2008; Weldon 1984).
The Crowder Formation was later divided into five discontinuous lithostratigraphic units, Units 1
through Unit 5 (Reynolds et al. 2008). Units 1 through 4, also referred to as the “lower
Crowder,” were likely deposited from fluvial or alluvial sources originating from the direction of
the Mojave Desert according to analysis of paleocurrents and lithologic composition. Unit 5 is
characterized as a white arkosic sandstone deposit that reflects a change in depositional patterns
that may be indicative of the uplifting of the San Bernardino and San Gabriel mountains
(Reynolds et al. 2008). Morton and Miller (2006) map the Crowder Formation (Tcr) in the
Project area.

Paleontological Resources Assessment Report for the Proposed Tapestry Project

15

The Crowder Formation has yielded an abundant and diverse fauna that includes 40 mammalian
species, two of which are type specimens, as well as reptiles, birds, mollusks, and trace fossils.
In all, more than 12,000 fossils have been recovered from this formation. Three new local faunas
have been described from within the Crowder Formation and include the Wye Local Fauna (LF)
and Squaw Peak LF (late Hemingfordian North American Land Mammal Age [NALMA]), and
the Sulfur Spring LF (Barstovian NALMA). A fourth unnamed LF, positioned stratigraphically
higher than the others, has also been recognized in the Crowder Formation and is assigned
middle Hemphillian NALMA (Reynolds 1984; Reynolds et al. 2008).
The Wye LF is estimated as 16 Ma in age and is represented by 30 taxa that include species of
gopher, mouse, kangaroo rat, squirrel, shrew, dog, rhinoceros, numerous artiodactyls as well as
mollusks, lizards, and a snake. All of the Wye LF is contained in Unit 1 of the Crowder
Formation. The Squaw Peak LF is represented by seven taxa including species of chipmunk,
rodent, pocket mouse, ruminant, and rhinoceros. These fossil specimens were all recovered from
the upper part of Unit 1. The Sulfur Spring LF is represented by 11 taxa including species of
rodents, horses, and lagomorphs from the bottom of Unit 2. The uppermost unnamed LF,
derived from the locality Crowder (CR) – 44, is represented by nine taxa including numerous
species of rodents, from either the top of Unit 3 or the base of Unit 4 (Reynolds 1984; Reynolds
et al. 2008).
The fossil taxa representing these local faunas were found from within the more than 20
paleosols found interbedded throughout the formation. These paleosols represent ancient
landscape surfaces that are believed to have developed mostly on accretional fining-upward
sequences of fluvial arkosic sandstone. The few paleosols that are degradational may have once
included a fining upward sequence that was later truncated by erosion and removed, resulting in
a disconformity. Each paleosol, at least in the lower part of the Crowder Formation, may
represent more than 10,000 years of nondeposition on a potentially stable surface. The paleosols
are laterally persistent throughout the formation but lack stratification because of severe
bioturbation. Weathering and the presence of hematite and goethite cause these paleosols to
range from red to brown in color (Reynolds 1984; Reynolds et al. 2008).
5.2.2 Phelan Peak Deposits of Weldon
The Pliocene to Early Pleistocene (4.1 Ma to 1.4 Ma) Phelan Peak deposits of Weldon (1984)
unconformably overly the Crowder Formation and are composed of claystone and gastropodbearing siltstone, with localized bedded sandstone, argillic paleosols, and carbonate-cemented
layers (Morton and Miller 2006; Meisling and Weldon, 1989). The orange-brown, moderately to
well indurated deposits contain a 3.8 Ma volcanic ash bed found in Cajon Pass area and in
Mescal Creek area (Weldon et al. 1993). Morton and Miller (2006) map the Phelan Peak
deposits of Weldon (1984), Unit 1 (Tpp1) in the Project area. The Phelan Peak deposits of
Weldon (1984) have yielded skull fossils of rodents, as well as freshwater gastropods and other
invertebrates from within the lacustrine-deposited fine-grained siltstone beds (Meisling and
Weldon 1989; Scott 2014).
5.2.3 Victorville Fan: The Harold Formation, Shoemaker Gravel, and Very Old
Alluvial Fan Deposits
The Early Pleistocene Harold Formation and Shoemaker Gravel, along with the Early to Middle
Pleistocene very old alluvial fan deposits, compose the Victorville Fan. The Harold Formation
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overlies the Crowder Formation and Phelan Peak deposits and extends in a nearly continuous
exposure from the type section in Cajon Pass northwest to Palmdale, California (Meisling and
Weldon 1989; Noble 1953). The Harold Formation is composed of roughly 100 ft of poorly
consolidated, tan to light reddish-brown, massive to relatively thin bedded fluvial sandstone and
conglomerate. Carbonate-cemented layers, carbonate crack fillings, and nodules are common.
Clasts are subrounded to rounded and include fragments derived from the basement rocks of the
San Gabriel Mountains, including the Pelona schist, granitic rocks of the Mount Lowe Intrusive
Suite, and gneiss. The overlying Shoemaker Gravel forms a gradational contact with the Harold
Formation, where the friable conglomeritic sandstone of the latter coarsens and exhibits
indistinct bedding. The Shoemaker Gravel is composed of poorly consolidated, indistinctly
bedded, subrounded coarse sand and arkose conglomerate with a clast composition similar to the
underlying Harold Formation. The unit is up to 250 ft thick and is conformably overlain east of
the San Andreas fault by the dissected sand and gravel of the Quaternary very old alluvial fan
deposits which are extensively exposed in the Project area (Meisling and Weldon 1989; Morton
and Miller 2006). The well consolidated deposits of the Quaternary very old alluvial fan
deposits consist of medium to coarse arkosic sandstone with abundant conglomerate lenses, and
conglomeritic arkosic sandstone with varying grain sizes. Where local soil development has
occurred, both alluvial fan units are subdivided based on soil profiles.
Morton and Miller (2006) mapped the Quaternary very old alluvial deposits (Qvof) in the Project
area. The Harold Formation and Shoemaker Gravel are mapped just outside of the Project area
and are included in the geologic description here because according to Meisling and Weldon
(1989) and Morton and Miller (2006), although the overlying Quaternary very old alluvial fan
deposits are up to 45 ft thick in some areas, they are also well-dissected throughout the Project
area, potentially allowing for localized exposures of the underlying deposits. Therefore, to
assure that all geology and paleontology within the Project area is considered herein, in the event
that the underlying Harold Formation and Shoemaker Gravel are exposed in areas of erosion or
during earthmoving activities, all Victorville Fan units located within or adjacent to the Project
area are included in this report.
According to the results of a recent Natural History Museum of Los Angeles County (LACM)
records search, older alluvium near the Project area, specifically the Shoemaker Gravel of the
Pleistocene Victorville Fan deposits, have proven to contain abundant terrestrial mammals. The
recovered specimens include, Mammuthus columbi and Mammuthus sp. (mammoth), Bison
latifrons (extinct bison), Camelops sp. (camel), and Equus occidentalis (extinct horse) (McLeod
2006 as cited in DeBusk and Corsetti 2007). Additionally, according to Jefferson (1986),
Reynolds (1989), Reynolds and Reynolds (1994), and Scott et al., (1997), finer-grained older
alluvium deposited in association with the ancestral Mojave River drainage system have also
yielded significant vertebrate fossils. Early to Middle Pleistocene-age fauna such as mammoth,
ground sloth, camel, horse, bear, llama, mouse, rat, rabbit, shrews, squirrels, and reptiles such as
lizards and snakes have been found in the channel, bank, and flood deposits belonging to the
ancestral Mojave River (as cited in Cox and Hillhouse 2000; DeBusk and Corsetti 2007).
5.2.4 Quaternary Alluvial Deposits
The Quaternary alluvial deposits of the western San Bernardino Mountains consist of the Middle
to Late Pleistocene older alluvial fan deposits, and the Late Pleistocene to Holocene young
surficial deposits, young colluvial deposits, young alluvial-fan deposits, and young wash
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deposits. The older alluvial fan deposits are exposed on the north side of the San Bernardino
Mountains near the Project area. These deposits are coarser than those of the older Victorville
Fan, and consist of highly dissected, unstratified to moderately well bedded debris flows with
angular pebbles to boulders of Pelona schist and recycled clasts in a gravel and sandy-silt matrix.
Morton and Miller (2006) map the older alluvial-fan deposits (Qof, Qof1, Qof3), young surficial
deposits (Qys), young colluvial deposits (Qyc), young alluvial-fan deposits (Qyf, Qyf3, Qyf4,
Qyf5), and young wash deposits (Qyw, Qyw1) in the Project area. The younger alluvial deposits
within the San Bernardino Mountains largely consist of alluvial valley, alluvial fan, stream wash,
landslide, and grus deposits. They are composed of unstratified, unconsolidated to moderately
consolidated and dissected silt, sand, and gravel to boulder deposits, with moderate deposit
stabilization and localized soil formation. Clast size is variable throughout the San Bernardino
Mountains, and clasts are predominantly angular and reflect the crystalline bedrock source
within the San Bernardino Mountains.
Quaternary alluvial, fluvial, and lacustrine deposits of Pleistocene age have proven to yield
significant vertebrate fossil localities throughout California (UCMP collections data) and near
the Project area. Within the Mojave Desert province, and in the vicinity of the Project area,
ancestral Mojave River deposits have yielded significant vertebrate fossils from the Early to
Middle Pleistocene (Cox and Hillhouse 2000).
5.2.5 Holocene Alluvial Deposits
Morton and Miller (2006) map very young colluvial deposits (Qc), very young alluvial-fan
deposits (Qf, Qf1), very young wash deposits (Qw, Qw1, Qw2), anthropogenic artificial fill (Qaf),
and disturbed ground (Qdg) in the Project area. The very young alluvial deposits of the western
San Bernardino Mountains consist of the Late Holocene very young colluvial deposits, very
young alluvial-fan deposits, very young wash deposits, and anthropogenic artificial fill and
disturbed ground. The Holocene deposits within the San Bernardino Mountains consist of
unconsolidated sediment and angular rock fragments found at the base of crystalline basement
outcrops (i.e., grus); unconsolidated, undissected, angular recent alluvial fan deposits with
abundant clast size variation; and, the unconsolidated, angular to subrounded, sand and gravel
deposits of channel and bar morphology in the ephemeral stream and wash channels. The recent
deposits exhibit no soil development and reflect a nearby sediment source of the crystalline
basement rocks and/or reworked older Quaternary deposits.
5.3

PALEONTOLOGICAL SENSITIVITY OF THE PROJECT AREA

Based on the literature review and museum records search results, and in accordance with SVP’s
sensitivity scale, the Miocene Crowder Formation, Pleistocene Harold Formation, Pleistocene
Shoemaker Gravel, and Quaternary very old alluvial deposits are determined to have a high
paleontological resource potential (Figure 4). The Quaternary older alluvial deposits (e.g.,
Quaternary older fan [Qof]), have a low to high paleontological sensitivity dependent on
lithology and depositional environment. Additionally, a recent records search at SBCM, as well
as data reported in the Hesperia General Plan Update EIR, reports that there is evidence that the
Pliocene-Pleistocene Phelan Peak deposits have a high paleontological sensitivity (Michael
Brandman Associates 2010b; Scott 2014). Therefore, further paleontological resource
management will be required during Project development as discussed in Chapter 7.
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Mesozoic age intrusive igneous rocks are formed at high heat and pressure and therefore do not
present a favorable environment for the preservation of fossils. Holocene-age alluvial deposits,
particularly those younger than 5,000 years old, are generally too young to contain fossilized
material (SVP 2010), but they may overlie sensitive older (Pleistocene or Tertiary age) deposits
at an unknown depth.
The findings in this report are in accord with the Technical Background Report in Support of the
Cultural Resource Element: City of Hesperia General Plan Update prepared by Michael
Brandman Associates for the City (2010b).
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6
ANALYSIS AND RESULTS
A review of online museum collections records maintained by the UCMP reveals that at least six
additional vertebrate localities from the Crowder Formation have been previously documented
from within San Bernardino County. In addition to taxa already reported from the SBCM and
the literature review discussed in the previous chapter, the UCMP localities yielded fossil
specimens of Merychippus tehachapiensis and Nannippus sp. (extinct horse), Bouromeryx
submilleri (deer), Geochelone sp. (tortoise), and Camelidae (camel). As discussed in Chapter 5,
the Shoemaker Gravel and Quaternary alluvial deposits have also proven to yield significant
vertebrate fossils. These include Mammuthus columbi and Mammuthus sp. (mammoth), Bison
latifrons (extinct bison), Camelops sp. (fossil camel), and Equus occidentalis (extinct horse)
(from McLeod 2006 as cited in DeBusk and Corsetti 2007).
A search of the SBCM’s Regional Paleontologic Locality Inventory (RPLI) indicates that two
paleontological localities have been previously recorded from within the Project boundary (Scott
2014). Localities SBCM 1.103.107 and SBCM 1.103.108 have yielded vertebrate fossil remains
from the order Rodentia. The SBCM reports that both localities are located in the southeastern
Project area approximately 0.25 to 0.5 miles west of State Route 173 and have yielded fossils
from the surface of the Phelan Peak deposits (see Figures 3 and 4). (Note that the locality
coordinates provided by the SBCM do not align with the Phelan Peak deposits as mapped by
Morton and Miller (2006) in Figures 3 and 4. The spatial discrepancy is likely due to a
coordinate system inconsistency at the time of collection).
The SBCM also reports that
numerous significant paleontological resources have been recovered within the Crowder
Formation in the vicinity of the Project area (Scott 2014).
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7
MANAGEMENT RECOMMENDATIONS
As required by Mitigation Measure CR-3 of the 2010 City of Hesperia General Plan Update,
Mitigation Monitoring and Reporting Program, any development project undertaken within
portions of the Hesperia General Plan Area that exhibits high paleontological resource sensitivity
will require a field reconnaissance survey by a qualified paleontologist. As shown in Figure 4 of
this report and Exhibit 8, Paleontological Resource Sensitivity Map in the Hesperia General Plan
Update EIR (Michael Brandman Associates 2010a), a large portion of the Project area is situated
in areas designated as having high sensitivity. Mitigation Measure CR-3 states that a
paleontological resources survey in the high sensitivity areas may not be needed if the project
area was previously evaluated by a qualified paleontological professional, or if the project area
has been mass graded for modern construction purposes in the recent past. Mitigation Measure
CR-3 concludes by requiring that a “qualified paleontologist shall monitor areas exhibiting high
resource sensitivity during construction-related earthmoving in all cases” (Michael Brandman
Associates 2010a).
The following mitigation measures have been developed in accordance with SVP guidelines and,
if implemented, will satisfy the requirements of CEQA. These measures have been used by
professional paleontologists for many years and have proven to be effective in reducing or
eliminating adverse impacts to paleontological resources as a result of private and public
development projects throughout California and elsewhere. The mitigation measures apply to
any phase of construction that impacts highly sensitive formations. Once construction plans and
the Tentative Tract maps are prepared, the Project Paleontologist will assess the mitigation
requirements for each phase.
A. Prior to any ground-disturbing activities, a comprehensive field survey of the Project area
should be conducted by a qualified paleontologist. The purpose of the field survey will
be to visually inspect the ground surface for exposed fossils or traces thereof and to
evaluate geologic exposures for their potential to contain preserved fossil material at the
subsurface. All areas underlain by geologic units determined to have a high
paleontological resource potential (i.e., Old Alluvial Fan Deposits, Very Old Alluvial Fan
Deposits, Crowder Formation, and Phelan Peak Deposits) will be intensively surveyed.
Particular attention will be paid to rock outcrops both inside and in the vicinity of the
Project area and any areas where geologic sediments are well exposed. Areas of low, low
to high, or no paleontological resource potential will not require a field survey, nor will
areas that are heavily disturbed by agriculture or otherwise obscured by heavy vegetation,
buildings or structures.
B. All fossil occurrences observed during the course of fieldwork, significant or not, should
be adequately documented and recorded at the time of discovery. The data collected for
each fossil occurrence, at minimum, should include the following information: Universal
Transverse Mercator (UTM) coordinates, approximate elevation, description of taxa,
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lithologic description, and stratigraphic context (if known). In addition, each locality
should be photographically documented with a digital camera.
C. If feasible, all significant or potentially significant fossils should be collected at the time
they are observed in the field with prior consent of the landowner(s). This is because if
left exposed to the elements, fossil materials are subject to erosion and weathering. If the
fossil discovery is too large to collect during the survey (e.g., a mammoth skeleton or
bone bed) and requires a large scale salvage effort, then it will be documented and a
mitigation strategy will be devised in consultation with the Project owner and Lead
Agency.
D. At the conclusion of the field survey, a technical report should be prepared to document
the findings. The report should include an inventory of all fossils discovered during the
course of fieldwork and provide an analysis of each fossil locality including its scientific
significance, approximate age, and geologic context. The report should include, as a
confidential appendix, 1:24,000-scale maps showing the exact location or areal extent of
each significant fossil locality. The technical report should be filed with the museum
repository, the Hesperia Venture I, LLC, and the City of Hesperia.
E. Using the results of the field survey, a paleontological mitigation plan should be
developed and implemented by a qualified paleontologist during Project construction.
The plan should outline any remaining or ongoing mitigation to be performed, and may
include delineation of any recommended avoidance areas, preconstruction salvage
procedures for any large fossils identified during the field survey, matrix sampling
procedures, and construction monitoring.
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8
CONCLUSIONS
This assessment is based on the results of a museum records search and review of available
geologic and paleontologic literature and only fossils that have already been inventoried or
collected were available for this analysis. However, there is the potential for an unknown
number of paleontological resources buried within the geologic deposits underlying the Project
area. These nonrenewable scientific resources may be at risk of being adversely impacted by
ground-disturbing activities during construction of the Project.
By implementing the
management recommendations outlined above in Chapter 7, including on-site construction
monitoring, adverse impacts to paleontological resources can be reduced to a less than significant
level pursuant to the requirements of CEQA.
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