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TECHNICAL BACKGROUND REPORT
GENERAL PLAN UPDATE - CITY OF RANCHO CUCAMONGA
CHAPTER 2: GEOLOGIC HAZARDS

2.1 Physiographic and Geologic Setting

The City of Rancho Cucamonga is located near the junction of the Peninsular Ranges to
the south, and the Transverse Ranges to the north. The San Gabriel Mountains along the
northern portion of the plan area is considered part of the Transverse Ranges geologic
province. The Transverse Ranges are characterized by a predominantly east-west
trending system of faults, folds and mountain ranges. These ranges are generally under
north-south compression, resulting in reverse faulting and folding and a relatively rapid
uplift of the San Gabriel Mountains north of the City. In fact, the San Gabriel Mountains
are among the fastest rising, as well as the fastest disintegrating, mountain ranges in the
world. In the area of Rancho Cucamonga, this rapid uplift occurs along the Cucamonga
fault and is responsible for many of the geotechnical hazards impacting the City. These
hazards include:

. debris flows and rockfall due to erosion of the steep slopes,

. the steepness of the San Gabriels concentrates precipitation (cloud bursts) from
incoming storms, and

. rapid deposition in alluvial fans debouching from mountains leads to increased
subsidence and hydroconsolidation potential of sediments underlying the City.

The Peninsular Range geologic province is generally south of the plan area and contains
northwest trending right-lateral strike-slip faulting. These faults include the Elsinore and
San Jacinto systems, that are truncated to the north by the Transverse Ranges.

The City of Rancho Cucamonga, at the foothills of the San Gabriel Mountains, is primarily
underiain by five different types of geologic deposits (Figure 2-1):

1) metamorphic basement rock of the eastern San Gabriel Mountains,

2) older alluvium underlying the Red Hill area,

3) alluvial fan deposits ranging from Pleistocene to recent,

4) alluvial deposits in modern washes, and

5) wind-blown sands underlying the south-central portion of the City.

These different types of geologic deposits, for a large part, control the distribution of
geologic hazards in the City.
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Geologic Hazards-City of Rancho Cucamonga September 24, 2000
minute pores and voids. The soil particles may be partially supported by clay, silt,
or carbonate bonds. When saturated, collapsible soils undergo a rearrangement
of their grains and a loss of cementation, resulting in substantial and rapid
settlement under relatively low loads. An increase in surface water infiltration, such
as from irrigation, or a rise in the ground-water table, combined with the weight of
abuilding or structure, can initiate rapid settlement and cause foundations and walls
to crack. In addition, man-made fill may be loose and unconsolidated, with an open
internal structure. When these soils become saturated, the water removes the
cohesive (or cementing) material, causing consolidation.

The distribution of collapsible soils in the City of Rancho Cucamonga is
predominantly controlled by the areal extent of the Holocene alluvial fans and
washes deposited during rapid runoff events from the San Gabriel Mountains. In
addition, some windblown sands are located in the southcentral portion of the City
that maybe vulnerable to collapse and hydroconsolidation. Typically, differential
settlement of structures occurs when lawns or plantings are heavily irrigated in close
proximity to the structure’s foundation. Forensic indications of collapsible soils
include:

. Tilting floors

. Cracking or separation in the structure

. Sagging floors

. Non-functional windows/doors

Sampling and laboratory testing for collapsible soils should be required in these
zones. Collapse potential may be mitigated by removal and recompaction under
optimum moisture conditions, pre-saturation of foundation soils, and improvements
to post development site drainage. Special attention to avoid saturation of
foundation soils after construction should include positive drainage away from the
foundation, and planters with open bottoms should be avoided in areas adjacent to
foundations.

2.3.5 Expansive Soils

Expansive soils are soils with a significant amount of clay particles that have the
ability to give up water (shrink) or take on water (swell). When these soils swell, the
change in volume exerts significant pressures on loads (such as buildings) that are
placed on them. In the Rancho Cucamonga area, expansive soils are not
considered a hazard because of the relatively low amounts of clay present in the fan
deposits underlying the City. However, local exceptions may be encountered.
Expansion testing and mitigation are required by the current grading and building
codes. Special engineering designs include the use of reinforcing steel in
foundations, drainage control devices, over-excavation and backfilling with non-
expansive soils, etc. Active enforcement, peer review and homeowners
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2.2 Earth Units/Engineering Properties

The stratigraphic relationships of earth units that underlie the City of Rancho Cucamonga
are illustrated in Figure 2-2, while their areal distribution is iliustrated on Figure 2-1
(Geologic Map). In general, the northern portion of the plan area is underlain by
metamorphic basement rocks that crop out in the steep slopes of the San Gabriel
Mountains, the mountains shed and deposit alluvial fans onto the valley floor that underlies
most of the City. In order to characterize displacements along the Cucamonga fault,
previous researchers (Fife and others, 1976; Morton and Matti, 1987; Morton and others,
1987, and Morton and Matti, 1991) have extensively subdivided these alluvial fans (Figure
2-1). For urban planning purposes, it may be more appropriate to group earth units
underlying the City by their engineering properties, as is done in this report. Below is a
discussion of the general lithology, and distribution based on engineering properties of the
various earth units that crop out in the City, from oldest to youngest.

2.2.1 Metamorphic Bedrock {map symbol PCgc)

Metamorphic gneiss and mylonites underlie much of the eastern San Gabriel
Mountains north of the City of Rancho Cucamonga. This metamorphic bedrock was
emplaced more than 245 million years ago, and forms the basement rock of the
region. Occasional intrusions of Cretaceous granites (map symbol Kqm} also occur
in the mountains immediately north of the City. The metamorphic rocks that
underlie this region of the San Gabriel Mountains are characterized by steep slopes,
and weathers forming rounded boulders that often perch precariously on these
slopes. These boulders pose a rockfall hazard to areas adjacent to and
downgradient from the slopes. Rockfalls can occur suddenly and without warning,
but are more likely to occur during earthquake-induced ground shaking, periods of
intense rainfall, or as a result of man’s activities, such as road cutting. Mitigation of
the rockfall hazard is best accomplished by avoiding development on the steep
slopes and setting structures back from the toe of ascending slopes. In addition,
shear and fracture zones contained in these rocks may lead to greater slope
instability. Detailed mapping of precarious rocks may facilitate avoidance of the
hazard and help determine setbacks from ascending slopes. These rocks are
typically non-water bearing except where extensively jointed and fractured.
Accordingly, these materials have moderately low to low permeabilities, except
where joints, shears and foliation provide avenues for water penetration.
Unweathered rock cannot be excavated easily, blasting is typically required.

Earth Consultants International, Inc. Page 2-3




Geologic Hazards-City of Rancho Cucamonga September 24, 2000
2.2.2 Pleistocene Alluvium (map symbols Qdf2, Qoa1, Qoa2, Qof3, Qyf1)

These units underlie most of the western one-half of the City and portions of the
eastern half. The significant thicknesses of these units (>1,000 feet) is a result of
the rapid uplift of the San Gabrie! Mountains along the Cucamonga fault. The areal
distribution of these units is primarily confined to the regions of the valiey floor
between the present day drainage systems. The Pleistocene alluvium consists of
weathered granitic sands, cobbles and occasional boulders. The relatively low clay
content of this material reduces its expansion potential. Pleistocene materials are
also generally less susceptible to collapse and hydroconsolidation as compared to
the Holocene alluvium that underlies the City.

2.2.3 Holocene Alluvium {map symbols Qyf2, Qyf3, Qyf4, Qfio, Qfiy, Qf)

These units consist of alluvial fans that were likely deposited within the last 10,000
years. The surfaces are only mildly dissected and some have only recently been
abandoned by active stream flows and deposition. The materials are similar to the
Pleistocene alluvial fans described above, as the source is the same (San Gabriel
Mountains). However, the rapid and relatively recent deposition of these materials
may make them more susceptible to collapse or hydroconsolidation.

2.2.4 Modern Wash Deposits (map symbol Qw)

Consists of alluvium of active channels and washes. Unconsolidated coarse-
grained sand to bouldery alluvium of active channels and washes flooring drainage
bottoms within the mountains and on alluvial fans along the base of the mountains.
Most of the wash deposits are or were recently subject to active stream flow.
Contains some low-lying terrace deposits along alluviated canyon floors and areas
underlain by colluvium along the base of some slopes. Because of the rapid and
relatively recent deposition of these materials, collapse and/or hydroconsclidation
potential is a primary engineering issue. In addition, these relatively low-lying and
active areas of deposition are the most likely paths of debris flow inundation.
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Figure 2-2

Stratigraphic Relationships of Earth Units

City of Rancho Cucamonga

—
/ Windblown Sand (Qws):
/  Consists of coarse textured reworked granitic material. Deposition in a
relatively dry environment and loose packing of material results in coflapse

7 and hydroconsolidation potential. Additional reworking by wind may result
in erosion and abrasion hazards.

Modern Wash Deposits (Qw):
Consists of alluvium of active channels and washes debouching from
the eastern San Gabriel Mountains. May be susceptible to collapse and/or
hydroconsolidation. Without debris control devices, the areal extent of Qw
would be subjected to inundation by debris flow.

Holocene Alluvium(Qy®:
Generally relatively young alluvial fan deposits. Subdivided based on
degree of dissection into map units: Qyf2, Qyf3, Qyf4, Qfio, Qfiy, and Qf.

TN Consists of weathered granitic sands, gravel and local boulders derived from

\\ the San Gabriel Mountains. Due to relatively rapid deposition of these
\\ materials, they may be susceptible to collapse and/or hydroconsolidation.

Older Alluvium (Qoa, Qof):
Includes Peistocene (between about 10,000 years ago and 1.6 million years
ago) alluvium and alluvial fan deposits {map symbols Qdf2, Qoa1, Qoaz,
Qof3 and Qyf1). Consists of weathered granitic sand, pebbles, cobbles and
occasional boulders. Locally greater that 1,000 feet in thickness due to
rapid uplift and degradation of the San Gabriel Mountains. Pleistocene
materials are generally less susceptible to collapse and/or hydroconsolidation
than the Holocene materials that underlie the City. Located generally between
areas of active drainage.

Metamorphic Bedrock (PCgr):
Qutcrops primarily in the northern portions of the City underlying the
San Gabriel Mountains. Considered generally grossly stable, but steep
slopes may be susceptible to rockfall. Consists primarily of granulitic gneiss,
mylonite, and cataclasite. Locally intruded by quartz monzonite and
granodiorite granitic rock (Kgm) of Cretaceous age with similar engineering
characteristics.

Earth Consultants International, Inc.
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2.2.5 Windblown Sand Deposits (map symbol Qws)

These consist of deposits of windblown sand on alluvial fans. Materials include
coarse textured reworked granitic material. Due to their deposition in a dry
environment and loosely packed condition, these windblown deposits may be
moderately susceptible to collapse and/or hydroconsolidation. in addition, further
wind action can result in erosion, as well as potentially damaging abrasion.
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2.3 Geologic Hazards in the City of Rancho Cucamonga

2.3.1 Slope Stability

Slope stability is dependent on many factors and their interrelationships. Rock type
and pore water pressure are possibly the most important factors, followed by slope
steepness due to natural or man-made undercutting. The metamorphic basement
rock forming much of the City's hillside terrain is grossly stable in its natural
condition. However, the steepness of the slopes result in locally precarious rocks
that could fall as a result of earthquake ground shaking or intense rainfall. Figure
2-3 was prepared to illustrate the steepness of slopes in the General Plan area.
Two divisions are proposed to provide guidelines for mitigation of slope instability.
The first are slopes that are steeper than 40%, where avoidance and the existing
landuse classification of open space is recommended. Slopes greater than 10% in
steepness can be made unstable by activities of man, therefore, it is recommended
that the City adopt hillside development guidelines for those areas (Figure 2-3).
Hillside development guidelines should enforce the existing grading codes, and can
require aesthetic guidelines that both improve the appearance of the hillsides and
preserve the stability of the slopes. These may include returning slopes to their
natural appearance and steepness after grading and undergrounding of reservoirs.

2.3.2 Rockfall Hazard

Areas most susceptible to rockfall are located below steep, resistant outcrops of
relatively well-cemented materials. Such materials underlie much of the
northernmost portion of the City. The rockfall hazard in the City is considered high
for hillside development, as well as for development located adjacent to steeply
ascending slopes. Chapter 1, Seismic Hazards, addresses earthquake-induced
rockfall and provides mapping of steep slopes where these are most likely to occur.

2.3.3 Debris Flow and Flood Hazard

The debris-flow scenario depends on numerous factors: soil depth and composition,
the kind of vegetation and the size of tree roots, subtle variations in slope shape,
road cuts, drainage pipes, incongruities in underlying bedrock, even the presence
of small animal burrows. Water can collapse a slope after traveling beneath the
surface from miles away.
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The first axiom of debris flows is that where one has occurred, others will inevitably
follow. Typically what is required is a long saturation period followed by intense
bursts of rain concentrated in just a few hours or days. Water passes rapidly
through surface material until it hits bedrock or clay, creating a saturated zone as
it fills the pores between solid particles. Rising pore pressure creates a buoyancy
that effectively reduces the stabilizing friction of the colluvium on the slope beneath
it. At some point gravity overcomes the natural inertia, and the soil mass breaks
loose, sliding down the less permeable surface below.

Most of the City of Rancho Cucamonga is underlain by alluvial fans that have shed
from several stream systems that debouch from the eastern San Gabrie! Mountains.
Deposition on these fans and washes represent debris flow events in the recent
geologic record. Numerous man-made controls have been constructed to reduce
the impact of these events on the City.

Areas mapped as Qw (Figure 2-1) represent geologically young wash deposits and
thus are a estimate of the areal extent of the City, that prior to installation of flood
control devices, were subject to debris flows. Without the presence of extensive
flood control devices and maintenance the areas outlined on Figure 2-4 would be
subject to debris flow inundation. As a result of these flood control improvements,
the impact to the City from debris flows will likely consist of boulders transported
onto roadways and improvements. Occasionally, catastrophic debris flow events
occur. The greatest San Gabriel Mountain debris flow events of the 20" century
occurred in 1934, 1938, 1969 and 1978, but there is generally a destructive event
each decade.

The San Bernardino County Flood Control District maintains the debris basins in the
City of Rancho Cucamonga. County-wide the district expends $4.7 million annually
on maintenance, however, the attempts to controt debris flows in more urbanized
areas rise exponentially. For example, the Japanese spend more than $4 billion per
year in attempts to control debris flows (Bell, 1999). Therefore, extensive
urbanization in the northern hillsides of the plan area would likely result in greater
mitigation expenses.
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