and about 4.5 miles
south of the
northern boundary.
It is just south of
the City of
Hesperia. It is a
major lifeline
facility, it handles
over 2,500 MW of
power, and it
provides
interconnections and
switching between
five 500 kV SCE
transmission lines
and a 500 kV Los
Angeles Department
of Water and Power
line (that line's
connection to City
ownership is north
and outside of the
study boundaries).
Figure 3.3-4 shows
the administrative
and control

Figure 3.3-4 Lugo Substation Control Facilities and
Equipment

facilities housed a brick building, the communications microwave tower

that provides SCE
with a secure,
direct,
communications link
with the
substation, and some
of the station
equipment. Most of
the facility was
designed for a 0.2g
horizontal load.
Figure 3.3-5 shows
the circuit breakers
in more detail.
After the 1971 San
Fernando earthquake
the circuit breakers
were retrofit with
earthquake resistant
bases and their
clamp anchorage was
welded to their skid
frames for more
positive anchorage.
The transformers
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Figure 3.3-5 Lugo Substation Circuit Breakers
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have also had their anchorage improved with welding and clamping to their
skids. Recent purchases for the station have been designed against a 0.5g
dynamic evaluation criteria. Although SCE recognizes that the station is
still subject to equipment failures during an earthquake, they have
extensive plans for mitigating the impact of such an event (e.g., managing
the risk of failure). For example, they have alternative plans that could
keep the substation on line under emergency conditions using as few as
about 10% of the circuit breakers.

Starting from the southern boundary of the study area, SCE has three 500
kV transmission lines that connect the Lugo and Mira-Loma substations.

Two of the lines were installed in the early 1960s for about 300 kV
service. They were upgraded to 500 kV service in the early 1970s, and the
third line was added in 1983. A single tower system brings the lines
north by northeast to the study boundary. The original two lines split
into separate tower systems just inside the study boundary. Just outside
the study boundary the new line separates from the single tower system and
heads due east. It turns north at
the Lytle Creek Wash and rejoins
the most eastern of the two
original lines. The western line
heads approximately due north
crossing the railroads (several
times) and the old Cajon Pass
highway near Blue Cut. North of
Blue Cut it is rejoined by the
second original line and both head
due north.

The new transmission line joins the
most eastern of the original lines
in a parallel tower system just
north of the southern boundary of
the study area at the mouth of
Lytle Creek. Together they head up
the steep slopes of the lower Lytle
Creek Ridge and then descend to the
floor of Cajon Pass. In the 1970s
there was a landslide on the slope
just before where they reach the
Cajon Pass floor. It damaged the
towers and they had to be repaired.
Figure 3.1-5 shows the landslide
scar and the towers that were
rebuilt on the scar.

After the landslide area, the two
lines cross over the Cajon Canyon
and run approximately parallel to
the west side of I-15. Figure 3.3~

6 shows typical tower footings.
SCE reported that mostly bell

Figure 3.3-7 Typical Electric
Transmission Tower Footings
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foundations are used, and if they can't be formed then deep column
footings are used. At Blue Cut the new line separates from the older
original line while the older line continues northwest until it joins the
other original line. The new line crosses over the railroads and Highway
I-15 about 2 miles north of where it separated from the orlglnal line. It
then travels on the east side of I-15 by itself until it joins the eastern
most of the original lines north of the railroad summit and north of
highway 138. All of the power lines cross the San Andreas Rift Zone just
north of Blue Cut. Fault movements should put slack into the lines that
bridge the fault.

After they rejoin just north of Blue Cut, the two original lines travel
north for about two miles. This takes them back into steep terrain. Just
before they redescend to the Cajon Pass floor about 0.5 mile south of
Cajon Junction, they approach the rallroads, petroleum pipelines, fiber
optic lines, and highway I-15. It is noted that just before the location
where the towers descend in this region there was some surface erosion or
displacement near the tower foundations. SCE has protected those towers
by covering the ground surface with a soil-cement to seal the surface
material.

The original power lines proceed northeast but are more widely separated
than they were in the southern section of the study area. All three of
the lines come together at the Lugo Substation. Then they continue
northeast and leave the study area.

Another set of two, SCE, 500 kV, power transmission lines (the Lugo-
Vincent line) leave the Lugo Substatlon heading northwest, then they turn
due west. Since they are on the north side of the Cajon Summlt they are
in relatively flat terrain. About 1.25 miles after they cross I-15 they
turn northwest and leave the study area. They are connected to the
Vincent Substation to the northwest

The third SCE transmission system is the 115 kV line that enters and exits
the study area in the Devore region. This lifeline was not examined in
detail, but it is interesting to note that in November 1990 a high wind
caused a power line in the foothills behind Devore to break. The downed
line ignited a brush fire which burned about 200 acres, destroyed four
homes, and damaged others. The towers, however, were not damaged by the
wind. That incident points out that the danger to transmission lifelines
is not just a tower failure, but also a line break.

3.3.3 Bibliography For Section 3.3

No reports were used for this section of the report, the information was
obtained during direct discussions with the lifeline owners.

3.4 FUEL TRANSPORTATION LIFELINES
The fuel pipeline lifelines (see Figure 3.4-1) in the Cajon Pass study
area include two high pressure petroleum products transmission lines, two

high pressure natural gas transmission lines, and an intermediate pressure
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natural gas distribution line. For reference purposes, the locations of
the photographs provided in this Section are shown on the Figure. Also
included are a number of valve stations in each pipeline systen.
Responsibility for the 1ndependent for inspection and safety monitoring
(including accounting for seismic safety) these lifelines lies with the
U.S. Department of Transportation Office of Pipeline Safety. They, in
turn, have delegated their authority for petroleum products pipelines to
the California Office of the Fire Marshal, and for natural gas pipelines
to the California Public Utilities cOmm1551on. The Office of Pipeline
Safety s seismic hazards mitigation requirements are very broadly stated
in such terms as "earthquakes should be considered during the design and
installation of such systems“ The Office of the Fire Marshal has
retained the broad language in its requirements. The Public Utility
Commission has specific, detailed, seismic design criteria for liquified
natural gas facilities, but the requlrement for natural gas pipelines
retains the broadly stated guidelines.

3.4.1 Natural Gas Pipelines

Southern California Gas Co. operates two 36-inch high pressure (about 845
psig) natural gas transmission lines in the Cajon Pass and a 16-inch
intermediate pressure (350 psig) trunk line that delivers natural gas from
the two 36-inch lines to the San Bernardino region (see Figure 3.4-1 which
is a map of the fuel transmissions lines in the study area). A third
north-south gas pipeline (which on the map appears to be an extension of
the more western 36-inch plpellne) is a 36-inch line to the high desert
region. It operates at 936 psig and is connected through a valving
station directly to the two 36-inch hlgh pressure lines. In the study
area, one of the transmission lines is routed on the west side of highway
I-15, the other on the east side. At Cajon Junction the western pipeline
crosses under I-15 and joins the eastern pipeline and the north-south
pipeline at a valving station. There is another valving station near
Devore that connects the two transmission lines and the trunk line.

Piping wall thicknesses are in accordance with the California Public
Utilities Commission General Order No 112-D®*", spacing between the
pipeline valves and separately the pipe wall thickness are controlled by
criteria which in turn are controlled by the population density of the
area. Retrofits requiring more frequent valves and thicker wall pipes can
be required by changes in the population density. Although no changes
have been required in the study area, it appears that business growth
plans near the Cajon Junction and residential population growth in the
high desert region of the study area may require such modifications in the
near future.

The eastern most transmission line (line 4000) was installed in 1966 using
X-60 grade pipe with wall thicknesses ranging from 0.375-0.438 inches.

It operates between the Newberry Compressor station to the north of the
study area and the Fontana pressure limiting station south of the study
area. The western most transmission line (line 4002) was installed in
1960 (it was the original line) using X-52 and X-60 grade pipe with wall
thicknesses ranging from 0.375-0.500 inches. It operates between the
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Cajon summit valving station north and east of the Cajon Junction and the
Fontana station south of the study area. The north-south line (line 1185)
was installed in 1976 using X-60 grade pipe and wall thicknesses ranging
from 0.391-0.562 inches. It runs from the Cajon Summit valving station
north to the Adelanto Compressor Station.

Southern California Gas Company operates another 36-inch pipeline that
crosses the San Andreas fault zone north and west of the Cajon Pass. The
three transmission lines (the 1185 and 4002 lines and the 4000 line in the
study area and the third lines west of the study area) supply about 90% of
the Company's natural gas to the Los Angeles Basin. The transmission
lines in the study area presently provide about 750 million cubic feet of
natural gas each day, although their combined total capacity is up to 1
billion cubic feet per day. In addition, the Company maintains natural
gas storage in the coastal area that could provide 30-90 days supply for
its core customers.

Maintenance staff and supplies are
maintained in the Los Angeles Basin
and in Victorville. The emergency
planning assumes that up to 1/2
mile of pipeline on either side of
the San Andreas fault zone could be
failed during a major earthquake.
They maintain prepositioned
material to replace that piping, if
needed, they have written
procedures for responding to such a
requirement, and they have existing
agreements with a helicopter
company to provide helicopters for
their use during such times.

The following discussion tracks the
pipelines from the south of the
study region to the north. This is
counter to the flow direction of
the natural gas, but it is
consistent with the descriptions
provided for the other lifelines.
The 36-inch transmission lines
enter the study area southern
boundary in the Lytle Creek Wash
just west of I-15. They also pass
under the new SCE 500 kV
transmission line where they enter
the study area. Block valves are
used to sectionalize the line.

Just south of the study area is the
Fontana valving station that can be
used to control the pressure in Figure 3.4-2 Natural Gas Pipeline
each line and to cross-connect the Crossings Under Two Railroads
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lines. In the study
area, they proceed
east by northeast
for about two miles.
At the western edge
of the Cajon Wash
there is another
valving station and
that is where the
16-inch trunk line
to San Bernardino
takes gas from the
36-inch lines. The
36-inch lines then
turn northeast and
approximately due
west of the I-15/I-
215 junction they
separate.

The western line
(line 4002) follows
the Southern Pacific
and Atcheson Topeka
& Santa Fe (AT&SF)
railroad right-of-
ways to Blue Cut. It crosses the Southern Pacific railroad track several
times, running either parallel and west of the track or in the space
between the tracks of those two railroads. These crossings are buried but
uncased. From Blue Cut the line heads generally north. It runs parallel
and near to the Los Angeles Department of Water and Power's two high
voltage transmission lines for about one mile. In the Lone Pine Canyon it
crosses the San Andreas fault zone very close to two power transmission
lines. It also crosses the two petroleum products pipelines at that
location. This crossing is discussed in more detail in Section 3.3.

Figure 3.4-3 An Exposed Section Of The Natural Gas
Pipeline

Further north (just south of the Cajon Junction) the 36-inch natural gas
pipeline crosses the Southern and the Union Pacific railroad lines.

Figure 3.4-2 shows the pipeline right-of-way descending to and then under
those railways. The crossing under the Southern Pacific is uncased, it is
cased under the Union Pacific. Between Blue Cut and the railroad
crossings south of Cajon Pass there are five sections of exposed line with
spans ranging from 57-118 feet. Figure 3.4-3 shows one of the longer
exposed sections, and Figure 3.4-4 shows a close of up the pipe exiting
the ground. It shows the connection of the pipe cobrrosion protection
material wrapping (the gray line) as it is connected to the pipe. The
pipe crosses under the AT&SF railroad and I-5 and continues parallel to
the eastern pipeline to the Cajon summit valving station located north of
highway 138. In this route there are two more exposed sections with 68
and 80 foot spans. A recent realignment of Highway 138 brings it very
close to one of the exposed crossings. At that location, the two 36-inch
pipelines are located parallel. The line to the left is exposed, the one
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to the right is
buried.

When the eastern
natural gas pipeline
(line 4000)
separates from the
western one near the
junction of I-15 and
I-215 it turns
northeast and
crosses under the
Southern Pacific and
AT&SF railroads and
the Cajon Wash. The
pipeline then runs
parallel and west of
the old highway for
about 0.75 miles,
then crosses under
the old highway and
I-15. When it
crosses the old
highway it also
crosses
perpendicular to the
two petroleum products pipelines. This region also has a high water table
and could be subject to liquefaction during an earthquake event.

Figure 3.4-4 Details of the Ground Support For Exposed
Sections Of Natural Gas Pipelines

The 36-inch pipeline continues roughly parallel to I-15 on the eastern
side of I-15. In these steep mountains there have been a number of times
when fires have burned off the vegetation and surface erosion and stream-
bed erosion have occurred, and in the 1970's a landslide after heavy rains
damaged such a portion of this pipeline. Just north and east of the Cajon
Junction the routing turns north by northeast and the pipeline crosses
Highway 138. It runs parallel and north of the highway, and new highway
crossings will result when Highway 138 is rerouted in 1991. Between the
Cajon Junction and the summit valving station there are five separate
locations of exposed pipeline, with the spans ranging from 98-138 feet.
After the valving station, the pipeline (line 4000) turns east and then
northeast and leaves the study area. Twice it crosses the three railroads
in this section. The highway, railroad, and power line crossings are a
mixture of cased and uncased crossings.

The third plpellne (line 1185) is routed north from the Cajon Summit
valving station. It crosses under the railroads next to short railroad
bridges. It continues north, crossing under the northbound and then the
southbound portions of I-15. All of these crossings are cased.
Continuing north, it crosses under power transmission lines and then
connects to and runs parallel to Baldy Mesa Road. It is routed on the
east side of the road, the petroleum products pipelines and three fiber
optic cables are also routed parallel to this road. A valve station is
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located on the
shoulder of Baldy
Mesa Rd., and Figure
3.4-5 shows the
posts installed
around the valves to
protect them from a
vehicle accidently
crashing into them.

North of the study
boundary it crosses
the California
Aqueduct. Figure
3.4-6 shows that
crossing.

Figure 3.4-5 Natural Gas Pipeline Valve Station On
Baldy Mesa Road

= 11 1T T

Figure 3.4-6 The Natural Gas Pipeline Crossing the
California Aqueduct
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3.4.2 Ligquid Fuel Pipelines

There are two petroleum products pipelines operated by CALNEV Pipe Line
Company in the study area. Figure 3.4-1 shows the routes of these
lifelines. 1In 1960 an 8-inch pipeline was installed, in 1969-70 a second
14-inch pipeline was installed, and in 1980 several miles of the 8-inch
line that were installed in the Cajon Wash were rerouted tg be parallel to
the l4—inch line located east of the Wash (it was reported®*? that the
g-inch line in Cajon Canyon Wash frequently would be uncovered during the
spring runoff, and that the Forest Service requested and CALNEV concurred
that it would be safer to move the line to a region where water runoff
would be less troublesome). The lines are about 250 miles long and were
installed in accordance with the then current American Petroleum
Institute's standards. Those standards required that reasonable
protection for anticipated and unusual external conditions be included in
the design, but specific earthgquake criteria were not identified in the
standards. 1In California, the Office of the Fire Marshall is responsible
for the inspection and enforcement of the federal and California pipeline
safety standards®-*®, Por the federal requirements, they are the agent
for the U.S. Department of Transportation Office of Pipeline Safety, who
has statutory safety responsibilities.

The fuel pipelines are buried 3-14 feet deep, depending on their location.
When they cross state highways or railways they are normally cased. When
they cross unpaved roads they may not be cased. They operate at 1060-16390
psig. The pipe outside is coated with coal tar and impressed cathodic
corrosion protection is used, the locations for impressing the required
voltage on the pipeline are at the pipeline terminuses. Check valves and
motorized valves are installed on the pipelines, there is no backup
emergency driver if the electricity fails. However, each motorized walve
can be manually operated. The operations are controlled by computers in
the San Bernardino station, there is 100% redundancy in the computer
controls. Twice a year the company conducts training for emergency
response, they fly over the line route every other week, they drive most
of the line route weekly, and they conduct an annual inspection of the
line route. Extra pipe for emergency repairs is stored at various cities
along the route path. There are pump stations in San Bernardinc and
Barstow, Ci.

The lines pump about 80,000 barrels (bbkl)/day of product. The product
provides about 90% of the Las Vegas area fuel and 100% of the fuel for
three Air Force bases. They have 560,000 bkl of storage at the San
Bernardinc terminal (normally this capacity is mostly full), and they have
237,000 bbl of gasoline and 106,000 bbl of diesel storage in Las Vegas,
105,000 bbl of storage in Barstow, and 64,000 bbl of jet fuel storage on
one of the Air Force bases.

As a result of the May 1989 derailment and subsegquent pipeline
failure/fire in San Bernardino, the side hinged check wvalves (which had
failed to close during that accident) were replaced with top hinged check
valves. However, the check valve near the accident site was replaced with
a motorized control valve. In early 1990 another train derailment in
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which the engine and cars came to rest over the pipeline occurred in Las
Vegas. It was reported“**” that as was the case in San Bernardino, the
derailment itself did not rupture the pipeline. A 100% pipeline
excavation and inspection at Las Vegas indicated that the pipeline was not
damaged by the derailment. In 1988-89 when the fiber optic cables were
installed in the pipeline right-of-way, it was reported®“* that on at
least two occasions the trencher struck the pipeline, requiring piping
repairs (the location of these incidents was not identified).

The 8-inch pipeline enters the study area on the western side of the Cajon
Wash. Just south of the study area there is a check valve (located east
of the San Bernardino County Prison Farm). The pipeline runs north along
the western edge and within the Cajon Wash. Just after it passes under
Devore Road there is another check valve. It continues in a north west
direction crossing under I-15 before the I-15/I-215 intersection, turns
north and crosses under the Union Pacific, Southern Pacific, and AT&SF
railroads. It then continues for about 1 mile along the eastern edge of
the AT&SF right-of-way. After it crosses the natural gas pipeline it
turns north east, crosses the Cajon Canyon floor and connects with the
existing 14-inch pipeline right-of-way along the old Cajon Canyon highway.
From there it and the 14-inch pipeline are routed in parallel trenches.

The 14-inch pipeline enters the study area in the southeast corner. About
two miles south of the study area there is a motorized check valve just
north of Duffey St. The 14-inch pipeline follows the Southern Pacific
railroad right-of-way, sometimes crossing under the tracks, most of the
time parallel to and
outside of the
tracks. When the
AT&SF and Southern
Pacific railroads
come together south
of Devore Road, the
pipeline's route is
between the tracks
of the two
railroads. It
leaves the railroad
right-of-ways just
past Devore Road,
turns north east and
crosses under I-15
at the I-15/I-215
intersection. It
continues north east
and joins the old
Cajon Canyon
highway. Just as it
enters under the
median strip there
is another check Figure 3.4-7 The Petroleum Products Valve Station On
valve. It is joined The Shoulder of Baldy Mesa Rd.
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by the 8-inch
pipeline at about
Kenwood Road. The
pipelines (and the
fiber optic
conduits) follow the
old highway along a
northwest route
until they reach the
point at Blue Cut
where the old
highway makes a
broad right turn.
There the pipelines
turn north for about
0.5 miles. Both the
8- and the 1l4-inch
lines have check
valves in this
region. When the
route reaches Lone
Pine Canyon (which

is also the San Figure 3.4-8 Petroleum Products Pipelines Hung Under

tgg;eziriagigtzggg) The Baldy Mesa Rd. Bridge Over the California Aqueduct

follow the canyon

floor for about 3 miles. This was the original route of the 8-inch
pipeline, and the same right-of-way was used when the 14-inch line was
installed. It is parallel to a dirt road. When the road connects with
Lone Pine Canyon Road the pipelines turn northeast. They cross the Lone
Pine Canyon Road several times in cased and uncased crossings. They
continue in their northeast route until they cross under I-15, where they
turn north. Just prior to crossing the railroads, there is another check
valve on the 1l4-inch line. They follow the general route of Baldy Mesa
Road and cross under I-15 again. In the region between the north and
southbound sections of I-15 there is a check valve on the 8-inch pipeline.
After crossing under the southbound section of I-15 the pipeline turns
northeast and is parallel to the Los Angeles Department of Water and
Power's two 287.5 KV electric power transmission lines. At the summit of
Mt. Baldy there was a pressure reading station. Vandalism has caused
CALNEV to move the gauges to a less prominent location, but the pressure
stems off of the pipelines to the valves are still exposed and it appears
that vandals have been trying to rupture them. When Baldy Mesa Road
separates from the electric power transmission lines the pipelines follow
the road in a northern direction. There they are joined by one of the
natural gas transmission lines, with the pipelines on the western side of
the road and the natural gas pipeline on the eastern side of the road.
About two miles north of the northern boundary of the study area the
pipelines cross the California Aqueduct. Just before the crossing there
is another valve station for each of the pipelines. Figure 3.4-7 shows
the above ground valve station that is on the shoulder of Baldy Mesa Rd..
The barriers were installed to protect the valves from vehicles. At the
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aqueduct crossings the pipelines are hung exposed under the Baldy Mesa
Road bridge over the aqueduct, and Figure 3.4-8 shows this.

3.4.3 Bibliography for sSection 3.4

3.4-1 Public Utilities Commission of the State of California General
order No. 112-D, "Rules Governing Design, Construction, Testing,
Maintenance and Operation of Utility Gas Gathering, Transmission
and Distribution Piping Systems", November 1988.

3.4-2 Source of information: meetings with the US Forest Service at
the Lytle Creek station.

3.4-3 Source of information: meetings with the US Office of Pipeline
Safety and separately with the California Office of the Fire
Marshall, Pipeline Safety Division.

3.4-4 Source of information: conversations with CALNEV Pipeline
Company.

3.5 TRANSPORTATION LIFELINES

The Cajon pass has served as a route for passage of people and goods
between the Los Angeles basin and the high desert region from earliest
times, since it is the only relatively easy penetration of the San Gabriel
and San Bernardino mountains. One of the old main transcontinental
highways, Route 66, used this route, as did the Atcheson, Topeka and Santa
Fe (Santa Fe) railroad. At the present time, the old Route 66 has been
replaced by Interstate Highway 15 (I-15) with a spur into San Bernardino
(I-215), and Route 66 in the southern portion of the Cajon Pass has since
become a county road restricted to two lane, opposing traffic. A primary
State highway, Route 138, runs east-west from the Silverwood and Arrowhead
Lake recreation areas in the east to Palmdale in the northwest. Route 138
intersects with I-15 at Cajon Junction. There are also three mainline
railroads in the study area: the Santa Fe, the Union Pacific, and the
Southern Pacific. Under emergency conditions it might be possible to
route all railroad traffic on one rail line because their close proximity
could facilitate making such connections. However, this possibility was
not examined during the present study. Figure 3.5-1 shows the
transportation lifeline routes in the study area. For reference purposes,
the locations of the photographs provided in this Section are also shown
on the Figure.

3.5.1 Highways

The interstate highway through the Cajon Pass was originally completed in
the era of 1965-1969. It follows the old alignment of Route 66, except
for the section through the steeper part of the route in the pass itself,
where the new interstate highway is laid on an improved alignment which
begins its climb earlier and yields lesser grades and more gentle curves.
It also increased the traffic capacity, with up to four lanes in each
direction in the sections with greatest grades. The traffic on I-15 has
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increased over recent years, with the average daily traffic now
approaching 60,000 vehicles/day in the section below Cajon Junction. On
weekdays, this traffic includes about 28% large trucks.

In 1975, a new interstate section was completed connecting the area near
Devore at the south end of the Pass directly with I-10 near Ontario, thus
bypassing the city of San Bernardino for traffic bound for the Los Angeles
area farther west. The existing I-15 section from Devore to San
Bernardino was redesignated as I-215.

The highway lifelines would be of major value to the immediate recovery
phase after an earthquake or other disaster, since they provide access to
the area from supporting communities to the north. Also, they provide a
vital link to the several military airfields in the high desert area which
are likely to be less affected than the airports in the Los Angeles-San
Bernardino corridor.

Damage to the highway lifelines may result from several aspects of the
earthquake. The bridges are vulnerable to forces generated by ground
shaking. The roadway itself may be interrupted by landslides coming down
onto the roadway or by the failure of man-made fill sections. There are
also some areas where there is a potential for liquefaction of the ground,
with loss of both structures and embankments: for example, at the Cajon
Wash at the southerly entrance to the Pass just south of the I-15/I-215
intersection, and separately, just north of that intersection; near Blue
Cut; and at the alluvial deposits in Cajon-Creek just south of the
junction of I-15 and Route 138. The highways cross the San Andreas fault
trace, and the traces of other numerous faults in the area. In those
locations there is the potential for direct shearing ground displacements.
There is also a significant possibility for interaction with other
lifelines, since the highways cross over or pass under major rail lines at
ten points, cross over natural gas and petroleum products pipelines and
communications lines at numerous points, and cross under the high voltage
power transmission lines, as discussed in previous sections of this
report.

The main highways operated by the California Department of Transportation
(CALTRANS) include 55 bridges in the study area. CALTRANS has been
evaluating all of the thousands of highway bridges under its jurisdiction
for earthquake vulnerability, using a special screening

technique®-31: 3-5°2, 3.5-3) £or the first level evaluation in order to identify
the most hazardous in proper priority for their retrofit program. This
screening work has been completed on 28 of the 55 bridges in the study
area as of the fall of 1990. For the 28, there has been a tentative
decision to retrofit or replace 12, leave 13 as is, and hold 3 for further
consideration. Screening of the remaining 27 is in process.

Fortunately many of the bridges could be easily bypassed for limited
emergency traffic. Most of the interchanges on I-15 are of the "diamond"
type, so that if the main route bridge is damaged, limited traffic could
be routed on the existing ramps down to and across the intersecting
roadway, and then back up onto the Interstate. There are some cases where
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this will not be
possible, such as at
the longer bridges
and separation
structures at the I-
15/I-215 junction at
Devore. There are
some local roads in
the area which also
could be used for
bypass, and there is
a long section of
old Highway Route 66
which has been
partially abandoned
and which parallels
the lower southbound
section of I-15 for
about 7 miles from
Devore to just south
of Cajon Junction.
This old facility

R
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)

was a four lane
divided highway, but
now only the west
roadway is in service. Unfortunately, sections of this roadway are, no
doubt, more vulnerable to earthquake damage than is the new Interstate,
especially at Blue
Cut, where it passes

Figure 3.5-2 I-15 Bridge Over Lytle Creek Wash

over trace of the
San Andreas fault.
It should be noted
that the bridges on
this old alignment
carry conduits for a
number of fiber
optic communication
lifelines, and the
two petroleum
product pipeline
lifelines are
located in the
center median of the
alignment. Because
of the semi-desert
climate of the
region, it may also
be possible to route
some detour traffic
across open off-
highway areas,

especially in the Figure 3.5-3 I-15 Bridge Over Cajon Creek Wash
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northern portions of the study area.

CALTRANS has a District Maintenance Station just west of the Cajon
Junction interchange off of Route 138. Considerable construction
equipment and some limited supplies of repair materials are stored there.
There is a small commercial sand and gravel operation in the Cajon
Junction area. The maintain a radio transmission tower near the highway
summit to aid in radio communication with their transportation equipment
operators.

Interstate Highway 15 (I-15) enters the study area from the southwest as
two four lane separate roadways near Nealyes Corner, where it crosses
Sierra Avenue just west of Lytle Creek Wash. The pavement is concrete.
There is a grade separation structure for each of the I-15 roadways
(Bridges No.54-0891R and L), consisting of cast in place pre-stressed
concrete girders. The highway continues northeast on a long viaduct of
concrete box girders, each continuous over several spans (Bridge
No.54-0982R and L), crossing Lytle Creek Wash and the San Jacinto fault
zone in this area (see Figure 3.5-2). It then ascends the west slope of
Lytle Creek Ridge across Sycamore Flats, crossing over Devore Road just
west of the ridge on a concrete box girder (Bridge No. 54-0779R and L).

It then descends and crosses Glen Helen Road on Bridge No. 54-0780R and L,
and the rights-of-way of the Southern Pacific, the Union Pacific, and the
Santa Fe railroads on Bridge No. 54-0818R and L. It then crosses the
Cajon Wash on a set of continuous concrete box girder structures
designated as Bridge No. 54-0781 (see Figure 3.5-3), which carries the
north and southbound main roadways, the west-south connector, and the
east-south connector
roadways. At this

point, I-15 joins
I-215 coming up from
the southeast from
San Bernardino at a
complex set of
separation
structures (Bridge
Nos. 54-0782, -0783,
and -0771). All of
these bridges are
constructed from
prestressed
concrete. The
taller separation
structures are
supported on
multiple column
bents.

On the section of
I-215 coming up from
San Bernardino,

which enters the Figure 3.5-4 I-15 Bridge Over Kenwood Avenue
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study area at
Verdemont, there are
three concrete box
girder bridges on
the main three lane
roadways, which are
at Palm Avenue,
Cypress Avenue, and
Devore Road (Bridge
Nos. 54-0532,
54-05433, and
54-0525), and one
prestressed concrete
structure on the
east-south
connection and
collector roadway at
Devore (Bridge No.
54-0844) .

As the I-15 highway
continues north from
its junction with : . = :

I-215, it is two Figure 3.5-5 I-15 Arch Bridge Over Matthews Rd.
independent roadways

of four lanes each, concrete paved. It passes over Kenwood Avenue on a
continuous box girder (Bridge No. 54-0772), with a typical diamond type
interchange. Kenwood Avenue connects with the old alignment of Route 66
about 0.2 miles further west (see Figure 3.5-4).

I-15 continues over Matthew Road with a 21 ft. span, multiplate arch
(Bridge No. 54-0915, Figure 3.5-5). I-15 then passes through a steep cut
about 1.5 miles north of this point, and on the north side of the ridge
swings to the east away from the old alignment. Both the old and the new
alignment cross the trace of the San Andreas fault in this vicinity. At
mile 18.48, I-15 crosses Cleghorn Creek on another concrete box girder
(Bridge No0.54-0773) just east of the settlement of Cosy Dell, north of
which it again runs parallel with the old alignment for 1.5 miles but at a
higher elevation. It crosses debris-filled Cone Creek at mile 19.29 on a
prestressed concrete structure (Bridge No. 54-0774), Brush Creek on a
concrete box girder (Bridge No. 54-0775), and then Cleghorn Road at mile
20.0 on another concrete box girder (Bridge No. 54-0776). This is another
diamond type interchange with connections to Cleghorn Road, the old
alignment of Route 66, the settlement of Cajon, and the railroads to the
west of the highway.

Just south of Cajon Junction, I-15 spreads out to accommodate north and
southbound truck weighing stations. The roadway is on a moderately high
fill, supported on the west side by a metal crib retaining wall
approximately 18 feet high (see Figure 3.2-5). The East Fork of Cajon
Creek passes under this fill through a large concrete box culvert
designated as Bridge No. 54-0777. This structure is on a curved
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alignment and is 39
feet wide and 15
feet high, with a
length of 440 feet
along the center
line. As noted in
Section 3.2.1 above,
four communications
conduits are
attached high on the
east wall of the
culvert waterway
(see Figure 3.2-7).
The outlet end of
the culvert directs
the creek flows
into the railroad
bridges of the Sante
Fe and Union
Pacific. The ground
water is close to or
at the surface in
this entire region, : — = : :

and lush plant Figure 3.5-6 I-15 Box Bridge Over the Railroad
growth indicates

that the high water table extend at least to the foot of the metal
retaining wall crib.

Approximately 0.7 miles northwest of the weighing station, I-15 passes
under Route 138, which is carried on a two span, welded steel girder with
a central pier located in the median of I-15). There are steep slopes
just to the east of this junction, and construction is underway on the
realignment of Route 138 to the east. From this point, I-15 climbs
steeply toward Cajon Summit, crossing the Union Pacific at mile 22.0, the
Sante Fe at mile 23.7, and the Southern Pacific at mile 22.7 at Alray.
These crossing structures are all tunnel-like box structures (see Figure
3.5-6), with lengths from 250 to 300 feet, crossing the highway fill at a
skew. Beyond the last of these rail crossings, the northbound and
southbound roadways of I-15 separate. The northbound lanes swing to the
east sooner than the southbound and run along the steep slopes at an
elevation about 200 feet lower and on an alignment about one thousand feet
south of the southbound roadway. The petroleum products pipelines and
some of the fiber optic communication lifelines pass under the highways in
this region. Also, an unimproved road used for access to those lifelines
(the Baldy Mesa Road) crosses under I-15 in cement’culverts. The
northbound roadway of I-15 climbs to rejoin the southbound roadway at the
Oak Hill Road interchange at mile 28.7. This interchange structure
(Bridge No. 54-0740) is a steel girder which provides for connections with
local roads and the service roadways which parallel I-15 from this point
to the north in the relatively flat high desert land.

At mile 31.1, I-15 again crosses the tracks of the Southern Pacific at
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Bridge No. 54-0664,
a continuous slab
structure supported
on multiple column
bents (see Figure
3.5-7). This bridge
is flanked by others
which carry the
service roads over
the railroad, the
easterly bridge has
water pipelines and
fiber optic
communication
conduits attached
(see Figure 3.2-8).
There is a grade
separation structure
of welded steel
girders (Bridge No.
54-0665) at mile
31.8 which connects
the northbound lanes
of I-15 to the
northbound lanes of
I-395 leading north

Figure 3.5-7 I-15 and Access Road Bridges Over the
Railroad

to Adelanto, and 0.5 miles further north, I-15, now reduced to three lanes

in each direction,
is crossed by Phelan
Road on a concrete
box girder (Bridge
No. 54-0624). Just
at the north end of
the study area, I-15
and both frontage
roads are carried
over the California
aqueduct on a double
box, concrete
culvert (Bridge No.
54-0828). I-15
continues northeast
out of the study
area towards
Victorville and
Barstow.

Route 138 enters the
study area from the
west, joining the I-
15 at Cajon
Junction.
Approximately one

> Ay

Figure 3.5-8 Highway 138 Cut & Fill At Cajon Junction
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mile west of this point, it passes under the Southern Pacific, which is
carried on a steel, through-plate girder (Bridge No. 54-0832), then over
the eastbound and westbound combined tracks of the Sante Fe and Union
Pacific on Bridges No. 54-1056 and -1057 respectively, and then over the
upper reaches of Cajon Creek on Bridge No. 54-0561. It crosses over I-15.
on a steel girder structure as indicated above, and then continues along
the south side of steep slopes to the east. This section of Route 138 has
been recently reconstructed to improve its grade and alignment, since it
carries heavy recreational traffic to the Arrowhead and Silverwood Lakes.
The new alignment includes large cut and fills next to I-15 (see Figure
3.5-8). Plans for 1991-92 include extending the realignment for another
2-3 miles to remove the numerous switch backs and their supporting fills.
Observations of a number of those fills indicates that they have settled,
causing surface cracking of the roadway pavement.

3.5.2 Railways

The main lines of the Atcheson, Topeka and Santa Fe (Santa Fe), the
Southern Pacific, and the Union Pacific railways all run through Cajon
Pass in close vicinity to each other. In fact, there is some mutual use
- of the right-of-ways, and a short section near Cajon Junction where
interconnection of the Santa Fe and the Union Pacific is possible (but
there is little special construction there). The Santa Fe and Union
Pacific presently jointly use the Union Pacific tracks for eastbound
traffic up the Pass, and the Santa Fe tracks for westbound traffic down
the pass. The rail traffic in the Cajon Pass is about 75 trains per day
and they experience about one minor derailment each year. The traffic
also includes four AMTRAC passenger service runs per day. The Southern
Pacific has major yard operations and repair facilities at their Coulton
Yard in San Bernardino.

At the time of completion of this inventory phase of the project, the
information for the railroad bridges, except for the highway crossings
which were available from the California Department of ‘Transportation,
were incomplete. The railroads were unable to provide detailed
information on their systems for this study.

The officials of the Southern Pacific indicated that it was standard
policy to require all pipeline crossings to be cased, and the field data
and data from the pipeline utilities confirms this. Most of the pipeline
crossings for the Santa Fe and Union Pacific are cased, but not all of
them are.

The Southern Pacific enters from the southeast corngr of the study area
from San Bernardino in the vicinity of Verdemont, and runs northwest
parallel to and about 0.2 miles west of Cajon Blvd. along Cajon Wash. The
Union Pacific and Sante Fe enter near the same point, but run, adjoining
each other, on the east side of this same roadway. The 1l4-inch petroleum
products pipeline is buried in the Santa Fe and Union Pacific right-of-
ways, and periodically runs on the east side and then in the space between
the railroad beds.
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The Santa Fe and
Union Pacific cross
over to the west
side of Cajon Blvd.
just south of its
junction with
Kendell Drive.

There the track
expand to a four
track section about
1.2 miles long
ending at Devore.
This section allows
the railroads to
switch back to their
own tracks after
they have descended
the Cajon Pass.

They then continue
together with the
Southern Pacific
over bridges across
Cajon Creek and
under highway I-15.
Figure 3.5-9 shows
the railroad bridges
in the wash area with the I-15 bridge in the background. All three lines
then continue northwest along the west side of Cajon Wash close to the
steep slopes, crossing several culverts and small bridges up to Blue Cut.
While in the region of the steep slopes, one of the 36-inch natural gas
pipelines is buried west of and in the right-of-way of the Southern
Pacific. Occasionally, it crosses under the Southern Pacific and is
buried between the beds of the Southern and Union Pacific railroads.

Figure 3.5-9 Railroad Bridges In Cajon Wash, I-15
Bridge In The Background

At Blue Cut the Sante Fe and the Union Pacific are close together on the
west bank of Cajon Creek in the narrow gorge region, while the Southern
Pacific has begun to diverge slightly to the northwest. All three lines
cross Lone Pine Creek and the San Andreas fault zone in this general
vicinity, and then continue northward next to the steep slopes on the west
side of Cajon Canyon to the vicinity of Cajon Junction. Here the Southern
Pacific is on a new alignment which begins the climb to the summit west of
Cosy Dell, and is some 100 feet higher than the other two railroads when
it swings west from Cajon Creek.

The Sante Fe and the Union Pacific cross to the east bank of Cajon Creek
on a steel girder bridge, and have a section about one mile long which is
four tracked in the flat land west of the Cajon community (it allows for
siding a slow train to allow an express to pass, etc.). The Santa Fe and
Union Pacific return to only two tracks, with the eastbound crossing Cajon
creek to the west on a concrete deck structure supported on steel piles
(see Figure 3.5-10) and the westbound a steel girder bridge on rubble
concrete piles (see Figure 3.5-11). In the areas of the bridges of
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Figures 3.5-10 and
3.5-11, the water
table is high as
indicated by the
lush plant growth in
the figure (also see
Figure 3.2-5).

The railroad then
climbs the hills
west of Cajon
community in a long
"S" curve where it
joins and parallels
the alignment of the
Southern Pacific as
it approaches Route
138 about one mile
west of Cajon
Junction. The
Southern Pacific
track crosses over
Route 138 on a new
steel through girder
with a ballasted
deck (see Figure
3.5-12). This
skewed, single span
bridge potentially
could fail during an
earthquake. From
there the railroads
cross over the upper
reaches of Cajon
Creek on a
multi-span, steel
deck, girder bridge,
and then head
eastward under I-15
at Alray.

The eastbound Sante
Fe and Union Pacific
track passes under
Route 138 about 0.1
mile east of the
Southern Pacific
bridge, then Cajon
Creek on an old,
multispan, steel
deck, girder bridge.
It then parallels

Figure 3.5-10 Concrete Beam Railroad Bridge in Cajon
Creek Near Cajon Junction

Figure 3.5-11 Rubble Pier Railroad Bridge in Cajon
Creek Near Cajon Junction
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the alignment of the
Southern Pacific,
crossing under I-15
to the east just
about 200 feet short
of that railroad at
Alray. The
westbound track of
the combined Sante
Fe and Union Pacific
crosses to the west
of Cajon Creek just
to the west of the
I-15 truck weighing
station, and
continues northwest
to cross under Route
138 about one half
mile west of Cajon
Junction (see Figure
3.5-13). It then
turns east and
crosses under I-15
about 0.6 mile south
of the eastbound
track.

After the Cajon
Junction (heading
north), all three
rail lines run east,
climbing the grade
to the railroad
Cajon summit near
the head of
Horsethief Canyon.
The Southern Pacific
and the eastbound
Sante Fe-Union
Pacific are on
improved alignments,
whereas the
westbound Sante
Fe-Union Pacific
still involves a few
short tunnels, which
were constructed in
about 1916, (see
Figure 3.5-14) about
one mile east of the
I-15 crossing. 1In
this region there

Figure 3.5-12 Ballasted Deck Railroad Bridge Over
Highway 138

Figure 3.5-13 Highway 138 Bridge Over Railroad At
Cajon Junction
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are a number of
short span bridges
(see Figures 3.5-15
which shows two such
bridges) on all
three lines. They
are used to cross
unimproved roads and
fire roads. In some
cases, buried
natural gas and
petroleum products
pipelines and fiber
optic cables are
located under the
embankments next to
the bridges. From
the summit, the
eastbound and
westbound tracks of
the Sante Fe-Union
Pacific run on a
common alignment in
a northeasterly
direction toward

Figure 3.5-14 Railroad Tunnel North of Cajon Junction

Barstow, while the Southern Pacific follows this same direction with a

double track section
for about one and
one half miles, then
a single track for
about one mile.
Afterward, it swings
northwest to pass
under Interstate
I-15 just south of
its junction with I-
395, and then heads
towards Palmdale and
out of the study
area.

Figure 3.5-15 Typical Short Span Railroad Bridges
North of Cajon Junction
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CALTRANS Division of Structures, undated.
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US Sprint, 521 West Rialto Ave., Rialto, CA 92376

U.S. Department of Transportation, Office of Pipeline Safety, 400 7th St.,
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TABLE 3.1—1 Gealogic and seimologic characteristics of late Quaternary faults in the Los Angeles region

(Evidence of faulting age: 0S, offset stratigraphy; P.fault-produced physiographic features;
W, ground—water impediment within late Quaternary alluvial deposits. Type of faulting:

R, reverse; N, normal; SR, right-lateral strike slip; SL, left-lateral strike slip; RRO, reverse
right oblique; RLO, reverse left oblique; NRO, normal right oblique; NLO, normal left oblique)

Type of
Age and evidence late
of latest Quaternary
Map number and fault Geometric aspects surface faulting offset Seismicity Sources of information
1 San Andreas fault N bparallel faults of  Historical (1857) SE. to Wright- Source of 1857 Fort Tejon Mapping, Quail
varied length in zone wood. Holocene (OS, P) from sarthquake (estimated M Lake-Wrightwood:
generally 0.3-1.5 km wide (as Wrightwood to near Ban- 7.9), whose epicenter prob- Barrows and others {1965)
wide as 4 km near Palmdale ning. Splay and subsidiary ably was in the Mapping, Quail
and Lake Hughes). Zone faults chiefly late Quaternary Parkfield~Cholame area of Lake-Palmdale:
strikes N. 85°-70° W. but (0S. P). central California. Possible Beeby {1979)
near Banning strikes N. 40° ’ source of July 22, 1899, Kahle (1979)

San Jacinto {ault zone:

2 Glen Helen-—===~memnam-

W. Maost fauits are approx-
imately vertical, sithough SE.
from Cajon Pass generally
dip 55°-60° NE. The most
recently active element
within zone typically com-
posed of linear segments 0.5
to 11 km long arranged in
echelon manner in belt as
wide as 100 m. Scattered
splay faults locally diverge
from trend of main zone.
Subsidiary south-dipping
faults common on southern
side of zone adjacent to
Antelape Valley. Fault zone
extends as continuous sur-
face feature from near Ban-
ning NW. more than 1,000
km to Cape Mendocino.
Connected by Banning fault
{95) to Indio segment of San
Andreas fault NE. of Im-

perial Valley.

Single strand. Strikes
N. 40°-80° W. Presumed ver-
tical dip. Length at least
akm.

Several strands in zone as wide

3 San Jacinto

5 Cl

as 0.3 km. Strikes N. 40°-60°

NW. Dips 35° NE. to ver-
tical. Length approximately
25 km.

Single strand. Strikes N. 45°
W. Dips 65° SW. Length at
least 12 km.

Single strand composed of
closely overlapping breaks.
Strikes N. 40°-55° W. Dip
vertical or steeply NE.
Length approximately 65 km.

Holocene (P, W)

Late Quaternary (OS}

Late Quaternary (OS. W)

Haolocene {O0S, P, W); histarical
creep near Hemet poasibly
related to subsidence due to
ground-water withdrawal.

earthquake (estimated M,
6.5) near San Barnardino,
Diffuse belt of scattered
small earthquakes
associated with fault zone.

Closely associated small
earthquakes. Geametricaily
compdtible fault-plane
solutions. Possible source
for iwo damaging earth-
quakes of MLZG {1849,
1907},

Numerous small earthquakes
near fault trace.
Geometricaly compatible
fault-plane solutions.

gNumerous small earthquakes
near fault trace.
Geometrically compatible
fault-plane solutions.

Scattered small earthquakes
near fault trace. Possible
source for four damaging
earthquakes of M, 26
{1890, 1899, 1918, 1923).

Kahle and others {1977}
Kahle and Barrows (1980}
Mapping,
Palmdale-Wrightwood:
Barrows and others {1976}
Barrows (1979, 1980)
Schubert and Crowell
[3980].
Mapping,
Wrightwood-Banning:
]. C. Matti [unpublished
data, 1983).
Miller (1979}
Morton and Miller [1975)
Ross (1969}
Slipirecurrence:
Davis and Duebendorfer
(1982
Rasmussen [1982a)
Rust (1982)
Sieh (1978a; c, 1984}
Weldon and Sieh {1981}
Seismicity:
Green (1983)
Hileman and Hanks (1975)
C. E. Johnson (unpublished
deta, 1982).

Cramer and Harrington
{1984, in press).

Pechmann {in press)

Sharp (1972)

Thatcher and othaors (1975)

Cramer and Harrington
(1984, in press}.

C. E. Johnson {unpublished
data, 1982).

Morton (1975, 1976)

Cramer and Harrington
(1984, in press).

C. E. Johnson (unpublished
data, 1982].

Mezger and Weldon {1983)

Mortan (1975, 1976)

Fett {1967)

Given (1981)

Green {1983)

C. E. Johnson {unpublished
data, 1982).

Morton (1978)

Sharp (1972)

Thatcher and athers (1975)



TABLE 3.1-1 Geologic aud seimologic characteristics of late Quaternary faults in the Los Angeles region-—Continued

Type of
Age and evidence lata
of latest Quaternary
Map number and fault Geometric aspects surface faulling olfset Seismicity Scurces of information
San Jecinto fault zone—Cantinued:
8 Cass Loma S | closely averlapping Holocena (OS. P, W}, creep N or NRQ Scaitered small sarthquakes. Given {1881}
echelon strands. Strikes N. movement since at least near fault trace. Fatt (1967)
35°—40° W. Dips 50°-70° 1939, possibly relatad ta sub- Morton [1978]
NE. Length approximately sidence dua to ground-water Proclor {1962, 1674]
18 ko withdrawal. Raamnussen (1981, 1962k)
. E. Johnsan {unpublished
dals, 1982}
7 Hat Spri Single strand. Sirikes east-west Probably late Quaternary ¢P] R ar RRO Scattered small sarthquakes Civen {1881)
to M. 45° W. Dips stesply al southern end of Tault Sharp (1967}
ME. Langth approximately irace.
29 km.
& Clark: Single strand compaosed of Holocena [CS, P SR and RRO WNumerous closely associaiad Given {1981}
closely overlapping breaks. small earthquakes along Sanders and Kanamori {1984)
Strikes N. 50°-60° W. Dips northern and southern sec-  Sharp (1967, 1972, 1961a)
vertically to 60° NE. Leagth tors. Geometrically come- Thatcher and athers {1875)
at least 85 km. patible fault-plane solution.
Possible source for Lo
sarthquike in 1837
% Rialto-Colton- Twao echelon strands. Lale Quaternary (W) no sur- SR Murnervus smell sarthquekes  Celifornia Depariment of
Strikes M. 45°-55° W. face expression. nearhy. Waler Resources {1870}
Presumed wertical dip. C. E. johnson junpublishad
Totel length 26 km. dats, 1862}
Warton (1978}
10 Central Avenue Presumead singls strand. Late Quaternary (W} no sur- z Ziony and others (1674}
Strikes M. 35° W. Tace expression.
Dip unknowr
Length at least 8 k.
11 Chino Single strand- Late Quaternary [0S, P, W) RRO Scattered small sarthquakes Durham and Yerkes {1964]
Strikes M. 35°-50° W. SW. of lault trace. Heath and cthers {1862]
Dips 80*-55° SW. C. E Johnsan (unpublished
Length a1 least 18 km. data, 18821
Weber [1677]
12 Whittier One Lo three subparallel Late Quaternary (38, P] RRO Mumerous small sarthquskes Purhsm and Yerkes {1964)
strands in zona as wide as NW. of Brea Canyan; closely associated with Hannan end others [1879]
1.2 k. Strikes Holocene {0S) SE. to near fault. L. E Johnson [unpublished
M. 85°-80° NE. Dipa. Santa Ana River. data, 1562).
65°-80° NE. Langth at least Lamar {1872, 1873]
40 km. Mortan and othars [1872)
Yerkes [1872)
Elginare fault zone:
13 Main Street 5 ] gverlapping strands. Prmbably Holocene {F] R or RRO Hart and others [1878)
Strikes. M. 60°-80" W Weber (1577]
Presumed 10 dip steeply SW.
Langth approximstely 7 km.
14 Fresno-Eaglee~-m~-=~eeneneee Single strand. Strikes N. Late Quaternary ¢P] R or RRO Weber (1977}
55°-85° W. Dips
15°-50° SW. Length at lsast
16 km.
15 Tin Mine—--—-————————-— Single strand. Late Quaternary [P) SR TWeber {1877)
Strikes M. 50° W.

WVertical dip. Length approx-
imately 5 km.



TABLE 3.1~1 Geologic and seimologic characteristics of late Quaternary faults in the Los Angeles region-Continued

Type of
- Age and evidence late
of latest Quaternary )
Map number and fault Geometric aspects surface faulting offset Seismicily Sources of information
Elsinore fault zone—Continued:
16 Glen Ivy North-==c-eeau-, ~-==Single strand of closely over- Holocene (OS, P) NRO Numernus closely associated C. E. Johnson [unpublished
lapping breaks. Strikes N. small earthquakes at data, 1982).
40°-55° W. Dips 70° SW. northern end. Possible Langenkamp and Combs
except for vertical to steeply source of ML 8 sarthquake {1974).
NE. dip near Lake Elsinore. in 1910, Millman {1985)
Length at least 28 km. Rockwell and athers (1985)
Weber (1977}
17 Glen lvy South----==~~=ee-. ~--Single strand. Strikes N. Holocena (P) RRO N closely iated C. E. Johnson (unpublished
35°-65° W. Dips small earthquakes. data, 1942).
45°-50° SW. Length 7 km. Langenkamp and Comba
(1974}
Millman (1985)
Weber (1977)
18 Wild One to five sub dlel d Holl {0S. P) NRO S d small hquak C. E. johnson (unpublished
in zone locally 0.7 km wide. nearby. data, 1982).
Strikes N. 45°-65° W. Dips Kennedy (1977)
steeply SW. Length at least Lamar and Swanson (19681)
40 km. Langunkamp and Combs
(1974).
Weber (1977)
19 Willard S 1 di i hel Late Qu y {08, P) NRO Scatterod smull hquak C. E. Jub {unpublished
strands. Strikes N. 50°-55° nearby. data, 1982).
W. Presumed 1o dip stesply Hart and others (1979}
NE. Total length at least 35 Langenkump and Combas
km. (1874).
Kennedy (1977)
Weber (1977}
20 Woll Valley Single strand. Strikes Late Quaternary (OS, P, W) SR N closely iated Hart and others {1978} |
N.55°-75° W. Presumed var- small sarthyuakes. C. E. [ohnson (unpublished
tical dip. Length 8 km. duta, 1882).
Kennady (1977)
21 M S | lappi d Late Quaternary (OS. P. W) N Kennedy {1977}
Hot Springs. Strikes N. 80° E. to N. 70°
W. Dips 80°-85° S. Length
at least 12 km.
22 Norwalk P d single strand. Passibly late Quaternary (P) Ri? $ d small hquak Lamar {1973}
. Strikes N. 85°-85° W. NE. of fault trace. Possible C. E. Johnson (unpublished
Dips steeply NE. source for dumaging 1929 data, 1982).
Length at least 14 km. carthyuaka (M, 4.7). Richter (1954)
Yerkes (1972)
23 Faults in: Four sub llel faults in zone Late Quaternary (OS); historical RLL Morton and others (1973)
West Coyote 2.0 km wide. Strikes N. (1968) surface rupture along Yerkes (1972)
Hills. 10°-45°* W. Dips 70° SW. 1o westernmost fault probably
55* NE. Lengths from 1 to related to withdrawal of oil
1.5 km. and gas.
24 Peralta Hills==wececamaccmammaaao, Single strand. Late Quaternary (OS, P) R N small hqua Bryant and Fife {1982)
Strikes N. 8B0* W. to N. 80° nuarby. Fife and others {1980}

E. Dips 0°-60° N. Length at
least 8 km.

C. E. johnson (unpublished
data, 1982).

Morton and others (1973)

Schoellhamer and others
(1981}



TABLE 3.1—! Geologic and seimologic characteristics of late Quaternary faults in the Los Angeles region-Continued
Type of
Aga and evidence lata
of latest Quaternary
Map aumber and fault Geometric aspects surface faulting affset Seismicity Sources of informaticn
Newpart-inglewood fault 2one:
25 Ingler d Single strand: locally offset by Late Quaternsry {08, PL sur- N or NRQ N small hquak Barrows [1974]
short north- and: face fauiting since 1957 nearby. Geometrically Buika and Teng (1878)
NE -irending faulis. Strikes locally along narth4rending compatible fault-plane Castle and Yerkes {1578]
N. 5°-30° W. Dips 70* W. faulls in respanse la salution. Posaibla sourca Poland snd clhers (1358)
Length at least 13 %m. withdrawal of oil and gas. of 1420 sarthquake I[ML I- C. Tinuley [unpublished
49] dats. 1983}
28 Polrerp ———=--——weesoeeees: ~~ Single strand, Strikes N. 25* Late Quatsrnary [P. W] M or NRO #umerous small sarthquakes  Barmows {1874]
W. Dips 77° W. al suriace, nearby. Buika and Teng [1578]
82° . at depth. Length Poland and others (1968)
7 km.
27 AvelonrCompte Single strand. Late Quaternary [P, W} SR[A) Scattered small esrthquakes Bravinder 1842}
Strikes N. 20°-30° W. histarical {1941, 19%4) nearby. Epicenters of 1841 Buika and Teng [1879]
Presumed wverlical. faulting within 1.5 kan of sur- IML 49) and 1944 [ML 435] Marinec {1848)
Length at least 4 km. face along subsidiary south- lie: SW. of fault trace. Poland and cthers {1968)
dipping reverse faults.
28 Cherry-Hill ~=~—m—-eeemeemme Single strand. Late Quaternary {08, P. W) Rar RRO i small earthqualk Hileman and athers {1973
Sirikes N. 38°-50* W. lie east of trace. Fault C. E. Johnson junpublished
Dips 80° E. overlies aftershock zone of data, 1862].
Length at Jeast 9 km. 14833 Long Beach earth- K. R. Lajoie (unpublished
quake M 62). 1841 Tor- data, 1963}
rance-Gardena sarthquake  Poland and Piper {1856)
M, 5.4] locztled SW. of Yeckes and athers {1965)
fauit tracs.
28 Reservoir Hill- -——-—ee—e --Single strand. Late Qusternary (O8. P, W} NRO or SR Numenous small earthquakes Hileman and athers {1673)
Seal Baach. Strikes N. 59° W near trace. Faull overlies C. E Johnson {unpublishad
Dips near vertical. aftershock zone of 1833 dats, 1982}
Length st least 12 km. Lang, Beach sarthquake (M Poland and Piper {1858}
- B.2L
30 Newport-Inglewooed ~—-———-—--One to three closely spaced Holocens (OS. W} possible SR Scattered small sarthquakes. Califorma Department of
(North Branch] strands. Strikes N. 40°-53° historical surface [aulting near !race. Faull is adja- Water Rescurces {1966,
W. Dips steeply SW. Length $1933) at Newport Mesa. cent o aftershock zone of 1868
at [east 18 km. 1933 Lang Beach searth- Guplill and Heath {1861}
quake [M 8.2) Hileman and othars [1873]
C. E. johnsan [unpublished
data, 1962}
31 Newport-Inglawood -------—— Single strand. Strikes N. 45° Late {Jualernary (P) SR Scattered small sarthquakes. California Depertment of
[South Branch). W. Dips steeply SW. Length near frace. Faull is. adja- Water Resources {1968}
at least 10 km end. possibly cent 1o aftershock zone of Hileman and others (1973
joins similarly oriented fault 1833 Long Beech sarth- C. E jobnson {unpublished
offshare Dana Point. quake {M E21 data, 1082}
Poland and Piper (1968}
32 Faults offshore pf--——-—-=e==e-m —~-Twa achelon strands. Strikes Late Quaternary {0S. P SR Concentrations of small Clarks and others [thia
San Clemente. M. 45°-55* W. Dip earthquakes Jocally along volumel.
unknown. Length of sach traces. C. E. johnson (unpublished
Fault at Jeast 25 km. data, 1982}
33 Pelican Hill Several strands. Late Quaternary [0S) along N or NRQ Scattered smail earthquakes Castle {1968)
Strikes N. 15°-35° W. subsidiary fault west of trace. Morton and athers {1873)
Dips 75° W. at surface but §- E. Slossan {personal com-
45° . at depth. munication, 1973L



"TABLE 3.1-1 Geologic and seimologic characteristics of late Quaternary faults in the Los Angeles region-Continued

Type of
Age and evidence late
of latest Quaternary
Map number and fault Geometric aspects surface faulting offset Seismicity Sources of information
34 Ch k and Two fault d Late Quaternary (OS); na sur- SR(7) N pus small earthquak Buika and Teng (1979)
Overland Avenue. Strikes N. 35° W. " face expression. nearby. Ceametrically ‘Poland and others (1859)

Presumed vertical dip. ! : cumpatible fault-plane
Length at least 10 km. solutions,

35 Palos Verdes Hills S 1 echel ds locally Halocene (OS] in San Pedro R or RRO Nuines small hquak Buika and Teny (1978}
in a zone as wide as 2 km. Bay. Late Quatarnary (OS. P) near and west of faull Clarke and others (this
Strikas N. 20°-60* W. On- onshore and piobahly trace. Geometrically com- volumal.
shore segment generally not overlain by Holocene patible fault-plane solutian Hileman and others (1973)
exposed. Dip 70* SW, in alluvium. Inferred late in Santa Monica Bay. Jungur and Wagner (1877)
subsurface of Palos Verdes Quaternary (OS}) in Santa Nardin and Henyey (1978}
Hills, although exposed sub- Monica Bay. Poland and others {1858)
sidiary fault dips 75° NE. * Woodring and others (1948)
‘Total length at least 80 km. Yorkes and others (1963)

36 Redondo Cany P i single strand. Strikes Holocene {P} R(®) S d small hqual _Nardin and Henyey (1978}
N. 80°-85° E. Dip unknown. near trace. Yerkes and othars (1987}
Length approximately 13 km.

37 Cabrillo Several echal d Holocene (O8) offshore N or NRO 5 d small earthqual Clarke and others (this
Strikes N. 20°-50° W. nwar fault tracs. volumal. .
Dips 50°~75° onshore. ) Darrow and Fischer {1883)
Length approximately 18 km. Hiluman and others {1973)

) Lajumn and uthors (1878)
Woudning and others (1946}
38 San Podro Basin----==ee=se~ee-- Series of separate, left-stepping Late Quaternary (OS) SR or RRO N small sarthqual Hilvinan und athers (1873}
fault zone. echelan strands in zona ’ neyr and cast of fault |unger and Wagner (1977)
‘ locally as wide as 5 km. traces. Geometrically com- Naurdin (1881)
Strikes N. 35°-50° W.' patible fauit-plane solu- Yerkes and Lee (1878a, b)
Presumsd vertical dip. tions. C. E. [ohnson (unpublished
Length of individual strands data, 1982).
4-12 km; length of entire
zone at least 70 km.

38 Faults of the: Echel ds in zone locally Passibly late Quaternary (P) SR~ Source of 1981 Santa Bar- Corbett and Piper (1881)
Santa Cruz- 4 km wide. Strikes N. bura Island carthquake C. E. Johnson (unpublished
Catalina sea-floor 50°-60° W. Length of in- (ML 5.2) and aftershocks. data. 1982}
escarpment. dividual strands 5 ta 40 km: junger and Wagner (1977)

length of entire zane at least Yorkes and Loe {1979a, b}
120 km.

Faults of Mojave Desert region:

40 Llano . Single strand. Strikes N. 65° Holocune (P} monoclinal R CGuptdl-and others (1878)

: W. Presumed dip to SW. folding. Ponti and Burks {1880)

Length at least 8km. ’

41 Mirage Valley S J echel ds, each Late Quaternary; overlain by SR?%} Ponti and Burke (1880)
1-7 km long, locally in zane unfaulted Holocene slluvial
3 km acrass. Strike N. fan deposits.
40°-50* W. Presumed ver
tical dip. Total length of
zone spproximately 30 km.

hel ds, 1 Hol {P} SR Clasely.associaled small G. 5. Fuis (unpublished dlh.

42 Helendal : N
’ to 4 km long, forming nar-
row linear zone as wide as 1

km. Strands strike N,
45°-50° W. Presumed ver-
tical dips. Tatal length of
zone at least 90 km.

varthquakes.

1983}
C. E. Juhnson (unpublished
data, 1982}
Miller and Morton (1880]
Morton and others (1980}



TABLE 3.1—-1

CGeologic and seimologic characteristics of late Quaternary faults in the Los Angeles region—Continued

Age and evidence
of latest
Map aumber and [ault Geometric aspecis surface faulting Seismucity Scurces of information
Paulta of Mojave Desert region [Continuadk
43 Lenwood Mumerous closely averlepping Late Quaternary [P} Possible Closely associated small Church and othecs (1974)
echelon strands, 1-5 km historical fault creep at earthquakes. G. 5. Fuis {unpubliahad: dats.
long. forming continuous northern end. 1863}
narrow zone. Strands strike C. E Johnson [unpublished
N. 25°—40* W. Presumed dalw, 1982}
vertical dips. Total length of Miller and Morton (1980}
zone at least BS km. Moron and others {1960)
Faults within Transverse Ranges:
44 Sanis Ynegeeeesemem—ocaceees Cns to seven strands in zone Possibiy Holocena (OS) alang Darrow and Sylvester [1963]
as wide ss 0.3 km. Strikes N. one sirand near Laka Dibbles {1566]
'80° W. 10 M. 85* E. Dips Cachuma. Late Quaternary Keaton [1878)
45°-80" S., gensrally [CS. Plas far eest &g near Yarkes and Lee [1975a, b)
steepans. sastward. Total Wheelar Springs } L Ziony (unpublished dats,
length 130 km; late Quater- 1881}
nary length approximately 80 R. E. Troutman {unpublishad
km. data, 1984]
4S San Josa [Al--m-mmmemmmemmn (na io two strands. Strikes N. Late Quatenary (OS] Dibbies {1566)
B0° W. Dip unknown. Olson [1882]
Length approximastely 13 km.
46 Mission Ridge- ---—--~-——---Singls strand. Strikes N. 50° E. Late Qualernary [OS, Pk ap- Scutierad small sarthquakes Dibbles (1966}
Arroyo Parida. ta N. 85* W. Dips steeply S. parently overlain by un- near trace. Mission Ridge jackson and Yaala {1862}
near Santa Barbara but dips feulted Holocene alluvium. Tault possible source of . ¥erkes und Lee [1575e, b]
50°-80° N. further east. 1978 sarthguaks n{MIL 5.1} Rockwell [1983)
Length approximately 40 km. Rockwell and athers j1964)
Yeals and Olson {1964
47 More Ranche-e-eeeeeececwaas Ong Lo Twor strands. Late Quatsrnary (OS, P) Scatterad small sarthquak Dibblee [1968)
Strikes N. 80 W. ta M. 80° near trace. K. R. Lajoie funpublished
E. Dips 75"—85° 5. Langth at dats, 1983}
least 14 k. Upson [1651]
Yockes and Loe {1870s, b]
48 Mesa-Rincon Creek———-e--e- -Single sirand. Strikes N. 50° Late Quatamary {0S, P] Scattered small earthquekes Dibblee (1966)
W. to east-wesi. Dips near trece. Jackson and Yeats (1982}
B5°-35* S. near surface; Yerkes and Lee {1975« bl
probably vertical at depih.
Langth spproximately 37 km.
49 Lavigia ~memmmmmmmmmmmmm e e One Lo two strands. Strikes. M. Lata Quaternary {OS} Scattered small sarthquakes Dibbles (1968}
50°-75° W. Dips 45° SW. near trace. Dlsan {1882)
Langth at least 7 k.
50 Shepard Mesa~eeeeveeseene --Singla strand. Late Qualernary [CS, F] Jackson and Tests (1982}
Strikes M. 50°-70° W.
Dips 70* S. Length 6km.
§1 Carpinterig ~============-ee- Single strand. Late Qualernary [O8) Jackson and Yeats {1882)
Steikes M. 75° W. K. R Lejoie junpublished
Dips 40° §. dats, 19831
Length 4 km. A M. Same-Wojckekd [une

pubtlished dats, 1962}



TABLE 3.1-1

Geologic and seimologic characteristics of late Quaternary faults in the Los Angeles region —Continued

Type of
Age und evidence laty
of latest Quaternary
Map number and fault Geometric aspects surface faulting affset Seismicity Sources of information

Faults within Transverse Ranges—Continued:

52 Red M i S I ds in zone Late Quaternary (OS, P} RLO N closely d Juch and Yeats (1982)
1 km wide. Strikes N. 85° W. southern branch averlain by smiall carthyuakes. K. R. Lujvie {unpublished
to N. 60* E. Dips 55°-85° N. unfaulted Holocene marine Guometrically compatible data, 1983).
near surface; 70°-75° N, at terrace deposits (2,000-6,000 fault-plane solutions. A. M. Sarna-Waoicicki {un-
depth; 85° N. at western yt B.P). published data, 1882}
end. Length approximately Yeuts and othars (1981, in
38 km. pross).

Yerkes and Loa (1979a, b)

53 Fault Y Probably several d Holocene (P} RY $ { small earthquak Crippen and others (1882)
Strikes east-west 1o N. 80° E. nu4r trace. Yorkes andd Loe (1978a, b)
Dip unknown. Length Yorkes end others (1981)
approximately 33 km.

54 Javon Single strand. Holocene (OS) R A. M. Surna-Wojcicki and
Strikes N. 80° W. othurs (in pross)

Dips 68° S.
Langth at least 4 km.

S5 Pitas Point-Vi Pry d single strand. Holocene (OS, P) RLO Closely associated smail Curbett and johnson (1982}
Strikes N. 70* W. lo east- carthquakes near castern Groune and others (1878}
west. Dips steeply north. end. Geomeirically com- Loe and others (1978, 1876)
Length at least 50 km. patible fault-plane solu- A. M. Sema-Waojcicki (un-

tiuns. Possible source of published data, 1976).
1841 Santa Barbara carth- Yurkos and Lea (1979a, b)
quakes (M 6.0). Alturnate

paysible seurce Jor 1978

Santa Barbara earthquake

(ML 5.1).

56 Santa Anges==-ecereccocoanas Two strands at western end. Late Quaternary (P, W) R(Y Keller and others (1980)
Strikes east-west. Dip infer- Rockwell and others (1984)
red steeply south. Length
13 km.

57 Faults near Five sep d! Holocene (OS, P) R Kellur and others (1962}

Oak View. Strikes N. 60* E. Dips Rockwell (1883)
30°*-60° SE. May become Rockwell and others (1984)
bedding-plane faults at Yuats and others (1981)
depth. Length from 1 to 3
km.

58 Lion Canyon---=--= Single strand. Late Quatarnary (OS, P) R Schieuter (1876)

Strikes N. 80° E. Keller and others (1980)
Dips 30°~50° S.
Length approximately 15 km.

50 San Cay Two ds about 0.5 km Holocene (OS, P) R Scattersd nearby small sarth-  Cumen (1977)
apart west from Sespe Creek; quakes. Geometrically Keller und others (1982)
single strand to east. Strikes patibly fault-pl Rockwell (1982, 1983)

N. 60°* W. ta N. 70* E. Dips solution, Schluster {1978)

5°-35¢ N. noar surface, Yerkes and Loe (1979a, b)
55°-70* N. at depth. Length

spproximately 40 km.

80 Faults of Orcutt Eight sep d Late Quaternary (OS, P) R Keller and athers (1960)
and Timber Strikes N. 80° E. Rockwall (1883)
Canyons. Dip 55°-70* N. near surface. Yoats and others (1081)

May become shallow
bedding-plane faults at

depth. Lengths from 2 t0 8
km,



TABLE 3.1—1 Geologic and seimologic characteristics of late Quater

nary faults in the Los Angeles region—Continued

Type of
Age and evidence late:
of latest Quaternary
dap number and fault Gegmetric aspects surface faulting offset Seismicity Sources of information
Faults within T Ranges—Continusd:
51 Holser S i closely spaced sirands. Lats Quaternary [0S, P] R Cemen [1877)
Strikes M. 80* E 1o N. 70* Stint {1683)
W. Dips 60°=70¢ 5. Length Weber (1878, 1962)
approximataly 12 km.
62 Clearwater One ta lwo ds. Strikes M. Late Quatarnary (OS] neer San RI# Los Angalas County
80* W. 10 egst-wesl. General- Francisquito Canyon but Engineer. unpublished
1y dips 70*-80* N. but local- overlain by unfaulted late date, 1965}
Iy 25=—~40* N. Lats Quater- Quaternary river tarrsce: Stanley [1866}
nary length approximately 14 depaosils elsewhere,
km.
B3 San Gabriel S 1 achelon ds inzooa  Holoceoas [0S, W) near Castaic. N or NRO Cottan and others {1863)
{centrai partion). 0.5 km wida. Strikes M. Late Quaternary (OS, Fl be- Walligamn {1578]
454-65° W. Dips 50%-B0* N. tween Newhall and Big, Stit §1963)
Late Quaternary length at Tujunga Canyan. Woeber (1678, 1882; un-
lsast 32 km. published data, 1864}
64 Oak Ridge One to three sirands in zone as  Late Quaternary (W, FE R MNumecous closaly associated  Ricketts and Whaley [1875)
much as 0.5 km wide. possibly Holocane south of small sarthquakes near Rieser (1876}
Strikes M. 50°* W. la N. 50* Fillmare §F] and offshare. weslern and. Geometrical- ‘Weber and Kiesling (1975]
E. Generally dips 85°-80* S. ly compatible fault-plans Yeats and others (19681, 1962)
but scuth of Fillmare dips solution south of Santa Yackos and Las (1975, b
§2-30* S. near surface. Paula. Westarn end possi-
Length spproximately 100 ble source of 1825 Santa
km. Barbara eerthquaka (M
581
85 Sp ville- Twa {5 in zona about 8.8 Lata Quatsrnary {F, W) i) Jalkes j1870)
km wide. Strikes N. B§*-75*
E Dips 55°-80* M. Length
sbout 9 km.
86 Camarillo -~==-—aaees—mace- Single strand. Late Quaternary (P. W) R(? Gardner (1982}
Sirikes sast-west. Inkes [1979)
Presumed vertical dip.
Length at loast 6 m.
87 Simi Single strand that bifurcates at Late Quaternary [0S, Pk R Closaly sssociated small Jakew {1878
weslern end. Strikes N. overlain by unfaulted eathquakes, including ¥,  C.E Johnson {unpublished
70-80* E Dipes 60*-75" N. Holocene alluvinm {about 3.1 event in 1868 dale, 1862}
Length approximetely 31 k. 4,000yt BPL Hansan [1981]
‘Waeber and Kiasling [1975)
688 Santa S } strands in zone 44 Late Quaternary {0Sk overain RLC Scattared sssociated small Laeighton and othars (1977
much &s 1 km wide. Strikes by unfsulled Holocene eathquakes, including M, Lung and Weick [1978)
N. 75° W. 10 M. 50* E. Dips stream terrace deposils [ap- 4% evenl nesr Gillithrand Simils and others. {1862]
0*-30* N. near surface; praximstely 10,000 yr B.F.}. Canyon in 1978 Weber [1673]
55°—50° M. at degth. Length Locaily &t northeastern end. Guasmetrically competible Yeals and others {1877)
28 kan. historical surface: faulting ec- fault-plane solutions. Yarkos and Loe (1975, B)
companied 1871 San Fernan-
do sarthquake.
58 Sap Fernandgee===--=-==e-—- Five major echelon strands. Surface faulting accompanied RLG Source of 1971 San. Fernan- Allen and others {1975)
Strikes N. 75* E. ta N. 70° 1971 San Farnando earth- do sarthquaks (M 8.8} and Barrows [1875)
W. Dips 15*-50* N. near queka. aRtershocks. Geomatrically Bonills (1573]
surface, 35¢ M. al depth. compatible fault-plane Kahle (1875]
Total length at least 15 km. solutions. Sharp (1975]
11.5. Geological Survey Staff
1871k

Weber [1975]




zone as wide as 0.5 km.
Strikes east-west and dips
45°-80° N. Length at least
27 km.

TABLE 3.1-1 Geologic and seimologic characteristics of late Quaternary fauits in the Los Angeles region —Continued
Type of
Age and evidence late
of latest Quaternary
Map number and fault Geometric aspects surface faulting offset Seismicity Sources of information
Faults within T Ranges—Continued
70 Mission Hills Px d single strand. Late Quaternary or Holocene RO) Kowalewsky (1978)
Strikes N. 80° E. to east-wast. {0S, P, W) Saul {1975)
Dips 80* N. near surface, Shislds (1978)
45* N. at depth. Length at '
least 10 km,
71 Northridge S I echel ds in zone Late Quaternary or Holocens R? Saveral aftershocks of 1971 Barnhart and Slosson (1973}
0.7 km wide. Strikes N. P, W) San Fernando earthquake Shields {1978)
70°-80° W. Dipa 35° N. near are closely associated with Weber {1380)
surface, 80* N. at depth. fault.
Length approximately 15 km.
72 Verdugo Pr d multiple strands in Holacens (0S, P, W) R(?) S { small aarth C. E. Johnson |unpublished
zone 0.5-1.0 km wide. near trace. data, 1982}
Strikea N. 50°-70° W. Infer- Weber (1880}
red to dip 45°-60° NE.
Length at least 20 km.
73 Eagle Rock------————=cecam- Single strand. Strikes N. 60° Possibly late Quaternary (OS. R Weber (1964)
W. to east-west. Dips P}
15°-30* N. at western end.
Length at least 5 km.
74 San Rafaslevccoemcmccecaaaan Echelon strands. Possibly late Quaternary (P) ? Weber (1080]
Strikes N. 60°~70° W.
Presumed nearvertical dip.
Total length approximately
6 kam.
75 Possibla fault P d single strand. Possibly Holocene (P} ? Weber (19680}
In North Strikes N. 80* E.
Hollywood. Presumed vertical dip.
Length approximately 2 km.
Faults along southern margin of
Transverse Ranges:
76 Santa Rosa Island--------a=ux Single strand. Regionally ar- Late Quaternary (OS, P) RLO Probable source of April 1, Hileman und others (1873)
cualte, striking N. 50° W. at 1945, earthquake (ML 5.4). Junger (1976, 1978}
western end and N. 60° E, at Kaw {1827)
eastern end. Dip unknown.
Length at least 72 km.
77 Santa Cruz Island~—-—--—-—--- One to three echelon strands in Late Quaternary (OS, P} RLO Generally lacks smalt earth- Junyer {1976, 1979)
zone as wide as 0.5 km. - quakes. Possible soucce of Pattersan (1974}
Strikes N. 70°-80° W. Dips M, 5.0 earthquake near Yeorkes and Loe {1979, b}
70°-~75° N. Length at least Anacapa Island in 1973.
68 km.
78 A pa (Duma} P d single strand in Probably late Quaternary (P) R Source of 1973 Point Mugu lungor and Wagner {1977)
west; multiple strands in earthquake (M 5.3) and Lee and others (1979)
east. Strikes N. 80° W. to N. aftershocks. Geometrically Yerkes and Loo (1978a, b)
60° E. [nferred to dip compatible fault-plane
moderately north. Length at solution,
least 45 km.
N small carthqual K. R. Lajoie {(unpublished
70 Malibu Coast S 1 sub llel sirands in Late Quaternary (OS) R neacby. data, 1983).

Yerkes and Wentworth
(1965},

C. E. Johnson {unpublished
dats, 1582).



TABLE 3.1-1 Geologic and seimologic characteristics of late Quaternary faults in the Los Angeles region-Continued

Type of
Ags and evidencs late
of latest Quaternary
Wap number and fanit Geometric aspects. surfaca faulting affset Setsmicity Scurces of information
Paults along southern margin of Transversa Ranges—Continuad:
B0 Santa ¥onicg--—————s—— ——--One or more strands. Lata Quaternary {38, P, W RLO Small earthquakas: closely Buika and Teng (1976]
Geometry poarly knowm. associatad with eestern Crock and others {1863]
Strikes M. 60*-80"° E. and. Geometrically com- Hill [1879]
Presumed to dip 45°-65 patiblef?) fault-plane solu- Hill and others (1378)
N at depth; somsa near- tion. McGill {1883, 1882]
surface traces are vertical. Real {in pressj
Langth at lsast 40 k=
&1 Hollywood =—---=-—--——~--=- Presumed single strand. Possibly Holocene {F} R or RLO Some small sarthquakes Croak 2nd othars [1583]
Geometry poarly known. associated with sastem Hill and athers {1879
Strikas M. 80* W\ ta N. 60* end. Wiber (1980}
E. Inferred to dip shout 60*
N Langth approximately 17
km.
82 Ray d One to three strands locally in Holocene (OS. P. W} Overain R or REQ Scattersd small sarthquakes. Bryant (1978)
zane 0.4 km wide Strikes N. by unfeulted soil [1.600 yr lie north of fault tracs. Crook and others {in press)
80° W. ta N. 70° E. Dips H.PY Possible saurcs of 1855 Real [in press)
509-55° N. Langth 22 km. Los Angeles sarthguaks Weber {1880)
[#odified Mercalli intensi- Yerkes [this volums}
ty WVilll. Geometrically
compatible: fault-plane
solution.
83 Sisrra Mad {na to five anasiomosing Holocens (OS. P) between Big R Few and scattered amall Crock and othars {lo press)
strands in zone as wide as 1 Tujunga and Dunsmaore earthquakes. Pachmann [in presaj
km. Four distinct salisnts. Canyons. Elsewhers, lats
Strikes N, 55* W. to sast- Quaternary {05, P, W} Owver-
west. Dips 15°-50* ME. and lain by unfauited Holocens
north, Total Jangth approx- alluvium in several places.
imately 85 fam.
&4 Duarte One 1o two subparellel d Late Quaternary (W} possibly R Crook and others {in press)
locally in zone 1.5 ki wids. Halocene {P, W] alang north-
Strikes N. 50 W. to N. 70 arn strand near Azusa.
E. Presumad o dip steeply
NE. Length approximately
14 km.
BS Clamahsll - - Several subparallel strands in Late Quaternary {0S] R Morton [1873]
Sawpit Zons. zone as wide as 1 kme Crook and qthers [in press)
Strikes N, 50* E. Dipa
35°=70° NW. Length approx-
imately 16 km.
88 C 15 Two to thres subperatlel Holocene {08, P along R Numerous small sarth- Watti and others (1982, ln.
slrands in zane a5 wide as 1 southern strands. Lata quakes. Geametricelly press]
kam. Strikes N. 70" E. 1o east- Quaternary {O5] along north- compatible fzult-plane Warton and bfatti {in prees)
waesl. Dips moderately to ern strand. selutiona, Marton and cthers [15962]
steeply north. Langth at least Pechmann {in press]
25 k.
87 Indian. Hill: ~===Presumad single sirand. Late Qualernary [P, W) SLN Scatlered small sarthquakes California Department of
Strikes sast-west nearby. ‘Water Resources {1870k
Dip presumad steeply narth. Cramer and Harrington
Length approximately & km. {1964, in pressl



of late Quaternary faults in the Los Angeles region —-Continued

TABLE 3.1-1 Geologic and seimologic characteristics
Type of
Age and evidence late
of latest Quaternary
Map number and fault Geometric aspects surface faulting offsel Seismucity Saurces of information
Faults along hern in of T Ranges—C: |
88 San j0s8 (Blr=-=memccacaaaa Single strand Late Quaternary (W), overlain SL?) S d small hquak California Department of
Strike N. 45°-80* E. by unfauited Holocene nearby. Geometrically Water Resources (1970)
Dip presumed stoeply north. alluvium. compatible fauit-plane Cramer and Harrington
Length approximately 22 km. solutions. {1884, in pressl.
C. E. johnson {unpublishad
data, 1882).
89 Red Hill P d single strand. Late Quaternary (P, W) except i) S d small sarthqual California Department of
Strikes N. 20° W. to N. 70° Holocene {P} at eastern end. naearby. Geometrically Water Resources (1970}
E. Dip inferred steeply north. compatible fault-plans Cramer and Harrington
Length approximately 13 km. solutions. {1984, in press).
Hadley and Combs (1974)
C. E£. [ohnson (unpublished
data, 1982).
Mortan (1976)
980 “‘Barrier ™ P: d single strand. Late Quaternary (W), no sur- SL) Ni closaly iated California Department of
Strikes N. 45* E. face expression. small earthquakes. Water Resources (1970}
Dip unknown. Cramer and Harrington
Length at least 5 km. {1984, in prees).
Hadley and Combs (1874)
C. E. [ohnson {unpublished
data, 1982},
Morton (1976)
81 Inferred fault Pr d single strand. Possibly late Quaternary; no SL() Numerous closely aligned Cramer and Harrington
neer Fontana. Inferred from seismicity to surface expression. small earthquakes. Com- {1984, in press)
strike N. 45° E. Dip posite fault-plane solutions Hadley and Cambs {1974}
unknown. Length at least 8 suggest left-lateral strike- Morton (1976)
km, slip faulting.
Faults along margins of San
Bernardino Mountains:
92 Clegh Single strand. Strikes N. 60° Prabably Holocene {P) SL N small earthquak C. E. [oh blished
W, to N. 75* E, Dip near ver- near sastern end of trace. data, 1982).
tical. Length at least 23 km. Meisling and Weldon (1962s,
b).
Meisling {1984)
83 North Frontal N di i ar- Late Quaternary (OS, P) R (except N closely d C. E. Johnson {unpublished
Fault Zonse of cuate strands averaging 2-4 overlain by unfaulted active vertical smal) earthquakes near data, 1982],
San Bernardine km long, locally in a zone as Holocene alluvial fans. [NW striking eastern pant of zone. Meisling (1984}
Mountains. wide as 8 km. Strikes N. 10° strand may Miller (in press)
E. to N. 50* W. Dips from be SR)
10°-70* SE. or SW. One
S-km-long NW.-striking seg-
ment is vertical. Total length
of zane at least 50 km.
94 Faults of the 5 1 hel Late Quaternary (OS, F) N[ Groen (1983)
Crafton Hills strands, each 2-8 km long. J. C. Matti (unpublished
(Crafton, Chicken Strikes N. 50°-80° E. data, 1983).
Hill, and Casa Morton (1976}
Blanca faults},
95 Banning Two to three strands in zone Halocene {OS, P, W) R |except N closely iated Allen (1957)
-locally 4 km wide. Northern NW.striking small earthquakes. Grean (1883)
strand strikes N. 70° W. to segments Geometrically compati- Matti and Morton (1982)
-prabably SR). ble(?) fault-plane solutions. Yerkes (this volume)

N. 85° W, and dips 35°-70°
N. Southern strands are
complex, arcuate segments
3-10 km long that strika N.
65° W. to N. 50* E. and
presumably dip moderately
north, Total length of zone at
least 45 km.

C. E. Johnson {unpublished
data, 1982).
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Figure 2-1 Composite Map of Lifelines In the Cajon Pass Study Areas
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