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GENERAL

State Requirements: Section 65301 (f) of the California State Code requires each county to

prepare a Seismic Safety Element as part of the County General Plan. This Element consists
of:

“...an identification and appraisal of seismic hazards such as susceptibility to
surface ruptures from faulting, to ground shaking, to ground failures, or to the -
effects of seismically induced waves such as tsunarmnis and seiches."

“...an appraisal of mudslides, landslides, and slope stability as necessary geologic
hazards that must be considered simultaneously with other hazards such as
possible surface ruptures from faulting, ground shaking, ground failure, and
seismically induced waves."

The General Plan Guidelines adopted by the California Council on Intergovernmental Relations
in 1973 state that the identification of seismic hazards should include: (1) general structural
geclogy and geologic history, (2) location of all active and potentially active faults, with
evaluation regarding past displacement and the probability of future movement, (3) evaluation
of slope stability and soil subject to liquefaction and differential subsidence, (4) assessment of
the potential for occurrence and severity of damage in ground shaking and amplifying effects
of unconsolidated materials, (5) identification of areas subject to seiches and tsunamis, and
(6) maps identifying the tocation of the above characteristics.

Planning Relationships: The Seismic Safety Element provides information that relates directly
to the preparation of the Land Use, Housing, Open Space, Circulation, and Safety Elements.

It is important to recognize, however, that the data available for this purpose is inherently
incomplete.

Land use decisions must be made in the light of the very best information when public safety is
the issue. Therefore, this Element of the General Plan for Butte County carries with it the
assumption that available data on seismic risk is described or referenced here, and that new
information will be added as it becomes known.

The application of this information to specific land use decisions can only be made case by
case. In many situations, the information here is only a starting point for the detailed geologic
investigations that are warranted by the circumstances. These will ordinarily be undertaken by
the sponsor of a project in preparing an environmental impact report or an engineering feasibility
study.

Alquist-Priolo Special Studies Zones: The California Public Resources Code Division 2,

Chapter 7.5, Sections 2621-2625, concerns the Alquist-Priolo Special Studies Zones Act. The
purpose of the act is:
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"...to provide for the adoption and administration of zoning laws, ordinances, rules,
and regulations by cities and counties in implementation of the General Plan that
is in effect in any city or county...to provide policies and criteria to assist cities,
counties, and state agencies in the exercise of their responsibility to provide for
the public safety in hazardous fault zones."

Site specific geologic reports are required for local approval of new real estate developments
and certain structures for human occupancy which are located in the Special Studies Zone. The
act does not apply to any development or structure in existence prior to January 1, 1977.

OBJECTIVE

The basic objective of the Seismic Safety Element is to prescribe measures to reduce loss of
life, injury, damage to property, and economic and social disruption resuiting from earthquakes.

PHYSIOGRAPHIC PROVINCES

Butte County includes portions of three major physiographic provinces. The western one-third
of the County is in the Sacramento Valley province, which is underiain by sedimentary rocks
15,000 feet thick, with 100-200 feet of recent sediment overlying the rocks (Tertiary Formations).

The eastern two-thirds of the County is in the Sierra Nevada province and is underlain by
igneous and metamorphic rocks.

The portion of the County near Jonesville and Inskip lies partly in the Cascade Range
physiographic province. The Cascade Range province is represented by a chain of voicanic
cones where there are extrusive volcanic flows and pyroclastic sediments along with mudflows
of volcanic and pyroclastic origin.

Sacramento Valley Province: The Sacramento Valley is a nearly level alluvial plain, separated
geologically from the San Joaquin Valley by a buried northeast-trending fault in the vicinity of
Stockton. On the north, the valley terminates at the Klamath Mountain foothills. The valley is
drained by the Sacramento River, which passes through flood basins that include the Butie

Basin west of Oroville. Both natural and man-made levies border the Sacramento River through
much of the lowlands.

Recent alluvium underlying the greater part of the valley intermingles with numerous stream
deposits of siit, sand, and gravel which were deposited by streams from the hills to the east.
These recent deposits consist mainly of reddish, sandy clay and black humus topsoil overlying
unconsolidated sand, silt, clay, and gravel. The valley alluvium deposits increase in thickness
from east to west, ranging from only a few inches along the foothills to more than 200 feet near
the Sacramento River. The ground-water table is commonly high (within 10 feet of the surface)
throughout the lowlands.
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Pleistocene deposits of poorly consolidated, deeply red stained gravel, sand, silt, and clay are
found as terraces along many of the stream channels near the eastern edge of the valley. The
terraces were apparently formed as ancient fiood plains of the Feather River and other streams
during glacial periods.

Sierra Nevada Province: The Sierra Nevada is a westward tilted fault block of great magnitude.
The block has a high, muitiple-fault scarp face on the east front and a more gentle, fault-bound
west front which disappears under the sediments of the Sacramento Valley. The bedrock of the
Sierra Nevada province consists commonly of Paleozoic and Mesozoic metasediments and
volcanics intruded by a Mesozoic granitic batholith. The Sierra Nevada Mountains form the
major portion of the eastern half of Butte County.

Along the western slope of the Sierra Nevada range, Tertiary sediments, volcanics, and isolated
areas of upper Cretaceous sediments of the Sierra Nevada foothills dip westward beneath the
Sacramento Valley. The Sierra Nevada Range terminates abruptly in the north where it
disappears beneath the younger Cenozoic volcanic rocks of the Cascade Range. Highly
metamorphosed sedimentary and igneous rocks lie along the west and northern edges of the
Sierra Nevada.

In Butte County the western foothills of the Sierra Nevada gradually merge into the Sacramento
Valley. The foothills are comprised commonly of younger Tertiary sediments, extrusive flows,
volcanic mudflow material, and old alluvial sediments. One of the dominant features of the
foothills is the Tuscan monocline, a flexing of surface rocks which trends northwest between
Chico and Red Bluff. The average dip of the surface east of this line of flexure is 2-3 degrees.
West of this line, the dip changes and averages from 5-8 degrees, continuing at this angle until
the surface rock penetrates the valley alluvium. The Tuscan monociine is a linear feature
similar to that of a fault.

Cascade Range Province. The Cascade Range extends from Washington to northern Butte
County. Mount Lassen, one of the few active volcanos in the continental United States, lies
within this province approximately 23 miles north of the County. Late Cenozoic extrusive
volcanic rocks comprise the mass of the Cascades. In Butte County, these rocks overlie
portions of the sediments of the Sacramento Valley and the rock of the Sierra Nevada.

GENERAL GEOLOGY

The foothills and mountains of the Sierra Nevada and the Sacramento Valley are the result of
a complex geologic history, some aspects of which are unclear even now. The old bedrock, or
metamorphic base rock, series of the Sierra Nevada has been subjected to an intense
deformation resulting in dynamically metamorphosed rocks. Intense folding and faulting have
produced an area of steep, commonly eastwardly dipping, northwesterly striking bedrock series
through the center of the Sierra Nevada. This bedrock series is bound on the east and west by
zones of active and potentially active faults.

0O BUTTE COUNTY GENERAL PLAN 0 ADOPTED BY RESOLUTION 77-47 0 March 15,1977 ©
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in the eastern portion of the County, granite has intruded into the older metamorphic bedrock.
These infrusives may extend to the west under the metamorphics at a relatively shallow depth.
Contact between the granitic intrusives and metamorphics is in many cases marked by seismic
avidence which indicates faulting may be continuing today.

On the west, the sediment of the Sacramento Valley overlaps the rocks of the Sierra Nevada
foothills. These sediments, for the most part, are relatively flat and dip gently west to southwest
with only minor faulting and folding parallel to the structural trend of the valley and the Sierra
Nevada range. )

SEISMIC HISTORY AND FAULTING

Butte County and the surrounding area are located on the western portion of a fauited and
downwarped series of ancient metamorphic rocks of the Western Sierra Nevada Mountain
Range. Granitic rocks associated with Mesozoic thrust faulting are located in the eastern
portion of the County. In the western portion of the County, gently folded younger and
sometimes faulted sediments of the Sacramento Valley overlie older metamorphic rocks similar
to those of the Sierra Nevada. The stratigraphic and structural trend of metamorphic rocks is
generally northward with steeply dipping bedding in most places. The formations and geologic
structure of the County appear to be controlled or strongly modified by Cenozoic faults
extending along the western portion of the Sierra Nevada Mountains and trending north-
northwest along with the Big Bend, Camel Peak, Dogwood Peak, Rich Bar, and Melones faults,
most of which lie to the north and east of Butte County in the area of granitic intrusions (see Map
II-1). Most Sierra Nevada faults are a combination of strike slip and thrust movements. (Bailey,
Geology of Nourthern California, California Division of Mines and Geology.)

Movement on the Cleveland Hill fault on 1 August, 1975 was apparently the result of crustal
strain developed in the Foothill Shear Zone. The Cleveland Hill fault, located about 6 miles
southeast of Oroville, trends north-northwest and is approximately 10 miles long. It is presently
the only known active fault within Butte County. (Sherburne and Hauge, Oroviflle, California
Earthquake, 1 August, 1975, California Division of Mines and Geology.)

In the northwest corner of Butte County near Chico there are a series of short, north-northwest
trending faults similar to the Cleveland Hill fault. These faults appear to be an extension of the
Bear Mountain Fault or Foothills Shear Zone (see Figure §8-1). Minor seismic activity has
occurred in the area of these short fauits; however, other geologic evidence indicates these
faults are not active.

Approximately 5 miles west of Butte County there is a north trending fault system known as the
Willows fault (see Figure SS-1). This fault is approximately 40 miles long and displaces
Cretaceous sediment in the Sacramento Valley. It does not appear to displace surface sediment
and has been mapped principally by geophysical methods.

0 BUTTE COUNTY GENERAL PLAN [ ADOPTED BY RESOLUTION 77-47 O March 15, 1977
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However, there have been enough historical seismic events in the vicinity of this fault to

conclude that it should be considered potentially active. (Jennings, Fault Map of California,
California Division of Mines and Geology.)

The Coast Range Mountains west of Butte County have a geologically complex history. A major
complicating factor is the San Andreas fault, located on the western boundary of the Coast
Range province. Although the existence of this fault has been well known since it was
established as a source of earthquakes in 1838, 1857, 1801, and 19086, it has only been in the
last 15 to 25 years that geologic evidence has been sufficient to fully document its importance.
It is now well known that the San Andreas, and the faults related to it, is not only a major source
of earthquakes but is the contact of one of the six major geologic plates of the earth's crust. The
San Andreas and the related faults have a major impact on the seismic safety of Butte County.
(Jennings, Fault Map of California, California Division of Mines and Geology, and Bailey,
Geology of Northern California, California Division of Mines and Geology.)

POSSIBLE EARTHQUAKE SOURCES

The historic earthquakes of California have usually originated along faults which existed prior
to the earthquake. An active fault is generally considered any fault which has undergone
displacement of sufficient gealogic recency to suggest that there is a potential for displacement
in the reasonable near future. In general engineering practice, a fault is considered active if
there is displacement within Holocene deposits regardless of datable evidence.

Faults are classified as potentially active based upon historic, geologic, and seismologic
evidence. Historic evidence may include manuscripts, news accounts, personal diaries, and
books which describe past earthquakes. Geologic evidence of potentially active faulting may
include displacement of geologically young formations. Accurately determined earthquake
epicenters, which can be assigned to individual faults with a high degree of confidence,
constitute seismologic evidence suggestive of possible fault activity. (Krinitzsky, State of the
Art of Assessing Earthquake Hazards in the United States, 1).S. Army Engineers Waterways
Experiment Station.)

Those faults having historical or recent geologic activity are ciassified as active; faults located
in areas of historical seismic activity are classified as potentially active; and all other faults are
classified as potential, activity unknown.

Active Faults

Cleveland Hill Fault: The only known active fault in Butte County is the Cleveland Hill fault,
where activity on 1 August, 1975 resulted in the Oroville earthquake. This earthquake has a
Richter magnitude of 5.7 and resulted in about 2.2 miles of surface cracking along the western
flank of Cleveland Hill.

0 BUTTE COUNTY GENERAL PLAN D ADOPTED BY RESOLUTION 77-47 0 March 15, 1977 D
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Reports by the California Division of Mines and Geology indicate that the ground motion at
Gridley, which is located on valley sediment, was approximately 0.1 times acceleration of
gravity. Similar motion was experienced in Oroville, and considerable structural damage
ovceurred. The earthquake was felt in Chico, but there was no recorded damage. Fault
movement was both normal and strike-slip. Studies of lineaments from Skylab photography, the
earthquake focal coordinate plane, and topography indicate that this fault could have a length
of 11 to 15 miles with a maximum credible earthquake of 6.5 to 6.7 Richter and a maximum
bedrock acceleration 1 to 2 miles from the fault of 0.45 to 0.65g (Greensfelder, A Map of
Maximum Bedrock Accelerations From Earthquakes in California). Historically, other
earthquakes have occurred in Butte County; however, none of these have resulted in recorded
structural damage or ground motion as great as that of the 1975 Oroville earthquake.
(Sherburne and Hauge, Oroville, California Earthquake, August 1, 1975, California Division of
Mines and Geology.)

The presence of Orovilie Dam and Lake Oroville in proximity to the Cleveland Hill fault may
affect seismic activity along the fault. Some researchers theorize that earthquakes can be
caused by the weight of a dam and the water behind it and by the lubrication of fault surfaces
by water seeping from the reservoir. A relationship between Lake Oroville, the Cleveland Hill
fault, and recent earthquakes may exist, but additional study is needed to determine its nature.
Because of the speculative nature of current data on the subject, no such relationship was
assumed in the development of policies on seismic hazards.

On January 1, 1977, a 4-1/2 mile long portion of the Cleveland Hill fault trace was declared a
Special Study Zone by the State of California. The location of the Cleveland Hill fault and the
Special Studies Zone is shown in Figure S8-1. Copies of the Official Map showing the location
of the zone and requirements pertaining o the zone are on file at the Butte County Planning
Department.

Midland-Sweitzer Fault: The 80 mile-long Midland-Sweitzer fault is located approximately 40
miles south-southwest of Butte County. This fault is considered active and has cause historic
earthquakes of Richter magnitudes between 6 to 6.9. Greensfelder (1973) estimated that the
Midiand-Sweitzer fault is capabie of producing a magnitude 7.0 earthquake, probably based on
the occurrence of two strong earthquakes in the area in 1892. The first of these earthquakes
had an intensity of X on the Modified Mercalii scale in Solano County, and was felt as far away
as western Nevada. The second earthquake occurred in the Winters area and had an intensity
of Modified Mercalli IX. Damage was reported as far away as Grass Valley and Lodi. There is
some speculation as to the exact location of the earthquake epicenters and some question if
they actually occurred on the Midiand-Sweitzer fault. However, since the 1892 earthquakes
originated on a fault within this same general area and at a considerable distance from Butte
County, the precise identity of the fault is not significant at this time. (Bailey, Seismic Safety
Information, and Jennings, Fault Map of California, California Division of Mines and Geology.)

0 BUTTE COUNTY GENERAL PLAN (3 ADOPTED BY RESOLUTION 77-47 O March 15,1977 O
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San Andreas Fault Zone (North Section). The San Andreas fault is one of the most active in
California. The fault is more than 650 miles long and extends from Shelter Cove to the Salton
Sea. Atits nearest point, the San Andreas fault is located approximately 95 miles west of Butte
County. Geologic evidence indicates that the total strike-slip movement along this fault has
been on the order of 450 miles and could possible be as great as 750 miles. Significant historic
earthquakes with surface rupture occurred along the San Andreas Zone in 1838, 1857, 1901,
1906, 1922, 1934, and 1966. The effects of the 1906 earthquake, measured at 8.3 Richter,
were described in the State Earthquake Investigation Commission report, California Earthquake
of April 18, 1806. That report indicates that the Modified Mercalli intensity of the 1906
earthquake was between V and VI in western Butte County and IV to V in eastern Butte County.

Hayward-Calaveras Fault Complex; The Hayward-Calaveras fault complex is considered by
the Division of Mines and Geology to be a branch of the San Andreas fault. The most active
portion of the Hayward fauit is approximately 45 miles long and extends from San Pablo Bay to
the Warm Springs district of Fremont. It apparently joins the Calaveras fault in the vicinity of
San Jose. Extensive ground rupture occurred along this fault during major earthquakes in 1836
and again in 1868. Near the fault, these earthquakes had a reported maximum Modified
Mercalli intensity of IX to X. Widespread damage was reported. The Hayward fault has also
been the focus of other damaging earthquakes. Historical accounts do not describe the effects
of these earthquakes in the vicinity of Butte County; however, the 1868 earthquake is reported

to have caused strong fluctuations in the water level in the Sacramento River near Sacramento
and in a slough near Stockton.

Strong earthquakes have occurred along the Calaveras Fault, an apparent continuation of the
Hayward and San Andreas fauit system. The strongest recorded earthquake attributed to the
Calaveras fault was in 1861 when there was a Modified Mercalli intensity of Vil near the fault.

Russell Valley Fault: The Russell Valley fault system is located in the easternmost Sierra
Nevada frontal fault system. The fault trends north-northeast and is approximately 50 miles east
of Butte County. Movement on this fault apparently resulted in the 1966 Truckee earthquake.
The reported magnitude of the 1966 earthquake ranged between 5.4 Richter (UJ.S. Coast and
Geodetic Survey) and 6.5 Richter (California Institute of Technology). The surface rupture of
the fault was reported to be approximately 10 miles long. The earthquake caused minor
damage to dams, bridges, structures, and water weils in the Truckee area. (Kachadoorian, et.
al., Effects of the Truckee, California Earthquake of September 12, 1966, U.S. Geological
Survey.) The earthquake was felt in Butte County, but no damage was reported. The Modified
Mercalli intensity of the 1966 earthquake ranged from VIli near Truckee to IV near Oroville.

Last Chance-Honey Lake Fault Zones. The Last Chance-Honey Lake fault zones are
approximately 100 miles long and trend north-northwest along the California-Nevada border.

These fauits are apparently active and have resuilted in earthquakes ranging between 5 and 5.9
Richter.

D BUTTE COUNTY GENERAL PLAN 0 ADOPTED BY RESOLUTION 77-47 [ March 15, 1977 ©
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FAULT ZONE EVALUATION

Butte County
TABLE SS-1
Est. Modified Est. Bedrock
Max Earthguake Mercalli Intensity Acceleration
(Richter Magnitude) in County in County Distance from
Faults Credible* Historic Max Avg Max Avg Boundary Status

Cleveland Hill

10 Miles Long - Strike SlipMNormal 64 5.7 Vil Vil 0.45-0 6g +-0.1g In County Active Fault
Midiand - Sweitzer 40 Miles _ .

80 Miles Long - Strike Slip 7.7 8069 VHI-IX VHi 01-02¢g +-01-007g South-Southwest  Active Faull
Hayward - Calaveras + 70 Mites

+/- 160 Miles Long - Strike Slip 78 +H-7.0 Vi Vi 0.03-01g -+- 0.05g Southwest Active Fault
San Andreas Fault Zone, N. Section + 95 Mites

+/- 200 Miles Long - Strike Slip a3 83 Vil Vi-Vii 0.0bg +/- 0,049 Southwest Active Fauil
Last Chance - Honey Lake + 50 Miles

Est. 100 Miles Long 78 5.0-59 Vit vii 0.1-02g +-0.1g East Active Fault
Russell Valley 50 Miles

10 Miles Long 65 6.5 Vil i 0.08g 0.04g East Active Fault
Foolhiils Shear Zone +/~ 40 Miles Long Extends into

Extends South of Oroville 73 57 1X vill 0.6-0.9g 0.25-0 4g Suoth County Potentialiy Active
Wiliows

+/- 40 Miles Long 73 5059 Vit VIVl 0.4-0 6g 0 15-0.25g +- 5 Miles Wes| Potentially Active
Unnamed Faull near Dunnigan

+/- 13 Miles Long 6.7 40649 Vili Vi 050 15g +-0.19 +- 30 Miles Long  Patentially Active
Sulters Butte

6 Smail Faulls, 2-4 Miles Long 54-58 4048 Vi V-vi 0 45-0 69 +-02g 5-8 Miles South Puotentially Aclive
Coast Range Thrust Zone

+/- 200 Miles Long 825 4049 IX-X Vilk 0.20 259 01-012g +/- 36 Miles West  Polentially Active
Camels Peak

+/- 32 Miles Long 71 +-607 EX-X VEHI-IX 0.5-0.8g 02-03g Borders County Potentially Active
Melones - Dogwood Peak

+/- 200 Miles Long a3 6.0 X-XH 1X-X 0.5-0 55g 0.15 +/- 7-12 Miles Eas! Potentially Active
Hawkins Valley

+- 70 Milas Long 76 6.0 X Vit 02-03g 0.15-0 29 +- 25 Miles East  Potentially Active

“See Appendix B for definition.
SOURCE: Housner, G.W. 1955 Intensity of Earthquake Ground Shaking near the Causative Fault. Procesdings,
3rd World Conference on Earthquake Engineering, New Zealand, Volume 1.
Jenkins, O. P. 1962 Geologic Map of California Chico Shest, Califomia Division of Mines and Geology.
Greenstfelder, Roger. 1972 Maximum Expected Bedrock Accelerations from Earthquakes in California,

Schnabel, P. B., and Seed, H. B.

Howell, B. F., and Schultz, T. R.

Jennings, Charles.

Califonia Division of Mines and Geology.

July 1972 Accelerations in Rock for Earthquakes in Western United States, Earthquake
Engineering Resesarch Center, Report No. EERC 72-2.

1975 Attenuaticn of Modified Mercalli Intensity with Distance from Epicenter, Bulletin of
the Seismological Society of America, Vol. 65, No. 3, pp. 651-665.

1975 Fault Map of California, California Division of Mines and Geology.

U 8. Department of Commerce, Nationai Oceanic and Atmospheric Administration, Environmeantal Data Service. National
Geophysical and Solar - Terrestrial Data Center, Earthquake Data File,
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Potentially Active Faults

Potentially active faults which could result in significant ground motion in Butte County are
shown in Figure 88-1. These include the Foothill Shear Zone, Sutter's Butte faults, Willows
fault, Dunnigan fault, Coast Range thrust zone, Big Bend fault zone, Camel's Peak fault,
Melones-Dogwood Peak faults and the Hawkins Valley fault. All of these faults should be
considered potentially active due to geologic, historic, or seismic data. Other potentially active
faults may also exist within the County.

FAULT ZONE EVALUATION

Regional geologic investigations usually uncover only the major faults of an area. Small fauits
can be easily misread unless they have been previously mapped or outcrop at the surface. To
account for small active faults that may exist within an area, the concept of a "floating
earthquake" is suggested by Krinitzsky (Stafe of the Art for Assessing Earthquake Hazards in
the United States). A “floating earthquake" is an earthquake with a specified maximum
magnitude that may occur anywhere at any time. This magnitude is selected in relation to the
highest recorded seismic event in the area. Based upon this concept and the brief seismic
history availabie for Butte County, it appears a "floating earthquake" with a magnitude of 6. to

6.5 Richter could be assumed for central and eastern Butte County and 6.0 Richter for western
Butie County.

Table $S-1 contains an evaluation of the estimated seismic effects in Butte County from
earthquake activity in the fault zones discussed above. The principal regional sources of
ground shaking in Butte County are probable the Hayward-Calaveras faults, the San Andreas
fault, the Midland-Sweitzer fault, the Last Chance-Honey Lake fault zones, and small unmapped
faults at scattered locations in the foothilis and mountains of Butte County and the surrounding
area. The Hayward-Calaveras and San Andreas faults have recurrence intervals such that
seismic activity of magnitude 7 and 8 can be anticipated every 100 to 500 years. However, the
long distance of these fault systems from Butte County should attenuate the ground motion and
produce only moderate-intensity ground shaking in the County.

The recurrence interval of earthquakes on the Midland-Sweitzer fault is not documented.
However, large magnitude earthquakes generated by this fault can be anticipated and could
result in moderate to intense ground shaking in the County. The degree of ground shaking can

be expected to vary with the type of soil; however, a Modified Mercalli intensity of Vil could be
expected in much of Butte County.

The recurrence interval of the Last Chance-Honey Lake fault zones is also not known. Ground
shaking from these faults could vary from moderate to severe depending upon the types of soil
in the area. The maximum credible earthquake in this fault zone is considered to be 7.8 Richter
and could result in slight to moderate ground motion in Butte County.

0 BUTTE COUNTY GENERAL PLAN [} ADOPTED BY RESOLUTION 77-47 0 March 15,1977 0
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Local earthquakes could result from movement on small faults similar to those of the Cleveland
Hill fault. Geologic and seismic data indicate that small faults can exist throughout the foothills
and mountains of Butte County. Assuming these small faults exist, and applying the "floating
earthquake" concept, earthquakes could result in moderate to severe ground shaking similar
to the ground shaking from the 1975 Oroville earthquake.

PREDICTED EFFECTS OF EARTHQUAKES

Large earthquakes are historically associated with surface ruptures localized along the main
surface traces of strike-slip or thrust faults. Geologic data indicates the general displacement
of the ground surface along a fault in Butte County may be horizontal along with some vertical
movement. The break pattern is typically expressed by an echelon pattern of ground fractures
that trend obliquely to the overall trace of the fault (this was observed at the Cleveland Hill fault
in 1975). The fractures normally displace from a few inches to several feet, and the surface
zone of major faults ranges in width from a few feet to several hundred feet or more.

Based upon geologic evidence and seisrnicity data, the estimated length of surface rupture for
a typical Butte County fault may range from 6 to 25 miles. Locally, branch faults may also move,
but movement on these lesser faults would be much more difficult to predict. There is
insufficient historical, geologic, and seismolagical data available to make a realistic estimate of
the ground motion resulting from potentially active faults.

Ground Shaking: The character of ground shaking from a postulated earthquake is dependent
on many factors. Most important is the character of the earthquake source (type of offset,
magnitude, location, size of rupture, and stress drop).

A second important factor is the distance from the associated rupture surface or earthquake to
the area affected by the earthquake. The third important factor is the type of local geologic
material. (Housner, Strong Ground Motion in Earthquake Engineering.)

To predict ground shaking in Butte County, the first step is to estimate the bedrock motion at
various locations in the County. The bedrock shaking amplitude for Butte County was
approximated by using data proposed by Greensfelder for the continuation of bedrock motion
versus distances from the fault. An essential consideration is the effect of geological conditions
in the near surface amplification of the shock waves as they travel up through the layered rock
and soil.

There are not enough geologic and seismic data available in Butte County to accurately
estimate seismic or ground response at a particular site. Therefore, estimates are based upon
data obtained from other localities in California.

0 BUTTE COUNTY GENERAL PLAN O ADOPTED BY RESOLUTION 77-47 0 March 15, 1977 O
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[J SEISMIC SAFETY ELEMENT O

The anticipated maximum ground shaking intensity across all of Butte County is Vill on the
Madified Mercalli scale; however, the intensity could vary locally from VI to IX, depending on
the type and location of the fault (see Table NO - 1)

Liquefaction: Liquefaction is defined as the transformation of a granular material from a solid
state into a liquified state as a consequence of increased pore-water pressure (Youd,
Liguefaction, Flow, and Associated Ground Failure). Liquefaction occurs when there is a sudden
but temporary increase in the fluid pressure between the soil grains caused when the weight of
the overlying soil or structure is temporarily supported by the water and not the soil grains.
The method commonly used for estimating liquefaction potential is based upon the Simplified
Procedure for Evaluating Soil Liquefaction Potential, by Seed and Idress, Journal of Soil
Mechanics and Foundations Division, (ASCE 1971). This procedure was developed for clean
sandy soils with relative densities less than B0 percent deposited in relatively level areas.
Because the slope of the alluvial plains surrounding the Sacramento Valley is small, this method
can be applied to most of the valley area. It cannot, however, be applied to sloping ground or
mountainous terrain.

Using assumed soil parameters and a moderate intensity earthquake, it is concluded that
granular soils with relative densities less than 65 percent that are located beneath the free-water
surface have a high potential for liquefaction during moderate or strong ground shaking. The
liquefaction during moderate or strong ground shaking. The liquefaction potential of the
Sacramento Valley can be generally summarized as follows:

] Clean, granular sediment (particularly sands) below the water table with a
relative density of less than 65 percent should be considered to have high
liquefaction potential during moderate or strong ground motion.

0 Clean, granular sediment with relative densities greater than S0 percent
should have low liquefaction potential even in strong ground motion.

G Ciean, granular sediment with relative densities between 65 to 80 percent
should have moderate liquefaction potential depending upon intensity and
duration of the ground shaking, site conditions, and the textural properties
of the sediments.

Figure SS-2 delineates zones estimated to have low, moderate, or high liquefaction potential.
The zones were derived from geologic investigations of the unconsolidated sediments of the
Sacramento Valley. The liquefaction potential of granular layers was estimated from the
available literature at the University of California Earthquake Engineering Research Center
regarding relative density, water table, lithology, and seismicity.

Areas paralleling the Sacramento River containing clean sand layers were estimated to have
a generally high liquefaction potential.

0 BUTTE COUNTY GENERAL PLAN 0 ADOPTED BY RESOLUTION 77-47 [ March 15,1977
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Granular layers underlying the most of the Sacramento Valley have a slightly higher relative
density and are thought to have a somewhat lower liquefaction potential and are classed as
moderate risk. Ciean layers of granular material of Pleistocene or older age are of even higher
relative density and therefore are estimated to have a low potential for liquefaction.

Areas of bedrock throughout the Sierra Nevada are assumed to have no liquefaction potential;

however, localized areas of valley fill consisting of Recent sand and gravel alluvium can have
moderate to high liquefaction potential.

The zoned delineated in this investigation as having liquefaction potential indicate only general
areas in which the liquefaction may occur in clean, saturated, granular layers. Current data are
not adequate for accurate mapping and do not provide an indication of the extent of ground
failure that might follow liquefaction. The estimated liquefaction potential of each of these zones
is based upon limited soil and geologic data generalized to include an entire map unit.
Therefore, Figure SS-2 must be considered approximate and invalid for direct determination of
liquefaction potential on a specific site. The map does, however, indicate areas where the
prabability of liquefaction exists during a major earthquake.

Seiches: A seiche is a periodic oscillation of a body of water such as a river, lake, harbor, or
bay resulting from seismic or other causes. The period of the oscillation may vary from a few
minutes to several hours. Seiche effects have not been recorded in any of the reservoirs in
Butte County that are within the jurisdiction of the State of California Division of Safety of Dams.

The assessment of hazards from water waves is very difficult due to the limited historical data
and geological knowledge of the areas surrounding the reservoirs in Butte County. Crude
methods are presently available for assessing the amplifying effect of the coastal topography
and for mapping potential areas of inundation from dam and reservoir failure or from landslide-
generated waves that may overtop a dam crest. It appears, however, that water waves resuiting
from a large landslide are a much greater seismic hazard in Butte County than a seiche.
According to the U.S. Geological Survey, the near failure of the Van Norman Reservoir was due
to liguefaction and landslides during the 1967 San Fernando earthquake, requiring the
evacuation of 80,000 people below the dam.

Landslides: An earthquake in Butte County with a postulated Richter magnitude of 6 or larger
could cause landslides in the area of intense ground motion near the fault. Landslides could
be expected if the postulated earthquake were to happen during the wet season and in areas

of high ground water levels or saturated soil, particularly in areas of moderate or high landslide
potential (see Safety Element).

It is likely that existing iandslides would have renewed or increased movement and that new
landslides would occur around Lake Oroville. If the postulated earthquake were to occur during

a dry season and in areas of jow ground water jevels, the amount of landsliding would probably
be much less.

O BUTTE COUNTY GENERAL PLAN (J ADOPTED BY RESOLUTION 77-47 3 March 15, 1977 O
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No landslides were noted in reports regarding the 1975 Oroville earthquake, which occurred
during a dry season in an area of moderate {andslide potential.

Dam Safety. There are 26 dams in Butte County which are under California Division of Safety
of Dams jurisdiction. Of there, 18 are earthfill embankments, three are gravity concrete, three
are variable radius concrete arch, one is rock embankment, and one is hydraulic fill. All of these
dams are inspected each year by Division personnel. The Division of Safety of Dams has no
knowledge of any dam within the County that could presently be considered a safety hazard
under the Division's seismic evaluation criteria. B

0 BUTTE COUNTY GENERAL PLAN [ ADOPTED BY RESOLUTION 77-47 0 March 15, 1977 O
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FINDINGS, POLICIES, AND IMPLEMENTATION

The findings, policies, and implementation of the seismic safety element are discussed below,
states the County's policy in response to the findings, and outlines implementation measures.

Finding - 1
Butte County is in an area of known faults and recent seismic activity.

Policy - 1
Inform the public of current estimates of seismic hazard in all parts of the County.

Implementation - 1

Approve and publish this plan element. Keep the information up-to-date.

Finding - 2
The only known active fault in Butte County is the Cleveland Hill fault near Oroville. A number
of faults in or near the County should be considered potentially active. The proximity of the San
Andreas fault system is generally significant in evaluating seismic risk in the County.

Policy - 2

Take into account all known seismic information in making land use decisions. Avoid location
schools, hospitals, public buildings, and similar uses in known active fault areas.

Implementation - 2

a. Consider the most recent information on seismic hazard in all zoning and subdivision
decisions.

b. Require appropriate detailed seismic investigations for all public and private projects in
locations of known active fault areas.

Finding - 3

The area around the Cleveland Hill fault has been designated as a Special Studies Zone under
the Alquist-Priolo act, effective January 1, 1977. (Chapter 7.5, Division 2, California Code)

O BUTTE COUNTY GENERAL PLAN O ADOPTED BY RESOLUTION 7747 O March 15,1977 O
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Policy - 3

Follow the policies and criteria established by the State Mining and Geology Board within the
Special Studies Zone.

Implementaton - 3

Exercise approval authority with respect to all real estate development and structures for human
occupancy within the Special Studies Zone, as provided by State Law.

Finding - 4

Portions of the Sacramento Valley have a generally high potential for liquefaction during a major
earthquake.

Policy -4
Consider liquefaction potential in making land use decisions.
Implementation - 4

Require appropriate design of structures susceptible to the effects of liquefaction.

11 BUTTE COUNTY GENERAL PLAN [] ADCPTED BY RESOLUTION 77-47 O March 15, 1977 O
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DEFINITIONS

ACCELERATION (BEDROCK & GROUND) - The forces resuiting from seismic waves traveling
through the crust of the earth measured as a fraction times the force of gravity (example 0.15g).
Maximum accelerations are generally higher for large magnitude earthquakes and for any given

earthquake the acceleration forces decrease with increased distance from the epicenter or fauit
break.

ACTIVE FAULT - A fault that has moved in recent geologic time and which is likely to move
again in the relatively near future. (For geologic purposes, there are no precise limits to recency
of movement or probable future movement that define an "active fault." Definitions for planning
purposes extend on the order of 10,000 years or more back and 100 years or more forward.

The exact time [imits for planning purposes are usually defined in relation to contemplated uses
and structures.)

ALLUVIAL - Pertaining to or composed of alluvium, or deposited by a stream or running water.
(AGI, 1972)

ALLUVIUM - A general term for clay, silt, sand, gravel or similar unconsolidated detrital material
deposited during comparatively recent geologic time by a stream or other body of running water
as a sorted or semi-sorted sediment in the bed of the stream or on its flood plain or delta, or as
a cone or fan at the base of a mountain slope. (AG|, 1972)

AMPLIFICATION - Surface amplification is the increase of wave amplitude resulting from the
change in physical properties in near-surface layers.

AMPLITUDE - The extent of the swing of a vibrating body on each side of the mean position.
(Webster)

BL.OCK SLIDE - A translational landslide in which the slide mass remains essentially intact,

moving outward and downward as a unit, most often along a pre-existing plane of weakness
such as bedding, foliation, joints, faults, etc. (AGI, 1972)

COHESION - Shear strength in a sediment not related to interparticle friction. (AG}, 1972)

COLLUVIUM - (a) A general term applied to any loose, heterogenous, and incoherent mass of
soil, material, or rock fragments deposited chiefly by mass-wasting, usually at the base of a

steep slope or cliff. (b) Alluvium deposited by unconcentrated surface runoff or sheet erosion,
usually at the base of a slope (AGI, 1972)

COMPACTION - Reduction in bulk volume or thickness of, or the pore space within, a body of
fine-grained sediments in response to the increasing weight of overlying material that is
continually being deposited, or to the pressure resulting from earth movements within the crust.

0 BUTTE GOUNTY GENERAL PLAN [ ADOPTED BY RESOLUTION 77-47 3 March 15, 1977
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It is expressed as a decrease in porosity brought about by a tighter packing of the sediment
particles. (AGI, 1972)

CONSOLIDATED MATERIAL - Soil or rocks that have become firm as a result of compaction.

DAMPING - The resistance to vibration that causes a delay of motion with time or distance, e.g.,
the diminishing ampiitude of an oscillation. (AGI, 1972)

DEBRIS SLIDE - The rapid downward movement of predominantly unconsolidated and
incoherent earth and debris in which the mass does not show backward rotation but slides or
rolls forward, forming an irregular hummocky deposit which may resemble morainal topography.
(Sharpe, C.F.S., Landslides and Related Phenomena, p. 74, 1938.)

DIFFERENTIAL SETTLEMENT - Nonuniform seftlement; the uneven lowering of different parts
of an engineering structure, often resulting in damage to the structure (AGH, 1972)

DIP-SLIP FAULT - A fracture along which the apparent movement has been predominantly
parallel to the dip. (from Gilluly, et. al.)

DISPLACEMENT (Geological) - The relative movement of the two sides of a fault, measured
in any chosen direction; also, the specific amount of such movement. Displacement in an
apparently lateral direction includes strike-slip and strike separation; displacement in an
apparently vertical direction includes dip-slip and dip separation. (AGI, 1972)

EPICENTER - That point on the earth's surface which is directly above the focus of an
earthquake. (AGI, 1972)

FAULT - A surface or zone of rock fracture along which there has been displacement, from a
few centimeters to a few kilometers in scale. (AGI, 1972)

FAULT SURFACE - In a fault, the surface along which displacement has occurred. (AGI, 1972)
FAULT SYSTEM - Two or more interconnecting fault sets. (AGI, 1972)

FAULT ZONE - A fault zone is expressed as a zone of numerous small fractures or of breccia
or fault gouge. A fault zone may be as wide as hundreds of meters. (AGI, 1972)

FOCUS (Seism) - That point within the earth which is the center of an earthquake and the origin
of its elastic waves. Syn: hypocenter; seismic focus; centrum. (AGI, 1972)

GROUND FAILURES - Include mudslide, landslide, liquefaction, subsidence.

£ BUTTE COUNTY GENERAL PLAN O ADOPTED BY RESOLUTION 77-47 [1 March 15, 1977 O
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GROUND RESPONSE - A general term referring to the response of earth materials to the

passage of earthquake vibration. It may be expressed in general terms (maximum acceleration,
dominant period, etc.) or as a ground-motion spectrum.

HISTORIC EARTHQUAKE - An earthquake which occurred within the recorded history of man.
Approximately 200 years maximum in California for large earthquakes.

INTENSITY (earthquake) - A measure of the effects of an earthquake at a particuiar place on
humans and/or structures. The intensity at a point depends not only upon the strength of the
earthquake, or the earthquake magnitude, but also upon the distance from the point to the
epicenter and the local geology at the point. (AGI, 1972)

ISOSEISMAL LINE - A line connecting points on the earth's surface at which earthquake

intensity is the same. It is usually a closed curve around the epicenter. Syn: isogeism,
isoseimic line; isoseismal. (AGI, 1972)

LIQUEFACTION - Change of water saturated cohesionless soil to liquid, usually from intense
ground shaking; soil loses all strength.

MAGNITUDE (earthquake) - A measure of the strength of an earthquake or the strain energy
released by it, as determined by seismographic observations. As defined by Richter, it is the
logarithm, to the base 10, of the amplitude in microns of the largest trace deflection that would
be observed on a standard torsion seismograph (static magnification = 2800; period = 0.8 seg;
damping constant = 0.9) at a distance of 100 kilometers from the epicenter. (AGI, 1972)

STRIKE-SLIP FAULT - A fault, the actual movement of which is parallel to the strike (trend) of
the fault. (AGI, 1972)

SUBSIDENCE - A local mass movement that involves principally the gradual downward settling
or sinking of the solid earth's surface with little or no horizontal motion and that does not occur
along a free surface (not the resuit of a landslide or failure of a slope). (AGI, 1972)

SURFACE RUPTURES FROM FAULTING - Breaks in the ground surface resulting from fauit
movement.

TECTONIC - Of or pertaining to the forces involved in, or the resulting structures or features
of the upper part of the earth's crust. (mod. from AGI, 1972)

TSUNAMIS - Earthquake-induced ocean waves, commonly referred to as tidal waves.

UNCONSOLIDATED MATERIAL - A sediment that is loosely arranged or unstratified or whose
particles are not cemented together, occurring either at the surface or at depth. (AGI, 1972)
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Masonry A, B, C, D, To avoid ambiguily of language, the qualily of masonry, brick or
otherwise, is specified by the [ollowing lettering,

Maosonry A. Good workmanship., mortar, and . design: reinforced, especially
laterally, and bound logether by using steel, contrele, etc.; designed to resist lateral
forces.

Masonry B. Goad workmaanship and mortar: reinforced, but nol designed in
detail to resist lateral forces.

Masonry C. Ordinary workmanship and mortar; no extreme weaknesses like
failing to tie in at corners, but neither reinforced nor designed against horizontai for.
ces, .

Masoary . Weak madierials, such as adobe; poor mortar; low standards of work-
manship; weak horizonlaily. ’

L Not feit, Marginal and long-peried affecta of large esarthquakes,

IL. Feit by persona at rast, on uppar lloors, or favorahly placed.

IIl. Felt indoors, Hanging objects swing. Vibration like passing of light trucks. Duration estimated. May
not be racognizad as an earnthquake.

IV. Hanging ubiects swing. Vibration like pasaing of heavy frucks! or sensation of a joit {ike a heavy ball '
striking the walls. Standing motor cars rock. Windows, dishes, doors rattie. Glassas clink, Crackary
clashes. In the upper range of IV woodan walls and frame craak.

V. Feit outdgors; dirsction estimated. Sleepers wakaned, Liquids dlsw’rbed. some spilled, Small un-
stable objects displaced or upsat. Doors swing, close, opgan. Shutiars, picturss move, Paendulum
ciocks stop, start, changse rate.

VL Feit by all. Many frightened and run outdoars, Parsons waik unsteadily. Windows, dishes, glasawara
brokan. Knickknacks, booka, etc., off sheives, Piclures off walls, Furnitlure moved or overturnad,
Waak plastar and masanry D crackad. Small pells ring (church, scheoi). Trees, bushes shaken
visibly, or heard to rustie.

VIL Difficult 1o stand. Noticad by drivers of motor cars, Hanging objects quiver, Furniture broken.
Damage 1o masonry [, including cracks, Weak chimneys brokan at root fine. Fali of plastar, loose
bricka, stanay, tiles, cornicas aiso unbraced parapets and archilactural armaments. Some cracks in
masanry C. Waves on ponds; watar luroid with mud. Small slides and caving in along sand or gravel
banka. Large balls ring. Concrats irrigation ditchas damaged.

VIII. Sieering of motor cars atfactad. Damage to masanry C; pantiai collapsa. Same damage to masonry
B; nona o masonry A. Fail of stucco and some masonry walls. Twisting, fall of chimneys, lactory b
stacks, monumants, towers, elevatad tanka. Frama housas moved an tounaations if not bholted down;
lcosa panal walls thrown out. Decayad piling broken off. Branchas brokan {rom trees. Changas in
flow or tempscature of springs and wells. Cracks in waet ground and on staep slopes.

IX. Genaral panic, Masanry U destroyed; masonry C hsavily damaged. sometimes with complote
cotlapsa; masonry 8 seriously damaged, General damage o loundations. Frama structuras, it not
boltad, shifted off foundations, Frames racxaerd. Serious damage 1o faservoirs. Underground pipes
broken. Conspicucus cracks in ground. In alluviated sraes sand snd mud ejected, earthquake foun-
taina, sand craters,

X. Most masonry and frame structuras dastroyed with their foundations. Some well-built woodan stryg-
tures and bridges destroyed. Sarious damage 10 dams, dikes, embankments. Larga landsiides,
Walor thrown on banks ol canals, rivers, lakes, elc. Sand and mud shifted horizontatly on beachaes
and flat tand. Rails bant slightiy, ’

X1 Rails bant greatly. Underground pipelines completaly out of service.

XiL Damagae nearty wotal. Large rock masses displaced. Lines of sight and level distorted. Obiscts
thrown Intwe tha air.

10r1ginal 1931 varaion in Wood, H. O, and Neumann, F. 1931, Moditiod Marcall: intenasty scale of 1931 Seiamotagical
Saciaty of Amovics Bullotia, v, 53, no. 5. p. 979.987. .

#1956 varsion prepared try Charles F. Richier, In Elementary Saismoiogy, 1938, p. 137-138. W. H. Freemen & Co.

SEISMIC SAFETY ELEMENT - MODIFIED MERCALLI INTENSITY SCALE OF 1931 (1956 VERSION)
Butte County
TABLE S5-2



COMPARTSON OF MAGNITUDE AND INTENSITY

t is difficuit to compare magnlitude and
intensity because intensity is linked wilth
the particular ground and structural
conditions of a given ares, as well as
distance from the earthquake epicenter,
while magpitude is a measure of the enexgy
released at the focus of the earthquake.

Richter Expected Modified Mercalli
Magnitude Max. Intensity (at epicented)
2 I-IT1 Usuelly detected
’ only by instruments
' 3 II1T Felt indoors- §
L Iv-v Felt by most people;
, slight damage
L] 1
VI-VII Felt by all; many
frightened and run
cubdoors; damage
% -\ minor to moderate
\ 6 VII-VIII  Everbody runs
X 4 \ outdoors; damage
\ moderate to major
\ \\ T IX-X Major damage
> -
z v N N 8+ X-XIT Total and major .
7] ' \ N . damages
= N\ ) . . °
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Z wid N a
AN N Source: Charles F. Richter, 1958,
3 \ \ \ Elementary Seismology
<{ \ -~
S A
E vl | N \\
= N
g N \
g AN
"] \\\
| \
N
Q 50 100 200 300 400 Kil.OMETERS
Q10203040 &0 80 100 120 180 240 MILES

DISTANCE FROM EPICENTER

SEISMIC SAFETY ELEMENT - ATTENUATION OF MODIFIED MERCALLI INTENSITY WITH DISTANCE

Butte County
FIGURE S5%-3
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WATER TABLE - The surface between the zone of saturation and the zone of aeration: that
surface of a body unconfined ground water at which the pressure is equal to that of the
atmosphere. (AGI, 1972)
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