>_
b—
Z
D
O
®
<
0
V4
<
o
<
}_
Z
<C
0p

Z
<
—
R
"
>
%,
pa
L]
T
L]
ia
o
=
O
O

SEISMIC SAFETY &
SAFETY ELEMENT

ADOPTED 1979
REPUBLISHED MAY 2009

AMENDED FEBRUARY 2015

County of Santa Barbara
Planning and Development
123 E. Anapamu Street
Santa Barbara, CA 93101



Seismic Safety & Safety Element
Republished February 2015

The electronic version of the Santa Barbara County Comprehensive Plan
can be found at: http://longrange.sbcountyplanning.org

-":é _:‘v

Selsmeic Safity
wwd

Safery Llement

Former Seismic Safety and Safety Element Cover i Replaced March 2009


http://longrange.sbcountyplanning.org/

Seismic Safety & Safety Element
Republished February 2015

TABLE OF CONTENTS

R = 3 o O S 6
[l INTRODUGCTION .o e e e e e e e e e e e e e e e e s 9
STUDY PURPOSE AND ORGANIZATION ..oiiiiiiiiiiiee sttt eeeee ettt sme st e s e e s e emmnesnnnes 9
THE STUDY iiiiite ittt ettt ekt e s e e ea et e s 1 s et e e s et e e 1s e e e eame e s s R et e e aa b e e e e an R et e e s s et e e snnneeennrneeennnneas 11
[Il. GENERAL GEOGRAPHY AND GEOLOGY ...ttt 17
INTRODUGCTION ..oeiiiiiiiittittt e ettt ettt ettt e e s 4 bbb e aab e et e e 4o s bt b et e e a4 aa s e b beans b e et e e e e annb b et e e e s e nsb e ansbbeeeeeeeannnes 17
GEOGRAPHY ittt ee e e ookt e e e oo h bbbt e e e ea e e oo R b et e e e e e bbb et e e eane e e e b e e e e e e nneee 17
GEOLOGICAL FORMATIONS ..ttt rmee sttt ettt amme et e e s st e e e smme e s e bbb e e e e e e e nnnes 19
GEOLOGIC STRUCTURE ...ttt ettt e sttt e e s rmmee s skt bt e e e s anbb b e e e e e s amnnes 26
THE SHORELINE ...ttt sttt ekt e s e e et e e st e e e nn et e e snn e e emmeesnne e e e nneas 39
THE OFFSHORE ISLANDS......ooiiitiiie ittt ettt eesr e s bt e e ssb e e e s sh b e e e s ameesbe e e s snbeeesnbeeesnnesemns 41
AREAS OF SPECIAL GEOLOGIC INTEREST ..ociiiiiiitiiie ittt rtiree ettt rmesse e e e sn e e 42
V. GEOLOGIC AND SEISMIC HAZARDS........c e 43
INTRODUGCTION ..eiiiiiiiiititett ettt ettt ettt et e s o bt eaes e et e e 4o s bt bttt e e 4 aae b b beaas b b e e e e s e annb b et e e e e s neb e ansbbeeeeeeeannees 43
FUNDAMENTALS OF ENGINEERING SEISMOLOGY ..ottt ettt rmmee s 51
SEISMICITY OF SANTA BARBARA COUNTY oottt ettt eeee et e e 76
SEISMIC ZONING ..ttt ettt ettt skttt et e e s e e es bt e e st et e e aabe e e e aabs e e smme e be e e e aabeeeeasbeeeeanbeeemeesnreean 127
TSUNAMIS AND SEICHES ... .oiiiiiiiiieit ettt sttt e ettt e e e s aab e e st et e smeessb e e e s abbeeeanreeesanneean 131
LIQUERACTION .oiiiiiiie ittt ettt e e ettt ekttt e s st e e sme e st e e sttt e e s b et e e 4ab s e eamee s b b e e e e abb e e e an b be e e anbennneesanreeeaanes 134
LANDSLIDES AND SLOPE STABILITY ettt rmem ettt e s snne e e snnanenneeene 148
EXPANSIVE SOILS ...ttt ettt ekt e et e s ket e ek e e e e s sk b e e e sme e s be e e e ssbe e e s b be e e enbnesemme s snrreeea 163
SOIL CREEP ...ttt ettt e s s e e e e bbbt e e e e e eb bt e e e smme e e e bbb e e e e e nneee 175
COMPRESSIBLE AND COLLAPSIBLE SOILS ..ottt ettt ee e ee e e 186
HIGH GROUNDWIATER ..ottt ettt ettt e e e 1 ettt e e s e s bbbt eeee e e e e e e b be e e e e e e annbbeeeeenns 200
SHORELINE REGRESSION ...ttt ittt e e e s sttt e e e e s e e e bbb e e e e e s anbbneeeeeean 216
SUBSIDENCE......coi ittt ettt et e ettt e e oo bbbttt e e e oo a bbb eeab b e e et e e e 4 abb ettt e e s aa b b bnensbbb e e e e e e nnnneeee s 218
V. CONCLUSIONS AND RECOMMENDATIONS ...t 220
managing Geologic and SEISMIC NAZAIAS.........cccooeiiiiiii e ree e e s 220
LAND USE PLANNING ...ttt ettt bttt ettt ree ettt e e e e okttt e e e e s rmeee s sabbe et e e e s abbbeeeeeessmneeeaa 220
SUBDIVISION OFINANCE ......cciiiiiieiecietieetieees s s s e sttt e e eeesaassseeesbeesaeeeeeeeeeeeeeeeaessaeeeeeeeaeaaeaeeeeessessnnnees 222
GRADING CODES ...t eeme et e e e oottt e e same e e e e bbbt e e e e e e nb b bt e e e samme e e e anbbes 222
BUILDING CODES ..ottt ettt ettt ettt ekt e ettt e e e a4 aa bbb et e e e e okt b e e et e et e e e e e aabbb et e e e s s aabbennabbeeeeeesean 223
EVACUATION PLANNING ..ottt ettt eeet et e e e s ettt e e s s e ab b eeab et e e e e e anbb e e e e e e e annnnean 223
MILITARY INSTALLATIONS oottt ettt e e ettt eeee et e e e e s e ab b et e e e e e aab b b e enens e e e e e e s anbbneeeeeeane 224
GEOLOGIC AND SEISMIC GOALS AND POLICIES  ....ooiiiiiiiiiieeiiit ettt see e 225
IMPIEMENTALION MEASUIES. ... .uuiiie i i e e et eeee et r e s e e e e e eeeea e s e e e e e eeeeeeeeaasbe e ammsetetaaa s s eaeeeeeeeeesssnnnees 228
VI. FIRE HAZARD AND FIRE SERVICES' ... 232
INTRODUGCTION .ottt e e e e et bt eeeee et e e e e s b b e et e e e e e a b b et eeene et e e e e anbbbeeeeeeeanbbeeanereeeeeeannrnes 232
CAUSES AND HISTORY OF WILDFIRE .....iiiiiiiiiiiiiie e iieeeie ettt e e ne e e 232
o aT1e[o] g IS o 1] (ot = PRSP UOPPPRPRN 233
[T [=T I =T L PO PP 234
[ [ (o] VA oY A TAV /1 [o | =T Lo I o (= PP UUPPRPPPPPR 236
Responsible Agencies and Hazard SEVEIILY.............uuuuuiiiiiiiieaeiiieiiii ittt et e e et e e e e e e e e e e e e e s smmeeeaeas 239
Fire RESPONSIDIlILY AFBAS.......ci i ittt ettt e ea bbb bbbt be e ettt et e e e e eaanbssbe e e et eeeeaaaaaaeeeessaameees 239
Fire HazZard SEVEILY ZONES ... ..ottt eeee ettt e eaaabe bbbt b ettt ettt e et e e e e e e e eaamsseeeeeeeaaaaaaaeaeaseessannns 240
HAZARD REDUCTION MEASURES ...ttt ettt ettt bb e seme e nbee e e 242
[ =T o T o PO RPP PP 242



Seismic Safety & Safety Element
Republished February 2015

IMPIEMENTALION MEASUIES. .. . iiiiiiiieeiieee e et e e ettt e e et e e e e e e e e e et iamt e e et e e aaeeeeaessessassa s rmnneeeeeeeseesanssnnsnnnrnnrennnss 245
LAND USE PLANNING .. .itiiiiieiiitiiiee e reeee sttt e e sttt e e st rmeee s sttt ee e e e st bbe e e e e e s smnaesanbbeeeeeesssbbeeeeeessmnnesins 247
Development IN HAZArAOUS ATEAS.......uuuiuirieiiiieieeieceeeitieeeereereetaeeaeae st s ssareeeaataaaaaeessassassssssnnneeeaeesessassanannnen 247
Fire DevelopmMENt STANUAITS. .......o.ueiiiiee ittt ee et e e e e e e e s ab b enabr e e e e s e e nnbb e e e e e e e annnnean 247
Defensible Space/Clarance AroUnd STFUCIUIES. ........ccoiiuriiiieeiitieeei et e et enib e e e seb e e e e e e neaeas 249
FIRE GOALS, POLICIES, AND IMPLEMENTATION MEASURES .....ccoiiiiiiiiite e 250
1010\ 01 I U 5[ ] PSPPSR 257
VII. FLOOD CONTROL ...ttt e e e e et e e e e e aan e e eaaneees 258
INTRODUGCTION eeiiiiiiiitiiiiee ettt e e ettt e e e e s sttt eeeet e e e e e e st b et e e e e e sasb b et anaseeeeeeansbbeeeeeeeantbeeannreeeesennnrnes 258
SETTING AND HISTORY ittt eeet e e e e s sttt e e e s st bt e e e seamt e e e e e snbbe e e e e e e snsbbeeeeans 258
Areas Commonly Subjected t0 FIOOING.........uuiiiiiiiiiiii et sermme e 258
[ [ (ol Tor= T o (oo o [ Y= o | 3PP SRT U PR PR 261
FLOOD HAZARDS ...ooiiiiiiiiiieeie ettt ettt e e e e s ettt e e e e st b eaatee e e e e e s astbaeeee e e s st eeaaasseeeeeesantbaeeeeeesansbenantsreeeeeennn 261
MITIGATION OF FLOOD HAZARDS ..ottt ettt ettt ettt eht e sme et e e smbe e e s b be e e s nbbeeeme e snbeeeea 263
Identification and Avoidance of FIOOd Hazards...........ooooiioiiiiiiieeee e e 263
Emergency ResSponSe t0 FIOOU EVENLS........coiiiiiiiiiiiiieeieee ettt e e e e e 270
[ ToToTo [ @0 o1 d f0] I =d (o] [T o £ 271
Flood Goals, Policies, AND IMPLEMENTATION MEASURES ........cccoiiiiiiiiiiiirieeee e 273
IMPIEMENTALION MEASUIES. ... .uuiiiie i e e e e e ee et eeee et e s s e e e e e eeaaa s s e e e e e e e teeeeeaaste s a s ammsesetena s e eeeeeaeeesesesnnnes 276
CONCLUSIONS AND RECOMMENDATIONS ..ottt ittt et e e st e seeee e e e s s nnnba e e e e s s nnnee s 279
VIIl. COUNTY OFFICE OF EMERGENCY SERVICES.........cccoi i 280
Santa Barbara County Multi-Jurisdictional Hazard Mitigation Plan ...........ccccocuvieiiiiiniemniiiieee e 281
O o Y N D 1 282
LTI 1S A = SRR 282
REPORT REFERENGCES...... oottt e ettt e eee et et e eeee et bt s e e e e e aaaaasaeseeeaeeaeeeensebnsnnnmmnres 288
(2112 I (@ L€y N o o | TSP 297
O I8 17N I 1 1\ PP 312

SUPPLEMENTAL DOCUMENTS

MULTI-JURISDICTIONAL HAZARD MITIGATION PLAN (as amended by the Board
of Supervisors)

SAFETY ELEMENT SUPPLEMENT ON HAZARDOUS MATERIALS (2000)



Seismic Safety & Safety Element
Republished February 2015

MAPS
GEOLOGIC MAP ..ttt e e e e o ettt e e e s e s e et e e e e e s e s b e b e e et e e e e e ssbrnneeeeeeeeenaes 27
SOUTH COAST AREA - WEST ... 27
SOUTH COAST AREA - EAST ..o 29
SANTA YNEZ VALLEY AREA ... 32
LOMPOGC AREA .ottt s et e e e e et e et e e e e s s e e e e e e nenee 34
SANTA MARIA-ORCUTT AREA ...ttt e e 36
SEISMIC-TECTONIC ....ciiiiiiiitiii e r e r e e s s s e e e e e s e e s s naees 86
SANTA BARBARA COUNTY oottt ettt e sttt e e e r e e e e s s e e e e e e 86
SOUTH COAST AREA - EAST oottt e e s 88
SOUTH COAST AREA - WEST ..ottt 90
SANTA YNEZ VALLEY AREA ... 92
LOMPOGC AREA .o 94
SANTA MARIA-ORCUTT AREA ... 96
LIQUERACTION . eeitiiieiiit ettt ettt e e oottt e e e e e sa ettt e e e e e bbb e e e e e e e e sasn e e e r e e e e e nannnnnne s 137
SANTA BARBARA COUNTY oottt 137
SOUTH COAST AREA - EAST . 139
SOUTH COAST AREA - WEST ..ttt e e e e s 141
SANTA YNEZ VALLEY AREA ...ttt 143
LOMPOGC AREA .ottt e e e s e e e e e et e et e e e e e s e e e e e neaae 145
SANTA MARIA-ORCUTT AREA ...ttt ettt e e e 147
SLOPE STABILITY, LAN DSLIDES ...ttt 152
SANTA BARBARA COUNTY oottt 152
SOUTH COAST AREA - WEST ... 156
SANTA YNEZ VALLEY AREA ... 158
LOMPOGC AREA . 160
SANTA MARIA-ORCUTT AREA ... 162
EXPANSIVE SOILS ...ttt ettt ettt e e o1 ettt et e e e e e s b e e et et e e e s e snn e e e e e e e e e nnnnnnee s 166
SOUTH COAST AREA - EAST oottt ettt e e s e e e e e e e s 166
SOUTH COAST AREA T WEST ...ttt et 168
SANTA YNEZ VALLEY AREA ..ottt 170
LOMPOGC AREA .ottt ettt e e et et e e e e e s e e et e e e e e s e e e e e e nenae 172
SANTA MARIA-ORCUTT AREA ...ttt e e e e e e ee e s 174
SOIL CREEP POTENTIAL ..ttt e e er e e a e e n e e s 177
SOUTH COAST AREA - EAST . 177
SOUTH COAST AREA - WEST ... 179
SANTA YNEZ VALLEY AREA ... 181
LOMPOGC AREA .o e e 183
SANTA MARIA-ORCUTT AREA ... e 185
COMPRESSIBLE -COLLAPSIBLE SOILS ....ooiiiiiiiiiiitt ettt e e e e e s e e e e s n e 189
SANTA BARBARA COUNTY ittt ittt ettt e e e et et e e e s e s e e e e e e s s annrnnneeeeeas 189
SOUTH COAST AREA - EAST ittt ettt e e s e e e e s eeeeeees 191
SOUTH COAST AREA - WEST ..ottt ettt ettt e e s e e e e s e e e e e e s 193
SANTA YNEZ VALLEY AREA ...ttt 195
LOMPOGC AREA .ttt e oo e et e e e e e s s r et e e e s e s e e e e e e s e aane 197
SANTA MARIA-ORCUTT AREA ... 199



Seismic Safety & Safety Element
Republished February 2015

HIGH GROUNDWATER ...ttt ettt e e e e s e e e e e e s s e e e e e e e e s s sanrnree s 204
SANTA BARBARA COUNTY oottt 204
SOUTH COAST AREA - EAST .. 206
SOUTH COAST AREA T WEST ...ttt 208
SANTA YNEZ VALLEY AREA . ..ottt 210
LOMPOGC AREA .ottt e e e st e e e s s s e e n e e e e e 212
SANTA MARIA-ORCUTT AREA ... it e e 214

FIRE HAZARD AND FIRE SERVICES ..ottt 204
SANTA BARBARA COUNTY FUEL MODELS.......ccoiiiiiiiiiiii e 214
SANTA BARBARA COUNTY FIRE HAZARD SEVERITY ZONES.......ccoiiiiiiiiieeeeeen 2141
SANTA BARBARA COUNTY FIRE STATIONS ..ottt 243



Seismic Safety & Safety Element
Republished February 2015

|. ABSTRACT

The Seismic Safety and Safety Element is intended to guide land use planning by
providing pertinent data regarding geologic, soil, seismic, fire and flood hazards.
Although development in Santa Barbara County dates back to the establishment of the
Santa Barbara Mission in 1786, and there has been substantial growth in more recent
years, much of the County remains rural and undeveloped. It is therefore appropriate to
consider these hazards now in planning for future development.

Santa Barbara County encompasses a wide diversity of terrain and geologic formations
and features. It includes mountain ranges such as the Santa Ynez and San Rafael,
major rivers such as the Cuyama, Santa Ynez and Santa Maria; extensive lowlands in
the Santa Maria, Lompoc, Carpinteria and Goleta areas; and four Channel Islands.

The County is underlain by up to 35,000 feet of marine sedimentary rocks of late
Mesozoic and Cenozoic ages. The sedimentary rocks are diverse, but are dominated by
great thicknesses of sandstone and shale with lesser amounts of conglomerate, alluvial
fan deposits, dune sand, and diatomite. Outcrops of igneous rocks are limited, except
on the Channel Islands. The Rincon and Monterey Formations are two of the weakest
and most troublesome formations in the County. They are located primarily in the Santa
Ynez Mountains. The geologic units are shown on the geologic maps for the four study
areas.

Faults are numerous in the County, several of which are considered major. The main
faults have been named, and are shown on the Geologic and Seismic-Tectonic Maps.
In the coastal zone, the main faults generally trend east-west; in the northern part of the
County, they are predominantly northwest-southeast.

Most of the hills and mountains are folded to some degree. The topography sometimes
reflects this structure and sometimes has been substantially modified by erosion.

Earthquakes are not strangers to the County, with strong shaking and major damage
resulting from earthquakes occurring in 1769, 1812, 1852, 1857, 1872, 1893, 1902,
1917, 1925, 1926, and 1952. This means that a damaging quake has occurred on the
average of every fifteen to twenty years.

Earthquakes are caused by movement along faults, which are surfaces between blocks
of the earthdéds crust. | n n@hatimovieroentrduriag, histerig
times has nearly always taken place along pre-existing faults. Only a very few existing
faults are considered to be active or potentially active. The more recently a fault has
moved, the more likely it is that it may move again; so active faults have been defined
as those which have moved during geologically recent time (approximately the last
11,000 years).

This study considers nine faults to be active: Big Pine, Graveyard - Turkey Trap, Mesa,
More Ranch, Nacimiento, Pacifico, Santa Cruz Island, Santa Rosa Island, and Santa

perien
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Ynez. In addition, the San Andreas fault zone - by far the major fault in California - lies a
short distance northeast of the County.

Because of its great length and historic activity, it poses a substantial seismic threat to
Santa Barbara County even though it is outside the County.

Potentially active faults are of much less concern, but should also be considered. The
following eight faults fall into this category: Arroyo Parida, Bradley Canyon, Carpinteria,
Goleta, Mission Ridge, Red Mountain, Rincon Creek, and San Jose.

Ground rupture along a fault tract can destroy any structure astride or immediately
adjacent to the fault. Therefore, it has been recommended that buildings not be
constructed on faults considered to have a significant chance of movement in the next
one hundred years. However, much more damage is caused by the resulting
earthquake shockwaves. In addition to the major directly damaging effect on buildings,
seismic shock can induce or aggravate - many other potentially disastrous problems
such as tsunamis (seismic sea waves, f
waveso), | andsl i des, settl ement, and I
bedrock at any given point is largely a function of the magnitude of an earthquake and
the distance to its focus. On this basis, the County was divided into zones of relative
seismic hazard, as shown on the Seismic Tectonic Map. Detailed data on local
conditions would permit refinement of thes e fisei smic zones, O
conditions was beyond the scope of this study.

Although seismic hazards were the main focus of the study, other soil and geologic
problems exist which should be considered - to varying degrees - in land use planning,
and, subsequently, in reviewing the design of specific projects. These problems include
landslides, expansive soils, soil creep, compressible and collapsible soils, high
groundwater, erosion, and subsidence. Based on available data, areas were classified
as having low, moderate, or high susceptibility to each problem, except that fault
displacement was considered separately, and erosion and subsidence were not rated.
The degree of uncertainty in these designations was also indicated.

In order to avoid having to consider each problem independently in land use planning, a
composite number called a Geologic Problem Index (GPI) was devised. The GPI was
obtained by multiplying each problem rating number for a given area by a weighting
factor and summing the results. Different weighting factors were used for each problem,
depending on their relative importance.

The Grading and Building Codes of Santa Barbara County are considered generally
satisfactory with respect to geologic hazards, but some amendments are
recommended. An adequate investigation of each specific site to be developed is
imperative where the possibility of soil or geologic problems exist.

requert
i quef a
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Residents of Santa Barbara County are well aware of the fire hazard problem and the
destruction that uncontrolled wildfires can cause. However, sensitive land use planning
and effective development regulations can go a long way toward reducing fire hazard.

One critical issue that the County faces is how much development to permit in areas of
extreme fire hazard. Short of a case-by-case analysis of local conditions in relation to
present and proposed fire prevention and control practices, no definitive rules on overall
density in fire hazard areas can be set. Instead, all development activities within areas
of high or extreme fire hazard should be closely regulated. In the Subdivision
Ordinance, the County already requires that special procedures be followed in fire
hazard areas. A requirement that all development proposals be accompanied by a plan
to show what the developer intends to do to minimize fire hazard would provide the
County with the information necessary for evaluation. In some areas, it may be
necessary to prohibit development, but, in others, development could be permitted if
adequate control measures were implemented. The cumulative impacts of development
in fire hazard areas should be examined, as well as the individual impacts.

A secondary issue is what kinds of controls should be instituted to reduce fire hazard.
Research foresters in the U.S. Forest Service have put forth the concept of controlled
burns as an improved technique for fire management in chaparral areas. The objective
of this type of program is to achieve an acceptable and realistic level of fire occurrence
and fire size based on ecological, social, and economic considerations. If this system
were to be implemented in Santa Barbara County, the long term trend toward fewer,
larger fires might be reversed. County residents would have to tolerate more fires
burning over 100 acres, but far fewer fires burning over 5,000 acres. The chaparral
ecosystem would be maintained, and watershed and flood damage possibly could be
reduced. A study should be undertaken by the County jointly with responsible federal
and State agencies to determine whether this procedure would be viable and should be
implemented locally.

One of the most important flood control issues facing the County concerns regulation of
development in areas prone to flooding. For current flood control programs to be
effective, it is important that the flood-carrying capacity of streams and floodway areas
not be impaired. Of related importance, obviously, are the fire hazard issues previously
discussed. Because of their interrelationship, decisions on flood control improvements
should not be made independently of decisions on fire prevention and control programs,
and on land use in areas of high and extreme fire hazard.

Another policy issue related to flood control involves the multiple use of buffer zones
alongside flood channels. Setbacks from these channels can provide public access for
maintenance of the channels as well as reducing the threat to structures from bank
erosion. Preservation of streamside natural communities is another advantage.
Setbacks also can be used for recreational trails. However, the privacy and security of
neighboring property owners may be threatened.
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The U.S. Department of Housing and Urban Development, in cooperation with the
County Flood Control and Water conservation District, is mapping flood hazard areas in
the County. When finalized (scheduled for December 1978) these maps will form the
basis for flood plain management required under the National Flood Insurance Program,
and will be used to establish flood insurance rates. The Federal Flood Plain
Management Regul ations provide that ifol
under the program within a community, unless the community has adopted adequate

flood plain management regul ations coretyi stent

and Safety Element recommends implementation of flood plain zoning or other similar
measures.

The element raised a number of questions deserving further investigation. More
geologic data are needed, particularly with regard to seismic - tectonic mapping.
Problems along the coast, such as shoreline regression, liqguefaction potential and
tsunami risk, need additional study. As new information becomes available, it will be
incorporated as addenda to this element. An update of the Seismic Safety and Safety
Element should include a study of emergency services planning in the County.

A bibliography of the general geology and seismicity of Santa Barbara County was
compiled and a list of references cited in the text was prepared. A glossary of selected
geological and seismological terms commonly used in practice and in the text also is
included.

II. INTRODUCTION! 2
STUDY PURPOSE AND ORGANIZATION

Objectives

The purpose of this study was to obtain data concerning geology, soils, seismicity, and
fire and flood hazards of Santa Barbara County, and to provide recommendations and
criteria to aid in land use planning in order to ensure that future development will be
compatible with the environment.

The California Government Code, Sections 65302 (f) and (i), requires a Seismic Safety
Element and Safety Element as part of all city and county general plans. The State
General Plan Guidelines suggest consolidation of similar elements where possible, in

ood

order to avoid fAexcessive du e similartoi identicala n d

subjects contained i n®Withregardte theSesmieSafety andnent s .

Safety Elements, the Guidelines state:

The seismic safety element contributes information on the comparative safety of
using lands for various purposes, types of structures, and occupancies. It
provides primary policy inputs to the land use, housing, open space, circulation
and safety elements.

C
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Because of the close relationship (of the seismic safety element) with the safety
element the local planning agency may wish to prepare these two elements
simultaneously or combine the two elements into a single document.*

Participating Consultants

The investigation was a team effort headed by Livingston and Associates and Moore
and Taber. The team consisted of the firms and individuals listed below. The portions of
the study for which each participant was primarily responsible are noted.

Although not a part of the team organized by, and responsible to Moore and Taber,
Environmental Systems Research Institute (ESRI) played a vital role by handling all of
the computer work involved in the Geologic Problems and Geologic Problems Index.

Organization Portion of Study
Moore and Taber General coordination and review
Woodland Hills

geologic/seismic  portions  of  stud
Preparation of all sections of report n
specifically listed for other team members.

California Earth Science Corp.

. Preparation of section on faults and seisi
Santa Monica

hazards and bibliography

Lindvall-Richter and Associates i .. .
Premration of seismic history, tsunamis, a

Los Angeles i o )

review of seismic hazard evaluation.
Robert M. Norris, Ph.D. Preparation of geography and geolo
and Robert W. Webb, Ph.D. description, coastline erosion, and geolo
University of Calif. interest areas.

Santa Barbara

Livingston and Associates Preparation of Fire Hazard chapter.
San Francisco

Bookman-Edmonston Engineering, Inc. | Preparation of Flood Control chapter.
assisted by County Flood Control
Engineer
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THE STUDY

Scope

The study consisted primarily of a thorough review of the general geology of Santa
Barbara County and its compilation onto base maps, and an investigation of the main
geologic and soil problems, with emphasis on those associated with faults and
earthquakes. Specific geologic and soil problems that were considered, together with
their effect on land use planning, were ground rupture, ground shaking, tsunamis and
seiches, soil liguefaction, landslides and slope stability, expansive soils, soil creep,
compressible and collapsible soils, high groundwater, erosion and shoreline regression,
and subsidence.

Although not considered a soil or geological problem, areas with unique geological
features of interest were listed and described so that they could be considered for
preservation. Mineral deposits and soil characteristics as applied to agricultural uses are
investigated in the Conservation Element.

For purposes of the study, the County was divided into four study areas mainly on the
basis of population and future potential development. The study areas consist of the
following:

South Coast: Elongated area along the coast divided into west, central, and east
sections, extending from Gaviota Pass to the Ventura County line
and from the coast to the approximate crest of the Santa Ynez
mountains.

Santa Ynez Valley: Approximately square area in the Santa Ynez River Valley,
extending from the vicinity of Buellton on the west to San Lucas
Ranch on the east, north to Los Alamos, and south to and including
the foothills of the Santa Ynez mountains south of the Santa Ynez
River.
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Lompoc: Roughly rectangular area along the Santa Ynez River, extending
from the Pacific Ocean on the west to Santa Rita Valley on the
east, north to the approximate crest of the Purisima Hills (but not
including Vandenberg Air Force Base), and south to and including
the hills south of the Lompoc urban area.

Santa Matria: Includes the area bounded by the Pacific Ocean on the west.
Casmalia and Solomon Hills on the south, Fulger Point T Bradley
Canyon on the east, and the Santa Maria River on the north.

Topographic base maps f or etahceh csotwndtyy a(rleca H 18
were supplied for transfer of geologic and soil data. The geologic and soil problems

were studied in a general way on a Countywide basis and in more detail for the four

study areas.

The study included a thorough review of published technical reports and geologic maps,
a review of most pertinent unpublished reports, and discussions with many public
officials and personnel with special technical or geologic expertise.

A comprehensive up-to-date bibliography of all available published data, including
masters and Ph.D. theses of the geology and seismicity of Santa Barbara County was
compiled. A list of all references cited in the text of the report, in addition to the
bibliography, also was prepared.

An extensive study of stereographic aerial photographs was made, primarily to detect
ancient landslides. While most of the work involved collecting and evaluating existing
data, this portion of the study added a substantial amount of new information.

Inspection trips were made to familiarize consultant staff with some of the areas of the
County and to check specific points in question.

Limitations

Every attempt was made to provide a thorough study within the limitations of time and
funding, and it is believed that this goal has been achieved. Nevertheless, the inherent
limitations of such a study must be recognized. Although specific limitations are
described elsewhere in this report - particularly with respect to the present limited state
of knowledge of seismic hazards this subject must be emphasized. The large area
covered by the study, the scale at which the work was done, and the limited data
available in many areas means that the results are not infallible, particularly with respect
to small areas.

The study is an appropriate early step in planning and should be very useful in this
regard, but care must be exercised that it is not taken as the final answer regarding
decisions on any specific site. New data developed in specific site investigations i or
new techniques - may supersede the generalized conclusions presented in the report.
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Also, factors other than geologic conditions may be more critical. Except for ground
rupture along a fault, and sometimes massive landslides, the geologic and soil problems
normally encountered can usually be solved by appropriate engineering design of
structures and grading.
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Data Collection

Information was taken from the pertinent published references listed in the
accompanying Bibliography. In addition, valuable data - both written and oral - was
obtained from the following organizations.

U. S. Geological Survey

U. S. Department of Agriculture Soil Conservation Service
California State Division of Oil and Gas
County of Santa Barbara

City of Santa Barbara

City of Carpinteria

City of Guadalupe

City of Lompoc

City of Santa Maria

University of California, Santa Barbara
Santa Barbara City College

Montecito County Water District
Various private consulting firms

Geologic Maps

Just as the heart of anldingplan sotae geologee mapsforor t s a
the geologist. On these he plots his data from field observations, boring logs, aerial
photographs, and other sources to portray the geologic structure and history and to

make evaluations in terms of geologic problems that might affect the use of the land.

The geologic maps of the four study areas presented with this report are a compilation
of geologic data from several sources. No original field work or mapping was done by
Moore & Taber during the investigation, although a fairly extensive study of aerial
photographs was made to map ancient landslides. Basically, the work by Thomas
Dibblee, Jr. (Bulletins 150 and 186) and W. P. Woodring et al (Professional Paper 222)
were utilized as the base geologic maps for the urban study areas. At the eastern end of
the County in the Carpinteria district, the geology was taken from a Ph.D. thesis by
Harold Lian (UCLA, 1952).

Various U. S. Geological Survey Groundwater Supply Papers were also utilized, and
where the geology differed substantially from that of Dibblee or Woodring, particularly in
regard to faults, these features were shown on the geologic map and their sources
noted. This is also true for faults located by private consultants. The area covered by
each source map is shown on the legend accompanying each map.

Essentially, these various source maps were spliced together where necessary and

enlarged by photographic methods to the required scale. The data were then
transferred to the base topographic maps forthefourur ban study areas (160
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A 10 = 80006 reproduction mylar composite

part of this study is on file in the County Public Works Department. However, a
countywide geologic map was not reproduced as a part of this report because of the
cost and the fact that the four California Division of Mines and Geology state map
sheets which cover Santa Barbara County are publicly available. All of the significant
faults are shown on the Countywide Seismic - Tectonic map and geological detail is
shown on each of the study area geologic maps.

The geologic compilation shows the major bedrock units, surficial units, faults and folds.
Most of the rock units and faults are shown exactly as indicated on the source maps
used to compile the geologic and seismic - tectonic maps of the various study areas.
Contacts between geologic units and faults on the geologic map do not necessarily
match at boundaries between map source areas even by the same author, and they
generally were not adjusted during the compilation. Since no original field work was
performed by Moore &Taber during the investigation, no significant attempt at
reconciliation of the discrepancies was made. Reconciliation and field checking were
not possible with the available time and funds allotted.

The various formational and rock units with their symbols, as shown on the geologic
maps, are those used on the source geologic maps for the particular area. Where there
is a discrepancy because different authors use the same symbols for different rock
units, the most reasonable symbol was used. This is the case for example, for the
Sisquoc Formation (Tsq) as mapped by Dibblee opposed to Sisquoc mapped by
Woodring (Ts). The symbol (Ts) as mapped by, Dibblee refers to the Sespe Formation,
therefore, Tsq has been used on the maps to represent the Sisquoc Formation and Ts
has been used to denote the Sespe Formation.

Seismic - Tectonic maps were prepared for the County and each of the four study
areas. These maps show all the known faults and folds obtained from the various
source maps and designate the relative degree of activity and the estimated maximum
credible and maximum probable earthquake magnitude (where applicable) assigned to
each fault. Based on distance from the causative fault and the estimated earthquake
magnitude, zones of earthquake intensity were established, and these are also shown
on the maps. Areas subject to inundation by tsunamis were also rated and shown on
these maps.

Because of photo enlargement, scale differences between individual maps, drafting and
transfer techniques, and reproduction methods, possible error in the exact location of
formational contacts and faults and folds may be present when compared with or in
relation to existing cultural features.

Whil e the transferred and compiled dat a
extremely useful in planning, much of the geologic mapping was performed many years
ago and, therefore, needs to be updated with more recent geological detail and cultural
features.
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Problem Rating Maps

The various soil and geologic problems were evaluated and rated according to the
severity of the problem by applying geologic and engineering judgment to available
geologic and soils data gathered in the study. The data were transferred to the
topographic base maps for the County and study areas to delineate the areal extent and
degree of the problem. The data from the base maps were transferred to grid base
maps and the ratings for the individual problems were then encoded to produce the
various computerized maps. These maps reflect the approximate severity of each
problem and its areal extent by means of a series of symbols.

Problems that were rated and delineated on topographic base maps were tsunamis -
seiches, earthquake intensity (ground shaking), liquefaction, slope stability,
compressible soils, and high groundwater. Expansive soil and soil creep (a function of
expansion and slope) were derived directly from data obtained from the Soil
Conservation Service maps and slope maps.

In addition to the problem rating - distribution map of each problem, the weighted
summation of all of the eight problems was computed to obtain the Geologic Problem
Index (GPI). The numerical range of the GPI was then divided into five categories of
severity to produce a GPI severity map for the County and each of the four study areas.
A more detailed description of the whole rating system, as well as the criteria used in
rating each problem, are given in subsequent sections of the report.

Ill. GENERAL GEOGRAPHY AND GEOLOGY
INTRODUCTION

Santa Barbara County encompasses a wide diversity of terrain and geologic formations
and features. It lies partly in the Transverse Range geomorphic province and partly in
the southern Coast Range province. The boundary between these two provinces is
usually drawn along the Santa Ynez River. The Transverse Ranges of the County
include the Santa Ynez Range, the Santa Barbara Channel offshore, and the Channel
Islands. Three of the islands - Santa Cruz, Santa Rosa, and San Miguel i represent the
seaward extension of the Santa Monica Mountains. Little Santa Barbara Island, some
miles to the southeast, is also included in the County, but is more properly included in
the Peninsular Range province of Orange and San Diego counties.

GEOGRAPHY

Topography

Santa Barbara County, westernmost of the Southern California counties, includes 2740
square miles and four channel islands. The County is bounded on the west and south
by the Pacific Ocean and on the north and east by San Luis Obispo and Ventura
respectively.
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Three major east west trending valleys dominate the northeastern half of the County.
The Cuyama River Valley, the Santa Maria Valley and Los Olivos - Los Alamos lowland.
The northernmost, the Cuyama River Valley is bounded on the south by the Sierra
Madre with elevations ranging from about 400 feet to 5845 feet at Peak Mountain.

The Sisquoc River separates the Sierra Madre from the San Rafael Mountains, whose

elevations range from about 3000 feet to 6828 feet at Big Pine Mountain. Other typical

peaks are Figueroa Mountain (45286), Bal d Mou
(659306) . These summits and the connecting rid
in the eastern county is considerable, and the topography is generally rugged because

of the rapid downcutting of the Cuyama Sisquoc, and Santa Ynez rivers and their

tributaries.

In contrast, the northwestern third of the County is dominated by a series of low hills

with separating valleys, some of which are broad and flat. The Santa Maria Valley, on

the north, extends about eight miles southward to the Casmalia and Solomon Hills and

about twenty miles from the settlement of Sisquoc to the sea. The highest peaks in the
Casmalia and Solomon Hillsare Mount Lospe (18406) and Mount
the valleys and intervening ridges in this part of the County have a northwesterly trend.

South of the Casmalia-Solomon Hills lies the Los Olivos i Los Alamos lowland, whose

lower portion is called the San Antonio Valley, which crosses Vandenberg Air Force

Base to reach the sea. This valley is bounded on the south by the Purisima Hills, whose

hi ghest peak is Redrock Mountain (198406). The
Purisima Hills from the Santa Rita Hills to the south. Beyond lies the relatively broad

Lompoc Valley, which is drained by the lower Santa Ynez River.

Development

Like most climatically desirable parts of California, Santa Barbara County has been
experiencing rapid population growth. The proportion of acreage still readily transferable
from rural to urban use, in which natural geologic hazards are minimal, is limited.
Pressure to develop areas subject to substantial geologic hazards or problems is
increasing. These hazards must be recognized and considered in the planning and
design of projects in such areas.

Moreover, loss of recreational resources is a growing problem. Potential recreational
areas near urban centers may be lost unless the wisest long-term planning is
implemented and natural preserves are expanded beyond those already designated
(such as the less accessible National Forests and Parks). Increasingly, as energy
sources are diminished, recreation areas close to population centers will be needed.

Fortunately, the Count y i s not yet so urbanized that pl a
|l ated category. |t I s | mper atplamned urbtinosprams e r , t |
seen elsewhere in Southern California be avoided. In too many instances in the past,
rapid population growth in California has pushed new urbanized development into
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geologically unfriendly terrain, where even minimal precautions were not observed
because of ignorance of facts that were often readily available. Planning can avoid the
areas least feasible for development from a geologic point of view. Thorough geologic
and engineering studies, and possibly substantial corrective work, may be required in
other areas to provide reasonable assurance of a trouble free environment.

GEOLOGICAL FORMATION S

The County is underlain mainly by marine sedimentary rocks of late Mesozoic and
Cenozoic ages.’ Many of these rocks were deposited in a marine environment toughly
similar to the margins of the Santa Bar
rock units, however, seem to have been laid down in marine waters as much as 6000
feet deep, perhaps like the deeper parts of the Gulf of California.

All these bedded sedimentary rocks have been subjected to strong compressional
forces producing folds and faults, which are especially evident in the San Rafael and
Santa Ynez Mountains and on the offshore islands. The hills and valleys in the
northwestern part of the County are chiefly controlled by folding and faults are few. In
the Transverse Range section of the County, both folds and faults trend strongly east-
west, giving rise to the prominent grain of those ranges. Likewise, in other parts of the
County, the trend of both folds and faults is more northwesterly, consistent with the
grain of the Coast Range province.

The rock formations exposed in the County are largely of marine sedimentary origin,
except on the offshore islands which also include volcanics and basement rock. Total
thicknesses of the formations are impressive: more than 25,000 feet in the Santa Ynez
Range, up to 35,000 feet in the San Rafael Mountains, and 15,000 feet under the Los
Olivos - Los Alamos lowland, to mention only a few.

The sedimentary rocks are diverse, but are dominated by great thicknesses of
sandstone and shale with lesser amounts of conglomerate, alluvial fan deposits, and
dune sand. Of the more common sedimentary rocks, limestone is the most poorly
represented in the County; only a few thin beds occur in the San Rafael and the Santa
Ynez Mountains. Some unusual sedimentary rocks are prominent, however, such as the
thick diatomites or diatomaceous shales found in the upper Monterey and Sisquoc
formations. Thick, light-colored diatomites, whose purity and quantity are as yet
unmatched anywhere in the world, are derived from the Sisquoc formation near Lompoc
and have been the basis of an important mining industry for many years. (The sequence
of sedimentary rocks found in the County is summarized in the columns shown in
Figures 1 to0 6.)
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FIGURE 1

SEDIMENTARY ROCK UMITS SOUTH QF SANTA YNEZ FAULT
EAST OF SAN MARCOS PASS

(From T. W. Dibblee: California Division of Mines
and Geology, Bulletin 186, 1966)
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IGURE 2

SEDIMENTARY RUCK UNITS SOUTH OF SANTA YNEZ FAULT,
WEST OF SAN MARCOS PASS

(From T. W. Dibblee: California Division of Mines
and Geology, Bulletin 186, 1966)
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SEDIMENTARY ROCK UNITS NORTH OF SANTA YMEZ FAULT

(From T. W. Dibblee: California Division of Mines

and Geology, Bulletin 186&,
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FIGURE 4

SEDIMENTARY ROCK UNITS IN WESTERN SANTA BARBARA COUNTY;
WESTERN SANTA YNEZ MOUNTAINS

(From T. W. Dibblee: California Division of Mines
and Geoloagy, Bulletin 150, 1950)
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FIGURE 5

SEDIMENTARY ROCK UNILTS IN WESTERN SANTA BARBARA COUNTY;
SOUTHERN SANTA MARIA BASIN

(From T. W. Dibblee: California Division of Mines
and Geology, Bulletin 150, 1950)
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Igneous rocks are quantitatively uni mpor t ant on t he Countyos
associated mostly with the Franciscan formation exposed in the San Rafael Mountains,

the Casmalia Hills, and at a few places in the Santa Ynez Range. These rocks are of
considerable interest as far as Californaés geol ogi c history is <co
those outcrops near Point Sal in the Casmalia Hills, but apart from the serpentines and

small amounts of chromite, they are of little economic interest. Serpentines are
metamorphic rocks of greenish, blackish, or grayish color formed by the alteration of

earlier volcanic rocks. Where serpentine crops out extensively, as on the slopes of

Figueroa Mountain, landslides and unstable ground are ever-present deterrents to land
development.

One of t he Cooublesoyné sock mmitsis thet Rincon mudstone, which is
exposed in a band on the south face i and locally on the north flank - of the Santa Ynez
Mountains from near Point Conception eastward to the County line at Rincon Creek.
The Rincon forms grass-covered slopes in the upper foothills, resulting in open country
free of chaparral whose smooth, rounded slopes have encouraged development.
Unfortunately, this rock readily breaks down into an unstable, heavy, clay soil, which
expands when wet and develops deep cracks when dry. It slumps naturally and
frequently where slopes occur. These unfavorable characteristics have proved costly
and troublesome where houses and roads are built on this rock unit. Where the terrain
is flat, structures have been damaged by the constant expansion and shrinkage of the
soil; where slopes occur, these effects are augmented by the tendency for soil creep,
slumps, and landslides to develop.

To some extent, soil s devel oped on the Mo nt
difficulties, although as a rule they are not as severe.

Several other formations have characteristics that can produce special problems. The
Fanglomerate or Older Alluvium, which occurs discontinuously in the lower foothills of
the Santa Ynez Range, is so excessively bouldery (it contains huge blocks of
sandstone, often eight to ten feet across) that any construction can prove extremely
costly if excavation is required. The Santa Barbara formation, which occurs in patches
on the coastal hills and in the lower foothills from Carpinteria to Goleta, is so soft and
weakly cemented that it is rapidly gullied and washed wherever the protective
vegetative cover is removed. Steep slopes are especially hazardous unless great care
is taken to maintain the vegetative cover intact.

In the northern part of the County, the old dune sands, which extend well into the
eastern Santa Maria Valley and Santa Rita Valley behave erosionally much as the
Santa Barbara Formation does. The dunes are naturally covered by short grass and
other annuals that effectively stabilize the sand. Where this cover has been removed,
however, the soft and uncemented sands are quickly picked up by wind, and little scars
become larger as sand is blown away. This sand is somewhat subject to gullying as
AJ el | opeshare tgenexrdlly minimal so that wind erosion is usually the most serious
problem.

25



Seismic Safety & Safety Element
Republished February 2015

Volcanic rocks are uncommon on the mainland. Some basalts and rhyolites do occur in
the western Santa Ynez Range near Mount Tranquillon, but by far the larger portion of
the volcanics is found on offshore islands, particularly on Santa Cruz. Much of the north
coast of Santa Cruz, from Prisoners Harbor to the western tip, is composed of a thick
mass of basaltic and andesitic flows, some of which were once quarried to build the
Santa Barbara breakwater. Basaltic rocks occur on both Santa Rosa and San Miguel
islands, but not as abundantly as on Santa Cruz. Much of the western half of tile South
side of Santa Cruz is composed of volcanic rocks also, but these are tuffs,
agglomerates, and fragmental volcanics rather than flows. Santa Barbara Island is
composed entirely of basaltic lavas.

GEOLOGIC STRUCTURE

Faulting

A general description of faulting is given here. For a more detailed discussion of faults

and theirrelationshi p t o sei smic hazards see secti
and fADescription of Il ndi vidual Faul ts. o

several major ones. The main faults have been named, and are shown on the Geologic

and Seismic-Tectonic maps. A large number of small, generally insignificant faults are

also present but are not named. In the coastal zone, the main faults generally trend

east-west; in the northern part of the County they are generally northwest-southeast,

thus conforming to the two predominant trends in California.

North of Santa Ynez Valley, major structures are the north and south Cuyama faults,
their eastern extension the Ozena fault and the Nacimiento fault,® a major feature which
extends from near Monterey southward to join the Big Pine fault near Big Pine
Mountain. The Big Pine fault, itself a major southern California fault, extends eastward
as far as the San Andreas fault, some twenty-five miles east of the Santa Barbara 1
Ventura county line. South of Big Pine Mountain, major Santa Barbara County faults
include parallel and sub-parallel faults like the Little Pine, Camuesa, Hildreth, Munson,
and Tule Creek fractures. It is probable that these faults are related to the Nacimiento
fault system of the Coast Range province.

The Nacimiento fault is the major structural feature of the southern Coast Ranges,
although i1its history is the | east known
partly to the regionds poor acc galeg tha fauit
for perhaps a million years or more. This fault is believed to have significant strike slip in
a right lateral sense, with coastal segments moving northwestward relative to the
landward block. The Nacimiento system is actually a complex network of parallel and
subparallel faults, which, in Santa Barbara County, broadly includes the Cuyama, Suey,
Little Pine, Camuesa, and western segment of the Big Pine faults. Although these faults
appear to be related, the Little Pine is a thrust, the Big Pine a reverse with left lateral
slip, and the Camuesa an oblique fault with at least some right lateral slip.
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South Coast Study Area ~ West

Geologic Map

ajrTeT

QusTE mLEE

FENTISAT
P

Stratigrephie Explenation (Includes only formotions
orourring within bounderies of urben study arcas}

Taevnes Fapetin

H - Vil Py s
£ [em——
! e
e s
pEEEE
o
ey
T .

Bl Baen P

Snres di Tl el
r

B Waria 1 a iy

o b

meea e i

D
Thapmws deminr

Fl

Enfaiuig

ETTtEy

L e
mamieaey IJwsie

it MRERELHE
JI

=
o

iaprim b F
Ll

=]

D L =
s e s

bain Waiin Undey
iy |

e

[WE]

Conlact Between Formations
Inlerred Conlact
Concealed Conlacl

Fault, Showing Dip and Relative Movement
U - Upthrown Side. b - Downthrown Side

Inferred Fault

Concealed Faull

Uncertain Contect or Foull

Axig of Anticline, Direction of Plunge
Axis of Synecline, Direction of Plunge
Sirike and Dip of Beds

Strike and Dip of Overlurned Beds
Strike of Verlical Beds

Horizonial Beds

Approximate Dip of Beds, Strike Uncertain
Conglomerale Beds

Location of Faull, Fold, Contact Irom
Water Supply Faper or Other Source

For degree of dip ond Geologic Map references, see
original 2,000° acale map on file kn the County
Department of Public Works oflice.

28




Seismic Safety & Safety Element
Republished February 2015

SOUTH COAST AREA - EAST

r
|

) ;_-.;:fjn_mnr AR nuuar;w—-\_ E:E
E—— “:L':‘ i
Ty e ® "
= I_LL ’4,'[

| /

______ 1,

/

SANTA BARBARA

29



Seismic Safety & Safety Element
Republished February 2015

South Coast Study Area ~East
Geologic Map

Stratigraphic Explanation (Includes only formalions | e .
securring within boundaries of urben study arcas) | ﬂ—| ———— Conleel Between Formations

| 0 Inferred Contact
‘ ' L Concealed Contacl
[ttt 5
'f—-L. Feult, Showing Dip and Relative hovemenl
L U = Upthrown Side, I - Downthrown Slde

nferred Faull

Coneealed Faull

Uncertain Cofilact or Faull

Axis of Anticline , Directon of Plunge

AT

Axis of Syncline , Direction of Plunge
Strike and Dip of Beds

Strike and Dip of Overiurned Beda
Strike of Vertical Beds

Horizontal Beds

Approximete Mp of Beds, Strike Uncertain

= Conglomaratle Beds
Locetion of Fault, Fold, Cantact from
Water Supply Paper or (ther Source

TR
ST

P

N I " ‘" L For degree of dip end Ceslogic Mep references, see
| Eg"—'_--“-_ I n original 2,000 scale map on file in the Counly
| e Pl ! ll Frmsore i wrnanie foe. Department of Public Works office.

30



Seismic Safety & Safety Element
Republished February 2015

Santa Ynez lﬁﬂeg Study Area

Gealag:’c Map

Etratigraphic Explanation {Includes omly formations
creurring wlthin boundaries of urben atudy aress)

T

‘ [ [

arcEsn

S TERRA]

TR

r

“mer P

THETt
LT
e e

! [

[

Naim barism
[T r—

TEATIAEE

A Banpal

CRETaiA S

Lo e i

vrrre |

[

Barvn Hisss Baduy

Eppar hentar

!E

iy agmir

(=]

lmar Bambar

masiasay Buals

H
5
a

Bumin Hails Pier
forarlug g ==

(e

Caniact! Belween Formations
Inferred Contact
Concealed Contact

Faull, Eru.nwlug Dip and Relative Movement
L' - Upthrown Side, I - Dewnlhrown Side
====-Inferred Faull
Concenled Faull

Unecertaln Contact ar Frult

—4}—=  Axie of Anticline, Direction of Flunge
_*_ -  Axig of Syncline, Direction of Plunge
- Birike and Olp of Beds

b= Sirike and Dip of Overiurmed Beds
— Sirike of Vertical Beds
-] Horlzontal Beds

Approximate Dip of Beds, Strike Uncertain

Conglomerate Beds

Loentidn of Fault, Fold. Contact from

WE
C— Waler Supply Paper or Other Source

For degree of dip and Ceologic Map relerences, see
originel 2.000° scale map on flle in the County
Depariment of Public Worka office.

31



Seismic Safety & Safety Element
Republished February 2015

SANTA YNEZ VALLEY AREA
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