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EXECUTIVE SUMMARY 
Planning and Regulatory 
For planning purposes, geologic, soils, and seismic hazards play an important role in the selection of 
development locations, of the process necessary to develop a safe project, and of the studies necessary to 
design a project to avoid or withstand natural hazards.  The General Plan Safety Element provides guidance 
to accomplish these steps and information useful to begin the development planning process.  Geologic and 
soils hazards potentially affecting the City  of San Marcos include slope instability, severe erosion, and 
geotechnical constraints such as expansive, corrosive, organic-rich and collapsible-compressible soils, as 
well as seismic events (earthquakes).  Seismic hazards result from the primary action of an earthquake (e.g., 
strong ground shaking and surface fault rupture) and from the secondary effects of the earthquake shaking 
(e.g., liquefaction, induced settlement, landslides, ground fissures, dam failure inundation, tsunami, and 
seiche). 
 
Regulations, codes, and laws ensure that proper precautions are taken in advance of development to prevent 
unreasonable levels of damage, injuries, or fatalities.  The primary applicable regulatory measures are: 
 
--1970 California Environmental Quality Act 
--1972 Alquist-Priolo Special Studies Zones Act 1971 
--1986 Unreinforced Masonry Law 
--1990 Seismic Hazards Mapping Act 
--1999 Natural Hazards Disclosure Act 
--2001 State Historical Building Code, and 
--2006 International Building Code adopted as San Marcos Municipal Code Section 17.08.010 
 

Seismic and Geologic Conditions 
The City of San Marcos has similar geologic and seismic conditions to other cities in the inland areas of 
coastal San Diego County.  Millions of years of sediment deposition and tectonic uplift in this area, between 
the Elsinore fault system on the east and the offshore inner continental borderland faults on the west, have 
juxtaposed younger alluvial deposits in San Marcos Creek with the old sedimentary, metasedimentary, and 
crystalline basement rocks in the surrounding hills.  Examples of active and potentially active faults that are 
(a) in close proximity to the City are the Rose Canyon, Newport-Inglewood (onshore), and Elsinore faults), 
(b) underlie the City (the Oceanside-Thirty Mile Bank blind thrust), or (c) lie at some distance from the City 
(e.g., San Andreas, San Jacinto, and Whittier faults).  No designated Alquist-Priolo Earthquake Fault Zone or 
other nearby “young faults” are mapped within the City or are projecting toward the City.   
 
Earthquake shaking has affected the City in the historic past, with a few large, distant earthquakes occurring 
within the recent memories of many residents.  Events centered some distance from the City (e.g., 1992 
Landers/Big Bear and 1986 Oceanside) were unsettling but caused relatively minor local disruptions.  For 
example, the 1992 magnitude (M) 7.3 Landers earthquake main shock occurred about 135 kilometers (84 
miles) northeast of San Marcos and had little damaging effect.  Lesser minor effects were experienced from 
the 1992 M6.7 Big Bear and the 1986 M5.3 Oceanside earthquakes.  However, the November 1800 “San 
Diego region” earthquake (estimated M6.5) about 20 kilometers (~13 miles) to the west of the City of San 
Marcos is estimated to have had a Modified Mercalli Intensity of about VIII which could have caused 
substantial damage to elements of the current City infrastructure. 
 
Elevations in the City range from approximately 1715 feet above mean sea level (amsl) at Mt. Whitney on 
the south to about 325 feet on the southwest where San Marcos Creek cross the City boundary.  
Development is present throughout the City of San Marcos, occupying the lower elevations in the San 
Marcos Creek valley and Twin Oaks valley areas, and the hillside areas surrounding these valleys.  
Underlying formations are young and older alluvium in the lowest areas, sedimentary and crystalline rocks in 
the intermediate elevation hills, and metavolcanic/crystalline rocks in the higher hills and mountains.   
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The alluvial surface in the central section of the City and in the City Hall area is underlain young alluvium 
over crystalline tonalite “hard” bedrock.  Older alluvium occupies limited valley bottoms in the eastern 
position of the City.  A relatively “soft” bedrock formation underlies the westernmost portions of the City 
and consists of poorly bedded sandstone, siltstone and claystone with conglomerate.  The Cerro de las Posas 
Mountains (with Mt. Whitney, Double Peak, and Frank’s Peak), as well as the surrounding higher hills and 
hills around Twin Oaks valley, are underlain by “hard” metavolcanic rocks with some plutonic crystalline 
rocks.  These units are cut by San Marcos Creek and numerous unnamed secondary drainages filled with 
younger alluvium consisting of slightly consolidated silt, sand, and gravel. 

Seismic and Geologic Hazards 
The following seismic and geologic hazards are considered: 
• Primary seismic hazards 

o Ground shaking (strong earthquake ground motions)  
o Surface fault rupture 
o Co-seismic uplift, folding, and tilting  

• Secondary seismic hazards 
o Earthquake-induced landslides 
o Liquefaction, dynamic consolidation, and differential settlement 
o Ground lurching and cracking, fill mass deformation  
o Dam failure inundation/flooding 
o Flooding from tsunami and seiche   

• Slope instability (landslides, mudslides, and debris flows) 
• Poor geotechnical/soils engineering properties (expansive, collapsible, and corrosive)  
• Shallow groundwater 
• Flooding from tsunami and seiche   
• Subsidence 
• Flooding 
 
Primary and secondary seismic hazards, slope instability, and geotechnical properties have the greatest 
potential to affect planning decisions in the City, in particular strong ground shaking, liquefaction, 
earthquake-induced and other landslides, and artificial fill deformation/failure.  For most geologic, seismic, 
and geotechnical conditions there are standard and special design measures available to minimize adverse 
effects on populations and structures, however in some cases avoidance (setbacks) from a geologic or seismic 
hazard may be necessary. 

Potential Earthquake and Geologic Effects on the City 
Based on the historic earthquake record, the potential for damaging earthquakes in the City of San Marcos is 
lower than is typical of most southern California cities, however severe local earthquakes (as large or larger 
than the 1992 M7.3 Landers and 1800 approximately M6.5 San Diego area earthquakes) may occur within a 
relatively short distance, for example less than 30 miles.  Such earthquakes would most likely occur more or 
less aligned with major strike-slip faults having recognizable ground or ocean bottom surface features (e.g., 
the Rose Canyon, Newport-Inglewood (offshore), Elsinore, Coronado Banks (offshore), and San Andreas 
faults), but also on less well understood blind thrust faults (e.g., the Oceanside [1986 M5.3 Oceanside] and 
Oceanside [possibly the 1769 ~M7.3?] blind thrust earthquakes) having more subtle surface expressions.  
The Oceanside blind thrust (or detachment) fault is documented and although it is not well characterized 
appears to lie beneath the City posing a potential earthquake threat.  Depending upon the type of source fault, 
the depth of the energy release, and the magnitude of the earthquake, there may be some ground tilting and 
uplift above a blind thrust.  Area-wide and regional uplift was associated with other southern California blind 
thrust earthquakes (1987 Whittier and 1994 Northridge).  Based on the lack of known faults within the City, 
the potential for surface fault displacements is considered very low. 
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Earthquake-related hazards and geologic hazards have the potential to cause serious property damage and 
serious/fatal injuries if the seismic event is large enough to generate short duration high peak ground 
accelerations, or long duration moderate to high ground accelerations.  The earthquake effects on structures 
and facilities will depend upon the size and location of the earthquake being considered, the specific location 
within the City, and the condition of the facility.   A list of community facilities considered essential, 
important, or critical by the City of San Marcos is considered.  These are subdivided into (a) police, fire, and 
City Hall (b) government buildings and facilities, (c) medical facilities and nursing homes, and (d) schools.  
Also considered are freeways, bridges, utilities, reservoirs, railroads, and dams.  Discussions are qualitative 
and presented in relative terms.  The intent is to highlight facilities and locations where concerns may be high 
in order to provide an emergency planning tool for the City, and to encourage potential future facility studies 
and/or upgrades in the context of the report’s technical discussions and maps. 
 

1 INTRODUCTION 
 

1.1 Overview 
 
In order to comply with State Guidelines for environmental impact reports (EIR) and General Plan 
documents, it is necessary to look at a wide range of potential geology, soils, and seismic related topics, and 
to provide an adequate understanding of geotechnical and engineering geologic issues affecting land use 
planning decisions.  These topics include: 
 

• Ground shaking (strong earthquake ground  
motions)  

• Surface fault rupture 

• Earthquake-induced landslides 
• Subsidence 
• Compressible, collapsible, or expansive 

• Co-seismic uplift and folding        soils 
• Liquefaction, differential compaction and settlement • Flooding from dam failure 

• Flooding from tsunami and seiche 
• Ground lurching and cracking, fill mass 

deformation 
• Landslides and slope instability 
• Groundwater Depth 

 
This technical background report is designed to support preparation of the General Plan EIR and the Safety 
Element for the City of San Marcos.  As such the document contains up-to-date information on the seismic 
and geologic conditions within and around the City, which will potentially affect the persons and property in 
the City in the event of a local geologic hazard or a major earthquake in southern California.  Discussion is 
also provided for the buildings and infrastructure most important to the citizens and City personnel in the 
event earthquake-related effects are particularly severe in the City. 
 
As the City of San Marcos undertakes expansion, redevelopment, and in-fill the technical conditions 
mentioned above must be taken into account.  Existing building codes and land use planning requirements 
can address most of the hazards inherent in the geologic and seismic setting of the City.  As newer, more 
accurate geologic, soils, and seismic information has been developed since the last General Plan update, it is 
possible to better identify the hazard areas and to account for them in future development.  Sources for this 
information include generalized regional reports and maps, and some site-specific information obtained from 
the City. 
 

 
 
1.2 Geologic and Seismic Hazard Planning Considerations 
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Geologic and seismic hazards play an important role in the planning process with regard to the selection of 
development locations, the definition of processes necessary to develop safe projects, and the studies 
necessary to design a project to avoid or withstand these natural hazards.  The General Plan Safety Element 
provides guidance to accomplish these steps and information useful to begin the development planning 
process.  Seismic hazards result from the primary action of an earthquake (strong ground shaking and surface 
fault rupture) and the secondary action affects caused by the earthquake shaking (liquefaction, induced 
settlement and landslides, ground fissures, seiches).  Laws, regulations, and codes are established to ensure 
that proper precautions are taken in advance of development to prevent unreasonable levels of damage, 
injuries, or fatalities. 
 
Seismic ground motion (earthquake shaking) hazard concerns increase with the increasing importance of a 
development or an individual structure.  The importance may relate to essential services (hospitals, police 
and fire, 911 capability, traffic management centers), schools, critical lifelines (pipelines, freeways, 
aqueducts), high-occupancy structures (hotels, multi-story office buildings), or concentrated residential 
development.  Often, engineers and geologists consider in seismic design calculations the largest earthquake 
that is thought possible for a particular fault to create a “deterministic” earthquake calculation for the 
maximum considered (most severe) earthquake effects on a development or on a section of a City.  This 
maximum magnitude earthquake (Mmax), sometimes referred to as the Upper Bound Earthquake (UBE), 
ground motion has a statistical recurrence interval of 949 years and would produce earthquake ground 
motion “intensity” with a 10 percent probability of being exceeded in 100 years.  This is a stringent design 
standard used for public schools, hospitals, and other critical facilities (dams, reservoirs, power plants).  A 
lesser although still stringent, standard is the maximum probable earthquake (MPE) or Design Basis 
Earthquake (DBE), which has a statistical recurrence interval of 475 years and would produce ground 
motions with a 10 percent probability of being exceeded in 50 years.  These two fault-specific design 
standards are embodied in the building codes adopted by State organizations and local jurisdictions as 
applied to a development project when considering the importance of a facility and its proposed use, as well 
as its projected design life. 
 
Professionals responsible for the planning, design, construction, and operation of development projects use 
these (and other) earthquake design levels to provide the necessary margin of safety for the project being 
considered.  Another approach to defining the seismic design parameters (earthquake peak horizontal and 
vertical ground acceleration, earthquake wave period, and the duration of strong ground motion) is 
Probabilistic Seismic Hazard Assessment (PSHA).  This method considers all faults, and their characteristic 
earthquakes, within 100 kilometers of a site or a development area.  The seismic design parameters are 
computed considering the probability of exceeding a certain “intensity” of each parameter (similar to the 
fault-specific UBE and DBE earthquake ground motions); this approach is generally applied to important 
facilities and is also embodied in building codes.  
 
Earthquake intensity is often presented as a measure of the effects (either actual or predicted) of an 
earthquake at a particular location, including actual/potential damage (e.g., light or severe), one’s perception 
of shaking (e.g., felt or unable to stand), and permanent topographic changes (e.g., uplift, landslides, or fault 
rupture).  In the United States the most commonly cited intensity scale in the Modified Mercalli Intensity 
Scale (MMI) developed in 1931 and modernized over time largely to reflect changes in the types of 
structures that may be damaged.  Roman numerals represent increasingly more intense shaking from MMI I 
(not felt) through MMI XII (damage total).  Seismologists have also related these general categories to 
ranges of peak ground acceleration and peak ground velocity.  Variations in intensities depend upon the 
distance from the earthquake to the site, the site rock and soil conditions, and variations in the propagation of 
earthquake waves due to subsurface complexities (e.g., local alluvial basin depth and shape). 
 
Geologic (and soil) hazards and surface fault rupture, in contrast to seismic ground motion hazards, are more 
susceptible to direct observation and testing to determine the degree of hazard, and to specify a remediation 
or avoidance strategy.  These hazards include potentially unstable slopes, landslides, mudflows, severe 
erosion or flooding, expansive and compressible soils, shallow groundwater, and several secondary seismic 
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hazards arising from geologic conditions.  These secondary hazards may include liquefaction, deformation of 
large fill masses, dam failure-induced flooding, and seiches. 
 
In summary, geologic and seismic hazards must be considered in all phases of the development cycle from 
the earliest conceptual planning to the operations and eventual decommissioning of a facility.  Building 
codes and general plan documents provide regulations, specifications, and strategies to cover most hazard 
conditions, if the proper detailed studies are performed to recognize the hazards, to define their potential 
severity, and to provide an adequate design that considers the importance, use, and life span of the facility. 
   

2 EXISTING GEOLOGIC AND SEISMIC SETTING 
 
The City of San Marcos and several “neighborhood areas,” contiguous with and outside the established City 
boundary, are considered and are collectively referred to as “the City.”  Topography in the City consists of 
relatively low mountains with primary ridges and secondary ridges and canyons (USGS, 1975 and 1983).  
Moderately wide alluvial valleys border the mountains.  North of State Route 78 (SR-78) the San Marcos 
Mountains and the Merriam Mountains serve as watersheds to Twin Oaks Valley, which feeds from north to 
south into San Marcos Creek.  San Marcos Creek trends generally east to west through the central portion of 
the City draining into and out of Lake San Marcos in the southwest portion of the City.  South of SR-78 are 
the Cerro de las Posas Mountains with a central ridge defined by Cerro de las Posas, Double Peak, Frank’s 
Peak, and Mt. Whitney; drainage from this generally east-west ridgeline is in all directions.  Southerly and 
easterly drainage enters Escondido Creek outside the City.   
 
Geologic and seismic conditions in the City (Kennedy and Tan, 2005) are similar to other local cities that lie 
inland from the coast and west of the mountains of the Cleveland National Forest (e.g., Vista, Rancho Santa 
Fe, Escondido, Rancho Bernardo, and Poway), and that generally border Interstate 5 (I-5).  Several million 
years of regional uplift and consequent erosion of the predominantly batholithic basement rock formations, 
from north San Diego County to beyond San Marcos on the south (Figure G-1), have formed the topography 
described above.  Uplift and gentle folding of the geologic formations in the coastal and inland areas is 
evidenced in the sedimentary bedding in the Eocene-age formation at the western edge of the City.  Young 
alluvium and minor older alluvium fill Twin Oaks Valley, San Marcos Creek drainage, and numerous 
secondary drainages. 
 
Natural hillsides are somewhat susceptible to surficial slope failures where soils are thickest on the steeper 
slopes.  Young alluvium is susceptible to consolidation/subsidence that can be exacerbated by earthquakes.  
Man-made water reservoirs and lakes located within or up slope from the City have the potential to fail and 
release floodwaters to local areas, in cases where water is impounded behind them.  The Twin Oaks Valley 
and San Marcos Creek valley form the San Marcos Area groundwater basin under the City; historically 
shallow groundwater is reported within the areas of young alluvium.  Where groundwater is shallow and 
sediments are sufficiently loose, large earthquakes may cause liquefaction of the alluvium and settlement of 
overlying man-made structures.   
 
San Marcos has experienced mild to moderate earthquake shaking in the historic past, however generally has 
a lower potential for strong ground shaking than other areas of southern California.  Instrumentally recorded 
events centered some distance from the City (e.g., 1992 Landers and Big Bear, and 1994 Northridge) caused 
only minor local disruptions and a few less well located historic events (e.g., 1800 and 1918) may have 
caused moderate to substantial damage to normal structures.  Substantial disruption from these earthquakes 
occurred nearer the epicenters reminding southern California residents that every several years another area 
of southern California is vulnerable to a "direct hit.”  With earthquake prediction still a distant goal, it is 
important that each City and citizen do what is within its means and power to create policies that will 
maximize the protection to lives and property. 
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2.1 Seismic Conditions 
 
2.1.1 Faults 
 
Two types of fault impacts are important to consider in San Marcos.  Fault-generated earthquake ground 
shaking is the most critical impact due to its widespread effects and to the severe damage resulting in 
economic losses and the injury or death of people.  The other important impact relates to ground movement, 
e.g., co-seismic uplift, ground lurching, ground cracking, and liquefaction.  Surface fault rupture does not 
appear to be an issue in the City based on available data.  While these other ground movement effects are 
more limited in extent than strong ground shaking, the impacts on structures and the public can be severe 
depending upon the size and proximity of the causative earthquake. 
 
In cases where earthquakes are large or hypocenters are shallow, ground rupture can occur along the source 
fault plane where it intersects the earth's surface.  The potential for surface fault rupture hazards in the City is 
considered extremely low, there are two mapped faults within the City about which little is known.  “Active” 
faults (demonstrated offset of Holocene materials [less than 10,000-12,000 years ago] or significant seismic 
activity) and “potentially active” (Pleistocene [greater than 12,000 but less than 1,600,000 years ago]) faults 
(as defined by the CGS) must be considered as potential sources for fault rupture.  In general, the younger 
the last movement is on a fault, the higher the potential for future movement on that fault. 
 
Only two surface faults and one possible blind thrust fault are documented or believed to directly underlie 
the City of San Marcos, each having different potential impacts, and each having differing levels of 
information regarding their degree of activity and damage-generating potential (see Figure G-1 for locations 
of regional faults).  These faults are: 
 

• The potentially active Oceanside detachment/blind thrust potentially beneath the City (Rivero and 
others, 2000), and 

• Two unnamed “non-active” faults at the southeast edge of the City (Kennedy and Tan, 2005) 
 
2.1.1.1 Oceanside Blind Thrust 
 
The Oceanside blind thrust (OBT; Figure G-1) is a buried low-angle thrust fault dipping approximately 14- 
to 25-degrees (Rivero and others, 2000; Crouch and Suppe, 1993; Bohannon and Geist, 1998; Mueller and 
others, 1998) to the northeast and identified in the offshore from roughly Dana Point to south of Oceanside.  
The OBT projection and dip angle have not been defined onshore to the east.  Models of the subsurface 
conditions used to approximate the fault plane (Rivero and others, 2000; Figure G-1) suggest the fault is 
most likely below or adjacent to the offshore Newport-Inglewood fault zone.  What are though to be fold 
scarps mark the seafloor surface expression of the OBT for approximately 20 miles of its length.  The 
onshore projection of the OBT may lie at a depth of roughly 8-kilometers beneath the City of San Marcos 
(based on Rivero and others, 2000). 
 
It is indicated that the OBT upper plate has moved to the west causing uplift and folding of the coastal 
marine terraces from Dana Point south to at least the U.S-Mexico border.  Rivero and others (1999) 
estimated that these terraces have risen at a rate of 0.07 to 0.17 millimeters per year (mm/yr), which matches 
well with previous work documenting measurements of paleoshoreline elevations and radiometric age dates.  
Based on many factors Rivero and others (2000) conclude that the potential exists for a M7+ earthquake on 
the Oceanside blind thrust with a recurrence interval of 600 to 8800 years depending upon the scenario 
chosen.  Currently the extent and earthquake potential of the Oceanside blind thrust are not settled. 
 
It appears that the 1986 M5.3 Oceanside earthquake showed a thrust mechanism and was centered on the 
Thirtymile Bank blind thrust further offshore from the Oceanside blind thrust, suggesting the activity of these 
suspected detachment fault features.  The expected return period for M7+ earthquake events is very long and 
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may be considered outside the City planning horizon except for critical and important facilities.  Various 
levels of uncertainty relative to the location and the potential for future movement (in a timeframe that may 
impact planned development in the City) characterize the OBT.  The California Geological Survey has an 
active program to determine if further earthquake fault sources should be defined in southern California, but 
these efforts are not focused on blind thrust faults.  Blind thrust fault hazards are primarily related to strong 
earthquake ground shaking, liquefaction/dynamic settlement, earthquake-induced landslides, regional uplift, 
and possibly ground tilting, arching, and cracking. 
 
2.1.1.2 Unnamed Faults at the East Edge of the City 
 
Kennedy and Tan (2005) identify two (non-active) faults, one oriented roughly northwest-southeast and one 
oriented roughly east-northeast to west-southwest just within the southeastern City boundary, a sparsely 
developed area.  As defined by Kennedy and Tan (2005) these faults offset only very old igneous and 
metamorphic basement rocks and a concealed beneath the young alluvium (11,000 years or younger). 
 
2.1.2 Historic Earthquakes and Ground Shaking 
 
Earthquakes generally occur on faults, which are planar features within the earth.  Numerous regional and 
local faults (Figure G-1; USGS, 2008 and SCEC, 2009) are capable of producing severe earthquakes of 
magnitude (M) of 6.0 or greater.  Several recent historic earthquakes in southern California have been of a 
sufficiently high magnitude to be felt in San Marcos; the few events above M5.0 within 50 miles are shown 
on Figure G-1 (SCEC, 2009) and those above M6.0 within 100 miles are shown in Table G-1.  (Magnitudes 
are generally expressed as M for Richter magnitude (equals ML for local magnitude); MW for moment 
magnitude may be used in some instances.  The specific method of computing each magnitude is available 
from numerous sources.)  It is not known that any of the following “felt” earthquakes caused damage or 
injuries in the City area or in nearby communities.  The most recent "felt" earthquakes (Blake, 2002) are the 
1933 Long Beach (Mw = 6.4), the 1992 Landers (Mw = 7.3) and Big Bear (ML = 6.5), and the 1994 
Northridge (Mw = 6.7) earthquakes.  Estimated Modified Mercalli Intensity values (MMI; Table G-2) in San 
Marcos were less than MMI VI. 
 
A list of select historic earthquakes felt in San Marcos is provided in Table G-1 and the statistical distribution 
of earthquakes by magnitude during the same period is shown in Table G-3.  Table G-1 shows the “top ten” 
earthquakes within 100 miles of San Marcos City Hall (latitude 33.1413 o north, longitude -117.1602 o west).  
The ten highest magnitude earthquakes produced only five of the highest estimated MMI values, all greater 
than VI and all but one prior to modern recordings (1800 and 1918).  The six highest estimated MMI/peak 
horizontal acceleration values were for earthquakes within 84 miles of City Hall ranging in magnitude from 
5.0 to 7.6.  The 1800 “San Diego area” earthquake (VIII) had the highest estimated intensity and may have 
been located within approximately 12.7 miles of City Hall. 
 
No instrumentally recorded earthquake of greater than M6.0 has occurred within 50 miles the City of San 
Marcos; the 1933 Long Beach earthquake on the Newport-Inglewood fault zone near Newport Beach was 
about 57 miles away.  It is estimated that this earthquake caused an MMI shaking intensity effect of between 
V classified as moderate shaking and very light damage.  The M7.6 Landers event in 1992 approximately 84 
miles away produced a slightly higher MMI value of VI (strong shaking and light damage).  General 
background seismicity (Figure G-1; SCEC, 2009) is considered very low in this portion of San Diego County 
with earthquake activity of approximately M4 concentrated on faults to the east (Elsinore and San Jacinto), 
north (Newport-Inglewood and Elsinore Hills), and offshore to the west (Thirtymile Bank). 
 
These tables illustrate that San Marcos has not experienced strong ground motions (MMI of VI to VIII) from 
many historic local and distant earthquakes.  As documented by Rivero and others (2000), the 1986 M5.3 
Oceanside earthquake event on the Thirtymile Bank blind thrust fault suggests a larger event in possible on 
the Oceanside blind thrust possibly closer to the City than the 1800 earthquake.  As described in an earlier 
section, ground motions, intensity, and damaging effects could be much more severe than the 1986 event. 
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Table G-1 - Top Ten Earthquakes within 100 Miles of San Marcos City Hall: 1800-2003 (Blake, 2000) 

Sorted by Magnitude and Peak Acceleration/Modified Mercalli Intensity (MMI) 
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Sorted by Magnitude (within 100 miles)      
GSN 34.2010 116.4360 06/28/1992 115734.1 1.0 7.60 A 0.048 VI 84.2 (135.5) 
MGI 34.0000 117.5000 12/16/1858 10 0 0.0 0.0 7.00 0.044 VI 62.4 (100.5) 
DMG 34.3700 117.6500 12/08/1812 15 0 0.0 0.0 7.00 B 0.027 V 89.4 (143.8) 
DMG 33.7500 117.0000 04/21/1918 223225.0 0.0 6.80 C 0.063 VI 43.0 (69.2) 
DMG 32.7000 116.3000 02/24/1892 720 0.0 0.0 6.70 D 0.038 V 58.4 (94.0) 
GSN 34.2030 116.8270 06/28/1992 150530.7 5.0 6.70 E 0.026 V 75.8 (121.9) 
DMG 33.0000 117.3000 11/22/1800 2130 0.0 0.0 6.50 0.202 VIII 12.7 (20.4) 
DMG 32.9670 116.0000 10/21/1942 162213.0 0.0 6.50 0.026 V 68.2 (109.8) 
DMG 33.9330 116.3830 12/04/1948 234317.0 0.0 6.50 0.024 V 70.6 (113.7) 
DMG 34.3000 117.5000 07/22/1899 2032 0.0 0.0 6.50 0.019 IV 82.3 (132.5) 

Notes: A) Mainshock Landers; B) San Juan Capistrano (?); C) San Jacinto; D) Laguna Salada, B. C.; and E) Mainshock Big 
Bear.  
Sorted by Estimated MMI Intensity and Peak Acceleration (within 100 miles)  
DMG 33.0000 117.3000 11/22/1800 2130 0.0 0.0 6.50 0.202 1 VIII 12.7 (20.4) 
DMG 33.7500 117.0000 04/21/1918 223225.0 0.0 6.80 0.063 2 VI 43.0 (69.2) 
MGI 33.0000 117.0000 09/21/1856 730 0.0 0.0 5.00 0.059 VI 13.5 (21.6) 
GSN 34.2010 116.4360 06/28/1992 115734.1 1.0 7.60 0.048 3 VI 84.2 (135.5) 
DMG 32.7000 117.2000 05/27/1862 20 0 0.0 0.0 5.90 0.046 4 VI 30.6 (49.2) 
MGI 34.0000 117.5000 12/16/1858 10 0 0.0 0.0 7.00 0.044 5 VI 62.4 (100.5) 
DMG 33.8000 117.0000 12/25/1899 1225 0.0 0.0 6.40 0.041 V 46.4 (74.7) 
DMG 33.0000 117.0000 03/03/1906 2025 0.0 0.0 4.50 0.039 V 13.5 (21.6) 
DMG 32.7000 116.3000 02/24/1892 720 0.0 0.0 6.70 0.038 V 58.4 (94.0) 
DMG 32.8000 116.8000 10/23/1894 23 3 0.0 0.0 5.70 0.037 V 31.5 (50.6) 

Notes: 1) San Diego area; 2) San Jacinto; 3) Mainshock Landers; 4) San Diego region (Rose Canyon or Coronado faults; SDNHM, 
2009); and 5) San Bernardino region. 

 
Several large historic/pre-instrumental (i.e., before modern seismographs) earthquakes shown in Table G-1 
are reported to have occurred within the selected 100-mile radius.  The epicenter locations of each of these 
events are considered very uncertain since they are based on damage reports and the felt intensity of shaking.  
Damage and intensity can be highly affected by local geology and not just distance to the epicenter. 

 
 

Table G-2 - Modified Mercalli Intensity Scale (Abridged Version) 1 
Average 

Peak 
Velocity 
(cm/sec) 

 
Intensity Value and Description 

Average 
Peak 

Acceleration 
(% gravity) 

<0.1 I.           Not felt except by a very few under especially favorable circumstances  
(I Rossi-Forel scale). 

<0.17 

 
0.1 – 1.1 

II. Felt only by a few persons at rest, especially on upper floors of high-rise buildings. 
Delicately suspended objects may swing.  (I to II Rossi-Forel scale). 

 
0.17 – 1.4 
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0.1 – 1.1 

III. Felt quite noticeably indoors, especially on upper floors of buildings, but many 
people do not recognize it as an earthquake.  Standing automobiles may rock 
slightly.  Vibration like passing of truck.  Duration estimated.  (III Rossi-Forel 
scale). 

 
0.17 – 1.4 

 
1.1 – 3.4 

IV. During the day felt indoors by many, outdoors by few.  At night some awakened. 
Dishes, windows, doors disturbed; walls make creaking sound.  Sensation like a 
heavy truck striking building.  Standing automobiles rocked noticeably.  (IV to V 
Rossi-Forel scale). 

 
1.4 – 3.9 

 
 

3.4 – 8.1 

V. Felt by nearly everyone, many awakened.  Some dishes, windows, and so on 
broken; cracked plaster in a few places; unstable objects overturned.  Disturbances 
of trees, poles, and other tall objects sometimes noticed.  Pendulum clocks may 
stop.  (V to VI Rossi-Forel scale). 

 
 

3.9 – 9.2 

 
8.1 - 16 

VI. Felt by all, many frightened and run outdoors.  Some heavy furniture moved, few 
instances of fallen plaster and damaged chimneys.  Damage slight.  (VI to VII 
Rossi-Forel scale). 

 
9.2 - 18 

 
 

16 - 31 

VII. Everybody runs outdoors.  Damage negligible in buildings of good design and 
construction; slight to moderate in well-built ordinary structures; considerable in 
poorly built or badly designed structures; some chimneys broken.  Noticed by 
persons driving cars.  (VIII Rossi-Forel scale). 

 
 

18 – 34 

 
 

31 - 60 

VIII. Damage slight in specially designed structures; considerable in ordinary substantial 
buildings with partial collapse; great in poorly built structures.  Panel walls thrown 
out of frame structures.  Fall of chimneys, factory stacks, columns, monuments, and 
walls.  Heavy furniture overturned.  Sand and mud ejected in small amounts. 
Changes in well water.  Persons driving cars disturbed.  (VIII+ to IX Rossi-Forel 
scale). 

 
 

34 - 65 

 
 

60 - 116 

IX. Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings with partial collapse. 
Buildings shifted off foundations.  Ground cracked conspicuously.  Underground 
pipes broken.  (IX+ Rossi-Forel scale). 

 
 

65 – 124 

 
 

> 116 

X. Some well-built wooden structures destroyed; most masonry and frame structures 
destroyed; ground badly cracked.  Rails bent.  Landslides considerable from river 
banks and steep slopes.  Shifted sand and mud.  Water splashed, slopped over 
banks. (X Rossi-Forel scale). 

 
 

> 124 

 
> 116 

XI. Few, if any, (masonry) structures remain standing.  Bridges destroyed.  Broad
fissures in ground.  Underground pipelines completely out of service.  Earth slumps 
and land slips in soft ground.  Rails bent greatly. 

 
> 124 

> 116 XII. Damage total.  Waves seen on ground surface.  Lines of sight and level distorted. 
Objects thrown into air. 

> 124 

1. Middle column Bolt (1993); outer columns Wald and others. (1999). 
 
 

 
 
 
 
 

Table G-3 – Statistical Distribution of Earthquakes by Magnitude Within 100  
Miles of San Marcos City Hall in the Period 1800-2003 (Blake 2002) 

Equal to or Greater Than 
Earthquake Magnitude 

Number of Times 
Exceeded 

Cumulative Number  
of Earthquakes per Year 

~Average Return 
Period (Years) 1 

4.0 1233 5.87 0.17 
4.5 442 2.10 0.48 
5.0 152 0.72 1.4 
5.5 53 0.25 4 
6.0 28 0.13 7.7 
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6.5 10 0.048 20.8 
7.0 3 0.014 71 
7.5 1 0.005 200 

1) For magnitudes equal to or greater than those in the corresponding row of column 1. 
 
2.1.3 Rose Canyon and Elsinore-Julian Scenario Earthquakes 
 
The U. S. Geological Survey (2008) “ShakeMaps” present estimates of the geographic distribution of MMI 
ground shaking intensity, as well as peak ground acceleration and other ground shaking parameters for both 
historic earthquakes and for potential future “scenario” earthquakes.  An analysis of the San Joaquin Hills 
blind thrust M6.6 scenario earthquake (USGS, 2003) indicates that for planning purposes the City of Laguna 
Hills may experience an MMI intensity of VIII (approaching IX) and a PGA of 0.36 to 0.42g.  A scenario 
analysis for the more likely M7.8 on the southern San Andreas fault zone suggest much lower values of MMI 
intensity V and PGA of less than 0.2g, and scenario analyses for M6.9 on the Newport-Inglewood and M6.8 
on the Elsinore (and others) have values between the San Joaquin Hills and San Andreas.  Future 
consideration may be given to the northeast dipping Oceanside blind thrust (Wills, et al, 2008; Grant and 
Shearer, 2004) possibly capable of a M7.3 to M7.5 earthquake located offshore and south of the City.  
Depending upon the facility or structure being considered it is likely that one of these significant faults 
would control the earthquake design considerations for the city. 
 

2.2 Geologic and Soil Conditions 
 
Table G-4 presents a summary of the distribution of geologic formations within the General Plan area by 
neighborhood designations adopted and explained elsewhere in the General Plan documents.  These percentages 
may be used in conjunction with other tables in this report to assess overall neighborhood conditions. 
 
2.2.1 Physiography 
 
San Marcos is located within the Peninsular Ranges geomorphic province, which is characterized by 
generally northwest trending mountains and valleys, located south of the Transverse Ranges and west of the 
Mojave and Colorado Deserts.  Landforms and topography (physiography) of the City are controlled by the 
distribution and character of geologic units, by fault movements, and by climate and erosion, all of which 
contribute to the sculpture of the landscape.  The generally northwest trending coastline and mountains to the 
east are influenced by the Rose Canyon and Elsinore fault zones, respectively.     
 
Elevations in the City range from approximately 1715 feet above mean sea level (amsl) at Mt. Whitney on 
the southeast to about 325 feet amsl on the southwest where San Marcos Creek exits the City (USGS, 1983, 
San Marco and Rancho Santa Fe quadrangles; USGS, 1975, Valley Center and Escondido quadrangles).  
Development is present throughout the City of San Marcos, occupying the lower elevations in the San 
Marcos Creek valley and Twin Oaks Valley areas, and the hillside areas surrounding these valleys.  The San 
Marcos Creek valley area ranges from about 500 feet amsl on the west to about 700 feet amsl on the east.  
Elevations in Twin Oaks Valley range from about 500 feet amsl on the south to about 1000 feet amsl on the 
north.  

TABLE G-4 – Percent Surface Area of Mapped Geologic Formations by Neighborhood 

G
E

O
LO

 
 

PERCENTAGE OF EACH GEOLOGIC  
UNIT BY NEIGHBORHOOD 

(GRAY SHADE = NOT MAPPED; KENNEDY AND TAN, 2005) 
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Man-made Artificial 
Fill (Qaf/<0.1%) 

     
 

  

Alluvium (Qa/0.3%)  1.44%   1.97%    

Landslide Deposits 
(Qls/0.1%) 0.09%  

 
 0.39%  0.18% 

 

Young Alluvium 
(Qya/16.5%) 21.96% 16.44% 68.16% 10.60% 40.34% 5.14% 3.31% 3.42% 

Q
ua

te
rn

ar
y 

Older Alluvium 
(Qoa/1.3%)    11.46%  0.03% 42.17%  

Te
rti

ar
y 

 

Santiago Formation 
(Tsa/9.7%) 

  

 

3.43% 

 

  

 

53.89% 

 

 

1.32% 

 

 

0.53% 

 

 

 

0.00% 

 

 

Tonalite (Kt/9.9%)  11.32% 25.14% 3.79% 3.28% 46.78%   

Gabbro (Kgb/3.6%) 12.78%   2.00%     

Leucogranodiorite of 
Lake Hodges 
(Klh/2.5%)  

  

 

  16.13% 7.39% 

Monzogranite of 
Merriam Mountain 
(Kmm/9.5%) 

34.55% 
  

4.85% 
    

C
re

ta
ce

ou
s 

Granodiorite of 
Jesmond Dean 
(Kjd/<0.1%) 

 

<0.01% 

       

M
es

oz
oi

c  
Metasedimentary and 
Metavolcanic Rocks 
(MzU/46.5%) 

 

30.60% 

 

67.37% 

 

6.70% 

 

67.29% 

 

0.13% 

 

46.72% 

 

37.68% 

 

89.19% 

NOTE: The gray shaded boxes indicate the geologic formation was not mapped by Kennedy and Tan (2005) within the respective 
neighborhood.  Percentage values were computed using GIS software and the two significant figures were retained to avoid rounding 
errors that would cause the column to add to less that 100% (±0.01%).  While artificial fill may be present over small areas, Kennedy 
and Tan (2005) did not map Qaf.  Substantial Qaf is found within the closed San Marcos Landfill in the far south portion of the 
General Plan area.    
 
A brief summary of the topographic characteristics of each of the City of San Marcos “neighborhoods” is 
provided in Table G-5. 

TABLE G-5 – Summary Topographic Characteristics by Neighborhood 
NEIGHBORHOODS ACRES PERCENT GENERAL TOPOGRAPHIC CHARACTERISTICS 

Twin Oaks Valley 
5493 26.0% 

Elevation range in this northernmost area is approximately 1600-
feet (Merriam Mountains) to 620-feet (south edge) with the area 
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approximately equally divided as 30%-40% valley and 60%-70% 
hillside area.  Twin Oaks Valley is bordered on the west, north, and 
east by moderately to steeply sloping (20% to 50%) hills.  The 
central valley side slopes and main drainage slope at approximately 
1% to 3%.  

College 

1661 7.9% 

This northeast area has an elevation range of approximately 1200-
feet (east hills) to 520-feet (south edge) with the area divided 
approximately 30% valley and 70% hillside.  The somewhat 
centralized wider valley is bordered on the west, north, and east by 
moderately to steeply sloping (15% to 45%) hillsides.  The main 
drainage slopes at approximately 1% to 2%. 

Richmar 

716 3.4% 

This smallest neighborhood encompasses the confluence of the 
Twin Oaks Valley and San Marcos Creek drainages with an 
elevation range of approximately 880-feet (northwest corner) to 
550-feet (southwest edge) with the area divided approximately 
70% valley and 30% hillside.    Hillsides adjacent to Twin Oaks 
Valley and San Marcos Creek valley have moderate slopes 
(approximately 30%).  The central valley side slopes and main 
drainage slope at approximately 0.05% to 2%. 

Richland 

2452 11.6% 

Elevation range in the eastern neighborhood is approximately 860-
feet (east hills) to 590-feet (southwest edge) with the area divided 
approximately 30% valley and 70% hillside.  In the northeast is the 
eastern drainage area for San Marcos Creek and other smaller 
secondary drainages feed San Marcos Creek along the 
southwestern edge of the neighborhood.  The bordering hills slope 
mildly to moderately sloping (8% to 30%) hillsides.  The main 
drainage slopes at approximately 1% to 2%. 

Business/Industrial 

2288 10.8% 

This neighborhood is comprised of the western hills northwest of 
Lake San Marcos and the greater western portion of San Marcos 
Creek valley.  The elevations range from approximately 700-feet 
(west edge) to 510-feet (south edge at San Marcos Creek) with the 
area divided approximately 45% valley and 55% hillside.    The 
western hillsides have mild slopes (approximately 10% to 15%).  
The broad San Marcos Creek valley slopes at 1% to 3% and creek 
slopes at approximately 0.05% to 1%. 

Barham/Discovery 

3326 15.7% 

Elevations within primarily the Cerro de las Posas Mountains area 
are highest at the south edge (approximately 1340-feet) to 520-feet 
(northwest corner near San Marcos Creek) with the area 
approximately divided as 10% valley area on the north and 90% 
hillside area.  Generally north facing hillsides range between slopes 
of 15% to 50%.  Secondary drainages near San Marcos Creek slope 
at approximately 2% to 3%. 

Lake San Marcos 

1693 8.0% 

This is the westernmost neighborhood and encompasses Lake San 
Marcos with an elevation range of approximately 880-feet 
(southeast edge) to 360-feet (two canyons on the west edge) with 
the area divided approximately 10% valley and 90% hillside.  San 
Marcos Creek/Lake San Marcos passes nearly north-south through 
the central portion of the neighborhood with hillside sloping 
toward the lake and to the west at mild to steep angles (10% to 
30%) hillsides.  The canyon drainages slope at approximately 3% 
to 6%. 

Questhaven/La Costa 
Meadow 

3533 16.7% 

This is the southernmost and mountainous portion of the General 
Plan area bordering Lake San Marcos and Barham/Discovery with 
primarily south-facing slopes, and elevations ranging from the 
highest on the north (approximately 1650-1680 at Double and 
Franks Peaks) to 420-feet (southwest corner), with the area 
approximately divided as 5% valley area on the north and 95% 
hillside area with south facing hillsides sloping of 20% to 80%.   

TOTAL AREA 21162 100.0%  
 
In the lower relief areas the surface slope are in the 1 to 4 percent range, while slopes in the intermediate 
relief areas are about 10 percent and the higher relief hillside (potentially unstable slopes in ungraded areas) 
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areas are 15 to 45 percent.  Within the City where tract grading has created artificial cut and fill slopes these 
can vary from less than 30 percent to greater than 100 percent.   
 
2.2.2 Bedrock Formations 
 
Based on the Kennedy and Tan (2005) geologic map the City is underlain by seven bedrock formations.  
From oldest to youngest these are the metasedimentary and metavolcanic rocks undivided (map symbol 
MzU), Granodiorite of Jesmond Dean (Kjd), Monzogranite of Merriam Mountain (Kmm), Leucogranodiorite 
of Lake Hodges (Klh), Granite of Indian Springs (Kis), gabbro undivided (Kg), tonalite undivided (Kt), and 
Santiago Formation (Tsa) (Figure G-2).  The formations with the largest surface exposure areas are the 
metamorphic rocks (MzU), the tonalite (Kt), and the monzongranite (Kmm).  Brief descriptions of these 
geologic formations are provided below from oldest to youngest in age.  Table G-6 provides a brief summary 
of the geologic units present in each of the City “neighborhoods”, including the acreages and percentages of 
each unit. 
 
Metasedimentary and metavolcanic rocks undivided (Mesozoic-MzU) - Inside and outside the City MzU 
is characterized by a wide variety of low-grade and high-grade metavolcanic and metasedimentary rocks, 
primarily metamorphosed volcaniclastic breccia, andesitic flows, tuffs and tuff breccia (Kennedy and Tan, 
2005).  These metamorphic rocks have planar features called foliation that can be planes of weakness in cut 
slopes.  The orientations of these foliation planes indicate varied strike directions and generally steep (greater 
than 40-degrees) dip angles, but site-by-site determinations are required to assess slope stability. 
 
Crystalline Plutonic Rock Formations (Cretaceous- Kt, Kgb, Kis, Klh, Kjd, and Kmm) – These six 
crystalline plutonic basement rock formations have most physical characteristics in common.  In general 
these rocks lack foliation, but may have fracture planes that can serve as planes of weakness affecting cut 
slope stability.  Overall these crystalline rock formations are massive (e.g., Kt, Kgb, Klh, and Kjd) to weakly 
foliated (e.g., Kmm and Kjd), medium- to coarse-grained (except Kis and Kjd), and contain varying 
percentages of quartz, feldspar, and accessory minerals such as biotite and hornblende.  The orientations of 
weak foliation planes indicate varied strike directions and generally steep dip angles, but site-by-site 
determinations are required to assess slope stability.  In general these rocks are hard to very hard, moderately 
fractured, and have good to excellent construction properties. 

A geotechnical investigation (IGC Incorporated, 1990) in tonalite (Kt), east of Craven Road and south of 
Discovery Street, noted seismic compressional wave velocities of 2200 to 2700 feet per second (fps; zero to 
6 feet-soil/very weathered tonalite), 5200 to 7200 fps (6 to 17 feet-moderately weathered), and 13500 to 
24000 fps (slightly weathered to unweathered) below 17 feet.  ** 
 
Santiago Formation (Middle Eocene-Tsa) – This relatively soft marine/non-marine formation is found in 
the western area of the City generally north (to Santa Fe Avenue) and west of the Lake San Marcos Country 
Club to the west City boundary.  In general the formation can consist of massive, coarse-grained, poorly 
sorted arkosic sandstone and conglomerate, medium-grained, moderately well-sorted arkosic sandstone, and 
massive claystone and siltstone interbeds that are often fossiliferous. The Santiago Formation has poorly to 
moderately well-developed bedding planes with a locally variable dip orientation in the range of 5 to 25 
degrees (Kennedy and Tan, 2005; Tan and Kennedy, 1996) predominantly to the east.  This formation is 
associated with landslides (in the siltstone and claystone units) at the westernmost edge of the City (west of 
S. Rancho Santa Fe Road adjacent to Melrose Drive), although much of the landslide area has undergone 
residential development.  Ninyo & Moore (2008) report Santiago Formation east of the Figure G-2 mapped 
area beneath Palomar College-San Marcos Campus consisting of moderately cemented, silty fine-grained 
sandstone and sandy or clayey siltstone.  In general the Santiago Formation bedrock is soft to moderately 
hard, poorly to well indurated, somewhat erodible, contains expansive clays, and has fair to very good 
construction properties. 
 

TABLE G-6 – Summary Geologic Characteristics by Neighborhood 
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NEIGHBORHOODS ACRES PERCENT GENERAL GEOLOGIC CHARACTERISTICS 
Twin Oaks Valley 

5493 26.0% 

About 22% of the neighborhood is underlain by Qya and 78% by 
four types of crystalline basement rock (30% metamorphic and 48% 
plutonic).  Qya is likely at least several tens of feet thick in the 
central portion of Twin Oaks Valley and may have relatively 
shallow groundwater near the creek.  A small surficial landslide 
(Qls) is present in a north-facing slope within the metamorphic rock 
(MzU). 

College 

1661 7.9% 

The hills bordering this neighborhood are composed of the 
metamorphic rock (MzU) which makes up about 67% of the area.  
A smaller amount of Tsa and Kt (together about 15%) are found at 
southwest and southeast portions of the area, respectively.  Qya and 
Qa make up the remaining 18%.  Qya is likely at a few tens of feet 
thick at the south edge of the area; shallow groundwater may be 
present and seepage from basement rock fractures is reported. 

Richmar 

716 3.4% 

This central neighborhood is underlain by Qya (68%) and by two 
types of crystalline basement rock (7% MzU and 25% Kt).  Qya 
may be at least several tens of feet thick at the confluence of the 
two valleys and may have relatively shallow groundwater near the 
creek. 

Richland 

2452 11.6% 

Hills comprise most of the area and are composed of the MzU 
(67%), Kgb (2%), Kmm (5%), and Kt (4%).  Qya (11%) and Qoa 
(11%) make up the remaining portion along San Marcos Creek and 
the numerous secondary drainages.  Qya may be a few tens of feet 
along San Marcos Creek and shallow groundwater may be present. 

Business/Industrial 

2288 10.8% 

The largest area of Tsa (about 54% of the western portion of the 
neighborhood) within the General Plan area is present here and a 
small landslide (Qls) is present in a north-facing slope within the 
Tsa.  Small areas of Kt (3%) and MzU (<1%) are present on the 
north and east edges of the area.  Qya and Qa make up the 
remaining 42% of the area underlying the flatter valley areas where 
the thicknesses may exceed several tens of feet; shallow 
groundwater may be present. 

Barham/Discovery 

3326 15.7% 

These hills border San Marcos Creek on the south and are 
composed of the 94% (evenly divided) MzU and Kt, as well as a 
small amount of Tsa (1%) at the western edge.  Qya and Qoa 
together make up the remaining 5% of this neighborhood nearest 
San Marcos Creek.  Groundwater has been found at 4 to 20 feet 
deep in this area. 

Lake San Marcos 

1693 8.0% 

This area is about evenly divided between Tsa (42% in the north 
portion) which has a few landslides (Qls; <1%) at the far west edge 
within Tsa.  The south portion is underlain by Kgb (1%), Klh (16%) 
and MzU (38%) are present on the north and east edges of the area.  
Qya makes up the remaining 3% of the area underlying the flatter 
valley areas. 

Questhaven/La Costa 
Meadow 

3533 16.7% 

This neighborhood forms the southern portion of the general Plan 
area and is composed of the 97% MzU (89%) and Klh (7%), as well 
as a small amount of Qya (3%) in secondary drainages on the south 
and west.  San Marcos Landfill (refuse) is located within the 
southern portion of the area. 

TOTAL AREA 21162 100.0%  
 
 
 
 
 
2.2.3 Surficial Deposits  
 
Published geologic maps reviewed for this study include the U. S. Geological Survey (Kennedy and Tan, 
2005; Figure G-2) and the California Division of Mines and Geology (CDMG; Weber, 1982 and Tan and 
Kennedy, 1996).  The USGS authors Kennedy and Tan (2005) compiled geologic maps to provide a 
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reasonably simple view of the distribution of geologic units (distinguishing bedrock and surficial into broad 
groupings) and faults in the City as shown on Figure G-2. 
 
Surficial deposits consist of relatively recent (geologically young) sediments formed by alluvial and colluvial 
processes in streams and swales, and on alluvial valleys located down gradient from canyons draining the 
local mountains surrounding the City.  These deposits have been laid down over a range of geologic time; in 
general the uppermost surficial sediments (e.g., Qa, Qls, and Qya) are Holocene (less than 10,000-12,000 
years old) to late Pleistocene (less than a few hundred thousand years old) in age.  The oldest surficial 
deposits (Qoa) may be much older approaching 750,000 years old.  It was not determined that any deposits 
within the City have been age-dated by absolute methods.  Except for artificial fill (Qaf; not formally 
mapped by Kennedy and Tan, 2005) compacted with engineering controls, the younger the age of the 
surficial deposit generally the less adequate the engineering properties are for construction purposes. 
 
The distribution of surficial units on Figure G-2 indicates that the majority of deposits within and 
immediately adjacent to the City are Qya and Qoa (Kennedy and Tan, 2005).  The younger units (Qa and 
Qls) comprise no more than a few percent of the City area.  Qa is found at the western edge of the City north 
of SR-78 and Qls at the west edge west of the S. Rancho Santa Fe Road and Bighorn-Glen Road.  Qaf will 
exist in portions of the hillside residential development areas and along the SR-78.  Qya represents 
approximately 90-percent of the surficial deposits in the City and covers the broad San Marco Creek valley 
and Twin Oaks Valley, as well as filling secondary drainages.  Surface exposures of Qoa cover less than 10-
percent of the easternmost part of the City east of Woodland Parkway; however detailed geotechnical studies 
as far west as Twin Oaks Valley Road indicate that Qoa is present in the shallow subsurface.  Colluvium is 
unmapped but would be found mainly on the lower and intermediate hillslopes between the young alluvium 
(Qya) and bedrock in the low hills and mountains.  Table G-7 provides a generalized description of the age 
and physical properties of the surficial units. 

   
Table G-7 – General Engineering Geologic Unit Characteristics 

 
Map 
Unit 

 
Age 

Relative Age and 
Environment of 

Deposition 

 
Primary Texture/ 

Grain Size 

 
General 

Consistency 

Susceptible 
to 

Liquefaction? 
[When 

saturated] 
Qaf Modern Recent artificially 

placed 
Variable Dense to very 

dense 
Not likely 

Qa Holocene Recent alluvium and 
colluvium 

Gravel, sand, silt, 
clay 

Loose to medium 
dense 

Yes 

Qls Holocene to late 
Pleistocene 

Recent to old 
landslide deposits 

Sand, sandy silt, silt, 
clay 

Loose to medium 
dense 

Not likely 

Qya Holocene to late 
Pleistocene 

Recent to old alluvial 
valley deposits 

Gravel, sand, silt, 
clay 

Loose to medium 
dense 

Yes 

Qoa Middle to early 
Pleistocene 

Older alluvial valley 
deposits 

Silty sand, clayey 
sand, silt, clay 

Loose to very 
dense 

Not likely 

 
Artificial fill occurrence would be limited to selected drainage crossings, bridge along the SR-78 Freeway, 
and residential development areas, which were not mapped by the USGS.  Geotechnical information (Ninyo 
& Moore [N&M], 2008) for the Palomar College-San Marcos Campus indicates fill materials consist of silty 
and clayey sand with gravel, and gravelly sandy silt with large rocks.  In the Twin Oaks Valley Drive SR-78 
area soils (GEI, 2008) have been described as clayey sand, sandy clay, and silty sand with some concrete and 
asphalt debris.  The fill was generally slightly moist to moist, and soft to stiff, with composition usually 
related to the local source material.  For non-engineered fill the potential for compressibility, excessive 
moisture, and dynamic settlement are typically similar to young alluvium and suitability for construction 
may range from poor to fair. 
 
The oldest surficial unit (Qoa) consists of fluvial sediments deposited within canyons.  Surface-based 
characteristics are moderately well consolidated, poorly sorted, permeable, commonly with slightly dissected 
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surfaces consisting of gravel, sand, silt, and clay-bearing alluvium that may be slightly cemented.  Potential 
for shallow groundwater, liquefaction, and dynamic settlement are typically less than for the young deposits; 
suitability for construction may range from fair to very good. 
 
Landslide (Qls) deposits have resulted from the down slope movement of soft bedrock materials, specifically 
the Santiago Formation clay-rich siltstone units.  These deposits encroach only slightly into the City in the 
area west of Lake San Marcos.  Composition of these landslide materials (which include overlying soils) 
consist of predominantly sand, silt, and clay.  These deposits are normally disturbed and poorly consolidated 
remnant bedrock masses.  Groundwater seepage is sometimes present in landslide areas, and the suitability 
for construction (e.g., slopes, foundation material) is generally poor.  High ground shaking intensity can 
further destabilize these units and may affect intact bedrock material upslope from the landslide deposits. 
 
The young alluvium (Qya and Qa) is likely a combination of stream deposits, colluvium, and debris flow 
materials that occupy Twin Oaks Valley, San Marcos Creek valley, and larger secondary canyons.  CDWR 
(2004) indicates that alluvium may be up to 175 feet thick.  In general these deposits are poorly 
consolidated/loose, poorly sorted, permeable, sand, silt, gravel, and clay-bearing alluvium that is often wet to 
saturated.  Qya has the potential for shallow groundwater, possibly liquefaction, consolidation and dynamic 
settlement.  General construction suitability may range from poor to good. 
 
A number of geotechnical investigations (IGC, 1990; SCST, 2003; LAI, 2004; GEI, 2008) have been 
conducted for the area south of San Marcos Creek and east and west of Twin Oaks Valley Road known as 
the University District (HDR, 2009).  The most extensive effort was by GEI and their drill holes and test pits 
intercepted older alluvium (Qoa) at relatively shallow depths beneath the Qya.  The City of San Marcos 
(2008) suggests that Qoa is exposed in ravines entering San Marcos Creek and is found at depths of 2 to 14 
feet.  These more detailed investigations (GEI, 2008) indicate that Qoa is loose to very dense, fine- to coarse-
grained, orange-brown and olive-brown in color, moderately to highly expansive sandy clay/clayey 
sand/silty sand.  
 
The California Building Code was updated and revised in 2007.  As with past revisions the geologic 
subgrade classification system (SA through SF) is used to classify soil profiles according to their physical 
properties.  Under this subgrade classification the upper less dense units (Qa, Qls, and Qya) would likely be 
classified as SD or SE, which is a stiff to soft soil profile.  The engineered artificial fill and older alluvium (Qaf 
and Qoa) would likely be classified as SC or SD, which is a very dense to stiff soil profile.  These 
classifications will affect seismic coefficients for earthquake design as shown by geotechnical design reports. 
 
2.2.4 Groundwater Depth 
 
The City of San Marcos overlies the San Marcos Valley Basin a small unmanaged groundwater basin 
(without active groundwater withdrawal) in the service area of the San Diego County Water Authority 
(SDCWA).  Water bearing materials are the Qya alluvium and weathered bedrock within the San Marcos 
Creek drainage from roughly S. Rancho Santa Fe Road east to Twin Oaks Valley Road.   This alluvium 
reportedly (CDWR, 2004) reaches a thickness of 175 feet and is recharged by infiltration of rainfall, 
ephemeral stream flow, and from water applied to landscaping.  Groundwater depth is roughly 10 feet near 
San Marcos Creek.  Local groundwater levels can change in response to changes in precipitation and runoff. 
 
Geotechnical studies (IGC, 1990; SCST, 2003; LAI, 2004; GEI, 2008) conducted for property southeast of 
the intersection of SR-78 and Twin Oaks Valley Road indicate that groundwater over this period was 
between 3 and 21 feet below ground surface.  SCST (2003) indicated that groundwater was encountered in 
trenches at 6 to 7 feet deep with moderate flow in the areas away from the creek and at 3 to 4 feet deep with 
heavy flow in the areas close to the creek.  Investigations at Palomar College-San Marco Campus (N&M, 
2008) indicate that groundwater was encountered at 7.5-feet below ground surface in the northern area of the 
campus and seepage was observed from bedrock areas north of the campus. 
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2.2.5 FEMA Flood Zones 
 
Some areas of San Marcos are determined to be within a Federal Emergency Management Agency (FEMA)-
designated 100-year floodplain (FP), and 100-year floodway (FW), and the Zone X 100-year FP as defined 
on Figure G-3.  The City participates in the Federal Flood Insurance Study to determine the mandatory 
insurance necessary for identified properties.  As shown on Federal Insurance Rate Maps (FIRMs), flood 
areas that have a 1 percent annual chance of flooding are in the “100-year floodplain.”  FEMA-designated 
100-year floodplains and floodways are identified around San Marcos Creek and the Twin Oaks Valley 
drainage, as well as San Marcos Lake and a smaller drainage west of Palomar College, which extends south 
beyond SR-78 (Figure G-3).  Additional zones in the periphery of these flood areas may pose a flood risk, 
but since they are outside the designated 1 percent annual chance flood area they do not require additional 
flood insurance.  The City and San Diego County maintain an extensive storm drain system that would 
normally divert any excessive rainfall into appropriate channels.  However, a significant rain event could 
cause flooding in the zones identified above, or minor, localized flooding elsewhere in the City.  The City 
coordinates with the San Diego County Flood Control District to maintain the necessary flood control and 
stormwater management. 
 

2.4 Seismic Hazards 
 
Potential hazards have been divided into two categories, seismic and geologic (non-seismic including 
engineering geologic and soil hazards).  Seismic hazards require an earthquake.  The magnitude of an 
earthquake should be at least 5.0 for some significant effects to be triggered, although lesser magnitude 
earthquakes have activated hazards and caused damage. 
 
Seismic hazards are less significant than for most of southern California and for much of San Diego County.  
No active or potentially active faults traverse the City, therefore based on current information surface fault 
rupture potential is not an issue of concern.  Earthquake ground shaking potential from surface faults in the 
region is relatively low; however, the poorly understood Oceanside blind thrust, which may lie beneath the 
City, should be considered for critical and important facilities.  Liquefaction potential in the abundant young 
alluvium must continue to be considered, but shallow denser formations may limit the true extent to smaller 
areas than previously mapped.  Dam failure inundation flooding is an issue for relatively small, but populus 
portions of the City. Taken together, geologic and seismic hazard conditions in the City are somewhat lower 
than or about average for cities in southern California.  The following subsections describe in more detail the 
seismic and geologic hazards that may impact the City.  
 
2.4.1 Overview 
 
For the seismic component of the Safety Element, the minimum list of potential hazards that must be 
considered is: 
 

• Primary 
o Ground shaking (strong earthquake ground motions)  
o Surface fault rupture (primary and subsidiary) 
o Co-seismic uplift and ground tilting  

• Secondary 
o Liquefaction, differential compaction and settlement 
o Ground lurching and cracking, fill mass deformation  
o Earthquake-induced landslides 
o Flooding from earthquake-induced dam failure 
o Flooding from tsunami and seiche 
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Tsunami hazards are not present for the City due to the elevation and distance to the ocean.  Seiching in the 
impounded waters within the City, such as South Lake, Lake San Marcos, and in water tanks could 
conceivably cause dam or tank failure and flooding.  This eventuality is covered in the section under dam 
failure inundation.  The following subsections discuss the potential seismic, geologic, and soils hazards in the 
order of most widespread potential effect within the City. 
 
Table G-8 provides a generalized summary of the relationship between the geologic units and characteristic 
seismic/earthquake issues and hazards.  The level of hazard or relative severity of each issue is ranked as not 
applicable (NA), negligible (N), low (L), moderate (M), and high (H), which are also more readily identified 
by the color coding for each.  It is emphasized that these are relative ratings that will allow a sense of the 
construction and operational issues that may be associated with development in the various geologic 
formations, but do not substitute for the proper geotechnical and engineering geologic investigations 
necessary for compliance with City, County, and State regulations.  These general descriptions are not 
suitable for site-specific decisions related to the presence or absence of a specific earthquake-related hazard 
or issue. 
 
2.4.2 Ground Shaking 
 
2.4.2.1 Data 
 
Several local and regional faults could impact the potential future seismicity of the City and the surrounding 
region (Figure G-1).  The effects of an earthquake originating on any given fault will depend primarily upon 
its distance from the City and the size earthquake (amount of energy release) that the fault is likely to 
generate (Tables G-9 and G-10).  The effect is most often presented as the severity of ground shaking which 
is presented as the percentage of the force of gravity, which is termed “1g” for one unit of gravitational force, 
or 100 percent gravity.  Therefore, 0.50g is 50 percent the force of gravity.  Both deterministic and 
probabilistic estimates of future ground motion parameters have a place in design considerations for the city. 
Generally there will be less the ground shaking effect the more distant the fault and the smaller the 
earthquake.  However, local geology (e.g., thick alluvium versus shallow bedrock) and sedimentary basin 
geometry can have dramatic effects on seismic waves that are more extensive than amplifications and 
resonances caused by near surface soft alluvium alone.  Interactions between the structure of the basin and 
earthquake waves can increase the amplitude and duration of shaking during an earthquake, and can focus 
the waves from the bottom of the basin.  This can increase the intensity of strong shaking in small regions at 
the surface and diminish it in others, as well as increase the duration of shaking at the edges of basins.  These 
amplification and basin edge effects should be minimal in the City due to the relatively shallow alluvium and 
small basin sizes. 

The faults listed on Table G-9 that are nearest to the City should have the most adverse ground shaking 
effects for the estimated maximum earthquakes.  This is shown on Table G-10 where the highest peak ground 
accelerations and MMI intensities would be produced by the Rose Canyon, Newport-Inglewood (Offshore), 
Elsinore (Julian and Temecula segments), and Coronado Bank faults with anticipated peak ground 
accelerations of 0.14g to 0.22g, and MMI intensities of VII to IX.  For critical facilities it may be necessary 
to consider a larger maximum considered earthquake and to analyze the San Andreas fault zone (the southern 
section).  Maximum magnitude updates are available from California Geological Survey (e.g., Wills and 
others, 2008). 

 
TABLE G-8 – Summary of Earthquake-Related Issues/Hazards for  

the Geologic Formations in the General Plan Area 

G E  
 

CHARACTERISTIC FORMATION 
EARTHQUAKE ISSUES/HAZARDS 1 
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Man-made Artificial Fill (Qaf) M N L L L M NA 

Alluvium (Qa) H N M M NA M NA 

Landslide Deposits (Qls) H N N L NA M NA 

Young Alluvium (Qya) H N H M M M NA Q
ua

te
rn

ar
y 

Older Alluvium (Qoa) M N L N NA L NA 

Te
rti

ar
y  

Santiago Formation (Tsa) 

 

 

M 

 

N 

 

NA 

 

N 

 

NA 

 

L 

 

NA 

Tonalite (Kt) L N NA N L N NA 

Gabbro (Kgb) L N NA N NA N NA 

Granite of Indian Springs (Kis) L N NA N NA N NA 

Leucogranodiorite of Lake Hodges (Klh) L N NA N NA N NA 

Monzogranite of Merriam Mountain (Kmm) L N NA N NA N NA 

C
re

ta
ce

ou
s 

Granodiorite of Jesmond Dean (Kjd) L N NA N NA N NA 

M
es

oz
oi

c  
Metasedimentary and Metavolcanic Rocks 
(MzU) 

 

L 

 

N 

 

NA 

 

N 

 

N 

 

N 

 

NA 

NOTES: Earthquake issues and hazards are rated on a relative scale of significance/severity as not applicable (NA = white), 
negligible (N = green), low (L = orange), moderate (M = purple), or high (H = red).  These ratings are for planning purposes and by 
necessity are general in nature, therefore should not be used for site characterization, or for making specific site selection or design 
decisions.   
 
As previously mentioned the Oceanside blind thrust fault is not well studied or understood, therefore is not 
part of the formal database used to formulate Tables G-9 and G-10.  Based on the data available and making 
the conservative assumption that a magnitude 6.5 to 7 (M6.5-7) earthquake could occur beneath the general 
region of the City, it is expected that peak ground accelerations of 0.6g to 0.8g, and MMI intensities of VIII 
to IX.  
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TABLE G-9 - Major Faults within an Approximately 100-Kilometer (62-Mile) Radius of San Marcos City Hall 
 

FAULT NAME  
(In Order of Nearest 

Distance From the Site) 
 

APPROXIMATE
DISTANCE  
FROM SITE 

[mi (km)] 

 
FAULT 

LENGTH
(km) 

 
FAULT 

DIP 

 
SLIP RATE

(mm/yr.) 

 
TYPE OF 
FAULT 

(SENSE OF SLIP)

 
MAGNITUDE (Mw)

OF MAXIMUM 
EARTHQUAKE

 

 
AGE AND EVIDENCE 

OF LATEST SURFACE 
FAULTING

 

Rose Canyon 12.6 (20.3) 70 90° 1.0 to 2.0 Strike Slip 7.2 Historic (1986 M5.3 and many >M4) 

Newport-Inglewood (Offshore)    15.6 (25.1) 66 90° 1.0 to 2.0 Strike Slip 7.1 Historic (1933 Long Beach EQ) 

Elsinore  (Julian) 18.1 (29.2) 76 90° 2.0 to 4.0 Strike Slip 7.1 Late Quaternary; Holocene 

Elsinore  (Temecula) 18.4 (29.6) 43 90° 3.0 to 7.0 Strike Slip 6.8 Late Quaternary; Holocene 

Coronado Bank 27.7 (44.5) 185 90° 2.0 to 4.0 Strike Slip 7.6  

Earthquake Valley 33.6 (54.1) 25 90° 1.0 to 3.0 Strike Slip 6.5 Holocene 

Elsinore (Glen Ivy) 36.4 (58.5) 190 90° 3.0 to 7.0 Strike Slip 6.8 Late Quaternary; Holocene 

San Jacinto (Anza) 40.9 (65.8) 91 90° 12.0 to 24.0 Strike Slip 7.2 Recent seismicity 

San Joaquin Hills 43.3 (69.7) 28 23° S 0.3 to 0.7 Blind Thrust-Reverse 6.6 Late Quaternary uplift San Joaquin Hills 

San Jacinto (Coyote Creek) 43.6 (70.1) 45 90° 2.0 to 6.0 Strike Slip 6.6 Marked by scarps, linear and deflected 
drainages, and benches  

San Jacinto (San Jacinto Valley) 43.7 (70.3) 43 90° 12.0 to 24.0 Strike Slip 6.9 Recent seismicity 

Palos Verdes 46.2 (74.3) 96 90° 2.0 to 4.0 Strike Slip 7.3 Holocene 

Elsinore (Coyote Mountain) 47.8 (76.9) 43 90° 2.0 to 6.0 Strike Slip 6.8 Several documented Holocene EQ events 

Chino-Central Avenue (Elsinore) 52.8 (85.0) 28 60° - 65° SW 1.0 Reverse Right Oblique 6.7 Late Quaternary 

Newport-Inglewood (L. A. Basin)    56.0 (90.2) 66 90° 0.5 to 1.5 Strike Slip 7.1 Historic (1933 Long Beach EQ) 

San Jacinto (Borrego) 56.4 (90.8) 32 90° 2.0 to 6.0 Strike Slip 6.6 Historic (1968 M6.6 Borrego and 1987 
M66 Superstition Hills) 

Whittier 60.6 (97.6) 38 75° NE 1.5 to 3.5 Strike Slip 6.8 Late Quaternary NW of Brea Canyon 

San Jacinto (San Bernardino) 54.7 (88.0) 36 90° 12.0 to 24.0 Strike Slip 6.7 Recent seismicity 

San Andreas (Whole) 62.6 (100.7) 345 90° 31.0 to 37.0 Strike Slip 8.0 Historic (1857) SE to Wrightwood 
The primary source of information: Cao, and others 2003, Wills, and others, 2008, USGS, 2008, and SCEC, 2009.  Fault distances from Blake 2002; faults beyond approximately 100 kilometers were not 
deemed critical to the earthquake risk in the City. 
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Table G-10– Deterministic Earthquake Ground Shaking Parameters for Potentially Critical   
Earthquake Faults within 50-Miles of San Marcos City Hall 1 

 
Fault Name 2 

Distance 
Miles 

(Kilometers)

 
Maximum 
Magnitude 

Peak 
Horizontal 

Ground 
Acceleration 

Modified 
Mercalli 

Intensity 3 

Rose Canyon 12.6 (20.3) 7.2 0.222 IX  
Newport-Inglewood (Offshore) 15.6 (25.1) 7.1 0.179 VIII 
Elsinore (Julian) 18.1 (29.2) 7.1 0.156 VIII 
Elsinore (Temecula) 18.4 (29.6) 6.8 0.130 VIII 
Coronado Bank 27.7 (44.5) 7.6 0.139 VIII 
Earthquake Valley 33.6 (54.1) 6.5 0.053 VI  
Elsinore (Glen Ivy) 36.4 (58.5) 6.8 0.060 VI  
San Jacinto-Anza 40.9 (65.8) 7.2 0.070 VI  
San Joaquin Hills 43.3 (69.7) 6.6 0.053 VI  
San Jacinto-Coyote Creek 43.6 (70.1) 6.6 0.041 V  
San Jacinto-San Jacinto Valley 43.7 (70.3) 6.9 0.052 VI  
Palos Verdes 46.2 (74.3) 7.3 0.065 VI  
Elsinore (Coyote Mountain) 47.8 (76.9) 6.8 0.042 VI  

1. Blake, T. F., 2002, EQFAULT Computer Program for Earthquake Assessments, update of 1989 program; attenuation relationship 
Boore and others. (1997) Horizontal - NEHRP D (250), median value.  Latitude 33.1413 o north, longitude 117.1602 o west. 
2. Faults were selected if they may cause a Modified Mercalli Intensity level of VI or greater.  
3. Bolt, B. A., 1993, Abridged Modified Mercalli Intensity Scale, Earthquakes - Newly Revised and Expanded, Appendix C, W.H. 
Freeman and Co., 331 pp.; Table G-2. 
 
It should be noted that the distances in Table G-9 and the data in Table G-10 (below) are taken from a single 
source (Blake, 2002) for purposes of consistency, utilizing the location of San Marcos City Hall (latitude 
33.1413 o north, longitude -117.1602 o west) as the reference point.  These values are suitable for general 
planning purposes, but should not be used for site-specific design.  Ground motions determined for a specific 
project will vary based on numerous factors, including earthquake location relative to the project location, 
distance from the causative fault, directivity of energy release, local geologic conditions, and other technical 
factors.  
 
Table G-10 presents a deterministic analysis of the potential earthquake ground shaking effects from the 
maximum magnitude earthquakes for those faults from Table G-9 that would produce Modified Mercalli 
Intensities of VI to IX, which ranges from light to heavy damage to ordinary substantial structures (explained 
in Table G-2).  These generally correspond to peak horizontal ground acceleration levels of greater than 10 
percent gravity (0.1g). 
 
Another way to view the prediction of earthquake shaking parameters is probabilistically, by assessing the 
likelihood of one of more ground motion parameters exceeding certain levels.  Typically the ground motion 
assessment considers any or all faults within a specific radius of the project site or a location in the City.  For 
individual essential facilities projects within the City, an analysis would typically consider the earthquake 
potential for all active faults within a radius of 100 kilometers and integrate the contribution of each fault into a 
probabilistic seismic hazard assessment (PSHA) to provide design values that would be used for a specific 
project location.  Considering the entire City, a planning level approximation of the peak ground accelerations 
and the spectral accelerations for 0.2-second and 1.0-second frequencies (short and moderately long periods, 
respectively) for five locations in the City Hall is provided (Table G-11).  The values were developed using the 
California Geological Survey estimation procedures (10% probability of being exceeded in 50 years) for a 
“design basis earthquake” and should only be used as planning estimates, not for design. 
 
The 2007 CBC uses a 2% probability of exceedence in 50 years in seismic design and the USGS has 
prepared corresponding National Seismic Hazards Maps updated in 2008; these maps indicate somewhat less 
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than double the PGA values for firm rock shown in Table G-10.  The specifics of the seismic design method 
are explained in the 2007 CBC.  
 
Table G-11 lists estimated ground motion, in percent of gravity (g), which has a 10 percent probability of 
being exceeded during a 50-year period; 2 percent probability of being exceeded during a 50-year period 
would be substantially higher.  Three columns provide estimates for different geologic conditions.  Each 
ground motion value is shown for the three possible site conditions that are found in the 2007 California 
Building Code: firm rock (conditions on the boundary between building code site categories B and C), soft 
rock (site category C), and alluvium (site category D).  The values for alluvium are most representative for 
the surficial deposits (Figure G-5) and the soft bedrock values for the majority of the rest of the City. 
 
Spectral accelerations for design basis earthquake ground motions for alluvium across the City indicate 0.74 to 
0.79g for 0.2-second period waves and 0.38 to 0.40g for 1.0-second waves.  This suggests (as a rule of thumb) 
that two-story (and slightly higher) structures, which may have natural periods in resonance with the 0.2-second 
period earthquake waves, could require some earthquake design reinforcement when considering the design basis 
earthquake ground motions.  Alluvial thickness in the City is in the range of zero to about 175 feet within the City 
based on descriptions of the groundwater basins (CDWR, 2004).  Depending upon the source (direction and 
distance), and magnitude of a large earthquake, and the presence of groundwater and site-specific geologic 
subgrade, thick alluvium may have a positive or negative effect on overlying structures depending on the type of 
structure considered. 
  

TABLE G-11 - Estimated Earthquake Ground Acceleration Parameters for Four Locations 
the City of San Marcos (CGS, 2009) 

Ground Motion Firm Rock Soft Rock Alluvium 

Northern Area – Near Twin Oaks/Foothills High School1 
Peak Ground Acceleration (g) 0.26 0.28 0.32 
Spectral Acceleration (0.2 sec) 0.64 0.69 0.79 
Spectral Acceleration (1.0 sec) 0.25  0.32 0.40 
Central City Area – City Hall Area2 
Peak Ground Acceleration (g) 0.25  0.27  0.31  
Spectral Acceleration (0.2 sec) 0.60  0.66  0.76  
Spectral Acceleration (1.0 sec) 0.24  0.30  0.38  
Western Area – Near Fire Station No. 33 
Peak Ground Acceleration (g) 0.25  0.27  0.31  
Spectral Acceleration (0.2 sec) 0.60  0.66  0.75  
Spectral Acceleration (1.0 sec) 0.24  0.30  0.38  
Eastern Area – Near Elementary School No. 64 
Peak Ground Acceleration (g) 0.25  0.28  0.31  
Spectral Acceleration (0.2 sec) 0.62  0.67  0.77  
Spectral Acceleration (1.0 sec) 0.24  0.31  0.39  
Southern Area – Near Middle School No. 35 
Peak Ground Acceleration (g) 0.25 0.27  0.31  
Spectral Acceleration (0.2 sec) 0.59  0.64  0.74  
Spectral Acceleration (1.0 sec) 0.23  0.30  0.38  
1. Latitude 33.18004, Longitude -117.15763; 2. 33.14130, -117.16020; 3. 33.12344, -117.21754; 4. 33.13903, -117.12101; 
and, 5. 33.09918, -117.19717.  Shading denotes the earth material at each of the five locations. 

 
 
2.4.2.2 Generally Expected Effects 
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The potential effects of severe ground shaking can be envisioned given the experience of many citizens with 
recent earthquakes in southern California.  The 1994 Northridge earthquake had a magnitude of 6.7 and 
occurred on a previously unidentified buried thrust fault beneath the San Fernando Valley.  It caused 
significant structural damage, injury, and loss of life in the San Fernando Valley, Simi Valley, Santa Clarita 
Valley, Santa Monica, and the northern Los Angeles Basin, with MMI values of VIII-IX.  Peak horizontal 
and vertical ground accelerations exceeded 1g in a few locations. 
 
The 1971 San Fernando earthquake (M6.6) was located on an active section of the reverse Sierra Madre that 
showed some geomorphic surface expression, although the areas of surface rupture locations (defined by 
groundwater barriers) were not expected before the earthquake.  The ground shaking produced MMI values 
of VII to XI and cause significant damage in areas as far east as Pasadena and south to downtown Los 
Angeles; peak ground accelerations were as high a 1g, but mainly less than about 0.5g in populated areas. 
 
Estimates of peak horizontal ground acceleration in Table G-11 account for the effects of the geology at a 
planning level by evaluating five locations in the City and by providing three geologic materials at each 
location.  For “soil sites” bedrock is assumed to be deep causing some amplification (effective increase) of 
ground motion as the waves pass from the bedrock through the alluvium.  San Marcos is not situated in a 
deep alluvial basin where these effects would be pronounced.  However, local differences in subsurface 
conditions (e.g., density, water content, grain size, subgrade soil profile classification) could increase the 
effective shaking above the levels stated in Table G-11.  Therefore, site-specific geology, geotechnical, and 
earthquake engineering studies are mandatory for evaluating critical, sensitive, or high-occupancy structures.  
 
Mean peak horizontal ground accelerations (PHGA) for the estimated maximum earthquakes for the four 
most critical faults (Table G-10) would be expected to be in the range of 0.14 to 0.22g.  This is lower than 
the current “code” seismic design for non-critical structures, including most residential, commercial, and 
industrial buildings in the previous building code Seismic Zone 4 (most of California).  This same 
information (e.g., PHGA) can be presented in a map format.  The USGS (2009) provides a means to develop 
the PSHA with the results shown in Figure G-6.  This shows the City to be within the 0.20g to 0.25g ground 
shaking range.  The distribution of PHGA values is controlled by geologic formation boundaries, fault 
locations, and earthquake strength. 
 
Considering the deterministic or probabilistic acceleration values for critical faults and earthquake events 
within about 50 miles of San Marcos City Hall, site intensities in the range of VI to IX could be experienced 
in the City, which is greater than what was experienced in San Marcos during what some have speculated 
was the 1800 San Diego area event.  At the higher end of possible events intensity would likely exceed what 
was experienced in the moderate to worst damage areas of 1987 Whittier and 1994 Northridge events, and 
have MMI damage intensities of IX in the City.  This damage would be greater in areas where ground failure 
occurred due to liquefaction, or dynamic consolidation and ground subsidence.  These hazards are discussed 
in a following subsection. 
 
2.4.3 Surface Fault Rupture (Including Co-Seismic Deformation) 
 
2.4.3.1 Data 
 
San Marcos currently has no Alquist-Priolo Earthquake Fault Zone (APEFZ) within the City.  Three short, 
nearly northeast-southwest and northwest-southeast trending “non-active” fault segments has been mapped 
within the General Plan area (Kennedy and Tan, 2005; Figure G-1), these at the far southeastern edge,  No 
determination has been made by the State that these faults are potentially active and the potential for surface 
fault rupture is considered to be very low.  If fault movement were to occur on one of these faults, which is 
very unlikely, it would likely be in conjunction with a large earthquake on the Oceanside blind thrust. 
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The Oceanside blind thrust (OBT) fault may underlie the City and surrounding communities; the location 
and characteristics of this fault are much less well known than for surface faults.  If movement were to occur 
on a buried fault, the most likely result would be regional uplift.  Rivero and others (2000) studied several 
offshore high-resolution seismic reflection geophysical profiles of the continental borderland south of Dana 
Point that suggest the Oceanside blind thrust fault may be capable of generating large earthquakes; they 
observed ocean floor fold scarps in the areas of the buried leading edge of the main thrust fault some 22 
miles west of the City.  These conditions, i.e., an active blind thrust capable of a M7+ earthquake are 
analogous to what are suggested by Grant and others (1999), CGS (2002), and Wills and others (2008) for 
the San Joaquin hills blind thrust.  The OBT subsurface characteristics are not well studied and other blind 
thrusts beneath Los Angeles and Orange counties appear to have higher slip rates (Wills and others, 2008), 
therefore without additional characterization comparisons with the OBT are speculative. 
 
It is concluded that little, if any, site-specific investigation has been done within the City of San Marcos to 
verify specific locations of the faults mapped by Kennedy and Tan (2005) and that little or no consideration 
of the OBT has been made.  Due to the uncertainties associated with the OBT location and depth, and the 
low likelihood of a large magnitude earthquake, future consideration of the OBT should be weighed against 
the risks posed to future development. 
 
2.4.3.2 Generally Expected Effects and Potential Mitigation Methods 
 
Fault rupture and surface fold scarps that pass through or very near a structure would very likely cause 
irreparable damage and may cause collapse of walls and ceilings.  Normal foundations would be dislocated 
and rendered unusable.  Combined with strong ground shaking, these are potentially very serious hazards.  
Utilities could likely be severed causing water, natural gas, electrical, storm drain, and sewer system outages.  
Streets could be passable with some difficulty if fault motion is strike-slip (horizontal).  But vertical fault 
offsets could render streets impassable for emergency traffic, except to high-ground clearance vehicles with 
4-wheel drive.  Although the potential for such damage within the City is considered remote, the following 
information regarding potential effects and mitigations is provided as background. 
 
The most reasonable surface fault rupture mitigation method is to avoid placing any structures on, or too 
close to, active fault traces by establishing a setback distance between the fault and the proposed structure.  A 
geologic investigation, usually including literature and aerial photo review, field mapping and possibly 
geophysics and/or trench excavations, and alluvial deposit age dating, is required if structures designed for 
human occupancy are proposed within proximity to an active or potentially active fault.  Even outside an 
APEFZ, studies may be prudent if the fault is suspected of having Holocene or late Quaternary activity.  The 
State CGS has developed general guidelines for fault hazard evaluations that are contained in CGS Note 49.  
Essential facilities, public schools, hospitals, and other facilities deemed critical or important are judged to 
higher standards than residential developments (CGS Note 48).   
 
State and local jurisdictions may establish their own minimum setback distance from a potentially active or 
active fault.  A 50-foot setback distance is generally the assumed de facto (not statutory) standard setback 
distance used as a starting point before detailed data are developed.  While this sometimes becomes a 
minimum, this distance can be less for a narrow, well-constrained fault and wider for a more significant fault 
or when the fault is adjacent to a more significant structure.  Using the investigation methods mentioned 
above and the knowing the importance of the facility a reasonable setback can be determined. 
 
Research conducted over the past decade or so has demonstrated that it is possible to develop reasonable 
design mitigation measures to accommodate some level of fault related deformation without compromising 
the functionality of the structures.  This necessitates determining in some detail the consequences of 
movement on distinct faults and distributed shearing due to bedrock or alluvial deposit warping associated 
with faulting (e.g., co-seismic uplift, and surface tilting or folding).  Design measures involving specially 
constructed artificial fill using geogrids and geotextiles, and heavily reinforced foundations and slabs can be 
developed to accommodate some fault related deformation.  Design determinations rely mainly on geologic 
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and geotechnical field data, observations of the performance of similar structures, and some level of 
numerical modeling. 
 
2.4.4 Earthquake-Induced Landslides 
 
2.4.4.1 Data 
 
The California Seismic Hazard Mapping Program (SHMP) delineates the approximate boundaries of areas 
susceptible to earthquake-induced landslides and other slope failures (e.g., rockfalls).  The SHMP mapping 
has not been completed for all areas of the state and no maps have been prepared for north San Diego County 
or the City of San Marcos.  However, areas with known landslides, and bedrock formations more susceptible 
to landslides and surficial (soil-slip) failures are the most susceptible to earthquake-induced landslides.  
Figure G-1 shows a few landslide deposits (Qls), one within the metasedimentary bedrock (MzU) and some 
within the Santiago Formation (Tsa) in the western portion of the City and just west of the City.  Figure G-2 
shows the areas designated by the USGS (Morton and others, 2003) as having susceptibility to soil-slips or 
surficial landslides or debris flows.  These maps are discussed further below under geologic hazards.  
 
2.4.4.2 Generally Expected Effects and Potential Mitigation Methods 
 
Earthquake-induced landslides and shallow surficial failures are possible in hillside terrain and on steep 
excavation slopes during large earthquakes.  Landslides most typically consist of shallow failures involving 
surficial soils (e.g., soil/colluvium) and the underlying highly weathered bedrock in moderate to steep terrain.  
Such slope movement often occurs under static conditions with substantial rainfall.  Structures, engineered 
slopes, roadways, utilities, and the general population located on or below these hazard areas could be 
subject to severe damage or injury. 
 
A somewhat conservative, yet reasoned approach should be taken with regard to development project 
evaluation relative to potentially severe ground motion and landslide hazards associated with large 
earthquakes on nearby faults.  Such an approach based on the available data recognizes what geologists have 
learned through the southern California earthquakes over the past 25 years, that is, to expect the situation to 
be worse than sparse data indicate.  Thousands of new landslides are created after each large earthquake in 
the general southern California area (e.g., 1971 San Fernando and 1994 Northridge earthquakes) usually in 
uninhabited areas that cause blockage of roadways. 
 
In hillside terrain an appropriate engineering geology and geotechnical investigation (performed by properly 
licensed professionals), including field data collection, laboratory testing, and slope stability analysis, should 
be conducted considering both static and dynamic (earthquake) forces.  Development projects within a zone 
susceptible to earthquake-induced landslides must be evaluated using California Geological Survey 
guidelines (CGS, 2008) that describe study methods and mitigation options.  Mitigation options include, but 
are not limited to, building setbacks, landslide debris removal/replacement, slope angle reduction, earth or 
engineered buttresses, protective barriers, retaining/slough walls, debris fences, and run-out/catchment areas. 
 
2.4.5 Liquefaction 
 
Ground failures associated with saturated deposits (liquefaction) can include an entire suite of effects ranging 
from simple ground cracking to complex lateral spreading landslides. 
 
2.4.5.1 Data 
 
The three key factors that indicate whether an area is potentially susceptible to liquefaction are severe ground 
shaking, shallow groundwater and low-density granular deposits (mainly sand).  In addition to having ground 
shaking parameters, quantitative estimates of liquefaction potential require specific data from geotechnical 
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borings, laboratory testing, and groundwater level information.  The 1987 San Marcos General Plan Safety 
Element (Figure E-1) delineates areas within the City that were deemed susceptible to liquefaction; the 
liquefaction hazard boundaries appear to have been based on the maximum extent of alluvium and colluvium 
in the major and secondary valleys within the General Plan area.  Another important consideration is whether 
historically highest groundwater levels (within 40 feet of the ground surface) have, or are currently, present 
in these areas.  If so, these are areas where alluvium is sufficiently loose and groundwater is sufficiently 
shallow that strong earthquake shaking could cause sediments to loose bearing capacity (City of San Marcos, 
1987) resulting in severe settlement of surface facilities and in some cases uplift of buried structures (e.g., 
large pipelines). 
 
The County of San Diego (2004) delineated suspected liquefaction-prone areas within the City based on 
modeling at a regional scale.  It appears that much more limited areas (northern Twin Oaks Valley, southern 
San Marcos Creek, and the drainage area south from Palomar CC) were mapped than in the 1987 General 
Plan.  It is likely that the liquefaction prone area boundaries lie somewhere in between, being less extensive 
than the 1987 Safety Element map and more extensive than the regional modeling suggests.  Without better 
control on groundwater location and depth these liquefaction-prone areas cannot be further identified at this 
time.  All other factors being equal (same earthquake, same geologic formation) liquefaction susceptibility 
levels may be higher where groundwater is shallower.  
 
Liquefaction areas have potential land use constraints and liquefaction assessments must be made for 
important projects.  The depth and intensity of study will naturally vary depending on the location, type, and 
importance of the project.  It should be a goal to compile such data as it might exist in City, State, or County 
files, and to update groundwater depth data so that an ongoing assessment is possible.  Due to the lack of 
specific geologic and engineering properties and groundwater depth data across the City, areas of 
liquefaction potential can be assumed to correspond to the extent of the geologic formations Qa and Qya, 
young alluvium (Figure G-1), but this should be considered approximate.  These contacts should be used as 
general, not absolute, planning guidelines to indicate where assessments are needed for planned structures or 
possibly for upgrades to existing critical, essential, and high occupancy facilities.  Potential liquefaction 
induced lateral spread landslides are more of a concern in the areas adjacent to the active San Marcos Creek 
and Twin Oaks Valley channels. 
 
2.4.5.2 Generally Expected Effects and Mitigation Methods 
 
Liquefaction-induced ground failure can involve a complex interaction among seismic, geologic, soil, 
topographic, and groundwater factors.  Failures can include ground fissures, sand boils, ground settlement, 
and loss of bearing strength, buoyancy effects, ground oscillation, flow failure, and lateral spread (Bartlett 
and Youd, 1992).  These, in turn, can have effects on surface and subsurface structures.  Ground fissures may 
be reflected as linear tensional features which open to widths of a few to several inches, but which may or 
may not exhibit differential vertical movement.  Sand boils are built-up sand accumulations often up to three 
feet across that result from ejected sand and water forced from the subsurface under pressure.  Ground 
settlement often occurs as liquefied sand deposits reconsolidate following ejection of the water and sand.  A 
loss of bearing strength can cause surface structures to settle, either rather evenly or differentially, causing 
tilting.  Buoyancy caused by rapid upward movement of water through sandy soils can cause buried 
structures to rise (float) when they are founded in the liquefied layer.  Ground oscillation may not cause 
permanent ground displacement, but may damage rigid structures beyond the severe ground shaking in a 
non-liquefied zone.  Flow failure is found in steeper terrain where liquefied soils near the ground surface 
flow as a viscous mass down slope similar to a mudflow in rain-saturated soils.  Lateral spread is a 
liquefaction-induced landslide of a fairly coherent block of soil and sediment deposits that moves laterally 
(along the liquefied zone) by gravitational force, sometimes on the order of 10 feet, often toward a 
topographic low such as a depression or a valley area. 
 
Each type of liquefaction failure can cause damage to surface and subsurface structures, with the severity 
dependent upon the type and magnitude of failure, and the relative location of the structures.  For planning 
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purposes it is only possible to designate areas where the likelihood of these ground failures, as a group, is 
greatest (the young alluvium areas in Figure G-1).  In addition, since liquefaction-induced lateral spread 
failures are more prevalent adjacent to topographic depressions or valley areas that form unsupported slopes 
or “free faces”, it is possible to conclude for that slopes into San Marcos Creek and Twin Oaks Valley would 
be the most susceptible to a lateral spread landslide failure.  These failures have occurred in areas with very 
low slope gradients; at Juvenile Hall and the Sylmar Converter Station in Sylmar (1971), the average ground 
surface gradient was 1.5 degrees and the maximum was 3 degrees (O'Rourke, Roth and Hamada, 1992).  
Lateral spreads in the San Francisco earthquake of 1906 occurred associated with surface gradients of 0.4 to 
2.10 percent, or about 0.2 to 1 degree (O'Rourke, Beaujon, and Scawthorn, 1992).  In the latter case, the 
slope of the liquefied subsurface layer may have been as low as zero degrees. 
 
The Seismic Hazards Mapping Program provides published guidelines and implementation procedures for 
the evaluation and mitigation of liquefaction conditions with a designated liquefaction hazard zone.  These 
guidelines and procedures require registered professionals (California Registered Civil Engineer or Certified 
Engineering Geologist) to conduct the evaluations, establish the site-specific mitigation, and participate in 
the implementation process.  The evaluation determines the controlling earthquake parameters, the 
liquefaction depth, the thickness, and lateral extent of the liquefiable layer affecting the proposed 
development, and the type and estimated amount of vertical and horizontal ground deformation.   
 
Ground improvement (densification and hardening) and structural (foundation) design are the two classes of 
liquefaction mitigation.  Ground densification methods include vibro-compaction, vibro-replacement (also 
known as vibro-stone columns), deep dynamic compaction, and compaction (pressure) grouting.  Hardening 
methods reduce the void space in the liquefiable soil by introducing grout materials either through 
permeation grouting, mechanical soil mixing, or jet grouting.  Structural mitigation may have little or no 
effect on strengthening the soil itself.  For heavy structures, the preferred mitigation is deep caissons or pile 
foundations to penetrate through the liquefiable material, or a mat foundation may be feasible.  For lighter 
structures continuous spread footings having isolated footings interconnected with grade beams, mat 
foundations, and post-tensioned slabs may be appropriate.  Dewatering and drainage systems may be part of 
the mitigation process.  Lateral spread hazards are not as readily mitigated with structural solutions and may 
require use of retaining structures, removal or treatment of liquefiable soils, modification of site geometry, or 
drainage to lower the groundwater table.  Whether a single type of mitigation technique or a combination of 
techniques is needed will depend on size and scope of the project, and the site-specific geotechnical 
conditions. 
 
2.4.6 Dynamic Consolidation and Subsidence 
 
2.4.6.1 Data 
 
Dry to partially saturated sediments not susceptible to liquefaction may be susceptible to dynamic 
consolidation and local ground subsidence.  This consolidation or densification occurs in loose cohesionless 
sediments as the void spaces are diminished due to intense seismic shaking.  Hazard maps are not normally 
created for this condition, and there are no specific data in the City, which allow prediction of the locations 
or magnitudes of potential consolidation and subsidence.   
 
In general, the youngest alluvium (Qya and Qa) would be the most susceptible to dynamic consolidation 
effects.  Older alluvium (Qoa) could be somewhat susceptible, but less so due to the higher in-place density 
and presence of some cementation.  In areas where artificial fill may have been placed without proper 
engineering controls and inspections, the materials may be susceptible to dynamic consolidation and 
subsidence.  This may be a concern in areas where thick artificial fill masses have been placed against more 
dense bedrock materials such as in any number of residential and some commercial developments within the 
City.   
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2.4.6.2 Generally Expected Effects and Mitigation Methods 
 
Due to the probable heterogeneous nature of the alluvial deposits in the City, the amount of dynamic 
consolidation and subsidence will not be consistent from location to location.  Variations in vertical 
consolidation may occur within a small area such as an individual lot or beneath an individual structure.  
This may cause differential settlement of the structure and substantially more damage than if the structure 
were to settle evenly throughout.  Sections of the City with young alluvial deposits and thick artificial fill 
masses are potentially susceptible to subsidence, although no specific areas of documented past subsidence 
are identified. 
 
Observations reported in the other areas of southern California suggest that earthquake-induced 
consolidation, ground subsidence, and building settlement may reach a meter (3+ feet) or more; however, 
settlements of 5 to 30 centimeters (2 to 12 inches) are rather common.  The resultant ground failures are 
manifest as ground cracks with relative vertical displacements as indicated above.  When structures overlie 
these local subsidence areas, ground cracking may be translated through foundations and slabs causing 
severe structural damage.   
 
In areas of the City is underlain by younger alluvium, one can assume it is generally composed of loose, 
unconsolidated granular alluvium, consolidation potential ranges from 2 to 6 percent.  In an area with 50 feet 
of young alluvium, the dynamic consolidation may range from 12 to 36 inches.  In areas overlain by thick 
non-engineered fill, these amounts could be proportionately greater.  Even in areas where fill is engineered 
and properly compacted, the cut/fill contact line (engineered fill against native material) is a primary location 
for differential dynamic consolidation that can impact structures. 
 
Earthquake-induced consolidation and structure settlements are normally less severe than liquefaction ground 
deformations; however the previously described mitigation measures for liquefaction could apply.  Based on 
a thorough geotechnical investigation by licensed professionals, recommendations are provided, with the 
most common being over-excavation of the loose soils and replacement by compacted soils meeting standard 
geotechnical specifications.  The depth of over-excavation will depend on the nature and thickness of the 
loose soils, but critical areas are the contacts between formations of varying density where differential 
settlement is most common.  For example, where alluvium and bedrock, or artificial fill and any denser 
geologic formation, are in contact over-excavation is used to provide a uniform surface for recompacted soils 
or foundations. 
 
2.4.7 Ground Cracking, Ridge Top Spreading, and Fill Slope Deformation 

 
2.4.7.1 Data, and Generally Expected Effects and Mitigation Methods 
 
Strong seismic shaking can cause general ground cracking, ridge top spreading, and deformation of fill 
slopes.  Ground cracking may be widespread depending upon the surface materials and will likely not be a 
cause of significant earthquake damage.  Ridge top spreading (McCalpin and Hart, 2002) can take a number 
of forms, but all involve antislope scarps with several different characteristic landforms (e.g., troughs, 
swales, grabens, benches, closed depressions, failed [shattered] ridges).  Fill slopes can be permanently 
deformed during seismic shaking causing slope bulges, surface settlement cracks, and differential settlement 
cracks along contacts between dissimilar materials. 
 
Potential for ridge top spreading features would be primarily found in the few steeper, less developed slope 
areas remaining in the City.  Although the exact mechanism for the failures is not completely understood, it 
appears that seismic shaking induces lateral movement and differential settlement of bedrock masses, and in 
other cases there is topographic amplification of the shaking due to the tall and narrow shape of a ridge.  
Residential development is possible in these areas, as would the location of utility infrastructure, such as 
cellular or transmission towers, water tanks, debris dams, roadways, pipelines, etc.  Failure of these types of 
structures may affect emergency communication, water supply, or people and facilities down slope from 
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these ridge areas.  Mitigation of effects may be obtained by reducing the height and increasing the width of 
the ridge to limit amplification, by removing loose, fractured materials that may be subject to lateral 
movement and settlement, constructing deeper foundations below the affected zone, avoiding new 
construction on these ridges, and protecting structures down slope from existing facilities such as water tanks 
or electrical towers. 
 
Fill slope deformation can occur on slopes of a significant height in the hillside areas of the southern portion 
of the City and possibly in flatter areas where elevated construction is desired or necessary, e.g., to avoid 
potential flooding.  On the building pad, cracking and settlement can be lessened by using the over-
excavation methods described above.  On the fill slopes themselves, the use of geogrid in the outer portions 
of the slopes and a greater fill placement density criterion should diminish the potential for slope face 
deformation and surface settlement. 
 

2.5 Geologic and Soil Hazards 
 
Geologic hazards are those, which may be activated with or without an earthquake due to some combination 
of the nature of the geologic materials, the hydrogeologic regime, or the weather.  In the City of San Marcos, 
soil and geologic unit instability, earthquake ground shaking, liquefaction, and flooding hazards carry with 
them the most risk to property and population. 
 
The nature of the topography and the geologic formations in the City suggest that geologic and soil hazards 
should have a relatively modest impact on development and redevelopment considering (a) the abundance of 
competent crystalline bedrock formations in the steeper hillside terrain and (b) the building code regulations 
requiring complete geotechnical and engineering geology studies in the hillsides and in the areas of less 
competent alluvium and weak bedrock (Figure G-2).  The potential for weak bedrock landslides and surficial 
deposit slope failures do exit, but are not widespread significant factors in the City.  Geotechnical issues 
related to weak soils and unstable slopes are present, but are manageable within current regulations.  Large-
scale subsidence due to fluid withdrawal (water or oil) is not an issue at this time since the City does not 
overlie an actively pumped groundwater aquifer or an oil field.  Dam, water tank, and aqueduct failure 
inundation/flooding potential exist in very local areas where precautions for certain facilities should be taken. 
 
2.5.1 Overview 
 
For the geologic component of the Safety Element the minimum list of potential hazards which must be 
considered are: 
 
• Slope Instability (landslides, mudslides, and debris flows) 
• Subsidence 
• Groundwater Depth (also discussed under liquefaction above) 
• Radon 
 
Subsidence due to groundwater withdrawal is possible due to substantial pumping of groundwater aquifers; 
however, the city does not overlie a groundwater basin and there are no known records of such subsidence in 
the City of San Marcos based on the references reviewed.  Landslides, dam failure inundation, and shallow 
groundwater are discussed below. 
 
Table G-12 provides a generalized summary of the relationship between the geologic units and characteristic 
geologic/geotechnical issues and hazards.  The level of hazard or relative severity of each issue is ranked as 
not applicable (NA), negligible (N), low (L), moderate (M), and high (H), which are also more readily 
identified by the color coding for each.  It is emphasized that these are relative ratings that will allow a sense 
of the construction and operational issues that may be associated with development in the various geologic 
formations, but do not substitute for the proper geotechnical and engineering geologic investigations 
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necessary for compliance with City, County, and State regulations.  These general descriptions are not 
suitable for site-specific decisions related to the presence or absence of a specific geologic or geotechnical 
hazard or issue. 
 
2.5.2 Landslides, Mudslides, and Debris Flows 
 

2.5.2.1 Data 
 
Slope instability under non-earthquake (static) conditions is considered to be a potentially significant hazard 
in the hillside and mountain areas of the City.  Figure G-1 (Kennedy and Tan, 2005) shows a few landslide 
deposits (Qls), one within the metasedimentary bedrock (MzU) and some within the Santiago Formation 
(Tsa) in the western portion of the City and just west of the City.  Figure G-2 shows the areas designated by 
the USGS (Morton and others, 2003) as having susceptibility to soil-slips or surficial landslides or debris 
flows. 
 
Santiago Formation (Tsa; Figure G-1) landslides may be bedding plane controlled or may break through the 
weaker units within the formation.  Weber (1982) reported that the landslide locality #20 within the Tsa (he 
mapped this area as Del Mar Formation and later it was redesignated as Santiago Formation by Tan and 
Kennedy, 1996) was likely an ancient deep-seated landslide.  There is no clear relationship to mapped 
bedding plane attitudes suggesting failures may occur on over-steepended slopes if materials are sufficiently 
weak and saturated.  TSA is found in the western portion of the General Plan area  
 
Morton and others (2003; Figure G-2) have classified the soil-slip areas as having zero, low, or moderate 
soil-slip susceptibility.  Most of the City is in either the low category (bedrock/hillside areas) or the zero 
category (alluvial deposit/valley areas).  Scattered moderate susceptibility areas are found in the bedrock 
areas mainly in the Questhaven/Lake San Marcos, Discovery/Barham, eastern College, and southwestern 
Twin Oaks Valley neighborhoods (Morton and others, 2003, Plate F).  These maps are regional in scale and 
are not a substitute for geologic and geotechnical study for specific projects.  The delineated soil-slip and Tsa 
bedrock areas are not necessarily unstable, but the maps provide an opportunity to consider these areas when 
planning for new development or redevelopment.   
 
2.5.2.2 Generally Expected Effects and Mitigation Methods 
 
Landslides and soil-slips/surficial material failures affect both the area where the material originates and the 
down slope “run-out” areas where the landslide debris accumulates.  Damage to structures can be severe in 
either location with structures being dislocated a few to many tens or feet.  In hillside terrain an appropriate 
engineering geology and geotechnical investigation (performed by properly licensed professionals), 
including field data collection, laboratory testing, and slope stability analysis, should be conducted 
considering both for both static and dynamic (earthquake) forces.  Mitigation options include, but are not 
limited to, building setbacks, landslide debris removal/replacement, slope angle reduction, earth or 
engineered buttresses, protective barriers, retaining/slough walls, debris fences, and run-out/catchment areas. 
 

TABLE G-12 – Summary of Geologic and Geotechnical Issues/Hazards for  
the Geologic Formations in the General Plan Area 

G E  
 

CHARACTERISTIC FORMATION GEOLOGIC 
AND SOILS ISSUES/HAZARDS 1 
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NOTES: Geology and Soils issues and hazards are rated on a relative scale of significance/severity as not applicable (NA = white), 
negligible (N = green), low (L = orange), moderate (M = purple), or high (H = red).  These ratings are for planning purposes and by 
necessity are general in nature, therefore should not be used for site characterization, or for making specific site selection or design 
decisions.   
 

Deep-seated landslides are most often remediated by construction of engineered earth buttresses that replace 
weak natural materials (e.g., weak natural bedrock or previous landslide debris) and provide a restraining 
mass at the toe area of a weak earth mass to prevent lateral movement.  Extensive surface and subsurface 
drainage devices are required to prevent water from weakening or loading the fill mass.  Surficial slope 
failure impacts can be mitigated by removing vulnerable deposits (e.g., soil, colluvium, fractured/weather 
bedrock), placing structures outside the path of potential slides, constructing debris basins at canyon mouths 
to catch the slide material, building barriers to stop or divert surficial slide debris (e.g., impact, diversion or 
deflection structures—walls or channels). 
     
 
2.5.3 Collapsible and Expansive Soil Hazards 
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Collapsible and expansive soil issues are recognized in standard geotechnical investigations mandated by the 
City and other regulatory bodies.  Expansive soils are found associated with soils, alluvium, and bedrock 
formations that contain clay minerals susceptible to expansion under wetting conditions and contraction 
under drying conditions.  Depending upon the type and amount of clay present in a geologic deposit, these 
volume changes (shrink and swell) can cause severe damage to slabs, foundations, and concrete flatwork.  
Due to the generally more granular (sandy) nature of the alluvium (Qa, Qya and Qoa) it should be less likely 
to have expansive clays.  However, available geotechnical reports indicate that expansive clays do occur in 
these formations (see earlier Surficial Deposits section), as well as within soils covering the older crystalline 
and metamorphic formations and the soft bedrock Santiago Formation in the hillside areas and the upper 
reaches of canyons where colluvium is present. 

Collapsible soils undergo a volume reduction when the pore spaces become saturated causing loss of grain-
to-grain contact and possibly dissolving of interstitial cement holding the grains apart.  The weight of 
overlying structures can cause uniform or differential and damage to foundations and walls.  The most likely 
locations for collapsible soils are the current and pre-development washes and drainage channels, particularly 
San Marcos Creek valley and Twin Oaks Valley drainages.   

Expansive and collapsible soil damage can be mitigated by delineation of the soils during a geotechnical 
investigation, over-excavation of the subject soils and recompaction on new engineered fill material, possibly 
pre-saturating the subject soils, and provision of proper surface drainage away from structures and building 
foundations. 

 

2.5.4 Shallow Groundwater 
 
Data on shallow groundwater are discussed in an earlier section and reviewed in the liquefaction discussion.  
The concern in this section is the potential to intercept shallow or perched groundwater in subsurface 
excavations, such a basements, utility trenches, deep foundations, or tunnels.  No existing database is known 
to delineate current or historic shallow groundwater within the City; based on data from a few geotechnical 
bore holes in the vicinity of San Marcos Creek.  These areas are within the alluvial channels and creeks 
where unconfined groundwater appears to exist at depths ranging from 3 to 20 feet.  In such areas planning 
for each project should consider shallow water levels in determining how to best implement construction or 
exploration programs. 
 
Surface (open cuts and pits) or underground (tunnels, vertical large-diameter borings) excavations can 
encounter shallow groundwater inflows, which may be perched and local or widespread in extent.  This will 
affect excavation stability, and therefore short- and long-term safety for workers, as well as post-construction 
stability of structures associated with these excavation areas.  The degree of hazard for the City is generally 
low, but should be determined on a case-by-case basis if projects requiring deep excavations are proposed in 
the alluvial areas, particularly immediately adjacent to San Marcos Creek. 
 
Depths to water of less than 15 feet are considered a high hazard because water may be encountered even in 
routine project excavations; depths of 15 to 30 feet are considered a moderate hazard because only the more 
significant excavations (e.g., subterranean parking garages) for larger project structures would likely extent 
to these depths.  For water greater than 30 feet deep the hazard is considered generally insignificant, although 
for some projects (e.g., deep tunnel or a major high-rise building) this will remain a design issue; it is 
assumed that such structures will be very carefully studied and with liquefaction as an issue will call 
attention to the shallow water depths. 
 
2.5.5 Radon 
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Based on the USGS (2009) “Some types of rocks have higher than average uranium contents. These include 
light-colored volcanic rocks, granites, dark shales, sedimentary rocks that contain phosphate, and 
metamorphic rocks derived from these rocks. These rocks and their soils may contain as much as 100 ppm 
uranium. Layers of these rocks underlie various parts of the United States.”  The rocks underlying the City of 
San Marcos are granitic (granite, granodiorite, tonalite, monzogranite, leucogranodiorite) and metamorphic 
(metavolcanic/meta-andesites), and their derivative soils.  Radon is a cancer causing gas. 
 
The California Department of Health Services (CDHS, 2009) indoor radon test database indicates 2 of 29 
tests in San Marcos had results indicating greater than 4 picoCuries per liter of radon, which is the level of 
concern where CDHS recommends that action be taken to reduce radon levels in a home.  Numerous other 
cities in the local area (e.g., Vista, Escondido, Valley Center, Rancho Santa Fe, and Fallbrook) with similar 
geologic conditions had one or more tests with these same action levels.  While the CDHS test results may 
not be statistically significant, they indicate that geologic conditions are such that radon may be expected in 
the geologic formation in San Marcos. 
 
Radon reduction techniques can include techniques to prevent radon from entering a structure and reducing 
radon levels after it has entered.  Various soil suction methods prevent radon from entering a structure by 
removing radon from beneath the structure and venting it to the open air.  The type of structure (e.g., slab-on-
grade, raised floor, basement) will affect the choice of a radon reduction system.  Typical radon reduction 
methods include subslab suction, drain tile suction, sump hole suction, block wall suction, submembrane 
suction, active crawlspace depressurization, passive crawlspace ventilation, sealing, house/room 
pressurization, heat recovery ventilation, and natural ventilation (USEPA, 2009). 
 

2.6 FEMA and Dam Failure Induced Flooding 
 
2.6.1 FEMA Floodways and Floodplains 
 
As described above the City is crossed by 100-year flood hazard areas as mapped on a FEMA Federal 
Insurance Rate Maps (FIRMs), which generally correspond to the San Marcos Creek and Twin Oaks Valley 
floodplains that are subject to flooding during heavy rainfall (Figure G-3).  Flooding has been a past issue 
along San Marcos Creek and was analyzed in by the County (County of San Diego, 2004) in the hazard 
management plan for the City.  Many residential, commercial, and critical facilities buildings could be 
affected within the 100-year flood hazard zones causing millions of dollars in damage.  The San Marcos 
Creek Specific Plan (City of San Marcos, 2008) describes the flood control improvements along San Marcos 
Creek that would be implemented to prevent flooding in a large portion of the City prior to new planned 
development.  Municipal Code Chapter 20.76 includes a Flood Damage Prevention Overlay Zone that 
applies to 100-year flood hazard areas. 
 
The central portions of 100-year flood hazard zone areas would be the most susceptible to damage from 
rapidly flowing water, severe erosion, and floating debris.  At greater distances from the channel could suffer 
more from minor sheet flow and rising water.  Culverts, surface swales, and man-made barriers could locally 
deflect flow in ways not obvious without more investigation and analysis.  Primary flood mitigation is to 
create building spaces at least one-foot above estimated flood levels and to provide erosion protection for 
these areas. 
 
 
2.6.2 Dam Failure Inundation/Flooding 
 
2.6.2.1 Data 
 
The past failures (Baldwin Hills and St. Francis) and near-failures (Van Norman) of southern California 
dams point out the importance of considering dam safety.  Dams may fail for seismic or geologic reasons, 
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either of which could lead to the results described in this section.  Section 8589.5 of the California 
Government Code requires dam owners to provide the Governor's Office of Emergency Services with an 
inundation map showing the extent of damage to life and property that would occur, given a complete and 
sudden dam failure at full capacity.  The City lies downstream from dams, reservoirs, and debris basins 
whose drainages ultimately flow toward the City (Figure G-3).  Inundation hazards can range from high to 
low with increasing distance away from these water containment structures. 
 
Three dam and reservoir structures lie within the City (Figure 3); South Lake, Discovery Lake, and Lake San 
Marcos.  No dam and reservoir structures were identified outside the City that could pose a dam inundation 
flooding threat to the City.  Dam failure inundation maps from the City of San Marcos show the extent of 
flooding estimated for these three dams/reservoir.  South Lake reservoir is located up gradient from 
Discovery Lake reservoir and a failure of the upper dam is shown to overwhelm the lower dam and flooding 
would encompass much of the southwest portion of San Marcos Creek valley upstream from Lake San 
Marcos.  A failure of Lake San Marcos Dam would flood San Marcos Creek below the dam at Lake San 
Marcos.  Only Lake San Marcos dam is under the jurisdiction of the State of California.  Dam inundation 
flooding from South Lake/Discovery Lake could include approximately 73.3± million gallons (about 225 
acre-feet) of water (City of San Marcos, 1987).  Lake San Marcos (480 acre-feet; DSOD) occupies San 
Marcos Creek Figure G-3 shows the effect of flooding from all three reservoirs within the General Plan area. 
 
Smaller reservoirs, holding ponds, and water tanks are up stream from buildings and populations within the 
City and do not have inundation maps prepared.  Potential flooding impacts are undocumented. 
 
2.6.2.2 Generally Expected Effects and Mitigation Methods 
 
Based on existing maps, a catastrophic failure of South Lake and Discovery Lake dams would produce 
flooding through the canyon draining the two reservoirs and then to the north to Linda Vista Drive, west to S. 
Pacific Street, south to Discovery Road, and east to near Craven Road.  Lake San Marcos flooding would 
extend to the south and west remaining within San Marcos Creek canyon until it reached Melrose Drive 
where it could spread north and south as it exits the City to the west.  Specific flooding parameters for the 
small reservoirs and water tanks within the City have not been predicted and would vary in intensity 
depending upon the site and the amount of water impounded when such a failure occurred. 
 
Areas immediately along the down stream from water tanks and reservoirs along man-made or natural 
drainage courses would be the most susceptible to damage from rapidly flowing water, severe erosion, and 
associated floating debris.  Areas more distant from the larger reservoirs, higher elevation areas, and those 
areas farthest from the flood channels could suffer more from minor sheet flow and rising water.  Man-made 
barriers, such as cross-cutting roadways and closely-spaced buildings, could locally deflect flow in ways not 
obvious without site-specific investigation and analysis. 
 
Lake San Marcos is regulated and monitored for structural safety by the California Department of Water 
Resources Division of Safety of Dams in accordance with Division 3 of the California State Water Code.  
This is due to the dam height being greater than 25 feet or the storage capacity greater than 50 acre-feet.  It 
could not be confirmed that either South Lake dam or Discovery Lake dam are similarly regulated, which 
could increase somewhat the chance of catastrophic failure most likely with the most severe scenario 
earthquake on the Oceanside blind thrust.  Water tanks are designed to high standards to prevent failure 
during severe earthquakes.  For severe flooding to result from failure of a dam or water tank, the earthquake 
and the high water levels would have to occur simultaneously, which makes the chances more remote.  The 
most effective mitigation of future flooding would entail evaluating the structural integrity of these small 
dams and water tanks and performing upgrades as needed to provide an added safety margin for all but the 
most severe earthquake events.  In addition, an analysis of flooding potential at each facility could be 
performed and evacuation procedures could be developed for those facilities where flooding threatens 
property and populations. 
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3 GEOLOGIC AND SEISMIC HAZARD REGULATORY SETTING 
 

3.1 Federal  
 
3.1.1 Federal Disaster Mitigation Act of 2000 
 
The Disaster Mitigation Act of 2000 provided a new set of mitigation plan requirements that emphasize State 
and local jurisdictions to coordinate disaster mitigation planning and implementation.  States are encouraged 
to complete a “Standard” or an “Enhanced” Natural Mitigation Plan.  “Enhanced” plans demonstrate 
increased coordination of mitigation activities at the State level, and if completed and approved, will increase 
the amount of funding through the Hazard Mitigation Grant Program.  California’s updated State Hazard 
Mitigation Plan was adopted on October 8, 2007 and approved by the Federal Emergency Management 
Agency (FEMA) Region IX on December 17, 2007.  The City of San Marcos is one of the communities 
covered by the County of San Diego Multi-jurisdictional Hazard Mitigation Plan, which is a countywide plan 
that identifies risks posed by natural and manmade disasters (County of San Diego, 2004).  
 
3.1.2 National Flood Insurance Program  
 
FEMA administers the National Flood Insurance Program (NFIP), and participating jurisdictions must 
exercise land use controls and purchase flood insurance as a prerequisite for receiving funds to purchase or 
build a structure in a flood hazard area.  The NFIP provides federal flood insurance subsidies and federally 
financed loans for eligible property owners in flood-prone areas.  San Marcos has participated in the program 
since 1979 and as of 2004, some special (100-year) flood hazard areas were identified in the City.  San 
Marcos is identified on the NFIP Flood Insurance Rate Maps as being within Zone X, areas subject to 
minimal flooding, Zones AE and A, 100-year flood zones with base elevations determined and not 
determined, respectively. 
 

3.2    State  
 
3.2.1 Alquist-Priolo Earthquake Fault Zoning Act  
 
The 1972 Alquist-Priolo Special Studies Zones Act 1971 resulted from the consequences of the Sylmar-San 
Fernando earthquake and seeks to mitigate the hazard of fault rupture by prohibiting the location of 
structures for human occupancy across the trace of an active fault.  The Act was renamed in 1994 to the 
Alquist-Priolo Earthquake Fault Zoning (APEFZ) Act.  The Sylmar-San Fernando earthquake produced 
surface fault rupture damage along a zone that might have been identified in advance of the earthquake had 
the proper studies been mandated. 
 
The best and most feasible surface rupture mitigation is avoidance of the causative fault.  Thus, the APEFZ 
Act mandates that cities and counties (lead agencies) require that within an APEFZ geologic investigations 
must be performed to demonstrate that potential development sites are not threatened by surface fault 
displacements from future earthquakes.  To aid the various jurisdictions that function as lead agencies for 
project approvals in California, the California Geological Survey (CGS, formerly the California Division of 
Mines and Geology-CDMG) must delineate Earthquake Fault Zones on standard U. S. Geological Survey 
topographic maps (1-inch equals 2000-feet scale) along faults that are "sufficiently active and well defined" 
as defined in the Act.  Quoting from the implementation guide, Special Publication 42 (Hart and Bryant, 
1997; a 2007 interim revision has been updated to reflect changes in the index map and the listing of 
additional effected cities): 
 

“Zone boundaries on early maps were positioned about 660 feet (200 meters) away from the fault traces to 
accommodate imprecise locations of the faults and possible existence of active branches.  The policy since 1977 
is to position the EFZ boundary about 500 feet (150 meters) away from major active faults and about 200 to 300 
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feet (60 to 90 meters) away from well-defined, minor faults.  Exceptions to this policy exist where faults are 
locally complex or where faults are not vertical.” 

 
Lead agencies are responsible to regulate most development projects within the APEFZ as described in the 
Act, but may enact more stringent regulations.  Certain smaller residential developments can be exempt.  San 
Marcos currently has no APEFZ within the City. 
 
3.2.2 Seismic Hazards Mapping Act 

 
The 1990 Seismic Hazards Mapping Act (SHMA) addresses the primary earthquake hazard, strong ground 
shaking, as well as the secondary hazards of liquefaction, earthquake-induced landslides, and in some areas 
zones of amplified shaking.  As with the APEFZ Act, the California Geological Survey is the primary State 
agency charged with implementing the SHMA, and CGS provides local jurisdictions with the 1-inch equals 
2000-feet scale seismic hazard zone maps that identify areas susceptible to liquefaction, earthquake-induced 
landslides, and in some areas amplified shaking.  Site-specific hazard investigations are required by the 
SHMA when a development project is located within one of the Seismic Hazard Mapping Zones (SHMZ) 
defined as a zone of required investigation.   
 
Lead agencies with the authority to approve projects shall ensure that: 
 

“The geotechnical report shall be prepared by a registered civil engineer or certified engineering geologist, 
having competence in the field of seismic hazard evaluation and mitigation.  The geotechnical report shall 
contain site-specific evaluations of the seismic hazard affecting the project, and shall identify portions of the 
project site containing seismic hazards.  The report shall also identify any known off-site seismic hazards that 
could adversely affect the site in the event of an earthquake.” 

 
And: 

 
“Prior to approving the project, the lead agency shall independently review the geotechnical report to determine 
the adequacy of the hazard evaluation and proposed mitigation measures and to determine the requirements of 
Section 3724(a), above, are satisfied.  Such reviews shall be conducted by a certified engineering geologist or 
registered civil engineer, having competence in the field of seismic hazard evaluation and mitigation.” 

 
CGS Special Publication 117 (CGS, 2008a) covers the investigation, analysis, implementation, and review 
processes for liquefaction and earthquake-induced landslides evaluations and reports as updated effective 
September 2008 in order to provide detailed guidance for lead agencies to review SHMA reports.  The 
overall goal is to protect the public by minimizing property damage and the loss of life.   
 
The City of San Marcos has been mapped pursuant to the SHMA and there are zones of required 
investigation for liquefaction and earthquake-induced landslide hazards in the City (San Juan Capistrano and 
El Toro Quadrangles). 
 
3.2.3 Natural Hazards Disclosure Act 

 
The Natural Hazards Disclosure Act (effective June 1, 1998), requires: 
 

“that sellers of real property and their agents provide prospective buyers with a "Natural Hazard Disclosure 
Statement" when the property being sold lies within one or more state-mapped hazard areas, including a Seismic 
Hazard Zone.” 

 
The SHMA specifies two ways in which this disclosure can be made: 

 
“c. In all transactions that are subject to Section 1103 of the Civil Code, the disclosure required by subdivision (a) 
of this section shall be provided by either of the following means:  
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1. The Local Option Real Estate Transfer Disclosure Statement as provided in Section 1102.6a of the 
Civil Code.  
2. The Natural Hazard Disclosure Statement as provided in Section 1103.2 of the Civil Code.” 

 
The Local Option Real Estate Disclosure Statement can be substituted for the Natural Hazards Disclosure 
Statement if it contains substantially the same information and substantially the same warning as the Natural 
Hazards Disclosure Statement.  Both the APEFZ Act and the SHMA require that real estate agents, or sellers 
of real estate acting without an agent, disclose to prospective buyers that the property is located in an APEFZ 
or SHMZ. 
 
3.2.4 California Environmental Quality Act (CEQA) 

 
The 1970 California Environmental Quality Act (CEQA) ensures that local agencies consider and review the 
environmental impacts of development projects within their jurisdictions.  CEQA requires that an 
environmental document (e.g., Environmental Impact Report [EIR], Mitigated Negative Declaration [MND]) 
be prepared for projects that are judged in an Initial Study (IS) to have potentially significant effects on the 
environment.  Environmental documents (IS, MND, EIR) must consider, and analyze as deemed appropriate, 
geologic, soils, and seismic hazards.  If impacts are considered potentially significant, recommendations for 
mitigation measures are made to reduce geologic and seismic hazards to less than significant.  This allows 
early public review of proposed development projects and provides lead agencies the authority to regulate 
development projects in the early stages of planning. 

 

3.3 Local 
 
3.3.1 Building Codes 

 
The San Marcos City Council adopted (municipal code Chapter 17.08.010) the International Building Code 
(IBC) 2006 Edition, Chapters 1 through 35 and Appendices A, C, E, F, G , K-1 through K-10, and K-12--as 
published by the International Code Council, together with other amendments provided in municipal code 
Chapter 17.08.020 through 17.08.160.  As of January 8, 2008 (Ord No. 2007-1297, 1/8/08) all new 
residential, commercial, and light industrial construction is governed by the IBC, which the City of San 
Marcos has amended and provided additions to.  Chapter 17.32 (Building, Construction, & Related 
Activities) sets forth rules and regulations to control excavation, grading and earthwork construction, 
including fills and embankments; establishes the administrative procedure for issuance of permits; and 
provides for approval of plans and inspection of grading construction.  Title 19-Subdivisions (Chapters 19.04 
through 19.48) set for geologic and geotechnical requirements related to the subdivision process.   
 
The California Fire Code published by the California Building Standards Commission, 2007 Edition, 
including Appendix Chapters, 1 & 4, Appendix B, F, & H inclusive; the National Fire Protection Association 
Standards 13, 13-D and 13-R are adopted by reference as the Chapter 17.64-California Fire Code for the San 
Marcos Fire Department subject to the deletions, modifications, or amendments set forth in Chapter 17.64.  
 
International and national model code standards adopted into Title 24 apply to all occupancies in California 
except for modifications adopted by state agencies and local governing bodies.  Facilities and structures such 
as power plants, freeways, emergency management centers (e.g., traffic management, 911 centers), and dams 
are regulated under criteria developed by various California and Federal agencies. 
 
 
3.3.2 County of San Diego Multi-jurisdictional Hazard Mitigation Plan 
 
To comply with the Disaster Mitigation Act of 2000 the County of San Diego prepared the Multi-
jurisdictional Hazard Mitigation Plan, which serves as both a countywide plan and a plan for local 
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jurisdictions that identifies risks posed by natural and manmade disasters before a hazard event occurs 
(County of San Diego, 2004).  The Plan includes overall goals and objectives shared by many jurisdictions, 
as well as specific goals, objectives, and mitigation action items for each of the participating jurisdictions 
developed to help minimize the effects of the specified hazards that potentially affect their jurisdiction.  
Goals, objectives and action items were presented for the City of San Marcos. 
 
Hazards were mapped on a regional basis, generally at a scale of 1-inch equals 7 miles.  Geology-related 
mapping of interest to the City of San Marcos included Dam Failure, Earthquake, Flood, Rain-Induced 
Landslide, and Liquefaction.  The countywide analysis included application of the FEMA HAZUS software, 
a model developed to determine earthquake loss estimates, for earthquake and flood damage assessment. 
This model integrates data on building stock, population, and the regional economy with hazard models 
using GIS. The 2003 update of this model (HAZUS-MH for Multiple Hazard) was used to model earthquake 
and flood, as well as liquefaction and landslide induced by earthquakes.  Hazard maps prepared in this 
manner cannot indicate specific data sources for each hazard shown within the City of San Marcos.  
 

4 HAZARDS RELATED PLANNING 
 
Hazards discussed in previous sections have the potential to cause serious damage, injury, and death if the 
seismic event is large enough to generate short duration high peak ground accelerations, or long duration 
moderate to high ground accelerations.  Table G-13 lists community facilities considered essential, 
important, or critical by the City of San Marcos (Figure G-9).  These are subdivided into (a) police, fire, and 
City Hall (b) government buildings and facilities, (c) community, medical, and senior home facilities, (d) 
schools, and important structures, such as transportation facilities, freeway bridges, and utilities, 
dam/reservoirs.   
 
For each of the facilities listed in Table G-13 there is an indication of the potential for (a) estimated levels of 
10-percent in 50-years peak horizontal ground acceleration (PHGA), (b) bedrock and surficial geologic 
formations underlying the facility, (c) earthquake-induced liquefaction potential, (d) the potential for shallow 
groundwater, (e) mapped FEMA and dam failure inundation flood areas, and (f) slope instability (static or 
earthquake-induced).  Information is derived from maps and tables in this report.  The intent of Table G-13 is 
to highlight potential facilities where concerns may be higher in order to provide a tool for the City with 
regard to emergency planning and possible facility study and/or upgrade.  The table should be considered in 
the context of the previous technical discussions and maps, and is not considered as a replacement for site-
specific investigation and analysis. 
 
Concern for linear lifelines (i.e., streets, freeways, aqueducts, canals) and the other specific important and 
essential community facilities become even more critical in emergencies and natural disasters.  The 
earthquake effects on structures and facilities will depend upon the size and location of the earthquake being 
considered for specific facility locations within the City.  
 

TABLE G-13 – Potential Geologic and Seismic Hazards Effecting San Marcos Community Facilities  
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COMMUNITY FACILITIES        

Police, Fire, and City Hall        
City Hall 1 Civic Center Dr. 0.3 Qya X X   
Sheriff Station 182 Santar Pl. 0.3 MzU/Kt    L 
Fire Station 1 (built 1970) 180 West Mission Rd. 0.3 Qya X X   
Fire Station 2 (built 1980) 404 Woodland Pkwy. 0.27 Qya X X   
Fire Station 3 (built early 1990s) 1250 S. Rancho Santa Fe Rd. 0.27 Tsa     
Fire Station 4 (built 2008) 204 San Elijo Rd. 0.25 MzU    L 
Government Buildings and
Facilities 

   

    

San Marcos Library 2 Civic Center Dr.  0.3 Qya X X   
U. S. Post Office 420 N Twin Oaks Valley Rd. 0.3 Qya X X   
Community, Senior Home, 
and Medical Facilities 

       

Community Center 111 Richmar Ave. 0.3 Qya X X   
San Elijo Park Recreation Center 1105 Elfin Forest Rd. 0.25 MzU    L 
San Marcos Joslyn Senior Center 111 Richmar Ave. 0.3 Qya X X   
Fulton House (children’s activities) 1263 Fulton Rd. 0.3 MzU    L 
Schools        

Twin Oaks Elementary School 1 Cassou Rd. 0..32 Qya X X   
Paloma Elementary School 660 Camino Magnifico 0.32 Qya/MzU     
Richland Elementary School 910 Borden Rd. 0.29 MzU     
Alvin Dunn Elementary School 3697 La Mirada Dr. 0.3 Tsa    L 
San Marcos Elementary School 300 W San Marcos Blvd. 0.3 Qya X X   
Knob Hill Elementary School 1825 Knob Hill Rd. 0.27 MzU     
Discovery Elementary School 730 Applewilde Dr. 0.25 Qya/Tsa/MzU X X  L 
San Elijo Elementary School 255 Pico Ave. 0.27 MzU    L 
San Marcos Middle School 650 W Mission Rd. 0.3 Qya X X   
Woodland Park Middle School 1270 Rock Springs Rd. 0.27 MzU/Qya X X   
San Elijo Middle School 1600 Schoolhouse Way. 0.25 MzU    L 
Twin Oaks/Foothills High School 158 Cassou Rd. 0.32 Qya X X   
Missions High School 720 E Mission Rd. 0.27 MzU    L 
San Marcos High School 1615 San Marcos Blvd. 0.27 Tsa/Qya X X D L 
Cal State University—San Marcos 333 S. Twin Oaks Valley Rd. 0.27 Qya X X   
Palomar Community College 1140 West Mission Road 0.32 Qya/Kt/ MzU X X   
IMPORTANT STRUCTURES        

Transportation Facilities         

Spinter Station Palomar College 1142 W. Armorlite Dr.  0.32 Qya  X X   
Spinter Station Civic Center 40 W. San Marcos Blvd. 0.3 Qya X X A  
Spinter Station Cal State San Marcos 410 La Moree Rd. 0.27 Qya X X   
Spinter Station Nordahl Rd. 2121 Barham Dr., Escondido 0.25 Qoa/MzU     
Sprinter Railroad/SR-78 (2xOC) -- 0.3 Qya X X   
Freeway Bridges        

Sycamore Rd./SR-78 (UC) Not in the City 0.32 Qya X X   
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COMMUNITY FACILITIES        

S. Rancho Santa Fe Rd./SR-78 (OC) -- 0.32 Tsa     
Las Posas Rd./SR-78 (UC) -- 0.3 Qya X X   
W. San Marcos Blvd./SR-78 (UC) -- 0.3 Qya X X   
S. Twin Oaks Valley Rd./SR-78 (OC) -- 0.3 Qya/Kt X X   
Woodlyn Pkwy./SR-78 (UC)  0.27 Qya/Kt/ MzU X X   
E. Mission Rd./SR-78 (UC) -- 0.25 Qoa/MzU     
Citricado Pkwy/Nordhal Rd./SR-78 
(OC) -- 

0.25 Qoa/MzU     

Utilities and Dams/Reservoirs        
Second San Diego Aqueduct Western areas of City <0.32 Various     
South Lake Dam/Reservoir Cerro de las Posas Mtns.       
Discovery Dam/Reservoir Cerro de las Posas Mtns. 0.27 MzU   D  
Lake San Marcos Dam/Reservoir Western area of City 0.25 MzU   D  
Several Water Tanks Various areas 0.25+      
NOTES: 1. Police, fire, government, medical, community, and school facilities are from the City of San Marcos database; 
freeway bridges, utilities, and dams are other important facilities related to earthquake safety.  2. The peak horizontal ground 
acceleration is a percent of the force of gravity (estimated to the nearest 0.05g) and based on the California Geological Survey 
methodology.  3.  Geologic bedrock and surficial formations are as shown on Figure G-1.  4. Liquefaction potential is derived 
from coincident young alluvium and suspected shallow groundwater.  5. Faults affecting the City are shown on Figures G-1 and 
G-4.  5.  Dams (Figure G-3) considered are South Lake/Discovery Lake and Lake San Marcos.  6.  A blank cell indicates the site 
is not known to have the corresponding potential hazard.   
 

4.1 Evacuation and Emergency Response Routes, Freeways, and Bridges 
 
The SR-78 freeway and the primary freeway bridges are vulnerable to damage from strong seismic shaking, 
and associated liquefaction and dynamic consolidation, but for PHGA values higher than those noted in 
Table G-13.  At least the Twin Oaks Valley Road and Las Posas Road bridges were replaced within the past 
10 years and other freeway bridges may have been either seismically retrofitted by the State or have been 
built under the recent Caltrans design standards.  All 8 of the bridges noted in Table G-13 are in the same 
rather moderate PHGA range of 0.25 to 0.32g and 5 of the 8 are young alluvium which may be subject to 
liquefaction in some areas.  Freeway roadbed sections are subject to settlement due to dynamic consolidation 
and slope failure, which could cause local disruptions, particularly at the roadway/bridge connections.  A 
particular concern for lateral spread landslide hazard may exist where the SR-78 roadbed is sub-parallel and 
immediately adjacent to San Marcos Creek (e.g., between San Marcos Boulevard and Twin Oaks Valley 
Road).  A large earthquake centered on the Oceanside blind thrust (OBT) could disrupt one or more of these 
bridges, particularly those potentially susceptible to liquefaction. 
 
The OBT could cause folding of near-surface geologic formations, area-wide tilting, and/or localized uplift; 
however, these effects are considered very unlikely.  Close or distant large earthquakes could cause very 
strong ground shaking lasting for well over one minute.  Either situation could damage the freeway structures 
(roadway, slopes, and drainage devices) and bridges. 
 
Primary evacuation and emergency response routes within the City should be along roads which will handle 
maximum traffic and which lead directly to or from areas where less severe damage is predicted.  Since 
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freeways and bridges have proven to be at least temporary weak links in the post-earthquake regional 
transportation system, they should be avoided as primary emergency routes where possible.  Discussions 
with Caltrans should be part of earthquake disaster planning.  Roads passing through the hillside areas are 
subject to temporary total or partial closure from surficial or bedrock landslide scars or landslide debris.  
Roads immediately adjacent to or crossing San Marcos Creek may be subject to liquefaction or local creek-
bank slumping.  North-to-south roads that should remain relatively open and passable are Twin Oaks Valley 
Road (away from the SR-78), Las Posas Road, S. Rancho Santa Fe Road, Woodland Parkway, and Nordhal 
Road.  Similarly, east-to-west streets are Mission Road, Barham Drive, Craven Road, W. San Marcos 
Boulevard (away from the SR-78), Borden Road, Knob Hill Road, and Montiel Road.  Considering other 
logistical requirements, these appear to be suitable major evacuation and emergency response routes within 
the City based on geology, soils, and seismic hazards identified.  
 

4.2 Community Facilities  
 
San Marcos City Hall was initially constructed in ???? and was constructed (or has been upgraded) to current 
seismic standards; this building includes the emergency response center.  The emergency response center 
serves as the location for post-earthquake disaster coordination and response, as well as a location for police 
department administrative functions.  (The police department patrol staff are deployed from the City of San 
Marcos county sheriff station located at 182 Santar Place.)  Other government facilities include the U. S Post 
Office and the City Library.  The level of geologic, soils and seismic hazard is low for the City Hall, post 
office, and library facilities if shallow groundwater and liquefaction hazards are not present, and moderate if 
they are. 
 
No medical facilities were identified in the City.  One senior home facility and three community centers were 
identified by the City.  All three sites appear to have low geologic, soils, and seismic hazard potential, 
although 111 Richmar site may have shallow groundwater and liquefaction conditions.  The senior home 
facility is important for the concentration of infirm and elderly who are not as able to care for themselves in 
an emergency.  It is important to understand whether construction of this facility has accounted for geologic 
and seismic risk, as they are now understood within the City.  All facilitates should include an assessment of 
the earthquake preparedness of the staff, and the vulnerability of the contents and fixtures.  In addition, there 
may be other dependent care facilities (e.g., convalescent, day care, social services, and retirement facilities) 
or medical offices in the City that should be identified and evaluated for earthquake safety. 
 
Fourteen schools were identified as being located within the City, eight elementary schools, three middle 
schools, and three high schools.  In addition, Palomar Community College and Cal State San Marcos are 
within the City.  Several schools are in areas with potential shallow groundwater, liquefaction, and surficial 
earth material instability.  Based on the information available these hazard levels are considered to be low.  
Age of construction and relative seismic stability of the schools are known by the City.  In general, schools 
located in a young alluvial deposit (Qya and Qa) are more susceptible to liquefaction and dynamic settlement 
potential than schools outside these areas.  Since schools are often used as evacuation shelters following an 
earthquake, these locations could be more at risk and will be generally less suitable for sheltering (from a 
planning viewpoint) than other locations.  
 

4.3 Railroads, Dams, Reservoirs, and Utilities  
  
The Sprinter/BNSF Oceanside-Escondido lines pass through the City entering on the west and trending 
adjacent to Mission Road to Twin Oaks Valley Road.  Here the lines diverge with the BNSF (Burlington 
Northern Santa Fe) line remaining between Mission Road and the SR-78, then rejoining Mission Road near 
Avenida Chapala.  The North County Transit District Sprinter passenger trains follow the BNSF route except 
between Twin Oaks Valley Road and Avenida Chapala, where the Sprinter tracks loop south through the 
Civic Center, near Cal State San Marcos, and then east near Barham Drive to meet the BNSF tracks near 
Woodland Parkway.  Most of the track areas are within the Qya young alluvium and are therefore subject to 



WILSON GEOSCIENCES INC.                                                                 Engineering and Environmental Geology
  

Seismic and Geologic Technical Background Report                                                             October 2009---Page 42 

the potential for shallow ground water and liquefaction.  In particular the BNSF tracks along San Marcos 
Creek between E. Mission Road and Woodland Parkway may be subject to liquefaction and lateral spread 
landslides.  Distortions and damage to track can cause derailments, and landslides could undermine the 
tracks. 
 
The reservoirs, dams, and water tanks previously discussed within the City are vulnerable to damage from 
large earthquakes.  In addition, the Second San Diego Aqueduct (constructed in the late 1950s through the 
early 1970s) crosses the City entering on the west side of the Twin Oaks Valley neighborhood then passing 
through the College and Business/Industrial neighborhoods before turning to the southeast across Lake San 
Marcos and the Questhaven/La Costa Meadow neighborhoods to exit the General Plan area near Elfin Forest 
Road.  The pipeline carries approximately 380 cubic feet of water per second along the route through the 
General Plan area.  Failure of any of these structures could cause flooding (not depicted on Figure G-3) in 
areas down stream from these facilities. 
 
Liquefaction, fault rupture, dynamic consolidation, and strong ground shaking can affect buried and 
aboveground utilities, particularly at points-of-connection.  Utility line weakness may be at the entrance to 
residences or businesses, or at joints, junctions, and valves in the system.  In general it can be expected that 
damage will be more severe due to amplification of ground motions where liquefaction is possible and 
sediments are thicker and/or less dense (generally in the San Marcos Creek and Twin Oaks Valley areas).  It 
is not possible to predict relative frequency of damage more specifically without knowledge of the age of the 
various systems and the amount of upgrade that has been done.  The older systems are clearly the most 
vulnerable. 
 
An inventory of high-pressure water, natural gas, and liquid petroleum pipelines passing through the City 
should be compiled.  In general, underground pipelines are not subject to as much damage as surface 
structures (O’Rourke and Liu, 1999) during large seismic events, absent the potential for permanent ground 
displacement (PGD; e.g., landslides, fault rupture, and liquefaction).  Since these PGD factors do not occur 
with a high likelihood in most areas of the City, the potential for significant impacts to these structures in 
these areas should be low.  It is possible that these effects could cause disruption of one or more lines in the 
most severe earthquake events.  If natural gas or petroleum pipelines were to rupture, there would be a 
distinct possibility of fire or explosion if gas entered confined spaces.  This possibility is greatest where 
liquefaction potential exists.  Under these severe conditions gas line disruptions may affect the use of local 
streets. 
 

4.4 Potentially Hazardous Buildings 
 
It is beyond the scope of this study to comment on specific facilities and structures not classified in Table G-
8.  Generally this includes residences, small apartments and condominiums, businesses, and public facilities 
such as libraries, agency offices, meeting rooms, theaters, and churches.  Many buildings in the City were 
constructed after 1971, when more stringent seismic design codes were enacted based on the San Fernando 
earthquake and based on later technology studies. 
 
Potentially hazardous buildings consist of: dilapidated structures regardless of age; pre-1971 concrete tilt-up 
construction; non-ductile concrete frame buildings; multistory buildings with a soft story; buildings with a 
complex design/floor plan; and homes with unbolted foundations including mobile homes.  Unreinforced 
masonry (URMs) buildings are especially hazardous; it is understood that as of 2003 the City of San Marcos 
had no URM buildings in the City.  The City should do whatever it can to educate and persuade City 
residents, business owners, and owners of buildings within the City that fall into these other categories, to 
perform seismic strengthening and engage in earthquake preparedness programs. 

 

4.5 Land Use and Development 
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Land use constraints identified are strong ground shaking, liquefaction, landslides (including earthquake 
induced), and local dam or water tank inundation flooding.  Throughout the City no one area is more likely 
to experience the higher ground shaking levels than another with a narrow estimated range of 0.25 to 0.32g 
for the 10 percent chance in 50-years value.  Therefore ground shaking alone is not considered a constraint to 
land use since engineering design measures exist to minimize ground shaking damage, particularly for 
essential facilities.  Potential liquefaction areas coincide with parks/open space, residential areas, 
business/commercial districts, designated community facilities, utilities, and roads/bridges.  Future essential, 
important, or critical facilities as shown in Table G-13 should not be planned for these areas if other 
acceptable sites are available; locating such facilities in these areas requires more specialized investigations 
and design precautions. 
 
Sites susceptible to high levels of ground shaking and those in potential liquefaction prone areas require site-
specific geotechnical evaluations and analysis.  All recommended engineering design measures included in 
these studies should be incorporated into building design and construction.  As mentioned whenever 
possible, liquefaction and landslide hazard areas should be avoided for important community facilities.  
There is no known potential surface fault rupture threat from the non-active faults mapped within the General 
Plan area.  Despite these conditions, it is technically feasible to develop the land in the city if precautions are 
taken, including the proper geologic and geotechnical investigations, analyses, and project design 
considerations. 
 

4.6 Hazard Reduction 
 
Seismic and geologic hazard reduction will mainly be attained through the proper implementation of existing 
building codes and regulations related to natural hazards (e.g., 2007 California Building Code and the Multi-
jurisdiction Hazard Mitigation Plan).  Certain of the natural hazards that have previously been either 
unrecognized or not risen to prominence (e.g., liquefaction and lateral spread landslides) may require special 
city zoning and land use policies.  Potentially hazardous buildings can be identified and depending upon their 
quality and use (e.g., community center, fire station, or senior center), may be suitable for retrofit. 
 
4.6.1 Building Codes 
 
Adoption of the most rigorous building codes governing seismic safety and structural design will be the most 
effective means to mitigate future earthquake damage from strong ground shaking.  The most recent 2007 
California Building Code incorporates lessons from the most severe earthquakes to hit California in the past 
24 years, in particular San Fernando-Sylmar (1971), Loma Prieta (1989), and Northridge (1994) and has 
been adopted by the City of San Marcos.  Continued use of the 2001 State Historic Building Code for 
historic structure seismic retrofit, and the CBC for retrofit of other potentially hazardous structures will 
continue the trend of reduction in the loss of life in future earthquakes.  In addition, as population pressures 
lead to increased development in more hazard prone areas of the City and as the existing building inventory 
ages, the active implementation of these codes will reduce the earthquake hazard risk for the city. 
 
4.6.2 Special Hazard Zones 
 
The State (California Geological Survey--CGS) creates maps for the use of cities and other jurisdictions that 
define hazardous areas for “active” faults, liquefaction, and earthquake-induced landslides.  In addition, the 
CGS and the USGS create maps that define the potential levels of seismic ground shaking that can be 
expected.  Together these represent “special hazard zones” that have regulatory meaning and require certain 
studies and precautions before development can be approved.  Presently no CGS hazard maps have been 
prepared for the City of San Marcos and surrounding areas.  If such maps are prepared in the future, 
landslide and liquefaction-prone areas may be revised and updated to be more completely understood.  It is 
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suggested that the City carefully consider and explore the possibility of better understanding the nature of 
these hazards, with the goal determining whether they require future avoidance or special zoning. 
 
4.6.3 Building Retrofit 
 
The City should consider programs to identify potentially hazardous buildings (generally pre-1971 in age 
and not yet seismically retrofitted) and to identify potential funding sources to rehabilitate and strengthen 
these structures as redevelopment, infill, and new development proceed.  Upgrades should be made that will 
ensure the survivability and function of these facilities in such an earthquake event. 
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8.2.2 SEISMICITY AND FAULTING—EARTHQUAKE HAZARDS 
 
Seismic hazards are those hazards that are associated with an earthquake. The magnitude of 
an earthquake is generally at least 5.0 for some significant effects to be triggered, although 
lesser magnitude earthquakes have activated hazards and caused damage. Seismic hazards in 
the City are less significant than for most of southern California and for much of San Diego 
County. No active or potentially active faults traverse the City. Earthquake ground shaking 
potential from surface faults in the region is relatively low. There is potential for liquefaction in 
the abundant young alluvium. Dam failure inundation flooding is an issue for relatively small, but 
populous portions of the City. The following subsections describe in more detail the seismic 
hazard conditions that are present in the City. 
 
Historic Earthquakes and Ground Shaking  
 
Earthquakes generally occur on faults, which are planar features within the earth. Numerous 
regional and local faults (Figure 8-1) are capable of producing severe earthquakes of magnitude 
(M) 6.0 or greater. Several recent historic earthquakes in southern California have been of a 
sufficiently high magnitude to be felt in San Marcos. The six highest estimated Modified Mercalli 
Intensities (MMI)/peak horizontal acceleration values were for earthquakes within 84 miles of 
City Hall, ranging in magnitude from 5.0 to 7.6. The 1800 “San Diego area” earthquake (VIII) 
had the highest estimated intensity and may have been located within approximately 12.7 miles 
of San Marcos (Wilson Geosciences 2009). 
 
No instrumentally recorded earthquake of greater than M6.0 has occurred within 50 miles of the 
planning area. The 1933 Long Beach earthquake on the Newport-Inglewood fault zone near 
Newport Beach was the closest, at approximately 57 miles away. It is estimated that this 
earthquake caused an MMI shaking intensity effect classified as moderate shaking and very 
light damage. The M7.6 Landers event in 1992, approximately 84 miles away, produced a 
slightly higher MMI value, causing strong shaking and light damage. 
 
General background seismicity is considered very low in this portion of San Diego County, with 
earthquake activity concentrated on faults to the east (Elsinore and San Jacinto), north 
(Newport-Inglewood and Elsinore Hills), and offshore to the west (Thirtymile Bank). As 
documented in several relevant studies, the 1986 Oceanside earthquake event on the Thirtymile 
Bank blind thrust fault suggests that a larger event is possible on the Oceanside blind thrust, 
possibly closer to the City than the 1800 earthquake. Ground motions, intensity, and damaging 
effects could be much more severe than the 1986 event. 
 
Faults 
 
Two types of fault impacts are important to consider in San Marcos. Fault-generated earthquake 
ground shaking is the most critical potential impact due to its widespread effects and to the 
severe damage it could cause, resulting in economic losses and the injury or death of people. 
The other important impact relates to ground movement, e.g., co-seismic uplift, ground lurching, 
ground cracking, and liquefaction. Surface fault rupture does not appear to be an issue in the 
City based on available data. While these other ground movement effects are more limited in 
extent than strong ground shaking, the impacts on structures and the public can be severe 
depending on the size and proximity of the causative earthquake. In cases where earthquakes 
are large or hypocenters are shallow, ground rupture can occur along the source fault plane 
where it intersects the earth’s surface.  
 



AECOM | Excerpt from Working Paper 1/2010 – 6/9/11 
 

San Marcos currently has no APEFZ within the City of San Marcos.  Three surface faults and 
one possible blind thrust fault are documented and believed to directly underlie the City, each 
having different potential impacts, and each having differing levels of information regarding their 
degree of activity and damage-generating potential (see Figure 8-1 for locations of regional 
faults). Three short, nearly northeast-southwest and northwest-southeast trending “non-active” 
fault segments have been mapped within the General Plan area (Figure 8-1) at the far 
southeastern edge. The 2010 State fault map (California Geological Survey, 2010)1 indicates 
these faults are pre-Quaternary in age (>1.6 million years), suggesting they are non-active and 
not an earthquake or ground rupture threat.  These surface faults are not associated with a 
system of surface faults with demonstrated or known potential activity.  This represents the 
current state of knowledge about these faults, however is not considered a permanent 
classification since none of these faults has yet been studied in detail.  Any presently mapped 
fault and any newly discovered fault should be evaluated considering the state of knowledge at 
that time, and proposed land uses over and near such a fault.   If fault movement were to occur 
on one of these faults, which is unlikely, it could be in conjunction with a large earthquake on the 
Oceanside blind thrust (OBT) fault. The potential for surface fault rupture on these faults is 
considered to be very low. 
 
The OBT fault may underlie the City and surrounding communities; the location and 
characteristics of this fault are much less well known than for surface faults. If movement were 
to occur on a buried fault, the most likely result would be regional uplift. Several studies suggest 
the OBT fault may be capable of generating large earthquakes (Wilson Geosciences 2009). 
OBT subsurface characteristics are not well studied, and other blind thrusts beneath Los 
Angeles and Orange counties appear to have higher slip rates; therefore, without additional 
characterization, comparisons with the OBT are speculative (Wilson Geosciences 2009). 
 

                                                            
1 California Geological Survey (CGS), 2010, 2010 Fault Activity Map of California, 
http://www.quake.ca.gov/gmaps/FAM/faultactivitymap.html.  
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