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Introduction. Seismic hazards are those effects associated with earthquakes. Earthquakes occur
along faults, earth fractures or zones of fracture along which the rocks on one side have been
displaced in relation to those of the other side. Three basic types of fault exist: active, potentially
active, and inactive.
•

active fault - a fault along which historic movement (within the past 11,000 years) has
taken place and can be expected to move within the next 100 years, or one that a
competent geologist considers active.

•

potentially active fault - a fault that last moved within the Quaternary Period before the
Holocene Epoch (11,000 - 2,000,000 years ago), or one which because it is judged to
be capable of ground rupture or shaking, poses an unacceptable risk for a proposed
structure.

•

inactive fault - an identifiable fault which shows no evidence of movement in recent
geologic time and no potential for movement in the relatively near future.

Earthquakes are commonly described by the amount of energy they release. The scale used to
indicate energy release is the Richter Scale. As the scale is logarithmic, an increase of one number in
magnitude is the same as a 32 times increase in energy. A magnitude 7 earthquake releases 32 times
more energy than a magnitude 6 earthquake.
A second common measure of seismic activity is the Modified Mercallic scale which describes the
intensity of an earthquake in terms of its physical effects. The scale ranges from I (shaking not felt but
objects observed swaying) to XII (general panic with nearly total structural damage). Table III.A-1
shows the physical effects associated with each intensity scale.
Fault Systems In and Near the County.1 San Joaquin County, like all of California, is a seismically
active region. The seismicity of a region is described by the distribution, recurrence, and intensity of
earthquakes over a period of time. The County is located in Seismic Zone 3, as defined by the
Uniform Building Code. Building standards and regulations in this zone assume earthquakes with the
potential to make standing difficult and to cause stucco and some masonry walls to fall. In 1972 the
California Legislature enacted the Alquist-Priolo Special Studies Zones Act, which requires the State
Geologist to delineate Special Studies Zones around all known traces of potentially and recently active
faults in California. The California Division of Mines and Geology (CDMG) has not yet surveyed San
Joaquin County, although there are a number of known faults within the County (see Figure III.A-1).
San Andreas Fault. The San Andreas Fault is one of the longest and most active faults in the world.
The surface trace of this fault extends from the Northern California coast line to the Gulf of California, a
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distance of over 600 miles. The last major ground rupture of this fault in the Bay Area occurred in
1906 and induced strong seismic shaking in San Joaquin County. The probability of a large earthquake (magnitude 7) within the next 30 years along the San Francisco Bay segment is 0.5.1
Hayward Fault.2 The Hayward Fault is located east of San Francisco Bay and extends southeast to
where it probably merges with the Calaveras Fault north of the City of Hollister. The recent history of
this fault shows two major earthquakes (1836 and 1868), each with an estimated Richter Scale
magnitude of 6.5-7.5). In addition, between January 1969 and September 1973 approximately 70
small earthquakes were recorded along the fault. Tectonic creep continues to damage structures that
cross the fault zone.
Calaveras Fault.2 The Calaveras Fault, approximately 100 miles long, borders the eastern flank of the
Berkeley-Hayward Hills and extends southeast where it joins the San Andreas Fault south of the City
of Hollister. Due to the physiographic and geologic evidence and earthquake epicenters located along
the trace of the fault, the Calaveras Fault Zone is considered active.
Green Valley-Concord Faults.2 This fault zone, extending from Walnut Creek to west of Fairfield, has
experienced displacement throughout most of its length within recent geologic time. An earthquake of
5.4 magnitude occurred in 1955 along part of the fault near Concord. There is currently evidence of
some movement along the fault in the City of Concord. The greatest probable earthquake generated
by this fault is not expected to exceed a magnitude of 7.0 on the Richter Scale.
Tracy-Stockton Fault.2 This fault crosses the County from the southwest near Tracy to the northeast
near Linden. Passing beneath the City of Stockton, the fault has no surface trace, and its position has
been determined only from oil well log data. Subsurface data indicate that no appreciable movement
has occurred on this fault for three million years or more. Normally, this evidence would suggest that
the fault is inactive. On April 10, 1881 an earthquake occurred near Linden having an estimated
Modified Mercalli intensity of VII.3 In addition, two other smaller earthquakes (Richter Magnitude 4)
occurred on September 19 and 20, 1940 approximately five miles south of Linden. It is not certain
whether these earthquakes were part of a northeast extension of the Stockton-Tracy Fault. This
seismic activity raises the possibility of an active fault capable of at least a 5.0 magnitude earthquake
located in or near the central part of San Joaquin County.
Midland Fault. Buried under the San Joaquin Delta, the Midland Fault is not well documented. The
fault extends north from Bethel Island in the Delta to east of Lake Berryessa. However, there is
evidence that fault displacement has occurred during the Quaternary period. The maximum probable
earthquake which could be generated by this fault is a magnitude of 7.0 on the Richter Scale.
Antioch Fault. The Antioch Fault area is subject to relatively frequent earthquakes. During the tenyear period 1962-1971, general purpose seismographs recorded nine earthquakes having a Richter
magnitude in the range of 2.5 to 5.0, and more than twenty smaller earthquakes were centered in the
vicinity of Antioch.
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TABLE III.A-1 MODIFIED MERCALLI SCALE OF EARTHQUAKE INTENSITIES

If most of these effects
are observed

then the
intensity is:

Earthquake shaking not felt. But people may
observe marginal effects of large distance earthquakes without identifying these effects as earthquake-caused. Among them: trees, structures, liquids,
bodies of water sway slowly, or doors swing slowly.

I

Effect on people: Shaking felt by those at rest,
especially if they are indoors, and by those on upper
floors.

II

Effect on people: Felt by most people indoors. Some
can estimate duration of shaking. But many may not
recognize shaking of building as caused by an
earthquake; the shaking is like that caused by the
passing of light trucks.

III

Other effects: Hanging objects swing.
Structural effects: Windows or doors rattle. Wooden
walls and frames creak.

IV

Effect on people: Felt by everyone indoors. Many
estimate duration of shaking. But they still may not
recognize it as caused by an earthquake. The shaking
is like that caused by the passing of heavy trucks,
though sometimes, instead, people may feel the
sensation of a jolt, as if a heavy ball had struck the
walls.
Other effects: Hanging objects swing. Standing
autos rock. Crockery clashes, dishes rattle or glasses
clink.
Structural effects: Doors close, open or swing.
Windows rattle.

V

Effect on people: Felt by everyone indoors and by
most people outdoors. Many now estimate not only
the duration of shaking but also its direction and have
no doubt as to its cause. Sleepers wakened.
Other effects: Hanging objects swing. Shutters or
pictures move. Pendulum clocks stop, start or change
rate. Standing autos rock. Crockery clashes, dishes
rattle or glasses clink. Liquids disturbed, some spilled.
Small unstable objects displaced or upset.
Structural effects: Weak plaster and Masonry D*
crack. Windows break. Doors close, open or swing.
Effect on people: Felt by everyone. Many are
frightened and run outdoors. People walk unsteadily.
Other effects: Small church or school bells ring.
Pictures thrown off walls, knickknacks and books off
shelves. Dishes or glasses broken. Furniture moved
or overturned. Trees, bushes shaken visibly, or heard
to rustle.
Structural effects: Masonry D* damaged; some
cracks in Masonry C*. Weak chimneys break at roof
line. Plaster, loose bricks, stones, tiles, cornices,
unbraced parapets and architectural ornaments fall.
Concrete irrigation ditches damaged.
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VI

VII

If most of these effects
are observed

then the
intensity is:

Effect on people: Difficult to stand. Shaking noticed by
auto driver.
Other effects: Waves on ponds, water turbid with mud.
Small slides and caving in along sand or gravel banks.
Large bells ring. Furniture broken. Hanging objects
quiver.
Structural effects: Masonry D* heavily damaged;
Masonry C* damaged, partially collapses in some cases;
some damage to Masonry B*; none to Masonry A*.
Stucco and some masonry walls fall. Chimneys, factory
stacks, monuments, towers, elevated tanks twist or fall.
Frame houses moved on foundations if not bolted down;
loose panel walls thrown out. Decayed piling broken off.

VIII

Effect on people: General fright. People thrown to
ground.
Other effects: Changes in flow or temperature of springs
and wells. Cracks in wet ground and on steep slopes.
Steering of autos affected. Branches broken from trees.
Structural effects: Masonry D* destroyed; Masonry C*
heavily damaged; sometimes with complete collapse;
Masonry B* is seriously damaged. General damage to
foundations. Frame structures, if not bolted, shifted off
foundations. Frames racked. Reservoirs seriously
damaged. Underground pipes broken.

IX

Effect on people: General Panic.
Other effects: Conspicuous cracks in ground. In areas
of soft ground, sand is ejected through holes and piles
up into a small crater, and, in muddy areas, water
fountains are formed.
Structural effects: Most masonry and frame structures
destroyed along with their foundations. Some well-built
wooden structures and bridges destroyed. Serious
damage to dams, dikes and embankments. Railroads
bent slightly.

X

Effect on people: General Panic.
Other effects: Large landslides. Water thrown on banks
of canals, rivers, lakes, etc. Sand and mud shifted
horizontally on beaches and flat land.
Structural effects: General destruction of buildings.
Underground pipelines completely out of service.
Railroads bent greatly.

XI

Effect on people: General panic.
Other effects: same as for Intensity X.
Structural effects: Damage nearly total, the ultimate
catastrophe.
Other effects; Large rock masses displaced. Lines of
sight and level distorted. Objects thrown into air.

XII

* Masonry A:
* Masonry B:
* Masonry C:
* Masonry D:

Good workmanship and mortar, reinforced,
designed to resist lateral forces.
Good workmanship and mortar, reinforced.
Good workmanship and mortar, un-reinforced.
Poor workmanship and mortar and weak
materials, like adobe.
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Greenville Fault.2 The Greenville Fault extends about 11 miles northwestward from the northern end
of the Carnegie Fault to the southern tip of Marsh Creek Fault. An earthquake on this fault on
January 24, 1980 registered 5.5 on the Richter Scale. A subsequent earthquake two days later
reached 5.8.
Patterson Pass Fault. This fault runs northwest from the Alameda-San Joaquin County boundary
toward the City of Livermore. Its location is imprecise and the nature of its movement is uncertain. It
seems unlikely that this relatively small fault presents a significant seismic threat to San Joaquin
County in comparison with other fault systems located in the County.
Melones-Bear Mountain Fault Zones. The Melones and Bear Mountain Fault Zones extend in a wide
band along the western edge of the Sierra Nevada Mountains in the higher elevation foothills.
Beginning near the southeast corner of Yosemite National Park, the fault zones run through Mother
Lode communities ending in the foothills east of Red Bluff.
The Melones and Bear Mountain Fault Zones have exhibited little seismic activity and have been
considered to be inactive, since no evidence have been found of Quaternary fault movement. The
U.S. Geological Survey has been monitoring activity along the two fault zones in the vicinity of New
Melones Dam since 1972 and has found a lack of even micro-seismic activity.
Because of the location of Tulloch, New Melones, New Hogan, Jackson Creek and Pine Flat
Reservoirs within the Melones and Bear Mountain Fault Zones, the question of the activity of these
faults is extremely serious for San Joaquin County. Since upstream dam failure could lead to massive
flooding in San Joaquin County, it is extremely important to the County that the Melones and Bear
Mountain Fault Zones be reanalyzed.
Tesla and Black Butte Faults. Neither of these faults, located in the southwest corner of San Joaquin
County, have any recorded evidence of activity.
Other San Joaquin Systems. Two small buried faults are located in the western portion of the County.
The northern one is located on Roberts Island, and the other one extends from Banta to the County
line. Associated landforms suggest geologically recent activity, although these faults have not been
historically active.
In addition to these buried faults, a San Joaquin Fault has been identified. Based on partial evidence,
a fault zone may parallel 1-5 and extend from Tracy to Los Banos, along the east flank of the Diablo
Range. However, more detailed investigation has not been performed to confirm the existence of the
fault.
Seismic Effects. Table III.A-2 identifies the faults with the greatest potential effect on San Joaquin
County as measured at Stockton.
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The effects of an earthquake are described below. They include direct effects such as ground rupture
and ground shaking, as well as indirect effects such as liquefaction, subsidence, dam failures, etc.
Ground Rupture. During an earthquake, the ground can rupture horizontally and/or vertically, which
can cause significant damage. For example, this type of hazard can crack building foundations,
destroy roads and bridges, and break utility lines. Ground rupture is most likely to occur along lines of
previous fault systems, meaning that the southern portion of the County is more vulnerable to this
hazard than other parts of the County. However, ground rupture usually is restricted to earthquakes of
more than 5.5 magnitude on the Richter Scale. Although the County has experienced earthquakes of
this magnitude in the past, there is no known occurrence of local ground rupture.
Ground Shaking. Ground shaking is the most widespread effect of earthquakes, and poses a greater
seismic threat than local ground rupture. The most likely sources of strong ground shaking are from
the San Andreas, Hayward, Calaveras, Midland, Green Valley-Concord, and Tracy-Stockton Faults.
The probability of occurrence of major earthquakes on one of these faults is relatively high. A major
earthquake could result in maximum ground shaking of intensity VII+ on the Modified Mercalli Scale in
San Joaquin County. Strong ground shaking of this magnitude could result in significant damage to
unreinforced masonry buildings built before 1933. Mobilehomes and structures not properly secured to
foundations can be dislodged. In addition, ground shaking can cause nonstructural hazards to occur,
such as falling ceilings and light fixtures, toppling of exterior parapets, shattered glass, and movement
of furniture and heavy equipment.
Damage is generally greatest in areas where soils and surficial units are fine-grained, compressible,
and saturated with water. Conversely, damage seems to be least in areas of little or no surficial
material or where bedrock is massive, hard, dry, and relatively unfractured or unweathered.
Because soil depths are greatest in Stockton, Tracy, and much of the unincorporated areas of
San Joaquin County, ground shaking would most effect taller structures (3-4 stories high) in these
areas. The shallower deposits and stiffer soils in the foothills of the southwest and eastern areas of
the County tend to produce ground shaking having maximum effect on low rigid structures and lesser
effect on tall structures.1
Liquefaction. Liquefaction is a hazardous situation that occurs when a water-saturated, cohesionless
soil loses its strength and liquefies, typically because of intense and prolonged ground shaking.
Whether soils actually liquefy depends on the intensity of the ground shaking and its duration. With
loose soils, liquefaction can occur with shorter durations and lesser intensity shaking. Denser soils will
withstand longer durations of shaking and more intense shaking before liquefaction takes place. The
type of ground motion expected from large earthquakes felt in San Joaquin County is expected to be a
rolling type motion, which would be less likely to cause liquefaction.
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TABLE III.A-2:
MAJOR FAULTS POTENTIALLY AFFECTING SAN JOAQUIN COUNTY
Maximum
Intensity
of Maximum
Credible
Earthquake
(San
Joaquin
County)

Years of
Historic
Damaging
Earthquakes

Distance
From
Stockton
(miles)

Maximum
Probable
1
Earthquake

Maximum
Credible
2
Earthquake

San Andreas
Fault Zone

66

7.8-8.25

8.25-8.5

300
140

VIII-IX

1838, 1906

Calaveras

42

6.75

6.75-7.3

150

VIII-IX

1861

Hayward

48

7.25

7.0-7.5

264

VIII-IX

1836, 1868

Green ValleyConcord

44

6.7

6.5-7.25

319

VII-VIII

1955

Antioch

30

6.6

5.75-6.6

VII-VIII

1889?,1965

Greenville

30

6.8

6.9

> 10,000

VII-VIII

1980

Midway

24

6.3

6.3

2,651

VII-VIII

None known

Ortigalita

32

6.7

6.7

10,000

VII-VIII

None known

San Joaquin

32

6.6

Unknown

1,083

Unknown

None known

Foothills
Fault Zone

13

6.8

6.0

> 10,000

VIII-IX

1975

Midland

19

--

7.0

Unknown

VIII-IX

1889?

Fault

Recurrence
Interval
(years)

Note:

Those years which are followed by a question mark (?) are estimated.

1

Maximum probable earthquake is the maximum earthquake that appears to be reasonably expected within
the next 100-year period.

2

The maximum credible earthquake is the maximum earthquake that might reasonably occur under the
conditions presently known.

Source: BASELINE Environmental Consulting, April 1986
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Areas which have the greatest potential for liquefaction are those areas in which the water table is less
than 50 feet below ground and soils are predominantly clean, comprised of relatively uniform sands,
and are of loose to medium density. Clay-type soils are generally not subject to liquefaction. The
closer the ground water is to the surface, the greater is the potential for liquefaction.
Soil types considered most susceptible to liquefaction are found in the Manteca-Lathrop area, the area
just west of Woodbridge (including a small portion of the townsite), and the Delta. The soils in the
Tracy area are not considered to be as susceptible to liquefaction, even though the groundwater is
high, because the near-surface soils are predominantly clays or sands with high silt and clay content.
The east and northeast portions of the County are less susceptible because groundwater is deep. The
most serious threat to public health and safety from liquefaction lies in the Delta. Many of the Delta
levees are directly underlain by relatively clean, water-saturated sands and peats. Strong ground
shaking could cause liquefaction under these levees and lead to levee failure and localized flooding.
Figure III.A-2 shows the depth of the groundwater table based on lines of equal depth to water in wells
in the Fall of 1987. Combined with a map showing unconsolidated and water saturated sediments
(usually sands and silts), the areas of shallow groundwater (less than 50 feet) provide an indicator of
high liquefaction potential.
Subsidence. Earthquake motion can cause a settlement or shakedown of soils which can result in
localized subsidence. This settlement is most likely to occur in areas where water tables are deep
(otherwise liquefaction could occur), the soils are of loose to medium density, and the soil profile
includes a strata of loose, clean, uniformly graded sand. In general, the Lodi-Thornton areas and
areas southwest of Tracy are potential sites for subsidence due to their soil conditions. The MantecaLathrop-French Camp area could be subject to shakedown during periods of low groundwater levels.
However, given the expected types of ground motion in the County from an earthquake, the potential
for seismically induced subsidence is considered relatively low.
Water Movement. Water movement resulting from seismic activity includes landslide splashes and
seismic seiches. An added hazard is flooding due to dam or levee failures, and is discussed
separately in the Flood Hazard Technical Appendix. There are no historical records of seismicgenerated water movement occurring in or adjacent to San Joaquin County. This should not, however,
rule out the possibility of one occurring in the future. A seismically-induced wave in the Delta channels
could damage levees causing localized flooding. The occurrence of a seismic-generated landslide
splash in one of the reservoirs located in the County could result in dam failure and flooding.
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2. OTHER GEOLOGIC HAZARDS
Subsidence. Subsidence is the gradual, local settling or sinking of the earth's surface with little or no
horizontal motion. It is usually the result of gas, oil or water extraction, hydrocompaction, or peat
oxidation. In San Joaquin County, subsidence is generally attributed to the overdrafting of
groundwater basins and from peat oxidation of the Delta islands. Effects of subsidence include lower
levees, lower islands, flooding, infrastructure failure, crop losses, disruption to recreation, and
increased maintenance costs. Overdrafting occurs when the groundwater is pumped out faster than it
can be replenished. As a result, the overlying ground sinks. Overdrafting in recent years has
decreased because more surface water has been imported to meet the County's needs.
Subsidence in the Delta is more complex and poses more serious problems for the County. Deep
subsidence is thought to be caused by tectonic movement, natural consolidation, groundwater
withdrawal, and gas and oil withdrawal. The primary causes of shallow subsidence are oxidation,
anaerobic decomposition, shrinkage, wind erosion, compaction by farm equipment, burning, and
export by people. Present data indicate that rates of subsidence in the Delta are site specific. No
single rate (such as the commonly used 3 inches per year) is valid throughout the Delta or for all
locations on individual islands.
Island subsidence was analyzed by review of the Walter W. Wier Transect, the Mokelumne Aqueduct,
and quadrangle maps. The Walter Weir study measured elevations along a transect established in
1922. Trend data indicate that the rate of subsidence may be decreasing with time. A possible
additional settlement of 17 inches has been projected for a subsidence rate of less than 2 inches per
year between now and the year 2000. Calculations of subsidence along the East Bay Municipal Utility
District's Mokelumne Aqueduct between 1961 and 1986 show an average settlement of 0.8 inches per
year on Upper Jones Tract, 1.2 inches per year on Woodward Island, and 0.7 inches per year on
Orwood Tract. Finally, U.S.G.S topographic quadrangle maps have been used in the past to estimate
island subsidence rates. A comparison of the contours are made at different points in time. This
technique yields rates of subsidence that agree closely with a number of other studies, 2.8-3.3 inches
per year.4
An estimated 200,000 acres of the Delta including a majority of the islands are below sea level at
elevations as low as minus 25 feet. These conditions increase the hydrostatic pressure on the levees
and make them more susceptible to breaches. If subsidence is not stabilized, it could ultimately lead
to the loss of the entire Delta area for agricultural operations, the flooding of the islands, and the
formation of a large inland sea.
Subsidence cannot be completely abated; the process can only be slowed. Methods for long-term
abatement could mean major changes in Delta farming and a reduction in agricultural production.
Increasing the groundwater levels to reduce subsidence will limit agricultural crops to shallow root
crops, such as grasses, grains and clover. In addition, high groundwater levels could cause tillage
problems and result in higher salt levels in the soil. Methods to reduce wind erosion will also reduce
the amount of land available for agricultural production.
Slope Instability. The downslope movement of earth materials, often referred to as mass movements
(creep, mudflows, landslides, rockfalls, etc.), is a normal geologic process by which slopes are
flattened and valleys are widened. Although most of these movements are considered to be minor or
insignificant, there are areas where slope failures pose a major geologic hazard.
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Slope stability hazards within San Joaquin County are mostly confined to three areas: 1) the foothills
and mountain terrain which border the San Joaquin Valley (see Figure III.A-3), 2) the steep banks of
the major rivers which pass through the Valley floor, and 3) the levees of the Delta. The first area is
most susceptible to unstable slope conditions and specifically includes the steep hills of the Diablo
Range in the southwest section of the County and the Sierra Nevada Foothills along the County's
eastern edge. Combined, they equal about 20% of the total area of the County. Slope failures along
steep river embankments although not of great countywide significance could be a major local hazard.
This type of instability occurs when major streams have cut sharp banks into the Valley floor,
undercutting or oversteepening their banks. A significant number of Delta levees are susceptible to
failure because of slope movement. The use of unconsolidated materials for levee construction
increases the risk of slope failure and flooding. Levee failure is discussed further in the Flood Hazard
Chapter.
Expansive Soils. Expansive soils, such as clay, swell when they absorb water and shrink as they dry.
The basic cause of expansion is the attraction and absorption of water in the expandable crystal
structures of clays. The areas of San Joaquin County with the greatest shrink-swell soil problems are
the Delta, the areas north and west of Tracy, and the Stockton-French Camp area as far east as
Farmington (see Figure III.A-4).
Expansive soils must be recognized because they can cause building foundation cracking during wet
or dry periods. Moreover, various structural portions of a building may become distorted, such that
doors and windows do not function properly. These hazards can be avoided through proper drainage
and foundation design. The State Subdivision Map Act requires soil reports for all major subdivisions.
If expansive soils are recognized through appropriate soils testing, corrective measures can be
designed into the foundations.
Erosion. Erosion is the process of detachment and movement of soil particles by wind and water.
Erosion can result in the loss of topsoil, diminishing agricultural production in certain areas of the
County, and sedimentation of the loosened soil particles can harm water quality and pose health
hazards.
The Delta and the southeast county area east to the county line are two areas of San Joaquin County
subject to wind erosion (see Figure III.A-5). Areas subject to wind erosion also extend outward to
portions of the Stockton, Lathrop and Tracy areas. During times of high winds (15 plus MPH), clouds
of peat dust can be seen in the Delta. This dust is a health and safety hazard and contributes to the
loss of valuable agricultural soils. At times, roads through the Delta must be closed due to poor
visibility during a "peat" storm.
Water erosion from a combination of loose soils, steep slopes, and high rates of runoff is taking place
in the Delta and in the foothills in the southwest and eastern sections of the County (see Figure III.A-6).
By reducing the ability of the Delta levees to withstand water pressure, erosion caused by tidal action,
wind-induced waves, and boating, increases the potential for failure and flooding.
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