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6 Earth Resources 
6.1 Existing Conditions 

6.1.1 Topography and Landforms 
As previously introduced the Inland Area of the Concord Naval Weapons Station (CNWS) is 
located in the San Francisco Bay region and is within the central portion of the Coast 
Ranges Geomorphic Province of California.  The Coast Range province is composed of 
northwest-trending mountain ranges, ridges, and small alluvial valleys which are aligned 
with and adjacent to the California coastline.  The southwestern portion of the site is located 
in the Clayton Valley, which consists of gently sloping lowlands and hilly terrain ranging in 
elevation from sea level to 400 feet.  The floor of the valley slopes gently to the northwest.  
The northeast portion of the site is located within the Los Medanos Hills, which have peak 
elevations ranging from 800 feet in the lower hills to greater than 1,400 feet.  The Los 
Medanos Hills have significant topographic relief including steep hill-slopes of over 50 
percent (USGS, 1997).  Figure 6-1 presents the slope gradients in the area. 

 

6.1.2 Geologic Structure 
Native soil deposits within the Clayton Valley include Holocene and Pleistocene age alluvial 
fan and fluvial deposits, Holocene floodplain deposits, Holocene stream channel deposits, 
and undifferentiated Pliocene/Pleistocene continental gravels.  The upland areas along the 
Los Medanos Hills are generally composed of Tertiary and Cretaceous age sandstone, 
shale, and mudstone bedrock units.  Figure 6-2 is a geology map of the area (Helley and 
Graymer, 1997).  Soil deposits in the area are as follows: 

 Alluvial Fan and Fluvial Deposits (Holocene).  Alluvial fan deposits are brown or tan, 
medium dense to dense, gravely sand or sandy gravel that generally grades upward to 
sandy or silty clay.  Near the distal fan edges, the fluvial deposits are typically brown, 
medium dense sand that fines upward to sandy or silty clay.  (Qhaf on Figure 6-2)  

 Floodplain Deposits (Holocene).  Floodplain deposits are medium to dark gray, 
dense, sandy to silty clay.  Lenses of coarser material (silt, sand, and pebbles) may be 
locally present.  (Qhfp on Figure 6-2)  

 Stream Channel Deposits (Holocene).  Stream channel deposits are poorly to well-
sorted sand, silt, silty sand, or sandy gravel with minor cobbles.  Cobbles are more 
common in the mountainous valleys.  (Qhsc on Figure 6-2)  

 Alluvial Fans and Fluvial Deposits (Pleistocene).  Alluvial fans and fluvial deposits 
are brown, dense gravely and clayey sand, or clayey gravel that fines upward to sandy 
clay.  These deposits display various sorting and are located along most stream 
channels in Contra Costa County.  All of these deposits can be related to modern 
stream courses.  They are distinguished from younger alluvial fans and fluvial deposits 
by higher topographic position, a greater degree of dissection, and stronger soil profile 
development.  They are less permeable than Holocene deposits, and are overlain by 
Holocene deposits on lower parts of the alluvial plain.  (Qpaf on Figure 6-2) 

 Undifferentiated Continental Gravels (Plio-Pleistocene).  Undifferentiated 
continental gravels are semi-consolidated to unconsolidated poorly sorted gravel, sand, 
silt, and clay.  These deposits are unrelated to modern drainages.  (Qtu on Figure 6-2)  
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6.1.3 Soils 
Soils are the byproduct of physical and chemical weathering of rock and sediments.  They 
consist of mineral and organic matter and are created through physical, chemical, and 
biological processes.  The U.S. Department of Agriculture Natural Resources Conservation 
Service (NRCS), formerly known as the Soil Conservation Service (SCS), prepares and 
maintains soil surveys that classify soil characteristics and their suitability for agriculture and 
development.  

Published soil descriptions of the site are limited to a depth of five to six feet and may not be 
representative of deeper conditions.  In the area, earth-filling, highway and street 
construction, and other development-related activities may have caused substantial 
changes to natural soil profiles.  As a result, soil conditions on the site may be highly 
variable.  For these reasons, soils are generally classified specific to the site and 
distinctions are provided as information is available. 

Figure 6-3 identifies the soil types found at the site.  Twenty three (23) individual soil units, 
including combinations of one or more distinct soil types and slope conditions, are shown.  
Expansive soils are fine grained soils that shrink and swell significantly as they dry and wet, 
respectively.  Soil units mapped on the site that have been rated for shrink/swell potential 
are generally described as having a moderate to high shrink/swell potential, with one 
deposit identified as having low shrink/swell potential and two additional deposits having low 
to high shrink/swell potential.  Additionally, soil units generally have moderate to high 
corrosion potential.  

6.1.4 Mineral Resources 
The site has not been evaluated for potential mineral resources by the California 
Department of Conservation, Geological Survey (CGS), although mineral exploration and 
development at the site included the development of a natural gas production well by 
Chevron in 1980.  A portion of the Los Medanos natural gas field is located beneath the site 
north of State Route (SR) 4.  In addition, several plugged abandoned gas wells are located 
on the site.  Existing mineral resources within the Concord Area include alluvial sand and 
gravel deposits. 

There has been natural gas extraction from the Los Medanos field north of SR 4 and east of 
the site.  There is also speculation that there could be other sources in the field south of 
SR 4. 

6.1.5 Seismicity 

The site is located in the seismically active San Francisco Bay region, which has 
experienced repeated moderate to large earthquakes.  Table 6-1 presents notable historic 
seismic events that have affected the area.  In 1999, the Working Group on California 
Earthquake Probabilities (WGCEP, 1999) estimated a 70-percent probability for one or 
more earthquakes of magnitude 6.7 or greater to occur within the Bay Area in the 30-year 
period between 2000 and 2030. 

The site is located in the seismically active San Francisco Bay region, which has 
experienced repeated moderate to large earthquakes.  Notable historic seismic events 
affecting the area are presented in Table 6-1.  A 1999 estimate made by the Working Group 
on California Earthquake Probabilities (WGCEP, 1999) gave a 70 percent probability for one 
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or more magnitude 6.7 or greater earthquakes to occur within the Bay Area in the 30-year 
period between 2000 and 2030. 

Table 6-1: 
Active Faults Near the Site 

Active Fault 
Distance/Direction 

from Site 
Recent 

Movement 
Historical Seismicity 

(M)1 Mw2 
Clayton-Marsh 
Creek-Greenville  

Bisects Historic (1980 
rupture) 

M5.6 1980 6.9 

Concord-Green 
Valley 

1 mile southwest Historic (1955) 
Holocene 

Historic active creep 6.9 

San Andreas 34 miles west Historic (1906; 
1989 ruptures) 

M7.1, 1989 
M7.9, 1906 
M7.0, 1838 
Many <M4.5 

7.9 

Hayward 15 miles west Historic (1836; 
1868 ruptures) 

M6.8, 1868 
Many <M4.5 

7.1 

West Napa 14 miles northwest Historic M5.2, 2000 6.5 
Calaveras 17 miles south Historic (1861 

rupture) 
Holocene 

M5.6-M6.4, 1861 
M4-M4.5, swarms 
1970, 1990 

6.8 

Rodgers Creek 24 miles northwest Historic M6.7, 1898 
M5.6, 5.7, 1969 

7.0 

Diablo 10 miles south Historic Slip rate 3mm/year 6.6 

Notes: 
1 Richter magnitude and year for recent and/or large events.  The Richter magnitude scale reflects 

the maximum amplitude of a particular type of seismic wave. 
2 Moment magnitude is related to the physical size of a fault rupture and movement across a fault.  

Moment magnitude provides a physically meaningful measure of the size of a faulting event.  The 
maximum Mw earthquake, derived from the “Probabilistic Seismic Hazard Assessment for the 
State of California” (CGS/USGS, 2003). 

M = Richter magnitude; mm = millimeters; and Mw = moment magnitude. 

Source:  Jennings, 1994. 
 

6.1.5.1 Fault and Zoning Classifications 
Faults are classified by age as Historic, Holocene, Late Quaternary, Quaternary, and Pre-
Quaternary (Jennings, 1994) according to the following criteria: 

 Historic fault displacement has occurred within the past 200 years. 

 Holocene shows evidence of fault displacement within the past 11,000 years, but 
without historic record. 

 Late Quaternary shows evidence of fault displacement within the past 700,000 years, 
but may be younger because of a lack of overlying deposits that enable more accurate 
age estimates. 

 Quaternary shows evidence of displacement sometime during the past 1.6 million 
years. 

 Pre-Quaternary: does not show displacement during the past 1.6 million years. 
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There are several active1 or potentially active2 major faults in the vicinity of the site.  
Table 6-1 presents information on active faults within approximately 30 miles of the site.  
Figure 6-4 presents general fault locations.  The two active faults closest to the site are the 
Clayton Fault and the Concord Fault.  The Clayton Fault, which traverses the site near the 
southwest base of the Los Medanos Hills, is considered to be the northern segment of the 
Greenville Fault.  There is no record of historic earthquakes on this fault, and the 
geomorphic expression of this section is suggestive of a fault with a low late Quaternary slip 
rate.  The Concord Fault is a major northwest-trending right-lateral fault of the San Andreas 
Fault system.  An Alquist-Priolo Earthquake Zone map has been developed for the fault, 
which is located just over a mile southwest of the site.  The Concord Fault3 has an 
estimated slip rate of 0.04 to 0.2 inches per year. 

6.1.5.2 Alquist-Priolo Earthquake Fault Zones 
The Alquist-Priolo Special Studies Zones Act, passed in 1972, requires the establishment of 
“earthquake fault zones” (formerly known as “special studies zones”) along known active 
faults in California that meet a specific set of criteria (CDMG, 1993).  Strict regulations on 
development within these zones are enforced to reduce the potential for damage because 
of fault displacement.  In order to qualify for “earthquake fault zone” status, faults must be 
“sufficiently active” and “well-defined.” As a result, only faults or portions of faults with a 
relatively high potential for ground rupture are zoned, while other faults, which may meet 
only one of the “sufficiently active” and “well-defined” criteria, are not zoned.  The potential 
for fault rupture, therefore, is not limited solely to faults or portions of faults delineated as 
“earthquake fault zones.” No portion of the site is located within an Alquist-Priolo 
Earthquake Fault Zone; however, as mentioned above, the Concord Fault, which is 
classified as an Alquist-Priolo Earthquake Fault Zone, is located just over a mile southwest 
of the site. 

 

6.1.7 Seismic Hazards 

6.1.7.1 Fault Rupture 
Seismically induced ground rupture is defined as the physical displacement of surface 
deposits in response to seismic waves generated during an earthquake.  The magnitude 
and nature of the fault rupture varies between faults, and can even vary between different 
segments of the same fault.  Fault rupture is most likely to occur along active faults. 

6.1.7.2 Ground Shaking 
According to the CGS probabilistic seismic hazard maps (CGS/USGS, 2003), peak ground 
accelerations within the area could reach 0.7 g.  1.0 g of acceleration is a rate of increase in 
speed equivalent to a car traveling 328 feet from rest in 4.5 seconds.  The ground motion 
presented in the probabilistic seismic hazard map represents the peak ground acceleration 
that has only a 10 percent chance of being exceeded in 50 years.  Table 6-2 presents a 
generalized relationship between the intensity of an earthquake and the peak ground 
accelerations (Bolt, 1988). 

 

 
1 “Active” describes Historic and Holocene faults that have had surface displacement within about the last 11,000 years. 
2 “Potentially active” describes faults showing evidence of surface displacement during Quaternary time (the past 1.6 million years). 
3 The Concord Fault is considered to be a southern extension of the Green Valley Fault. 
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Table 6-2: Modified Mercalli Intensity Scale 
Intensity 

Value Intensity Description 
Average Peak
Acceleration 

0.0017 g1 I Not felt except by a very few persons under especially favorable 
circumstances. 

II Felt only by a few persons at rest, especially on upper floors on 
buildings.  Delicately suspended objects may swing. 

< 0.014 g 

III Felt noticeably indoors, especially on upper floors of buildings, but 
many people do not recognize it as an earthquake.  Standing motor 
cars may rock slightly; vibration similar to a passing truck.  Duration 
estimated. 

< 0.014 g 

IV During the day felt indoors by many, outdoors by few.  At night, some 
awakened.  Dishes, windows, doors disturbed; walls make cracking 
sound.  Sensation like heavy truck striking building.  Standing motor 
cars rocked noticeably. 

0.014-0.039 g 

V Felt by nearly everyone, many awakened.  Some dishes and windows 
broken; a few instances of cracked plaster; unstable objects 
overturned.  Disturbances of trees; poles may be noticed.  Pendulum 
clocks may stop. 

0.039-0.092 g 

VI Felt by all; many frightened and run outdoors.  Some heavy furniture 
moved; fallen plaster or damaged chimneys.  Damage slight. 

0.092-0.18 g 

VII Everybody runs outdoors.  Damage negligible in buildings of good 
design and construction, slight to moderate in well-built ordinary 
structures, and considerable in poorly built or badly designed struc-
tures. Some chimneys broken.  Noticed by persons driving motor cars. 

0.18-0.34 g 

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

0.34-0.65 g 

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

0.65-1.24 g 

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

> 1.24 g 

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. 

> 1.24 g 

XII Damage total.  Nearly all works of construction are damaged greatly or 
destroyed.  Waves seen on ground surface.  Lines of sight and level 
are distorted.  Objects are thrown upward into the air. 

> 1.24 g 

Notes: 
1 1.0 g of acceleration is a rate of increase in speed equivalent to a car traveling 328 feet from rest 

in 4.5 seconds. 
> = greater than. 

Source:  Bolt, 1988. 
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6.1.7.3 Liquefaction and Lateral Spreading 
Liquefaction is a process whereby strong ground shaking causes loose, saturated, 
unconsolidated sediments to lose strength and behave as a fluid.  This subsurface process 
can cause ground deformation at the surface, including lateral spreading and differential 
compaction or settlement and sand boils.  Loss of bearing strength and ground movements 
associated with liquefaction may result in damage to roads, pipelines, underground cables, 
buildings, and other structures. 

Soils on the site most susceptible to liquefaction are Holocene stream channel deposits, 
which have been mapped as having a very high liquefaction potential.  Holocene and 
Pleistocene alluvial fan and fluvial deposits, located adjacent to Mt. Diablo Creek and 
extended from approximately a mile south of Willow Pass Road to Kirker Pass Road, are 
shown to have a high liquefaction potential.  In addition, floodplain deposits near Olivera 
Road between SR 4 and Willow Pass Road are also shown as having a high liquefaction 
potential.  Figure 6-5 shows areas of high and very high liquefaction potential. 

6.1.7.4 Ground Cracking 
Ground cracking, such as that observed during the 1989 Loma Prieta earthquake in the 
Santa Cruz Mountains, is a secondary effect of seismic ground shaking.  It appears as open 
fissures or cracks in the ground, particularly along the crests of ridges that open in response 
to strong shaking.  The exact mechanism that causes earthquake-induced ground cracks is 
not clear; however ground cracking is typically a problem only on narrow-crested, steep 
sided ridges, conditions that may be present at selected locations in the Los Medanos Hills 
portion of the site. 

6.1.7.5 Landslides and Seismic Slope Instability 
Landslides, earthflows, and debris flows are relatively common features along the ridges 
and hillsides of the Mt. Diablo Foothills within the site boundaries.  A landslide is a mass of 
rock, soil, and/or debris that has been displaced down slope by sliding, flowing, or falling.  
Earthflows are relatively shallow deposits of soil that have crept down slope, typically at a 
rate too slow to observe, except over a long duration.  Debris flows are generally short-lived 
phenomena resulting from rapid failure of surficial slope materials.  Typically, debris flows 
leave a trail of mud and debris in a scoured channel following run-out of the flow. 

Landslide potential is influenced by a number of factors, with some of the most substantial 
being the degree of slope, the presence or movement of water, and zones of weakness 
within the slopes.  In general, degree of slope is the most important factor contributing to 
landslide hazard, with steep slopes being more susceptible to failure than shallow ones.  
The presence of water within a slope, often the most variable factor contributing to landslide 
potential, both increases slope stresses and reduces slope strength.  Although landslide 
activity can occur at any time, with no apparent triggering mechanism, landslide activity is 
generally greatest during wet winter seasons. 

Strong earthquakes often cause landslides, particularly in areas already susceptible to 
landslides because of other factors, including the presence of existing landslide deposits.  
Landsides are typically a major effect of ground shaking during earthquakes with 
magnitudes of 5 and greater, especially where the soil is saturated.  Many earthquakes-
induced landslides result from liquefaction phenomena, such as along stream banks, but 
others simply represent failure of slopes that were marginally stable under static conditions.  
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Seismic slope instability can occur anywhere, but is generally concentrated in areas with 
steep slopes that are only moderately stable under static conditions.  The upland areas 
along the eastern and northeastern boundaries of the site include steep terrain with slopes 
greater than 30 percent.  

Mitigation Measure Earth Resources C-1:  All development at the site shall 
comply with the General Plan Policies that address requirements for 
reducing the adverse effects of seismic hazards.  With the implementation 
of this mitigation measure, this potential significant impact will be reduced 
to a level that is less than significant. 

The City of Concord has adopted several policies intended to reduce adverse effects of 
seismic hazards.  These policies include: 

S-3.1.1 Require as part of the development review process a thorough evaluation of 
geologic-seismic and soils conditions and risks. 

S-3.1.2 Require all new development to design structures and building pursuant to 
applicable state and local codes.  (These codes include seismic design criteria.) 

S-3-2.2 Restrict development on hillsides with slopes over 30 percent. 

S-3-2.4 Regulate all development, including remodeling or structural rehabilitation, to 
assure adequate mitigation of safety hazards on sites having a history or threat of 
slope instability, erosion, subsidence, ground failure, ground rupture, and/or 
liquefaction. 

6.3.2.2 Earth Resources Impacts that are Less Than Significant 

Impact Earth Resources C-2:  All seven alternative reuse concepts could result in 
substantial soil erosion or loss of topsoil.  This potential impact is considered to be 
less than significant. 

Erosion can occur during construction, in areas of cut and fill, and in sloped areas 
undergoing development.  The potential for erosion significantly increases as slopes 
become steeper and less vegetated.  Areas most susceptible to erosion include hilly areas 
and other locations where extensive grading would be required.  It is assumed that all 
development at the site will be performed in accordance with the General Plan which 
includes the following policies: 

S-3-2.1 Require all development on hillsides where the grade exceeds 15 percent to 
submit a hillside development plan that demonstrates contoured grading 
techniques to ensure that buildings, streets, and drives can be accommodated 
safely with a minimum amount of grading. 

S-3-2.2 Restrict development on hillsides with slopes over 30 percent. 

S-3-2.4 Regulate all development, including remodeling or structural rehabilitation, to 
assure adequate mitigation of safety hazards on sites having a history or threat of 
slope instability, erosion, subsidence, ground failure, ground rupture, and/or 
liquefaction. 

S-3.2.5 Control erosion of graded areas with revegetation or other acceptable methods. 

Mitigation Measure Earth Resources C-2:  None required. 
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Impact Earth Resources C-3:  All seven alternative reuse concepts could include 
development and/or site work on a geologic unit or soil that is unstable, or that would 
become unstable as a result of the alternatives, and potentially result in on- or off-site 
landslide, settlement, or collapse.  This potential impact is considered to be less than 
significant. 

Landslides are documented in the upland portions of the site within the Los Medanos Hills.  
Within the site boundaries, the upland area is generally mapped as “few landslides”, 
although some areas of “mostly landslide” are present.  Landslide potential increases where 
grading and other construction activities alter the topography or drainage patterns in a 
manner that reduces slope stability.  Over-steepened slopes and slope saturation both 
contribute to slope instability.  The removal of vegetation can also lead to slope instability.  
Slope instability including landslides, earth flows, and debris flows has the potential to 
undermine foundations, cause distortion and distress to overlying structures, and displace 
or destroy structures.  Landslides can also cause down slope deposition of soil which can 
damage or bury structures. 

Settlement can occur when native soils are subjected to increased loads.  Settlement can 
also occur in poorly constructed earth fills.  Increased loads can be the result of both 
foundation loading and earth fill loads.  Differential settlement can damage structures and 
underground facilities, and can lead to maintenance issues with roadways and other paved 
areas.  

It is assumed that all development at the site will be performed in accordance with the 
General Plan which includes the following policies: 

S-3-2.1 Require all development on hillsides where the grade exceeds 15 percent to 
submit a hillside development plan that demonstrates contoured grading 
techniques to ensure that buildings, streets, and drives can be accommodated 
safely with a minimum amount of grading. 

S-3-2.2 Restrict development on hillsides with slopes over 30 percent. 

S-3-2.3 Require soils and geologic hazards analysis and mitigation as part of 
development review of individually proposed projects.  

S-3-2.4 Regulate all development, including remodeling or structural rehabilitation, to 
assure adequate mitigation of safety hazards on sites having a history or threat of 
slope instability, erosion, subsidence, ground failure, ground rupture, and/or 
liquefaction. 

Mitigation Measure Earth Resources C-3:  None required. 

Impact Earth Resources C-4:  All seven alternative reuse concepts may include 
development and/or site work on expansive soil creating substantial risks to life or 
property.  This potential impact is considered to be less than significant. 

Expansive soils within approximately 5 feet of the ground surface can result in differential 
and cyclical movements of the soil that can damage foundations, slabs, roadways, and 
other paved surfaces.  Expansion and contraction of expansive soil is a function of moisture 
content, and is generally a function of surface water infiltration.  Soil units mapped on the 
site that have been rated for shrink/swell potential are generally described as having a 
moderate to high shrink/swell potential. 
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It is assumed that all development at the site will be performed in accordance with the 
General Plan which includes the following policy: 

S-3-2.3 Require soils and geologic hazards analysis and mitigation as part of 
development review of individually proposed projects.  

Mitigation Measure Earth Resources C-4: None required. 

Impact Earth Resources C-6: All seven alternative reuse concepts could result in loss 
of a known valuable mineral resource or in the loss of availability of a locally 
important mineral resource identified in an approved land use plan.  This potential 
impact is considered to be less than significant. 

Existing mineral resources within the Concord Area include alluvial sand and gravel 
deposits.  However, the site has not been evaluated for potential mineral resources by the 
California Department of Conservation, Geological Survey (CGS). 

Mitigation Measure Earth Resources C-6: None required. 
 

6.3.3 Earth Resources Impacts of Alternative Concepts 1−7  

6.3.3.1 Potentially Significant Earth Resources Impacts of Alternative 
Concepts 1−7 

None identified. 

6.3.3.2 Earth Resources Impacts of Alternative Concepts 1−7 that are Less 
Than Significant 

None identified. 
 

6.3.4 Earth Resources Impacts of “No Project” Alternative 

6.3.4.1 Potentially Significant Earth Resources Impacts of “No Project” 
Alternative 

None identified. 

6.3.4.2 Earth Resources Impacts of “No Project” that are Less Than Significant 
None identified. 
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