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Mr. Luu:
In accordance with your authorization, we have completed a Limited Engineering
Geologic study of the subject property. The purpose of our investigation was to evaluate
the engineering geologic aspects of the site relative to the proposed development and
provide geologic recommendations for site design and construction. Our work is limited
to the geologic conditions of the site and is intended to accompany a soil investigation by
your firm to provide the required geotechnical documents for agency review and approval.
Our geological findings, conclusions, and recommendations are presented herein.
Should you have any questions, or require additional information, please do not hesitate
to contact our office.
Sincerely,
RGS Engineering Geology
_________________________
Christopher Krall, CEG 1816
Engineering Geologist
Distribution: (1) Electronic Copy
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INTRODUCTION
SCOPE OF WORK
For this study, RGS conducted the following scope of work:


Review related geologic and soils information available in our files including previous
geotechnical reports for the project.



Examination and interpretation of stereoscopic aerial photographs of the site and vicinity
to evaluate geomorphic features related to faulting.



Site reconnaissance and geologic mapping of the site and immediate vicinity.



Qualitative analysis of site geologic hazards including faulting, seismicity, landslide,
liquefaction, and rockfall hazard.



Preparation of this report presenting our geologic findings, conclusions, and
recommendations for site development.

Site Conditions
The subject site is located just south of Interstate 15 at the Afton Road off-ramp. The
geographical location of the site and vicinity are depicted on our Site Location Map, Figure 1.
More specifically, the site is south of, and adjacent to, a County frontage road that parallels the
Interstate. The property is vacant and appears to be in a generally natural, undisturbed
condition. Some minor embank construction appears to have been conducted in association
with the improvements to Afton Road.
Topographically, the site slopes gently to the southwest with surface drainage directed as sheet
flow and within poorly formed dendritic drainage patterns that become more incised and distinct
to the southwest. Vegetation is sparse and consists of native desert brush.
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Proposed Development
The property is proposed for development of a truck stop facility to include a single-story truck
stop building, a single-story auto repair building with canopy, fuel dispensing canopy, and an
accessory building with vehicle storage area. Parking and driveways are also proposed.
Although grading plans and pad elevations are not available at this stage of site planning, we
assume that minor earthwork and grading will be required to achieve design grade considering
the relatively gentle slope of the site. The proposed development is depicted on our Site Plan,
Figure 2 of this report.
Regional Geologic Setting
From a regional geologic perspective, the site is located within the Mojave Desert Province
characterized as a broad interior region of isolated mountain ranges separated by large, open
plains. The Province exhibits interior closed drainage patterns which typically terminate at
seasonally dry playas. This includes the Mojave River, which is the main drainage of the region
with its source in the San Bernardino Mountains to the south.
The province is distinctly wedged shaped with the Garlock Fault forming the northwest
boundary, and the San Andreas Fault zone forming the southwestern margin. The easterly
boundary extends beyond the California boundary into southern Nevada and Arizona.
A large contrast in topography occurs within the province with a high elevation on the order of
9000 feet in the Clark Mountains and a low elevation of 700 feet above sea level in the Soda
Springs area. The western portion of the Province is relatively flat as compared to the
mountainous eastern area which is dominated by northwest to southeast trending hills
delineated or controlled by right lateral transform faults. The Mojave Desert also exhibits a
number of volcanic flows and cones, including the Cima Volcanic Field. This field consists of
numerous cinder cones and associated flows. The youngest flow is approximately 16,000 years
old and retains a rough flow texture. Older flows are covered with heavily varnished basalt
cobbles that form a desert pavement. This pavement consists of a monolayer of cobbles
underlain by a meter or more of windblown silt and dust.
Local Geologic Setting
Locally, the site is situated just north of the Mojave River drainage where it enters Afton Canyon
and drains easterly through the Cady Mountains to Soda Lake. This north flank of the Mojave
River is underlain by alluvial sediment emanating from the hills to the northeast and draining
south to the river. These drainages, including the Mojave River are generally dry and only yield
surface flow seasonally during periods of heavy or prolonged rainfall. Pleistocene aged
lacustrine deposits associated with paleo Manix Lake are also present locally and help to define
the shoreline of the ancient lake. The local and regional geology is shown on Figure 3, Regional
Geologic Map.
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SITE INVESTIGATION
Our geologic investigation of the site began with review of regional geologic literature and maps
pertaining to the site. This was followed by review of the site-specific geotechnical report
conducted by Soil Exploration Company, Inc. Stereoscopic pairs of aerial photographs were
also examined to identify the geologic features of the site and surrounding area. General
descriptions of the earth materials encountered during field work and review are provided below.
SUMMARY OF FINDINGS
Earth Materials
Our review of available geologic and geotechnical literature indicates the site is underlain by
older alluvial and older lacustrine deposits consisting of gravel with silt and sand. These
materials are described as gray in color, fine to coarse grained, dry, and loose to medium dense
by the previous soil report (SEC, 2018). Cobbles were noted to 7 inches in size. This material
is generally classified as GP-GM following the Unified Soil Classification system.
These site-specific findings reported by Soil Exploration Company (2018) are generally
consistent with the older alluvial material (Qoa) mapped by Dibblee and Minch (2008 – Figure
3). Minor fill or disturbed soil material may also be present on-site associated with past surficial
activities. However, significant earthwork or construction does not appear to have occurred onsite and disturbed material was not differentiated for this report.
Groundwater
Groundwater was not encountered within site explorations to a depth of 15 feet below the
existing ground surface, nor are any indications of shallow water noted. The depth to
groundwater near the site is estimated to be on the order of 250 feet based on regional
groundwater well information (SEC, 2018).
Considering this information, groundwater is not considered a significant hazard to the site area.
Perched or seasonal seepage water, however, may be present and should be considered
during all site planning and design.
FAULTING AND SEISMICITY
Faulting
The site is not located within any California Fault Rupture Hazard Zone (Bryant and Hart, 2007)
designated for known active faults, nor are any active faults (defined as showing surface
displacement during Holocene time – within the past 11,000 years) known to traverse the site.
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The nearest known active fault is the Manix Fault located approximately 12 kilometers
southwest of the project site. The easterly projection of the fault, with displacement confined
Pleistocene aged, trends south-northeast approximately 6 kilometers south-southeast of the
site. The Manix fault is characterized as a left-lateral strike-slip fault with a total length of
approximately 35 kilometers. The most recent surface rupture was recorded in 1947 during a
magnitude 6.5Mw earthquake. The eastern and western third of the fault has not ruptured
during the Holocene but shows evidence of late Pleistocene or Mid-Pleistocene movement.
The Manix fault is assigned a questionable slip rate of 0.1 mm/yr with a probable magnitude of
6.0Mw to 7.0Mw. It is noted that the 1947 rupture was small (5 kilometers) but notable and is
likely the first historic example of surface rupture along a fault in the Mojave Block.
(http://scedc.caltech.edu/significant/manix.html).
Another southwest-northeast trending un-named fault is shown by Dibblee and Minch (2008)
traversing approximately 0.5 kilometers south of the site. This fault is shown offsetting older
bedrock formations but is dotted and queried through late Pleistocene aged older alluvium and
lake deposits. Concealment of this fault by late Pleistocene aged deposits demonstrates that
surface displacement pre-dates the Holocene Epoch and may date back to mid-Pleistocene.
Other geologic mapping in the Mojave Desert has focused on displacement of surficial deposits
and tectonic geomorphology, identifying several new principal faults and many more minor
faults and fault splays. One newly identified tectonic feature named the Cave Mountain Fault
(Reheis et al, 2007, Miller et al, 2007) traverses generally east-west near the site. This fault
forms the steep north face of Cave Mountain marked by a short scarp in Pleistocene
fanglomerate is reported. Westerly toward the site the fault consists of multiple strands some
of which displace Pleistocene fan deposits and Lake Manix deposits as young as 22,000 years
old. No evidence of Holocene surface displacement is reported. The fault appears to continue
west marking the south flank of the Alvord Mountains but is obscured to the west by Coyote
Lake. To better understand the potential impacts of ground rupture due to tectonic forces we
have conducted a lineament analysis as reported in the latter sections of this report.
Seismicity
The primary geologic hazard that exists at the site is that of ground shaking. The strength of
earthquake-induced ground shaking is commonly measured as maximum or peak ground
acceleration. Acceleration is defined as the time rate of change of velocity of a referenced point
during an earthquake, commonly expressed in percentage of gravity (g). Its value at a particular
site is a function of many factors, including, but not limited to, earthquake magnitude, distance
to causative earthquake, various seismic-source parameters, site location relative to direction
of energy propagation, and geologic conditions at the site.
Considering the location of the site relative to the regional faults, the site is likely to experience
strong ground shaking during the design life of the proposed development. Ground motions on
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the order of 0.50g to 0.52 can be anticipated during future seismic events on local and regional
faults based on a 10 percent chance of exceedance in a 50-year exposure period.
(https://earthquake.usgs.gov/hazards/interactive/)
Photo Lineament Analysis
A lineament analysis was performed to evaluate local landforms and topographic features
related to faulting. Our analysis included examination and interpretation of black and white
stereoscopic pairs of aerial photographs dating back to 1974. A complete list of the
photographs reviewed is provided in our references, Appendix A.
The objective of our analysis was to identify geologic lineaments in the vicinity of the site and
classify them as strong, moderate, or weak in nature. A strong lineament is described as a
well-defined feature which can be continuously traced for several hundred to thousands of feet.
A moderate lineament is less defined, somewhat discontinuous and may be obscured locally
by geologic processes of erosion and deposition. Finally, a weak lineament is poorly defined
topographically and may be largely discontinuous.
Through our analysis, a series of short but distinct photo lineaments are noted trending
southwest to north east, just south of the project site (Figure 4). These features, which are
generally consistent with the mapped Cave Mountain Fault (Miller et al, 2007), display linear
topographic features within bedrock or older Pleistocene sediment and are obscured or buried
by younger Holocene sediment. A photo lineament splays to the northwest and trends north of
the site and Afton Canyon Road interchange with I-15. This feature is obscured near the site
by recent improvements but does display strong linear geomorphology to the northwest and
southeast.
The photo lineaments examined are confined to Pleistocene age sediment or bedrock and are
obscured or buried where by younger Holocene deposits, suggesting they are not related to
Holocene fault activity. More importantly, the older features do not trend through or toward the
proposed site and are not expected to impact the proposed improvements.
SECONDARY SEISMIC HAZARDS
Landslide Hazard
There are no landslides known to exist in the study area and the bedrock materials comprising
the local hillsides are generally not susceptible to landslide failure. Considering the site location
and surrounding relatively stable bedrock, the potential for landslide hazard to impact the site
is very low.
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Liquefaction
Soil liquefaction is the loss of soil strength due to increased pore water pressures caused by a
significant ground shaking (seismic) event. Liquefaction typically consists of the re-arrangement
of the soil particles into a denser condition resulting, in this case, in localized areas of settlement,
sand boils, and flow failures. Areas underlain by loose to medium dense cohesion less soils,
where groundwater is within 30 to 40 feet of the surface, are particularly susceptible when subject
to ground accelerations such as those due to earthquake motion. The liquefaction potential is
generally considered greatest in saturated loose, poorly graded fine sands with a mean grain size
(D50) in the range of 0.075 to 0.2mm.
Our investigation indicates that the property is underlain by older alluvial and possible older lake
deposits of Pleistocene age. Groundwater reported occurs at a depth of more than 200 feet
below the ground surface. These geologic conditions are not susceptible to liquefaction hazard
due to the consolidated condition of the earth material and depth to free water.
In summary, it is our opinion considering the location of the site and the underlying earth
materials that the potential for liquefaction hazard to impact the proposed development is low.
Ground Rupture
Ground rupture usually occurs along pre-existing surface fault traces. As previously discussed,
no active faults, as defined by showing displacement during Holocene) are known to traverse,
or trend toward the site. Therefore, the potential for ground rupture during a seismic event is
considered low. Please note that other possibly fault related features identified through our
photo lineament analysis trend south and northeast of the site and display movement within
Pleistocene age.
Earthquake Induced Settlement
Considering the coarse nature of relative density of the earth material that underlies the site,
the potential for settlement induced by seismic activity is considered low. Static settlement is
expected to be mitigated by the site preparation recommendations of the soil report.
Rockfall
There are no large rock outcrops located along hillsides on, or adjacent to the site, that could
become dislodged during a seismic event and impact the proposed development. Accordingly,
the potential for rockfall hazard to impact the site is nil.
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CONCLUSIONS
 The site is considered feasible for development from an engineering geologic standpoint
provided the findings of this report are considered during site design and construction.
 The subject site is underlain by coarse grained older alluvial and older lacustrine
sediments.
 Groundwater is reported to occur approximately 250 feet below the site. Groundwater
or seepage is not expected to impact the proposed development or construction
activities.
 No active faults are known to traverse through or toward the site. Known active faults or
seismic sources in the area include the Manix zone located approximately 12 kilometers
to the southwest.
 The potential for secondary seismic hazards including liquefaction, rockfall, and
earthquake-induced settlement are considered low.
 The potential for ground rupture during a seismic event is considered low based on the
findings of our geologic map review and aerial photo lineament analysis.
RECOMMENDATIONS
Surface Drainage
Surface drainage should be directed away from site improvements in a controlled manner. All
drainage should be directed toward streets or natural drainage patterns. Where landscaping
and planters are proposed adjacent to foundations, subsurface drains should be provided to
prevent standing water or saturation of soil by landscape irrigation water.
Grading/Foundation Plan Review
The final grading/foundation plans (40-scale or better) should be reviewed by RGS and the
project geotechnical consultant when available to assure that the recommendations of this
report are consistent with the proposed grading. Additional field and laboratory services may
be required at that time depending on the earthwork proposed.
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CLOSURE
Our investigation was performed using the degree of care and skill ordinarily exercised, under
similar circumstances, by reputable geotechnical engineers and geologists practicing in this and
other localities. No other warranty, expressed or implied, is made as to the conclusions and
professional advice included in this report.
The samples taken and used for testing, and the observations made are believed to be
representative of the entire project; however, soil and geologic conditions can vary significantly
between test locations. As in most projects, conditions revealed during construction may be at
variance with preliminary findings. If this occurs, the changed conditions must be evaluated by
the project geotechnical engineer and/or geologist and designs adjusted as required or
alternate designs recommended.
This report is issued with the understanding that it is the responsibility of the owner, or his
representatives, to ensure the information and recommendations contained herein are brought
to the attention of the architect and engineer for the project and incorporated into the plans, and
the necessary steps taken to see that the contractor and subcontractors carry out such
recommendations in the field. This firm does not practice or consult in the field of safety
engineering. We do not direct the contractor's operations, and we cannot be responsible for
other than our own personnel on the site; therefore, the safety of others is the responsibility of
the contractor. The contractor should notify the owner if he considers any of the recommended
actions herein to be unsafe. The findings of this report are valid as of the present date.
However, changes in the conditions of a property can occur with the passage of time, whether
they are due to natural processes or the works of man on this or adjacent properties. In addition,
changes in applicable or appropriate standards may occur, whether they result from legislation
or the broadening of knowledge. Accordingly, the findings of this report may be invalidated
wholly or partially by changes outside our control. Therefore, this report is subject to review
and revision as changed conditions are identified.
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