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ABSTRACT 
 
 
 

The western terminus of the San Gorgonio Pass fault zone: Structural expression and 
possible linkage and slip transfer with neighboring faults 

 
By: Kaitlyn L. Jones 

 
Master of Science in Geology 

 
 

The San Gorgonio Pass fault zone (SGPFZ) and its eastern extension, the Garnet 

Hill Fault, can be traced for 75 km from Calimesa to the Indio Hills. The eastern end of 

the fault system merges with the Banning strand of the San Andreas Fault via a 

compressive left stepover in the fault system. However, the western terminus of the 

SGPFZ and its possible connection with nearby faults is poorly understood. This study 

presents the results of a large-scale mapping project and detailed evaluation of B4 

LiDAR data at the western terminus near the town of Calimesa, CA. Mapping shows that 

the fault terminates in an asymmetric, open fold that verges south above a north-dipping 

blind thrust. Clast-counts conducted at five locations on the fold consist of igneous clasts, 

mainly felsic granites, diorites and volcanic porphyries. Secondary, up-on-the-north high-

angle faults reside in the hanging wall of the blind thrust. The blind thrust emerges 5 km 

to the east in Cherry Valley where distinct fault scarps displace old alluvium across 3-20 

m scarps. The fold at Calimesa is defined two ways. Bedding in the Plio-Pleistocene San 

Timoteo Formation defines a gently west-plunging fold with a slightly steeper south 

limb. Quaternary alluvium angularly unconformably overlies the San Timoteo strata and 

is also asymmetrically folded, defining a gently west-plunging, south-vergent fold. The 
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core of the fold is readily visible in color satellite images where it is bounded by the oval-

shaped limit of a distinct, poorly consolidated, red-orange soil, commonly developed atop 

the Quaternary alluvium. Slope maps of the B4 data also help define the fold showing 

relatively high-relief areas in the core of the fold and low-relief surfaces associated with 

the Quaternary alluvium at the fold’s margins. The SGPFZ thus appears to terminate as 

an asymmetric fold above a blind thrust. It is interesting to note that the Singleton 

Anticline is central to and lies <3 km from the down-to-the-southeast Crafton Hills and 

Beaumont Plain fault zones. We envision that these faults are linked to the SGPFZ and 

help transfer slip from San Gorgonio Pass on the east to the San Bernardino strand San 

Andreas and San Jacinto faults. If accurate, this may provide connections that facilitate 

San Andreas ruptures through San Gorgonio Pass.
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INTRODUCTION 
 
 

The San Gorgonio Pass fault zone (SGPFZ) and its eastern extension, the Garnet 

Hill Fault, can be traced for 75 km from Calimesa to the Indio Hills. The eastern end of 

the fault system merges with the Banning strand of the San Andreas fault via a 

compressive left stepover in the fault system (Figure 1). However, the western terminus 

of the SGPFZ and its possible connection with nearby faults is poorly understood. 

The motivation behind this project stems from the lack of understanding between 

the western terminus of the San Gorgonio Pass fault zone and nearby faults. 

Understanding whether there is possible fault linkage and slip transfer among these faults 

may help us better understand how these systems contribute to San Andres fault ruptures 

though the SGPFZ and Southern California.  

This study documents and presents the results of a large scale mapping project 

and extensive evaluation of B4 LiDAR from Calimesa to Beaumont Mesa in the San 

Gorgonio Pass (Figure 2). The investigation included mapping and field observations, B4 

LiDAR evaluation, photographic documentation of the field area, LiDAR, DEM and clast 

count analysis and data interpretation. The purpose of this study is to attempt to close the 

data gap that exists in this structurally complex area.  

Questions addressed in this study include: What type of fold is the western 

structure of the SGPFZ and what units make up the fold? In what ways is the fold 

defined? How do thrust faults change expression along strike from Beaumont Mesa to 

Cherry Valley? What do thrust faults look like in height profile and what are their vertical 

displacements? 
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Figure 1.  Shaded topographic relief map of the eastern Transverse Ranges and northern 
Peninsular Ranges, southern California, showing Holocene faults in black. Red box 
outlines the San Gorgonio Pass fault zone and Figure 2.  Late Pleistocene faults in the 
vicinity of San Gorgonio Pass, considered inactive, are shown in gray.  Red numbers 
correspond to faults and/or fault zones: 1. – San Bernardino strand, San Andreas fault; 2. 
– Crafton Hills fault zone; 3. – San Gorgonio Pass fault zone; 4. – Banning strand, San 
Andreas fault; 5. – Garnet Hill strand, San Andreas fault; 6. – Mission Creek strand, San 
Andreas fault.  Abbreviations: LA, Los Angeles; SF, San Francisco (Yule and Sieh, 
2003).  
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Figure 2. Google Earth satellite image of the San Gorgonio Pass fault zone. The main 
study area is enclosed by the red box.  Faults mapped by the USGS include: Holocene–
latest Pleistocene faults (orange lines) and Quaternary faults (yellow lines). Main towns 
are labeled by red dots with their corresponding names.  Faults, fault zones and mountain 
ranges labeled in white. Refer to Figure 1 for overall location of the San Gorgonio Pass 
within California and index map.	
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STUDY AREA 

The study area of this project extends from Calimesa at the western end of the 

SGPFZ to Beaumont Mesa in east, and includes Cherry Valley.  The SGPFZ is located 

between the San Bernardino Mountains and the Peninsular Ranges. The geology of the 

area consists of Quaternary alluvium deposits, Tertiary sedimentary rocks, and varying 

degrees of granitic and metamorphic rocks. This specific area was chosen to investigate 

the lack of understanding of the western terminus of the SGPFZ and its possible 

connection to nearby faults and to help fill the data gap that this creates within the 

SGPFZ. The western terminus, the Singleton anticline, is located just west of Cherry 

Valley, north of Interstate 210 and is considered to be the western end of the SGPFZ 

(Figure 3).   

The fold is located between two major fault systems, the San Andreas fault 

system to the northeast, and the San Jacinto fault system to the southwest.  The feature is 

also surrounded by three mountain ranges; the San Gabriel Mountains, the San 

Bernardino Mountains and the Peninsular Ranges. The climate is this area is typically dry 

year around, with mild rain showers during the winter and spring months. Due to its close 

proximately to two major fault systems and their associated minor faults, this area 

undergoes frequent erosion, deposition and uplift.  The SGP fault, SAF is considered 

emergent at Beaumont Mesa, just east of the Singleton anticline. As the fault moves west 

through Cherry Valley it becomes less visible becoming a blind thrust fault and 

terminates by diving south into the subsurface beneath the Singleton Anticline, creating a 

minor “kink” or “ski-jump-like” feature that is seen in height profiles of the study area.  
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Figure 3. Main study area of thesis.  Google Earth Satellite image of the Singleton 
anticline, Cherry Valley and Beaumont Mesa. Orange lines are mapped Holocene – latest 
Pleistocene faults.  Yellow lines are mapped Quaternary faults.  Faults are mapped by the 
USGS.  Faults and fault zones labeled in white. Major roadways labeled in blue. Refer to 
Figure 1 for overall location of the San Gorgonio Pass within California and index map. 
Refer to Figure 2 for location within the San Gorgonio Pass (red box, as shown on Figure 
2.) 
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GEOLOGIC & TECTONIC SETTING 

Terranes 

The San Gorgonio Pass region exposes three major bedrock terranes: the San 

Bernardino, San Gabriel, and Peninsular Ranges terranes. (Figure 4).  The San 

Bernardino Mountains are located within the central Transverse Ranges and are 

considered a high and isolated range. The mountains are bounded by two faults, the San 

Andreas fault (SAF) and North Frontal fault and consist of consist of five distinct tectonic 

blocks; the Big Bear Block, San Gorgonio Block, Wilson Creek Block, Yucaipa Ridge 

Block, and the Morongo Block (Spotila, 1998). These blocks consist mainly of plutons, 

quartzite, marble and gneiss (Langenheim, 2005).  

The San Gabriel terrane is situated between the San Bernardino terrane to the 

north and the Peninsular terrane to the south. The terrane is composed of crystalline 

sheets that form the upper and lower plates of the Vincent thrust. The uppermost portion 

is Proterozoic gneiss intruded by Mesozoic plutons, whereas the lower portion is Pelona 

Schist (metamorphosed deep marine sedimentary and mafic volcanic rocks) (Nourse and 

Jacobson 1983).  The two plates are separated by greenschist facies mylonite.   

The Peninsular Ranges lie just south of the San Gabriel terrane, extending from 

southern California to Baja California in Mexico (Schmidt, 2014) (Figure 4). The western 

end is composed of mafic to intermediate plutons, metavolcanics and metasedimentary 

rocks.  The eastern end is composed of intermediate to felsic plutons, quartzite and 

marble (Langenheim, 2005).  Within the Peninsular Ranges south of the San Gorgonio 

Pass and north of the San Jacinto fault is an area called the San Timoteo Badlands (Figure 
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4). The Badlands are formed in coarse-grained sandstone and conglomerate of the 

nonmarine San Timoteo Formation (Morton, 2001).  

 

Figure 4. Shaded-relief topographic map of San Gorgonio Pass (SGP) region. Traces 
of active faults shown in red, inactive faults shown in black. Mapping from Allen (1957), 
Matti et al. (1985), and Yule and Sieh (2003).  The San Bernardino Terrane in green, the 
San Gabriel Terrane in purple, and the Peninsular Ranges Terrane in orange.  
 

Major Fault Systems 

San Andreas Fault Zone/System 

The San Gorgonio Pass is located between two major fault systems that play key 

roles in southern California’s tectonic history, the San Andreas fault (SAF) zone and the 

San Jacinto fault zone.  The evolution of the SAF began 28 million years ago when a 

remnant of an oceanic crustal plate and spreading ridge were subducted beneath the 
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North American plate. The subduction zone on the west coast of the North American 

plate transformed into the San Andreas fault zone, initiating right lateral transform 

motion along the plate.  The SAF zone consists of many strands, which have experienced 

varying degrees of offset and times of formation over the past 28 Ma. Some portions of 

the fault are considered active whereas others are considered inactive and no produce slip 

along the fault.  Sections of the fault can lock or creep. Portions can stick and build 

tension for 1000s of years before releasing it in major slip events. The San Gorgonio Pass 

contains multiple SAF strands, some active, some inactive. The active strands within the 

San Gorgonio Pass are the Garnet Hill fault and the Banning strand (Cooke et al., 2015). 

San Jacinto Fault Zone/System  

The San Jacinto fault zone is considered to be a major branch of the larger San 

Andreas fault system (Figures 1 and 4). It has an overall slip rate of ~20mm/yr, which 

makes it the most seismically active part of the SAF zone in southern California (Doser, 

1992). The San Jacinto fault zone formed around 1 Ma when the Peninsular Ranges block 

crashed into the SAF and initiated a broad series of en echelon-style faults and thrust 

faulting west of the San Andreas fault zone (Kendrick, 1992).  The fault zone is located 

within the Peninsular Ranges and separates the San Jacinto Mountains and the San 

Timoteo Badlands.  The San Jacinto fault and its faults in this complex fault zone are 

important in transferring slip between the two fault zones via the San Bernardino fault 

strand and the Crafton Hills complex (Kendrick, 1992). 
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Minor Fault Systems 

Crafton Hills and Beaumont Plains Fault Zones 

 The Crafton Hills fault zone is located within the San Gabriel terrane in the 

vicinity of Redlands and Yucaipa, just west of the San Gorgonio Pass (Figure 4). The 

fault zone consists of normal and oblique dip slip faults that create an extensional horst 

and graben complex. This fault zone is thought to have been active since the Pleistocene 

(Kendrick, 1992) and allows for slip to be transferred from the San Bernardino strand of 

the SAF to the San Jacinto fault zone. This area of extensional faulting is the most active 

in creating visible crustal deformation in an area dominated by right lateral strike slip and 

thrust faults (Morton, 1993).  

The Beaumont Plain fault zone is located in the Peninsular Ranges terrane in the 

San Gabriel Mountains near Beaumont CA (Figures 2 and 3). The surface expression 

consists of a series of northwest-trending en echelon fault scarps that cut through late 

Quaternary alluvial deposits.  A detailed history on this fault zone is lacking, but the 

widely accepted opinion is that the scarps formed via normal dip slip motion and likely 

represent an extensional strain field.  This argument is strengthened by the presence of 

multiple, closely spaced northeast and southwest facing fault scarps just northeast of 

Beaumont that bound a down dropped block, forming a graben.  Similar fault scarps have 

been found within the San Gorgonio Pass along the modern SAF trace (Matti, 1985). 

San Gorgonio Pass Faults 

 The two San Gorgonio Pass faults as mapped by the USGS are located on the 

southern limb of the Singleton Anticline just north of interstate 210 (Figure 3).  The SGP 

faults are the continuation of the San Gorgonio Pass Fault Zone that is emergent through 
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the pass from the northern Coachella Valley to Cherry Valley (Figure 4).  Both strands 

are Quaternary in age and are considered the westernmost strands of the San Gorgonio 

Pass fault.  Matti and Morton (2015), however, map only one fault as the extension of the 

San Gorgonio Pass fault. They show it as a north-dipping thrust fault that divides the 

gently sloping alluvial deposits of the Beaumont Plains from the foothills of the Singleton 

Anticline. These researchers report that the fault breaks the alluvial surface and has a dip 

of ~15°N measured in a nearby trench.   

Fault Characteristics (Geometries and slip rates) 

The San Gorgonio Pass is a structurally complex area containing irregularly 

behaving faults that decrease in slip along strike northwestward through the pass.  The 

area contains irregular and discontinuous right lateral, reverse, thrust and oblique normal 

faults formed by the disaggregation of the San Bernardino and Coachella Valley SAF 

strands (Yule and Sieh, 2003; Yule, 2009).   

Right Lateral Strike Slip 

The Banning strand has a complex history involving both left- and right-lateral 

strike slip motion. During the middle Miocene the Banning strand likely generated left-

lateral strike slip motion that juxtaposed the Peninsular Ranges block and the San Gabriel 

Mountains block. During the late Miocene, the Banning strand was incorporated into the 

San Andreas fault system and generated right lateral displacement. During the early 

Pliocene the Banning strand was abandoned. However within the San Gorgonio Pass, the 

Banning strand has been reactivated due to low-angle Quaternary faulting. In the 

Coachella Valley, the Banning strand was reactivated by Quaternary right-lateral strike 

slip motion (Matti, 1992, Allen, 1957). 
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Reverse and Thrust  

The San Gorgonio Pass fault zone contains Quaternary reverse, thrust and wrench 

faults extending from Calimesa to Whitewater (Figure 2). The pass has a distinctive L-

shaped pattern caused by repetition of two styles of faulting.  The east-oriented faults are 

moderately dipping reverse faults and shallowly dipping thrust faults. The northwest-

oriented faults are vertical wrench faults with oblique right-lateral motion.  At the eastern 

edge of the San Gorgonio Pass fault zone the Coachella Valley segment of the Banning 

strand splays into multiple north-dipping thrust sheets (Yule and Sieh, 2003; Matti, 1992) 

(Figure 2). Toward the west, distinct surface expressions of reverse and thrust faults in 

the San Gorgonio Pass fault zone become less distinct and disappear completely near 

Calimesa. The westward end of the San Gorgonio Pass is characterized by normal 

faulting at the surface, such as the Crafton Hills horst and graben complex (Figure 4). 

Oblique Normal  

The Beaumont Plain fault zone contains extensional, normal and dip-slip 

complexes with northeast-facing fault scarps.  This style of faulting is found mainly at the 

western edge of the San Gorgonio Pass where fault motion changes from reverse, thrust 

and strike-slip motion to high-angle normal faults with dip-slip motion. This style of 

faulting is well displayed in the Crafton Hills horst and graben complex where an 

extensional stress field likely exists (Yule and Sieh, 2003; Matti, 1992).  

Stepovers 

The left step over is an evolving tectonic structure initiated during the Pleistocene 

within the San Andreas fault zone. The modern San Andreas fault has adopted this 

structure and evolved during the Quaternary by transferring right slip via a left step from 
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the Coachella Valley Banning fault to the San Gorgonio Pass, where the right lateral 

movement is absorbed by the convergence of the San Gorgonio pass fault zone.  It is 

possible that some slip is transferred further west on to the San Jacinto fault zone. Slip 

eventually transfers back to the San Andreas Fault from the San Jacinto Fault creating the 

San Bernardino strand, formed from the reactivated Mission Creek Fault. This right step 

created a right lateral shear couple and region of extensional strain that gave rise to the 

normal dip slip faults that characterize the Crafton Hills horst and graben complex just 

northwest of the San Gorgonio Pass (Morton, 1992). 

Decreasing Slip Rates 

 The San Andreas fault appears to lose to about 50% of its slip as it enters both 

sides of the San Gorgonio Pass.  For example, strike-slip sections outside of the pass 

move an average of  ~15 mm/yr, whereas thrust-dominated sections within the pass move 

an average of  ~7 mm/yr (McGill, 2013; Behr, 2010). Specifically, just west of the San 

Gorgonio Pass, the San Bernardino strand of the SAF has an estimated slip rate of around 

14-25 mm/yr (Harden et al., 1984). Slip rates in the western part of the San Gorgonio 

Pass are estimated around 8 +/- 4 mm/yr (McGill et al., 2013). In the central and eastern 

areas of pass, rates are variable, but still significantly lower than those of faults outside 

the pass. The thrust faults near Beaumont Mesa are around 5.7 mm/yr (Figure 3) (McGill 

et al., 2013), slip on the Banning strand near Millard Canyon is 4-5.9 mm/yr (Figure 2) 

(Yule et al., 2001), and slip on the Banning strand at the eastern edge of the pass is 

around 4-5 mm/yr (McGill et al., 2013). Southeast of the pass in the Coachella Valley, 

the SAF segment near Biskra Palms, the slip rate has been estimated to be 12-22 mm/yr 

(Behr, 2010) to as high as 22-35 mm/yr near (Fumal, 2002).  
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Due to the structural complexity of the San Gorgonio Pass, it is still unknown 

exactly how this “missing” slip is partitioned and accommodated within the greater pass 

area. Some theorize that slip is partitioned to the nearby San Jacinto fault system to the 

south and to the Crafton Hills Complex to the north via the Mill and Mission Creek 

strands (Figure 4). These strands have slip rates that are high compared to other faults 

within the pass, ranging from 14-17 mm/yr (Behr, 2010) and 22-25 mm/yr (McGill et al., 

2013).  

The Singleton Anticline 

The Singleton Anticline is located on the western edge of the San Gorgonio Pass, 

between Cherry Valley and Calimesa, California (Figures 2 and 3).  The structure is 

bounded by the Banning strand to the north, and the San Gorgonio Pass fault(s) on the 

south.  The anticline is asymmetric, with a shallowly dipping north limb and a steeply 

dipping south limb.  The fold axis is sinuous and plunges 10-13° to the west.  The 

anticline is part of the hanging wall of the San Gorgonio Pass fault(s) and was likely 

formed due to contractional deformation.   

Geology of the Study Area 

There are three distinct areas defined by different rock units that are important to 

the study of the Singleton Anticline. We are using the El Casco geologic map sheet to 

define the units (Matti et al, 2015) (Figures 5 and 6). Adjacent to the bounding fault on 

the north side of the anticline is a crystalline complex that is part of the San Gorgonio 

Igneous-Metamorphic Complex that crops out all along the northern side of the pass. In 

the study area, it consists of fine to coarse grained, foliated gneiss and medium to coarse-

grained biotite and quartz diorites.  
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 The second important area is the Singleton Anticline itself.  The El Casco 

geologic map sheet shows that this area consists of the Plio-Pleistocene San Timoteo 

Formation (Tstm) and the Pleistocene Live Oak Canyon Formation (Qlo) (Figure 5). The 

San Timoteo Formation crops out in multiple places throughout the San Gorgonio Pass. It 

consists of northward dipping, tan to grey arkosic sandstone and siltstone, interbedded 

with conglomerate. The formation becomes coarser-grained to the east-northeast, 

indicating deposition from this direction (Allen, 1957). Specifically, the upper to middle 

Pliocene middle member of the San Timoteo Formation forms the outcrops in the 

Singleton Anticline. Interbedded units of four rock types form this member: 1) thick units 

of conglomerate, 2) light-gray to white sandstone and conglomeratic sandstone, 3) 

interbedded reddish mudstone and sandstone, and 4) grayish green mudstone.  The first 

and third units distinguish the middle member from the other members of the San 

Timoteo Formation.   

The Pleistocene deposits of the Live Oak Canyon Formation angularly and 

unconformably overlie the San Timoteo Formation.  They consist of Pleistocene, 

consolidated, nonmarine, sedimentary rocks that are well consolidated to lithified.  The 

majority consists of gravelly to conglomeratic materials with interbeds of sandy sediment 

and rock.  

The third important area is defined by the Quaternary deposits and soils found on 

the margins of and drainages in the Singleton Anticline.  Matti et al., 2015 mapped six 

distinct and separate units that compose these deposits. 1). Very old alluvial fan deposits 

(unit 3) (Qvof3) are middle Pleistocene in age and are composed of sandy to gravelly 

deposits and locally include muddy materials.  2). Old alluvial fan deposits (unit 2) 
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(Qof2), also referred to as Cherry Valley surface at the eastern end of the Singleton 

anticline, and Calimesa surface at the western edge are upper to middle Pleistocene in age 

and consist of sandy, gravelly and silty sediments deposited by streams that form alluvial 

fan surfaces.  3). Undifferentiated young alluvial fan deposits (Qyfu) are lower Holocene 

and uppermost Pleistocene in age and contain the same sediment types as young axial 

valley deposits except they are deposited by streams flowing on alluvial fan landforms.  

4). Young axial valley deposits (unit 5, uppermost) (Qya5) are Holocene and upper 

Pleistocene in age and are slightly to moderately consolidated sandy, muddy, and 

gravelly sediments that have been deposited by through-going streams within axial 

valleys.  5). Unit 2 of very young wash deposits (Qvyw2) are similar to the very young 

modern wash deposits except they are typically form slightly elevated terraces on the 

margins of the San Timoteo Creek.  6). Very young wash deposits (Qvywm) that are 

modern in age are very slightly to slightly consolidated sandy and gravelly sediments 

found in active channels.  
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Figure 5. Northeast corner of the geologic map of the El Casco 7.5’ quadrangle, 
Riverside County, California (Matti et al., 2015).  
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Figure 6.  Stratigraphic chart of geologic units of the Singleton anticline.  Refer to Figure 
5 for location of units on Singleton anticline.  Units from the El Casco Quadrangle, Matti 
et al., 2015.  
 

 

 

 

 

 

Qvywm 

Qvyw2 

Qya5 

fcr 

Qlo 

Mzd 

Tstm 

Qof2 

Qyfu 

Qvof3 

Qvywm - Very young wash deposits, modern (uppermost Holocene) 
Very slightly to slightly consolidated sandy and gravelly sediment in active channels 

Qvyw2 - Very young wash deposits, unit 2 (uppermost Holocene) Very slightly to slightly consolidated 
sandy and gravelly sediment that locally forms slightly elevated terraces along the margins of San Timoteo 
Creek 

Qya5 - Young axial-valley deposits, unit 5 (uppermost Holocene) 
Slightly to moderately consolidated sandy, muddy, and gravelly sediment deposited by through-going streams 
of axial valleys. 

Qyfu - Young alluvial-fan deposits, undifferentiated (lower Holocene & uppermost Pleistocene)  
Slightly to moderately consolidated sandy, gravelly, and muddy sediment deposited by streams flowing on 
alluvial-fan landforms. Units distinguished on the basis of soil-profile development and relative position in 
local terrace-riser succession 

Qvof3 - Very old alluvial-fan deposits, unit 3 (middle Pleistocene) Sandy and gravelly deposits having 
subunits distinguished from each other on the basis of soil-profile development and relative position in local 
terrace-riser succession. 

Qof2 - Old alluvial-fan deposits, unit 2 (upper to middle Pleistocene) Sandy, gravelly, and silty sediment 
deposited by streams that formed alluvial-fan landforms. 

Qlo - Sedimentary deposits of Live Oak Canyon (Pleistocene) 
Unconsolidated and consolidated nonmarine sedimentary material; sediment typically moderately consolidated, 
rock well consolidated to lithified. Mainly consists of gravelly and conglomeratic material interbedded with 
subequal sandy sediment and rock; muddy sediment and mudrock minor. 

Tstm - Middle member (upper and middle Pliocene) 
Consists of four principal lithologies that recur throughout sequence: (1) thick sheet-like layers of 
conglomeratic rock; (2) light-gray to white sandstone and slightly conglomeratic sandstone; (3) reddish 
mudstone and sandstone; and (4) locally significant but minor grayish-green mudrock.  

fcr - Foliated crystalline rock (Mesozoic and older) 
Fine to coarse-grained, foliated to gneissose granodiorite, tonalite, and quartz diorite that have a variety of non-
penetrative and penetrative fabrics, including fractured, sheared, and crushed rock, brittle cataclastic fabrics 
(grain crushing and fracturing), and ductile mylonitic fabrics (milling, fluxion structure).  

Mzd - Diorite (Mesozoic) 
Medium- to coarse-grained, texturally massive to slightly foliated hornblende-
biotite diorite and quartz diorite.  
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METHODOLOGY 

The purpose of this study was to investigate and document the westernmost 

structure of the San Gorgonio Pass, the Singleton anticline, and attempt to understand its 

geologic and tectonic history in order to improve our understanding of the San Gorgonio 

Pass fault zone and any implications this may have concerning earthquakes in the area. A 

secondary purpose was to analyze scarp and height profiles from the Singleton Anticline, 

Cherry Valley and Beaumont Mesa to better understand how thrust faulting affects the 

geomorphology and structural complexity at the western end of the San Gorgonio Pass 

Fault Zone.  

Careful evaluation of B4 LiDAR images, Google Earth satellite imagery, and 

creation of slope maps using QT modeler were useful tools in developing the initial maps 

of surface geologic materials and identification of high and low relief surfaces. In 

particular, a orange-red soil that is developed over much of the anticline was quite 

distinct in the LiDAR images and was especially useful in creating these maps. . 

Field reconnaissance missions were conducted January through June 2015. Field 

tasks included mapping and describing major geologic units, fault mapping, apparent dip 

measurements using Brunton compasses and clast counts at 17 outcrops on the fold.  

Clasts counts were done to provide quantitative information on composition of the gravel 

as part of the rock description of the San Timoteo Formation. Figure 7 (located in 

Appendix A) shows the locations of field measurements. Figure 8 (Appendix A) shows 

the distribution of clasts per location and Table 1 shows the raw data collected in the field 

per location outcrop.  
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Final maps of the study area were created using ArcMap10 and the combination 

of LiDAR images, Google Earth satellite images, and field data. We accurately mapped 

the three distinct geologic units and located surface traces of faults.  We used QT 

Modeler to create roughly 100 scarp profiles to compare and contrast scarp heights at 

Calimesa, Cherry Valley and Beaumont Mesa.  Vertical separations were calculated by 

estimating the vertical separation of surface profiles that can be correlated across the fault 

zone (Yule, 2003). Profile lengths vary based on the topography and location where the 

profiles were taken. A few of these profiles are shown below in our Results section. 

Lastly using heights profiles along with information obtained in the field, geologic cross 

sections were constructed across the fold using QT modeler and Google Earth. Cross 

sections, slope maps, LiDAR images, and attitude measurements were used to create a 

complete geologic map of the Calimesa fold (Figure 14) 
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RESULTS 

Stratigraphic Units in the Field 

The number of units that we could identify is less than those in the El Casco 

geologic map sheet (Figure 5) because of the lack of visible and accessible outcrops.  The 

El Casco geologic map sheet does not distinguish the red-orange soil as a mappable 

formation. However, this soil is prominent in LiDAR and in the field so it represents an 

important geologic unit for this study. It outlines much of the Singleton Anticline and 

reveals subdued ridgelines at the fold margins. 

Three stratigraphic units were described in the field: conglomerate units of the 

Pliocene San Timoteo Formation (Figure 9), Pleistocene alluvium (Figure 10), and red-

orange soil (Figure 11). Table 2 includes the descriptions of these units and how we 

correlate them to them to units in the El Casco map sheet where possible. Table 2 shows 

the correlation of rock units between our map and the El Casco map. Appendix A 

includes the compositional data for the clasts counts in the San Timoteo conglomerate 

units.  The stratigraphic relationships between the Quaternary alluvium and the San 

Timoteo Formation could not be determined at any exposure that we examined. The red-

orange soil is developed on top of the San Timoteo Formation and the older Quaternary 

alluvium. Each of these three units has distinct properties that can be identified in B4 

LiDAR images. 
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Figure 9. Field Photograph of conglomerate of the San Timoteo Formation at Location 
15. Refer to Figure 10 for clast count data and percentages obtained from each location 
on the fold. Majority of clasts at Location 15 are felsic, thus the light overall color of the 
gravels. Outcrops of the San Timoteo Formation are represented by the green and yellow 
colors on the fold on the slope map, Figure 12.  The folded nature of the gravels, depicted 
in Figure 26, shows the overall structure of the fold. Lens cap shown for scale.  
Additional field photos of the San Timoteo Formation can be found in Appendix C.  
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Figure 10. Field Photograph of Quaternary (Pleistocene) alluvium atop Singleton 
anticline. It is represented by the blue and light blue colors on the slope map, Figure 12.  
Refer to Figure 14 to see extent of the Quaternary alluvium across the fold. The alluvium 
is still deforming as the fold grows over time. Additional field photos of the Singleton 
anticline can be found in Appendix C.  
 

Quaternary Alluvium 
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Figure 11. Field photograph of the contact between the Quaternary alluvium and soil. The 
soil is a red-orange color and is found conformably atop the Quaternary alluvium across 
the fold.  It is represented by the light blue colors on the slope map, Figure 12.  The full 
extent of the soil can be found on Figure 14, the geologic map for the Singleton anticline. 
Additional field photos of the Singleton anticline can be found in Appendix C.  
 
 
Singleton Anticline Slope Map  

The Singleton anticline slope map was created using QT modeler and B4 LiDAR. 

Slopes across the fold range from roughly 5 to 20 degrees based on incision.  The areas 

colored blue represent a slope of 5 degrees, light blue areas are 10 degrees, green areas 15 

degrees and yellow areas 20 degrees.  The green and yellow colored areas are located in 

the core of the Singleton anticline where the terrane has steeply incised gullies.  

Therefore, the oldest rocks in the anticline, the San Timoteo Formation, are shown in 

green and yellow, Pleistocene alluvium and the red-orange soil in light blue, and modern 

and youngest Pleistocene in dark blue.  

Soil 

Quaternary Alluvium 
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Importantly, near the hinge axis of the fold, there is a remnant of a low-relief 

surface represented by the light blue color.  These low-relief areas are covered by the red-

orange soil. Hence, these low-relief areas of remnant soil along the anticline crest provide 

evidence that the soil formed before deformation uplifted the fold.   

Modern low-relief surfaces in dark blue surround the fold on the southern limb 

and occur along modern day stream channels that are dissecting the fold.  Also note there 

are elevated flat areas, or terraces, located on the southern limb of the fold that are also 

shown in blue.  These areas have gentle slopes but are not modern-day features like the 

stream channels.  These surfaces were once flat, and have since undergone uplift and 

erosion just like the Singleton anticline.  The terraces however have kept their gentle 

slopes and have not experienced the same degree of incision that is shown in the core of 

the fold. 
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Figure 12. Slope Map of the Singleton anticline.  Colors denote slope angle: ≤5° blue, 5-10° light blue, 10-15° green, 15-20° yellow. 
Orange lines are mapped Holocene – latest Pleistocene faults.  Yellow lines are mapped Quaternary faults.  Faults are mapped by the 
USGS.  Red dashed line shows approximate location of fold axis, red arrows showing direction of limbs and plunge direction to the 
west. Black lines represent height and cross section transects, Figures 20-21. Black labels correspond to their appropriate height or 
cross section profile. 
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Singleton Anticline Geologic Map  

The geologic map of the Singleton Anticline was constructed using the slope map and 

B4 LiDAR images. Five distinct geologic units were defined in the study area.  The oldest 

unit mapped is the crystalline rocks located north of the Banning fault, mapped in blue as 

(Cr) on the geologic map.  The rocks consist of foliated gneiss and biotite and quartz diorites.  

The core of the fold characterized by steeply incised gullies, the Pliocene San Timoteo 

Formation, is mapped in gray as (Qst) and consists of sandstones and conglomerates with 

clasts derived from the San Gabriel terranes to the north.  The uplifted terraces are mapped in 

orange as (Qof) and consist of orange brown silty, sandy and gravelly consolidated 

sediments.  The Pleistocene alluvium found on the margins surrounding the fold is mapped in 

tan as (Qoa). Lastly the red-orange soil found over most of the fold is mapped in red-brown 

as (Qs).  The sediments are oxidized and consist of silty, sandy, and gravelly materials that 

are moderately consolidated to consolidated.  Table 2 correlates the map created for this 

study and Matti et al. 2015’s map (Figure 5). 
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Figure 13. Stratigraphic chart of units mapped in this study.  Refer to Figure 14 to see 
Geologic Map of the Singleton anticline mapped for this study.  Refer to Table 1. for 
correlations between slope map and Matti et al., 2015 El Casco Quadrangle Geologic Map. 
 
 
Table 2. Correlating Map Units 

Color in Figure 14. Units on El Casco Map Units of Map of this Study 

Blue Mzd, fcr Cr 

Red-brown Not differentiated Qs 

Orange Qof2 Qof 

Gray Tstm, Qlo Qst 

Tan Qvywm, Qvyw2, Qya5, 
Qyfu, Qvof3 

Qoa 

 

 

Qs - Quaternary Soil, (Holocene) 
Red-orange, oxidized soil layer, deposited and formed on top of 
the San Timoteo Formation.  Consists of consolidated silty, sandy, 
and gravelly sediments. 

Qoa – Quaternary Older Alluvium, (Pleistocene) 
Tan to light brown, older alluvial deposits consisting of 
consolidated silty, sandy, and gravelly sediments with cobbles.  
 
Qof – Quaternary Terraces, (Pleistocene) 
Low relief, uplifted terraces, orange-brown, consisting of silty, 
sandy and gravelly consolidated sediment deposits.    
 
Qst – Quaternary San Timoteo Formation, (Pleistocene) 
Light gray, fine to coarse grained sandstone and conglomerate 
consisting of San Gabriel terrane clasts. 

Cr – Crystalline Complex, (Mesozoic) 
Fine to coarse grained, foliated gneiss and quartz diorite of the 
San Gabriel terrane, located north of the Banning fault. 
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Figure 14. Geologic Map of the Singleton anticline and surrounding areas.  B4 LiDAR image of the Singleton anticline.  Table 2 
defines the rock units and how they related to the geologic map in Figure 5. Black lines correspond to height and cross section 
transects, refer to Figure 19. for labels.  Red dashed line shows approximate location of fold axis, red arrows showing direction of 
limbs and plunge direction to the west. Strike and dips shown in black are data from this study, strike and dips shown in blue are data 
from Matti et al’s 2015 map.
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Scarp and Height Profiles, Mapping and Cross Sections 

Fault mapping showed no scarp evidence of the southern thrust faults at the base 

of the southern limb of the fold (Figure 22).  We do know however that the thrust faults 

are clearly expressed at Beaumont Mesa and somewhat in Cherry Valley (Figures 20, 

21).  Height profiles taken at Beaumont Mesa, Cherry Valley and Calimesa have different 

thrust fault expression. Beaumont Mesa has visible scarps with large offsets ranging from 

20 to 80 meters (Figure 20, 20A).  Cherry Valley has minimal fault evidence with small 

offsets ranging from 3-20 meters (Figures 21, 21A). The thrust faults are no longer 

visible west of Cherry Valley. The Singleton anticline shows no evidence of the southern 

thrust faults breaking the surface (Figure 22).  Uplift rates based on surface age were 

calculated using the vertical separation at each scarp location within and are shown in 

Figures 23-25.  Apparent dip measurements taken at 17 locations on the structure show 

that it is an asymmetric, open fold, plunging gently west with a steeper south limb 

(Figure 14). 

Furthermore, three cross sections taken across the fold (Figure 26), striking north 

to south, depict what looks to be an old remnant of the much larger fold. In these 

sections, there is a visible kink in the profile suggesting that this structure at one time was 

much higher in elevation. Constant uplift and erosion over time has created the structure 

we see today.  
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Figure 15. DEM overlay of the San Gorgonio Pass.  Google Earth satellite image with 
DEM (digital elevation model) overlay of the San Gorgonio Pass from Calimesa to 
Whitewater Hill. Orange lines are mapped Holocene – latest Pleistocene faults.  Yellow 
lines are mapped Quaternary faults.  Faults are mapped by the USGS.  Green lines are 
scarp profiles used in this study. Blue lines are scarp profiles not used.  White numbers 
correspond to green lines that represent that scarp profile.   
 
 

 
 

Figure 16. Young offsets in the San Gorgonio Pass: Profiles 12, 13, 20, 22, and 26.  Scarp 
profiles taken across the San Gorgonio Pass. See Figure 15 for profile locations within 
the pass.  Young offsets have vertical displacements that range from 3 to 18 meters.  
Dashed red lines shown thrust fault at depth.  Red arrow indicates direction of movement. 
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Figure 17. Intermediate offsets in the San Gorgonio Pass: Profiles 8, 9, 10, 14. 
Intermediate scarp profiles taken across the San Gorgonio Pass. See Figure 15 for profile 
locations within the pass.  Intermediate offsets have vertical displacements that range 
from 31 to 81 meters.  Dashed red lines shown thrust fault at depth.  Red arrow indicates 
direction of movement.  
 

 
 
Figure 18. Old offsets in the San Gorgonio Pass: Profiles 2, 3, 16.  Old Scarp profiles 
taken across the San Gorgonio Pass. See Figure 15 for profile locations within the 
pass.  Old offsets have vertical displacements that range from 104 to 164 meters.  
Dashed red lines shown thrust fault at depth.  Red arrow indicates direction of 
movement. 
 
 
 

9. Vertical displacement ~ 76.5 m 
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Figure 19. Google Earth Satellite Image of Singleton Anticline, Cherry Valley and 
Beaumont Mesa-Scarp, Height and Cross Section Transects.  Orange lines are mapped 
Holocene – latest Pleistocene faults.  Yellow lines are mapped Quaternary faults.  Faults 
are mapped by the USGS.  Faults, fault zones, structures and towns labeled in white. Red 
labels correspond to height and scarp profile transects (green lines), Figures 20, 20A 21, 
21A , 22, and 22A.  Blue lines represent cross section lines Figure 26.   
 

 
 
Figure 20. Beaumont Mesa scarp profiles.  Scarp profiles taken across Beaumont Mesa 
within the San Gorgonio Pass. See Figure 19 for profile locations.  Offsets at Beaumont 
Mesa have vertical displacements that range from 37 to 77 meters.  Dashed red lines 
shown thrust fault at depth.  Red arrow indicates direction of movement. 
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Figure 21. Cherry Valley scarp profiles.  Scarp profiles taken across Cherry Valley within 
the San Gorgonio Pass. See Figure 19 for profile locations.  Offsets in Cherry Valley 
have vertical displacements that range from 7 to 20 meters.  Dashed red lines shown 
thrust fault at depth.  Red arrow indicates direction of movement 
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Table 3. Height and Scarp Profile Data 
Scarp & Height 

Profile 
Vertical 

Separation 
(m) 

Approximate Age 
(ka) 

Uplift Rate 
(mm/yr) 

CV1 12 ± 2.4 10,000 ± 5,000 1.2 ± .48 
CV7 7 ± 1.4 10,000 ± 5,000 .7 ± .28 
CV9 20 ± 4 10,000 ± 5,000 2 ± .8 
12 3.2 ± 0.6 10,000 ± 5,000 .32 ± .12 
13 17.5 ± 3.5 10,000 ± 5,000 1.8 ± .7 
20 15.5 ± 3.1 10,000 ± 5,000 1.6 ± .62 
22 8.8 ± 1.8 10,000 ± 5,000 .9 ± .36 
26 11.1 ± 2.2 10,000 ± 5,000 1.1 ± .44 

BM1 77 ± 15.4 40,000 ± 20,000 1.9 ± .77 
BM3 37 ± 7.4 40,000 ± 20,000 .9 ± .37 
BM4 50 ± 10 40,000 ± 20,000 1.3 ± .5 

8 31.8 ± 6.4 40,000 ± 20,000 .8 ± .32 
9 76.5 ± 15.3 40,000 ± 20,000 1.9 ± .77 
10 80.9 ±16.2 40,000 ± 20,000 2 ± .81 
14 47.3 ± 9.4 40,000 ± 20,000 1.2 ± .47 

CM1 0 100,000 ± 50,000 0 
CM8 0 100,000 ± 50,000 0 
CM16 0 100,000 ± 50,000 0 

2 163.5 ± 32.7 100,000 ± 50,000 1.6 ± .65 
3 137.5 ± 27.5 100,000 ± 50,000 1.4 ± .55 
16 104 ± 20.8 100,000 ± 50,000 1 ± .42 

* Approximate ages from Matti et al., 2015. 20% error calculation for vertical separation, 
50% error for approximate ages.   
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Figure 22. Singleton Anticline Height Profiles. Height profiles taken across the fold at the 
western edge of the San Gorgonio Pass. See Figure 19 for profile locations.  Dashed red 
lines shown thrust fault at depth.  Red arrow indicates direction of movement. 
 

 
 
Figure 23. Along-strike change in ~10ka surfaces.  Graph shows the change in vertical 
separation as you move east to west through the San Gorgonio Pass.  Young surfaces 
have vertical separations ranging from 3 to 20 meters. Refer to Table 3 for raw data, and 
uplift rates. 
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Figure 24. Along-strike changes in ~40 ka surfaces.  Graph shows the change in vertical 
separation as you move east to west through the San Gorgonio Pass.  Intermediate aged 
surfaces have vertical separations ranging from 30 to 80 meters.  Refer to Table 3 for raw 
data, and uplift rates. 
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Figure 25. Along-strike changes in ~100ka.  Graph shows the change in vertical 
separation as you move east to west through the San Gorgonio Pass.  Old surfaces have 
vertical separations ranging from ~150 meters to zero where the San Gorgonio Pass fault, 
SAF does not appear break the ground surface at the Singleton anticline, and therefore 
produces no vertical separation at the western edge of the pass. Refer to Table 3 for raw 
data, and uplift rates. 
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Cross Section 1). 

 
Cross Section 2). 

 
Cross Section 3). 
 
Figure 26. Singleton anticline cross sections 1, 2, 3.  Scale in meters.  Black dashed lines 
project hinge line, and faults.  Red solid lines show faults.  Dashed red lines show thrust 
fault at depth.  Red arrows indicate direction of movement. Refer to Figure 19 for 
location on Singleton anticline. 
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DISCUSSION 

Slope Map Importance 

Two important discoveries were made after the construction of the slope map of 

the Singleton anticline. The first is the fold has varying degrees of slopes, represented by 

the changes in colors across the fold that indicate different types of topography across the 

structure. The blue colored areas surrounding the structure show that this surface has a 

gentle slope that is lower in elevation from the peak of the fold.  The green and yellow 

colors revealed that the core of the fold has been deeply incised due to continuous 

erosion, resulting in steep slopes that expose the San Timoteo Formation that constitutes 

the majority of the fold. A notable find are the terrace risers or uplifted gentle sloped 

areas that exist at higher elevations on the fold shown in blue but surrounded by steeper 

slopes or areas of developed soil. These areas are left over remnants of an old surface that 

existed prior to deformation of the structure.   

The most important find is that the Singleton anticline is spotted with a 

Quaternary soil that has developed on the fold and across the Banning fault that bounds 

the fold to the north.  In the slope map this soil is depicted by the light blue areas that 

show up along the ridgeline of the fold and on the lower elevations on its limbs.  The 

soils form an overall oval-like shape over the fold.  Finding this gentle-sloped soil 

developed at such a high elevation on the fold tells us that the fold is undergoing constant 

erosion and uplift.  Pre deformation, this area was flat.  As uplift occurred, so did erosion 

and eventual incision of the San Timoteo Formation.  The red orange soil has remained in 

areas that have been uplifted but not eroded or incised.  
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Geologic Map and Cross Section Reveal: A Fold! 

The geologic map shows the boundaries of the developed soil based on the slope 

map and field observations. The soil is found in a circular fashion on and around the fold, 

but the San Timoteo Formation is found at the core of the structure and only there.  

Deeply incised gullies reveal the sandstones and conglomerates dip in two directions: 

north and south depending where on the structure you are. Outcrops across the fold are 

scarce due to vegetation coverage, however location 15 shows the San Timoteo 

Formation dipping towards you, towards the Banning fault, to the north.  Structural data 

obtained in the field, on the east part of the structure reveals that the San Timoteo 

Formation is dipping south.  Differing directions of dip spell out an anticlinal feature or 

fold.  Slope and geologic map data found in this study agree so far with the findings of 

Matti et al., 2015 that this structure is an anticline.   

Finally, the three cross sections constructed across the fold conclude that the 

structure at the end of the San Gorgonio Pass is the Singleton Anticline.  In cross 

sections, anticlines should form a rough “A” like shape, with two limbs, dipping in 

opposite directions.  Though field data was minor compared to the El Casco Quadrangle 

Geologic Map by Matti et al., 2015, dip measurements taken on both sides of the fold can 

be lumped into two categories: those that dip north, those that dip south. Using these 

measurements, a fold axis can be drawn east-west across the main ridgeline of the 

structure.  The rounded nature of the soil distribution, particularly at the western edge, 

shows that the fold is plunging slightly west, towards Calimesa. Additional dip data in the 

area and from Matti et al., 2015 agree that the fold plunges to the west.  Differing limb 
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dips, a slightly sinuous fold axis, and a plunge to the west, makes the Singleton anticline 

an asymmetric fold.  

 

Shortening Across the Singleton Anticline 

 As previously stated, the western structure of the San Gorgonio pass is a fold.  

This structure has undergone uplift causing shortening between the Banning fault in the 

north and then San Gorgonio Pass fault, SAF to the south. Using data collected in the 

field and from previous studies we are able to calculate shortening across the structure.  

Using cross sections constructed across the Singleton Anticline, a shortening rate can be 

calculated using the distance across the fold before and after deformation/uplift divided 

by the age of the fold.  Matti et al., 2015 constrain a rough age for the fold of 100ka.  

Cross section 1 has a shortening rate of .48mm/yr ± .096mm/yr, cross section 2 

2.88mm/yr ± .576mm/yr , and .96mm/yr ± .192mm/yr for cross section 3).  These 

shortening rates range from half a millimeter to over 2 mm/yr.  Shortening across the fold 

is relatively small.   

Kink vs. No Kink 

Moving east to west, from Whitewater Canyon to the Singleton Anticline there is 

a change in strike that is reflected in the scarp and height profiles. The majority of the 

San Gorgonio Pass is characterized by emergent fault scarps, shown as a step function in 

the profiles, while the Singleton anticline is characterized by a kink function, where there 

is no break in the slope.   

The San Gorgonio Pass fault is emergent from Whitewater Canyon to Cherry 

Valley as seen in Figures 16-21.  These profiles show that the thrust fault has broken the 
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ground surface creating a step like feature in the profiles.  This step function is indicative 

of an active and emergent thrust fault.  The vertical separations range in displacement 

based on the approximate age of the surfaces and how long it’s had to undergo 

deformation.  The younger surfaces, ~10 ka, have experienced far less displacement, with 

vertical separations ranging from 3 to 20 meters.  Intermediate aged surfaces have 

displacements ranging from 30 to 80 meters. The oldest surfaces, roughly 100ka, have 

displacements well over 100 m (Figure 18, 18A).  

To contrast this, the Singleton anticline has no break in slope, no vertical 

separation, as shown in Figure 22.  As the San Gorgonio Pass fault moves from Cherry 

Valley to the Singleton anticline, there is a change from a step function to a kink 

function. The thrust fault dives into the subsurface below the Singleton anticline as it 

moves west, causing a kink on the southern limb of the fold, as opposed to a scarp where 

the thrust fault breaks the ground surface elsewhere in the pass, as depicted in the 

Beaumont Mesa, Cherry Valley and the rest of the pass.  Because there is no break in the 

ground surface, there are no fault scarps and therefore no vertical separations in profiles 

at the southern limit of the Singleton Anticline.  

Blind Thrust and Slip Rates 

The San Gorgonio Pass thrust fault is considered emergent at Beaumont Mesa, 

however as it moves west through Cherry Valley to the Calimesa fold, there is an abrupt 

change in the fault expression. Examining B4 LiDAR images shows scarp evidence along 

the fault trace near Beaumont Mesa. Constructing height profiles across these scarps in 

multiple locations revealed vertical displacements ranging from 30 to 80 meters.  These 
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scarps and vertical displacements provide convincing evidence that his area of the San 

Gorgonio pass, the thrust fault is still active, producing visible offsets and slip.  

Using this as a proxy for thrust fault expression, moving west into Cherry Valley, 

the thrust fault begins to change its expression. Again analyzing B4 LiDAR images of the 

area, along with height profiles taken across what are most likely remnants of old scarps, 

height profiles were constructed. The scarps in this area are less visible, likely due to 

constant erosion of the valley. Scarps here have a smaller vertical displacement than at 

Beaumont mesa roughly 3 miles to the east. In Cherry Valley the SGP thrust fault begins 

to dive into the subsurface, which is why the vertical displacements are much smaller and 

visible scarps are less common. Another feature not observed at Beaumont Mesa is that 

of the thrust fault splitting into two distinct segments. As the fault moves into Cherry 

Valley it disaggregates into two fault segments, one moving north where it forms the 

boundary between the San Gabriel and San Bernardino terranes and the other moving 

south toward the southern limb of the Singleton anticline.  

The northern segment becomes the Banning Fault, while the southern segment is 

the local expression of the San Gorgonio Pass fault, SAF and disappears into the 

subsurface at the Singleton anticline.  The southern limb of the Singleton anticline shows 

no scarps, no vertical displacements nor any other signs of faulting. With no visible fault 

evidence, the southern segment of the San Gorgonio pass fault, SAF most likely dives 

into the subsurface beneath the southern limb of the growing fold, and terminates, 

transferring its slip to nearby faults and fault systems.  

Previous studies have documented that there is a sudden decrease in slip within 

the San Gorgonio Pass. Rates outside the pass at the western edge range from 14 to 25 
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mm/yr. Rates within the pass decrease significantly to 4 to 8 mm/yr, however moving out 

of the pass at the eastern edge near Whitewater Canyon moving towards Biskra Palms the 

rates increase back to 12 to 22 mm/yr (McGill et al., 2013). The overall slip of the SAF 

has to be effectively accommodated elsewhere and if the San Gorgonio Pass is losing 

50% of the overall slip, it must be partitioned off to other nearby faults or fault systems.  

Uplift Across the San Gorgonio Pass 

Using the scarp profiles taken across the pass and approximate ages for these 

surfaces contributed by Matti at el., 2015, we are able to calculate our own uplift rates 

throughout the pass using vertical separations and ages of surfaces. Table 3 shows the 

scarp profile names, ages, vertical displacements and uplift rates. Errors were calculated 

using conservative error estimates of plus/minus 20% for vertical separations and 50% 

for approximate ages. The uplift rates range from 0 to 2 mm/yr (Table 3).  In comparison 

to slip rates within the pass, these rates are low.  This is likely due to the structural 

complexity within the pass, making it difficult for slip or uplift to be accommodated 

along the San Gorgonio Pass fault, SAF. It may also be another reason that the SAF 

splays off to the north via the San Bernardino strand, SAF and to the San Jacinto fault via 

the Beaumont Plains faults to the south.  

Slip Transfer 

The San Gorgonio Pass is located just north of the San Jacinto fault system, east 

of the San Bernardino strand of the SAF and the Crafton Hills complex. While the San 

Gorgonio Pass plays an important role in the SAF system, it is not however 

accommodating the majority of the systems slip due to its structural complexity. As 

previously discussed, the San Gorgonio Pass thrust fault terminates at the western edge of 
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the pass; as this fault dies out, the slip along the fault has to be transferred in order to be 

accommodated.  

One possibility is that slip is being transferred to the San Bernardino strand, SAF 

to the SGP strand, SAF via the Crafton Hills Complex. This segment of the SAF has 

relatively high slip rates and is considered one of the most active strands within the SAF 

system. In order for the slip to be transferred from the San Gorgonio Pass, it first must be 

transferred to the Crafton Hills Complex, which is already highly likely based on its close 

location to the western edge of the SGP. In this scenario as one fault terminates, slip is 

accommodated by a nearby fault system and then transferred back to a less structurally 

complex segment of the original fault system.  

Alternatively, slip could be moving to an entirely different fault system like the 

San Jacinto fault zone to the south of the SGP. A small fault system located within the 

San Gorgonio Pass called the Beaumont Plains fault zone likely facilitates slip to the San 

Jacinto fault zone by transferring slip out of the structurally complex SGP to the more 

slip efficient San Jacinto fault zone. Since the San Jacinto fault system was initiated, the 

SAF and the SJF systems have been trading off having the highest slip rate every so 

many thousand years.  While southern California is though to be dominated by the SAF, 

in the past the San Jacinto fault was the most active and contributed higher rates of slip. 

Currently the SAF has a slip rate of 27mm/yr, while the SJF has an overall slip rate of 

8mm/yr.  
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FUTURE WORK 

A more detailed investigation of the Singleton anticline includes additional 

mapping of the structure, specifically more attitudes along the fold and fault that cuts 

through the north section of the structure.  Additional clast counts across the fold, and 

sampling a larger number of rocks would help create a more accurate representation of 

the type of rocks found on the fold.  Age dating of the clasts, geologic units that compose 

the Singleton anticline, and Pleistocene and Holocene alluvial surfaces would create an 

accurate timeline of events on the fold.  Analyzing the composition of the clasts that 

make up the alluvium would help determine what formations contributed most to the 

alluvial surfaces near the Singleton Anticline and within the San Gorgonio Pass.  

Constructing more cross sections through other structurally important areas and 

additional mapping of the LiDAR data set  
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CONCLUSIONS 

1. The Singleton anticline is the main surface expression at the western extent of the 

San Gorgonio Pass strand, San Andreas fault.  

2. The San Gorgonio Pass strand, San Andreas fault is blind at its western terminus.  

3. Slip is transferred to the San Bernardino strand, SAF and to the San Jacinto fault 

via Beaumont Plains and Crafton Hills faults.  
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Appendix A: Clast Count Data 

Clast-counts conducted at five locations on the fold identified various types of 

igneous and metamorphic rocks and a volcanic porphyry (Figures 6 and 10). At each 

location 50 rocks were selected, identified and sorted into their specific category.  

Locations of clast counts were chosen to create an accurate representation of the types of 

rocks on both sides of the fold (Figure 9). Table 1 and Figure 10 show the distribution of 

clast types at each locality. 

 
 
Figure 7. Locations of clast counts and structural data, Singleton anticline.  Google Earth 
Satellite image of the Singleton Anticline, Cherry Valley faults and San Gorgonio Pass 
strand, San Andreas Fault. Yellow pins indicate locations where clast counts and/or 
structural data was collected.  Clast count data was obtained at Locations 5, 13, 15, 16 
and 17.   
 

Singleton Anticline 

SGP strand, SAF 

Banning fault 
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Figure 8. Clast-count pie charts per location. See Table 1 for raw data and clast 
abbreviation names.  
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Refer to Figure 10 for clast count pie charts per location. 
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

 
Location* 

Aplite 
(APL) 

Andesitic 
Porphyry 

(APO) 

Biotite 
Schist 
(BS) 

Diorite 
Gneiss 
(DGN) 

Diorite 
(DIO) 

Felsic 
Gneiss 
(FGN) 

Felsic 
Granite 
(FGR) 

Pegmatite 
(PEG) 

Total 
Clasts 

Counted 

5 3 4 8 3 9 5 18 0 50 

13 5 8 10 1 11 5 9 1 50 

15 3 9 8 1 8 3 13 5 50 

16 1 2 18 1 10 2 15 1 50 

17 
 

3 9 11 0 5 4 16 2 50 

Table 1. Clast Count Locations and Raw Data 
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Appendix B: Scarp and Height Profiles 

 

 

13. Vertical displacement ~ 17.5 m 

20. Vertical displacement ~ 15.5 m 
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Figure 16A. Young offsets (12, 13, 20, 22, 26). Refer to Figure 12 in text for profile 12. 
Scarp profiles taken across the San Gorgonio Pass. See Figure 11 for profile locations 
within the pass.  Young offsets have vertical displacements that range from 3 to 18 
meters.  Dashed red lines shown thrust fault at depth.  Red arrow indicates direction of 
movement. 
 

 

 

 

 

22. Vertical displacement ~ 8.75 m 

26. Vertical displacement ~ 11.11 m 
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8. Vertical displacement ~ 31.8 m 

10. Vertical displacement ~ 80.94 m 
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Figure 17A. Intermediate offsets (8, 9, 10, 14). Refer to Figure 13 in text for profile 9. 
Intermediate scarp profiles taken across the San Gorgonio Pass. See Figure 11 for profile 
locations within the pass.  Intermediate offsets have vertical displacements that range 
from 31 to 81 meters.  Dashed red lines shown thrust fault at depth.  Red arrow indicates 
direction of movement.  

 

 

 

 

 

 

 

 

 

 

 

 

14. Vertical displacement ~ 47.27 m 



	56	

 

 

Figure 18A. Old offsets (2, 3, 16). Refer to Figure 14 in text for profile 2.  Old Scarp 
profiles taken across the San Gorgonio Pass. See Figure 11 for profile locations within 
the pass.  Old offsets have vertical displacements that range from 104 to 164 meters.  
Dashed red lines shown thrust fault at depth.  Red arrow indicates direction of movement. 
 
 
 
 
 
 
 
 
 

3. Vertical displacement ~ 137.5 m 

16. Vertical displacement ~ 104 m 
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Figure 20A. Beaumont Mesa scarp profiles (BM1, BM3, BM4). Refer to Figure 16 in text 
for BM1 profile.  Scarp profiles taken across Beaumont Mesa within the San Gorgonio 
Pass. See Figure 15 for profile locations.  Offsets at Beaumont Mesa have vertical 
displacements that range from 37 to 77 meters.  Dashed red lines shown thrust fault at 
depth.  Red arrow indicates direction of movement. 
 
 
 
 
 
 
 
 
 
 
 

BM3 Vertical Displacement ~ 37m 

BM4 Vertical Displacement ~ 50m 
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Figure 21A. Cherry Valley scarp profiles (CV1, CV7, CV9). Refer to Figure 17. in text 
for CV1 profile. Scarp profiles taken across Cherry Valley within the San Gorgonio Pass. 
See Figure 15 for profile locations.  Offsets in Cherry Valley have vertical displacements 
that range from 7 to 20 meters.  Dashed red lines shown thrust fault at depth.  Red arrow 
indicates direction of movement. 
 
 
 

 

 

CV7 Vertical Displacement ~ 7m 

CV9 Vertical Displacement ~ 20m 
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Figure 22A. Singleton anticline height profiles (CM1, CM8, CM16). Refer to Figure 20 
in text for profile CM1.  Height profiles taken across the fold at the western edge of the 
San Gorgonio Pass. See Figure 15 for profile locations.  Dashed red lines shown thrust 
fault at depth.  Red arrow indicates direction of movement.  Red circle shows an area for 
possible scarp evidence, but is likely an incised gully.  
 

 

 

 

 

 

CM8 No Visible Scarps 

CM16 Possible Scarp? 
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Appendix C: Field Photographs 

 

Figure 27. Field photograph of the Singleton anticline. Photograph taken from Interstate 
10, looking north at the Singleton anticline. 
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Figure 28. Field photo of Kink on Southern Limb of Singleton anticline.Red-orange soil 
noticeable on top of ride lines and on kink like structure in the distance.   
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Figure 29. Field photograph of kink structure. Photograph shows kink structure on 
southern limb of the fold looking west.  Notice the ground surface on the fold is 
unbroken.  Red orange soil is present on top of kink.  Pink dashed line shows unbroken 
kink surface and its projected surface before erosion of the fold. 
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Figure 30. Field Photo of kink structure 2. Photograph shows change in slope due to kink 
on the southern limb of the Singleton Anticline.  Ground surface is still unbroken.  Red 
orange soil present on top of ridgeline. Note steeply incised gullies exposing the San 
Timoteo Formation, covered in vegetation.  
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Figure 31. Field photograph of soil on western edge of fold. Field photography taken on 
western edge of the Singleton Anticline looking east. Red orange soil on top of 
quaternary alluvium.   
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Figure 32. Field photograph of Banning fault. Photograph shows right lateral, strike slip 
Banning fault in the distance.  Notice red orange soil on top of crystalline complex across 
the Banning fault.  Red orange soil is present on top of ridgeline with steeply incised 
gullies exposing the San Timoteo Formation. Photograph is looking north from core of 
fold. 
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Figure 33. Field photograph of outcrop at location 15. Field photograph was taken at the 
core of the fold looking towards the south.  Outcrops were limited on the fold due to 
vegetation coverage, making it difficult to collect data.  Location 15 is shown in the 
distance.  Clast count and structural data was taken at this outcrop.  
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Figure 34. Field photograph of location 15 outcrop. Field photograph shows up close 
outcrop at Location 15 of the San Timoteo Formation.  Outcrop consists of sandstone and 
conglomerates. Conglomerate clasts are from the San Gabriel Terrane to the north.  
Photograph is looking parallel to strike, beds are dipping toward viewer.   
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