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Figure 1.  Taking a well-earned break on the north side of Lytle Creek's Middle Fork. 
 
 
Introduction 

 

The eastern portion of the San Gabriel Mountains has never been studied in sufficient 

detail.  Many of the maps that currently exist were produced wholly or in part through the use of 

aerial photography.  Difficult terrain and time restrictions have not allowed for the production of 

very many detailed maps within this portion of the San Gabriel Mountains.  My study focuses on 

the Icehouse Canyon/Middle Fork Lytle Creek and the Upper North Fork Lytle Creek areas, 

where major left-lateral and right-lateral fault zones intersect.  This report describes my efforts to 

delineate lithology and structure of distinctive fault blocks with the intent of ascertaining 

locations of major faults and the maximum amount of displacement along those faults.  There 

have been various uncertainties attempting to reconstruct this region of the San Gabriel 
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Mountains and this study endeavors to resolve some of those uncertainties.  I accomplished this 

by detailed field mapping using 1:12,000 base maps and basic mapping equipment during 2001 

and 2002. 

 The area that I mapped extended onto the Telegraph Peak, Cucamonga Peak, Mt. Baldy, 

and Mt. San Antonio quads.  Primarily, I focused on the areas surrounding Icehouse creek, 

Middle Fork Lytle Creek, Upper North Fork Lytle Creek, and Telegraph Peak.  This is an area 

that has been heavily faulted and undergone severe stresses on numerous occasions.  The major 

fault zones that exist within my study area are the San Antonio Canyon Fault, the Icehouse 

Canyon Fault, the Scotland Fault, the Stoddard Canyon Fault, the Middle Fork Lytle Creek Fault, 

the Vincent thrust.  Bounding the area to the north are the San Jacinto and Punchbowl Fault 

complexes.  The Vincent thrust is the oldest known fault in the region as it is displaced a number 

of times over a wide area.  The east-west trending Icehouse Canyon and North Fork Lytle Creek 

Faults are the next oldest as they are believed to be original traces of the San Gabriel Fault.  

These faults are offset by a series of northeast-southwest trending faults typified by the San 

Antonio Fault and the Stoddard Canyon Fault.  Finally, the recent Scotland Fault, San Jacinto 

Fault, and Glen Helen Fault share traces with the San Andreas Fault, just to the north, and 

generally display the most current activity, including seismicity.  Please see Figure 3 below for a 

map displaying the locations and abbreviations of the faults discussed in this thesis. 

 This study area has been the subject of much debate and has been studied by numerous 

people over the last several decades.  These include, but are not limited to: Dibblee (1971), Ehlig 

(1975, 1981), Morton (1981), May (1986), Bortugno and Spittler (1986), May and Walker 

(1989) and Jacobson (1990), Matti and Morton (1993), Morton and Matti (1993), Norum (senior 

thesis, 1996-97), Nourse (2002a), Nourse (unpublished mapping, 1990-2003).  Their previous 

work has provided a foundation on which others, like me, can build and expand. 

 One of the complications in building a detailed map of this region is the difficulty finding 

proper access to the area.  The topography is extremely rocky and steep and there are very few 

roads invading large portions of the study area.  Often times, a vehicle could only travel to within 

several miles of the area that is to be mapped and the additional distance had to be traveled over 

rugged mountain trails on foot.  Water was sparse much of the time but heat and sun could 

always be found in abundance.  The map area covers numerous valleys, ridges, and peaks that 

would all have to be accessed from different incursion points.  Due to the distances required just 
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to reach the map areas many excursions would be combined to cover several days at a stretch to 

limit wasted travel time.  The mapping was accomplished almost exclusively on foot using 

1:12,000 1:6,000 topographic base maps, basic hand-held writing utensils and drawing 

instruments.  The mapping portion of this project spanned the spring and summer seasons of 

2001 and 2002 with occasional mapping continuing into 2004. 

 

 
Figure 2.  Mt. San Antonio to the northwest as seen from the top of Cucamonga Peak.
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Figure 3.  Geologic Maps of the central and eastern San Gabriel Mountains.  Reproduced from Figure 3A in Nourse (2002a).  Major fault abbreviations are as follows: 
CF-Cucamonga fault, DF-Duarte fault, GHF-Glen Helen fault, ICF-Icehouse Canyon fault, LF-Lytle Creek Fault, MFLCF-Middle Fork Lytle Creek fault, NSGF-north 
branch San Gabriel fault, PMF-Pine Mountain fault, PF-Punchbowl fault, RHF-Raymond Hill fault, SCCF-Sawpit Canyon-Clamshell fault, SAF-San Andreas fault, 
SACF-San Antonio Canyon fault, SCF-Stoddard Canyon fault, SDCF-San Dimas Canyon fault, SF-Scotland fault, SJF-San Jacinto fault, VCF-Vasquez fault, VF-
Verdugo fault, WF Weber fault. 
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Figure 3A.  Geologic map of the Eastern San Gabriel Mountains showing major faults along with direction of 
displacement.  Modified from Matti and Morton, (1993). 
 

 
 

Figure 3B.  Colored geologic map of the eastern San Gabriel Mountains.  Map shows approximately the same area as 
covered by the thesis map.  Modified from Bortugno and Spittler (1986).  Notice unresolved issues with several faults 
including the San Antonio Canyon, Stoddard Canyon, and San Jacinto faults.
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Plate 1A.  Northern section of my thesis map showing major faults and approximate boundaries of primary focus for the upper North Fork Lytle Creek study area.  
Portions of this plate and succeeding plates include compilation of some unpublished mapping and structural data  from Nourse and students (1990-2002).
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Plate 1B.  Southern section of my thesis map showing major faults and approximate boundaries of primary focus for the Middle Fork Lytle Creek study area.  Also note 
the location of Brent Norum’s Thesis area, an important consideration in my work.
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Data/Observations 

Plate 2.  Detail of the Middle Fork Lytle Creek study area from the thesis map. 
 

 Plate 2 is an enlargement of the thesis map that focuses on the areas and features 

discussed in this section.  Major faults are labeled and shown as bold black lines with red borders 

for clarity.  Map units are shown with labels and distinguishing colors and symbols.  The thesis 

map was hand drawn onto several base topographic quadrangles, which have been enlarged to 

200% scale or 1:12,000.  This portion of the map is spliced from two sections of separate 

quadrangles.  The Telegraph Peak quad comprises the bulk of the area, which begins at the 

boundary line just south of Lytle Creek’s middle fork and continues to the north.  The southern 

section containing Stoddard Canyon is derived from the Cucamonga Peak quad.  This plate is 
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included to show greater detail of the specific area discussed in the Middle Fork Lytle Creek 

section. 

 
 
Figure 4.  Miguel Espinoza and a view from the north side of Lytle Creek's Middle Fork to the southwest between 
Cucamonga Peak (left) and Bighorn Peak (right).  The valley coincides with the trace of the left-lateral Stoddard Canyon 
fault. 

 

Middle Fork Lytle Creek Study Area 

 

 The Middle Fork Lytle Creek area was the primary focus of my study.  This general 

region includes Stoddard Canyon, the Middle Fork of Lytle Creek, Icehouse Canyon, Telegraph 

Peak, and their intersections.  Within this area, I compiled detailed maps of the rocks within the 

canyons, their adjacent slopes, and ridgelines onto the regional map (Plate 1).  The structure and 

location of the rocks within the Middle Fork Lytle Creek region are predominately controlled by 

the Middle Fork, Icehouse Canyon, and Stoddard Canyon faults.  The geology is complex and 

the rocks are diverse.  Due to the size of the area and the detail thereof I will have separate 
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discussions of the lithology and the structure.  Additionally, as a result of the varying nature of 

the rocks located to the south of the Icehouse and Middle Fork Faults and the rocks to the north 

of this fault system, the lithology will be divided into two segments. 

 

Lithology 

 

Rocks south of the Icehouse Canyon and Middle Fork Lytle Creek faults 

 

 Perhaps the only units spanning the entire map are composed of Quaternary-aged 

alluvial, talus, and landslide deposits.  These sediments (mapped as Qa, Qt, and Qls on Plate 1) 

are unconsolidated and are composed of clasts that range in size from clay through large boulder.  

Individual grains are typically more rounded in alluvial sediments and more angular for talus and 

landslide deposits.  Alluvium is generally found in the canyon bottoms and can be from around 

50 meters thick to almost nonexistent.  This unit is composed of rocks from the surrounding 

slopes, which are commonly transported large distances by water.  Talus deposits are in much 

closer proximity to their origin and have been known to almost completely cover entire hillsides.  

Because the primary mode of transportation is gravity, the rocks that compose these talus 

deposits are much more angular in nature and are constantly moving due to the steep gradient of 

the terrain.  Finally, landslide deposits can be found in numerous places throughout the study 

area and range in size from the very small to the very large, sometimes filling whole canyons.  

These tend to be more indurated, and covered with fairly extensive brush.  Adversely dipping 

foliations and dipping contacts of the basement complex add to the frequency and size of these 

landslides, which will commonly exhibit springs at the base of the slide during wet seasons. 

The basement complex is very diverse and has undergone several periods of brittle and 

ductile deformation.  Rocks can generally be found along canyon walls, ridgelines, peaks, and on 

slopes when the abundant talis deposits do not cover them.  The rocks south of the Middle Fork 

and Icehouse Canyon faults are described from youngest to oldest. 

The youngest basement unit is an intrusive complex from the late Cretaceous and is 

generally referred to as leucocratic biotite granite, shown on Plate 1 as Kgr, Klbgr, or Klgr.  This 

unit forms both relatively large bodies and smaller dikes within the basement rocks.  Many dikes 

are too small to map but exhibit good foliation.  This unit is commonly at or near the edge of the 
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granodiorite and quartz diorite found in the same area and may be a late stage of this larger 

intrusion.  The biotite granite is generally more fine grained and exhibits stronger foliation than 

the granodiorite and quartz diorite.  It is composed primarily of white K-feldspar and plagioclase, 

quartz, and biotite. 

The larger intrusion is composed of rocks ranging from quartz diorite to tonalite to 

granodiorite, displayed on Plate 1 with the following symbols: Ktn, Kqd, Khbgd, and Kbgd.  

Samples of this unit have provided an age of 78 +/- 6 Ma (May and Walker, 1989); therefore, 

emplacement occurred in Late Cretaceous time.  This collection of units is generally medium-

grained and commonly contains biotite and hornblende.  The quartz diorite and granodiorite 

show a weak to moderate foliation.  The foliation is generally stronger in closer proximity to the 

Icehouse Canyon and Middle Fork faults.  The fabric becomes mylonitic in places directly south 

of the Middle Fork fault where it is mapped as Kmy.  Structurally, the quartz diorite and 

granodiorite form large sills and add to the foliation of the rocks they intrude.  The Kmy is part 

of what is referred to as the "black belt mylonite".  Thin bands of this mylonite also occur on 

Ontario Ridge. 

 The country rocks of Cretaceous plutons south of the Middle Fork and Icehouse Canyon 

Faults are a complex of metasediments including quartzite, marble, phyllite, and biotite gneiss.  

The metasediments are indicated on Plate 1 as q, m, cs, bgn, or undifferentiated ms.  Due to at 

least one strong period of deformation the age of the protoliths of these units is not known, but 

likely accumulated during late Precambrian to early Paleozoic time or Late Mesozoic time.  This 

unit is complexly folded and intruded by a number of dikes and Cretaceous intrusions.  These 

metasediments have undergone middle-upper amphibolite facies metamorphism.  The generally 

undifferentiated quartzite and calc-silicates are fine grained and light gray to greenish grey in 

color.  Many samples include grossular garnet due to the high calcium content of many areas.  

The greenish color is provided by diopside.  Most specimens exhibit strong foliation as shown by 

the garnets or diopside minerals.  Large blocks of marble are rare in the map area but can form 

significant outcrops that make excellent marker units.  The marble is white to tan to brown and is 

both hard and dense.  The biotite phyllite is medium grey, fine grained, and contains minor ore 

minerals plus garnet.  Thin veins of quartz are locally elongated in the direction of foliation.  The 

biotite gneiss is chemically similar to the phyllite but is medium grained, contains stronger bands 

of K-feldspar and quartz, and is very well foliated.  It may also contain dark red-brown garnet. 
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Figure 5.  Outcrop of Pelona Schist and Vincent thrust at San Antonio Falls.  White layers are sills of Rhyolite originating 
from the Telegraph Peak granite. 
 

Rocks north of the Icehouse Canyon and Middle Fork Lytle Creek faults 

 

 Pre-Tertiary rocks north of the Middle Creek and Icehouse Canyon faults are generally 

strongly mylonitized, due to the proximity of the Vincent thrust.  Many of the rocks in this area 

have metamorphic ages associated with the movement of the Vincent thrust in the Cretaceous 

period.  The thrust fault brings Cretaceous, Triassic, and Precambrian age upper plate continental 

rocks on top of Cretaceous age lower plate oceanic rocks.  Since the Vincent thrust is such a 

prominent and important feature north of the Middle Fork and Icehouse Canyon faults, the rocks 

will be described from deepest to shallowest in respect to the Vincent thrust. 

 The Pelona schist is the deepest stratigraphic unit, which is located on the footwall of the 

Vincent thrust (Figure 5).  It is composed of metagreywacke or grey schist, metabasalt or green 

schist, and metachert.  Strong foliation is common and becomes more intense in closer proximity 
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to the Vincent thrust, where it is generally orientated parallel to the thrust.  The Pelona schist is 

thought to be the remnant of a marine basin that was subducted in the Paleoproterozoic to 

Mesozoic ages (Jacobson, 1990; Nourse, 2002a).  This unit underwent greenschist facies 

metamorphism during the Cretaceous period.  The gray schist, with a probable protolith of 

greywacke, is fine to medium grained, medium grey and contains elongated muscovite, 

plagioclase and chlorite.  The green schist, most likely derived from marine deposited basalt, is 

dark green to greenish black in color and contains chlorite and sheared plagioclase.  Metachert 

varies little from un-metamorphosed chert and is reddish brown to medium brown and very fine-

grained displaying concoidal fracture.  This unit is marked on the map as mb, mgr, mch, or bs 

and is typically classified under the symbol Kps.  These units will be described further in the 

discussion of the upper North Fork Lytle Creek area. 

 The Vincent thrust, which marks the shallow-dipping contact between rocks of the lower 

plate and upper plate can be found winding across a wide section of the study area.  The thrust is 

generally poorly exposed and will exhibit up to 10-meter wide crush zones.  In Figure 5, the 

thrust is located beneath the talis deposits near the top of the picture.  The white sills are 

common just below the thrust.  This fault has overridden any previous fabric or foliation of the 

surrounding rocks as they generally show foliations parallel to the thrust. 

 



- 16 - 

 
 
Figure 6.  A view south from Blue Ridge looking at the Vincent Thrust on the north face of Mt. Baden Powell.  The thrust 
is the light-dark boundary about half-way up the face of the peak.  White sills of Oligocene rhyolite are just below the 
thrust. 
 

 Directly up-section of the thrust is a combination of dioritic gneiss, pelitic gneiss and 

augen gneiss.  This unit is given a Paleoproterozoic age and can be found on the map as PCgn, 

PCdgn, or PCagn.  It is only exposed in a few locations on the north side of Lytle Creek's middle 

fork above a small structural window of schist that is bounded by younger faults.  The majority 

of the exposures can be found on the west side of the San Antonio Fault where they are 

collectively named "San Gabriel gneiss" (May and Walker, 1989).  This banded gneiss ranges in 

composition from felsite to amphibolite (Nourse, 2002).  The San Gabriel gneiss is fine to 

medium grained and medium grey to medium brown with 1-2 mm bands of feldspar and quartz.  

The augen gneiss will demonstrate flattened or isoclinally folded K-feldspar.  An extensive 

marker horizon of augen gneiss exposed north-northwest of Mt. Baldy village yielded a U-Pb 

zircon age of 1675 +/- 4 Ma (Nourse, unpublished data). 
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 One of the larger units exposed in the area is a mylonite derived from upper plate 

tonalite, quartz diorite, and granodiorite that was in close proximity to the Vincent Thrust.  This 

unit varies greatly in its thickness and can be seen ranging from 10 m - 1000 m thick.  These 

rocks are generally light to medium grey, commonly have a greenish cast due to the presence of 

chlorite and epidote, and are medium grained (Figure 7a).  Foliation is typically strong and 

parallels the Vincent thrust.  Figure 7b shows an example of the effects of faulting on the rocks 

in the area as this dike of mlgr bifurcates and pinches-out within a 10-meter span.  These 

mylonites are given an age of 55.3 +/- 0.4 Ma (Jacobson, 1990) placing metamorphism in the 

Paleocene.  The map units used for this unit include: mgd, mqd, and mtn or the general KTmy.  

The protolith of mqd is probably the hornblende-biotite quartz diorite of Mount San Antonio 

(map unit Kqd) that has yielded a U-Pb zircon age of 73 +/- 2 Ma (Nourse, unpublished data). 

 
Figure 7a.  Outcrop of Mylonitic tonalite or granodiorite (foliated green unit) interlayered with mylonitic leucogranite. 
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Figure 7b.  Sheared dikes of mylonitic leucogranite (mlgr) in mylonitic granodiorite (mgd) from the Middle Fork area. 

 The next unit is a mylonitic leucogranite, perhaps a late stage of the granodiorite and 

tonalite.  This unit is white to light grey containing white plagioclase, quartz and biotite, is fine 

to medium grained, and displays very good lineation.  Sheared dikes of this unit can be seen 

within the preceding unit.  The age of the mylonitized leucocratic granite is similar to that of the 

granodiorite-quartz diorite mylonites as the original intrusive events are probably related.  This 

unit is shown on the map as mlgr. 

 The Telegraph Peak granite intrudes all of the previously discussed units and forms 

rhyolitic dikes and sills across lithologic contacts.  It displays neither foliation nor fabric except 

in close proximity to the Middle Fork Lytle Creek Fault.  It has been assigned a U-Pb age of 26 

+/- 1 Ma (May and Walker, 1989) placing it in the late Oligocene.  This porphyritic granite 

contains large, sub-spherical quartz, white plagioclase, potassium feldspar, and minor biotite.  

Petrographically, it is actually a granodiorite though it is normally referred to as granite.  It is 

medium grained and white in color (Figure 8).  The Telegraph Peak granite is found primarily 

on, and to the east of Telegraph Peak and comprises a large portion of the alluvial clasts within 
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Lytle Creek's middle fork.  This granite is displayed on the map under the symbol Tgr.  Where 

the rhyolitic dikes are large enough to be shown at map scale, the symbol Tr is used.  The 

majority of felsic dikes in the area share a compositional and chronological link to the Telegraph 

Peak granite.  Examples of these dikes and sills can be seen in Figures 5 and 6.  Figure 5 is a 

photograph of San Antonio Falls with rhyolite sills cutting Pelona schist.  Figure 6 shows 

rhyolitic sills just below the Vincent Thrust on the north side of Mt. Baden Powell.  A few dacite 

and quartz latite varieties can be found though are rarely large enough to be mapped.  Where 

color is not used to differentiate these dikes, a line with an "x" pattern is used. 

 The youngest crystalline rock present north of the Middle Fork and Icehouse Canyon 

faults is a series of basaltic and andesitic dikes that can be found intruding every other unit 

within this area.  Please see Figure 9 on the following page to see an example of basaltic dikes 

intruding Telegraph Peak granite.  These dikes have an approximate age of 15-17 Ma, and are 

chemically similar to the nearby Glendora volcanic rocks (Nourse, et. al., 1998).  Recent 

analyses on two hornblende-bearing dikes (Icehouse Ridge and Thunder Mountain) yielded 39Ar-
40Ar ages of about 17 Ma.  Another mafic dike from Bear Canyon's west fork yielded and age of 

14.9 +/- 0.5 Ma (Nourse and Iriondo, unpublished data).  Faults related to both the San Gabriel 

Fault and San Antonio/Stoddard Canyon Fault will commonly truncate these mafic dikes of 

middle Miocene age.  These dikes are generally fine to medium grained, medium grey, and 

contain abundant hornblende.  Dikes of this nature are shown on Plate 1 by a line with a 

“railroad” pattern across it. 
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Figure 8.  Almost white Telegraph Peak granite (Tgr) intruding banded Cretaceous mylonite (KTmy). 
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Figure 9.  Undulation of mafic dike in Telegraph Peak granite near north end of Stoddard Canyon fault zone. 

 

Structure 

 

 The structure of this study area is as complex as it is large.  In general, the area has 

experienced multiple, separate intrusive events and has undergone several generations of folding, 

faulting, and foliation.  Due to the complexity and size of the structural relations of this study 
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area, the discussion of the structure will be split into: intrusive relations, metamorphic foliations 

south of the Middle Fork and Icehouse Canyon faults, metamorphic foliations north of the 

Middle Fork and Icehouse Canyon faults, localized foliations within the Telegraph Peak granite, 

lineations, and faults. 

 

Intrusive Relations 

 

The original intrusive body found in this area is a complex that was later converted into a 

variety of mylonites.  This mylonite is a selection of rocks ranging from metamorphosed tonalite, 

granodiorite, and quartz diorite of probable Late Cretaceous age.  These rocks are common 

across the study area within the upper plate of the Vincent thrust and tend to show stronger 

foliation closer to the Middle Fork and Icehouse Canyon fault zones.  Slightly younger than these 

relatively mafic intrusions are the large leucogranite dikes, which are commonly found near the 

edges of the large mylonite bodies and also slicing through the older metasediments.  This 

leucogranite (Kgr or Klgr) is well foliated close to major fault zones but can show little or no 

foliation when found at a distance from these same zones.  The generally unfoliated Telegraph 

Peak granite (Tgr) intrudes all of the units that are present north of the Middle Fork Lytle Creek 

and Icehouse Canyon faults, including both plates of the Vincent thrust.  This intrusive body is 

responsible for a number of rhyolitic dikes and sills that were injected into the surrounding units 

and can be found quite a distance from the main body (Figure 5).  This intrusion was emplaced 

during the Oligocene.  The final intrusive body in this map area is a mafic-intermediate dike 

swarm of similar age and composition to the Glendora Volcanics (e.g. ~ 15-17 Ma).  These dikes 

typically form 1-5 meter wide intrusions across all of the previously listed intrusive bodies and 

the country rocks during the Miocene.  The mafic dikes are normally steeply dipping and are 

commonly found following fracture zones and contacts.  The trends of these dikes, when plotted 

on a stereonet, are one way to observe the typical shear fracture zones present within this study 

area (Figure 10).  Most of the dikes in the Middle Fork area strike northwest.  15-30 km farther 

to the west, mafic-intermediate dikes in the block south of the San Gabriel Fault exhibit both 

northeast and northwest strikes (Nourse et al., 1998). 
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Figure 10.  Stereonet showing poles to leucocratic and mafic dikes within the Telegraph Peak granite (Tgr) (Nourse, 
2002b). 
 

Metamorphic Foliations south of the Icehouse Canyon and Middle Fork Lytle Creek faults 

 

 Another important factor when considering the structure of this area are the metamorphic 

foliations.  Many of the units show foliations, some with varying trends, which they may have 

developed at different times.  The rocks south of the Middle Fork and Icehouse Canyon faults 

typically dip to the north or northeast.  The dominant east-west strikes associated with many of 

the foliations near Icehouse Canyon and Middle Fork Lytle Creek may be a result of rotation 

associated with movement along the San Gabriel fault.  Additionally, the unit boundaries will 

commonly parallel the strike of the dominant foliations.  Consequently, these contacts make 

good markers when determining offset along the northeast striking strike-slip faults.  The map-

scale foliations are typically homoclinal and relatively moderately dipping.  These foliations may 

demonstrate some local rotation near the left-lateral faults. 
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Metamorphic Foliations north of the Icehouse Canyon and Middle Fork Lytle Creek faults 

 

 The metamorphic foliations located north of the Middle Fork and Icehouse Canyon faults 

mostly dip to the north.  However, this trend is commonly disrupted at the map scale by faults 

and ductile folds.  Map-scale folds are especially apparent on Icehouse Ridge and Timber 

Mountain where they generally show east-west trends and shallow plunges.  The folding that 

affects this area is very deep-seated and affects all of the units down through the Pelona schist.  

The Vincent Thrust itself is also affected and noticeable antiform-synform structures, offset by 

the San Antonio Canyon fault, can be seen near Mt. San Antonio and northeast of Telegraph 

Peak.  This relationship was first noted by Norum (1997). 

 
Figure 11.  Foliation of Tgr, characterized by elongated quartz and white plagioclase.  
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Local Foliation in the Telegraph Peak Granite along shear zones 

 

 The generally unfoliated Telegraph Peak granite can demonstrate minor foliation along 

shear zones.  Foliations within the Telegraph Peak granite occur north of the Middle Fork Lytle 

Creek Fault and west of the Stoddard Canyon Fault zone.  Only a small number have been 

located as yet but undoubtedly more will be discovered through further study.  Most dip to the 

southwest between 50 and 70 degrees (Figure 11).  These foliations are younger than the 

previously discussed metamorphic foliations because they affect the Telegraph Peak granite, 

which intrudes the foliated section of the mylonite.  This foliation is cut by the mafic dikes, 

which do not display even the slightest metamorphic fabric.  These two age constraints help to 

determine the age of this shearing event.  Perhaps early movement along the San Gabriel Fault, 

at less than 26 Ma but greater than 16 Ma, is responsible for these foliations.  The proximity of 

these foliations to fault zones suggests the intrusive granite was still partially ductile at the time 

of shearing.  In addition to foliation, these shear zones display prominent lineation.  Nourse 

(2002b) suggests that this fabric may be driven by early Miocene extension. 
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Figure 12.  Lineation of Tgr north of Middle Fork Lytle Creek. 

 

Lineation in mylonite vs. Telegraph Peak granite 

 

 The trend of the Telegraph Peak lineations versus the trend of the mylonitic lineations is 

evidence of two periods of ductile deformation.  The lineations present in the Telegraph Peak 

shear zones trend approximately S30W (Figure 12) while the lineations found in the mylonites 

trend ~ N60E (Nourse, 2002b).  The older, mylonitic lineations are especially apparent in the 

mylonitic leucogranite found on the north side of the Middle Fork Lytle Creek Fault.  These are 

related to Paleocene movement on the Vincent Thrust.  All of the lineations discovered in the 

Telegraph Peak granite were also located on the north side of the Middle Fork fault.  The trends 

of these lineations are best determining factors when attempting to define the direction of shear 

as the grains will be stretched along this bearing.  The fact that the older lineations of the 
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mylonites was not overprinted by the more recent shear event present in the Telegraph Peak 

granite suggests that this event was localized and did not affect a broad area. 

 

Figure 13.  Fault with 2 meter wide crush zone trending N70W in canyon bottom, seen as thin line next to Dr. Nourse.  
Fault strikes roughly parallel to local foliation in Cretaceous mylonite (KTmy). 
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Faulting 

 

 The final, main structural feature within this map area is the prominent and widespread 

occurrence of faults.  Some evidence of faulting can be seen in every large outcrop.  The large 

faults mapped across the area strike either east-west to N70W or northeast-southwest (Figure 

13).  These two main trends can be seen repeated across the entire map area and many of the 

fractures and fault splays found within outcrops will display one of these general trends.  Within 

outcrops, offsets of less than one meter to several meters are common.  Due to the abundance, 

and relatively small size of these fractures, most were not shown at the map scale but the 

accumulation of these small splays, plus the main traces generally present in the canyon floors 

must be used to determine final offset.  The faults and minor fractures are typically the youngest 

feature at the outcrop scale and are commonly seen cutting across metamorphic country rock, 

intrusions, and dikes (Figure 14).  Due to the amount of movement across the main fault traces, 

the apparent offsets of these faults at map scale can be determined by the displacement of what 

would otherwise be continuous stratigraphic units. 

The ages of faults can be determined by what they offset, and which units are undisturbed 

across the fault trace.  The oldest known fault complex in the area, with the exception of the 

Cretaceous-aged Vincent Thrust, is composed of the San Gabriel fault, the Icehouse Canyon 

fault, and the Middle Fork Lytle Creek fault.  These three faults are believed to have once been a 

continuous trace of the San Gabriel Fault and represent an abandoned strand of the San Andreas 

Fault system that was active between 13 and 4 Ma, recording dextral, strike-slip motion (Powell 

and Weldon, 1992).  This fault system may include several sub-parallel strands located ~ 1 km to 

the north of the Icehouse Canyon and Middle Fork Lytle Creek faults.  The fault pictured in 

Figure 13 is likely a sub-parallel strand of the Middle Fork Lytle Creek fault.  The Stoddard 

Canyon and San Antonio Canyon faults are the second-oldest large-scale faults in the area.  

These faults crosscut and displace the San Gabriel-Icehouse Canyon-Middle Fork Lytle Creek 

fault complex.  The Stoddard Canyon and San Antonio Canyon faults trend to the northeast and 

demonstrate left-lateral movement.  Although these are the largest faults of this general trend and 

age in the area, there are quite a number of smaller faults that share the same trend and show 

minor offset at the map scale, including the Sugarloaf Peak fault and likely a fault that crosses 

lower Big Butch Wash and Miner’s Bowl and continues northeast through Coldwater Canyon.  
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The Punchbowl fault probably records a major mid-late Miocene phase.  Late movement on 

several northeast trending faults has since bisected the original trace of the fault.  A portion of 

the Punchbowl fault has probably been abandoned and is labeled as Punchbowl Fault South on 

Plate 1.  The San Jacinto Fault has since reactivated the north branch of the Punchbowl Fault 

where it intersects it in the upper North Fork of Lytle Creek.  This final period of faulting has 

been active for the last 1-2 Ma and is represented by the San Jacinto and Scotland faults, which 

continue on the north branch of the Punchbowl fault.  Two of these faults, the San Jacinto and 

Punchbowl, form a northeastern boundary for the entire map area.  The San Jacinto fault zone 

forms the canyon that the north fork of Lytle Creek follows.  This fault zone truncates all of the 

previously mentioned faults and like the San Andreas, has a general trend of N45W and is a 

right-lateral strike-slip fault. 

 

 

Figure 14.  Faulted mafic dikes in Telegraph Peak granite (Tgr), showing left-lateral offset and accompanying drag.  This 
fault is one splay of the northern Stoddard Canyon fault. 



- 30 - 

 
Plate 3.  Detail of upper North Fork Lytle Creek study area from the thesis map. 

 

Upper North Fork Lytle Creek Study Area 
 

 The upper North Fork Lytle Creek study area is slightly removed, though certainly not 

unrelated to the Middle Fork Lytle Creek and Icehouse Canyon study areas.  The map area 

bounds both sides of Lytle Creek's north fork but focuses on the southern and western sides.  The 

western boundary extends past Pine and Wright mountains and Blue Ridge forms a northern 

boundary.  The upper North Fork is located in the northwestern quadrant of Plate 1 and can be 

seen in expanded view in Plate 3.  This area is located entirely within the lower plate of the 

Vincent thrust, which is comprised of Cretaceous age metasediments with minor mylonite 

present within the Punchbowl/San Jacinto fault strands.  Correlation between my two study areas 
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was in part facilitated by Brent Norum’s thesis mapping as a portion of the block between the 

San Jacinto and Scotland faults is directly compiled from his thesis Plate (Plate 1). 

 

 

Lithology 

 

 Within the Pelona Schist, by far the dominant rock unit in the area, there are four 

commonly recognized distinctions, or subunits.  The subunits are differentiated by their likely 

protoliths.  Greyschist, or metagreywacke (unit mgr; Figure 15), comprises the largest portion of 

the map area and is normally the host rock with bands of the other subunits forming smaller 

layers.  This grey schist is medium-grey, well foliated and contains in increasing order, epidote, 

chlorite, graphite, albite, quartz, and muscovite.  Banded schist (map unit bs), a grouping of 

metachert and calc-silicate schist forms the second most common member of the Pelona Schist.  

Large outcrops of metachert are not common and it is normally found as isolated, thin layers 

within the greyschist or mixed with the calc-silicate schist.  Metachert (unit mch) is comprised 

predominately of quartz and looks very similar to unmetamorphosed chert.  However, it can be 

quite foliated.  It is white to grey to brown-purple depending on the occurrence of the fine-

grained mafic particles.  Calc-silicate schist covers a large portion of the map on the north side of 

Lytle Creek's north fork.  This subunit forms the majority of the banded schist, which is given its 

name by the strong calcium carbonate and silicate banding.  The rocks are generally reddish-

brown in color and are well foliated.  Greenschist, or metabasalt (unit mb), forms the final 

member of the Pelona Schist.  This subunit appears to be less common further away from the 

Vincent thrust.  The greenschist is foliated, green to greenish black, and contains actinolite, 

epidote, albite, and chlorite.  Foliation is typically weak and is defined by the elongated albite 

grains. 

 Mylonitic plutonic rocks, typically constrained to the upper plate of the Vincent thrust, 

can be found as battered remnants within the Punchbowl/NW San Jacinto fault traces.  The 

presence of these rocks is always a key marker to the location of these young, dextral faults.  

This unit is not found beyond the boundaries of the fault zone in this study area.  Due to this 

unit's earlier involvement with the Vincent Thrust, it is well foliated and lineated and has 

undergone high-greenschist facies metamorphism.  Many outcrops of this unit are so badly 
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crushed that a protolith determination is not possible.  In general, this fault slice appears to be a 

piece of upper plate Vincent thrust and demonstrates a variety of the rock units found there.  

These rocks vary in color, texture, and composition but at least resemble other upper plate units. 

 

Structure 

 

 The structure of the upper North Fork Lytle Creek can be defined in the same terms as 

the Middle Fork Lytle Creek.  Many of the relationships affecting the Middle Fork are also 

present in the North Fork area.  Intrusive bodies, though less common and smaller, still occur 

across this study area and will be discussed in the following section.  Foliation is common 

throughout the Pelona Schist and folding can be seen at both outcrop and map scale.  Please see 

Figure 15 for an example of the folding present in the greyschist.  Foliations in the schist 

generally dip north throughout the area, except near offset anticline-syncline-anticline structure 

recognized by Norum (1997).  The uniform north dips make it difficult to match rocks across 

faults where the main lithology is mgr.  The major NW trending faults affecting this map area are 

the Punchbowl fault, Scotland fault, and San Jacinto fault.  Primary NE trending faults include 

the San Antonio Canyon fault, Sugarloaf Peak fault, and possibly a continuation of the Stoddard 

Canyon fault.  The Vincent Thrust is also a prominent feature in the southern region of the map 

area. 

 

Intrusive Relations 

 

 Though there are no large-scale course-grained intrusions in the upper North Fork Lytle 

Creek, a number of felsic and mafic dikes and sills are common.  The felsic sills are rhyolitic in 

composition and typically occur parallel to foliation.  Examples of the rhyolitic sills can be seen 

in Figure 6 on the north side of Baden Powell.  This rhyolite is fine to medium grained and grey 

with quartz and visible plagioclase grains.  It compositionally matches the Telegraph Peak 

granite, from which they are likely derived, as it was common for this relatively young pluton to 

produce dikes and sills across the entire map area.  The rhyolitic dikes are normally less than one 

meter wide and are therefore too small to be plotted at map scale.  The mafic dikes are also found 

at outcrop scale only and can be seen crosscutting all other bedrock, making them the youngest 
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crystalline unit.  These dikes, typically steeply dipping across shallow foliation, are of andesitic 

to basaltic nature and probably date to the middle Miocene-aged Glendora Volcanics (Nourse, 

2002).  Specimens are medium grey and fine grained with small to medium-sized crystals of 

hornblende.  The more detailed mapping of Norum (1997) notes specific locations and 

orientations of both types of dikes in the block between the Scotland and San Jacinto faults, SE 

of the San Antonio fault. 

 

 
Figure 15.  Outcrop-scale folding of greyschist in the upper North Fork Lytle Creek study area 

 

Metamorphic Foliations 

 

 The units of the upper North Fork Lytle Creek are typically very well foliated.  The rocks 

dip almost exclusively to the north and northeast at the map scale.  However, these rocks have 

been intensely folded when viewed from outcrop scale (Figure 15).  A wide variety of folding 
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can be seen throughout the map area at different scales.  Isoclinal folds are common in the 

greyschist with limbs generally less than two meters apart.  Also common are thin bands of 

metachert isoclinally folded within a greyschist host.  Chevron folds and crenulations were also 

present across the study area.  At the map scale, several synform and antiform structures can be 

observed.  These folds are typically seen within greyschist blocks and the axis' of folding run 

generally northwest-southeast.  Changes in dip of the foliations are commonly good indicators to 

the presence of a fault. 

 

Faulting 

 

 As with the rest of the eastern San Gabriel Mountains, faults play a major role in the 

structure of the upper North Fork Lytle Creek.  The Vincent thrust is the oldest known fault 

within this study area.  Due to open, map scale folding and several generations of more recent 

faulting, the Vincent thrust can be seen winding along many different trends across the entire 

map area and is present to the south and west of the upper North Fork.  This fault separates the 

Pelona Schist of the lower plate, from a series of mylonitized tonalites, granodiorites, and quartz 

diorites of the upper plate.  The other prominent and still active faults within this map area are 

the San Jacinto Fault and its probable continuation onto the Punchbowl fault.  These two faults 

are in very close proximity to each other and bound a thin block of upper plate mylonite between 

them in places where there is exposure.  The main strand of the San Jacinto fault, the more 

southern of the two, is buried within Lytle Creek and follows the trace of the main drainage.  The 

San Jacinto and Punchbowl faults share the same trend as the San Andreas Fault and have been 

active in the Holocene as at least the San Jacinto fault truncates all of the late Cenozoic age 

northeast trending faults.  Just like the San Andreas, the Punchbowl and San Jacinto faults are 

right-lateral and probably distribute their entire offset over a series of fault splays. 
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Figure 16.  Fault contact viewed to the east in Lytle Creek's Middle Fork between nearly white Telegraph Peak Granite 
(Tgr) on the left and mylonitic leucogranite (mlgr) on the right. 

 

Discussions/Interpretations 

 

 A number a strike-slip faults pervade the map area (Plate 1) and there are several other 

major faults outside the focus area that directly impact structure within the study area.  The east-

west or northwest-southeast trending faults demonstrate dextral strike-slip motion and the 

northeast-southwest trending faults show sinistral strike-slip motion.  This network of faults 

subdivides the area into a number of diamond-shaped blocks that are in turn crisscrossed by 

smaller outcrop scale faults.  These smaller faults typically show less than 10 meter offsets on an 

individual basis but when taken as a whole can account for large displacements.  The number 

and frequency of these synthetic faults exemplifies the long duration of brittle deformation this 

area has been subjected to.  The map area is bounded on the north by the active, dextral San 
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Jacinto/Punchbowl faults and ultimately by the San Andreas Fault, further to the north.  The 

Cucamonga Thrust located just to the south of the San Gabriel Mountains acts to compress the 

dormant San Gabriel block into the very active San Andreas Fault Zone.  This adds a complexity 

in that some of the strike-slip faults may currently be experiencing dip-slip reactivation.  The 

faults within the study area will be discussed in order of most recent movement and there will be 

separate discussions constraining location, maximum displacement, and crosscutting relations. 

 

Locations of major faults 
 

Quaternary San Jacinto fault system (San Jacinto, Punchbowl, and Scotland) 

faults 

 

 Three faults just to the south of the San Andreas Fault combine to make the San Jacinto 

Fault zone.  These faults generally parallel the San Andreas Fault with a trend of about N45W 

and run through, or just to the north of, the North Fork Lytle Creek drainage, with the exception 

of the Scotland fault, which exists between the North and Middle Fork Lytle Creek drainages.  

One or more of these faults have moved in recent times and should be considered active.  For 

example, there was an earthquake within the North Fork of Lytle Creek in 1975, probably on the 

San Jacinto fault.  Just to the northwest of the upper North Fork Lytle Creek study area the faults 

appear to merge and combine slip (Nourse, 2002a).  As shown on the 1:250,000 geology sheet 

(Bortugno & Spitler, 1986), all three faults display right-lateral offset the Telegraph Peak 

Tertiary granite and Pelona schist at the northeast edge of the study area. 

 

Pliocene-Quaternary northeast trending, left-lateral faults 

 

The map area contains countless outcrop scale faults demonstrating northeast trends and 

apparent sinistral displacement.  The San Antonio, Sugarloaf Peak, and Stoddard Canyon faults 

are the main traces that provide the map-scale displacement and share these characteristics.  

Listed from west to east, the San Antonio, Sugarloaf Peak, and Stoddard Canyon faults are 

almost always present beneath Quaternary deposits and trend approximately N20E following 



- 37 - 

canyons and saddles.  The San Antonio fault is named for the canyon that it created.  It is the 

most prominent northeast trending fault in the eastern San Gabriel Mountains and movement 

along it's trace both pre- and post-date activity along the San Gabriel Fault (Nourse, 2002a).  

Upon exiting San Antonio Canyon to the south, the San Antonio fault may intersect and join 

with the active San Jose fault via a right step (Nourse, 2002a) suggesting a period of much 

younger movement.  The San Antonio Canyon fault splays into several smaller faults as it 

approaches the study area including the Sugarloaf Peak Fault.  This fault is so named because it 

passes through the saddle between Sugarloaf peak and Ontario Ridge.  In the picture below, the 

saddle near the center of the photograph is a result of the Sugarloaf Peak fault, while the San 

Antonio Canyon fault runs in the canyon bottom to the right of the peak (Figure 17).  The 

Sugarloaf Peak fault appears to connect with the San Antonio fault at the southern edge of the 

map area near Kerkhoff Canyon; passes through the saddle between Thunder Mountain and 

Telegraph Peak, and likely rejoins the main trace of the San Antonio Fault in Coldwater Canyon, 

before entering Lytle Creek's North Fork.  Finally, the Stoddard Canyon fault follows the trend 

of Stoddard Canyon.  This fault is generally present in the canyon floor and traces generally 

south and east of Ontario Ridge.  The Stoddard Canyon fault appears to form several prominent 

splays on the north side of Lytle Creek's Middle Fork drainage beyond the point where it 

intersects the Middle Fork Lytle Creek Fault. 
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Figure 17.  A view of Sugarloaf peak and San Antonio Canyon to the WSW behind Miguel, as seen from the top of 
Telegraph Peak. 

 

Late Miocene San Gabriel Fault and associated east-west striking dextral 

faults 

 

 The North branch of the San Gabriel fault exists just to the southwest of my study area, 

where it passes through Cow Canyon saddle.  This fault, along with the associated Icehouse 

Canyon and Middle Fork Lytle Creek Faults, was active during late Miocene time.  The San 

Gabriel fault is believed by many to be an abandoned trace, or perhaps a secondary trace of the 

San Andreas Fault that is no longer active.  The San Gabriel Fault follows roughly an east-west 

trend ending at San Antonio Canyon on the eastern side and continuing to the west through Cow 

Canyon for many kilometers until it intersects the San Andreas Fault northwest of the San 

Gabriel Mountains.  The San Antonio Fault truncates the San Gabriel Fault and displaces it to the 
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northeast where it continues through Icehouse Canyon and is known as the Icehouse Canyon 

Fault.  The trace of this fault, locally disrupted by the Sugarloaf Peak fault, continues for 

approximately 5.6 km until it intersects the northeast trending, sinistral Stoddard Canyon Fault.  

Once intersecting the Stoddard Canyon Fault, the ancestral San Gabriel Fault is again offset to 

the north where it becomes the Middle Fork Lytle Creek Fault.  The Middle Fork Lytle Creek 

Fault follows the general trend of the easterly flowing Middle Fork Lytle Creek drainage.  Along 

the trace of the Middle Fork drainage, the Middle Fork Lytle Creek Fault appears to take several 

relatively small, north steps as it intersects other northeast trending, sinistral faults.  Upon 

leaving the Middle Fork drainage, the Middle Fork Lytle Creek Fault appears to bend slightly to 

the south where it is either truncated by or joins with the San Jacinto Fault complex.  I would 

also like to note the presence of several faults located to the north of the Icehouse Canyon fault, 

which parallel both the Icehouse Canyon and Middle Fork Lytle Creek faults.  These faults run 

through Telegraph Wash and appear to join with the Icehouse Canyon fault prior to intersecting 

the San Antonio Canyon fault (Plate 4).  According to Matti and Morton (1993), the present-day 

Banning fault in San Gorgonio pass was once the southeast continuation of the San Gabriel fault. 

 
Plate 4.  Intersection between the Icehouse Canyon fault, Stoddard Canyon fault, and Middle Fork Lytle Creek fault, with 
associated sub-parallel faults through Telegraph Wash. 
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Vincent Thrust 

 

 The Vincent Thrust, which can be seen winding throughout the northern portion of the 

study area, once continued into the Orocopia and Chocolate Mountains. These maintain ranges 

are located 150+ kilometers to the southeast and have been displaced by movement along the 

San Andreas Fault.  The thrust is easily identified as it always separates lower plate rocks of the 

Pelona Schist from upper plate mylonites.  The appearance of the Vincent Thrust at so many 

piercing points is attributed to the fault's currently very shallow dip and the fact that it is likely 

the oldest mappable fault in the region.  The shallow dip is evidenced by its presence at very 

similar elevations along its trace and even appears at similar elevations on opposing sides of 

certain mountains, namely Mount San Antonio.  Caution should be taken when using this thrust 

as a piercing point on strike-slip faults because any significant dip-slip component could produce 

apparent lateral offsets.  The age of the fault will be addressed later but it does not appear to 

offset any visible faults.  The extremely variable orientation this thrust displays could therefore, 

have been greatly affected by the more recent, highly active faults in the region. 

 

Maximum Displacement 
 

 When discussing displacement along any fault, it is important to consider horizontal as 

well as vertical movement.  Even though the faults present within the San Gabriel Mountains are 

for the most part strike-slip faults, it is very likely that many of these faults displayed reverse 

movement as this was and still is a compressional environment.  Erosion must also be considered 

when attempting to constrain displacement along faults as current locations of offset faults and 

bedrock contacts or piercing points, which are used to determine displacement may have been 

altered dramatically since the time of movement.  Many of the maximum displacements exceed 

the size of the mapping area and will therefore be dependent on information from other sources.  

For these reasons at least, there will always be some degree of error when compiling fault 

displacement.  In other words, 2 dimensional map reconstruction of strike-slip faulting cannot 

display vertical block motions that could be important. 
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San Jacinto Fault Complex 

 

 Movement along the relatively young Scotland Fault, which is probably now dormant or 

extinct, can be constrained at just over 2.6 km of dextral slip.  The definitive, steeply dipping 

contact between the Telegraph Peak granite and Pelona Schist, found on both sides of the 

Scotland Fault within the map area, provide an accurate piercing point.  The Punchbowl Fault, 

present just north of Lytle Creek's north fork drainage, dextrally offsets Pelona Schist perhaps 1-

2 km although extensive mapping was not completed in this area (Morton, Telegraph Peak 

Quad).  Debate continues over how much offset to apply to the Punchbowl and related San 

Jacinto faults.  These faults are typically in close proximity to one another and share at least one 

segment along the same trace.  The problem many have with recent movement on the Punchbowl 

fault is that Late Miocene and Pliocene sedimentary rocks to the northwest supposedly overlap it.  

The San Jacinto Fault is perhaps the only active member of this trio.  The other similar-striking 

faults associated with the San Jacinto fault complex appear to merge with the current trace of the 

San Jacinto fault near the upper North Fork of Lytle Creek.  The San Jacinto Fault, which 

follows the trace of Lytle Creek's North fork most likely is renamed as the northern section of the 

Punchbowl fault as the southern section of this fault appears to have been truncated by a series 

sinistral, northeast trending faults including the San Antonio Fault.  8-13 km of offset along the 

San Jacinto fault is suggested by offset contacts between Late Oligocene Telegraph Peak granite 

and Pelona Schist (Morton, 1975a).  I believe that this active strand feeds into the northern 

section of the Punchbowl Fault, which has been removed from the now abandoned southern 

section of the Punchbowl Fault.  Since all of the San Jacinto complex faults appear to merge into 

this northern strand of the Punchbowl fault, it stands to reason that their combined slip will be 

apparent on this northern section.  More mapping will be required to determine the actual offset 

along the San Jacinto-Punchbowl fault, especially to the northwest of the upper North Fork Lytle 

Creek. 

 

Northeast trending, sinistral faults 

 

 As mentioned earlier, the San Antonio Canyon Fault displays at least two periods of 

movement.  Displacement along this fault predating movement along the San Gabriel Fault is 
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evidenced by a contact between Paleoproterozoic metasediments and Cretaceous Granite that has 

been sinistrally offset approximately 8-10 km along the fault (Nourse, 2002a).  In contrast, the 

San Gabriel Fault has only been displaced about 3 km from the Icehouse Canyon Fault.  The 

Pelona Schist, which was brought into the area by the dextral San Gabriel Fault, is also offset 

sinistrally approximately 3 km.  Therefore, the amount of displacement occurring prior to the 

activation of the San Gabriel Fault is close to 7 km.  The Sugarloaf Peak Fault is probably a 

relatively minor splay of the San Antonio Fault and displays approximately 0.5 km of left-lateral 

offset as evidenced by the northerly step it forms in the Icehouse Canyon Fault.  The Stoddard 

Canyon Fault displaces the Icehouse Canyon Fault 1.75 km from the Middle Fork Lytle Creek 

Fault.  However, bedrock contacts north of the Middle Fork do not agree well with this 1.75 km 

of offset along the current, uninterrupted trace of the Stoddard Canyon Fault.  As a result of this 

disparity, I will attempt to account for the discrepancy later in this discussion. 

 

San Gabriel Fault System 

 

 Because the north branch San Gabriel, Icehouse Canyon, and Middle Fork Lytle Creek 

faults were one continuous fault at the time of their movement, any displacement that occurred 

along one would apply to all three.  A complication in Icehouse Canyon and Middle Fork Lytle 

Creek areas are the likelihood of sub-parallel fault strands such as those through Telegraph 

Wash.  The San Gabriel Fault was an ancestral trace of the San Andreas between 13 and 4 Ma 

with a slip rate of 5-10mm per year and a total accumulated slip of 42-45 km (Powell and 

Weldon, 1992).  The San Gabriel Fault splits into two faults northwest of Pasadena.  The south 

branch San Gabriel Fault appears to be overridden by the Sierra Madre Thrust, therefore 

displacement along this section is controversial as accurate, obvious piercing points are not 

available.  The north branch is well constrained within the central portion of the San Gabriel 

Mountains at 22 km by a northeast-dipping contact between Proterozoic gneiss and Triassic 

quartz monzodiorite of the Mt. Lowe Intrusion (Ehlig, 1981).  More recent mapping by Nourse 

and others has confirmed this distance through similarly offset piercing points.  Structures and 

contacts located on the northern side of the San Gabriel Fault system north of Cow Canyon 

Saddle match surprisingly well to structures and contacts located approximately 22 km to the 
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west, nearby Pine Mountain (Nourse, 2002a).  The additional 20-23 km of total offset of the San 

Gabriel Fault must be attributed to the southern branch, erosion, or vertical displacement. 

 

Speculation and Interpretation of Crosscutting Relations 

 

 The major faults present in the area will be discussed in relative order of movement, from 

oldest to youngest.  The Vincent Thrust represents a paleo-subduction zone of oceanic crust that 

was thrust towards the surface between the late Cretaceous and early Tertiary time periods 

(Ehlig, 1981).  This thrust is widespread and can be seen well to the east in the Chocolate and 

Orocopia Mountains.  More than likely, the thrust is present beneath much of southwestern 

California and is only exposed in regions of intense compression and uplift.  The Vincent Thrust 

was not even present in the area that is now the San Gabriel Mountains until the San Andreas 

Fault dextrally offset it during late Miocene time.  This fault is truncated and offset by numerous 

faults with varying trends and ages likely making it the oldest fault in the area.  This conclusion 

agrees with dates derived from micas taken from the mylonite zone. 

Ancestral movement along the San Antonio Canyon Fault probably demonstrates the next 

oldest evidence of faulting.  Since the San Gabriel Fault is only offset 3 km from the Icehouse 

Canyon Fault, any additional offset along the San Antonio Fault had to occur prior to movement 

along the San Gabriel Fault.  A series of north-dipping contacts present near Ontario Ridge is 

offset left-laterally up to 10 km from a similar series of contacts on the west side of the San 

Antonio Fault that currently reside near San Antonio Dam (Nourse, 2002a).  In addition to this, 

faults mapped within San Antonio Canyon sharing the general San Antonio Canyon Fault trend 

can be seen cross-cutting rhyolite dikes of the Telegraph Peak granite (Nourse et al., 1998), 

which is known to have a late Oligocene age of 26 Ma (May and Walker, 1989).  In addition, 

these same faults are intruded by mafic dikes of middle Miocene age, between 15 and 17 Ma 

(Nourse et al., 1998b).  These two intrusive relationships provide a well-constrained period of 

ancestral movement for the San Antonio Fault. 

Dextral displacement along the San Gabriel Fault occurred between 13 and 4 Ma, or 

during the late Miocene and early Pliocene (Powell and Weldon, 1992).  During this time, the 

San Gabriel Fault, along with faults that are now referred to as the Icehouse Canyon Fault and 

the Middle Fork Lytle Creek Fault, existed as the primary plane of movement for the San 
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Andreas Fault system.  The San Gabriel fault displays a rather severe bend from the N45W trend 

of the San Andreas Fault system to an E-W strike through the San Gabriel Mountains.  The 

presence of this compressional change in strike of the fault, also known as a “restraining bend,” 

is at least partially responsible for the uplift associated with the San Gabriel Mountains (Powell 

and Weldon, 1992).  The San Gabriel Fault is no longer active probably due in large part to this 

change of strike the fault endured upon entering the eastern side of the San Gabriel Mountains.  

The San Andreas Fault was eventually able to find an easier path, on the north side of the San 

Gabriel Mountains, but not before dextrally displacing 42-45 km along the trace of the San 

Gabriel Fault.  This bend, along with the uplifting of the San Gabriel Mountains almost assuredly 

led to the cessation of movement along the San Gabriel Fault. 

Shortly after movement ceased on the San Gabriel Fault, the San Antonio Fault began 

moving again during Pliocene time.  This movement is not only responsible for offsets of the San 

Gabriel and Icehouse Canyon Faults but of the Vincent Thrust as well.  An approximate 

displacement of 5.2 km could be applied if one compares the separation of the Vincent Thrust on 

opposing sides of the San Antonio Fault. However, given the low angle of this thrust; I believe it 

entirely possible that this distance is exaggerated due to erosion and minor reverse movement. 
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Plate 5.  Detail of the intersection between the Stoddard Canyon fault and the Middle Fork Lytle Creek fault.  Notice the 
four main strands of the Stoddard Canyon fault on the north side of the Middle Fork fault, and the north steps in the 
Middle Fork (see plates 2 and 6 for larger views of the Middle Fork Lytle Creek area). 
 

Even though the San Antonio Canyon Fault forestalled movement until after the San 

Gabriel Fault had completed its displacement, the Stoddard Canyon Fault appears to have begun 

moving before the San Gabriel Fault's movement was complete.  A series of relatively minor 

faults to the east that run parallel to the main trace of the Stoddard Canyon Fault demonstrate a 

series of left steps in the Middle Fork Lytle Creek Fault (Plate 5).  Several of these unnamed 

faults do not show significant evidence on the south side of the Middle Fork Fault suggesting 

that they were truncated by the this fault.  One exception can be seen at the far southeast corner 

of the map where fault evidence in clear directly south of the Middle Fork fault (Plate 6).  

Dextral displacement of these faults on the north side of the Middle Fork Lytle Creek Fault is 

consistent with the known method of displacement along the ancestral San Gabriel Fault.  

Similarly, the sinistral displacement of certain strands of the Middle Fork Lytle Creek Fault by 



- 46 - 

these northeast trending faults coincides with later movement of the Stoddard Canyon Fault.  

Finally, given the distance the Middle Fork Lytle Creek Fault is displaced from the Icehouse 

Canyon Fault, we should see similar displacements of the basement rocks along this same trace.  

On the contrary, when comparing the approximate offset of the basement complex, 

approximately 0.25-0.5 km, to the offset of the two segments of ancestral San Gabriel Fault, 

about 1.75 km, it is difficult to accommodate such a discrepancy, even in light of erosional 

effects and reverse movement of the fault.  Through extensive mapping of the area north of the 

Middle Fork Lytle Creek Fault, it does seem apparent that there is additional offset of the 

basement rocks east of the Stoddard Canyon Fault on these small, parallel faults. The 

culmination of these facts implies that movement along the Stoddard Canyon Fault predates the 

second period of movement along the San Antonio Fault and that the San Gabriel Fault and 

Stoddard Canyon Fault were both active for a relatively short period of time at the end of the San 

Gabriel Fault's movement.  Please see Figures 18-23 below for a possible scenario of alternating 

displacement between the Stoddard Canyon and San Gabriel Faults.  The current location of the 

Telegraph Wash faults to the north of the Middle Fork Lytle Creek fault, which contradicts 

known movement on the Stoddard Canyon fault, may be due to the relatively shallow dip of 

these faults and erosion.  It is also possible that they are mislocated as much of the area near the 

intersection between the Telegraph Wash faults and the Stoddard Canyon fault is buried under 

deep alluvium or talus.  This period of coexistence between movement along the San Gabriel 

Fault and the Stoddard Canyon Fault has not been mentioned by anyone else that I am aware of.  

All of the strands of the Stoddard Canyon Fault appear to either die out before, or be truncated 

by the Scotland Fault between Lytle Creek's middle and north forks.  Because the Scotland fault 

is part of the San Jacinto Fault complex and constrained its movement to the Quaternary, we can 

be sure that the Stoddard Canyon Fault ended its displacement prior to this time. 
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Plate 6.  Detail of the eastern portion of the Middle Fork Lytle Creek study area showing several splays of the Stoddard 
Canyon fault and an interrupted Middle Fork Lytle Creek fault. 
 

 
Plate 7.  Detail of the San Antonio Canyon fault truncating the Quaternary Scotland and Punchbowl faults.  The San 
Jacinto fault continues uninterrupted as it has shown the most recent movement. 
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Figures 18, 19, and 20.  Figure 18 shows early movement on the San Gabriel fault when the majority of the displacement 
along this fault occurs.  Figure 19 displays early movement along the Stoddard Canyon fault creating a small “step” in the 
San Gabriel fault.  Figure 20 exhibits reactivation of the San Gabriel fault, thereby abandoning the north branch of the 
early Stoddard Canyon fault. 
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Figures 21, 22, and 23.  Figure 21 presents a second period of movement on the Stoddard Canyon fault near the end of the 
San Gabriel fault’s movement.  Figure 22 demonstrates the last gasp of displacement on the Middle Fork Lytle Creek 
fault, creating the sub-parallel Telegraph Wash faults.  Figure 23 represents the last phase of activity on the Stoddard 
Canyon fault, further separating the Middle Fork and Icehouse Canyon faults and creating the continuous trace of the 
Stoddard Canyon fault seen today (Plates 2 and 5). 
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It is believed by many that movement has not occurred along the San Antonio Fault and 

similar northeast trending faults since movement of the San Jacinto Fault system began during 

the Quaternary (Norum, 1997).  However, I believe there is evidence of at least two such faults 

that show offset of one or more of these Quaternary aged, northwest trending dextral faults.  The 

San Jacinto fault I believe is still active and carries through uninterrupted along the trace of the 

North Fork Lytle Creek onto the northern section of the Punchbowl Fault.  The Scotland Fault 

and the southern section of the Punchbowl Fault, on the other hand, appear to be truncated and 

displaced sinistrally in the area of the San Antonio Fault (Plate 7).  Recent displacement along 

the San Antonio Canyon Fault appears to be constrained between 0.6 and 1.0 km.  This would 

place movement along the San Antonio Fault well into the Quaternary period and suggests that it 

may even be active to this day.  This is entirely possible as the currently active San Jose Fault 

may feed into the southern end of the San Antonio Fault via a right step (Nourse, 2002a).  In 

addition, another northeast-trending fault that passes through the upper north fork of Lytle Creek 

appears to have sinistrally offset the northern end of the southern Punchbowl Fault from the 

southern end of the northern Punchbowl Fault (Plate 8).  This fault was in turn displaced by the 

still active San Jacinto fault at the boundary where the San Jacinto fault becomes what is referred 

to as the active member of the Punchbowl fault.  This northeast striking fault has no name that I 

am aware of and recent displacement is limited to about 0.75 km. 
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Plate 8.  Detail of the unnamed, left-lateral striking, northeast trending fault displacing the north branch of the 
Punchbowl fault from the south branch of the Punchbowl fault.  The San Jacinto Fault continues through uninterrupted 
on the trace of the Punchbowl fault’s north branch. 
 

Suggestions for Further Work 
 

 I believe the area north of the Icehouse Canyon Fault and Middle Fork Lytle Creek Fault 

and South of Lytle Creek's north fork has been mapped in enough detail to discourage much 

further mapping.  Given the amount of time and effort put into the detail of this area, there is 

little further to be gained from a mapping point of view.  Certainly small pockets of land were 

not mapped in extensive detail within this region but they are typically extremely difficult to get 

to and are commonly covered by vegetation, talus, or alluvium.  However, the Pelona Schist 

could benefit from more detail in order to try and define large-scale folds that can be used to 

determine location in the section and piercing line offsets by faulting.  The area I believe that 

could most benefit from further detailed mapping is the area that forms Upper Lytle Creek 
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Ridge.  This area exposes Pelona Schist along its entire length (Bortugno & Spitler, 1986) but 

differentiation between mappable units of banded schist, greenschist, and greyschist could be 

useful in determining structure of the Pelona Schist and surface offset by faulting.  Also, recent 

fires have opened up new access to this area, bounded by the San Jacinto Fault on the South and 

the San Andreas Rift Zone on the north.  Additionally, the region located well to the west on the 

south side of the San Gabriel Fault that correlates across the fault to my study area could be 

mapped in greater detail to further determine offset along the north and south branches of the San 

Gabriel Fault, as this is still a controversial issue for structural geologists in Southern California 

(Nourse, 2002a).  Possible regions of correlation include the block north of Azusa and south of 

the Sawpit-Clamshell fault or the area between Glendora Ridge Road and Cow Canyon. 

 

Conclusions 
 

 Fault displacement within the eastern San Gabriel Mountains is determined through 

several modes.  Precise locations of contacts between various Paleoproterozoic gneisses, 

mylonites of the Vincent Thrust's upper plate, and Pelona Schist constrain both direction and 

degree of movement.  Dike and sill intrusion along with other structural features, including 

foliation, lineation, and large-scale folding are also important in determining fault offset as well 

as local rotations.  Through this detailed mapping, a well-defined paleostratigraphy was 

established and could be used to determine piercing points.  Displacement along the San Gabriel-

Icehouse Canyon-Middle Fork Lytle Creek faults is constrained to 22 km, which coincides with 

the pre-established offset as measured in the central San Gabriel Mountains.  The San Antonio 

Fault is shown to have 10 km of total displacement, with approximately 7 km occurring prior to 

activation of the San Gabriel Fault and 3 km of offset taking place after cessation.  The Stoddard 

Canyon Fault demonstrates 1.75 km of movement since near the end of the San Gabriel Fault's 

dextral displacement.  Its projection north of the San Gabriel fault is very complicated as 

revealed be detailed mapping and attempts at rigorous reconstruction.  Finally, the San Jacinto, 

Punchbowl, and Scotland faults display 8-13 km, 1-2 km, and 2.6 km respectively. 

Additionally, the relative timing of the faults within the study area can be determined by 

these same considerations through the use of a detailed and accurate map.  Because large faults 

commonly do not show surficial evidence, surrounding topography must also be considered, as it 
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will give some idea of which faults moved most recently.  The San Jacinto Fault appears to be 

the most recently active fault in the area as it is the only entirely uninterrupted fault within the 

map area.  However, the last phases of displacement on the San Antonio Canyon fault appear to 

have traded-off or alternated with early movements on the San Jacinto fault.  Next youngest 

appears to be several northeasterly trending, sinistral faults typified by the San Antonio Fault, 

which show displacement of the Quaternary-aged Scotland and Punchbowl Faults.  Prior to 

movement of the San Jacinto Fault system, the San Antonio, Sugarloaf Peak, and Stoddard 

Canyon Faults separated the San Gabriel Fault into three segments now referred to as the San 

Gabriel Fault, Icehouse Canyon Fault, and Middle Fork Lytle Creek Fault.  The oldest fault in 

the region is the Vincent Thrust, which was introduced to the area by the dextral displacement of 

the San Gabriel Fault. 
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