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6. GEOLOGY OF THE TRANSVERSE RANGE PROVINCE, SOUTHERN CALIFORNIA* 

BY THOMAS L. BAILEY t AND RICHARD H. JAHNS t 

GENERAL FEATURES 

The Transverse Range province of southern California is an 
elongate geomorphic and structural unit that trends essentially east
west ac.ross parts of Santa Barbara, Ventura, Los Angeles, San 
Bernardino, and Riverside Counties (pl. 4). Its name reflects its 
transverse orientation with respect to the adjacent prov'inces, 
especially the Coast Ranges and Sierra Neva,da to the north and the 
Peninsular Ranges to the south. This distinctive province is geo
logically very complex, and comprises chains of mountains and hills 
that are flanked or separated by narrow to moderately broad valleys. 
These features, as well as most of their structural elements, lie 
athwart . the general northwest-southeast grain of southern · Cali
fornia, and several of them are responsible for the anomalous east
west alignment of the coast from Point Conception to the Santa 
Barbara area, and along the north side of Santa Monica Bay. 

The Transverse Ranges extend from the most westerly part of the 
southern California coast, where the Santa Ynez Mountains plunge 
under the Pacific Ocean at Point Arguello, to the eastern end of the 
I~ittle San Bernardino Mountains, in central Riverside County, and 
even to points beyond. On the basis of major structural features, 
the inland end of the province can be placed at the eastern edge of 
the Eagle Mountains, or only about 50 miles from the Colorado 
River. Thus the total length of the Transverse Ranges exposed above 
sea level is about 300 miles. The province is about 50 miles wide at 
its western end, as measured between the Santa Ynez River and the 
Channel Islands southwest of Santa Barbara; as much as 55 miles 
farther east, as measured between Tejon Pass and Santa Monica 
Bay; only 15 miles in the Cajon Pass area, where the San Andreas 
fault zone separates the San Gabriel and San Bernardino Mountains; 
as much as 30 miles in the middle part of the San Bernardino 
Mountains; and 20 miles or less in the areas farther east (pl. 4). 

The province is characterized by great topographic contrasts, and 
includes much of the highest ground in southern California. It is 
divisible into thirteen well-defined topographic and geologic units, 
which can be described, in a general west-to-east direction, as 
follows: 

1. The Santa Ynez Mountains extend eastward from Point Arguello to the 
Ventura River, a distance of 80 miles. Their crest height ranges from 
1,500 feet to 4,800 feet. They consist mainly of sedimentary rocks that are 
Cretaeeous to Quaternary in age. 
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2. The Topatopa Mountains are an easterly and wider continuation of the 
Santa Ynez Mountains, and extend to lower Sespe Creek, north of Fill
more. Here they give way to the Piru Mountains, which terminate against 
the San Gabriel fault north of Castaic (pl. 4). The combined length 
of these two ranges is approximately 36 miles, and much of their crest 
line is 3,500 feet to 6,700 feet in altitude. They are underlain chiefly by 
sedimentary rocks of early and middle Tertiary age. 

3. The Channel Islands and Santa Monica Mountains form a range that is 
at least 125 miles long and 3 to 12 miles wide. It terminates eastward at 
the Los Angeles River. Much of the range has altitudes of 500 feet to 
3,000 feet; a large part of the remainder, in contrast, lies beneath the 
Pacific Ocean. It is composed mainly of Cretaceous to Miocene sedi
mentary and volcanic rocks. Older crystalline rocks appear in the eastern 
part of the Santa Monica Mountains and on Santa Cruz Island. 

4. The Pine Mountain-Frazier Mountain interior ranges form a 12- to 25-mile 
wide complex group of short, high, and rugged subparallel ridges of sedi
mentary rocks, as well as still higher and less elongate granitic mountain 
masses. These lie between the San Rafael Mountains on the northwest 
and the Santa Ynez and Topatopa Mountains on the south, and they 
are terminated on the northeast by the San Andreas and associated faults. 
The tops of the sedimentary ridges rise to elevations of 5,000 feet to 
7,400 feet above sea level, and the tops of the granitic mountains have 
elevations of 6,000 ' to 8,800 feet. 

5. The Ventura basin lies between the Santa Ynez and Topatopa Mountains 
on the north and the Santa Monica Mountains and Channel Islands on 
the south. It contains several intra-basin chains of hills and mountains 
that in general are anticlinal. They rise from 400 feet above sea level to 
as much as 3,700 feet in the Santa Susana Mountains. Between these 
intra-basin highlands are broad-bottomed synclinal lowlands, the Ojai, 
Santa Clara, and Simi Valleys. Two of the ranges, Oak Ridge and 
Camarillo Hills, die out at their west ends into the flat, alluviated 
Oxnard Plain, which is the most extensive lowland in the Ventura basin. 
The western half of the basin is occupied by an epicontinental sea, the 
Santa Barbara Channel. The Ventura basin, including the submerged 
portion, is about 120 miles long and 20 to 40 miles wide. Its axial portion 
is marked by the valley of the Santa Clara River (fig. 4). 

6. The Ventura basin is bounded on the east by the San Gabriel fault, beyond 
which lies the Soledad basin. This elongate basin is flanked on the south 
by the San Gabriel Mountains, and terminates eastward against the San 
Andreas fault zone. Both the Ventura and Soledad basins contain thick · 
sections of marine and nonmarine strata of Cenozoic age, but the history 11 

and conditions of sedimentation appear to have been so difl'erent on 
opposite sides of the San Gabriel fault that the two basins are best 
regarded as separate units. 

7. The Ridge basin lies north of the eastern end of the Ventura basin, and is 
bounded on the southwest by the San Gabriel fault, on the north by the 
San Andreas fault, and on the east by the Liebre Mountains and Sierra 
Pelona. It trends northwest, and is about 20 miles long and 2 to 8 miles 
wide. It is distinguished by an enermously thick section of dominantly 
nonmarine strata of Pliocene and late Miocene age, and its history 
evidently was quite difl'erent in many respects from those of the nearby 
Ventura and Soledad basins. 

8. The Liebre Mountains and Sierra Pelona are en-echelon ranges that lie 
between the l\lojave Desert on the north and the Soledad basin on the 
south. They are separated from the Topatopa Mountains by the Ridge 
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FIGURE 1. View east-northeast toward central part of Ventura basin, from Ventura (foreground). Ventura River is in middle and left foreground, and 
Santa Clara River valley is at right and in distance. Topatopa Mountains form the skyline at left. Hills in center of view consist of marine Pliocene and 
lower Pleistocene strata on the south flank of the Ventura anticline, the axial trace of which is shown approximately by the dashed line. Pacific Air Industries 
photo. 
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basin, and terminate eastward against the San Andreas fault zone. 1 
most places they rise to altitudes of 3,000 feet to 5,800 feet. Unlike mo 
of the ranges farther west, they consist almost entirely of igneous at 
metamorphic rocks that are pre-Cenozoic in age. 

9. The San Gabriel Mountains form a bold, high mass that extends from tl 
east end of the Ventura basin near Newhall to Cajon Canyon northea 
of San Bernardino (fig. 3), a distance of about 60 miles. This range 
lens-shaped in plan, and rises to general altitudes of 5,000 to 9,000 fe1 
Its highest point, the summit of San Antonio Peak, is 10,080 feet abo 
sea level (fig. 2). The range is bounded on all sides by major faults, a: 
is composed of plutonic igneous rocks of late Mesozoic age, together wi 
a very complex series of older plutonic, metasedimentary, and me1 
volcanic rocks. 

'.l'he Verdugo Mountains and San Rafael Hills form a ridge, 15 mt 
long and 3 miles wide, that apparently is an upfaulted sliver of crystalli 
rocks along the south side of the western San Gabriel Mountains (fig. ' 
This ridge forms a part of the east boundary of the San Fernando Vall 
northeast of Los Angeles. 

10. The San Fernando Valley, a broad plain about 10 miles by 20 miles in 
elliptical plan, lies between the western San Gabriel Mountains and 
eastern Santa Monica Mountains (fig. 4). This plain or sub-basin is 

1
1 en-echelon offshoot from the southeastern part of the Ventura basin, f 

beneath the alluvium on its floor is a complex section of Cenozoic 1 

upper Mesozoic sedimentary rocks. 

11. The northern third of the Los Angeles basin, which adjoins much of 
San Gabriel Mountains on the south, includes the thickly alluviated ! 
Gabriel Valley and the intra-basin Repetto and San Jose Hills along 
southern margin of this valley. Most of this area is underlain by s• 
mentary and volcanic rocks of middle and late Tertiary age. Altho 
other east-trending low ranges, such as the Coyote Hills, are pree 
farther south in the Los Angeles basin, most of the structural elem1 
in the central and southern parts of this basin have a northwest al 
ment and hence represent the northern end of the Peninsular Ra 
province. 

12. The San Bernardino Mountains extend eastward from Cajon Pass fc 
distance of 55 miles, and in general rise to altitudes of 5,000 fee1 
11,000 feet. They are distinguished by deep and steep-walled canyon 
subdued upland surface that is markedly discontinuous, and sev 
prominent peaks and ridges that include San Gorgonio Peak, whose e 
mit (altitude ll,48{i feet) is the highest point in southern Califo 
(fig. 14). The east end of these mountains is marked by Morongo Va 
which separates them from the Little San Bernardino Mountains far 
east. 

A zone of profound disturbance, defined mainly by the San And 
and San Jacinto faults, separates the San Bernardino Mountains ! 

the San Gabriel Mountains to the west (fig. 3). The geology of the 
ranges is similar in many respects, but metamorphosed sedimentary I 

of Paleozoic age are more abundant in the San Bernardino Mount 
These strata rest upon a complex assemblage of older, more severeli 
formed rocks, and are cut by widespread plutonic rocks of Mesozoic 

13. The Little San Bernardino Mountains, Pinto Mountains, and Eagle M 
tains are desert ranges in a belt that extends eastward from Mor 
Valley for a distance of about 70 miles. They range in altitude from l 
feet to 5,400 feet. They are composed mainly of Mesozoic plutonic 1 
that contain numerous septa and inclusions of older metamorphic r 
and some very large masses of these older rocks also are present. 

The climate in much of the Transverse Range province is semi1 
but it ranges widely from subhumid and humid in the higher I 
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tura (foreground) . Ventura River is in middle and left foreground, and 
· skyline at left. Hills in center of view consist of ma rine Pliocene and 
· which is shown approximately by the dashed line. Pacific Air Industries 
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basin, and terminate eastward against the San Andreas fault zone. In 
most places they rise to altitudes of 3,000 feet to 5,800 feet. Unlike most 
of the ranges farther west, they consist almost entirely of igneous and 
metamorphic rocks that are pre-Cenozoic in age. 

9. The San Gabriel Mountains form a bold, high mass that extends from the 
east end of the Ventura basin near Newball to Cajon Canyon northeast 
of San Bernardino (fig. 3), a distance of about 60 miles. This range is 
lens-shaped in plan, and rises to general altitudes of 5,000 to 9,000 feet. 
Its highest point, the summit of San Antonio Peak, is 10,080 feet above 
sea level (fig. 2). The range is bounded on all sides by major faults, and 
is composed of plutonic igneous rocks of late Mesozoic age, together with 
a very complex series of older plutonic, metasedimentary, and meta
volcanic rocks. 

'l'he Verdugo Mountains and San Rafael Hilla form a ridge, 15 miles 
long and 3 miles wide, that apparently is an upfaulted sliver of crystalline 
rocks along the south side of the western San Gabriel Mountains (fig. 4). 
This ridge forms a part of the east boundary of the San Fernando Valley, 
northeast of Los Angeles. 

10. The San Fernando Valley, a broad plain about 10 miles by 20 miles in its 
elliptical plan, lies between the western San Gabriel Mountains and the 
eastern Santa Monica Mountains (fig. 4). This plain or sub-basin is an 

~.
, en-echelon offshoot from the southeastern part of the Ventura basin, and 
. beneath the alluvium on its floor is a complex section of Cenozoic and 
' upper Mesozoic sedimentary rocks. 

11. The northern third of the Loa Angeles basin, which adjoins much of the 
San Gabriel Mountains on the south, includes the thickly alluviated San 
Gabriel Valley and the intra-basin Repetto and San Jose Hills along the 
southern margin of this valley. Most of this area is underlain by sedi
mentary and volcanic rocks of middle and late Tertiary age. Although 
other east-trending low ranges, such as the Coyote Hills, are present 
farther south in the Los Angeles basin, most of the structural elements 
in the central and southern parts of this basin h1tve a northwest align
ment and hence represent the northern end of the Peninsular Range 
province. 

12. The San Bernardino Mountains extend eastward from Cajon Pass for a 
distance of 55 miles, and in general rise to altitudes of 5,000 feet to 
11,000 feet. They are distinguished by deep and steep-walled canyons, a 
subdued upland surface that is markedly discontinuous, and several 
prominent peaks and ridges that include San Gorgonio Peak, whose sum
mit (altitude 11,485 feet) is the highest point in southern California 
(fig. 14). The east end of these mountains is marked by Morongo Valley, 
which separates them from the Little San Bernardino Mountains farther 
east. 

A zone of profound disturbance, defined mainly by the San Andreas 
and San Jacinto faults, separates the SiJn Bernardino Mountains from 
the San Gabriel Mountains to the west (fig. 3). The geology of the two 
ranges is similar in many respects, but metamorphosed sedimentary rocks 
of Paleozoic age are more abundant in the San Bernardino Mountains. 
These strata rest upon a complex assemblage of older, more severely de
formed rocks, and are cut by widespread plutonic rocks of Mesozoic age. 

13. The Little San Bernardino Mountains, Pinto Mountains, and Eagle Moun
tains are desert ranges in a belt that extends eastward from Morongo 
Valley for a distance of about 70 miles. They range in altitude from 3,000 
feet to 5,4-00 feet. They are composed mainly of Mesozoic plutonic rocks 
that contain numerous septa and inclusions of older metamorphic rocks, 
and some very large masses of these older rocks also are present. 

The climate in much of the Transverse Range province is semiarid, 
but it ranges widely from subhumid and humid in the higher parts 

of the San Gabriel and San Bernardino Mountains to truly arid at 
the eastern end of the province. The higher peaks in the San Bernar
dino and San Gabriel Mountains usually are snow-capped during 
much of the year (fig. 2), and snow frequently lasts through the 
winter months in the Pine Mountain-Frazier Mountain interior 
ranges and in the higher parts of the Topatopa Mountains. In most 
of the region the annual rainfall ranges from 12 to 20 inches, and 
nearly all of it falls during the period from November to March, 
inclusive. 

The topography in much of the region represents late youthful to 
early mature stages of the erosion cycle, and sharp, rugged ridges 
and narrow, steep-sided, deeply incised valleys are characteristic. 
Most of the streams are intermittent, and generally flow only during 
the winter and spring seasons. An apron of large alluvial fans is a 
prominent physiographic feature of the oversteepened south front 
of the San Gabriel Mountains (fig. 2), and many well-developed 
fans and pediments also are present on the north slopes of this range, 
as well as on the flanks of the San Bernardino Mountains and the 
desert ranges to the east. 

The geology of large parts of the Transverse Range province has 
been described by several investigators, notably Dibblee ( 1950), Hill 
( 1928), Kew ( 1924), Miller ( 1934), Reed ( 1933), Simpson ( 1934), 
and Vaughan (1922). Many descriptions and discussions of smaller 
areas and specific features or problems also have been published, and 
a sampling of these is included in the list of references at the end of 
this paper. The region contains numerous marine and nonmarine 
terraces, upland surfaces of low relief, fault-controlled valleys and 
canyons, and other physiographic features that raise interesting 
problems, but most of these are noted elsewhere in this volume (see 
especially Sharp, Contributions No. 1 and No. 3, and Putnam, Con
tribution No. 7, Chapter V), and hence are not discussed in this 
paper. 

THE GEOLOGIC SECTION: OLDER ROCKS 

General Relations. As indicated in the foreg<?ing resume, the 
Transverse Range province varies tremendously in its exposed litho
logic components, which are shown in generalized form in plate 4. 
As in other parts of southern California, the geologic section is 
readily divisible into two main parts that are separated by a pro
found unconformity. This break, and the marked contrasts between 
the rocks that lie above and beneath it, reflect a major episode of 
Mesozoic diastrophism, igneous intrusion, and metamorphism. 

The oldest rocks above the unconformity are marine strata of 
Upper Cretaceous age, and in some places the rocks beneath it are 
mildly metamorphosed strata that may well be as young as Creta
ceous. In the eastern part of the Transverse Range province, the 
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FIGURE 2. View northeast toward scarp of San Gabriel Mountains, from Pomona (foreground). The three main peaks are, from left to right, San Antonio 
Peak, Ontario Peak, and Cucamonga Peak. San Bernardino Mountains form the skyline at right. The large alluvial fan in central part of view heads at the 
mouth of San Antonio Canyon; the course of this canyon marks the trace of a major zone of transverse faulting. Photo courteay Fairchild Aerial Surveys, Inc. 

exposed rocks are almost wholly igneous and metamorphic types of 
. pre-Cambrian to Cretaceous age, and hence are members of the older 
sequence. Similar rocks are present in the western part of the prov
ince, but in most of the ranges and basins there they are concealed 
beneath thick sections of Cretaceous, Tertiary, and Quaternary 
elastic sedimentary rocks. 

Most abundant and widespread in the sequence that lies beneath 
the great unconformity are plutonic rocks, mildly to severely meta
morphosed sedimentary and volcanic rocks, and complex assemblages 
of migmatitic gneisses. These rocks, referred to collectively as ''base
ment,'' ''basement complex,'' or ''crystalline basement'' by many 
geologists, bear testimony to a highly involved series of events that 
probably began in pre-Cambrian time and culminated with develop
ment of batholithic masses of plutonic rocks in late middle or even 
late Mesozoic time. 

The Western Ranges. In the Santa Ynez Mountains basement 
rocks are exposed only in a few small areas near the northern margin 
of the range. They consist of slightly metamorphosed but highly 
folded and faulted arkosic sandstones, slaty shales, and radiolarian 
cherts that have been intricately invaded by masses of serpentine 
and other basic intrusives. These rocks are a part of the Franciscan 
group, and probably are of Jurassic age. 

Beneath the sedimentary strata of the Topatopa Mountains are 
granodiorite and related plutonic rocks of Jurassic or Cretaceous 
age, which enclose some roof pendants of older gneiss. These rocks 
are extensively exposed in areas to the north, and Frazier Mountain 
and Mount Pinos, for example, are underlain chiefly by quartz 
diorite, granodiorite, and a variety of migmatitic gneisses. The 
Sierra Pelona and the high northern part of the Liebre Mountains 
consist mainly of schists and gneisses that have been intruded by 
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large bodies of granitic rocks. The oldest recognizable unit in th 
basement terrane is the Pelona schist, a thick sequence of quart 
mica schist, actinolite-mica schist, and chlorite-rich schists wi· 
minor beds of interlayered quartzite, marble, and amphibolite. Mo 
of these rock types are fine grained, but in places they are close 
associated with coarse-grained, highly deformed gneisses and migm 
tites. They probably are pre-Cambrian in age (Simpson, 1934, p 
380-381). Sediments of presumably Paleozoic age are represented 1 
hornfels, schist, and marble that occur mainly as pendants and i 
clusions in younger plutonic rocks. 

The core of the Santa Monica Mountains and Channel Islan 
comprises several thousand feet of mildly metamorphosed argil 
ceous rocks and numerous younger intrusive masses of granitic 
quartz dioritic composition. The dominant rock type in the metam1 
phic sequence has been variously termed argillite, phyllite, and sla 
and in places it grades into mica and chlorite schists. It is litholo 
cally similar to rocks of known Triassic age in the Santa A 
Mountains to the southeast, and is fundamentally different in co 
position and texture from mildly metamorphosed argillaceous ro• 
that crop out in the Palos Verdes Hills and on Catalina Island 
the south (see Woodford, et al., Co~tribution No. 5, this chapte 

The Eastern Ranges. The San Gabriel Mountains are compo: 
of a wide variety of crystalline rocks whose origin and age relati, 
are not yet fully understood. An older sequence, of probable I 
Cambrian age, is represented in the northeastern part of the ra1 
by the Pelona schist (Noble, 1927) , and elsewhere in the range b 
complex and highly deformed assemblage of gneiss, schist, quart2 
marble, and numerous hybrid rocks, in part termed the San Gab 
formation by Miller (1934, pp. 49-56). Recent investigations IJ 

the western end of the range have demonstrated, by means of an: 
ses of clean zircon concentrates, that at least two kinds of plut< 
rocks there are pre-Cambrian in age (Neuerburg and Gottfr 
1954). 

Oi particular interest in the western third of the range is a 1 
broic complex that includes anorthosite, norite, various transitic 
rocks, and apatite-ilmenite rocks (Miller, 1931; Higgs, Contribu 
No. 8, Chapter VII, this volume). The anorthosite is composed 
most entirely of andesine. It has been thoroughly shattered 
extensively sheared on a wide range of scales, and it contains nm 
ous dikes and inclusions of other rock types (fig. 5). It chara< 
istically weathers chalky and white, and commonly forms ridges 
slopes that are fairly smooth in detail (fig. 11). 

A younger sequence of rocks in the San Gabriel Mountaim 
eludes argillite, phyllite, quartzite, some marble, and several vole 
types. Some of the strata probably are correlative with fossilife 
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(foreground). The three main peaks are, from left to right, San Antonio 
ne at right. The large alluvial fan in central part of view heads at the 
zone of transverse faulting. Photo courte111 Fairchild Aerial Surveys, Inc. 

'he Western Ranges. In the Santa Ynez Mountains basement 
rs are exposed only in a few small areas near the northern margin 
the range. They consist of slightly metamorphosed but highly 
led and faulted arkosic sandstones, slaty shales, and radiolarian 
rts that have been intricately invaded by masses of serpentine 
other basic intrusives. These rocks are a part of the Franciscan 

up, and probably are of Jurassic age. 
:eneath the sedimentary strata of the Topatopa Mountains are 
nodiorite and related plutonic rocks of Jurassic or Cretaceous 
, which enclose some roof pendants of older gneiss. These rocks 
extensively exposed in areas to the north, and Frazier Mountain 

Mount Pinos, for example, are underlain chiefly by quartz 
·ite, granodiorite, and a variety of migmatitic gneisses. The 
·ra Pelona and the high northern part of the Liebre Mountains 
~ist mainly of schists and gneisses that have been intruded by 
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large bodies of granitic rocks. The oldest recognizable unit in this 
basement terrane is the Pelona schist, a thick sequence of quartz
mica schist, actinolite-mica schist, and chlorite-rich schists with 
minor beds of interlayered quartzite, marble, and amphibolite. Most 
of these rock types are fine grained, but in places they are closely 
associated with coarse-grained, highly deformed gneisses and migma
tites. They probably are pre-Cambrian in age (Simpson, 1934, pp. 
380-381). Sediments of presumably Paleozoic age are represented by 
hornfels, schist, and marble that occur mainly as pendants and in
clusions in younger plutonic rocks. 

The core of the Santa Monica Mountains and Channel Islands 
comprises several thousand feet of mildly metamorphosed argilla
ceous rocks and numerous younger intrusive masses of granitic to 
quartz dioritic composition. The dominant rock type in the metamor
phic sequence has been variously termed argillite, phyllite, and slate, 
and in places it grades into mica and chlorite schists. It is lithologi
cally similar to rocks of known Triassic age in the Santa Ana 
Mountains to the southeast, and is fundamentally different in com
position and texture from mildly metamorphosed argillaceous rocks 
that crop out in the Palos Verdes Hills and on Catalina Island to 
the south (see Woodford, et al., Co~tribution No. 5, this chapter). 

The Eastern Ranges. The San Gabriel Mountains are composed 
of a wide variety of crystalline rocks whose origin and age relations 
are not yet fully understood. An older sequence, of probable pre
Cambrian age, is represented in the northeastern part of the range 
by the Pelona schist (Noble, 1927), and elsewhere in the range by a 
complex and highly deformed assemblage of gneiss, schist, quartzite, 
marble, and numerous hybrid rocks, in part termed the San Gabriel 
formation by Miller ( 1934, pp. 49-56). Recent investigations near 
the western end of the range have demonstrated, by means of analy
ses of clean zircon concentrates, that at least two kinds of plutonic 
rocks there are pre-Cambrian in age (Neuerburg and Gottfried, 
1954). 

Oi particular interest in the western third of the range is a gab
broic complex that includes anorthosite, norite, various transitional 
rocks, and apatite-ilmenite rocks (Miller, 1931; Higgs, Contribution 
No. 8, Chapter VII, this volume). The anorthosite is composed al
most entirely of andesine. It has been thoroughly shattered and 
extensively sheared on a wide range of scales, and it contains numer
ous dikes and inclusions of other rock types (fig. 5). It character
istically weathers chalky and white, and commonly forms ridges and 
slopes that are fairly smooth in detail (fig. 11). 

A younger sequence of rocks in the San Gabriel Mountains in
cludes argillite, phyllite, quartzite, some marble, and several volcanic 
types. Some of the strata probably are correlative with fossiliferous 

upper Paleozoic rocks in the San Bernardino Mountains to the east, 
whereas others may well be Mesozoic in age. Still younger is a group 
of widespread plutonic rocks that range in composition from diorite 
to granite, and that probably are Jurassic or Cretaceous in age 
(Miller, 1934, pp. 61-65; Simpson, 1934, p. 384; Woodford, 1939, 
p. 257). In most parts of the range both these and the older rocks 
have been shattered and sheared to an impressive degree, and numer
ous zones of mylonite have been recognized (Alf, 1948). Many of 
the rocks are interlayered or otherwise intimately mixed (fig. 6), 
and the igneous rocks commonly contain abundant inclusions. Both 
the igneous and the metamorphic rocks are transected by dikes of 
aplite, pegmatite, lamprophyre, amphibolite, and fine-grained 
basaltic to rhyolitic rocks. 

The San Bernardino Mountains are composed mainly of gneisses, 
schists, plutonic rocks, and several kinds of hybrid rocks, and also 
contain a sequence of marble, in which fossils of Carboniferous age 
can be recognized, and older quartzites and carbonate rocks of 
Paleozoic age (Vaughan, 1922, pp. 352-361; Woodford and Harriss, 
1928, pp. 268-271; Guillou, 1953, pp. 3-13). The Paleozoic section 
appears mainly in the northeastern part of the range, and is about 
10,000 feet thick. As in the San Gabriel Mountains, the rocks can 
be divided into an older sequence, characterized mainly by gneisses 
and schists of probable pre-Cambrian age, and a younger sequence 
of Paleozoic and Mesozoic rocks. 

Exposed over large parts of the San Bernardino Mountains, Little 
San Bernardino Mountains, and other mountains to the east are 
plutonic rocks whose average composition appears to be in the quartz 
monzonite range. The most widespread type, referred to as the 
Cactus granite (Vaughan, 1922, pp. 363-374; Woodford and Harriss, 
1928, pp. 271-274; Miller, 1946, p. 472), is mainly a light-colored 
quartz monzonite of Mesozoic age. The lead-uranium ratio of euxen
ite from a pegmatite body that cuts the Cactus granite about 11 
miles southeast of Old Woman Spring, near the northern edge of 
the San Bernardino Mountains, indicates a middle Jurassic age 
(Hewett and Glass, 1953, pp. 1047-1050). Both the Cactus granite 
and other plutonic rocks in the eastern end of the Transverse Range 
province contain numerous inclusions and septa of metamorphic 
rocks, and some large areas are underlain by_ gneisses, schists, am
phibolite, quartzite, conglomerate, crystalline limestone and dolomite, 
and other mildly to severely metamorphosed rocks (Harder, 1912, 
pp. 19-21) whose sequence and age relations have not been firmly 
established. 

THE GEOLOGIC SECTION: YOUNGER ROCKS 

Cretaceous Rocks. Lower Cretaceous (Knoxville) sediments are 
exposed within the Transverse Range province only in the western 
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FIGURE 3. View northwest over San Bernardino, showing the San Gabriel Mountains (left) and San Bernardino Mountains (right). San Antonio peak is on skyline 
at left, and Mojave Desert is in distance at right. Light-colored outcrops in upper drainage of Cajon Creek beyond the trace of the San Andreas fault are terrestrial strata 
of Miocene age (see fig. 7). Traces of major faults are shown by dashed lines. Pacific Air Industries photo. 

Santa Ynez Mountains, near Lompoc and Buellton. These consist 
mainly of considerably sheared marine silty shales that are as much 
as 7 ,500 feet thick. 

Upper Cretaceous sediments are much more widespread. They 
crop out extensively in the Santa Ynez Mountains, especially toward 
the west end of the range. To a lesser extent they appear in the 
northwestern Topatopa Mountains, where they consist of hard, gray, 
marine shale with thin beds of sandstone and a few lenses of coarse 
conglomerate. Similar Cretaceous rocks are widely exposed in the 
San Rafael Mountains north of the western Transverse Ranges. The 
Simi Hills and vicinity, in eastern Ventura County, are composed 

mainly of thick-bedded, northward dipping, marine Upper Creta
ceous sandstones. 

In the eastern Santa Monica Mountains the Cretaceous section 
consists mostly of conglomerate beds that are about 3,000 feet thick. 
Terrestrial redbeds form the lower several hundred feet of the sec
tion, but the remainder is marine. No rocks of definitely Cretaceous 
age have been found in the eastern half of the Transverse Range 
province, but Upper Cretaceous elastics are widely exposed in the 
Santa Ana Mountains, a part of the Peninsular Range province that 
forms the eastern rim of the Los Angeles basin. 

Chapt. II] 
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Eocene Rocks. Paleocene and lower Eocene sandstone, shale, an 
conglomerate crop out extensively on the north slopes of the Sin 
Hills and at the east end of Simi Valley, where their aggregate thicl 
ness is 3,500 feet. A thick section of elastic Paleocene strata is e: 
posed along the southern margin of the Liebre Mountains, north 1 
the Santa Clara River valley. In the eastern Santa Monica Mou: 
tains about 1,000 feet of Paleocene rocks consists principally of shal 
with thin lenses of limestone. 

Thin, elongate fault slivers of sheared and fractured Paleoce-
shale, sandstone, and pebbly to cobbly conglomerate are present 
the western Santa Ynez Mountains and western San Gabriel Mou 
tains. Larger fault-bounded masses of similar but less deformed roe 
occupy parts of the San Andreas fault zone along the northeaste 
margin of the San Gabriel Mountains (Dickerson, 1914; Noble, Cc 
tribution No. 5, Chapter IV, this volume), and further attest 1 

former wide distribution of Paleocene strata. 
Sedimentary rocks of middle and late Eocene age form most of 1 

higher parts of the Santa Ynez and Topatopa Mountains, where th 
thickness ranges from 3,000 feet near Point Conception to more tl 
13,000 feet north of Ventura. On San Miguel Island 9,000 feet 
these Eocene elastics has been reported, but part of them may be C 
taceous in age. The upper and middle Eocene section consists mai 
of alternating black shale and hard, gray sandstone. A few bedE 
conglomerate also are present. The only significant carbonate unit, 
orbitoidal limestone (Sierra Blanca) that ranges in thickness f1 
a few feet to a few hundred feet, occurs as lenses at the base of 
middle Eocene section in the northern Santa Ynez and southern : 
Rafael Mountains, where it rests unconformably on Cretaceous ro 
Zones of red shale alternate with oyster-bearing sandstone ( C 
water sandstone) in the upper 2,500 feet of the Eocene section 
tween Santa Barbara and Fillmore. 

An upper Eocene continental redbed series (lower part of S1 
formation) crops out in the Simi Valley region, and has been p 
trated in oil borings on South Mountain and Oak Ridge, soutl 
Fillmore (fig. 8). These strata contain a large fauna of land vi 
brates including early primates, rhinoceroses, titanotheres, 
numerous rodents (see Durham, et al., Contribution No. 7, Cha 
III). They are lithologically indistinguishable from overlying 0 
cene (Sespe) redbeds with which they have been mapped, and 
record the first important marine regression in the Tertiary hiE 

of this region. 
The Eocene sands commonly are tight, but they produce oil 

mercially in several parts of the Ventura basin. 

Oligocene Rocks. The Oligocene section is characterized by a 
erally thick succession of redbed sandstones, silty shales, and 
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left) and San Bernardino Mountains (right). San Antonio peak is on skyline 
tf Cajon Creek beyond the trace of the San Andreas fault are terrestrial strata 
~dustriea photo. 

nly · of thick-bedded, northward dipping, marine Upper Creta-
1s sandstones. 

1 the eastern Santa Monica Mountains the Cretaceous section 
iists mostly of conglomerate beds that are about 3,000 feet thick. 
restrial redbeds form the lower several hundred feet of the sec
' but the remainder is marine. No rocks of definitely Cretaceous 
have been found in the eastern half of the Transverse Range 
rince, but Upper Cretaceous elastics are widely exposed in the 
ta Ana Mountains, a part of the Peninsular Range province that 
is the eastern rim of the Los Angeles basin. 
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Eocene Rocks. Paleocene and lower Eocene sandstone, shale, and 
conglomerate crop out extensively on the north slopes of the Simi 
Hills and at the east end of Simi Valley, where their aggregate thick
ness is 3,500 feet. A thick section of elastic Paleocene strata is ex
posed along the southern margin of the Liebre Mountains, north of 
the Santa Clara River valley. In the eastern Santa Monica Moun
tains about 1,000 feet of Paleocene rocks consists principally of shales 
with thin lenses of limestone. 

Thin, elongate fault slivers of sheared and fractured Paleocene 
shale, sandstone, and pebbly to cobbly conglomerate are present in 
the western Santa Ynez Mountains and western San Gabriel Moun
tains. Larger fault-bounded masses of similar but less deformed rocks 
occupy parts of the San Andreas fault zone along the northeastern 
margin of the San Gabriel Mountains (Dickerson, 1914; Noble, Con
tribution No. 5, Chapter IV, this volume), and further attest the 
former wide distribution of Paleocene strata. 

Sedimentary rocks of middle and late Eocene age form most of the 
higher parts of the Santa Ynez and Topatopa Mountains, where their 
thickness ranges from 3,000 feet near Point Conception to more than 
13,000 feet north of Ventura. On San Miguel Island 9,000 feet of 
these Eocene elastics has been reported, but part of them may be Cre
taceous in age. The upper and middle Eocene section consists mainly 
of alternating black shale and hard, gray sandstone. A few beds of 
conglomerate also are present. The only significant carbonate unit, an 
orbitoidal limestone (Sierra Blanca) that ranges in thickness from 
a few feet to a few hundred feet, occurs as lenses at the base of the 
middle Eocene section in the northern Santa Ynez and southern San 
Rafael Mountains, where it rests unconformably on Cretaceous rocks. 
Zones of red shale alternate with oyster-bearing sandstone (Cold
water sandstone) in the upper 2,500 feet of the Eocene section be
tween Santa Barbara and Fillmore. 

An upper Eocene continental redbed series (lower part of Sespe 
formation) crops out in the Simi Valley region, and has been pene
trated in oil borings on South Mountain and Oak Ridge, south of 
Fillmore (fig. 8). These strata contain a large fauna of land verte
brates including early primates, rhinoceroses, titanotheres, and 
numerous rodents (see Durham, et al., Contribution No. 7, Chapter 
III) . They are lithologically indistinguishable from overlying Oligo
cene ( Sespe) redbeds with which they have been mapped, and they 
record the first important marine regression in the Tertiary history 
of this region. 

The Eocene sands commonly are tight, but they produce oil com- II 
mercially in several parts of the Ventura basin. ~ 

Oligocene Rocks. The Oligocene section is characterized by a gen
erally thick succession of redbed sandstones, silty shales, and con-

glomerates of the Sespe formation, which extends from an area a few 
miles east of Point Conception eastward to the southern Liebre Moun
tains northeast of Saugus, and probably southeastward to Santa Ana 
Canyon at the east end of the Los Angeles basin. Vertebrate faunas 
indicate that this formation ranges in age from late Eocene through 
Oligocene to early Miocene. On the south flank of the Santa Ynez 
Mountains west of Canada Refugio (Refugio Canyon), the basal beds 
begin to interfinger with marine sandstones and shales. The upper 
half of the redbed section is overlapped to the west by marine strata 
of early Miocene age. This transition from continental to marine 
Oligocene beds continues westward progressively, so that near Point 
Conception and Lompoc all of the Oligocene section, here about 1,000 
thick, contains numerous marine fossils. 

Lower Miocene to Oligocene redbeds also occur on Santa Rosa 
Island and in the Santa Monica Mountains. Angular unconformities 
that mark local uplifts are present at the top of the Oligocene sec
tion in the western Santa Ynez Mountains and in the Simi and Las 
Posas Hills; elsewhere the Oligocene-Miocene contact is apparently _ 
conformable. The Oligocene (and some upper Eocene) redbeds in- 1 
clu?e some of the most important oil reservoir sands_ in the Ventura (, 
basm. 

Coarse conglomerate, breccia, and arkosic sandstone, in large part 
of typical redbed lithology, are widely exposed in the Soledad basin 
north of the western San Gabriel Mountains (fig. 11), and also 
appear as discontinuous erosional remnants along the San Andreas 
fault zone farther east. These nonmarine strata, known as the Vas
quez formation, locally reach thicknesses of about 14,000 feet. They 
are overlain with marked unconformity by other nonmarine strata of 
early Miocene age, and probably are correlative with at least a part 
of the Sespe formation to the west. In some parts of the basin the 
section contains as much as 4,000 feet of andesite and basalt, chiefly 
in the form of flows. 

Miocene Rocks. In the western Ventura basin and Santa Ynez 
foothills the Miocene section comprises, in upward succession, a basal 
unit of sandstone and conglomerate 50 feet to 400 feet thick (Va
queros formation), 1,500 feet of mudstone, 1,000 feet to 2,500 feet 
of laminated, highly organic ( foraminiferal or diatomaceous} shale, 
shaly chert, and diatomite, and 2,000 feet of silty brown organic 
shale at the top. Most of this Miocene shale is highly bituminous, and 
hence constitutes a rich source rock for petroleum. In the eastern part \ 
of the Ventura basin, between Fillmore and Saugus, the middle and 
upper Miocene section becomes progressively more sandy and thick
ens to 10,000 feet or more east of Piru, where there is a concentration 
of oil fields producing from these sands. 
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FIGURE 4. View west-southwest from the Sun Gabriel l\Iountuins toward Verdugo Mountains and the San Fernando Valley be~·oml. Santa Monica 

Mountains are in the left distance, and light-colored slopes of the Santa Susana Mountains appear at the fur right. Photo courtesy Fairchild Aerial Surveys, Inc. 
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The northern Los Angeles basin contains about 3,000 feet of lov 
and middle Miocene sandstone and conglomerate, the lower part 
which includes a few redbeds. These are overlain by a maximum 
9,000 feet of upper Miocene diatomaceous shale, cherty shale, si 
shale, sandstone, and conglomerate. This Miocene succession is simi 
to that in the eastern Ventura basin, where coarse elastics are int 
bedded with the organic shale. 

During middle Miocene time a deep geosyncline was developed 
the site of the present Santa Monica Mountains and Channel Islar 
In this rapidly subsiding marine trough was deposited 3,000 
15,000 feet of middle Miocene clay shale, sandstone, conglomer. 
and schist breccia. The thickest section is in the western Sa 
Monica Mountains. Shortly after their deposition, these sedimE 
were invaded by sills, dikes, and chonoliths of diabase, basalt, : 
some andesite. Two or three lenses of submarine volcanic fl 
(trachyandesites, andesites, and basalts) as much as 5,000 feet t1 
appear in the upper part of the middle Miocene section. Minor ex 
sion of acid volcanic rocks also occurred during middle Miocene t 
100 miles to the northwest, in an area a few miles northwest of P 
Conception. 

The orogeny that raised up the Santa Monica Mountains and Cl 
nel Islands on the site of this geosyncline began in early upper l 
cene time, and the upper Miocene diatomaceous shales commonly 
with an angular unconformity upon rocks that are middle M~o 
and older. In the Ventura basin, only a few miles to the north, al1 
continuous deposition of organic shales was progressing du 
middle Miocene time. A post-Miocene, possibly middle Pliocene, 
lift of considerable magnitude supplemented the pre-Pleisto 
orogeny of the Santa Monica Mountains, and resulted in folding 
faulting of the upper Miocene strata that now occupy the flanl 
the mountains. 

Along the northern margin of the central Transverse Ra
from Cuyama Valley southeastward through Lockwood Valle 
the northwest side of the San Gabriel Mountains, is a large 
covered with continental Miocene conglomerates, sandstones, 
siltstones, showing that a land area partly separated the Ve1 
basin from the San Joaquin basin to the north during late Mic 
time. The marine and continental facies have been brought 
juxtaposition for several miles by large lateral movements 01 

San Gabriel fault northwest of Castaic (see Crowell, Contrib 
No. 6, Chapter IV). Patches of similar nonmarine Miocene strat 
present in the San Andreas fault zone along the north flank c 
San Gabriel Mountains, and in the Cajon Pass area at least 
feet of upper Miocene conglomeratic sandstone and associated 
grained rocks is spectacularly exposed (figs. 3, 7). These stra 
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·dugo Mountains and the San Fernando Valley beyond. Santa Monica 
Mountains appear at the far right. Photo courtesy Fairchild Aerial 
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The northern Los Angeles basin contains about 3,000 feet of lower 
and middle Miocene sandstone and conglomerate, the lower part of 
which includes a few redbeds. These are overlain by a maximum of 
9,000 feet of upper Miocene diatomaceous shale, cherty shale, silty 
shale, sandstone, and conglomerate. This Miocene succession is similar 
to that in the eastern Ventura basin, where coarse elastics are inter
bedded with the organic shale. 

During middle Miocene time a deep geosyncline was developed on 
the site of the present Santa Monica Mountains and Channel Islands. 
In this rapidly subsiding marine trough was deposited 3,000 to 
15,000 feet of middle Miocene clay shale, sandstone, conglomerate, 
and schist breccia. The thickest section is in the western Santa 
Monica Mountains. Shortly after their deposition, these sediments 
were invaded by sills, dikes, and chonoliths of diabase, basalt, and 
some andesite. Two or three lenses of submarine volcanic flows 
(trachyandesites, andesites, and basalts) as much as 5,000 feet thick 
appear in the upper part of the middle Miocene section. Minor extru
sion of acid volcanic rocks also occurred during middle Miocene time 
100 miles to the northwest, in an area a few miles northwest of Point 
Conception. 

The orogeny that raised up the Santa Monica Mountains and Chan
nel Islands on the site of this geosyncline began in early upper Mio
cene time, and the upper Miocene diatomaceous shales commonly rest 
with an angular unconformity upon rocks that are middle M~ocene 
and older. In the Ventura basin, only a few miles to the north, almost 
continuous deposition of organic shales was progressing during 
middle Miocene time. A pos!-Miocene, possibly middle Pliocene, up
lift of considerable magnitude supplemented the pre-Pleistocene 
orogeny of the Santa Monica Mountains, and resulted in folding and 
faulting of the upper Miocene strata that now occupy the flanks of 
the mountains. 

Along the northern margin of the central Transverse Ranges, 
from Cuyama Valley southeastward through Lockwood Valley to 
the northwest side of the San Gabriel Mountains, is a large area 
covered with continental Miocene conglomerates, sandstones, and 
siltstones, showing that a land area partly separated the Ventura 
basin from the San Joaquin basin to the north during late Miocene 
time. The marine and continental facies have been brought into 
juxtaposition for several miles by large lateral movements on the 
San Gabriel fault northwest of Castaic (see Crowell, Contribution 
No. 6, Chapter IV). Patches of similar nonmarine Miocene strata are 
present in the San Andreas fault zone along the north flank of the 
San Gabriel Mountains, and in the Cajon Pass area at least 8,000 
feet of upper Miocene conglomeratic sandstone and associated finer
grained rocks is spectacularly exposed (figs. 3, 7). These strata lie 

unconformably upon lower Miocene marine Vaqueros beds in at 
least one place in this area. It is interesting to note that the presence 
of Vaqueros strata in the Cajon Pass area poses a problem in paleo
geography and tectonic history, as the nearest other Vaqueros rocks 
north of the San Andreas fault lie in the San Joaquin Valley, 90 
miles to the northwest, and the nearest Vaqueros rocks south of the 
fault lie in the Santa Ana Mountains, 40 miles to the southwest 
(Noble, Contribution No. 5, Chapter IV). 

A few patches of terrestrial sandstone and conglomerate of doubt
ful Miocene age occupy fault blocks and slices in the southern part 
of the San Bernardino Mountains eastward from San Bernardino 
to points beyond San Gorgonio Pass. The widespread distribution of 
these and other nonmarine strata to the west and northwest, to
gether with the dominance of plutonic and gneissic rocks as clasts 
within the strata, indicates that the eastern . Transverse Ranges, as 
well as the granitic Mount Pinos, Liebre Mountains, and Frazier 
Mountain farther west, were being rapidly eroded during an ap
preciable part of Miocene time. 

Pliocene Rocks. The marine Pliocene section is confined to the 
central part of the Ventura basin, and extends eastward from points 
near Goleta to the northwest corner of the San Fernando Valley 
near Sunland. Between Ventura and Fillmore the generally marine 
Pliocene soft sandstones, silty clay shales, mudstones, and fine to 
coarse conglomerates are 13,000 feet to 15,000 feet thick. On Oak 
Ridge, toward the south rim of the Pliocene basin and a few miles 
south of this tremendously thick section, 1,000 feet or less of upper 
Pliocene beds rests unconformably upon organic Miocene shales (fig. 
8). In places the marine Pliocene section is not represented at all. 
In the Goleta-Santa Barbara area, toward the north rim of the 
basin, from none to possibly 700 feet of largely marine upper 
Pliocene strata (lower part of the Santa Barbara formation) is 
preserved, mostly in synclines. 

Marine Pliocene elastics of similar lithology attain a thickness of 
4,000 feet to 6,500 feet in the deeper parts of the Los Angeles 
basin beneath the Quaternary cover, but only discontinuous rem
nants a few thousand feet thick crop out along the northern and 
eastern margins of the basin northwest of Santa Monica, in the 
Repetto and Montebello Hills a few miles east of Los Angeles, and 
at the west end of the Puente and San Jose Hills between Whittier 
and Pomona. 

In both the Ventura and Los Angeles basins the lower half of the 
Pliocene section contains the most prolific reservoir sands for oil 
and gas in this region. In the Ventura oil field a maximum of about 
7 ,500 feet of oil-bearing Pliocene strata, excluding repetition by 
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thrust faulting, has been penetrated by wells. This is the thickest 
known continuously oil-bearing section. 

Continental Pliocene sediments, 2,000 feet to nearly 6,000 feet 
thick, are exposed in the eastern part of the Ventura basin on both 
sides of the Santa Clara River Valley (fig. 10), and similar beds are 
preserved on relatively depressed fault blocks in the southwestern 
part of the San Gabriel Mountains. These deposits are mostly buff 
gravels and arkosic sands, with interbeds and lenses of reddish and 
greenish silty clay. 

The Ridge basin, north of the Santa Clara River Valley, contains 
about 29,000 feet of upper Miocene and Pliocene strata, chiefly silt
stone, sandstone, conglomerate, and coarse breccia (Crowell, 1950, 
1952a, b; Eaton, 1939). The lowermost 2,000 feet of the section is 
mainly marine, and the remainder represents fluviatile and lacustrine 
deposition. The enormous thickness of these beds actually is greater 
than the width of the depositional basin, which was outlined in large 
part by major faults. The Violin breccia, one formation in the 
group, is 27,000 feet thick but extends along the strike for a maxi
mum distance of only 4,000 feet. Evidently it accumulated as talus 
or alluvial debris at the base of the San Gabriel fault scarp, and it 
grades abruptly into finer-grained strata on the east (Crowell, Ridge 
Basin Map Sheet, this volume). 

The lower part of the Paso Robles formation north of the Santa 
Ynez River in Santa Barbara County, and the upper part of the 
continental sands and gravels of the Cuyama and Lockwood Valley 
area, between the Topatopa Mountains and the San Andreas fault, 
probably are Pliocene in age. Terrestrial Pliocene strata also are ex
posed along the northern margin of the San Gabriel Mountains and 
the southern margin of the San Bernardino and Little San Ber
nardino Mountains, where in large part they are involved in the 
San Andreas fault zone. Marine strata of probable Pliocene age 
(Imperial formation) extend northwestward as a thin tongue into 
the San Gorgonio Pass area from the Coachella-Imperial Valley. 
They contain an invertebrate fauna that is markedly different from 
the faunas in Pliocene strata of the coastal areas (Durham, 1950, 
pp. 23-33), and thus correlations between the western and eastern 
parts of the Transverse Range province have been difficult to estab
lish for the marine part of the section. 

During middle Pliocene time the Santa Ynez and Topatopa 
Mountains, as well as Oak Ridge, the Las Posas Hills, and several 
other low ranges in the Ventura basin, were gently folded up and 
eroded. Possibly the main uplift of the Santa Monica Mountains
Channel Islands range took place at this time, as well. Marked uplift 
of the eastern ranges during Pliocene time is attested by the se
quence and lithology of the nonmarine sediments that were derived 
from them. 
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FIGURE 5. Highly sheared anorthosite with dark-colored inclusions of schist 
quartzite, and amphibolite. These rocks are transected by gently dipping dikes of 
sheared leuco-monzonite. Soledad Can~·on near Ravenna, north side of San 
Gabriel Mountains. 

Pleistoce..ne Rocks. The most remarkable stratigraphic feature of 
the Transverse Range province is the existence of 4,000 to 5,000 feet 
of marine Pleistocene strata in the central Ventura basin. These 
beds have been folded along with the conformably underlying 
Pliocene section (fig. 1), so that they now show dips of 20 to 75 
degrees. They contain both vertebrate and invertebrate fossils of 
Pleistocene age, and more than 90 percent of the abundant molluscan 
species among the marine fossils are living today. The basal Pleisto
cene unit (upper part of Santa Barbara formation) consists mainly 
of mudstone. It is overlain by an alternation of near-shore soft 
sands, silts, and gravels. The upper third of the section is mostly 
nonmarine, the marine basin having been filled by the time these 
beds were laid down. 

At least 2,000 feet of folded lower Pleistocene beds of similar 
lithology is present in the Los Angeles basin. Resting with strong 
angular unconformity on the lower Pleistocene San Pedro formation 
are horizontal to slightly tilted sands, gravels, and silts that contain 
upper Pleistocene land vertebrates (Rancho La Brea beds and ter
race deposits). This great unconformity, which shows angular dis
cordances of 30 to 60 degrees, commonly marks the major Coast 
Range orogeny during which the Ventura anticline, 3 miles north 
of Ventura (fig. 1), was folded up far above sea level. In the Los 
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Interlayered aplite, pegrnatite, and coarse-grained granodiorite. 
:Mill Creek, western San Gabriel Mountains. 

Angeles basin several important domal anticlines, on which some 
the most prolific oil fields in the State have been developed, ~ 
formed or were emphasized at this time. 

The effects of this mid-Pleistocene -0rogeny were widespread, : 
included intense folding and uplift in all of the older Transv1 
Ranges, such as the Santa Ynez, Topatopa, San Gabriel, San 1 
nardino, and Santa Monica Mountains, and in the intra-basin ran 
such as Red Mountain, South Mountain-Oak Ridge, Santa Sus 
Mountains, San Jose· Hills, and Puente Hills. Great thrusts and s1 
reverse faults, with maximum displacements of 10,000 to more t 
15,000 feet, were developed in the Ventura basin and along 
margins. These include the Santa Ynez, Big Pine, Simi, Holser, 
San Gabriel reverse faults, and the Red Mountain, San Cayet: 
Oak Ridge, and Santa Susana thrusts (pl. 4). Faults with steep c 
northeast and northwest strikes, and large components of lat 
(strike-slip) movement developed in the Santa Barbara region, 
much larger lateral movements occurred along the San Gabriel fl 
along the Whittier and Inglewood faults in the Los Angeles bi 
and along the San Andreas and associated faults. 

STRUCTURE 

General Relations. Structurally the Transverse Range prov 
consists of (1) a series of predominantly east-trending, gene1 



iAL PROVINCES [Bull. 170 

. ' '?~ b- . ''1':-

v.~ ( - "J ~-:~~ 
~"" "• ¥ ~ I I._ • \,;_, .._ ••.t""' .. o 

~~~~ ' :':~_ ·t .; " .M.'i:t,,.-,,...~~.. .... 
. ..:.~7-::t-...:..-.._ ! · ,._ -~/~-zy-- •. ~,;.:1'~ I 

~... ,..,. '- v .9 . - . .:_ ! ) ""· ,. ; ;,,· . 
l/,_,~b£ \, ~-~..... i: . . • ,.. # 

-~~ >·~ ""'::.. ~~ ,,£~{;' 
I . .,, :.<. I" .'lllit. :· .. _-~ ' - $. -~~/' 

I ~- ~~· , '- l >,' .:-:·\. '.:\~",....:,;;. ·~~ . -~ . . .. ~""U. ,,,, ... ~-.. .• , ... _ ,, • .. "'JI. \ , \ • ' ,.,, 

1 l t '") L "'--- · :f~ ··-- _, . r\ --- . --. · -. · · · 
" ,,. K';,11'_ . . " t-_,,..,._... .. .... . . .. . ,; . ,y I'- ... - ' ,. ' -- "" - _, ,T. 

,:P , .~~'. · . , --·' ' ;~J ":"{- •:: : (...:-.~\ : JA -· 
/ t 1 ' f tr., ,'If • . f- 1_ '' - • c,- • • · _'\~, A ~ • ! 

, //· ·~-;:,,, .. t.,,.. ' / ' (I , .4 '.~". .' ~f•'\::v~ .~.: ,,; " t7f::.?'~<;_ ' ·~ ; . TJ.~~,!!"~ ,./ ,. . ;, .. • J J, / ._..... .;,,,.:,": .. ;.~:..rt ..:J;;".}., <!. ;J ~ 
... 'rrl ~l ;:~· " >'J 'fi,' ... ..,.t-_ .. l_. ,.. - •' .. ~·- ;11. ..... r ..... ,;_, . ~ .. '&....: " 
~ - lff" • . , r .. • ~_. ,, " ., - ;~ . ~)<-· "'-

'r .. ·· r~/ <1 _.; """."~f'J· . ,,. ·#~ "'": ' . ......, - / .. .. , v ~ -. r . ,. ,. . , . . . . .. • - , ..... i. . , - · "" ' ·! 
I" ~ ' . . ~\' ~ , ·' , . • :.. , .. I ..:· .. '.j.:J ~ 

. -U1 ;f\'lL<' ' ' · .... 1 , ). . ......,,,..; "· l """:. ':\ 
!. ;~T,:.;1\i;.: ~ "f ' ~ 1<-• .." " •• >,.. • , "\ ,..'j\ ~"- ;f 
; • /> IJ!.' ~ ' \ - Atr"- _, • · • M• .~ ,- ' \..-, ' • ".I( 1(1 
. \.'\ - P)· . ~ ~ ..... ' ' "" ... "!t ~ ~ .. (. - .,.. ... t, 

~ b " ~"\~~ / J .i :t~_; ..:...:._4' ; :_.\ f,\ • ...r_) "' .t, ~-

fURE 5. Highly sheared anorthosite with dark-colored inclusions of schist 
iite, and amphibolite. These rocks are transected by gently dipping dikes of 
~d leuco-monzonite. Soledad Can~·on near Ravenna, north side of San 
el Mountains. 

eistoce.ne Rocks. The most remarkable stratigraphic feature of 
rransverse Range province is the existence of 4,000 to 5,000 feet 
tarine Pleistocene strata in the central Ventura basin. These 

have been folded along with the conformably underlying 
:ene section (fig. 1), so that they now show dips of 20 to 75 
~es. They contain both vertebrate and invertebrate fossils of 
tocene age, and more than 90 percent of the abundant molluscan 
es among the marine fossils are living today. The basal Pleisto .. 
unit (upper part of Santa Barbara formation) consists mainly 
udstone. It is overlain by an alternation of near .. shore soft 
;, silts, and gravels. The upper third of the section is mostly 
1arine, the marine basin having been filled by the time these 
were laid down. 
least 2,000 feet of folded lower Pleistocene beds of similar 

ogy is present in the Los Angeles basin. Resting with strong 
.ar unconformity on the lower Pleistocene San Pedro formation 
:>rizontal to slightly tilted sands, gravels, and silts that contain 
· Pleistocene land vertebrates (Rancho La Brea beds and ter .. 
ieposits). This great unconformity, which shows angular dis .. 
nces of 30 to 60 degrees, commonly marks the major Coast 
! orogeny during which the Ventura anticline, 3 miles north 
ntura (fig. 1), was folded up far above sea level. In the Los 

~ 
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FIGURE 6. Interlayered aplite, pegmatite, and coarse-grained granodiorite. 

l\Iill Creek, western San Gabriel Mountains. 

,_, 

Angeles basin several important domal anticlines, on which some of 
the most prolific oil fields in the State have been developed, were 
formed or were emphasized at this time. 

The effects of this mid-Pleistocene -0rogeny were widespread, and 
included intense folding and uplift in all of the older Transverse 
Ranges, such as the Santa Ynez, Topatopa, San Gabriel, San Ber
nardino, and Santa Monica Mountains, and in the intra-basin ranges, 
such as Red Mountain, South Mountain .. Oak Ridge, Santa Susana 
Mountains, San Jose· Hills, and Puente Hills. Great thrusts and steep 
reverse faults, with maximum displacements of 10,000 to more than 
15,000 feet, were developed in the Ventura basin and along its 
margins. These include the Santa Ynez, Big Pine, Simi, Holser, and 
San Gabriel reverse faults, and the Red Mountain, San Cayetano, 
Oak Ridge, and Santa Susana thrusts (pl. 4). Faults with steep dips, 
northeast and northwest strikes, and large components of lateral 
(strike-slip) movement developed in the Santa Barbara region, and 
much larger lateral movements occurred along the San Gabriel fault, 
along the Whittier and Inglewood faults in the Los Angeles basin, 
and along the San Andreas and associated faults. 

STRUCTURE 

General Relations. Structurally the Transverse Range province 
consists of (1) a series of predominantly east-trending, generally 

steep .. sided folds, many of which are broken along their axes or on 
one or both flanks by compressional faults or thrusts, and (2) large 
blocks and numerous smaller slices that are bounded mainly by 
reverse faults or by faults that dip very steeply and have large 
strike-slip components of movement. Folding either is dominant over 
faulting or is of equal importance in the basinal areas and in the 
western ranges that consist predominantly of sedimentary rocks. 
In contrast, the eastern ranges, in which crystalline basement rocks 
prevail, are characterized by marginal faults that converge down .. 
ward beneath the upthrown mountain blocks. The great San Andreas 
fault, which generally trends northwest along its 640 .. mile course in 
California, bends to a more westerly trend in the 180-mile segment 
that slices obliquely across the Transverse Range province. 

Santa Ynez Mountains. The relatively low and broad western 
part of the Santa Ynez Mountains is a considerably faulted anti .. 
clinorium that is bordered on the north by the broad syncline of 
the lower Santa Ynez Valley. For most of its length farther east, 
the range is a steeply southward dipping homocline of Cretaceous 
to Miocene strata that have been tilted up along the Santa Ynez 
fault zone. This fault generally dips steeply south, and the rocks 
on its south side have been upthrown from 5,000 to 10,000 feet. It lies 
near the base of the north side 'Of the range and is bordered on the 
north for many miles by the synclinorial graben of the upper Santa 
Ynez Valley. 

The Santa Ynez fault commonly occupies the position of the axial 
plane of a sharp anticline, and hence the crest of the range is on the 
south limb of this ruptured fold. For a distance of a few miles, the 
range is a rather open anticline whose north flank is cut by the Santa 
Ynez fault, which locally dips gently to the south. Between Santa 
Barbara and Carpinteria, as well as in the vicinity of Ojai, the 
Eocene and Oligocene strata that form the mountain mass are over .. 
turned and dip north at angles as low as 50 degrees. Where the 
northwest .. trending San Rafael Mountains butt against the east
trending Santa Ynez Mountains, the net slip of the Santa Ynez fault 
has been oblique, the north side apparently having moved downward 
and westward. Possible transverse arching in the Santa Ynez Moun
tains may reflect a southward continuation of the San Rafael uplift. 

Topatopa Mountains. The eastern Santa Ynez Mountains and 
their eastern continuation, the Topatopa Mountains, broaden into a 
complex faulted anticlinorium, and are separated from the higher 
Pine Mountain .. Frazier Mountain ranges on the north by a narrow 
synclinal graben along upper Sespe Creek. The southern margin of 
the Topatopa Mountains is generally overturned between the San 
Cayetano thrust and the axis of a recumbent anticline or group of 
anticlines that is parallel to the thrust a short distance to the north. 
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Conglomerate, arkosic sandstone, and interbedded finer-grained rocks in the upper drainage of Cajon Creek, between the San Gabriel and San Bernardino 

Mountains. These nonmarine strata are of late Miocene age. Photo courte~y of Walter H. Thrall, Jr. 
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The thrust extends eastward from the area northeast of Ojai to 
point a few miles beyond Piru, and lies along the base of the hil 
that border the Santa Clara River valley on the north. It dips 15 1 
50 degrees northward, and possibly has a maximum dip-slip displac· 
ment of 20,000 feet. 

As the north side of the Topatopa Mountains is bounded by tl 
generally south-dipping Santa Ynez fault, this range is structural 
a flat-topped or gently folded horst with steeply dipping to ove 
turned margins. The Piru Mountains, the eastern continuation of tl 
Topatopa Mountains between lower Sespe Creek and the San Gabri 
fault northwest of Castaic, are a gently folded, eastward plungii 
anticlinorium in Miocene and Pliocene rocks that are closely fold1 
near Hopper Mountain and Piru Creek. The San Cayetano thru 
dies out a few miles east of Piru, and from Piru eastward the steep 
south-dipping Bolser fault is the principal exponent of crustal sho1 
ening. This fault is upthrown on the south, with displacements 
2,000 to 5,000 feet, and its sense of movement is opposite to that 
the San Cayetano thrust. 

The eastern boundary of the Topatopa Mountains is the essential 
vertical San Gabriel fault. The north or northeast side of this bre 
is upthrown in the western San Gabriel Mountains, but farth 
northwest, beyond Castaic, it is downthrown. Several lines of e 
dence indicate a strike-slip (right lateral) movement of at lei 
several miles along this northwest part of the San Gabriel fa1 
(see Crowell, Contribution No. 6, Chapter IV). 

Ventura Basin. The Ventura basin is a highly folded syn< 
norium that contains a maximum of about 50,000 feet of Tertia 
and Quaternary strata, and possibly as much as 8,000 feet of C 
taceous strata. The synclinorium is ·broken by a number of la1 
thrusts or reverse faults, some of which dip south and others nor 
Except for its northern margin, the western half of the basin 
submerged beneath the Santa Barbara Channel. Most of the lar1 
interior valleys, such as Ojai Valley, Simi Valley, and the Sa1 
Clara River Valley above Saticoy, are synclinal, and the intra-ha 
ranges of hills or mountains, such as Red Mountain, South Mounta 
Oak Ridge, and the Camarillo-Las Posas Hills, are anticlinal. 1 
most extensive lowland area, the Oxnard Plain, is gently folded 1 
considerably faulted beneath its thick alluvial cover. 

The central part of the Ventura basin has been subjected to dir 
north-south compression, resulting in overturning of beds and 
development of thrusts or reverse faults on one or both flanks 
many of the anticlinal ranges. The Santa Clara and Ojai Vall 
are deep fan synclines with both limbs overturned, and the lir 
are broken by thrusts that represent movements toward the vall 
from both sides (fig. 8). Although Oak Ridge and the Santa Susi 
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The thrust extends eastward from the area northeast of Ojai to a 
point a few miles beyond Piru, and lies along the base of the hills 
that border the Santa Clara River valley on the north. It dips 15 to 
50 degrees northward, and possibly has a maximum dip-slip displace
ment of 20,000 feet. 

.As the north side of the Topatopa Mountains is bounded by the 
generally south-dipping Santa Ynez fault, this range is structurally 
a :flat-topped or gently folded horst with steeply dipping to over
turned margins. The Piru Mountains, the eastern continuation of the 
Topatopa Mountains between lower Sespe Creek and the San Gabriel 
fault northwest of Castaic, are a gently folded, eastward plunging 
anticlinorium in Miocene and Pliocene rocks that are closely folded 
near Hopper Mountain and Piru Creek. The San Cayetano thrust 
dies out a few miles east of Piru, and from Piru eastward the steeply 
south-dipping Holser fault is the principal exponent of crustal short
ening. This fault is upthrown on the south, with displacements of 
2,000 to 5,000 feet, and its sense of movement is opposite to that of 
the San Cayetano thrust. 

The eastern boundary of the Topatopa Mountains is the essentially 
vertical San Gabriel fault. The north or northeast side of this break 
is upthrown in the western San Gabriel Mountains, but farther 
northwest, beyond Castaic, it is downthrown. Several lines of evi
dence indicate a strike-slip (right lateral) movement of at least 
several miles along this northwest part of the San Gabriel fault 
(see Crowell, Contribution No. 6, Chapter IV). 

Ventura Basin. The Ventura basin is a highly folded syncli
norium that contains a maximum of about 50,000 feet of Tertiary 
and Quaternary strata, and possibly as much as 8,000 feet of Cre
taceous strata. The synclinorium is broken by a number of large 
thrusts or reverse faults, some of which dip south and others north. 
Except for its northern margin, the western half of the basin is 
submerged beneath the Santa Barbara Channel. Most of the larger 
interior valleys, such as Ojai Valley, Simi Valley, and the Santa 
Clara River Valley above Saticoy, are synclinal, and the intra-basin 
ranges of hills or mountains, such as Red Mountain, South Mountain
Oak Ridge, and the Camarillo-Las Posas Hills, are anticlinal. The 
most extensive lowland area, the Oxnard Plain, is gently folded but 
considerably faulted beneath its thick alluvial cover. 

The central part of the Ventura basin has been subjected to direct 
north-south compression, resulting in overturning of beds and the 
development of thrusts or reverse faults on one or both flanks of 
many of the anticlinal ranges. The Santa Clara and Ojai Valleys 
are deep fan synclines with both limbs overturned, and the limbs 
are broken by thrusts that represent movements toward the valleys 
from both sides (fig. 8) . .Although Oak Ridge and the Santa Susana 

Mountains are parts of the same anticlinal uplift, Oak Ridge has 
been thrust northward along the south-dipping Oak Ridge fault, 
whereas the Santa Susana Mountains farther east have been thrust 
southward along the Santa Susana thrust, which dips northward at 
low angles . 

The Ventura .A venue oil field and several other good fields farther 
west are located on the 16-mile long Ventura anticline, the axis of 
which lies 3 miles north of Ventura (fig. 1). This anticline has fairly 
regular limbs that dip at angles of 40 to 50 degrees, but it is severely 
broken by thrusting, toward both the north and the south, in the 
subsurface Pliocene beds. These thrusts die out surfaceward into 
zones of steep dips. 

The northwest margin of the Ventura basin includes the southern 
foothills of the Santa Ynez Mountains and the narrow coastal plain 
and hills around Santa Barbara, Goleta, and Carpinteria (fig. 9). 
The foothill belt is a south-dipping homocline that is interrupted by 
a few anticlines and synclines and is cut by many nearly vertical 
faults. These intersecting faults trend northeast and northwest, have 
had oblique-slip movements, and commonly show displacements of 
a few hundred to a few thousand feet. Santa Barbara and Goleta 
lie in alluviated valleys that are synclinal grabens, and the Carpin
teria alluvial plain is structurally a syncline in Oligocene to lower 
Pleistocene strata that is cut by faults south of the axis. 

The east end of the Ventura basin is a series of closely space 
anticlines and synclines (fig. 10) whose moderately to steeply dip
ping flanks are broken by the Holser reverse fault. They are cut off 
diagonally by the San Gabriel fault. Oil fields, surprisingly numer
ous for such a small area, are present in the vicinity of Piru, New
hall, Castaic, and Saugus. Most of these are on domal anticlines or 
faulted anticlines, but some represent stratigraphic traps on the 
:flanks or plunging noses of anticlines. 

Channel Islands and Santa Monica Mountains. The two largest 
Channel Islands, Santa Cruz and Santa Rosa, are essentially anti
clines that are cut by large east-trending faults along or near their 
axes . .A few smaller faults and folds also are present. The principal 
faults apparently are oblique-slip features, their north sides having 
moved downward and westward. The sedimentary and volcanic rocks 
on San Miguel and .Anacapa Islands have generally northeast and 
north dips. On San Miguel Island they are cut by several nearly 
vertical faults that strike northwest. The entire Channel Island 
chain is a faulted anticlinal uplift, and represents the westerly 
continuation of the Santa Monica Mountains. 

The Santa Monica Mountains are essentially a broad anticline 
that has been extensively intruded by sills, chonoliths, and dikes 
of diabase and basalt, and has been severely ruptured by steep 
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EXP L ANATION 

Ool, alluvium; Ot, terroce grovels; Oap, San Pedro formation (cloy, sand, grovel); Ofc, Fox Canyon lormahon (Sandstone, con;lornerott); Psb,. Santo Barbaro format ion Cmudstone); Pp, Pico formatiot!i jsand11tone, •hole, COl"IQlomerote); Pr, Repetto formation (sand1ton1, shale, conglomerate); Msm, Santa 

MarQCll'ito formation (shale, ff'lin tondstone); Mm, Monte~ formation (shale, chert, diatomite); Mr, Rincon fOt"mation (shalt, mudstoneJ; Mv, Vaqueros formation {sandstone, shale); Tsp, Supe forrn ot kn tmairily rRCI bflht; £11
1 

Uojos formation (shale, silty sandstone>; EH, Santo Susono formation (shale); 

Emz, Mortinez formatlOll (sandstone, COnlillomerote, shale); Ee, Coldwater formation (tondstone); Ecd, Cozy o.11 formation (block shale, sandstone), EmJ, Motilijo formation (sond1ton1
1 

grit >; Eef, Ectio Fells formoth:1n (block shale); Elt, Topotopo formation {Eltu, upper wtute spotted gr.enish sand

stone; Ettm, middle white Qrit; Ettl, lower thin-bedded Qrffn11h sandstone); E•, Sl sor formotion (block shale), Ew, Wheeler formati on t tondstonet, Kc, Chico format ion (stmle, sandstone). 

FIGURE 8. Structure section across n part of the Ventura basin, showing the remarkable thickness of Pliocene strata and the pattern of 
opposed reverse-fault movements on opposite sides of the Santa Clara River Valley. 

oblique faults or cross faults, several of which appear to be tensional 
in nature. One large strike fault, the Malibu fault, trends approxi
mately paralle~ to the coast for many miles west from Santa Monica. 
This is a steeply north-dipping reverse fault with a few thousand 
feet of displacement. The general plunge of the main anticline of 
the range is westerly, so that basement rocks are extensively exposed 
at the east end. 

San Fernando Valley. The San Fernando Valley is a faulted 
synclinorium in Miocene and Pliocene sediments, and is structurally 
deepest toward the north side of the valley. Its northern margin 
is ruptured by the Santa Susana thrust zone, which dips northward 
at low to moderate angles. The north, or hanging-wall block has 
moved upward and southward 5,000 to 10,000 feet relative to the 
lower block. On the northwest border of the valley are the Simi 

Hills, which probably are anticlinal. The inferred anticline is in 
Cretaceous rocks, and its axial portion is overlapped by south-dip
ping Miocene strata. 

Pine Mountain-Frazier Mountain Area. Pine Mountain is a large 
anticlinal ridge of Eocene sandstone between the steeply north
dipping Pine Mountain reverse fault on the south and the vertical 
strike-slip (left lateral) Big Pine fault on the north. Lockwood Val
ley is a dish-shaped syncline, filled mostly with continental sedi
ments, that lies between the high granitic mountains, Mount Pinos 
and Frazier Mountain, on the north and east, and the Pine Mountain 
anticline on the south. The south side of Frazier Mountain is marked 
by a north-dipping low-angle thrust fault that is a major element 
in the structurally complex area of junction between the San An
dreas and Garlock fault zones. The thrusting was largely Pleistocene 

, 

11 

Chapt. II] TRANSVERSE RANGE Pli 

FIGURE 9. The Elwood oil field west of Santa Barbara, showing the n 
kelp to certain beds exposed on the sea floor shows evidence of offshore (we 
graben valley in right distance. Photo by Erickson, 1929. 
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:ms, which probably are anticlinal. The inferred anticline is in 
retaceous rocks, and its axial portion is overlapped by south-dip
mg Miocene strata. 

Pine Mountain-Frazier Mountain Area. Pine Mountain is a large 
iticlinal ridge of Eocene sandstone between the steeply north
.pping Pine Mountain reverse fault on the south and the vertical 
rike-slip (left lateral) Big Pine fault on the north. Lockwood Val
y is a dish-shaped syncline, filled mostly with continental sedi
ents, that lies between the high granitic mountains, Mount Pinos 
id Frazier Mountain, on the north and east, and the Pine Mountain 
iticline on the south. The south side of Frazier Mountain is marked 
r a north-dipping low-angle thrust fault that is a major element 

the structurally complex area of junction between the San An
~eas and Garlock fault zones. The thrusting was largely Pleistocene 
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FIGURE 9. The Elwood oil field west of Santa Barbara, showing the narrow coastal plain that flanks the Santa Ynez Mountains. Preferential attachment of 
kelp to certain beds exposed on the sea floor shows evidence of offshore (westerly) closure of anticline. Goleta Point is at extreme right, and Santa Barbara lies in 
graben valley in right distance. Photo by Erickson, 1929. 

" 
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FIGURE 10. 
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Typical exposures of the Saugus formation in the eastern Ventura basin, about 7 miles west of Saugus. These nonmarine strata, of late Pliocene ancl 
early Pleistocene age, are here broadly folded. Axial traces of two folds are shown by the dashed lines. Pacific Air Industries photo. 
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in age, and the t~rust plane has been sharply folded (Crowell, 19f 

p. 1644). 

Liebre Mountains and Sierra Pelona. The Liebre Mountains a: 
Sierra Pelona constitute a structurally high mass of crystalli 
basement rocks into which a narrow wedge of lower Tertiary str~ 
has been dropped between the Clearwater-Bouquet Canyon fa· 
zone and the San Francisquito Canyon fault (pl. 4). These a 
several other breaks within the ranges are moderately to stee1 
dipping reverse faults that appear to reflect north-south compressi1 
Some of them have been essentially inactive since early MiocE 
time, whereas others cut strata as young as Pliocene in adjaet 
basin areas. 

The Sierra Pelona consists almost wholly of Pelona schist t l 
has been folded into a broad anticline whose axis plunges gen 
west-southwest. The Tertiary strata in the fault-bounded wedge t' 
lies immed_iately north of the western Sierra Pelona have been mi 
more tightly compressed into numerous folds, several of which 
overturned toward the south. The older rocks of the western Lie 
Mountains have been thrust southwestward over upper Terti 
strata of the Ridge basin along the Liebre fault zone. Both 
Liebre Mountains and the Sierra Pelona are cut off on the northE 
by the San Andreas fault zone. 

Ridge Basin and Soledad Basin. The Ridge basin is a narrow : 
very deep structural trough whose ·filling of upper Tertiary s, 
ments has been compressed into numerous open folds. The axei 
most of these folds plunge gently northwest. The lower part of 
sedimentary section is cut by faults that die out upward into zc 

• of flexure. These same faults show much larger offsets in the o: 
rocks that appear along the margins of the basin. 

Concomitant deposition and deformation in earlier Tertiary 1 
is attested by many of the rocks and structural features of 
Soledad basin, which is an open syncline with locally wrinkled fl~ 
and a prevailingly westerly plunge. Strata of probable Oligrn 
age are faulted against basement rocks (fig. 11), both within 

;;. 

basin and along its margins, but in some places they lie with de1 
tional contact upon these older rocks. Locally the strata have 1 
tightly folded, and in a few areas they form thick homoclines · 
essentially vertical dip. The Soledad fault, which separates the o 
part of the basin section from the crystalline rocks of the 
Gabriel Mountains to the south (fig. 11), and the Pelona f: 
which bounds a part of the basin on the north, are unusual for 
region in that their displacement has been chiefly dip-slip 
normal, rather than reverse, in nature. 
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in age, and the t~rust plane has been sharply folded (Crowell, 1950, 
p. 1644). 

Liebre Mountains and Sierra Pelona. The Liebre Mountains and 
Sierra Pelona constitute a structurally high mass of crystalline 
basement rocks into which a narrow wedge of lower Tertiary strata 
has been dropped between the Clearwater-Bouquet Canyon fault 
zone and the San Francisquito Canyon fault (pl. 4). These and 
several other breaks within the ranges are moderately to steeply 
dipping reverse faults that appear to reflect north-south compression. 
Some of them have been essentially inactive since early Miocene 
time, whereas others cut strata as young as Pliocene in adjacent 
basin areas. 

The Sierra Pelona consists almost wholly of Pelona schist that 
has been folded into a broad anticline whose axis plunges gently 
west-southwest. The Tertiary strata in the fault-bounded wedge that 
lies immediately north of the western Sierra Pelona have been much 
more tightly compressed into numerous folds, several of which are 
overturned toward the south. The older rocks of the western Liebre 
Mountains have been thrust southwestward over upper Tertiary 
strata of the Ridge basin along the Liebre fault zone. Both the 
Liebre Mountains and the Sierra Pelona are cut off on the northeast 
by the San Andreas fault zone. 

Ridge Basin and Soledad Basin. '!'he Ridge basin is a narrow and 
very deep structural trough whose :filling of upper Tertiary sedi
ments has been compressed into numerous open folds. The axes of 
most of these folds plunge gently northwest. The lower part of the 
sedimentary section is cut by faults that die out upward into zones 
of flexure. These same faults show much larger offsets in the older 
rocks that appear along the margins of the basin. 

Concomitant deposition and deformation in earlier Tertiary time 
is attested by many of the rocks and structural features of the 
Soledad basin, which is an open syncline with locally wrinkled flanks 
and a prevailingly westerly plunge. Strata of probable Oligocene 
age are faulted against basement rocks (:fig. 11), both within the 
basin and along its margins, but in some places they lie with deposi
tional contact upon these older rocks. Locally the strata have been 
tightly folded, and in a few areas they form thick homoclines with 
essentially vertical dip. The Soledad fault, which separates the older 
part of the basin section from the crystalline rocks of the San 
Gabriel Mountains to the south (fig. 11), and the Pelona fault, 
which bounds a part of the basin on the north, are unusual for this 
region in that their displacement has been chiefly dip-slip and 
normal, rather than reverse, in nature . 

The lower Miocene and younger strata of the basin also have a 
broadly synclinal structure, but they have been considerably less 
deformed in detail. They cover many of the earlier faults, including 
the Soledad and Pelona, but are displaced, generally 500 feet or 
less, by other faults. They are truncated on the west and southwest 
by the San Gabriel fault. 

San Gabriel Mountains. The San Gabriel Mountains can be re
garded as a gigantic horst, lens-like in plan, that is transected by 
countless fault, shear, and shatter zones. Indeed, no other large mass 
of crystalline rocks in southern California has been so thoroughly 
fractured on such a wide variety of scales. Nearly all of the rocks 
attest to one or more episodes of severe deformation, including 
mylonitization in several areas, and some of the igneous rocks, like 
the gabbroic types in the western part of the range, were pervasively 
deformed during late stages in their crystallization. 

The oldest major fault that has been recognized within the range 
is the Vincent thrust fault, which is marked by a southward and 
southwestward dipping zone of shear planes and mylonitic rocks 
whose sinuous trace is plainly exposed on the north side of San 
Antonio Peak and the high ridges to the west (pl. 4). This break 
appears to represent northward thrusting of plutonic rocks over the 
Pelona schist. It cannot be younger than Mesozoic, as it is cut by the 
youngest intrusive rocks of the late Mesozoic igneous complex (see 
Noble, Contribution No. 5, Chapter IV). 

The younger San Gabriel fault zone traverses the entire range in 
an essentially east-west direction, and its trace lies 3 to 8 miles north 
of the mountain front. The steeply dipping and closely spaced breaks 
in this zone have strongly influenced the pattern of major drainage, 
and are largely responsible for the linear pattern of the West Fork 
and East Fork of the San Gabriel River (fig. 12). Movement on them 
has been dominantly strike-slip in areas northwest of the range, but 
little is known of the magnitude or direction of their aggregate net 
slip within the range. The fault zone appears to be offset along cross 
faults in upper San Antonio Canyon, and its eastern segment butts 
against the San Jacinto fault zone in the vicinity of Lytle Creek, 
southeast of San Antonio Peak. 

The range is bounded on the north by the Soledad fault, a normal 
fault that appears to have been relatively inactive during late Ter
tiary and Quaternary time, and by the San Andreas fault, an essen
tially vertical strike-slip (right lateral) fault that has ·remained very 
active to the present time. The San Jacinto fault, another major 
break, traverses some of the high country in the northeastern part 
of the range. It is roughly parallel to the San Andreas fault, and 
these two master breaks, which are 2 to 4 miles apart in most places, 
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FIGURE 11. Trace of the Soledad fault on the north side of SolMad Canyon. Light-colored anorthosite and associated rocks of the San Gabriel 
Mountains are in the foreground, and conglomerate and arkosic s:mdstone of Tertiary age appear beyond the fault in tbe distance. 
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FIGURE 12. Trace of main break of the San Gabriel fault (d~ 
Mount Wilson (MW) and the Red Box divide (RB). This terra 
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. Light-colored anorthosite and associated rocks of the San Gabriel 
tone of Tertiary age appear beyond the fault in the distance. 

Chapt. II] TRANSVERSE RANGE PROVINCE-BAILEY AND JAHNS 

RB 

FIGURE 12. Trace of main break of the San Gabriel fault (dashed line) along West Fork of the San Gabriel River; view west toward 
Mount "'ilson (l\1'V) and the Red Box divide (RB). This terrain is trpical of the western San Gabriel Mountains. Photo courtesy Fairchild 
Aerial Surveys, Inc. 
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FIGURE 13. The western part of the San Bernardino Mountains; view north into the Mojave Desert region. Cajon Creek is at left, and Cajon Pass is immediately 
beneath and to left of + mark in center of view. The trace of the San Andreas fault is plainly shown by the aligned saddles, low ridges, and contrasts in vegetation 
across the foreground. The ridge in foreground at left is mainly Pelona schist, the mountains immediately beyond the San Andreas fault are mainly gneiss and 
migmatite, and the ridges farther on are Cactus granite. Photo courtesy Fairchild Aerial Surveys, Inc. 
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bound an elongate tectonic belt of extreme structural compl 
(Noble, Contribution No. 5, Chapter IV). 

The south face of the range, which is one of the most impr• 
scarps in southern California (fig. 2) , is defined by the Sierra l\ 
fault zone, a complex group of branching and en-echelon J 

whose prevailing dip is northward beneath the mountains. Indh 
dips range from steeply south to moderately north, and the dip · 
tion of some of the faults, as traced along their strike, changes 
and forth through the vertical. Movement on most of the breal 
been primarily dip slip in nature. The fault zone involves blo• 
Miocene sedimentary and volcanic rocks north and east of Azus; 
larger blocks of Miocene and younger rocks farther west, in th1 
between San Fernando and Big Tujunga Creek (pl. 4). 
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1e Mojave Desert region. Cajon Creek is at left, and Cajon Pnss is immediately 
s plainly shown by the aligned saddles, low ridges, and contrasts in vegetation 
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San. C~o Ntn.., 11Jfll!l I Wh<tewala San. t:orgcnto Can. L.ittle. Gwr70nio PA:.. 

Pin• Ben&h I .Burro Flat 

San Andrea.s 
fault 

Raywood Flat Jump-of. 

Ba.nn.~ng fault 

Kitchin9 ,.Plc.., 6607 Stt.1.bb,x azn.. 
.Ory Lalt.8 Whitewate1" Can. Musi.on Cr 

FIGURE 14. The San Bernardino Mountains; view north across San Gorgonio Pass. The traces of the San Andreas and Banning faults, where visible in this 
view, are shown by black lines. Many other faults are present, but are not delineated. Rocks beyond the Banning fault in center and at right are mainly 
gneissic types; those between the fanlt and the floor of the pass are mainly nonmarine strata of late Tertiary and Quaternary age. Photo and diagramming 
courtesy of Clarence R. Allen. 

bound an elongate tectonic belt of extreme structural complexity 
(Noble, Contribution No. 5, Chapter IV). 

The south face of the range, which is one of the most impressive 
scarps in southern California (fig. 2), is defined by the Sierra Madre 
fault zone, a complex group of branching and en-echelon faults 
whose prevailing dip is northward beneath the mountains. Individual 
dips range from steeply south to moderately north, and the dip direc
tion of some of the faults, as traced along their strike, changes back 
and forth through the vertical. Movement on most of the breaks has 
been primarily dip slip in nature. The fault zone involves blocks of 
Miocene sedimentary and volcanic rocks north and east of Azusa, and 
larger blocks of Miocene and younger rocks farther west, in the area 
between San Fernando and Big Tujunga Creek (pl. 4). 

Transverse upwarping of the range during Quaternary time is sug
gested by the longitudinal profiles of major elements within the San 
Andreas-San Jacinto tectonic belt (Noble, 1927, p. 32), and locally 
by the distribution and attitude of upper Tertiary and Quaternary 
sedimentary strata that locally veneer both margins of the range. A 
north-trending axis of broad upw.arping may well be marked by the 
high country that includes Blue Ridge, San. Antonio Peak, and 
Ontario Peak. Similar, though more local and intense, warping of 
crystalline rocks must have taken place in several other parts of the 
range, where such rocks lie immediately beneath pronounced folds in 
Tertiary and Quaternary strata. 

San Bernardino Mountains. The San Bernardino Mountains are 
similar to the San Gabriel Mountains in many structural respects, 
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although their rocks have been considerably less sheared and shat
tered in detail. The range has been uplifted along the San Andreas 
and Banning faults on the south (figs. 13, 14) and along several 
steeply dipping reverse faults on the north. Within the northern part 
of the range are several thrust faults that dip southward and south
westward at low to moderate angles (Woodford and Harriss, 1928; 
Guillou, 1953); some of these may be of the same general age as the 
Vincent thrust fault in the San Gabriel Mountains. 

The western part of the range is sliced by numerous subparallel 
reverse faults-that trend west-northwest and dip northward at mod
erate to very steep angles. Many of them either butt against or merge 
into the San Andreas fault zone. Patches of Tertiary sedimentary 
rocks are preserved along several of these breaks. The Arrowhead 
Springs and Mill Creek faults diverge northward from the San 
Andreas fault near San Bernardino, and both breaks are marginal 
to thin slices and much larger and broader blocks of Tertiary and 
Quaternary strata. The Mill Creek fault traverses the highest part of 
the range farther east, beyond which area its general trend is con
tinued in the form of the Mission Creek fault, which extends south
eastward into Coachella Valley. The two faults almost join in an area 
that is complicated by the Pinto Mountain fault zone, which extends 
eastward from the range into the desert region north of the Little 
San Bernardino Mountains. 

The southeastern part of the San Bernardino Mountains is marked 
by a complex network of faults, particularly in the San Gorgonio 
. Pass area (fig. 14). As pointed out by Allen (see San Gorgonio Pass 
Map Sheet, this volume), the San Andreas fault in this area is dis
tinguished by several unusual features, among which are absence of 
typical rift topography along much of its presumed trace, absence of 
horizontal stream offsets, an abrupt major change in trend of the 
fault, absence of intense historic earthquake activity associated with 
the fault zone, and evidence of thrusting rather than strike-slip 
movements during Quaternary time. The relationships among the 
faults in the pass area are extremely complicated, particularly in 
terms of their respective periods of movement, and reconciling the 
unusual features of this zone with those of the San Andreas fault 
zone farther northwest constitutes one of the most provocative struc
tural problems in southern California. 

ECONOMIC FEATURES 

The major current economic assets of the Transverse Range prov
ince are assuredly liquid. Impressive accumulations of petroleum 
have been found in many of the western ranges and basin areas, and 
the long-continued search for additional reserves has contributed 
much to the present understanding of stratigraphic and structural 

complexities in these areas. Many of the occurrences of oil and gas 
have been noted in previous paragraphs, and more detailed discus
sions appear in Chapter IX of this volume. 

Perhaps even more important to the economy of southern Cali
fornia are the water resources of the province. In particular, the 
concentrations of ground-water in certain strata (mainly Pleisto
cene) of the Ventura basin and basins that lie adjacent to the San 
Gabriel and San Bernardino Mountains have played a vital part in 
the development of the region. Doubtless these resources will continue 
to be important in the future, even though they are far from ade
quate in terms of demands in the more densely populated and indus
trialized areas. Some of the specific problems and features of water 
occurrence are discussed in Chapter VI of this volume, and the oc
currence of mineral deposits is discussed in Chapter VIII. 

Among the nonmetallic mineral resources of the Transverse Range 
province, sand, gravel, diatomite, and gypsum have been most im
portant commercially. More than half of the sand and gravel pro
duced in the State has been obtained in this province from alluvial 
deposits of Quaternary age, especially along the southern margin 
of the San Gabriel Mountains. Placer gold has been recovered as a 
byproduct from deposits near Azusa. At Ventura lower Pleistocene 
mudstones are quarried, crushed, and fused in furnaces to form 
glass-like pellets that are widely used as a light-weight aggregate. 
Diatomite of moderate to high grade is widely distributed in Miocene 
and Pliocene marine strata in the western half of the province, par
ticularly in the Santa Ynez Mountains, Purisima Hills, and Santa 
Rita Hills. It is most abundant in the lower part of the Sisquoc for
mation (Dibblee, 1950, pp. 75-79), and the largest known com
mercial deposit of diatomite in the world constitutes about 1,000 
feet of this formation in the northern foothills of the Santa Ynez 
Mountains near Lompoc. 

Bedded gypsum has been mined from a nonmarine section of 
Miocene age in the upper Cuyama River basin of northwestern Ven
tura County, and gypsite has been obtained from the outcrops of 
these strata. Gypsite also has been mined from the outcrops of 
Oligocene ( ?) gypsiferous siltstones in the eastern part of the Sole
dad basin. Colemanite and other borate minerals were mined years 
ago from Oligocene ( ?) lake beds in the Soledad basin, and from 
similar beds in the Lockwood Valley area of northeastern Ventura 
County. • 

Concentrations of graphite occur in the metamorphic rocks of the 
Sierra Pelona, the Verdugo Hills, and the San Gabriel Mountains 
(Beverly, 1934), and numerous small deposits have been mined or 
prospected. Stone for flagging and other decorative uses has been 
quarried from certain parts of the Pelona schist. Some of the other 
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pre-Cretaceous terranes contain large reserves of limestone, es] 
cially in the San Bernardino Mountains, and both limestone a 
gypsum are present in some of the desert ranges to the east. A lit 
feldspar and mica has been obtained from pegmatite deposits in 1 

San Gabriel Mountains, San Bernardino Mountains, and the Fraz 

Mountain area. 
Among the metals, large quantities of magnetite and hematite 

being mined from extensive contact-metamorphic deposits in 
Eagle Mountains, whence they are shipped to blast furnaces 
Fontana, west of San Bernardino. The ore was formed by reph 
ment of calcareous strata of Paleozoic or earlier age (Harder, 19 
Hadley, 1948). Large deposits of ilmenite and titaniferous magne 
are present in the western San Gabriel Mountains, where they 
associated with anorthosite and other gabbroic rocks (Moorho1 
1938; Oakeshott, 1948). These minerals also are concentrated 
numerous Recent stream deposits, and several small placer accum1 
tions have been worked commercially. Gold-bearing veins and ph 
deposits have been mined, generally on a small scale, at m 
localities in the San Gabriel, San Bernardino, and Little San 1 
nardino Mountains, as well as in parts of the basins and wes1 
ranges where basement rocks are exposed. The combined produc 
from these operations has been surpris~ngly large. 
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mplexities in these areas. Many of the occurrences of oil and gas 
.ve been noted in previous paragraphs, and more detailed discus
ms appear in Chapter IX of this volume. 
Perhaps even more important to the economy of southern Cali
rnia are the water resources of the province. In particular, the 
ncentrations of ground-water in certain strata (mainly Pleisto
ne) of the Ventura basin and basins that lie adjacent to the San 
tbriel and San Bernardino Mountains have played a vital part in 
e development of the region. Doubtless these resources will continue 
be important in the future, even though they are far from ade
ate in terms of demands in the more densely populated and indus
.alized areas. Some of the specific problems and features of water 
~urrence are discussed in Chapter VI of this volume, and the oc
rrence of mineral deposits is discussed in Chapter VIII. 
Among the nonmetallic mineral resources of the Transverse Range 
ovince, sand, gravel, diatomite, and gypsum have been most im
rtant commercially. More than half of the sand apd gravel pro
ced in the State has been obtained in this province from alluvial 
posits of Quaternary age, especially along the southern margin 
the San Gabriel Mountains. Placer gold has been recovered as a 
product from deposits near Azusa. At Ventura lower Pleistocene 
idstones are quarried, crushed, and fused in furnaces to form 
tss-like pellets that are widely used as a light-weight aggregate. 
atomite of moderate to high grade is widely distributed in Miocene 
d Pliocene marine strata in the western half of the province, par
ularly in the Santa Ynez Mountains, Purisima Hills, and Santa 
ta Hills. It is most abundant in the lower part of the Sisquoc for
Ltion (Dibblee, 1950, pp. 75-79), and the largest known com
·rcial deposit of diatomite in the world constitutes about 1,000 
•t of this formation in the northern foothills of the Santa Ynez 
mntains near Lompoc. 

Bedd-ed gypsum has been mined from a nonmarine section of 
ocene age in the upper Cuyama River basin of northwestern Ven
~a County, and gypsite has been obtained from the outcrops of 
'Se strata. Gypsite also has been mined from th<' outcrops of 
igocene ( Y) gypsiferous siltstones in the eastern part of the Sole
:l basin. Colemanite and other borate minerals were mined ~·ears 
) from Oligocene ( ? ) lake beds in the Soledad basin, and from 
1ilar beds in the Lockwood Valley area of northeastern ,Ventura 
unty. • 

::Joncentrations of graphite occur in the metamorphic rocks of the 
!rra Pelona, the Verdugo Hills, and the San Gabriel Mountains 
everly, 1934), and numerous small deposits have been mined or 
)Spected. Stone for flagging and other decorative uses has been 
<irried from certain parts of the Pelona schist. Some of the other 
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pre-Cretaceous terranes contain large reserves of limestone, espe
cially in the San Bernardino Mountains, and both limestone and 
gypsum are present in some of the desert ranges to the east. A little 
feldspar and mica has been obtained from pegmatite deposits in the 
San Gabriel Mountains, San Bernardino Mountains, and the Frazier 
Mountain area. 

Among the metals, large quantities of magnetite and hematite are 
being mined from extensive contact-metamorphic deposits in the 
Eagle Mountains, whence they are shipped to blast furnaces at 
Fontana, west of San Bernardino. The ore was formed by replace
ment of calcareous strata of Paleozoic or earlier age (Harder, 1912; 
Hadley, 1948). Large deposits of ilmenite and titaniferous magnetite 
are present in the western San Gabriel Mountains, where they are 
associated with anorthosite and other gabbroic rocks (Moorhouse, 
1938; Oakeshott, 1948). These minerals also are concentrated in 
numerous Recent stream deposits, and several small placer accumula
tions have been worked commercially. Gold-bearing veins and placer 
deposits have been mined, generally on a small scale, at many 
localities in the San Gabriel, San Bernardino, and Little San Ber
nardino Mountains, as well as in parts of the basins and western 
ranges where basement rocks are exposed. The combined production 
from these operations has been surprisingly large. 
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7. GENERAL GEOLOGY OF THE OP 
BY KEN 

Introduction. The submarine area of about 31,000 square mil 
that is bounded by the southern California shoreline, the continen1 
slope, and the 31 ° 30' parallel of latitude is among the best kno' 
sea-floor areas of comparable size in the world. However, even he 
the unknown geology far exceeds the known. Because of the relati 
inaccessibility of the submarine area, each new fact gained is exp1 
sive in terms of both time and effort, and thus it receives more att1 
tion and interpretation than an equivalent new fact of land geolo1 
Care constantly must be exerted to avoid over-exploitation of 1 
facts, and this can be done mainly by judging what is reasona 
in terms of knowledge borrowed from the geology of the adjac1 
land. In turn, the field of submarine geology repays its debt 
furnishing actual measurements of the environments in which se 
ments are being deposited, for use in estimating the environme 
of formations of sedimentary rocks now on land. 

Submarine geology can be divided conveniently into three bi 
fields: physiography, lithology, and sedimentology, in each of wh 
special tools and techniques have been developed. From data of tl 
fields interpretations of structure and geological history can be m~ 

Physiography. In general, the region consists of many blc 
of roughly equal size that bear a close resemblance to the fault blc 
of the Basin Range province in Nevada and eastern California (J 
1, 3). The slopes that bound the blocks are fairly straight and s1 
(5° to 10° average and more than 40° locally), and some termi1 
downward in linear depressions similar to sag ponds. Earthqt 
epicenters 1J.re more frequent on the basin side of these slopes, 1 

gesting that the slopes reflect the presence of normal faults · 
separate horsts and grabens. For convenience the blocks will 
referred to as horsts and grabens though later work may show 
some of them are due to folding rather than to simple block faul1 

Many of the horsts rise to relatively shallow depths beneath 
ocean surface as banks or even rise .above sea level as islands. 
shelves, a quarter of a mile to 15 miles wide, fringe the margin 
the islands and of the mainland. These are the island shelves and 
true continental shelves. Their seaward edges generally are 150 
to 450 feet deep. The tops of shallower banks also are flat, or 
marked by small erosional remnants that rise above the general 1 
Similar shelves now above sea level on islands and mainland 
recognized as elevated wave-cut terraces. 
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