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ESSENTIAL QUESTIONS TO ASK
Southern California.1 Introduction







What are some unique features of the geology of southern
California?
What are southern California’s physiographic provinces?
What is a geologic map, and what does it show?
What types and ages of rocks are common in southern
California?
What types of deformation have led to the development of
southern California’s mountains?

Southern California.2 The Plate Tectonic Framework
of Southern California

 What types of plate interactions have shaped the geology of
southern California over the past 800 million years?

 What is the Farallon subduction zone?
 What type of plate boundary exists in modern southern
California?

 How did the San Andreas fault system develop?
 What type of displacement occurs along the San Andreas fault,
and what is the rate of motion?
 What landscape features of southern California have
developed along the San Andreas plate boundary?

Southern California.3 The Southern Sierra Nevada

 What features distinguish the southern Sierra Nevada

from the northern part of this mountain system?
 What kinds of rocks comprise the southern Sierra Nevada,
and what geologic events do they signify?
 What is the origin of gold in the Mother Lode belt of the
Sierra Nevada?
 When was the Sierra Nevada lifted, what caused it, and
how fast are these mountains continuing to rise?

Southern California.4 The Southern Great Valley

 What are some characteristics of the southern Great





Valley?
What types of soils exist in the San Joaquin Valley, and
why are they important?
What types of rocks and geological structures exist in the
subsurface of the San Joaquin Valley, and how did they
originate?
What is the origin of the petroleum resources of the San
Joaquin Valley?
What problems have accompanied the extraction of groundwater in the San Joaquin Valley?

Southern California.5 The Southern Coast Ranges

 What influence does the San Andreas fault have on the





physiography of the southern Coast Ranges?
What is the Franciscan Complex, what types of rocks does
it contain, and how did it form?
What is the Salinian block?
How old are the southern Coast Ranges, and what tectonic
forces elevated them?
What kinds of Cenozoic volcanic rocks occur in the
southern Coast Ranges, and how are they related to the
history of the San Andreas fault system?

Southern California.6 The Transverse Ranges, Offshore
Islands, and Interior Basins

 What are the prominent physiographic elements of the
Transverse Ranges?

 What types of bedrock and geologic structures characterize
the Transverse Ranges?

 What is the plate tectonic setting of the Transverse Ranges,
Channel Islands, and Interior Basins?

 How did the petroleum in the Cenozoic rocks of southern
California originate?
 What evidence suggests that the Channel Islands are
related to the Transverse Ranges?

Southern California.7 The Peninsular Ranges

 What is the extent of the Peninsular Ranges, and how are
they similar to the Sierra Nevada?
 What types of rocks comprise the Peninsular Range
batholith and adjacent geologic units?
 What kinds Cenozoic sedimentary rocks occur in
the Peninsular ranges?
 What are some prominent mineral resources of the
Peninsular Ranges?

Southern California.8 The Southern California Deserts

 What are the three deserts of southern California?
 What is the plate tectonic setting of southern California’s
deserts?

 What conditions are recorded by the Paleozoic sedimentary
rocks of the eastern Mojave and Great Basin?

 What geologic events occurred in California’s deserts

during the Cenozoic Era?
 What desert landforms result from the action of wind and
water in southern California’s deserts?

Southern California.9 Southern California Earthquakes

 What notable earthquakes have occurred in southern

California?
What
plate tectonic mechanisms are responsible for southern

California earthquakes?
 What are the probabilities for future earthquakes in southern
California?
 How can seismic hazards in southern California be
mitigated?

Southern California.10 Mass Wasting and Coastal
Processes in Southern
California

 What factors make southern California prone to mass
wasting events?

 Where in southern California are mass wasting events
most common?

 What landforms characterize the emergent coast of

southern California?
 How can human activities alter southern California’s
famous beaches?

Geology of Southern California

Southern California.1
Introduction
Southern California’s Varied Landscape: The popular
image of southern California is a mosaic of sun-splashed
beaches, brushy hills, smoggy inland valleys filled with
sprawling suburbs, gridlocked freeway interchanges, and
streets lined with swaying palm trees. Like all stereotypes,
this view is, at best, incomplete and misleading; at worse, it
completely ignores the fascinating geologic fabric of a
region world-renown for its pleasant weather, casual life
styles, and splendid scenery. The southern part of the
Golden State is one of the most remarkably varied landscapes in the world. Within an hour’s drive of Los Angeles,
one can enjoy magnificent alpine peaks draped with lush
conifer forests, explore stark desert landscapes, stroll along
picturesque beaches, or hike trails winding through brushy
chaparral. Virtually every major landform is represented
somewhere in southern California, and it would take more
than a lifetime to fully explore all the natural features in this
region. It is little wonder that people have flocked to southern California for centuries and its appeal in popular culture remains strong. Today, more than 18 million people
live in the southern part of California, and many more visit
its countless tourist attractions.
But beneath the surface, the geologic foundation of southern California is even more intriguing than its stunning
scenery. The oldest rocks in the region exceed 1.5 billion
years in age, and have been affected by numerous cycles of
metamorphism and deformation. Elsewhere in the region,
recent volcanic activity has produced vast expanses of fresh
basalt so young that it has barely begun to weather. The
sedimentary rocks of southern California are extraordinarily
varied and include materials that originally accumulated in
deep oceans, shallow seas, riverbeds, lakes, beaches, sand
dunes, and alluvial fans. Virtually every major variety of
rock has been recognized by geologists somewhere in
southern California. In addition, the mineral resources of
the region are substantial and some mineral localities are
world-famous for the size, quality, and rarity of the specimens that have been recovered. Petroleum accumulations
are also significant in several different southern California
localities. With the San Andreas fault system, the complex
boundary between the North American and Pacific plates,
slashing across the region, the rocks of southern California
have in many places been intensely deformed into intricate
patterns of folds and faults. So complexly are the rocks
deformed in some areas of southern California that geologists have not yet deciphered all the details of their history.
Earthquakes and mass wasting events are both common in
southern California, and serve to remind us that the geologic evolution of this area is far from complete. Given the
variety of rocks, the complex structures that attest to a long
geologic legacy, and the dynamic plate tectonic setting of
the region, it is difficult to imagine a better place to study
geology than southern California. The incredible variety of

geologic features in close proximity to each other make
southern California a superb natural museum of geology
and geologic processes.
While it would require many years to explore all the
geologic wonders in this part of California, a first course in
physical geology is an excellent start to a lifetime of fascinating adventure in the “southland.” The purpose of this
chapter is to introduce you to the broader aspects of southern California’s geological setting, to acquaint you with the
major tectonic events that have shaped its landscape over
geologic time, and to examine the impacts of its ongoing
geological evolution on humans. I also hope you will consider this chapter an invitation to begin your own lifelong
exploration of one of the most magnificently varied landscapes in the world.
Southern California’s Physiographic Provinces: The
California landscape can be divided into a dozen regions of
distinctive and characteristic geology, landforms, climate,
geomorphic trends, soils and vegetation, and drainage.
These natural areas are known as physiographic provinces.
Following the geologic alignment of the state’s major mountain systems, most of the geomorphic provinces are oriented
in a northwest-southeast trend (Figure SC.1). Hence, some
of the provinces, such as the Sierra Nevada and the Coast
Ranges, extend from the northern part of the state to the



Figure SC.1 Physiographic provinces of California.

Courtesy of the U.S. Geological Survey
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southern portion. For the purposes of the present discussion, we will arbitrarily define southern California as the
region south of Monterey Bay (latitude approximately
36.5˚ N ) to the Mexican border. In this portion of
California, eight natural physiographic provinces comprise
the landscape: the southern Sierra Nevada, the southern
Coast Ranges, the southern Great Valley, the Transverse
Ranges, the Peninsular Ranges, the Colorado Desert, the
Mojave Desert, and the main part of the Basin and Range. A
physiographic map of California illustrates the distinctive
natural landscapes in each of these regions. Each subdivision
possesses consistent geologic patterns that make it distinctive and identifiable, but none can be regarded as monotonous or uniform. Individually, the physiographic provinces
in southern California are varied and fascinating geological
realms with endless opportunities for applying the knowledge you have gained in your physical geology course.
Collectively, they represent a region of such complex origin
that scientists are still working to develop completely satisfactory explanations of all of the geological features in this
varied terrain. The common attribute of all the physiographic provinces of northern California is that, one way or
another, each is related to the changing plate tectonic interactions along the southwestern edge of North America over
more than a billion years of geologic time.
Geologic Map of California: Geological maps are indispensable assets in exploring the natural history and geological setting of any region. Such maps show the distribution
of rock types and ages on the surface, along with information about the orientation of the various rock bodies, nature
of their contact with adjacent rock masses, and the trends
and extent of geological structures such as faults and folds.
This information is essential to unraveling the geologic
history of a region because it reveals spatial patterns in the
distribution of rocks of various types, ages, and degree of
deformation that reflect the tectonic and geologic events of
the past. In addition, geological maps are of critical importance in locating surface and subsurface deposits of earth
resources and in identifying the areas most susceptible to
various geological hazards.
The geologic map of California (inside front cover) has
been compiled by the California Geological Survey over
many decades of mapping. This map is scaled to show the
entire state and, as such, it portrays only the broader distribution of various California rocks and structures.
Nonetheless, you will notice at a glance the strong similarity
between the physiographic provinces in California and the
distribution of various rock types. For example, notice the
similarity in location, trend, and extent of the Sierra
Nevada province and the large area of red, blue, and green
colors on the geological map. These colors represent the
Mesozoic plutonic igneous rocks that comprise the core of
the Sierra Nevada (red) and the older rocks that were metamorphosed by the emplacement of the magma (blue and
green). A very similar pattern is observed in the Peninsular
Ranges physiographic province to the south of the Sierra

3

Nevada, suggesting that the two regions share some common geological traits. The similarity between the physiographic provinces of California and the distribution of
various types and ages of rock in the state underscores the
importance of the geological foundation in shaping the
character of the landscape.
Major Rock Types of Southern California: A glance at
the southern part of the geologic map of California reveals
not only the variety of rock types in this region, but also
some of the bedrock patterns that help define the physiographic provinces. Notice, for example, the red and green
colors that dominate in the Peninsular Ranges and in the
southern end of the Sierra Nevada. These colors delineate
Mesozoic plutonic rocks similar to granite (red) and associated metamorphosed volcanic and sedimentary rocks
(green) of about the same age. Vast exposures of lightcolored granitic rock can be seen throughout the high
country of the southern Sierra Nevada and also make up
many of the prominent peaks in the Peninsular and
Transverse Ranges to the south. Similar igneous rocks are
also widely distributed in smaller exposures scattered across
the Mojave Desert. In addition, note that Cenozoic volcanic rocks are also abundant in the Mojave Desert and are
represented by a pink color on the map. These rocks
include basalt, obsidian, rhyolite, and tuff and can be seen
in colorful exposures in the deserts of southern California.
Cenozoic sedimentary rocks of marine origin, such as
sandstone, shale, and chert, are very common along the
southern California coast in the western Transverse Ranges.
These ancient sediments commonly contain, or sometimes
even consist almost entirely of, the fossil remains of marine
plants and animals. Farther inland, thick sequences of
Cenozoic sandstone, conglomerate, and mudstone document the accumulation of sediment in ancient rivers, lakes,
and alluvial fans. With so much igneous activity and
mountain building occurring over the past 50 million years,
it is not surprising to find that metamorphic rocks are also
widespread in southern California. These metamorphic
rocks include schist, gneiss, and quartzite of mostly
Precambrian (brown color on map) or Mesozoic (green
color on map) age. The metamorphic rocks of southern
California are extremely variable in mineral composition
and grade of metamorphism. Some of the severely metamorphosed rocks have been subject to several episodes of
alteration. In summary, the complex pattern of colors on
the map represents the incredibly heterogeneous bedrock of
southern California. We will explore the reasons for this variety in later sections, but the amazing diversity of rocks in
southern California turns every exploration of this landscape
into a fascinating geological adventure.
Mountain Building in Southern California: The
mountainous terrain of southern California results from
several episodes of rock deformation and uplift related to
the forces generated by the interaction of lithospheric
plates. The various types of plate interactions (the subject of
Section 2) that have affected southern California over the
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Figure SC.2 In normal faults, the hanging wall (HW) is displaced
downward relative to the foot wall (FW).



Figure SC.3 A normal fault in the Mojave Desert. The block on
the left is the hanging wall and has moved down relative to the block
on the right.



Reed Wicander

Figure SC.5 Rock layers folded by compression helped to elevate
the Calico Mountains in the Mojave Desert province.

Figure SC.6 Reverse faults are those in which the hanging wall
is displaced upward. Such faults have contributed to mountainbuilding in many southern California locations.

Frank DeCourten



Figure SC.4 Downward folds are called synclines and upward
folds are known as anticlines.
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past several hundred million years have, at different times
and in different places, produced compression, shear, and
tension. These fundamental forces have deformed rock
sequences to produce many different kinds of faults and
folds that accompanied the uplift of mountains in southern
California.
Normal faults (Figures SC.2 and SC.3) are related to
tensional forces that are especially prominent in the Basin
and Range and Mojave Desert provinces. In these regions,
linear mountains bounded by normal faults and separated
from each other by down-faulted basins dominate the
landscape. Elsewhere, compression generated by the convergence of plates and other rock masses has led to the
development of anticlines and synclines (Figures SC.4 and
SC.5), along with reverse faults (Figure SC.6). The shortening of the earth’s crust caused by folding and reverse
faulting is linked to the uplift of prominent mountains in
the Transverse Ranges and southern Coast Ranges
provinces. Shear forces are associated with strike-slip
faults, such as those in the famous San Andreas fault zone

Southern California.1 Introduction

Figure SC.7 The San Andreas fault zone marks the transform
boundary between the Pacific and North American plates. Note that
Los Angeles is moving to the northwest relative to North America.
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in southern California (Figure SC.7). Only minor vertical
offset occurs along a strike-slip fault across which the lateral motion of rock masses is perfectly parallel. However,
many strike-slip faults in southern California involve blocks
moving in opposite directions at a slight angle. This geometry induces a component of either tension or compression
that results in vertical motion along the strike-slip fault.
Such faults are known as oblique-slip faults and are
involved in mountain-building in several places along the
San Andreas fault system.
Most of southern California’s mountains are very young,
having developed over just the past 20 to 25 million years.
In fact, none of the mountains we will discuss in the following sections can be regarded as fully developed. They are all
still evolving as the plate tectonics of southern California
changes in response to the motions of the Pacific and
North American plates. We will return to the changing
arrangement of tectonic plates in later sections.
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Southern California.2
The Plate Tectonic Framework
of Southern California
The geological foundation of southern California is the
reflection of a long and complex plate tectonic history
that is unique with respect to adjacent regions. Positioned
along the leading edge of a continent for more than
500 million years, California has been affected by several
different kinds of plate interactions that have occurred at
the western margin of North America. Each shift in the
plate tectonic setting triggered geologic events that contributed to the complex bedrock geology of the region.
The effects of the younger tectonic events have become
superimposed on the rocks and structures produced during earlier episodes of geologic activity. The resulting
rock record is a tangled geologic mosaic that has taken
geologists decades to decipher. In fact, there are still
many gaps in our understanding of the plate tectonic history of southern California, and scientists continue to
explore the region for more evidence that can help
resolve the current uncertainties. Nonetheless, the broad
patterns in the plate tectonic evolution of southern
California are now fairly well established and provide a
sound basis for understanding the origin of this remarkable landscape.
The rocks of southern California document almost two
billion years of geologic history. In reviewing the major
events in this immense span of time, we will utilize the geologic time scale developed by geologists over the past two
centuries.
Late Precambrian-Paleozoic: Continental Rifting and a
Passive Continental Margin: Near the end of Precambrian
time, North America was part of a great supercontinent
known as Rodinia. Not to be confused with Pangaea, a
much younger supercontinent, Rodinia had been assembled
by plate convergence from 1.3 to about 1.0 billion years ago.
During the construction of Rodinia, the basement rocks
were intensely metamorphosed and deformed by numerous
plate collisions and intruded by magma that crystallized into
plutonic rock. In southern California, Precambrian metamorphic and igneous rocks representing the basement of
Rodinia occur in the eastern Mojave Desert and in the Basin
and Range province to the north.
About 750 million years ago, Rodinia began breaking
apart into several different continental fragments
(Figure SC.8). The core of North America was isolated as
an ancient continent named Laurentia. The California
region was located on the seafloor just offshore of a rift
zone that formed the western margin of Laurentia. Farther
west, a severed continental fragment now in east Antarctica
moved steadily away. There was no land where California
now stands in the late Precambrian, but there are marine
sedimentary rocks of this age in the Mojave Desert and
Basin and Range province that provide evidence of the conditions on the seafloor that existed at this time.

Figure SC.8 The fragmentation of Rodinia about 750 million
years ago. California was located offshore of Laurentia, near the rift
that separated it from east Antarctica.
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As rifting progressed, the southwestern edge of
Laurentia evolved into a passive continental margin,
meaning that it existed within a single plate. In the absence
of any plate tectonic interactions, passive continental margins (Figure SC.9) generally have no active volcanoes and
minimal seismic activity. Sediments washed from the
exposed land of Laurentia to the east, or precipitated
Figure SC.9 A passive continental margin simliar to southeastern California in the early Paleozoic era. Note that there are no plate
interactions and that sediment accumulates on the rifted crust.
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Southern California.2 The Plate Tectonic Framework of Southern California

directly from the water of the ancestral Pacific Ocean, accumulated over the rifted edge of the continent from its
inception throughout the early periods of the Paleozoic Era
(Figure SC.10). These marine sediments built up a shallow
continental shelf that extended into southeastern
California. The thick sequences of Paleozoic limestone,
sandstone, and shale that can be seen in the mountains of
the eastern Mojave Desert and Basin and Range provinces
(Figure SC.10) were deposited in shallow ocean waters
along the passive continental margin. Similar deposits
extend westward into the Sierra Nevada and Transverse
Ranges, but have been highly deformed and metamorphosed by later events in those areas.
Late Paleozoic-Mesozoic Plate Convergence: In midPaleozoic time, about 300 million years ago, the passive
western margin of Laurentia began to change. The continental masses formed during the fragmentation of Rodinia
had started to reassemble into the supercontinent know as
Pangaea. The early stages in this process involved collisions
between Laurentia and several plates to the east to create
larger continental masses. When Laurentia collided with
the Eurasian plate, Laurasia, the large northern portion of
Pangaea was formed by the combined masses. The trailing
western margin of Laurentia was not directly involved in

the construction of Pangaea, but the shift from a passive to
an active continental margin occurred at about the same
time. In western North America, there is clear geologic evidence that convergent plate interactions existed in the later
periods of the Paleozoic early. Oceanic plates approaching
the western edge of Laurasia carried island arcs and other
rock bodies that eventually collided with the continental
margin. Each collision resulted in a pulse of mountain
building in western North America. It is clear that the
serene passive continental margin of the early Paleozoic in
western North America was replaced in mid-Paleozoic time
by a raucous convergent plate boundary with rising
mountains, erupting volcanoes, and violent earthquakes.
When Pangaea began to break apart in the late Triassic
period, the fragment that became modern North America
began moving west as the Atlantic Ocean basin opened.
Geologic activity along the convergent continental margin
intensified as the convergence increased. This era of rapid
plate convergence, intense igneous activity, and widespread
mountain building during the Mesozoic Era is generally
known as the Cordilleran orogeny. There were several
phases of geologic unrest during the Cordilleran Orogeny,
but in the California region, the most prominent was the
Nevadan orogeny, a period of mountain building that

Figure SC.10 Early Paleozoic limestone and shale in the Funeral Mountains near Death Valley accumulated on the passive margin of
Laurentia.

Frank DeCourten
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Figure SC.11 The Mesozoic Farallon Subduction Zone led to the
develoment of volcanic arc, a forearc basin, and a subduction
complex in western North America.
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affected the west coast from late Jurassic through
Cretaceous time (180 to 70 million years ago).
The Nevadan Orogeny was driven by the eastward subduction of several oceanic plates beneath the advancing
western edge of North America (Figure SC.11). By midJurassic time, about 180 million years ago, a single large
oceanic plate, the Farallon plate, was moving under
California. This subduction zone is called the Farallon
subduction zone after the oceanic plate that moved downward into it. The Farallon subduction zone drove the
geologic evolution of California and adjacent regions for
some 200 million years. Many of the broad geological
trends in California reflect the consequences of the
Farallon subduction zone.
It was during the Nevadan Orogeny that California
began to emerge as land along the west coast of North
America. Magma generated in the Farallon subduction zone
erupted onto the surface to produce a linear volcanic arc


that encompassed the modern Sierra Nevada region as well
as areas farther north and south. Beneath the volcanoes,
numerous bodies of magma moved upward into the crust,
setting the stage for the origin of the granite comprising
the core of the modern Sierra Nevada. Mesozoic plutonic
rocks related to the Farallon subduction zone are also widespread in the Peninsular Ranges, the Transverse Ranges,
and in many smaller bodies scattered across the Mojave
Desert region. As the ancient Sierra volcanic arc rose along
the edge of North America, the sea retreated westward to a
position near the Central Valley. Here, sediment washed
offshore from land accumulated in a forearc basin west of
the erupting volcanoes. Still farther west, where the
Farallon plate collided with the North American plate and
was deflected downward, an offshore oceanic trench
formed. Some of the sediment that accumulated in the
trench was scraped off the descending Farallon plate,
crushed against the edge of North America, and metamorphosed to create a subduction complex, a mangled assemblage of mostly metamorphic rocks represented by
California’s famous Franciscan complex.
Origin of Modern Transform Plate Boundary: The
Farallon plate originated at an oceanic ridge to the west and
southwest of North America. On the other side of that
ancient spreading center, the Pacific plate was sliding to the
northwest, while the Farallon plate moved in the opposite
direction toward the advancing margin of North America.
A little less than 30 million years ago, the western edge of
North America collided with, and eventually overran, the
Pacific-Farallon ridge near the latitude of modern Los
Angeles. As a consequence of this collision, the North
American plate came into contact with the Pacific plate
(Figure SC.12). Because the Pacific plate was moving in the
opposite direction as the Farallon plate, convergence ended
once it encountered the North American plate.

Figure SC.12 The origin of the modern transform boundary between the Pacific and North American plates.
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Figure SC.13 The San Andreas fault zone marks the transform
boundary between the Pacific and North American plates. Los
Angeles, and much of adjacent southern California, is attached to
the Pacific plate.
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The collision between North America and the PacificFarallon ridge ended plate convergence and subduction in
southern California, and led to the development of the
modern transform plate boundary in the region. After the
initial collision of the ridge and the continent, the transform plate boundary expanded north and south as North
America continued moving west, overrunning more of the
ridge in the process. The relatively small Cocos, Rivera,
and Juan de Fuca plates represent modern remnants of the
ancient Farallon plate. The lateral relative motion
between the Pacific and North American plates generated
immense shear stresses that resulted in prominent strikeslip faults, including those that evolved into the famous
San Andreas system. The origin of the San Andreas fault
system is thus directly related to the development of a
transform plate boundary between North America and the
Pacific plate.
Displacement between the North American and Pacific
plates has strongly influenced the bedrock geology of
southern California. The older geologic patterns created
during the Paleozoic, Mesozoic, and early Cenozoic Eras
have been disrupted or obscured by the motions of numerous faults within with the San Andreas system. The many
faults that developed along the plate boundary have shattered the bedrock of southern California into many blocks.
Some of these masses of rock have been transported hundreds of kilometers from their pre-Cenozoic locations, and
others have been rotated into new orientations. This has
created a geologic mosaic in southern California that is
both fantastically varied, but also incredibly complex.
Because the San Andreas system has had such a strong
influence on southern California geology, it is worth considering it in a little more detail.
The San Andreas Fault System: The San Andreas fault
system, comprised of several different fault zones, is a complex system of mostly strike-slip faults that extends for
more than 1,300 km from the Gulf of California to the
region offshore of Mendocino on the northern California
coast (Figure SC.13). Within this zone, there are hundreds
of strike-slip faults, including of course the San Andreas
itself. The dominant motion on the faults is right-lateral,
and their cumulative effect is to displace the sliver of
California west of the fault system to the northwest relative
to the North American plate on the opposite side. The rate
of displacement between the Pacific and North American
plates varies somewhat along the boundary, but averages
about 5 cm/yr. Since its inception 28 million years ago,
total right-lateral offset is slightly less than 470 kilometers
(about 300 miles). However, no single fault within the San
Andreas system accommodates all of the motion between
the North American and Pacific plates. In fact, neither does
the San Andreas system as a whole. Right-lateral faults and
shear zones related to the Pacific-North American plate
boundary extend as far inland as western Nevada. Thus, the
San Andreas fault system is the primary manifestation of
the modern transform plate boundary, but is not precisely
synonymous with it.

9

A closer look at the San Andreas fault system in southern
California reveals some important details about its complexity and influence on the landscape (Figures SC.13,
SC.14.) Note, for example, that there is a slight bend in orientation of the fault zone where it crosses the Transverse
Ranges. Here, in the “Big Bend”, the fault zone turns a little to the west from its normal northwest orientation elsewhere in California. This section of the San Andreas system
is oriented about 30° west of the relative motion between
the Pacific and North American plates. Because the dominant motion along the faults in this system is right-lateral,
the Big Bend causes the Sierra Nevada the Peninsular
Ranges blocks on opposite sides of the fault to converge, in
the processes generating enormous compression. This
compression has played a key role in the uplift of the
Transverse Ranges, and has also led to strong folding and
reverse faulting in this region.
Cenozoic Evolution of the Southern California
Landscape: With the inception of the San Andreas fault system, the transform boundary between the North American
and Pacific plates began to evolve. As the two great plates
slid past each other, the transform boundary grew to both
the north and south of the Los Angeles for nearly 30 million years. However, the shear stress generated between the

10
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Figure SC.14 Detailed map of the San Andreas fault system and adjacent faults in the vicinity of the San Bernardino and San
Gabriel Mountains.
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two plates was never equally distributed along the plate
boundary or permanently focused in any particular region.
Consequently, many strike-slip faults were generated, but
later became inactive as the stresses migrated from place to
place along the developing plate boundary. Coupled with
the complex and changing geometry of the boundary, this
constant shifting of the tectonic stresses broke the crust of
the southern California crust into numerous blocks. Some
of the blocks were transported hundreds of kilometers
along strike-slip faults, others were squeezed and rotated,
and some were pulled apart. Cenozoic volcanic activity
occurred in many zones where the rocks were stretched to
the breaking point. Some of the fragments of crust became
dislodged from the North American plate and joined to the
Pacific plate. Whenever this happened, the plate boundary
jumped inland and the Pacific plate captured a sliver of rock
from the North American plate. The largest and best
known fragment that became attached to the Pacific Plate
was the Baja California peninsula which includes the
Peninsular Ranges province of southern California. This
elongated crustal fragment was torn away from mainland

cint

oM

erna
rdin
oM

tns

San Andreas Fault
Coachella Valley segment

on

fa

Li t t
le S
an
B

Desert
Hot Springs

em

cin
m

Basement rocks of
Peninsular Ranges-type

Beaumont

ar

Ja

sa

Basement rocks of San Bernardino
Mountains-type

au

Co

ac

gF

Riverside

0

lt
Fau
ult
Fa
o
a lg
Hid

nJ

nnin

r

Yucca Valley

San Andreas Fault
Mill Creek strand

VT

Yucaipa

10 Miles

pe

San Andreas Fault
Wilson Creek strand

Ba

o

San Andreas Fault
Mill Creek strand

34°00’

0

au

Bernardino Mountains

San
Bernardino

Sa

Fontana

li c
Ca

GHF

monga fault zoneSan Andreas Fault
Cuca
Mission Creek strand
SCF

Upland

ult
Fa

S an

ult
Fa

l Mts
Gabrie

F

Landers

Big Bear
Lake

Lake
Arrowhead

on
ny
Ca

San Andreas Fault
San Bernardino strand

ICF

ICF

W

Squaw Peak Fault

s
pe
Pi

San Gabriel
Fault

lt
Fau ult
Fa

lt

34°15’

ke
La

au

Vincent Thrust

San

V
lt

Cajon Pass

alley

lF

ng
s

u

ow

lt

n

au

Jo
hn
so
n

lley
Va

yF

ad
ste
me
Ho

Fa
ult

Va
lle

hb

est

Eme
r so

Fa

nc

Lucerne
Valley

ale

Pu

nd
el e

San Andreas Fault
Mojave Desert
Ca
segment
jon

n

lt
Fa u
ood
ri
nw
Le
man Sp
Wo
Old

H

34°30’

llio

ak e F
Lavic L

Bu

Victorville

ou
n

Ba
n ni
San
ng
Fau
And
lt-C
rea
sF
oa c
aul
he
t-G
lla
arn
Va
et H
lley
i ll s
se
tr a
gm
Co
nd
ach
en
t
ella
Val
l
e
Palm
y

ta
ins

Springs

ing

Hemet

Sa

n

sF

au

lt

Ja

cin

to

Indio
Sa

Fa

ult

nt
a

Ro

sa
M

oun
tai

ns

Mexico beginning about 6 million years ago. Other fragments amalgamated to the Pacific plate include the western
Transverse Ranges, the Channel Islands area, and the parts
of the southern Coast Ranges. Today, the entire slice of
California west of the San Andreas fault system is part of
the Pacific plate and is moving with it to the northwest relative to the rest of North America (Figure SC.15).
Meanwhile, inland from the evolving plate boundary,
Cenozoic extension in the Basin and Range province led to
the development of normal faults in much of eastern
California. The pattern of alternating mountains and
basins, known as horst and graben topography, that characterizes this region began to form in the Miocene epoch as
a result of this tectonic activity. Associated with this period
of extension was widespread explosive volcanic activity that
produced enormous sheets of tuff, volcanic breccia, and less
common lava flows in the desert regions. These volcanic
products accumulated with lake and river sediments in local
basins scattered across southern California (Figure SC.16).
Some of southern California’s Cenozoic rivers reached the
sea, which then penetrated 100 or more kilometers inland

Southern California.2 The Plate Tectonic Framework of Southern California

Figure SC.15 The portion of California west of the San Andreas
system (purple) is attached to the Pacific Plate and moving with it to
the northwest along the San Andreas fault system.
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rock masses resulted in the regional uplift of most of southern California. Superimposed on this broad pattern of
uplift were several areas of localized subsidence that would
continue to develop into the inland valleys and basins. As
the ancient Pacific Ocean drained from the rising land,
the coastline retreated west and the southern California
borderland emerged as dry land. The geologic evolution of
southern California continues today. Mountains are still
rising in some places, basins are sinking in others, and the
ongoing motion along the San Andreas fault system continues to shuffle the adjacent blocks of rock. The frequent and
sometimes powerful earthquakes that shake southern
California are constant reminders of the dynamic nature of
the lithosphere in this geologically active region.
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the North American continent has been affected by several different plate tectonic interactions and events,
including continental rifting, a passive continental margin, a continental-oceanic convergent plate boundary,
and a transform plate boundary. Each of these plate tectonic settings affected the bedrock foundation of southern California.
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Figure SC.16 These mid-Cenozoic (Miocene) strata exposed
near Barstow in the Mojave Desert consist of sandstone, mudstone,
and tuff.


● Many of the geologic patterns in southern California

originated as a consequence of the subduction of the
ancient Farallon oceanic plate beneath the leading edge
of North America. Named for the plate that descended
into it, this subduction zone persisted in the southern
California region for most of the Mesozoic Era and the
first 35 million years of the Cenozoic Era.
● The modern transform boundary between the Pacific

and North American plates slashes diagonally across
California and exerts a strong influence on the geologic
setting of southern California.
● The San Andreas fault system began to develop about

30 million years ago, when North America collided with,
and partially overran, the Farallon-Pacific spreading
ridge. This collision initiated the San Andreas fault system and the modern transform plate boundary in southern California.
Frank DeCourten

● The San Andreas fault, and most of the others in the

system, are right lateral strike-slip faults. The crust west
of the fault system moves to the northwest relative to the
rocks on the eastern side with an average total displacement of about 5 cm/yr.
of the modern coast. Marine sedimentary rocks of middle
and late Cenozoic are widespread in the coastal hills and
inland valleys of southern California.
During late Cenozoic time, as the San Andreas system
evolved toward its present extent and structure, compression
related to the Big Bend, fault overlaps, and convergence of

● Many of southern California’s most prominent fea-

tures are related to the San Andreas fault system. The
Transverse Range was formed in the Big Bend region,
where compressive forces have elevated this east-west
mountain range. The Salton Trough marks a zone of the

Geology of Southern California

San Andreas system where subsidence dominates. Most
of the hills and many of the basins of southern California
are related to tension or compression in areas of strikeslip fault.

Southern California.3
The Southern Sierra Nevada
The Sierra Nevada is California’s best known mountain system. Stretching for more than 700 kilometers from Lake
Almanor in the north to Tehachapi in the south, this northwest-trending mountain system is home to three national
parks and the highest peak in the coterminous United
States at Mt. Whitney (4,418 meters/14,495 feet above sea
level). The Sierra Nevada is an importance watershed for
Califorina and contributed to the fertility of the soils in the
adjacent lowlands. It was in the Sierra Nevada foothills that
gold was discovered in the 1800s, and the course of
California history was forever changed. Without the Sierra
Nevada, California would simply not be California.
The southern Sierra Nevada is distinct in many ways from
the northern portion of the range. The southern segment,
normally defined as that area south of the Merced River and
Yosemite National Park, is significantly higher with a crest
that reaches more than 14,000 feet in elevation. In contrast,
the summits in the Feather River region of the northern
Sierra Nevada are between 6,000 and 8,000 feet high. This
elevation difference affects the climate, the flora, and the
soils that have developed in the alpine environment along the
crest of the range. Moreover, this elevation disparity existed
during the Pleistocene ice ages as well, resulting in more
extensive glaciers and more vigorous glacial erosion in
the southern Sierra Nevada than in the north. Consequently,
the southern Sierra Nevada is a spectacularly rugged landscape with vast exposures of bare rock boldly sculpted by glaciers. In the north, the Sierra Nevada landscape is more
subdued with dense forests, less extensive bedrock exposures,
deeper soils, and more moderate climate.
The bedrock of the Sierra Nevada is dominated by the
Mesozoic Sierra Nevada batholith, one of the largest and
most complex masses of granitic rock in the world. Adjacent
to the batholith, and sometimes as xenoliths and roof pendants within it, are older Mesozoic and Paleozoic metamorphic rocks that were invaded by the subterranean magma.
More recent episodes in the evolution of the Sierra Nevada
are documented by Cenozoic volcanic and sedimentary
rocks that rest on the granite-metamorphic basement.
The Sierra Nevada Batholith: The geological map of
California clearly indicates that the Mesozoic granite of the
Sierra Nevada batholith comprises the core of the Sierra
Nevada. Vast exposures of such light-colored plutonic rock in
the high country of Yosemite, Kings Canyon, and Sequoia
National Parks, is in part what led John Muir to refer to the
Sierra as “the range of light”. The Sierra Nevada batholith

is a complex assemblage of perhaps as many as 200 individual
plutons representing magma bodies emplaced mostly
between 140 and 80 million years ago at depths of 10 to 30
kilometers beneath the surface. Most of the plutons comprising the Sierra Nevada Batholith consist of felsic rock such as
granite, rich in light-colored quartz, potassium feldspar, and
sodium-rich plagioclase. Some of the plutons are richer in the
darker ferromagnesian minerals and consist of rock more
similar to diorite.
The Sierra Nevada batholith represents the deep roots
of a Mesozoic volcanic arc that developed along the western
margin of North America above the Farallon subduction
zone during the Mesozoic Era. From this ancient subduction zone, magma produced by partial melting of deep rock
migrated upward through the crust to build a chain of
andesitic volcanoes that rivaled the modern Andes
Mountains of South America. Recent geological studies
have revealed evidence of large calderas formed by explosive eruptions in this ancient volcanic chain. However, later
uplift of the Sierra Nevada resulted in the nearly complete
erosion of the volcanic edifice that originally concealed the
batholitic rocks, and only isolated remnants of the ancient
volcanoes remain in the area.
The magma that formed the Sierra Nevada batholith was
emplaced into older rocks that either accumulated on the
seafloor west of the passive margin of Paleozoic North America
or were accreted to the edge of the continent in convergent
plate interactions that preceded the Farallon subduction zone.
These old rocks were deformed and metamorphosed during
several different accretion events and altered by the heat and
fluids associated with magma rising from the Farallon subduction zone in later Mesozoic time. Patchy exposures of metamorphic rocks such as marble, slate, and quartzite occur in
the southern Sierra Nevada as roof pendants and xenoliths
(Figure SC.17) preserved in the plutonic rocks.
Gold in the Southern Sierra Nevada: Gold was initially
found in the northern Sierra Nevada in 1848, and more
than 115 million ounces of gold have been produced in the
Figure SC.17 Deformed layers of Paleozoic metamorphic rocks
comprise the Convict Lake roof pendant in the southern Sierra
Navada.
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rose to its current elevation. This recent uplift of the crest
occurred in response to the westward tilting of the mountain block on normal faults located along the eastern escarpment of the range. This tilting is reflected in the strong
contrast between the gentle western slopes of the Sierra
Nevada and the spectacularly rugged eastern escarpment
(Figure SC.18). The steep eastern escarpment of the Sierra
Nevada was a formidable barrier to the migration of people
during the Gold Rush, and even today only a few highways
cross the crest of the southern Sierra Nevada through high
mountain passes. The faults at the base of the eastern
escarpment of the Sierra Nevada remain active today, and
have historically produced powerful earthquakes. The Lone
Pine earthquake in 1872, for example, was one of
California’s largest historic earthquakes, with an estimated
magnitude of 7.8. This earthquake killed 23 people and
destroyed most of the adobe buildings that existed in Lone
Pine at the time. The fault scarp produced during this, and
probably several earlier earthquakes along the same fault, is
clearly visible today (Figure SC.19).
Figure SC.18 The steep eastern escarpment of the southern
Sierra Nevada results from ulift and tilting of the range along late
Cenozoic normal faults.

Frank DeCourten



Figure SC.19 The scarp of the Lone Pine fault along the base of
the eastern Sierra Nevada. This rupture was, in part, produced by
the 1872 earthquake.
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state since that time. Much of this gold came from the
famous Mother Lode belt of the Sierra Nevada foothills.
This zone of gold mineralization trends northwest for
about 200 kilometers (120 miles) along an ancient fault in
Mesozoic metamorphic rocks. The Mother Lode stretches
from the Yuba River in the north to the area around
Mariposa in the southern Sierra. While the most productive parts of the Mother Lode were in the northern Sierra
Nevada, significant gold deposits also occurred in the
southern foothills. Mother Lode gold occurred primarily in
a zone of quartz veins associated with metamorphic
bedrock. The term lode is used to describe any concentration of valuable minerals in veins or pods in crystalline
igneous or metamorphic rocks. Much of the Mother Lode
gold may have been originally disseminated in the oceanic
metamorphic rocks or in younger igneous bodies. Some of
the gold may have originated in the volatile gases associated
with the granitic magma that intruded the Sierra Nevada
basement during the Mesozoic Era. During metamorphism
related to either burial, tectonic accretion, or the emplacement of magma, hot fluids were introduced into the rocks
of the Mother Lode belt and migrated through them along
fractures, faults, or shear zones. Interactions between the
circulating hot (hydrothermal) fluids and the metamorphic
rock concentrated gold in the quartz-rich fluids. The
hydrothermal fluids eventually cooled as they circulated
through the fractured metamorphic rock, leaving veins of
quartz laced with pure gold.
Cenozoic Rocks and History of the Southern Sierra
Nevada: At the end of the Mesozoic Era about 65 million
years ago, the Sierra Nevada was an elevated volcanic terrain
perched on a complex basement of comprised of the granite
of the Sierra Nevada batholith and associated metamorphic
rocks. As Cenozoic time (Tertiary Period) began, igneous
activity appears to have temporarily subsided in the Sierra
region, and erosion was beginning to attack the summits of
the dormant volcanoes. The volcanic highland extended
into what is now western Nevada while the ancient shore of
the ancestral Pacific Ocean was located along the foothills of
the dormant volcanic arc in central California. Rivers draining the volcanic highland ran west across the site of the
modern Sierra Nevada. These ancient rivers steadily wore
away the volcanic bedrock, and transported great quantities
of sediment to the ocean basin to the west.
During the Oligocene and Miocene Epochs, 35 to 5 million years ago, volcanic activity resumed along what is today
the crest of the Sierra Nevada and areas to the east. The initial eruptions were violent caldera-forming explosions that
sent great flows of ash and fragments of volcanic rock surging west through the canyons carved by the Eocene rivers.
These pyroclastic deposits hardened into tuffs and welded
tuffs that partially filled the ancient canyons. The later
eruptions produced basalt flows, volcanic breccias, and volcanic mudflow deposits known as lahars.
While the Sierra Nevada was an elevated tract of land
since the late Mesozoic Era, recent geological studies suggest that 5 to 10 million years ago, the crest of the range
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Section Southern California.3 Summary
● The Sierra Nevada is California’s geological backbone

Figure SC.20 The flat floor of the San Joaquin Valley, seen from
the southern Coast Ranges to the west, disappears into the haze on
the horizon.


and the largest mountain system in the state. The southern portion of the Sierra Nevada south of Yosemite
National Park has experienced more significant uplift in
the recent geologic past and is substantially higher than
the northern part of the range. This elevation difference
is reflected in the contrasting climate, soils, flora, weathering processes, and Pleistocene glacial features of the
northern and southern Sierra Nevada.
Sierra Nevada Batholith, a large mass of granite
emplaced into older rocks during the Mesozoic Era.
Magma rising from the Farallon subduction zone constructed the batholith beneath a volcanic arc similar
in origin to the modern Andes Mountains of South
America. Surrounding the Sierra Nevada Batholith are
older metamorphic rocks that occur as roof pendants and
xenoliths in the batholithic rocks. Isolated outcrops of
Cenozoic sedimentary and volcanic rocks record more
recent periods of erosion and pyroclastic volcanic eruptions in the Sierra Nevada region. Glaciers affected the
southern Sierra Nevada several times during the
Pleistocene epoch, sculpting the bold alpine scenery
characteristic of the higher elevations.
● Gold in the Mother Lode belt of the Sierra Nevada

occurs primarily in quartz veins associated with
Mesozoic metamorphic rocks. Hot, gold-bearing fluids
circulating through fractures and faults in the metamorphic rocks eventually cooled to produced veins in quartz
laced with pure gold.

Southern California.4
The Southern Great Valley
A Great Depression: Nestled between the Sierra Nevada on
the east and coastal mountains to the west, the Great Valley
of California is a vast elongated basin extending nearly
700 kilometers (430 miles) north to south and averaging
about 80 kilometers (50 miles) wide. The northern portion
of the Great Valley is known as the Sacramento Valley,
while the southern two-thirds is designated as the San
Joaquin Valley. These names originate from the two large
river systems that drain the interior basin from the north
and south, respectively. These rivers meet southwest of
Sacramento in the Delta region and eventually drain into
the San Francisco Bay.
The San Joaquin Valley of southern California (Figure SC.20) is a remarkably flat interior basin surrounded by
elevated terrain to the west (southern Coastal Ranges), in
the south (the Transverse Ranges), and to the east (the

Frank DeCourten

● The core of the Sierra Nevada is comprised by the

southern Sierra Nevada). The main watershed for the valley
is the Sierra Nevada, with relatively little water draining
from the lower and drier mountains to the west and south.
The northern portion of the valley is drained by the 330-milelong San Joaquin River that captures runoff from a watershed exceeding 13,000 square miles (33,600 square kilometers) in the high Sierra Nevada to the east. In the southern
part of the San Joaquin Valley, the Kaweah, Tule, and Kern
rivers naturally drained into a series of enclosed basins
until the recent diversion of water for agricultural use (Figure SC.21). These basins where separated from the San
Joaquin River system by the alluvial fan deposited on the
valley floor by the Kings River. In the past, large inland lakes
formed in these basins in wet years, including Tulare Lake,
which covered over 700 square miles (1,800 square kilometers) and would have been the largest freshwater lake west of
the Mississippi River when it existed. Today, because of the
diversion of water for agriculture, lakes seldom form in the
southern basins of the San Joaquin. The old lake beds and
wetlands have vanished under cultivated fields and small
towns. Nonetheless, the southern portion of the San
Joaquin Valley is still extraordinarily flat and enclosed by
higher tracts of land. This increases the risk of flooding in
many of the farming communities scattered across the basin.
The very dry climate of the San Joaquin Valley restricts
vegetation and imparts a stark desert-like character to the
landscape. Strong winds can generate fierce dust storms in
the San Joaquin Valley, and accumulations of wind-blown
sand and silt occur on the surface in many places. Desert-like
climates generally result in granular soils with little organic
nutrients that could sustain vigorous plant growth. And yet,
even with limited moisture, the San Joaquin Valley is a
highly productive agricultural region. In 2007, the value of
agricultural products from the San Joaquin Valley exceeded
$25 billion, making it one of the richest farming regions in
the world. The mild climate and year-round growing season

Southern California.4 The Southern Great Valley

Figure SC.21 Location of the the basins of Tulare, Buena Vista,
and Kern Lakes in the southern San Joaquin Valley.


er

gs

Figure SC.22 Accumulations of alluvium, lake sediment, and
windblown sand and silt comprise surface of the San Joaquin Valley.
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are important factors in the agricultural economy of the San
Joaquin Valley, but geologic processes play a role as well.
The soils of the San Joaquin Valley are not only the foundation for successful farming, but their properties are also a
reflection the surface geology of the region.
Soils of the San Joaquin Valley: Much of the surface of
the San Joaquin Valley is covered by recent and Pleistocene
alluvium washed into the bottomlands by streams draining
the adjacent highlands (Figure SC.22). These stream sediments consist of a heterogeneous assemblage of channel
gravels, river bank sand and silt, and clay deposited on the
broad floodplain. Over time, the migrating rivers have
deposited thick sequences of inter-layered river sediments.
During the Pleistocene ice ages, great volumes of alluvial
material were washed into the Great Valley as outwash sediments from Sierra Nevada glaciers.
Alluvial deposits at the surface of the San Joaquin Valley
are associated with fine-grained sediment that accumulated
in the ancient lakes and marshes that existed on the valley
floor. In some places, wind-deposited materials such as silt
or fine sand are mixed with the lake and river sediments.
The recent uplift of the Sierra Nevada has caused many of
the west-flowing streams to cut down through their own
deposits, leaving older alluvium preserved as higher surfaces along the entrenched channels of modern streams.
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With each pulse of uplift, the invigorated rivers spread
more sediment over older surface materials. Thus, the soils
of the San Joaquin Valley formed on a complex substrate of
various types of sediment derived from the granitic rock of
the Sierra Nevada and transported to the valley by a variety
of agents.
Some vital nutrients can only be obtained by plants from
chemicals released during the weathering of mineral grains
in the soil. These mineral nutrients include potassium,
magnesium, and calcium. The alluvium of the San Joaquin
Valley is naturally rich in minerals such as feldspar and mica
that release these nutrients as they undergo chemical weathering. These mineral grains, in turn, originated primarily in
the plutonic rocks the Sierra Nevada. The agricultural productivity of the San Joaquin Valley soils reflects, in part, the
vast exposures of these rocks in the upper reaches of the
watersheds drained by the San Joaquin, Kings, and Kern
river systems. Given their great natural fertility and importance to the agricultural economy of the state, it is easy
understand why the San Joaquin soil series was officially
designated the California State Soil in 1997.
Deeper Structure of the Great Valley: Beneath the alluvium and soils at the surface, the bedrock of the Great
Valley is comprised of a thick sequence of Mesozoic and
Cenozoic sedimentary rocks that are downfolded in a great
asymmetrical syncline. This enormous mass of oceanic sediments exceeds 6,000 meters in maximum thickness and
accumulated mostly in the forearc basin associated with the
Farallon subduction zone. The Mesozoic portion of this
rock succession is known as the Great Valley sequence,
while the exceptionally thick Cenozoic interval includes
dozens of different named sequences. The older strata of
the Great Valley sequence are best exposed at the surface in
the foothills of the southern Coast Ranges or the southern
Sierra Nevada. In particular, the Cenozoic marine sediments are widely exposed on in the foothills of the Temblor
Range and in the places near the San Andreas fault where
the layers have been buckled upward.
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The marine sedimentary rocks beneath the San Joaquin
Valley include sandstone, shale, and mudstone representing
sediment washed into a deep and rapidly subsiding ocean
basin in Mesozoic and Cenozoic time. Most of this sediment was eroded from the volcanic and metamorphic rocks
in the Sierra Nevada region and was transported to the
deep sea floor by turbidity currents. These great undersea
landslides were probably triggered by volcanic eruptions,
earthquakes, or storm events along the ancient continental
margin. Repeated deposition of sediment by turbidity currents leads to the development of submarine fans on the
sea floor, and geologists recognize sediment of this type in
many portions of the Great Valley sequence and younger
rocks. Some of the sediments that accumulated in the
Farallon forearc basin are rich in organic matter, primarily
the remains of microorganisms that continually rained
down to the sea floor from the shallow waters above. Over
time, this organic matter has become transformed in the
subsurface into the hydrocarbon compounds that make up
petroleum, or crude oil.
Oil in San Joaquin Valley: In addition to its importance
as an agricultural region, the San Joaquin Valley is also the
location of the largest oil fields in California and the United
States (Figures SC.23). In particular, Kern County is one of
the most significant onshore oil producing regions in the
country with a 2006 production exceeding 170 million barrels from more than 39,000 wells. California is the fourth
leading oil-producing state, and approximately two-thirds
of that production comes from the San Joaquin Valley.
Some of the oil fields of the San Joaquin Valley have estimated reserves of more than 1.5 billion barrels of oil each.
It is not surprising that national strategic oil preserves were
established and maintained in this area until they were sold
to private interests in 1998.
The petroleum in the San Joaquin Valley fields originates primarily in deep-water marine shale of late Mesozoic
through mid-Cenozoic age. The organic matter in these
sedimentary rocks originated primarily as the remains of
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 Figure SC.23 A portion of the large Midway-Sunset oil field in
the western San Joaquin Valley.

phytoplankton such as diatoms and dinoflagellates that
floated in the seas of the forearc basin. After death, the
remains of these microscopic plants descended to the deep
sea floor to accumulate along with other organic components in the dark ooze. The natural decomposition of the
organic material was inhibited by the cold, dark, and poorly
oxygenated bottom waters and it continued to accumulate
until it comprised as much as 20% of the source rock.
As fine mud continued to accumulate on the sea floor,
the organic materials became buried under hundreds of
meters of younger sediment. At this burial depth, temperature and pressure is high enough to transform the organic
residues into tiny droplets and masses of hydrocarbon compounds. These droplets migrated into porous subsurface
rock like sandstone or into fractured rocks, where the small
spaces between grains or along fractures became saturated
with petroleum. Folding and faulting that accompanied the
late Cenozoic uplift of the southern Coast Ranges created
structural barriers to the migration of the subsurface oil and
gas. The underground accumulation of hydrocarbon fluids
and gases occurred in many places beneath the San Joaquin
Valley, giving rise to the dozens of oil fields in the region.
In some places, the migration of oil was not interrupted by
subsurface structures, and natural oil seeps formed at the
surface. As the light volatile components escaped from such
oil seeps, the heavier hydrocarbons left behind formed an
ooze of tar that collected at the surface of pools and streams.
In places, the tar was deep enough to trap animals and preserve their remains as fossils in “tar pits”. Near McKittrick in
the San Joaquin Valley, 20,000-year-old tar deposits have
produced the remains of a diverse Pleistocene flora and
fauna, including saber-toothed cats, mammoths, and horses.
Groundwater in the San Joaquin Valley: Because the
climate of the southern Great Valley is so dry, and surface
water diversion projects are expensive in terms of both
money and time, the groundwater resources of the San
Joaquin Valley have been extensively developed to support
agriculture in the region. Fortunately, the ground water
basin beneath the floor of the valley is one of the largest in
the state, with an estimated capacity of about 570 million
acre-feet of water. This water is contained in both shallow
alluvial aquifers and deeper zones confined by clay
aquicludes. Recharge to these aquifers comes primarily
from the runoff of the Sierra Nevada to the east, with only
minor input from the drier and lower Coast Ranges to the
west (Figure SC.24).
Extensive withdrawals of water over the past 50 years
have upset the natural balance between aquifer recharge
and discharge. In 1951 alone, for example, almost 8 million
acre-feet of water was pumped from the subsurface in the
San Joaquin Valley. The rate of water use continued to
grow as agriculture expanded through the late 1900s. By
1990, farms in the San Joaquin Valley utilized 14.7 million
acre-feet of water, much it coming from underground
sources. The imbalance between recharge and pumping
lowered the shallow water table in the San Joaquin Valley
by as much as 30 meters (100 feet), while the water level in
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Figure SC.25 Subsidence in the San Joaquin Valley. Dates
on the pole illustrate the amount of subsidence that occurred
due to ground water pumping from 1925–1977.


Figure SC.24 Groundwater flow in the San Joaquin Valley before
(top) and after (bottom) development.
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the deeper aquifers fell by more than 100 meters (300 feet)
on the west side of the valley.
The excessive pumping of groundwater in the San
Joaquin Valley caused a reduction in the fluid pressure
between the grains in the alluvial aquifers. When this happens, the weight of the overlying materials causes the subsurface grains to pack closer together, and the surface
begins to subside. Between 1925 and 1977, the surface subsided by more than 9 meters (nearly 30 feet) in the some
areas of the valley (Figure SC.25). More than 9,000 square
kilometers (3,475 square miles) of the San Joaquin Valley
has subsided by at least 1 foot (0.3 meter, Figure SC.26).
Since the 1970s, the delivery of surface water diverted from
northern California has led to a reduction in the rate of
groundwater pumping and subsidence in the San Joaquin
Valley. However, large tracts of land affected by the subsidence are still low enough to experience increased flood
risks and to disrupt the natural surface drainage.

Section Southern California.4 Summary
● The Great Valley is an elongated lowland situated
between the Sierra Nevada on the east and the Coast
Ranges on the west. The southern portion of the Great
Valley is referred to as the San Joaquin Valley, named for
the primary north-flowing river system that drains it. The
watershed for the San Joaquin River is mainly the high
mountains of the southern Sierra Nevada, with smaller
inputs from the Coast Ranges to the west and Tehachapi

Courtesy of the U.S. Geological Survey

Marine deposits

Mountains to the south. The San Joaquin Valley is an
important agricultural region.
● Great quantities of alluvium have been deposited

across the floor of the San Joaquin Valley by rivers
draining the adjacent highlands. This alluvium, derived
from the weathering of granitic rocks in the Sierra
Nevada, is the parent material for the fertile soils of the
valley. The natural fertility of the San Joaquin soils in
part reflects the mineral nutrients released during
chemical weathering of the granitic alluvium. The San
Joaquin soil series has been designated the official
California State Soil.
● In the deep subsurface of the San Joaquin Valley,

Mesozoic and Cenozoic sedimentary rocks are downfolded in the form of a large syncline. These rocks consist of sediments that accumulated in a forearc basin
associated with the Farallon subduction zone.
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● Organic matter, mostly the remains of planktonic

organisms, was trapped in the Cenozoic and Mesozoic
marine deposits. This material has evolved into petroleum under the elevated temperatures and pressures that
exist in the subsurface. Once fluid hydrocarbon compounds formed, they migrated into porous subsurface
rock bodies or into fractured zones associated with faults
or folds. The southern San Joaquin Valley is the largest
oil-producing region in California.
● The development of groundwater resources in the San
Joaquin Valley resulted in a rapid fall of the water table
in the mid-1900s. Overpumping of groundwater in the
region led to surface subsidence as great as 9 meters
(28 feet) from 1925 to 1977.

 Figure SC.26 Subsidence in the San Joaquin Valley was greatest on the west side of the valley, where aquifer recharge rate is low
and groundwater use is high.
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Southern California.5
The Southern Coast Ranges
The relatively young coastal mountains of California
define the Coast Ranges physiographic province that
extends more than 600 kilometers (960 miles) from the
Transverse Ranges in the south to the Oregon border, and
beyond. The Coast Ranges are generally oriented parallel
to the Great Valley and Sierra Nevada provinces, and follow a regionally consistent northwest trend. South of
Monterey Bay, the Coast Ranges are comprised of several
linear, northwest-trending mountain ranges separated by
relatively narrow valleys. The principal mountain ranges
in the central and southern part of the province include
the coastal Santa Lucia Range and the inland Gabilan and
Temblor Ranges. The Salinas Valley separates the Gabilan
and Santa Lucia ranges, while the Carrizo Plain lies
between the Temblor Range and several smaller ranges to
the west.
The landscape and bedrock geology of the southern
Coast Ranges is strongly influenced by the San Andreas
fault system that slashes across the region at a slight angle
to the trend of the mountain and valleys (Figure SC.27).
The principal mountain ranges and valleys are oriented to
the northwest, nearly parallel to the trend of the San
Andreas and other associated faults. Many surface features
are offset by the right-lateral strike-slip displacement
along the fault (Figure SC.28). While the motion along
the various faults in the San Andreas is dominantly strikeslip, because many of the faults are not perfectly parallel,
tension and compression can also be generated in various
places along the fault zones. The southern Coast Ranges
can be thought of as several slivers of crust caught
between the Pacific Plate and the North American plates.
As the Pacific plate moves northwest, the slivers are pulled
along with it, but sometimes separate a little to create valleys and plains, or squeeze together to lift mountains by
compression.
The bedrock of the southern Coast Ranges consists of a
complex mosaic of Mesozoic and Cenozoic rock bodies.
Some of these rocks formed in association with the oceanic
lithosphere of the Farallon subduction zone that existed in
this area during the Jurassic, Cretaceous, and early Tertiary
periods. Other rocks in the region formed far to the south
and have been transported to the southern Coast Ranges
region by motion along the San Andreas fault system. In
addition, Cenozoic volcanic rocks in the Coast Ranges
document a period of eruptions during the time that the
transform plate boundary was developing. The Franciscan
complex is the best example in the world of a rock sequence
related to subduction, while the largest fragment transported to the region is known as the Salinian block. We will
explore each of these rocks in a little more detail as examples of the geologic complexity of the southern Coast
Ranges.
The Chaotic Franciscan Complex: In western portion of
the southern Coast Ranges, the basement rock consists of
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applied to these mangled rocks for their prevalence in the
San Francisco Bay region. Such rocks are present in the
Coast Ranges throughout its entire extent. In the southern
part of the province, Franciscan rocks are most common
around south of Big Sur and North of Morro Bay.
The Franciscan rocks are now thought to represent a
subduction complex, a mixture of rocks that form in
association with subducting oceanic lithosphere.
Beginning about 140 million years ago, the Farallon plate
began to subduct beneath western North America (Figure
SC.11), and continued to do so for more than 100 million
years. Offshore of the ancient continental margin, a deep
trench developed on the oceanic floor where the Farallon
plate moved downward into deeper earth. In this trench,
sand and rock fragments were washed from the continent
and accumulated in great thickness. Such sediments comprise greywacke, an impure sandstone that is the most
common rock type in the Franciscan assemblage. The
Franciscan greywacke deposits commonly exhibit graded
bedding, suggesting that turbidity currents transported
them into the deep basin. In addition to greywacke, the
Franciscan complex also includes fine-grained shale and
chert of deep sea origin (Figure SC.29). Mafic igneous
rocks such as pillow basalt, gabbro, and peridotite are also
present in the Franciscan complex. The igneous materials
probably comprised portions of the Farallon plate that
originated at ancient spreading ridges, as submarine lava
flows, or in the upper part of the mantle. As the Farallon
plate collided with North America, and was forced downward, the igneous rocks were subjected to high temperatures, extreme pressures, and chemically active fluids
including hot seawater. Alteration of the iron- and magnesiumbearing silicates in the igneous components of the Farallon
plate produced such minerals as chlorite, pumpellyite,
antigorite, chrysotile (asbestos), and lizardite. These
greenish-colored minerals are abundant in greenstone
and serpentinite (Figure SC.30), both of which are common in the Franciscan complex. Serpentinite plays an

Figure SC.27 The surface trace of the San Andreas fault
extends beyond this dirt road in the southern Coast Range.

Courtesy of the U.S. Geological Survey



Figure SC.28 Right-lateral displacement on the San Andreas
fault is illustrated by the offset of Wallace Creek in the Carrizo Plain
of the southern Coast Ranges.


Figure SC.29 Red chert layers in the Franciscan Formation
(right) at Pt. Estero in the southern Coast Ranges were deposited on
the deep ocean floor over pillow basalts (left).

Frank DeCourten
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an incredibly complex assemblage of deformed and metamorphosed sandstone, shale, chert, basalt, and plutonic
rocks. Layering and other internal structures in these rocks
are commonly obliterated by internal movements such that
some geologists have described it as a “churned” rock
assemblage. In the early 1900s, the name Franciscan was
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Figure SC.30 Greenish serpentintie in the Franciscan complex
represents metamorphosed fragments of oceanic crust and mantle
scraped from the Farallon plat.

Frank DeCourten



important role in creating the “churned” appearance of
the Franciscan complex. It is significantly less dense than
the igneous rocks from which it develops. Under the temperature and pressure conditions that prevail in subduction zones, serpentinite can become mobile and plastic,
squeezing upward into the overlying rocks to disrupt the
original layering.
The original layering of the sedimentary rocks of the
Franciscan complex is usually obscured or even completely
obliterated by serpentinite intrusion and tectonic deformation. Franciscan rocks are also commonly metamorphosed
to varying degrees and broken into blocks or slabs. The
entire rock assemblage is further complicated my numerous
faults and shear zones that separate the sequences into discontinuous blocks. Such a mixture of deformed, jumbled,
and altered rocks is known as a mélange, a French term for
a mixture of different components. The origin of these rocks
was a mystery to geologists until the plate tectonic theory
provided a new model for interpreting the complexity of the
Franciscan assemblage.
The Franciscan rocks, as a whole, are now thought to
be a subduction complex, a heterogeneous mass of
deformed and altered rocks that forms in and near subduction zones. The sedimentary components of the
Franciscan complex represent sand, silt, and ooze that
accumulated in the trench or on the Farallon plate as it
approached North America during the Mesozoic Era.
Some of these sediments were scraped off the plate as it
descended beneath the leading edge of North America
and deformed by the immense pressure generated in the
zone of plate convergence. Some sedimentary rocks were
also pulled downward by the descending Farallon plate to
depths of 15 km or so beneath the surface. In this highpressure and low-temperature environment, several types
of schist were produced reflecting differences in the various sedimentary precursors. The igneous components of
the Farallon plate descended to even greater depths and
encountered higher-temperature conditions where the

serpentintite and greenstone formed. Slices of rock were
sometimes broken from the descending slab and thrust
over or crushed against the edge of the continent. In
addition, the Farallon plate was evidently carrying isolated seamounts, lava plateaus, and coral reefs that
became detached and embedded into the Franciscan
mélange in various places. The chaotic nature of the
Franciscan complex thus reflects the diversity of rocks
types, the varying degrees of metamorphism, the accretion of exotic terranes, and the intensity of deformation
that result from plate subduction.
The Salinian Block—An Immigrant from the South: In
the southern Coast Ranges, rocks of the Franciscan complex are mainly present along the coast from the Big Sur
area south to the Transverse Range. Farther inland,
between the Franciscan belt and the folded rocks of the
Great Valley sequence, the bedrock is entirely different. In
this central portion of the southern Coast Ranges, the basement rocks consist of Mesozoic plutonic and metamorphic
rocks, similar to those of the Sierra Nevada, overlain by
Cenozoic sediments (Figure SC.31). These rocks comprise
a block that can be traced south to the intersection between
the southern Coast Ranges and the Transverse Ranges
(Figure SC.32). Because these rocks are especially prominent around the Salinas Valley, geologists refer to this mass
as the Salinian block.
The granites of the Salinian block are 78 to 110 million
years old, and are remarkably similar in age and composition to the granites of the southern Sierra Nevada. In
addition, metamorphic rocks associated with the granite
basement of the Salinian block are almost identical to
those present as roof pendants or in the western metamorphic belt of the Sierra Nevada. These similarities suggest
that the granite in the Salinian block was a part of the
Sierra Nevada batholith prior to the development of the
San Andreas fault system. The Salinian block has since
been transported a minimum of 550 kilometers (340
miles) to the northwest by right-lateral displacement
along this fault. Thus, though the Franciscan rocks and
Figure SC.31 Exposures of the granitic basement of the
Salinian block in the Big Sur region.
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Figure SC.32 The Salinian block (pink) in the southern Coast
Ranges has been transported northward by the displacement along
faults in the San Andreas fault system.
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Figure SC.33 Outcrops of Cenoic volcanic rocks at Pinnacles
National Monument displaced 314 kilometers (195 miles) along the
San Andreas fault.
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the nearby Salinian block are both related to the Mesozoic
Farallon subduction zone, they formed hundreds of kilometers apart and have been brought together in the last
few million years by the motion of faults in the San
Andreas system.
Volcanic Rocks of the Southern Coast Ranges: Cenozoic
volcanic rocks occur in several places in the southern Coast
Ranges and their distribution provides some interesting
details about the geologic evolution of the plate boundary
that crosses this part of California. Between 20 and 27 million years ago, magma ascending through the crust produced a chain of 14 volcanoes stretching from Morro Bay to
San Luis Obispo. Morro Rock, a famous landmark in Morro
Bay, is the westernmost remnant of these volcanoes. None
of the volcanoes in this chain are intact as they existed in
mid-Cenozoic time, but exist today as necks, plugs, and
domes representing the core or vent of the volcano. These
volcanoes were active at the time that the Mendocino triple
junction was migrating northward through the region. The
triple junction could have helped initiate volcanic activity
because slight differences in the direction of plate motion
might have opened fractures through which magma could
reach the surface.
Near the south end of the Gabilan Range, Pinnacles
National Monument has been established to preserve a scenic array of towers and knobs consisting of rhyolite and
pyroclastic rocks of early Miocene age (Figure SC.33).
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These rocks are very similar in age, composition, and
chemistry to the volcanic rocks exposed near Neenach in
the western Mojave Desert, 315 kilometers to the south
(Figure SC.34). Most geologists agree that the volcanic
rocks in the Pinnacles and Neenach areas originated at the
same place from the same series of volcanic eruptions.
Because these two areas are on opposite sides of the San
Andreas fault system, their modern separation is a reflection of the relative motion between the Pacific and North
American plates. A displacement of about 300 kilometers
over 23 million years is compatible with the measured and
inferred rates of motion along the plate boundary during
Cenozoic time.
The Rise of the Southern Coast Ranges: The rugged central coast of California is one of the most scenic seashores in
the world. In most places along this rocky coast, beaches are
narrow and sea cliffs rise from the water’s edge to elevations
of several thousand meters in just a few kilometers. Coastal
landforms such as sea stacks, sea arches, and marine
terraces provide evidence of recent emergence of the
central California Coast. The vigorous erosion that accompanies such an actively rising coast is responsible for the
spectacular ruggedness of the central California seaside
from Big Sur to Santa Barbara.
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Figure SC.34 The 23 million year old volcanic rocks at
Pinnacles National Monument were once positioned near Neenach
in the western Mojave Desert.
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This sedimentary record is complicated by motion along
the San Andreas system, but it is clear that there were several different basins where oceanic and terrestrial sediments accumulated in the southern Coast Ranges. The
older deposits in these basins are of Eocene age (40 to
50 million years old) and consist mostly of mud, ooze, and
sand that settled out on the continental shelf. At that time,
rivers drained the western slope of the Sierra Nevada
directly across the present site of the San Joaquin Valley to
meet the ocean somewhere in the vicinity of the central
California coast. The southern Coast Ranges did not exist
at that time and, consequently, neither did the modern
outlet of the Sacramento and San Joaquin rivers through
San Francisco Bay.
By late Pliocene time, 3 to 4 million years ago, the
coastal basins began to receive mostly terrestrial sediments, indicating that the southern Coast Ranges were
rising from the sea floor during this time. However, the
complex association of late Cenozoic river, estuary, and
beach deposits indicates that the precise timing and rate of
uplift was somewhat variable. Less than one million years
ago, the San Joaquin Valley became completely separated
from the Pacific Ocean by the rising Coast Ranges.
Between 1 million and about 600,000 years ago, large
freshwater lakes periodically covered the entire Great
Valley, indicating that rivers were impounded behind rising land. These lakes left a widespread and distinctive
layer known as the Corcoran Clay in the San Joaquin
Valley. Eventually, the modern outlet through San
Francisco Bay opened by continued motion and deformation along the San Andreas fault system. The San Joaquin
river was deflected north and joined the Sacramento River
to flow through the modern gap in the Coast Ranges leading into San Francisco Bay.
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same general trend and crosses the province diagonally at
a slight angle
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The emergence of the modern Coast Ranges is linked to
development of the modern transform boundary between
the Pacific and North American plates, and the story of the
this uplift is recorded in the younger rocks of the southern
Coast Ranges. Overlying the basement rocks of both the
Salinian block and the Franciscan complex are as much as
6,000 meters (nearly 20,000 feet) of Cenozoic sediments
that accumulated as modern Coast Ranges were rising.

● The bedrock of the northern Coast Ranges is domi-

nated by the Mesozoic Franciscan Complex, an incredibly varied mixture of sedimentary and metamorphic
rocks known as a mélange. The Franciscan complex
accumulated in or adjacent to the ocean trench developed above the Farallon subduction zone.
● The Salinian block is a large fragment of crust in the

southern Coast Ranges that has been transported at least
550 kilometers to the northwest by right-lateral displacement along the San Andreas fault zone. The
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bedrock of the Salinian block is similar to the Sierra
Nevada and it was probably part of the same mountain
system in Mesozoic time.
● The mountains of the southern Coast Ranges are all

relatively young, with uplift beginning only 3 to 4 million years ago. The rise of the Coast Ranges is documented by the shift from marine to terrestrial
sediments in late Pliocene time. The forces that lifted
the Coast Ranges appear to be related to the interaction
of blocks separated by various faults within the San
Andreas fault system.
● Rhyolite, andesite, and pyroclastic rocks of Cenozoic

age occur in several places in the southern Coast Ranges.
These rocks are probably related to northward migration of the Mendocino triple junction. Volcanic rocks on
opposite sides of the San Andreas fault system have been
displaced by the motion of the Pacific and North
American plates during later Cenozoic time.

Southern California.6
The Transverse Ranges, Offshore
Islands, and Interior Basins
The Transverse Ranges are so named because this mountain
system trends east-west across southern California at nearly
right angles to the orientation of other physiographic
provinces in the state. The province extends 325 miles
(520 kilometers) from the offshore Channel Islands on the
west to Joshua Tree National Park on the east. The San
Gabriel and San Bernardino Mountains, separated by Cajon
Pass and the San Andreas fault, comprise the axis of the range.
The highest peaks in these ranges rise to more than 10,000 feet
(3,100 meters) above the adjacent valleys, forming dramatic
walls that border the broad interior valleys such as the San
Fernando Valley and the Los Angeles Basin (Figure SC.35).

Figure SC.35 Digital elevation model of the western Transverse
Ranges of southern California. The trace of the San Andreas Fault
(distance) crosses the east end of the San Gabriel Mountains to the
right.

Courtesy of the U.S. Geological Survey
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These inland valleys are the most heavily populated regions of
California, with more than 10 million people living within
sight of the imposing peaks and bold escarpments of the surrounding mountains. The Transverse Ranges extend westward parallel to, and just north of, the east-west aligned
portion of the southern California coast. The Santa Ynez
Mountains near Santa Barbara represent the western terminus
of the province on land, but similar geological patterns extend
offshore to the Channel Islands. The origin and geologic history of the Transverse Ranges, the adjacent inland valleys, and
Channel Islands are interconnected and related to the development of the transform boundary between the North
American and Pacific plates.
The Transverse Ranges occupy a zone of north-south
compression created along the Big Bend portion of the San
Andreas fault system. The Big Bend is an area where the
San Andreas fault system bends to the left, and the compression that affects this area is the consequence of this
change in orientation of the fault. As the Pacific plate
moves northwest against the edge of the North American
plate, the buckling of the boundary causes blocks of rock to
the south to converge with the southern end of the Great
Valley and Sierra Nevada to the north. This convergence
results in enormous compression of the rocks in the
Transverse Ranges region. The Transverse Ranges are all
relatively young mountain systems, having evolved in just
the past 20 million years or so. They remain one of the
fastest rising mountain systems on earth at the present
time, with some portions currently ascending 5 to 10 millimeters per year.
A Great Geologic Vise: The Transverse Ranges have
been deformed and lifted by a combination of geologic
structures that produce vertical movements at the surface.
Compression causes shortening of rock bodies by both
folding and reverse faulting, either of which can result in
regional uplift. In the Transverse Ranges, several prominent reverse faults at the base of the southern escarpments
dip to the north under the main mountain mass. The
mountain block is therefore the hanging wall and its
upward displacement along the fault is an important mechanism of uplift. Examples of such mountain-lifting reverse
faults include the Sierra Madre and the Cucamonga faults
that extend along the southern base of the San Gabriel
Mountains (Figure SC.36).
Elsewhere in the Transverse Ranges, the regional compression has caused the folding of rock layers. Synclines and
anticlines (Figure SC.37) are common in the Transverse
Ranges, and these structures have resulted in the local
thickening of the crust. Uplift is related to the thickened
crust following the principle of isostacy, a general concept
that suggests that the earth’s crust “floats” on the dense
underlying mantle. Where folding occurs, the thickened
low density crustal rocks displace more of the dense supporting mantle, and the surface rises due to the vertical
adjustment of the crust. Because compression produces
both reverse faults and folds, it is common to find these
structures together in the deformed rocks of the Transverse
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Figure SC.38 Blocks of the Transverse Ranges in the vicinity of
the San Bernardino and San Gabriel Mountains.

Figure SC.36 A geologic map showing a portion of the Sierra
Madre-Cucamonga reverse fault zone (black line with teeth) in the
San Gabriel Mountains.
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 Figure SC.37 Folded rock layers exposed in a roadcut near the
San Andreas fault along the northern boundary of the Transverse
Ranges.

Ranges, and both kinds of structures have contributed to
the rapid and recent uplift.
The entire Transverse Ranges province is so deformed
by reverse faults and folds that undisturbed rocks are rarely
encountered in the region. In addition, the San Andreas
fault system cuts across the province, complicating the geologic structure by superimposing strike-slip faults on rock
masses already deformed, or being deformed, by compression. Remember also, that as the transform boundary
between the Pacific and North American developed in this
region, the crust was broken into blocks, some of which
were attached to the Pacific plate and transported with it.
The overall result of these forces, structures, and influences
is an incredibly complex tangle of contorted rock broken
into discrete blocks that may have been transported far
from their original location.
Bedrock Blocks of the Transverse Ranges: The highly
deformed bedrock of the Transverse Ranges is extremely
varied, and ranges in age from Precambrian (more than 1.7
billion years ago) to Holocene (less than 10,000 years ago).

Despite the geologic complexity of the region, geologists
have recognized several different rock assemblages that
are characteristic of various segments, or blocks, of the
Transverse Range (Figure SC.38). Each block represents a
piece of the crust that has a unique geologic history, and has
become juxtaposed with other blocks as the transform plate
boundary evolved across the region. Some of the crustal
blocks in this geologic collage consist of rocks that can be
related to broader geologic patterns and events, while others
are so deformed and altered by metamorphism that their
origin is still unclear.
For example, the basement rocks of the San Gabriel
Mountains consist of two slabs of rock separated by a
low-angle reverse, or thrust, fault. The upper plate contains Precambrian gneiss and anorthosite (a plutonic
igneous rock consisting almost entirely of plagioclase
feldspar) cut by Mesozoic granitic rocks similar to those of
the Sierra Nevada batholith. The Precambrian rocks range
in age from 1.3 to 1.6 billion years old, and are among the
oldest known in California (Figure SC.39). These ancient
metamorphic and igneous rocks probably represent fragments of Rodinia, the ancient supercontinent identified in
Section SC.2. Below the upper plate, an extensive sequence
of schist probably represents Franciscan sediments, similar
to those of the southern Coast Ranges, which were thrust
under North America in the Farallon subduction zone.
The high pressure associated with the subduction transformed the Franciscan sandstone, mudstone, and shale into
several kinds of schist. Similar schist occurs in many other
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Figure SC.39 Precambrian anorthosite cut by dark-colored veins
of amphibolite in the San Gabriel Mountains.
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Figure SC.40 The rugged mountains of the western Transverse
Ranges, with the Santa Ynez Range in the distance.


places in southern California, including some of the offshore islands, indicating that the Farallon subduction zone
extended along the entire western margin of Mesozoic
North America.
The bedrock of the San Bernardino Mountains contains,
in addition to other rock types, thick sequences of moderately metamorphosed quartzite, schist, and marble of
Paleozoic age. These metamorphic rocks probably represent sandstone, shale, and limestone that accumulated
along the passive margin of western North America 800 to
300 million years ago. The San Bernardino Mountains also
contain many bodies of Mesozoic plutonic rock of various
composition that have cut through the older Paleozoic
metamorphosed sediments. The entire bedrock assemblage
resembles, to some degree, the rocks of the Mojave Desert
province (Section SC.3) to the northeast. Thus, the San
Bernardino Mountains have a bedrock assemblage that differs noticeably from that of the San Gabriel Mountains
immediately to the west, and documents a unique geological history.
The western portion of the Transverse Ranges province
includes several east-west trending mountains such as the
Santa Ynez, Santa Monica, and Topa Topa Mountains.
None of these mountains reach elevations as high as those
in San Gabriel or San Bernardino Mountains, but still form
impressive ramparts from Santa Barbara to Santa Monica
(Figure SC.40). The bedrock in this region is dominated
by folded Mesozoic and Cenozoic sedimentary rocks associated with lava and pyroclastic rocks erupted from local
vents (Figure SC.41). Most of these rocks accumulated in
basins that began to form in Eocene time, but subsided
more rapidly in the later Cenozoic. The initial deposits are
mostly marine sandstone and shale, but as the basins filled
and the land rose over the past 4 million years or so, landderived sediments began to accumulate in them.
The basins of southern California developed in places
where blocks of rock were rotated away from each other, or
pulled apart, by motion along the faults of the San Andreas
system as it evolved in Cenozoic time. In particular, the

Figure SC.41 Folded layers of Cenozoic sedimentary rocks in
the western Transverse Ranges.
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Miocene Epoch (23 to 5 million years ago) was a time of
rapid basin subsidence and extension. Most of the volcanic
rocks of the western Transverse Ranges (Figure SC.42)
were also erupted during this interval. The magma may
have ascended along normal faults that opened where
bedrock blocks were pulled apart as they shifted to accommodate the displacement on nearby faults. Simultaneously,
compressive forces elsewhere were folding older rock layers
and lifting uplands that separated the basins from each
other. The mountains in the western Transverse Ranges are
all very young and are continuing to rise as a consequence
of the compression still affecting the region.
Petroleum in Southern California: The Cenozoic sedimentary rocks of southern California exceed 6,000 meters
(20,000 feet) in total thickness. These thick accumulations
of sediment include layers of mud and silt rich in organic
matter that was deposited on the rapidly subsiding floor of
the coastal ocean. In later Cenozoic time, the basins began
to fill with land-derived sediment, and the deeply buried
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Figure SC.42 The light brown exposures of 17-million-year-old
lava and ash flows in the western Transverse Ranges.

Figure SC.44 Offshore oil platform west of the southern
California coast.


organic-rich marine sediments were subjected to elevated
temperatures and pressures. The original organic residues
were converted to hydrocarbon compounds that comprise
oil and natural gas. Once formed, the fluid and gaseous
hydrocarbons can migrate through rock bodies in response
to subsurface pressures.
The formation of a hydrocarbon reservoir in the subsurface requires some mechanism to interrupt the subsurface flow oil and gas and the presence of porous or
fractured rock that can absorbed the fluids and gases.
Porous Cenozoic sandstone is an important reservoir
rock in many southern California oil fields. In addition,
the many faults and folds in the region create structural
traps (Figure SC.43) that block the flow of hydrocarbons
and allow them to saturate the underground reservoir rock.
The combination of organic-rich source rock, porous
reservoir rock, and structural traps occurs in many areas in
the Transverse Ranges and adjacent interior basins.
Examples include the Los Angeles basin, the Long Beach
area, and the offshore oil fields in the Santa Barbara area
(Figure SC.44). In addition to being historically important
producers of petroleum and natural gas, the Cenozoic
rocks of southern California still contain substantial
reserves of petroleum in the subsurface reservoirs and offshore fields.
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Some of the subsurface oil in southern California naturally rises to the surface through fractured rock, within confined layers of porous rock reaching the surface, or along
faults. Natural oil seeps occur in many places, both on land
and on the seafloor (Figure SC.45). Oil seeping to the
surface tends to lose the volatile and more fluid components to the atmosphere, leaving behind thick and viscous
tar deposits. People commonly notice tar globs on their
shoes or feet after strolling on some of the southern
California beaches. This tar generally originates from oil
seeps on the neighboring seafloor, and arrives on the beach
as a sticky residue after the more fluid components have
escaped. In some places, oil flows to the surface in large
enough volume for a pool of viscous hydrocarbons to form.
The LaBrea tar pits, famous for the remains of ice age animals trapped in the sticky tar, is the best-known example of
such a natural oil pool (Figure SC.46).
The Channel Islands: Offshore from southern California
are several prominent islands including Santa Catalina and

Figure SC.45 Natural oil seep near Ojai in the western
Transverse Ranges.


Figure SC.43 Faults and folds can block the migration of oil and
gas in the subsurface, trapping it in layers of porous rock.
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Figure SC.46 The LaBrea Tar Pits in Los Angeles.

Figure SC.48 Flat surface in the foreground on Santa Rosa
Island, and on San Miguel Island in the distance, are marine terraces
eroded at sea level.
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San Clemente Islands south of the Los Angeles basin.
North of these, the east-west oriented Channel Islands are
comprised of San Miguel, Santa Rosa, Santa Cruz, and
Anacapa Islands (Figure SC.47). The four Channel Islands
were united in the form of an offshore mountain range until
about 12,000 years ago when rising sea level isolated the
tallest summits as islands separated by ocean passages. The
alignment and bedrock geology of the Channel Islands is
very similar to the Santa Monica Mountains, a component


of the western Transverse Ranges. In particular the midCenozoic volcanic rocks of the Channel Islands are almost
identical to those of the Santa Monica Mountains. In addition, many of the geological structures such as faults and
folds in the Transverse Ranges can be traced offshore from
land onto the Channel Islands. This suggests that the
islands represent the same mountain system as the Santa
Monica Mountains, except that the westernmost portion
was submerged when sea level rose at the end of the last
glacial epoch.
Like the rest of the Transverse Ranges, the islands
offshore of southern California are still rising under
the influence of compressive forces generated along the
transform plate boundary. Marine terraces are welldeveloped on many of the Channel Islands and reflect as
much as 600 meters (2000 feet) of uplift over the past 2 to
3 million years (Figure SC.48). Between the offshore
islands of southern California are deep basins and channels such as the Santa Barbara Channel (Figure SC.49),

Figure SC.47 Offshore islands of southern California.

Figure SC.49 Digital elevation model of the Santa Barbara
Channel.
Image courtesy of National Oceanographic and Atmospheric Agency



Image courtesy of NASA/Earth Observatory
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San Pedro Channel, and others that represent oceanic
analogs to the interior basins of the Transverse Ranges
region. The linear depressions on the seafloor probably
formed from tensional forces that accompanied the rotation and displacement of rock bodies along offshore faults
in Cenozoic time.

Section Southern California.6 Summary
● The Traverse Ranges consist of several east-west

aligned mountain blocks, including the Santa Ynez, San
Gabriel, and San Bernardino Mountains. Adjacent to the
mountain ranges are several enclosed interior valleys,
such as the San Fernando valley, the Los Angeles basin,
and the San Bernardino valley. The Channel Islands are
also part of the Transverse Ranges province.
● The bedrock of the Transverse Ranges is broken into

several blocks that have distinctive and complex rock
associations. The blocks include Precambrian metamorphic rocks, metamorphosed Paleozoic sedimentary
rocks, Mesozoic plutonic rocks, and thick sequences of
Cenozoic sedimentary and volcanic deposits. The
bedrock is complicated by reverse faults and folds caused
by compression and displacement related to the shear
forces along the San Andreas fault system.
● The Transverse Ranges, Channel Islands, and Interior

Basins have developed along a bend of the San Andreas
fault system. This change in orientation causes regional
compression that, in turn, results in the uplift of the surface and deformatioof rock bodies in the subsurface.
● The significant petroleum resources in the Cenozoic

basins of southern California reflect a confluence of four
factors: (1) the marine sediments contained suitable
organic matter, (2) deep burial promoted the formation of
petroleum from the original organic detritus, (3) porous
sandstones were present to act as reservoir rock, and
(4) later deformation produced several types of structural
traps that inhibited the movement of underground oil
and gas.

for more than more than 700 miles (1,200 kilometers), making it one of the longest physiographic provinces in North
America. The Peninsular Ranges consist of several mountain ranges such as the San Jacinto Mountains, Santa Ana,
and Cuyamaca Ranges. In general, the highest peaks are
toward the east where the Peninsular Ranges meet the
Colorado Desert. San Jacinto Peak (Figure SC.50), for
example, rises to an elevation of 3,296 meters (10,804 feet)
and forms a dramatic escarpment where it drops into the
adjacent Salton Trough. Reminiscent of the Sierra Nevada,
the western slope of the Peninsular Ranges descends gradually through a foothills zone to the coastal plain of southern
California. Rivers such as the San Luis Rey, Santa Margarita,
and San Dieguito flow west through the foothills zone in
scenic canyons similar to those in the Sierra Nevada
foothills. In fact, the Peninsular Ranges and the Sierra
Nevada appear to have more in common than just their
overall physiography. The bedrock patterns of the two
regions are also similar, suggesting some parallels in the geologic history of the two regions.
Bedrock of the Peninsular Ranges: The Peninsular Range
Batholith and Related Rocks: Much like the Sierra Nevada,
the core of the Peninsular Ranges province consists of a great
body of Mesozoic plutonic igneous rock, as is clearly evident
from the patterns and colors on the geologic map. This mass
of rock has been named the Peninsular Ranges batholith, and
most geologists feel that it is the southward continuation of a
great chain of Mesozoic granitic intrusions along western
North America that includes the Sierra Nevada batholith.
However, because the Peninsular Ranges batholith is located
to the west of the San Andreas fault system, it has been displaced to the northwest since its origin. The original location
of the Peninsular Ranges batholith is not known with precision, but it was likely hundreds of kilometers to the southeast
of its present position.
The Peninsular Ranges batholith is comprised of many
individual plutons that were mostly emplaced during the
Cretaceous period, from 140 to 80 million years ago,
similar to the Sierra Nevada batholith to the north.
Figure SC.50 The northeast face of San Jacinto Peak, the highest mountain in the Peninsular Ranges.


● Parallel alignment, similarity in rock types and ages,

and the continuity of geologic structures all suggest that
the Channel Islands are probably a western continuation
of the Transverse Ranges.

The California portion of the Peninsular Ranges province
extends for 125 miles (200 kilometers) south from the
Transverse Ranges to the Mexican border. However, it continues south into the Baja Peninsula of Mexico, its namesake,
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Figure SC.51 Light-colored granitic rocks are exposed in the
central Peninsular Ranges.
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Figure SC.52 Late Mesozoic (Cretaceous) sedimentary rocks
exposed at the Point Loma Peninsula near San Diego.

However, trends in the composition and age of the plutons in
the Peninsular Ranges define a pattern that is unique to this
great mass of intrusive rock. The rocks of the Peninsular
Ranges batholith tend to be more mafic in composition
along the western margin, where gabbro and dioite are common. To the east, the rocks become more felsic, and are characterized by lighter-colored granitic rock (Figure SC.51). In
addition, the more mafic igneous rocks comprising the western batholith tend to be older (110 to 140 million years) than
the felsic rocks to the east (90 to 100 million years old).
These differences suggest that the magma emplaced in the
eastern and western sides of the Peninsular Ranges batholith
may have ascended through different kinds of rocks at different times in the Mesozoic Era. The older pre-batholithic
rocks in the Peninsular Ranges may have consisted of several
different terranes accreted to the margin of the continent
during a long period of Mesozoic subduction.
Adjacent to the granitic rocks of the Peninsular Ranges
batholiths, older metamorphic rocks occur along the margins of the igneous rock or as inclusions within it. These
rocks mostly represent mudstone, sandstone, and limestone
that accumulated during the earlier Mesozoic and Paleozoic
eras on the floor of an ancient sea. Metamorphism of these
sedimentary rocks into schist, slate, quartzite, and marble
occurred mainly as a consequence of either terrane collisions or magma emplacement during the Mesozoic Era.
The plutonic rocks of the Peninsular Ranges batholith
crystallized tens of kilometers beneath a volcanic arc that
developed above the Mesozoic subduction zone. As also
happened in the Sierra Nevada, this volcanic arc was largely
removed by erosion that accompanied later uplift in the
Peninsular Ranges. However, remnants of the ancient volcanic chain are preserved in places along the western margin of the province. These volcanic rocks are mainly lava
flows and ash deposits mixed with sediments that accumulated in near-shore basins 120 to 140 million years ago.
Mesozoic and Cenozoic Sedimentary Rocks: Late
Mesozoic and Cenozoic sedimentary rocks in the Peninsular
Ranges region are exposed in the coastal bluffs north from
San Diego and in many of the isolated inland uplifts

(Figure SC.52). These rocks are comprised of a varied mix
of marine and terrestrial sediments that accumulated along
the edge of North America before and during the time that
the geologic setting was evolving from a convergent plate
boundary to the modern transform boundary.
The oldest sedimentary rocks in the western Peninsular
Ranges are of late Cretaceous age and are related to the
Farallon forearc basin (Figure SC.11). Sediments washed from
land were transported offshore into the deep basin by turbidity
currents and accumulated on the continental slope and deep
ocean floor as sand and mud in submarine fans. Mudstones
and sandstones deposited in this environment commonly
exhibit graded bedding and rip-up clasts (Figure SC.53), two
indications of sediment transport by turbidity currents. Lenses
and layers of coarse sandstone and conglomerate within the
finer Cretaceous sediments represent sediment that was
deposited in seafloor channels or on the shallow seafloor closer
to land. The late Cretaceous marine sediments of southern
California commonly contain fossils of oceanic organisms
such as clams, snails, barnacles, and sea urchins. Fragmentary
fossils of dinosaurs have also been found in these rocks,
Figure SC.53 Late Cretaceous sandstone with graded bedding
and rip-up clasts of gray mudstone exposed in the Point Loma
Peninsula near San Diego.
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subsided below sea level again, probably as a consequence
of the localized stretching and subsidence of the crust
related to the development of the nearby transform plate
boundary. Other Cenozoic conglomerate units appear to
have been eroded from, and initially deposited near, volcanic highlands in Sonora, Mexico. These rocks were subsequently transported northward along the faults related to
the ancestral San Andreas system.
Mineral Resources in the Peninsular Ranges: Because
the broad geologic patterns of the Peninsular Ranges are
similar to those of the Sierra Nevada, it is not surprising
that gold has been discovered in a number of places. The
best-known gold mining district is near the town of
Julian, where rich gold deposits were mined extensively
between 1870 and 1880. The gold occurs principally in
quartz-rich veins and lenses associated with early
Mesozoic schist that is cut by bodies of younger plutonic
rocks. This general geologic setting is similar to many of
the mines in the Mother Lode belt of the Sierra Nevada
foothills.
Also within the Peninsular Ranges province are mines
that produce spectacular gemstones near the town of Pala.
Large and colorful crystals of the rare minerals tourmaline,
beryl, lepidolite, and kunzite (Figure SC.55) have been
found in veins or dikes of pegmatite, an unusually coarsegrained igneous rock similar to granite in composition. The
pegmatite dikes most commonly occur in bodies of gabbro
and diorite of the Peninsular Ranges batholith, suggesting
that their origin is related to the emplacement of the
magma in the Mesozoic Era. The pegmatite gem minerals

probably representing remains that were washed offshore following the death of the animal along the ancient coast.
Overall, the late Cretaceous sedimentary rocks of coastal
southern California strongly resemble the Great Valley
sequence, and probably originated in similar environments.
Cenozoic sedimentary rocks in the Peninsular Ranges
record the emergence of the land along the coast in
response to forces generated between the Pacific and North
American plates. These rocks are mostly of marine origin,
similar to the thick deposits that filled the deep basins in
the Transverse Ranges. However, in the Peninsular Ranges,
the basins were smaller and shallower, so less sediment
accumulated in them than to the north. In late Eocene
time, about 40 million years ago, conglomerate and sandstone deposited on land began to accumulate in the western
Peninsular Ranges. These coarse sediments signify the
initial emergence of land along what is now the southern
California coast, and land-derived sediment continued to
accumulate into later Cenozoic time. Interestingly, the
composition of the fragments in some of these alluvial
deposits, along with their orientation, indicates that the
sediment was derived from land exposed west of the modern coast (Figure SC.54). These source areas have since
 Figure SC.54 Conglomerate of Late Cenozoic (Miocene epoch)
age exposed near Dana Point on the southern California coast.

Figure SC.55 Pink and green tourmaline and colorless quartz
crystals from pegmatite of the Peninsular.
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contain many elements such as boron and lithium, that are
otherwise rare in silicate compounds. The gem-bearing
pegmatite dikes of the Peninsular Ranges probably formed
from residual magmatic fluids, left over after most of the
Mesozoic magma had crystallized, in which trace elements
had become concentrated in silica-rich solutions. These
solutions eventually crystallized in fractures or pockets
within the plutonic rocks, or more rarely penetrated into
the surrounding metamorphic materials. The solutions
probably cooled and crystallized rapidly, but were evidently
so rich in the mineral-forming elements that large crystals
developed in a relatively short time.

Section Southern California.7 Summary
● The Peninsular Ranges province in California extends
southward from the Transverse Ranges to the Mexican
border, and into the Baja peninsula for more than 700 miles
(1,200 kilometers). With a steep eastern escarpment and a
gentler western slope, the Peninsular Ranges are physiographically similar to the Sierra Nevada to the north.
● The Peninsular Range batholith consists of numerous
bodies of Mesozoic plutonic igneous rocks. The batholith
includes mafic rocks such as gabbro and diorite, along
with more felsic granitic rocks. Metamorphic rocks such
as schist and gneiss surround, or are included within, the
plutonic rocks of the Peninsular Ranges batholith. The
metamorphic rocks represented older rocks (early
Mesozoic and Paleozoic age) that were intruded by
magma rising from the Farallon subduction zone.
● Mesozoic sedimentary rocks include sandstone, mudstone, and conglomerate that accumulated in the Farallon
forearc basin. These rocks are similar to the Great Valley
sequence to the north, and were deposited mostly in deep
water. A general shift from marine to terrestrial deposits
in the Cenozoic sedimentary rocks of the Peninsular
Range reflects the emergence of land along the southern
California coast over the past 30 million years.
● Peninsular Range gold deposits are similar to those of

the Mother Lode belt to the north, and probably developed in a similar manner. Pegmatite dikes in the
Mesozoic plutonic rocks have been extensively mined for
valuable specimens of tourmaline, beryl, and lepidolite.

special attraction for geologists. It is in desert regions that
rocks exposures can be seen most clearly and many geologic
processes can be studied most directly. It is little wonder
that many southern California colleges regularly utilize the
nearby deserts as outstanding outdoor geological museums.
Deserts are arid regions where water is limited and evaporation is high. In southeastern California, there are several reasons why such conditions are so widespread. The California
deserts are situated mostly between 32 and 38 degrees north
latitude, close to the zone of persistent high atmospheric pressure known as the subtropical high. Many of the world’s midlatitude deserts exist at about this same latitude due to the
limited rainfall that occurs under these atmospheric conditions.
For importantly, the eastern part of California lies downwind
from the moisture-laden winter storms that typically approach
North America from the west, out of the north Pacific Ocean.
As these storms pass over the Sierra Nevada, The Transverse
Ranges, and the Peninsular Ranges, most of the water they
carry falls as rain or snow on the mountain slopes and summits.
Little moisture remains in the air masses as they move over
eastern California, creating a strong rainshadow effect in this
part of the state. Death Valley, one of the driest places in North
America, is actually the result of a rainshadow cast by three
mountain ranges: the Sierra Nevada, the Inyo Mountains, and
the Panamint Range. So effective are these mountains in filching moisture from passing storms, that Death Valley only
receives a little more than 3 cm (1 inch) of annual rainfall.
Elsewhere in the California deserts, annual average rainfall
varies from 50 to 175 millimeters (2 to 7 inches).
California’s Three Deserts: The desert regions of
California can be divided into three areas based on landforms, drainage, plate tectonic setting, and bedrock geology.
The Basin and Range desert extends from the northeast corner of California southward along the eastern border of the
Cascade Range and Sierra Nevada (Figure SC.1). The
California Basin and Range is part of a much larger province
of western North America that extends eastward across
Nevada and into central Utah. This region is characterized
by north-south trending mountains separated by valleys
averaging about 30 miles (45 kilometers) wide. The alternating pattern of mountains and valleys in the Basin and
Range is the result of widespread normal faulting that has
created extensive horst and graben terrain (Figure SC.56).

Figure SC.56 Origin of Horst and Graben terrane by normal
faulting.


Southern California.8
The Southern California Deserts
More than 25 million acres of southern California is desert.
Though the scarcity of water in these lands restricts the
human population, and many people consider them to be
wastelands, southern California’s deserts are regions of
stark beauty, wide open spaces, grand vistas. Because the
bold rock exposures are rarely concealed by vegetation or
development, the deserts of southern California also have a
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Figure SC.57 Death Valley is a deep graben in the Basin and Range Province between the Back Mountains and the Panamint Range.

Photo courtesy National Park Service
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Figure SC.58 Layers of Miocene sandstone, mudstone, and
volcanic ash at Red Rock Canyon State Park in the Mojave Desert.

Frank DeCourten



Figure SC.59 Two of more than 40 cinder cones in the Cima
volcanic field of the Mojave Desert. Eruptions here occurred from
Late Miocene time to less than 10,000 years ago.


Sue Monroe

Death Valley, bounded by the Panamint Mountains and the
Black Mountains, is an especially prominent graben that has
dropped to an elevation of 86 meters (283 feet) below sea
level, while the adjacent mountains rise to as much as
3,350 meters (11,000 feet) above sea level in just a few
kilometers (Figure SC.57).
The Mojave Desert is a wedge-shaped region bounded
by the San Andreas and Garlock faults to the west, and the
Colorado River corridor to the east. The eastern part of
the Mojave Desert is similar to the Basin and Range, but
toward the west the mountain ranges lack a uniform
orientation and the basins between them are broad alluvial
plains. Paleozoic sedimentary rocks deposited on the passive margin of western North America dominate the
bedrock of mountains in the eastern Mojave desert (Figure SC.10). In the western Mojave desert, Cenozoic volcanic rocks are widespread, and commonly mixed with
sediments deposited in river and lakes. Such mixtures of
Cenozoic sedimentary and volcanic rocks are extremely
colorful and contribute to the scenic quality of the desert
landscape (Figure SC.58). Some volcanic centers in the
Mojave desert have been active as recently as a few thousand years ago, producing widespread basalt flows dotted
with cinder cones (Figure SC.59)
The crust in the Mojave region has been affected by tension related to the Basin and Range and by shear generated
along the transform plate boundary immediately to the
west. This combination of forces has produced a more varied orientation in landforms in the Mojave region than in
desert areas to the north. Strike-slip and normal faults are
both common in this desert area, along with folds formed

Southern California.8 The Southern California Deserts

separates the Baja California peninsula from the mainland to
the east. The rapid subsidence in response to extension, very
young volcanic rocks in the region, and high heat flow are all
signs of plate divergence in the Colorado Desert region.
With the effects of both transform and divergent plate
boundaries superimposed, the Colorado Desert occupies a
unique geologic setting.
Desert Landforms of Southern California: The scarcity of water and the sparse vegetation of California’s
deserts limit the rate of chemical weathering and emphasize the mechanical disintegration of rock. Large daily
temperature ranges typically result from the dry air and
clear skies, and this can amplify the effects of thermal
expansion and contraction in mechanical weathering.
Evaporation of water, when it is present, from the desert’s
surface can form salt crystals in bedrock cracks that further accelerate the production of detrital weathering
products. The result is that desert soils tend to be thin,
coarse-grained, and granular. Once moved by wind or
water, these surface materials can be extremely effective
agents of erosion. It is important to remember that even
though water is scarce in desert regions, it may arrive in
the form of intense downpours from summer thunderstorms. With little soil to absorb the rain, and scant plant
cover to anchor the soil, runoff from such severe storms
can scour stream channels and transport great amounts of
rock and soil in a short period of time. Even though most
desert streams are persistently dry, they are still capable of
modifying the desert landscape through vigorous erosion
over time. These conditions result in distinctive waterrelated landscape features that are well developed in all of
California’s deserts.
Alluvial fans are one of the most notable desert landforms in the Mojave and Basin and Ranges provinces
(Figure SC.62). These great triangular mounds of alluvium
develop along the foot of steep mountains where the steams
carrying runoff lose energy as they meet the flat valley floor.
This causes the streams to deposit the coarse detrital sediment at the foot of the mountains, transporting only the

Figure SC.60 Folded layers of sedimentary rock in the Calico
Mountains of the Mojave Desert.

Reed Wicander



by compression (Figure SC.60). The Mojave is also a high
desert, with the general land surface in the west hovering
around 1,200 meters (4,000 feet) above sea level. The
undulating land surface gradually drops towards the
Colorado River valley, where the elevation is less than 300
meters (1000 feet).
The Colorado Desert is located in extreme southeastern
California, between the Peninsular Ranges and the Colorado
River, its namesake. The Colorado is a low desert compared
to the Mojave Desert to the north. More than 5,000 square
kilometers (2,259 square miles) of the Colorado Desert lies
below sea level, including the Salton Sea, a large body of
saline water with a surface elevation of 72 meters (235 feet)
below sea level. The elongated depression in which the
Colorado Desert is situated is known as the Salton Trough.
The elevation difference between the high peaks of the
northeast Peninsular Ranges and the deep floor of the Salton
Trough exceeds 3,350 meters (11,000 feet), creating a dramatic escarpment (Figure SC.61). This depression has
formed along the southernmost segment of transform plate
boundary between the Pacific and North American plate,
where it begins to change into the divergent boundary that

Figure SC.61 The Salton Trough, with San Jacinto Peak in the
northern Peninsular Ranges in the background. The desert floor is
more than 3,000 meters (10,000 feet) below the mountain crest.


Figure SC.62 An aerial view of an alluvial fan at the foot of the
Black Mountains in Death Valley.


Marli Bryant Miller

Dick Hilton
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desert environments and southeast California has some
spectacular examples of pediments (Figure SC.67).

Figure SC.63 Racetrack Playa in Death Valley National Park.

Figure SC.65 Salt is produced commercially form this
evaporation pool dug into the surface of Bristol Lake playa in
the Mojave Desert.

John S. Shelton



Figure SC.64 Salt deposits on a Mojave Desert playa. The
ridges form as the salt crystals grow when water evaporates from
the playa surface.

Frank DeCourten



Figure SC.66 A bajada formed by coalescing alluvial fans in the
Panamint Mountains of Death Valley.

Figure SC.67 A broad pediment (foreground) slopes gently
from the base of the Granite Mountains in the Mojave desert. Note
that the pediment is an erosion surface exposing the granite
bedrock.


Frank DeCourten

finer-grained material beyond. On occasion, enough rain
will fall for the desert streams to flow beyond the alluvial
fan and collect in a low area as a playa lake. After evaporation of the shallow temporary lake, a dry lake bed, or playa,
remains (Figure SC.63). The surface of a playa is composed
of a mixture of fine silt, clay, and salt (Figure SC.64). In
some places in California’s deserts, modern and ancient
playa sediments have been processed for valuable substances
such as boron, lithium and potassium compounds, and common salt, or sodium chloride (Figure SC.65). Over time,
alluvial fans can grow and overlap to form a broad alluvial
apron known as a bajada along the front of a desert mountain (Figure SC.66). Bajadas are well-developed in the
California deserts, especially where the current rate of uplift
of the mountain or the subsidence of the adjacent valley is
relatively low. Over time most mountains in California’s
deserts develop pediments, gently sloping erosional surfaces that extend outward from the mountain front. Though
the origin of pediments is somewhat controversial, they
probably result from a combination of mechanical weathering, sheet flooding, and stream channel migration along a
mountain front. All of these factors would be active in

Marli Bryant Miller
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Figure SC.68 Desert pavement in the Mojave Desert.

Figure SC.70 Large sand dunes in the Stovepipe Wells dune
field in Death Valley National Park.


Dick Hilton

PhotoDisc/Getty Images
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Wind is a more effective agent of erosion and deposition
in desert regions than in areas with more moderate climates. The dry granular soil of deserts is generally unanchored by vegetation and the finer particles on the surface
are vulnerable to transport by strong winds. In addition,
variations in the atmospheric pressure over southern
California’s deserts can produce fierce winds, such as the
famous Santa Ana winds, that can howl for days. It is not
surprising that spectacular examples of wind-eroded and
deposited landforms can be seen in California’s deserts.
Desert pavement (Figure SC.68), a mosaic of larger soil
particles, is widespread on wind-swept desert surfaces.
Ventifacts, larger rocks with faceted and polished surfaces
produced by natural sandblasting, commonly rest on the
pavement surfaces (Figure SC.69). In addition to these erosional landforms, the deserts of southern California all have
spectacular examples of wind-deposited dunes and dune
fields. Examples include the Kelso dunes and the Devil’s
Playground area in the Mojave Desert, the Algodones
Dunes in the Colorado Desert, and the large dune field
Figure SC.69 Large ventifacts lying on desert pavement in Death
Valley National Park.


near Stovepipe Wells in Death Valley (Figure SC.70). Dune
fields typically form downwind from a source of sand particles and in areas where local topography causes prevailing
winds to diminish in strength.

Section Southern California.8 Summary
● The Basin and Range, Mojave, and Colorado deserts

are situated in eastern California. These three deserts are
all arid regions produced primarily by the rainshadows
resulting from mountainous land to the west.
● The Basin and Range desert is located along the west-

ern edge of a rift zone in western North America where
tensional forces are stretching the Earth’s crust. The
Mojave Desert lies between the extending Basin and
Range and the transform plate boundary to the west, and
is affected by both tension and shear forces. The
Colorado Desert lies astride the southern terminus of
the San Andreas System, where it passes southward into
the divergent boundary separating Baja California from
the Mexican mainland to the east.
● Paleozoic sedimentary rocks in eastern California

accumulated on the continental shelf of western North
America under shallow, warm tropical seas. These rocks
commonly contain fossils of primitive marine organisms.
● The Cenozoic Era, and the Miocene epoch in particu-

lar, was a time of basin formation and explosive volcanic
activity in the Mojave Desert and adjacent areas. The
rocks of this age are generally a mixture of lake and
stream sediment, lava flows, and volcanic ash.

Marli Bryant Miller

● California’s deserts have a variety of wind- and water-

related landforms. Alluvial fans, bajadas, and playas are
the result of stream deposition, while desert pavement,
ventifacts, and dunes all reflect the effectiveness of wind
in moving sand and silt particles.

Geology of Southern California

Earthquakes in California are an inevitable consequence of
the interactions between tectonic plates along the forward
edge of a west-moving continent. The forces generated
along the transform boundary between the Pacific and
North American plates result in thousands of earthquakes
every year. The ground literally shakes continuously in
California, but most of these tremors go unfelt by people
and rarely cause damage. Nonetheless, the seismic history
of southern California includes some devastating events
that serve as reminders of the serious hazards facing those
who live near such as active plate boundary.
Historic and Ancient Earthquakes in Southern
California: Though earthquakes occur in many parts of
California, exceptionally powerful temblors have repeatedly
shaken the southern part of the state. The 1857 Fort Tejon
earthquake and the Lone Pine earthquake of 1873 rank
among the greatest seismic events in California history.
The Fort Tejon earthquake (estimated magnitude 7.9)
resulted from a sudden slip along more than 300 kilometers
(180 miles) of the San Andreas fault from the Transverse
Ranges area to the central Coast Ranges. Effects of this
earthquake were widespread and included uprooted trees,
damaged building, and disrupted stream drainages, and
liquefaction. Only the sparse human population at the
time limited the death toll to one. The Lone Pine earthquake was more tragic. At least 23 people died when the
magnitude 7.8 quake toppled most of the adobe brick
buildings the eastern Sierra Nevada town. The Lone Pine
event resulted from slip along the normal fault zone at the
base of the Sierra Nevada, and thus occurred in a completely different plate tectonic setting as the Fort Tejon shock.
The scarp, or surface exposure, of this normal fault is still
visible in the hills just west of Lone Pine (Figure SC.19).
More recently, the Long Beach earthquake of 1933
(magnitude 6.4) resulted in 120 deaths and more than
$50 million in damage (Figure SC.71). In 1971, the
San Fernando earthquake just north of Los Angeles (magnitude 6.6) caused ten times more damage as the Long
Beach temblor, even though it was of comparable magnitude (Figure SC.72). This illustrates how the population
density and level of development can influence the impact
of an earthquake on people. Even more catastrophic was
the 1994 Northridge earthquake in the Los Angeles Basin
(Figure SC.73). This magnitude 6.7 event claimed 61 lives,
injured thousands of people, and caused damages exceeding
$40 billion. All three of these examples of southern
California earthquakes had tragic consequences at magnitude values in the 6 to 7 range. There are indications that
even more powerful events have occurred in the past, and
will again at some point in the future.
In recent years, geologists have developed several techniques for recognizing ancient earthquakes and estimating
their magnitude even without an instrumental record of the

Figure SC.71 Building damaged during the 1933 Long Beach
earthquake.


Courtesy of the U.S. Geological Survey
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Figure SC.72 Many freeway overpasses collapsed during the
1971 San Fernando earthquake.


Courtesy of the U.S. Geological Survey
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waves they produced. Disrupted soil layers and landslide
deposits, exposed in trenches dug across active faults, can
be indications of sudden and violent movement that
occurred during an ancient earthquake. Organic material
and some minerals in the soils can be dated to determine
the approximate timing of the prehistoric earthquakes.
These investigations have revealed that southern California
has been repeatedly shaken by earthquakes more powerful
than any experienced in the region historically. From information collected at many sites along the San Andreas fault
system geologists have determined that no fewer than
14 major earthquakes (M7.7 to 8.0) have occurred in southern California over the past 1,400 years. Coupled with the

Southern California.9 Southern California Earthquakes

Figure SC.73 A spectacular fire caused by a gas main line
ruptured during the 1994 Northridge earthquake.

Ted Soqui/Sygma/Corbis



historic events, these studies underscore the serious seismic
risks that exist in heavily populated southern California.
Plate Tectonic Mechanisms: Earthquakes generally result
from the energy released from rocks shattered by the
forces generated along plate boundaries. It is therefore not
surprising that earthquakes are so common in southern

Courtesy NASA/Earth Observatory
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California, where the Pacific-North American plate boundary is so active. However, recall that the San Andreas fault
system is the primary, but not the only, feature involved in
that boundary. A complex network of faults crosses Southern
California (Figure SC.74), and several of these faults are
more dangerous than the San Andreas as a source of future
seismic events. Some of the strike-slip faults in this intricate
network are slipping freely several millimeters per year,
releasing stress as it accumulates in the rocks. Such faults pose
little threat of a major earthquake. Others, however, appear
to “locked,” storing up energy that may one day be released in
a violent earthquake. The studies of ancient earthquakes are
helping to identify which of the many strike-slip faults are the
most likely to produce future earthquakes.
In addition to the strike-slip faults produced by shear
forces along the plate boundary, there are many reverse
faults generated by compression in southern California.
These reverse faults also are capable of producing large
earthquakes. The 1994 Northridge earthquake, for example, resulted from a rupture along a reverse fault 19 km
beneath the surface. Such deep reverse faults sometimes are
not evident at the surface, because the displacement along
them is largely horizontal and does not always disrupt surface features. Some geologists refer to these buried faults as
“blind” faults. The presence of such unseen faults below the
surface, and their proven potential to generate damaging
earthquakes, adds a discomforting element of uncertainty to
the question of when and where the next major earthquake
will occur in southern California. One way or another,
though, the earthquakes in southern California—past, present, and future–are all related to the forces generated
between the Pacific and North American plates.
Earthquake Forecasts in Southern California: Even
though scientists have been intensely studying earthquakes

Figure SC.74 The complex network of faults (white lines) capable of producing earthquakes in southern California.
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in California for more than a century, no reliable means
to predict their occurrence with precision has been developed. Instead, geologists can forecast the probabilities of
future earthquake occurrences based on measurements of
ground motion and strain, historic and ancient patterns
of seismic activity, and geological evidence of current
fault activity. In recent years, the analysis of the timing of
major seismic events along active faults has helped to
identify places most prone to future earthquakes. Since
no two faults are exactly the same in every aspect, the
forecasts for major earthquake potential vary across
southern California from very unlikely in some places to
almost certain in others.
The time frame is a key consideration in making and
using earthquakes forecasts. Over the long span of geologic time, the probability of a major earthquake in
southern California is 100%, but the likelihood of such
an event tomorrow is very low. Geologists generally try
to forecast earthquakes over periods of 20 to 50 years to
coincide with the time frames most widely used by planning commissions, disaster response agencies, and the
insurance industry. In 1989, the U.S. Geological Survey
developed the first widely accepted earthquake forecast
for the San Andreas fault system. This forecast estimated
the probabilities for major earthquakes between 1988 and
2018 within the entire fault zone. The probabilities varied from 10% to 90% at various locations along the fault
system.
In 2007, an interdisciplinary team of scientists known as
the Working Group on California Earthquake Probabilities
developed a new updated earthquake forecast called the
Uniform California Earthquake Rupture Forecast, Version
2 (UCERF). The new forecasts involve a broader array of
data and techniques for estimating probabilities than did
earlier assessments. Statewide, the UCREF estimates the
probability of a magnitude 6.7 earthquake in the next
30 years at more than 99%. Californians also face a 46%
chance of experiencing a magnitude 7.5 or larger earthquake in the same time frame.
In southern California, the UCERF estimates that there
is a 97% chance of a magnitude 6.7 or greater earthquake
in the southern part of the state. The southern San
Andreas fault system is most likely to produce this large
earthquake (59% probability), followed by the San Jacinto
fault (31%), and the Elsinore fault (11%). The UCREF
estimates only a 3% probability for an earthquake of magnitude 8 in California, illustrating that very large earthquakes are rare, even along the San Andreas system.
However, a magnitude 7.5 earthquake, which could have
devastating effects, is twice as likely in southern California
(37%) than in the northern part of the state (15%). The
relatively low probability for a giant earthquake may seem
comforting, but we should not forget how catastrophic
earthquakes of magnitude 6 to 7 have been in California.
Earthquakes in this range of magnitude have resulted
in more than $65 billion in property losses in California
since 1971.

Section Southern California.9 Summary
● Southern California has witnessed some of the largest

earthquakes ever experienced along the Pacific Coast.
The 1857 Fort Tejon and the 1872 Lone Pine earthquakes
may have been the most violent in California history. The
Long Beach (1933), San Fernando Valley (1971), and
Northridge (1994) earthquakes resulted in billions of dollars
of property damage and significant loss of life.
● Southern California earthquakes are the consequence

of stresses generated along the transform boundary
between the Pacific and North American plates. Both
strike-slip faults related to shear forces and reverse faults
generated by compression can produce dangerous earthquakes in southern California.
● Future powerful earthquakes are almost certain in

southern California. Modern techniques to forecast seismic events estimate that the probability of a large (magnitude 6.7 or greater) earthquake in southern California
over the next 30 years is 97%.

Southern California.10
Mass Wasting and Coastal
Processes in Southern California
The rapidly rising mountains of southern California create
a rugged landscape of steep slopes, high peaks, and deep
canyons. The numerous faults and shear zones that cut the
bedrock of these mountains create weak zones along which
down-slope movements can occur. Recall, also, that wellfoliated metamorphic rocks are common in many of southern California’s mountains. Such rocks have additional
internal planes of weakness that can facilitate movement of
rock masses under the influence of gravity. Ground vibrations from the frequent earthquakes in southern California
can also cause loose rock and soil to move down steep
slopes. Finally, the seasonal wildfires in southern California
often denude slopes of stabilizing vegetation immediately
before the rainy season, further promoting the likelihood of
mass wasting events. With so many triggering mechanisms
active in the region, it is little wonder that rockslides, mudflows, and debris flows continuously ravage southern
California. Such movements are all forms of mass wasting,
and residents of southern California have witnessed some
spectacular examples of this geologic process.
One of the most famous areas susceptible to mass
wasting in southern California is the Pacific Palisades
area in the Palos Verdes peninsula west of Long Beach
(Figure SC.75). The famous Portuguese Bend area is one of
several places that have experienced the continual slumping
of layers of soft sedimentary rocks and volcanic ash. These
bedrock materials become very weak when saturated with
water and tend to slump and slide along bedding planes that
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Figure SC.75 Mass wasting in the Palos Verdes Peninsular has
been active for more than 50 years. In this photo from 1958, note
the heavy earth-moving equipment for scale.

39

Figure SC.77 The 1995 La Conchita landslide that destroyed
nine homes.


dip gently toward the beach, in the same direction that the
land slopes. Farther south, near Laguna Beach, a similar situation coupled with wave erosion that undercut the nearby
sea cliffs, resulted in repeated rockslides and mudslides that
have destroyed many homes and killed two people in 2005
(Figure SC.76). In 1995 and 2005, the small town of La
Conchita, another coastal community 120 kilometers
(70 miles) northeast of Las Angeles, experienced devastating
slumps and mudflows that destroyed more than 20 homes
and claimed 15 lives (Figure SC.77).
Mass wasting, and the disastrous consequences of it, is
not restricted to the coastal regions of southern California.
Many locations in the interior mountains are equally prone
to slides, slumps, and flows of loose rock and soil. Because
the rocks in the Transverse and Peninsular are so highly
deformed, it is inevitable that in some places the layering or
foliation in the bedrock will dip in the same direction as

Figure SC.76 The effects of mass wasting in 2005 in Laguna
Beach on the southern Califorina coast.

Nick Ut/AP/Wide World Photo



Courtesy of the U.S. Geological Survey
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the steep mountain slopes (Figure SC.78). This circumstance always increases the chances mass wasting. Near
Wrightwood in the Transverse Ranges, metamorphic rock
severely shattered by movement along the nearby San
Andreas fault is exposed on a steep mountain slope above
the small town. Such a mass of weak rock can become
unstable when saturated with water from intense rain or
rapid snowmelt. In 1941, a catastrophic debris flow and
mudslide destroyed many homes in the area. This event,
along with several subsequent mudflows and debris flows,
has left an obvious scar on the mountain side (Figure SC.79) as a constant reminder of the threat of unstable
ground in the rugged mountains of southern California.
Coastal Processes in Southern California: The active
tectonics of southern California result in significant uplift
of coastal land in many areas along the coast. Such a coast is
known as emergent, meaning that land is being lifted by
tectonic forces relative to sea level. Erosion by waves and
currents along an emergent coast produces such features as
sea cliffs, sea stacks, and wave-cut platforms. Though
much of the southern California coast is emergent, there
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Figure SC.78 The bedding in this sedimentary sequence is
oriented parallel to the slope. Note the block of rock near the road
that has moved down along the inclined bedding plane.

Figure SC.80 A marine terrace near Morro Bay, San Luis Obsipo
County.


Figure SC.79 Repeated mass wasting near Wrightwood in the
San Gabriel Mountains has left this scar of bare rock and soil on the
steep slope above the town.

Frank DeCourten



are places such as near Santa Monica where uplift is less
vigorous, allowing wide sandy beaches to develop. Elevated
marine terraces representing older wave-cut platforms are
commonly observed above the bluffs near southern
California’s emergent coasts (Figure SC.80). In many
places, multiple marine terraces can be observed from a few
meters above modern sea level to elevations of 400 meters
(1,300 feet) or more. Radiometric ages for fossil material
from the terraces suggest that the most prominent surfaces
have risen to their present elevation over the past several
hundred thousand years.
As the coast of southern California continues to emerge,
relatively soft sedimentary rocks are exposed to wave erosion. These coastal bluffs are easily eroded, particularly in
the winter when large storm waves are generated in the
Pacific Ocean. Southern California’s sea cliffs retreat landward as portions of the coastal bluffs are undermined by
vigorous wave erosion and eventually fall, slump, or slide
onto the beach. On average, the rate of cliff retreat along

Frank DeCourten
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the southern California coast is currently about 0.2 meters
(8 inches) per year, but in some places can be much higher.
In the Palos Verdes peninsula area, where coastal erosion
has accelerated mass wasting, the top of the sea cliff has
retreated 64 meters (210 feet) in the past 70 years. The
retreat of the sea cliffs sometimes places coastal developments at risk, and necessitates the use of seawalls, riprap
(large boulders), or other means of armoring the shoreline.
Once the soft bedrock blocks are in the zone of wave
erosion, they rapidly disintegrate to produce some of the
sand that is added to the beach facing the ocean.
Additional sand is carried to the coast by rivers, and transported along the shoreline by longshore currents that
generally flow southeast in southern California. Beach sand
is thus a combination of grains derived from interior
watersheds and sand produced by local coastal erosion.
Beach sediment is eventually carried to the southeast by
the process of longshore drift until it arrives at a submarine canyon where it transported into deeper water or is
blown inland to form coastal dunes. If the rate of sand
replenishment and sand transport are balanced, over time
the beach will remain stable as sand arrives at the same
rate that it is carried away.
Human Activities and Beaches: Southern California’s
beaches are world renowned for their beauty and are
important to the recreational and tourist economies of
many coastal communities. In their natural condition, the
beaches were generally stable over time as the rates of sediment supply, wave erosion, and longshore drift were more
or less in balance. However, as the population of southern
California has grown dramatically over the past century,
the nearshore sediment budget has been significantly
altered by human activity. The intense urbanization of
southern California has necessitated the diversion and
impounding of rivers and streams for flood control and
water supply. This, in turn, has led to a reduction in the
amount of run-off, and therefore sand, that reaches the
coast. At the same time, coastal developments crept ever
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Section Southern California.10 Summary
● The steep slopes of southern California’s rugged moun-

tains, prevalence of weak foliated and shattered bedrock,
high frequency of strong seismic vibrations, and seasonal
pattern of wildfires followed by heavy rain all increase
the likelihood of mass wasting in southern California.
● Mass wasting is most common along the steep slopes
of the Transverse Ranges and along coastal bluffs where
wave erosion of unstable land can trigger downslope
movements.

Figure SC.81 Breakwater and jetties protecting the entrance to
Newport Harbor. Note the accumulation of sand behind the breakwater where waves do not reach the shoreline to sustain the longshore current.


Dick Hilton

closer to the edge of the retreating sea cliffs in many areas.
The armoring of the sea cliffs to slow their retreat was
effective, but also reduced the amount of sand that was produced by wave erosion of coastal bluffs. Where sea walls
and riprap have been added to the shoreline, some of the
wave energy is reflected back to the beach, intensifying the
rate of erosion. In addition, the construction of breakwaters
and jetties to protect harbors and inlets along the heavily
populated coast interfered with the longshore drift of sand,
causing accelerated beach erosion in down-drift locations
(Figure SC.81). By the mid 1950s, it was obvious that
human modification of the landscape, watersheds, and
coastal zone of southern California was intensifying beach
erosion and placing these valuable tracts of sand at risk
of disappearing. Today, about two-thirds of California’s
beaches are losing sand, some of them at a rate as high as
2 to 3 meters (6 to 9 feet) per year.
To counter this alarming trend of beach erosion, and to
maintain some of the most popular and famous southern
California beaches, state and local governments are now
pursuing programs of beach nourishment. These interventions involve artificially replacing beach sand with sediment
from offshore sand deposits or from nearby coastal dunes.
In other places, sand from construction sites or coastal bor-
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row pits has been trucked to beaches that are experiencing
accelerated erosion. Beach nourishment can be an effective
means of restoring the balance of the nearshore sediment
budget, but the cost of compensating for human interference with this natural system is significant and ongoing.

● Sea cliffs, marine terraces, and sea stacks can be seen in
many places along the southern California coast and are
all indications of an emergent shoreline.
● Development and population growth near the south-

ern California coast have interfered with the nearshore
sediment supply in two ways. Flood control and water
storage in the interior results in reduced stream flow and
sand supply to the coast. Second, the construction of sea
walls and other forms of coastal armoring reduces the
amount of sand produced on the coast and can also
accelerate the erosion of nearby beaches.
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ESSENTIAL QUESTIONS SUMMARY
Southern California.1 Introduction
 What are some unique features of the geology of southern California?
The geology and landscapes of southern California are extremely varied. Many different kinds of rocks and minerals, some nearly two
billion years old, can be found in southern California. The landscape
is also diverse with deserts, beaches, mountains, and river valleys in
close proximity to each other.

 What are southern California’s physiographic provinces?
The southern Sierra Nevada, the southern Coast Ranges, the southern Great Valley, the Transverse Ranges, the Peninsular Ranges, the
Colorado Desert, the Mojave Desert, and the main part of the Basin
and Range are all represented in southern California.

 What is a geologic map, and what does it show?
A geologic map portrays the distribution of various types and ages of
rock on the surface, along with information about the orientation of
the rocks and geologic structures such as faults and folds.

 What types and ages of rocks are common in southern California?
Igneous rocks are exposed in many southern California localities and
include Mesozoic plutonic rocks similar to granite and Cenozoic volcanic rocks such as basalt, rhyolite, and tuff. Sedimentary rocks are
represented by Mesozoic and Cenozoic shale, sandstone, and conglomerate. Metamorphic rocks include Precambrian or Mesozoic
schist and gneiss. In addition to these basic rock types, the geologic
resources of southern California include many minerals, gemstones,
ores of iron and other metals, and sand and gravel.
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 What types of deformation have led to the development of southern
California’s mountains?
The crust in southern California has been deformed by a variety of
different stresses related to the interaction between the Pacific and
North American plates. Normal faulting under tension in the Basin
and Range, folding and reverse faulting generated by compression in
the Transverse Range, and oblique-slip faulting related to shear stress
along the San Andreas fault zone have all resulted in recent and ongoing mountain building.
Southern California.2 The Plate Tectonic Framework of
Southern California

 What types of plate interactions have shaped the geology of southern
California over the past 800 million years?
Over the past 800 million years, the western edge of the North
American continent has been affected by several different plate
tectonic interactions and events including continental rifting, a passive
continental margin, a continental-oceanic convergent plate boundary,
and a transform plate boundary. Each of these plate tectonic settings
affected the bedrock foundation of southern California.

 What is the Farallon subduction zone?
The Farallon subduction zone persisted in the southern California
region for most of the Mesozoic Era and the first 35 million years of
the Cenozoic Era. It is named for the Farallon plate, a main oceanic
plate that descended beneath the western edge of North America
during that 200 million year interval.

 What type of plate boundary exists in modern southern California?
The modern transform boundary between the Pacific and North
American plates slashes diagonally across California and exerts a
strong influence on the geologic patterns and modern tectonic setting
of southern California.

 How did the San Andreas fault system develop?
The San Andreas fault system began to develop about 30 million
years ago, when North America collided with, and partially overran,
the Farallon-Pacific spreading ridge. This collision initiated the San
Andreas fault system and the modern transform plate boundary in
southern California.

 What type of displacement occurs along the San Andreas fault, and what
is the rate of motion?
The San Andreas fault, and most of the other faults involved in the
transform boundary between the Pacific and North American plates,
is a right lateral strike-slip fault. The crust west of the fault system
moves to the northwest relative the rocks on the eastern side with an
average total displacement of about 5 cm/yr.

 What landscape features of southern California have developed along the
San Andreas plate boundary?
Many of southern California’s most prominent landforms and geologic features are related to the San Andreas fault system. The Transverse
Ranges has risen in the Big Bend region, where compressive forces
have elevated this east-west mountain range. The Salton Trough
marks a zone of the San Andreas system where subsidence related to
plate divergence dominates. Most of the hills and many of the basins
of southern California are related to tension or compression in areas
of strike-slip fault stepovers or changes in orientation.
Southern California.3 The Southern Sierra Nevada

 What features distinguish the southern Sierra Nevada from the northern
part of this mountain system?
The Sierra Nevada is California’s geological backbone and the largest
mountain system in the state. The southern portion of the Sierra
Nevada south of Yosemite National Park has experienced more
significant uplift in the recent geologic past and is substantially higher
than the northern part of the range. This elevation difference is
reflected in the contrasting climate, soils, flora, weathering processes,

and Pleistocene glacial features of the northern and southern Sierra
Nevada.

 What kinds of rocks comprise the southern Sierra Nevada, and what
geologic events do they signify?
The core of the Sierra Nevada is comprised by the Sierra Nevada
batholith, a large mass of granite emplaced into older rocks during
the Mesozoic Era. The batholith was constructed by magma rising
from the Farallon subduction zone beneath a volcanic arc similar to
the modern Andes Mountains of South America. Surrounding the
Sierra Nevada batholith are older metamorphic rocks that occur as
roof pendants and xenoliths in the batholithic rocks.
 What is the origin of gold in the Mother Lode belt of the Sierra Nevada?
Gold in the Mother Lode belt of the Sierra Nevada occurs primarily
in quartz veins associated with Mesozoic metamorphic rocks. Most of
the gold probably originated from hot fluids circulating through fractures and faults in the metamorphic rocks when magma bodies
intruded the Mother Lode region during the Mesozoic Era.
 When was the Sierra Nevada lifted, what caused it, and how fast are
these mountains continuing to rise?
The modern crest of the range was lifted to its present height by a
pulse of uplift during the past 5 to 10 million years. The uplift
involved westward tilting of the mountain block along normal faults
located along the eastern side of the range. This recent tilting and
uplift of the Sierra Nevada created the gentle western slope and the
abrupt eastern escarpment. Today, the Sierra Nevada continues to
rise a few millimeters each year.
Southern California.4 The Southern Great Valley

 What are some characteristics of the southern Great Valley?
The Great Valley is an elongated lowland situated between the Sierra
Nevada on the east and the Coast Ranges on the west. The southern
portion of the Great Valley is referred to as the San Joaquin Valley,
named for the primary north-flowing river system that drains it. The
watershed for the San Joaquin River is mainly the high mountains of
the southern Sierra Nevada, with smaller inputs from the Coast
Ranges to the west and Tehachapi Mountains to the south. The San
Joaquin Valley is an important agricultural region.
 What types of soils exist in the San Joaquin Valley, and why are they
important?
Great quantities of alluvium have been deposited across the floor of
the San Joaquin Valley by rivers draining the adjacent highlands. This
alluvium was derived primarily from the weathering of granitic rocks
in the Sierra Nevada. The natural fertility of the San Joaquin soils in
part reflects the mineral nutrients released during chemical weathering of the granitic rocks to the east. The San Joaquin soil series has
been designated the official California State Soil.
 What types of rocks and geological structures exist in the subsurface of the
San Joaquin Valley, and how did they originate?
In the deep subsurface of the San Joaquin Valley, Mesozoic and
Cenozoic sedimentary rocks are down-folded in the form of a large
syncline. These rocks consist of sediments that accumulated in a forearc basin associated with the Farallon subduction zone.

 What is the origin of the petroleum resources of the San Joaquin Valley?
Organic matter, mostly the remains of planktonic organisms, was
trapped in the Cenozoic and Mesozoic marine deposits. This material
has evolved into petroleum under the elevated temperatures and pressures that exist in the subsurface. Once fluid hydrocarbon compounds
formed, they migrated into porous subsurface rock bodies or into
fractured zones associated with faults or folds. The southern San
Joaquin Valley is the largest oil-producing region in California.

 What problems have accompanied the extraction of groundwater in the
San Joaquin Valley?
The development of groundwater resources in the San Joaquin Valley
resulted in a rapid fall of the water table in the mid-1900s.
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Over-pumping of groundwater in the region led to surface subsidence
as great as 9 meters (28 feet) from 1925 to 1977.
Southern California.5 The Southern Coast Ranges

 What influence does the San Andreas fault have on the physiography of
the southern Coast Ranges?
The southern Coast Ranges include several northwest-trending
mountains, such as the Santa Lucia, Gabilan, and Temblor Ranges,
separated by linear valleys with the same alignment. These landscape
elements are a reflection of the San Andreas fault system that is
aligned in the same general trend and crosses the province diagonally
at a slight angle.
 What is the Franciscan Complex, what types of rocks does it contain, and
how did it form?
The bedrock of the northern Coast Ranges is dominated by the
Mesozoic Franciscan Complex, an incredibly varied mixture of sedimentary and metamorphic rocks known as a mélange. The Franciscan
complex accumulated in or adjacent to the ocean trench developed
above the Farallon subduction zone.
 What is the Salinian block?
The Salinian block is a large fragment of crust in the southern Coast
Ranges that has been transported at least 550 kilometers to the northwest by right-lateral displacement along the San Andreas fault zone.
The bedrock of the Salinian block is similar to the Sierra Nevada and
it was probably part of the same mountain system in Mesozoic time.
 How old are the southern Coast Ranges, and what tectonic forces elevated
them?
The southern Coast Ranges began to emerge 3 to 4 million years ago.
The tectonic forces that elevated the region are related to the interaction of rock masses moving along the various faults of the San
Andreas system.

 What kinds of Cenozoic volcanic rocks occur in the southern Coast
Ranges, and how are they related to the history of the San Andreas fault
system?
Rhyolite, andesite, and pyroclastic rocks of Cenozoic age occur in
several places in the southern Coast Ranges. These rocks are probably
related to northward migration of the Mendocino triple junction.
Volcanic rocks on opposite sides of the San Andreas fault system have
been displaced by the motion of the Pacific and North American
plates during later Cenozoic time.
Southern California.6 The Transverse Ranges, Offshore
Islands, and Interior Basins

 What are the prominent physiographic elements of the Traverse Ranges?
The Traverse Ranges, consisting of several parallel mountain blocks
such as the Santa Ynez, San Gabriel, and San Bernardino Mountains,
are aligned east-west across the northwest trend of most other landscape features of southern California. This trend results from the Big
Bend, a westward deflection in the orientation of the San Andreas
fault system in southern California. Compression resulting from the
Big Bend has lifted the Transverse Ranges at nearly right angles to the
trend of the transform boundary between the North American and
Pacific plates.

 What types of bedrock and geologic structures characterize the Transverse
Ranges?
The bedrock of the Transverse Ranges consists of a mosaic of blocks
that includes Precambrian metamorphic rocks, metamorphosed
Paleozoic sedimentary rocks, Mesozoic plutonic rocks, and thick
sequences of Cenozoic sedimentary and volcanic deposits. These
rocks are deformed by reverse faults and folds caused by compression,
and sheared by strike-slip motion along strike-slip faults of the San
Andreas system.
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 What is the plate tectonic setting of the Transverse Ranges, Channel
Islands, and Interior Basins?
The Transverse Ranges have risen along the Big Bend of The San
Andreas fault system. The Channel Islands represent a western extension of the Transverse Ranges block offshore into the Pacific Ocean.
The Interior Basins represent areas of subsidence related to tensional
forces created by the rotation and movement of fault-bounded blocks
of rock.

 How did the petroleum in the Cenozoic rocks of southern California
originate?
The significant petroleum resources in the Cenozoic basins of southern California reflects a confluence of four factors: 1) the marine sediments contained suitable organic matter, 2) deep burial promoted the
formation of petroleum from the original organic detritus, 3) porous
sandstones were present to act as reservoir rock, and 4) later deformation produced several types of structural traps that inhibited the
movement of underground oil and gas.

 What evidence suggests that the Channel Islands are related to the
Transverse Ranges?
Parallel alignment, similarity in rock types and ages, and the continuity of geologic structures such as faults all suggest that the Channel
Islands are probably a western continuation of the Transverse Ranges.
Southern California.7 The Peninsular Ranges

 What is the extent of the Peninsular Ranges, and how are they similar to
the Sierra Nevada?
The Peninsular Ranges province in southern California extends
southward from the Transverse Ranges to the Mexican border, and
into the Baja peninsula for more than 700 miles (1,200 kilometers).
The physiography and bedrock of the Peninsular Ranges are both
similar to the Sierra Nevada to the north.

 What types of rocks comprise the Peninsular Range batholith and adjacent
geologic units?
The Peninsular Range batholith consists of numerous bodies of
Mesozoic plutonic igneous rocks of both felsic and mafic composition. Metamorphic rocks such as schist and gneiss surround, or are
included within, the plutonic rocks of the Peninsular Ranges
batholith. The metamorphic rocks represented older rocks (early
Mesozoic and Paleozoic age) that were intruded by magma rising
from the Farallon subduction zone.

 What kinds of Mesozoic and Cenozoic sedimentary rocks occur in the
Peninsular ranges?
Mesozoic sandstone, mudstone, and conglomerate in the Peninsular
Ranges accumulated in the Farallon forearc basin. Cenozoic sedimentary rocks of the Peninsular Range record the shift from marine to
terrestrial deposition that reflects the emergence of land along the
southern California coast over the past 40 million years.

 What are some prominent mineral resources of the Peninsular Ranges?
Peninsular Range gold deposits are similar to those of the Mother
Lode belt to the north, and probably developed in a similar manner.
Gemstones associated with pegmatite dikes in the Mesozoic plutonic
rocks have been extensively mined for valuable specimens of tourmaline, beryl, and lepidolite.
Southern California.8 The Southern California Deserts

 What are the three deserts of southern California?
The Basin and Range, Mojave, and Colorado deserts are situated in
eastern California. These three deserts are located in the rainshadows
resulting from mountainous land to the west.

 What is the plate tectonic setting of southern California’s deserts?
The Basin and Range Desert of southern California are situated in a
region of tensional faulting related to the developing zone of continental rifting to the east. The Mojave Desert is affected by both
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tensional faulting and the shear forces generated along the North
American-Pacific plate boundary. The Colorado Desert is located
astride the zone where the transform plate boundary shifts into a
divergent boundary on the floor of the Gulf of California.

American plates. This boundary involves two of the largest and most
active lithospheric plate on the earth. The immense forces generated
by the interaction of the plates can produce dangerous earthquakes
when the energy stored in rocks is suddenly released.

 What conditions are recorded by the Paleozoic sedimentary rocks of the

 What are the probabilities for future earthquakes in southern California?

eastern Mojave and Great Basin?
Paleozoic sedimentary rocks in eastern California accumulated on the
continental shelf of western North America under shallow, warm
tropical seas. These rocks commonly contain fossils of primitive
marine organisms.

Future powerful earthquakes are certain in southern California.
Modern techniques to forecast seismic events estimate that the probability of a large (magnitude 6.7 or greater) earthquake in southern
California over the next 30 years is 97%.

 What geologic events occurred in California’s deserts during the Cenozoic
Era?
The Cenozoic Era, and the Miocene epoch in particular, was a time of
basin formation and explosive volcanic activity in the Mojave Desert
and adjacent areas. The rocks of this age are generally a mixture of
lake and stream sediment, lava flows, and volcanic ash.

 What desert landforms result from the action of wind and water in
southern California’s deserts?
California’s deserts have a variety of wind and water related landforms. Alluvial fans, bajadas, and playas are the result of stream deposition, while desert pavement, ventifacts, and dunes all reflect the
action of wind in moving and depositing sand and silt particles.

 How can human activities deface desert landscapes?
Desert landscape features and natural environments are fragile and easily disrupted by human activity. The use of off-road vehicles, groundwater development, and the introduction of invasive plants can all damage
California’s fragile desert environments. Recent conservation laws been
enacted to limit the negative impacts of human activities, and may help
to accelerate the natural restoration of the desert ecosystem.
Southern California.9 Southern California Earthquakes

 What notable earthquakes have occurred in southern California?
Southern California has witnessed several of the largest earthquakes
ever experienced along the Pacific Coast. The 1857 Fort Tejon and
the 1872 Lone Pine earthquakes may have been the most violent in
California history. The Long Beach (1933), San Fernando Valley
(1971), and Northridge (1994) earthquakes resulted in billions of
dollars of property damage and significant loss of life.

 What plate tectonic mechanisms are responsible for southern California
earthquakes?
Southern California earthquakes are the consequence of stresses generated along the transform boundary between the Pacific and North

 How can seismic hazards in southern California be mitigated?
The negative impacts of future earthquakes can be limited in southern
California through the combination of careful disaster planning, prudent zoning regulations, stringent building codes, and personal and
community preparedness.
Southern California.10 Mass Wasting and Coastal Processes in
Southern California

 What factors make southern California prone to mass wasting events?
Landslides of many types are very common in southern California
due to the combination of steep slopes, prevalence of highly
deformed and weak bedrock, the periodic occurrence of intense
rainfall, and the tendency for wildfires to denude slopes of stabilizing
vegetation.

 Where in southern California are mass wasting events most common?
Mass wasting is most active along the coast of southern California
where wave erosion of sea cliffs can trigger slides and flows. Debris
flows and mudslides are also common on steep mountain slopes in the
Transverse Ranges and southern Coast Ranges.

 What landforms characterize the emergent coast of southern California?
Sea cliffs, sea stacks, wave-cut platforms, and elevated marine terraces
are all indications that many portions of the southern California coast
are emergent.

 How can human activities alter southern California’s famous beaches?
Impounding rivers for water supply or flood control reduces the supply of sediment that reaches the coast. In addition, protecting coastal
developments from wave erosion with sea walls, jetties, and breakwaters further reduces the amount of sand produced along the shoreline. Such coastal armoring also interferes with the longshore drift of
sand and can result in “starved” beaches in down-drift locations.
When these factors lead to severe beach erosion, costly interventions
such as beach nourishment programs become necessary to preserve
beaches.

ESSENTIAL TERMS TO KNOW
accretionary terranes – a large block of rock with characteristics
different from surrounding blocks. Terranes are typically bounded by
large faults and are thought to represent seamounts, oceanic rises,
reefs, island arcs, or other oceanic features accreted to continents at
convergent plate boundaries.

alluvial fan – a fan-shaped wedge of alluvium deposited by rivers where
they flow from a mountainous region onto an adjacent valley floor.

alluvium – a general term for sediment of any kind deposited by
running water.

anorthosite – a plutonic igneous rock consisting dominantly of
plagioclase feldspar.

anticline – an upward fold in which all rock layers dip away from the
fold axis.

aquiclude – a layer of rock or soil that inhibits the movement of
groundwater.

aquifer – a layer of rock or soil that absorbs and transmits
groundwater.

arête – a narrow jagged ridge separating two glacial valleys or cirques.
bajada – a broad alluvial apron that develops along the foot of a
mountain from coalescing alluvial fans.

basalt – a dark-colored fine-grained igneous rock that forms from
magma of mafic (45 to 52% silica) composition.

batholith – a large body of plutonic igneous rock with a surface
exposure exceeding 100 km2.

blueschist – a foliated metamorphic rock that contains glaucophane,
a bluish-colored mineral of the amphibole group.
breccia – a detrital sedimentary rock consisting of angular rock
particles larger than 2 mm.

caldera – a large circular to oval depression that develops on the
summit of a volcano in response to the partial evacuation of the
underlying magma chamber.

chert – a fine-grained non-clastic sedimentary rock consisting of
microcrystalline quartz, which may include the skeletons of silicasecreting microorganisms such as radiolarian.
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cinder cone – a small steep-sided volcano consisting of a loose
accumulation of volcanic cinder.

horst – a term describing the block of rock displaced upward as the
footwall of a normal fault.

cirque – a generally circular depression that forms in the uppermost
reaches of glacial troughs occupied by valley glaciers.

interglacial – periods of warm climatic conditions in an ice age

compression – a “squeezing” stress that results from forces directed

isostacy, principle of – a general concept that considers the earth’s

toward each other.

crust as a low-density slab in gravitational equilibrium with a denser
supporting mantle below it.

continental shelf – the shallow seafloor bordering a continent that
slopes gently toward the steeper continental slope.

Cordilleran orogeny – an episode of deformation that affected the

when glaciers retreat.

lahars – a volcanic mudflow consisting of ash and rock fragments
mixed with mater.

western margin of North America during the Jurassic and Cretaceous
periods.

Laurasia – a large late Paleozoic continent that consisted of present-

desert pavement – a surface mosaic of close-fitting stones that

Laurentia – a late Precambrian continent that broke away from the

forms in desert region by the selective removal of small particles by
the wind.

larger Rodia 700-800 million years ago.

detrital – a term describing the soild rock particles produced by the

CaCO3.

weatering process or applied to sedimentary rocks consisting of such
particles.

diorite – an intrusive igneous rock with nearly equal amounts of dark

liquefaction – the conversion of wet sandy sediment into a dense
fluid under the influence of ground shaking generated by an
earthquake.

and light colored minerals. Diorite is intermediate in composition
between granite (felsic) and gabbro (mafic).

lode – an ore deposit in which the valuable commodity is concentrated
in a vein or pod within crystalline igneous or metamorphic rock.

emergent – a term describing a coast that has risen relative to sea level.
Farallon plate – an ancient lithospheric plate that separated the

longshore current – a shallow coastal current produced by wave
refraction that moves parallel to the shoreline between the breaker
zone and the beach.

North American plate from the Pacific Plate during the Mesozoic and
early Cenozoic Eras. Remnants of the Farallon plate include the modern Juan de Fuca, Gorda, Cocos, and Rivera plates in the eastern
Pacific Ocean basin.

Farallon subduction zone – the east-dipping zone of subduction
developed where the Farallon plate descended beneath the western
edge of the North American plate during the Mesozoic and early
Cenozoic Eras.

fault – a fracture in the earth’s crust along with rock masses have
been displaced.
felsic – a term describing the composition of magma or igneous rock
that contains more than 65% silica and is rich in sodium, potassium,
and aluminum.

folds – a geologic structure in which layers or other features in a rock
mass have been bent by compression.

forearc basin – a basin of sediment accumulation located between a
volcanic arc mountain system and an offshore oceanic trench. Forearc
basin are developed in association with subduction zones at convergent plate boundaries.

gabbro – a dark-colored intrusive igneous rock of mafic composition.
glacials – periods of cold climatic conditions during an ice age when
glaciers expand.gneiss high-grade metamorphic rocks characterized
by alternating light and dark bands.

graben – a term for the block of rock displaced downward as the
hanging wall of a normal fault.

granite – a light colored plutonic igneous rock of felsic composition.
graded bedding – a type of sedimentary bedding characterized by a
decrease in grain size from the bottom to the top of an individual
layer.

greenstone – a metamorphic rock containing the greenish minerals
epidote, chlorite, or amphibole that results from the metamorphism
of mafic igneous materials.
greywacke – an impure sandstone that contain mineral grains mixed
with rock fragments and commonly exhibits a gray color.

horn – a steep and jagged peak having the form of a pyramid that
developed between glacial cirques.

day North America, Greeland, Europe, and Asia.

limestone – a chemical sedimentary rock composed of calcite,

longshore drift – the movement sediment along a shoreline under
the influence of a longshore current.
mafic – a term describing the composition of magma or igneous rock
that contains 45 to 52% silica, and is rich in calcium, magnesium, and
iron.
marine terrace – a wave-cut platform now elevated above sea level.
mass wasting – the downslope movement of material under the
influence of gravity including rockslides, mudslides, rockfalls, and
debris flows.

mélange – a deformed and sheared mass of metamorphic and sedimentary rocks that forms in seduction zones.

metamorphic – a term describing rocks that have been altered by
heat, pressure, or chemical activity.
moraine – a ridge of mound of unsorted and non-stratified glacial
sediment (till) deposited by melting glaciers.

mudstone – a fine-grained clastic sedimentary rock consisting of a
mixture of sand, silt, and clay-sized particles.

Nevadan orogeny – a period of mountain building and igneous
activity in the western United States during the Jurassic and
Cretaceous periods that was linked to the Farallon subduction
zone.

normal faults – a dip-slip fault in which the hanging wall has
moved down relative to the foot wall. Normal faults develop from
tensional stress and are most common in areas of divergent plate
boundaries
oblique-slip faults – a fault that has both strike-slip and dip-slip
displacement.

obsidian – natural glass produced by the rapid cooling of lava eruted
during a volcanic event.

oceanic trench – a long narrow trough on the seafloor formed
where an oceanic plate descends in a subduction zone.

oil seeps – a place on the surface where oil naturally migrating from
depth issues from rock or soil.

Pangaea – a supercontinent consisting of all the Earth’s landmasses
that existed at the end of the Paleozoic Era, about 250 million years ago.
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passive continental margin – the edge of a continent that exists

sea arch – an arch-like exposure of coastal bedrock that results from

within a single plate, without any interactions with other plates.
Passive continental margins develop on the trailing edges of continental masses that have been rifted apart.

wave erosion of sea caves along a projecting headland.

pediment – a flat erosion surface that slopes gently away from a
mountain base.

sea cliffs – coastal bluffs or cliffs produced by wave erosion.
sea stack – a remnant of bedrock on a wave-cut marine terrace.
serpentinite – a greenish-black metamorphic rock that forms

petroleum – a naturally occurring mix of hydrocarbon compounds

from mafic igneous rocks such as basalt, gabbro, and peridotite.
Serpentinite occurs in the western metamorphic terranes of the Sierra
Nevada, in the Klamath Mountains, and in the northern Coast
Ranges. It is the official California State Rock.

that forms from organic matter trapped in sedimentary rocks.

shale – a fine-grained sedimentary rock consisting of clay and silt-

pegmatite – a plutonic igneous rock characterized by very large
crystals of quartz, feldspar, and other minerals.

physiographic province – a region of unique geology, landforms,

sized particles.

drainage, soils, climate, and flora and fauna distinct from adjacent
areas on the basis of these features.

shear – a stress that results from forces acting parallel to one anoth-

playa – a dry lakebed common in desert regions.
playa lake – a shallow temporary lake that forms over a playa from
run-off following rain storms.

pluton – an intrusive igneous body that forms when magma cools
and crystallizes below the surface and within the crust.

er, but in opposite directions.

Sierra Nevada batholith – a large composite pluton consisting of
more than 100 individual masses of intrusive igneous rock making up
the basement of the Sierra Nevada.

stepover – a term describing the overlap of the end of adjacent par-

crystallized from magma within the crust.

allel strike-slip faults. Stepovers may be areas of tension or compression depending on whether the strike-slip faults have right or left
lateral displacement.

pluvial – a term describing a lake or other feature that develops from

striations – parallel grooves and scratches left on bedrock surfaces

plutonic – a term describing the origin of an igneous rock that

heavy rainfall.

by the movement of glacial ice.

polish – the smooth and glossy surface produced by glacial ice sliding over a bedrock surface.

strike-slip fault – a fault that involves horizontal displacement of the

Precambrian – an informal term used to describe all geologic time
preceding the Paleozoic Era. The Precambrian interval encompasses
88% of earth history, a span of more than 4 biillion years.

subduction complex – a complex, wedge-shaped mass of
deformed and metamorphosed rock formed where an oceanic plate
collides with, and descends beneath, an overriding plate.

pyroclastic – a term that describes the fragmental texture or charac-

submarine fan – a fan-shaped sedimentary deposit of sand, silt, and

ter of volcanic rock such as tuff and volcanic breccia produced during
explosive eruptions.

syncline – a downward fold in which all rock layers dip toward the

blocks on opposite sides, so that they slide sideways past each other.

mud that accumulates on the continental rise and slope.

quartzite – a hard and dense metamorphic rock that forms from the

axis of the fold.

alteration of sandstone.

tension – a stress produced by forces acting along the same line, but

rainshadow – a term describing the dry area located downwind of a

in opposite directions; a “stretching” force.

mountain range where little rainfall is received.

thrust – a term describing a reverse fault with a plane that dips at less

reservoir rock – rock that is either porous or fractured so that it

than a 45 degree angle.

can absorb liquid and gas hydrocarbons in the subsurface.

transform plate boundary – a boundary between plates that slide

reverse fault – a dip-slip fault in which the hanging wall moves up
relative to the foot wall. Reverse faults form by compression of the
rock masses associated with the convergence of plates.

past one another and crust is neither produced nor destroyed. The
strike-slip faults of the San Andreas fault zone represent the transform
boundary between the Pacific and North American plates.

rhyolite – a light-colored volcanic rock of felsic composition.
rip-up clast – a fragment of sediment or sedimentary rock broken

triple junction – the point at which three lithosphere plates meet.
tuff – a fine-grained pyroclastic igneous rock that consists of consoli-

from an underlying layer by a strong current and re-deposited into an
overlying layer of sediment. Rip-up clasts are particularly common in
sediments deposited by turbidity currents.

dated particles of volcanic ash.

Rodinia – a Precambrian supercontinent of which North America

ventifacts – stones with surfaces polished, abraded, and faceted by

was a part until it was rifted from it about 750 million years ago.

wind-blown particles. volcanic arc - a linear chain of andesitic volcanoes, such as the modern Andes mountains of South America, that
develops on land above a subduction zone.

roof pendant – a mass of metamorphic rock preserved above the
top of an underlying pluton. Roof pendants represent remnants of the
“country rock” into which subterranean magma intruded.

sandstone – a detrital sedimentary rock composed of grains between

turbidity currents – a dense mixture of sediment and water that
flows downslope on the ocean floor.

wave-cut platform – an beveled, nearly flat erosion surface on
coastal bedrock that is produced by wave erosion.

scarp – a vertical embankment or bluff formed by the displacement

welded tuff – a pyroclastic volcanic rock consisting of ash and other
particles fused together by heat.

of rock along faults that have a dip-slip component of motion.

xenoliths – a type of inclusion in which a fragment of older rock is

schist – a foliated metamorphic rocks characterized by a shiny
surface produced by small mica sheets in parallel alignment.

incorporated into younger igneous rock.

1/16 and 2 mm in size.

