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PREFACE 
Welcome to California Geography.  
 
This textbook was designed especially for Community College students, as a resource to 
instill the knowledge and adventure that the discipline of geography holds for so many 
ƻŦ ǳǎΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǳƴƛǘǎ ǿƛƭƭ ŎƻǾŜǊ ŀ ǿƛŘŜ ŀǊǊŀȅ ƻŦ ǘƻǇƛŎǎ ǎǳŎƘ ŀǎΥ /ŀƭƛŦƻǊƴƛŀΩǎ water 
resources, geology, weather, climate, culture, architecture, and agriculture.  
 
As you will see, the geography of California is diverse; geographically, geologically, and 
culturally. This text explores these avenues and more by providing Case Studies and 
highlighting the unsung people, locations, and narratives of the State.  
 
Throughout the text, you will find further opportunities to explore the content by using 
QR codes that are linked to short videos by Professor Patrich. These include traditional 
/ƻƭƭŜƎŜ ƭŜǾŜƭ ƭŜŎǘǳǊŜǎΣ ŜȄǇƭƻǊŜ ǘƘŜ ƻǳǘŘƻƻǊǎ ǿƛǘƘ ǘƘŜ Ψhǳǘ ƛƴ ǘƘŜ CƛŜƭŘΩ ŜȄǇŜǊiences and 
ƭŜŀƴ ŀōƻǳǘ ǳƴƛǉǳŜ /ŀƭƛŦƻǊƴƛŀ ŀǊǘƛŦŀŎǘǎ ŦǊƻƳ Ψhǳǘ ƻŦ ǘƘŜ /ƻƭƭŜŎǘƛƻƴΩΦ  
 
I am looking forward to sharing my passion of geography with youτand I hope that this 
text instills the love I have for the Golden State, and provides a narrative of inclusivity, 
diversity, and equity.   
 

a¦[¢La95L!Χ !¦¢IhwΩ{ ¸h¦¢¦.9 /I!bb9[ 

Professor Jeremy Patrich has shared his chapter reviews and course lectures on his YouTube 
channel. Scan the QR code or visit:  
 

https://www.youtube.com/channel/UC22lvRmcfY7OYNqCVY5EbKQ/ 
 

 

  

https://www.youtube.com/channel/UC22lvRmcfY7OYNqCVY5EbKQ/


6 | C A L I F O R N I A  G E O G R A P H Y   

 

 
Figure 1.1: An Early Map of California, Circa 1650.1  

UNIT 1: THE GOLDEN STATE 
Goals & Objectives of this unit 

ü Identify the characteristics, symbology and boundaries that define California as a state, 

culturally and physically. 

ü Determine the ways in which geographers observe and interpret California.  

ü Examine and identify primary events that define California's history. 

 

 

INTRODUCTION TO THE STATE 
California is a state in the Western United States, located along the Pacific Coast. With nearly 

39.2 million residents, as of 2024, across a total area of approximately 163,696 square miles 

(423,970 km2), it is the most populous U.S. state and the 3rd largest by area. The Greater Los 

Angeles area and the San Francisco Bay Area are the nation's second and fifth most populous 

urban regions respectively, with the former having more than 18.7 million residents and the 

latter having over 9.6 million. Sacramento is the state's capital, while Los Angeles is the most 

populous city in the state and the second most populous city in the country. San Francisco is 

the second most densely, (which is a calculation of how many people per square mile or 

kilometer) populated major city in the country. Los Angeles County is the country's most 

 
1 Map by Johannes Vingboons is in the public domain 

https://en.wikipedia.org/wiki/File:California_island_Vinckeboons5.jpg
https://en.wikipedia.org/wiki/Johannes_Vingboons
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populous, while San Bernardino County is the largest county by area in the country. California 

borders Oregon to the north, Nevada and Arizona to the east, the Mexican state of Baja 

California to the south; and has a coastline along the Pacific Ocean to the west. 

 

The economy of the state of California is the largest in the United States, with a $3.4 trillion 

gross state product (GSP) as of 2022. It is the largest sub-national economy in the world. If 

California were a sovereign nation, it would rank as the world's fifth-largest economy as of 

2022. 

 

Prior to European colonization, California was one of the most linguistically diverse areas in pre-

Columbian North America and contained the highest Native American population density north 

of what is now Mexico. European exploration in the 16th and 17th centuries led to the 

colonization of California by the Spanish Empire. In 1804, it was included in Alta California 

province within the Viceroyalty of New Spain. The area became a part of Mexico in 1821, 

following its successful war for independence, but was ceded to the United States in 1848 after 

the Mexican American War. The California Gold Rush started in 1848, only 9 days after Mexico 

signed over the greater part of California in the Treaty of Guadalupe, which led to dramatic 

social and demographic changes, including large-scale immigration into California, a worldwide 

economic boom, and the California genocide of indigenous people. The western portion of Alta 

California was then organized and admitted as the 31st state on September 9th, following the 

Compromise of 1850. 

 
Figure 1.2: Map of the United States Post Treaty of Guadalupe Hidalgo, in 1848. 2 

 
2 Map by Golbez is used under a CC BY-SA 3.0 license. 

https://commons.wikimedia.org/wiki/File:United_States_1849-1850.png
https://commons.wikimedia.org/wiki/User:Golbez
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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The state's extremely diverse physical geography ranges from the Pacific Coast and 

metropolitan areas in the west to the Sierra Nevada mountains in the east, and from the 

redwood and Douglas fir forests in the northwest to the Mojave Desert in the southeast. The 

Central (or often referred to as the Great) Valley, a major agricultural area, dominates the 

state's center. California is well known for its warm Mediterranean climate and monsoon 

seasonal weather. The large size of the state results in climates that vary from moist temperate 

rainforest in the north to arid desert in the interior, as well as snowy alpine in the mountains.  

 

/ŀƭƛŦƻǊƴƛŀ ƛǎ ƘƻƳŜ ǘƻ ǘƘŜ ǿƻǊƭŘΩǎ ƻƭŘŜǎǘΣ ǘŀƭƭŜǎǘΣ ŀƴŘ ƭŀǊƎŜǎǘ ǘǊŜŜǎτit also has the highest and 

lowest point in the lower 48 states. The geography and geology provide tourists the 

opportunity to go skiing and surfing in the same day, while driving by some of the tallest and 

lowest elevations on the continent. No other location has the cultural and spatial diversity, 

grandeur, and geological variety than California. The best way to understand what California 

ΨƛǎΩΣ ǿƻǳƭŘ ōŜ ǘƻ ǎǘŀǊǘ ǿƛǘƘ ǘƘŜ ǎǘƻǊȅ ƻŦ ǘƘŜ LǎƭŜ ƻŦ /ŀƭƛŦƻǊƴƛŀΦ  

 

 

CALAFIA & THE FIRST PEOPLE TO SEE HER 
The fabled "Isle of California" was first described in the 16th century Spanish romance novel, Las 

Sergas de Esplandián. This mystical island was to be found in the South Seas, placed next to the 

Terrestrial Paradise, or the Garden of Eden. Calafia was the Queen of the Island, the ruler of 

many beautiful Amazonian women with griffins, and countless treasures. Calafia and her people 

may be a narrative legend; however, the idea of her island is probably the mistake of early 

explorers mis-identified the Baja California Peninsula as a massive island, these are the stories 

in which legends are made. 

 
Figure 1.3: The Mythical Queen Calafia, From Which California Earned its Name. 3 

 

 
3 Image is in the public domain. 

https://commons.wikimedia.org/wiki/File:Depiction_of_Queen_Califia_(top,_center)_in_the_%22California%27s_Name%22_mural_(1937,_Lucile_Lloyd)_in_the_California_Capitol.jpeg
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For more than two hundred years, there was a difference of opinion as to whether this land 

which we now know as Lower California was an island or a part of the mainland. In a book 

published in London in 1725 entitled, Map of The World, California is described and mapped as 

a large island extending north to the Straits of Anián, today known as Puget Sound in 

Washington state. 

 

In that book, all that is known of California is given in one paragraph, a part of which reads as 

follows: 

"This island was formerly esteemed a peninsula, but now found to be entirely 

surrounded with water. Its north part was discovered by Sir Francis Drake, Anno 1577, 

and by him called New Albion, where, erecting a pillar, he fastened thereto the arms of 

England. The inland parts were afterward searched into and are found to be only a dry, 

barren, cold country. Europeans were discouraged from sending colonies to the same so 

that it still remains in the hands of the natives." 

 

After the establishment, of the first of the missions, in 1769, within the boundaries of the 

present State, the northern portion of that indefinite area to which the name California had 

been given came to be known as New, or Upper California, while the older known peninsula 

was called Old, or Lower California. 

 

It was not until after the war with Mexican-America War of 1846-1848, that the boundaries of 

Upper California became clearly defined, although on the north the forty-second parallel had 

been previously recognized by the Adams-Onís Treaty with Spain in 1818, as separating it from 

the Oregon territory. 

 

As one result of the Mexican War, California came into possession of Lower as well as Upper 

California, but a treaty of peace finally established the southern boundary of the present State 

near the thirty-second parallel, the Treaty of Guadalupe Hidalgo in 1848. The original draft of 

the treaty included the mouth of the Colorado River in the United States and should have been 

ratified as it was, for it would have avoided disputes as to the use of the river and saved an 

arbitrary boundary line across its great and fertile delta. The land that the Treaty of Guadalupe 

Hidalgo brought into the United States became all or part of nine states: California (1850), 

Nevada (1864), Utah (1896), and Arizona (1912), as well as, depending upon interpretation, the 

entire state of Texas (1845), which then included part of Kansas (1861); Colorado (1876); 

Wyoming (1890); Oklahoma (1907); and New Mexico (1912).  

 

The eastern boundary of California, during Mexican rule, was quite indefinite. It was held, on 

the one hand, that the summit of the Sierra Nevada or Snowy Mountains was the eastern limit, 
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while on the other, the country as far east as Colorado was included in the territory. The line as 

finally established, however, followed a middle course, including a strip of the desert country 

east of the Sierra which geographically belongs to Nevada. 

 

The only natural features, then, which sharply separated California from the adjacent regions 

are the Pacific Ocean upon the west, and the Colorado river upon the southeast. The coastal 

region and the Great, or Central Valley with its tributary slopes are so isolated by mountains 

and deserts that with the primitive means of travel in the early days they were extremely 

difficult to reach. 

 

The influence of the waterways upon the discovery and settlement of California was much less 

than is usually the case with new countries. The Colorado River was practically useless because 

of the great canyon in which it is buried throughout most of its course. In addition, its lower 

portion is shallow and its mouth is in such a remote and inaccessible region that it was almost 

unused in the early days. No other streams were available for those attempting to cross the 

continent. Although, for some years before Fremont's explorations, it was erroneously 

supposed, and this error crept into the maps of that time, that a great river known as the 

Buenaventura rose in a lake in the Rocky Mountains and flowed westerly into San Francisco 

Bay. Fremont attempted to find this supposed river when caught in the deserts of northern 

Nevada with winter coming on, and nearly perished in the snows of the Sierra Nevada range 

which was found to lie directly across the path of the imaginary stream. 

  

With California hemmed in by mountains and deserts upon the land side, it would surely seem 

that in the Pacific Ocean, which borders it for such a long distance, we would find an easy way 

of approach the coast. However, the records of the various exploring expeditions which visited 

the Pacific coast of North America show that they were repeatedly driven southward by the 

northwesterly winds and storms. Time and again the expeditions sent north from Mexico were 

beaten back and disabled. Parties traveling by land made better time and encountered fewer 

difficulties than those upon the ocean. The difficulty of exploring the coast by sea caused both 

Drake and Visciano to sail past the entrance to San Francisco Bay without seeing it, due to the 

thick fog, and led to its interesting discovery by a land expedition under Portola. 

 

 

HOW GEOGRAPHERS STUDY CALIFORNIA 
Geography is a spatial science, a systematic study of the Earth, its features, and phenomena 

that take place on it. For something to fall into the domain of geography, it generally needs 

some sort of spatial component that can be placed on a map, such as coordinates, place names, 
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or even addresses. This has led to geography being associated with cartography and place 

names. Geographers study the Earth's spatial and temporal distribution of phenomena, 

processes, and features as well as the interaction of humans and their environment. Because 

space and place affect a variety of topics, such as economics, health, climate, plants, human 

societies, lifestyles, and animals, geography is highly interdisciplinary. The interdisciplinary 

nature of the geographical approach depends on an attentiveness to the interactive 

relationships between physical and human phenomena and their spatial patterns. 

  
Figure 1.4: Chart of the Interdisciplinary Topics & Nature of the Geographic Approach. 4 

 

Geography as a discipline can be split broadly into two main branches: human geography and 

physical geography. Human geography largely focuses on the built environment and how 

humans create, view, manage, and influence space. Physical geography examines the natural 

environment, and how organisms, climate, soil, water, and landforms produce and interact. The 

difference between these approaches led to the development of integrated geography, which 

combines physical and human geography and concerns the interactions between the 

environment and humans.  

Geographic Inquiry 
Geography is the study of the physical distribution of, and cultural environments of the earth. 

What makes geography different from other disciplines is its focus on spatial inquiry and 

analysis. Geographers also try to look for connections between things such as patterns, 

 
4 Graphic by Jeremy Patrich 

https://en.wikipedia.org/wiki/Cartography
https://en.wikipedia.org/wiki/Geographers
https://en.wikipedia.org/wiki/Natural_environment
https://en.wikipedia.org/wiki/Climate
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movement and migration, trends, and so forth. This process is called either 

geographic or spatial inquiry. To do this, geographers go through a geographic methodology 

that is quite like the scientific method, but again with a geographic or spatial emphasis.  

 

1. Ask a geographic question. Ask questions about spatial relationships in the world 

around you, such as the location of your college as it pertains to your home, high school, 

or work.  

2. Acquire geographic resources. Identify data and information that you need to answer 

your question. 

3. Explore geographic data. Turn the data into maps, tables, and graphs, and look for 

patterns and relationships by utilizing geospatial computer programs and statistics.  

4. Analyze geographic information.  Determine what the patterns and relationships mean 

concerning your question. This is where critical thinking comes to play; once observing 

the results you then begin to develop future work or perhaps ask even more questions.  

 

Geospatial Technology 
There are two basic types of data: spatial and non-spatial data. Spatial data, also 

called geospatial data, is data that can be linked to a specific location on Earth. Geospatial data 

is ōŜŎƻƳƛƴƎ άōƛƎ ōǳǎƛƴŜǎǎέ ōŜŎŀǳǎŜ ƛǘ ƛǎƴΩǘ Ƨǳǎǘ ŘŀǘŀΣ ōǳǘ Řŀǘŀ ǘƘŀǘ Ŏŀƴ be located, tracked, 

patterned, and modeled based on other geospatial data. Census information that is collected 

every 10 years is an example of spatial data. Non-spatial data is data that cannot be specifically 

traced to a specific location. This might include the true number or ethnicities of people living in 

a household, enrollment within a specific course, or even gender information. But non-spatial 

data can become spatial data if it can be linked in some way to a location. An example of this 

could be assigning an orange tree in Ventura County a latitude and longitude.  

Geospatial technology specialists use a method called geocoding that can be used to give non-

spatial data a geographic location. Once data has a spatial component associated with it, the 

type of questions that can be asked dramatically changes.  

 

Lecture Time: Intro ǘƻ /ŀƭƛŦƻǊƴƛŀΩǎ DŜƻƎǊŀǇƘȅ  

Want to learn more? Either scan the QR code or visit this link to watch a 

lecture that introduces California, and how geographers study the state.  

(Video length: 19min). 

 

https://youtu.be/N9-y7JjZWig
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Figure 1.5: Visual Representation of Themes in a GIS. 5 

 

Remote Sensing 
Remote sensing can be defined as the ability to study objects without being in direct 

physical contact with them. For example, your eyes are a form of passive remote 

sensing because they are άǇŀǎǎƛǾŜƭȅέ absorbing electromagnetic energy within the visible 

spectrum from distant objects and your brain is processing that energy into information. 

Satellite imagery is a type of remotely sensed imagery taken of the Earth's surface, which is 

produced from orbiting satellites that gather data via electromagnetic energy. Next is aerial 

photography, which is film-based or digital photographs of the Earth, usually from an airplane 

or non-piloted drone. Images are either taken from a vertical or oblique position. The third 

is radar, which is an interesting form of remote sensing technology that uses microwave 

pulses to create imagery of features on Earth. This can be from a satellite image or ground-

based Doppler radar for weather forecasting. Finally, a fast-growing realm of remote sensing is 

called Light Detection and Ranging or Lidar, which is a form of remote sensing that measures 

the distance of objects using laser pulses of light. In 2023 a next-generation Subsea lidar was 

used to collect incredibly precise data about subfloor characteristics.  

 

 
5 Image by the ¦Φ{Φ DƻǾΩǘ !ŎŎƻǳƴǘŀōƛƭƛǘȅ hŦŦƛŎŜ is in the public domain  

https://commons.wikimedia.org/wiki/File:Visual_Representation_of_Themes_in_a_GIS.jpg#/media/File:Livelli_wiki.png
https://www.flickr.com/photos/usgao/
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Figure 1.6: Remote sensing of the environment. 6 

 

Global Positioning Systems 
Another type of geospatial technology, and a key technology for acquiring accurate control 

Ǉƻƛƴǘǎ ƻƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ƛǎ Ǝƭƻōŀƭ ǇƻǎƛǘƛƻƴƛƴƎ ǎȅǎǘŜƳǎ όDt{ύΦ ¢ƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ŀ 

GPS receiver on 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ŀ ƳƛƴƛƳǳƳ ƻŦ ŦƻǳǊ ǎŀǘŜƭƭƛǘŜǎ ŀǊŜ ǊŜǉǳired using a 

mathematical process called triangulation. Normally the process of triangulation requires a 

minimum of three transmitters, but because the energy sent from the satellite is traveling at 

the speed of light, minor errors in calculation could result in large location errors on the ground. 

Thus, a minimum of four satellites is often used to reduce this error.  

 

There is a technology that can bring together remote sensing data, GPS data points, spatial 

and non-spatial data, and spatial statistics into a single, dynamic system for analysis, and that is 

a geographic information system (GIS). A GIS views the world by overlaying physical or cultural 

layers, each with quantifiable data that can be analyzed. A single GIS map of a national forest 

could have layers such as elevation, deciduous trees, evergreens, soil type, soil erosion rates, 

rivers and tributaries, major and minor roads, burn areas, regrowth, animal species type, trails, 

and more. Each of these layers would contain a database of information specific to that layer. 

 

The Geography of Humans 
Human geography is the branch of geography that studies spatial relationships between human 

communities, cultures, economies, and their interactions with the environment, examples of 

which is studied in schools are urban sprawl, urban redevelopment etc. It analyzes spatial 

interdependencies between social interactions and the environment through qualitative and 

 
6 Image used with permission from gisgeography.com 

https://gisgeography.com/remote-sensing-of-the-environment/
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quantitative methods. This text will reference this perspective, of human geography, to better 

understand the intrarelationships between California and its people. This geographic lens 

becomes particularly helpful when evaluating both natural and human landscapes.  

 

Cultural 
Cultural geography is the study of cultural processes, identities, and norms - their variation 

across spaces and places, as well as their relations. It focuses on describing and analyzing the 

ways language, religion, economy, government, and other cultural phenomena vary or remain 

constant from one place to another and on explaining how humans function spatially. 

 

Economic 
Economic geography is the subfield of human geography which studies economic activity and 

factors affecting them. It can also be considered a subfield or method in economics. There are 

four branches of economic geography. There are: Primary sector, Secondary sector, Tertiary 

sector, & Quaternary sector. 

 

Historical 
Historical geography is the study of the human, physical, fictional, theoretical, and "real" 

geographies of the past. Historical geography studies a wide variety of issues and topics. A 

common theme is the study of the geographies of the past and how a place or region changes 

through time. Many historical geographers study geographical patterns through time, including 

how people have interacted with their environment, and created the cultural landscape. 

 

Political 
Political geography is concerned with the study of both the spatially uneven outcomes of 

political processes and the ways in which political processes are themselves affected by spatial 

structures. Conventionally, for the purposes of analysis, political geography adopts a three-

scale structure with the study of the state at the center, the study of international relations (or 

geopolitics) above it, and the study of localities below it. The primary concerns of the 

subdiscipline can be summarized as the inter-relationships between people, state, and 

territory. 

 

Population 
Population geography relates spatial variations in the distribution, composition, migration, and 

growth of populations to the terrain. Population geography involves demography in a 

geographical perspective. Demography is the study of human statistics and distributions, that 

often involves factors such as where population is found and how the size and composition of 
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these population is regulated by the demographic processes of fertility, mortality, and 

migration. 

 

Urbanism 
Urban geography is the study of cities, towns, and other areas of relatively dense settlement. 

Two main interests are site (how a settlement is positioned relative to the physical 

environment) and situation (how a settlement is positioned relative to other settlements). 

Another area of interest is the internal organization of urban areas about different 

demographic groups and the layout of infrastructure. This subdiscipline also draws on ideas 

from other branches of Human Geography to see their involvement in the processes and 

patterns evident in an urban area. 

 

 

DEFINING THE BOUNDARIES & SYMBOLS 
As we will see later in this text, California can be viewed several ways; political, economic, 

cultural, geographically, and even linguistically. As mentioned earlier, the earlier boundaries of 

California were defined by Spanish claims of Mexico as part of the province of Alta California. 

The northern boundary of Spanish claims was set at 42°N latitude by the AdamsςOnis Treaty of 

1819. The states of Nevada and Utah, also originally part of Alta California, also use that line for 

their northern boundaries. The southern boundary, between California and Mexico, was 

established by the Treaty of Guadalupe Hidalgo that ended the Mexican-American War in 1848. 

The line is about 30 miles north of the former Alta California southern boundary. The eastern 

boundary consists of two straight lines: a northςsouth line from the northern border to the 

middle of Lake Tahoe, and a second line angling southeast to the Colorado River. From that 

point, 14 miles (23 km) south-southwest of Davis Dam on Lake Mohave, the southeast 

boundary follows the Colorado River to the international border west of Yuma. The eastern and 

south-eastern boundaries were decided upon during the debates of the California 

Constitutional Convention in 1849. 

 

The following image, figure 1.7, identifies some of the landform divisions that have helped 

define not just the physical boundaries, but the greater regions within our state. In future units, 

the text will define each region of the state, including the physical, geological, cultural and in 

many instances even specific case studies of towns and people within that region.  
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Figure 1.7: ! aŀǇ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ tƘȅǎƛŎŀƭ CŜŀǘǳǊŜǎ & Select Points of Interest. 7 

 

The Symbols of California 
The Great Seal of the State of California was adopted at the California state Constitutional 

Convention of 1849, (figure 1.8), and has undergone design changes since then, the last being 

the standardization of the seal in 1937, in which the current seal still resembles (figure 1.9). 

 
7 California State University, Northridge. (2011). California: Physical Features. csun.edu. Retrieved 6/15/2023 from: 
http://www.csun.edu/~cfe/maps/?C=N;O=A  
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Most recent seal shows Athena, (original named Minerva) in Greek mythology, the Goddess of 

wisdom and war, as she was born an adult. A California grizzly bear, the official state animal, 

feeding on grape vines, representing California's wine production; a sheaf of grain, representing 

agriculture; a miner, representing the California Gold Rush and the mining industry; and sailing 

ǎƘƛǇǎΣ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ǎǘŀǘŜϥǎ ŜŎƻƴƻƳƛŎ ǇƻǿŜǊΦ ¢ƘŜ ǿƻǊŘ 9ǳǊŜƪŀ όʶˏˊʹˁʰ ƛƴ DǊŜŜƪύΣ ƳŜŀƴƛƴƎ ϦL 

have found it", is the California state motto. 

 

 
Figure 1.8: The Original California State Coat of Arms, 1876. 8 

 

So how did we get to the current seal? It all started in 1928, due to the number of incorrect 

details that had appeared in the seal over the years, state printer Carroll H. Smith was 

authorized to prepare a new and correct seal. This seal was drawn by Los Angeles heraldic artist 

Marc J. Rowe who, among other corrections, narrowed the growing break in the mountains so 

that it appeared to be the Sacramento River, fringed by snow-capped Sierra, and not an arm of 

San Francisco Bay, as the 1876 seal made it appear. Nine years later, the 1937 standardized seal 

once again featured a widened gap of Golden Gate proportions, although it did keep Rowe's 

snow-capped Sierra Nevada that had replaced the barren foothills of previous editions of the 

seal. Both features have stayed in the official seal. 

 

The 1937 standardization came about when state employees, wishing to print the seal on 

blotters for the State Fair, could not find any official design of the seal. This prompted a new 

law which established for the first time a definite pictured design with which the master die 

was 'substantially' to conform, and at the same time established the legality of all previous 

seals which were essentially the same as this one. 

 
8 Illustration by Henry Mitchell is in the public domain.  

https://en.wikipedia.org/wiki/File:California_state_coat_of_arms_(illustrated,_1876).jpg
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Figure 1.9: The Modern-Day Adoption of the 1849 Great Seal of California. 9 

 

The symbols found within the Seal are often easily recognized, such as the State motto. Other 

symbols become just common knowledge such as the nickname, the Golden State. Other 

lesser-known symbols of California range from the state amphibian to the state vegetable. This 

text will continue to celebrate the diversity of California; however, it seems appropriate to list 

some the more obscure and trivial designated symbols of California. 

 

Table 1.1: California State Symbols 

Symbol California State 

Amphibian California Red-Legged Frog 

Animal California Grizzly Bear 

Bird California Quail 

Colors Blue & Gold 

Dance West-Coast Swing 

Dinosaur Augustynollphus 

Fabric Denim 

Fish Golden Trout 

Flower California Poppy 

 
9 CƛŎƘƛŜǊ ŘΩƻǊƛƎƛƴŜ is in the public domain 

https://fr.m.wikipedia.org/wiki/Fichier:Great_Seal_of_California.svg
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Symbol California State 

Fossil Smilodon Californicus 

Fruit Avocado 

Gemstone Benitoite 

Gold Rush Town Bodie 

Mineral Gold 

Outdoor Play The Ramona Pageant 

Reptile Desert Tortoise 

Rock Serpentine 

Silver Ghost Town Calico 

Soil San Joaquin 

Sport Surfing 

Theater Pasadena Playhouse 

Trees 
Costal Redwood & The Giant 

Sequoia 

Vegetable Artichoke 

Figure 1.10 List of California State Symbols. 10 

 

 

  

 
10 Table by Jeremy Patrich 
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Figure 2.1: Zabriskie Point, Death Valley- California.11 

¦bL¢ нΥ /![LChwbL!Ω{ D9h[hD¸ 
Goals & Objectives of this unit 

ü Describe the 9ƻƴǎΣ 9ǊŀǎΣ ŀƴŘ tŜǊƛƻŘǎ ƛƴ /ŀƭƛŦƻǊƴƛŀΩǎ ƎŜƻƭƻƎƛŎ ǘƛƳŜΦ 

ü LŘŜƴǘƛŦȅ /ŀƭƛŦƻǊƴƛŀΩǎ tƘȅǎƛƻƎǊŀǇƘƛŎ wŜƎƛƻƴǎΦ 

ü LǎƻƭŀǘŜ ǘƘŜ ǊŜƎƛƻƴǎ ŀƴŘ ǊŜŀǎƻƴǎ ŦƻǊ /ŀƭƛŦƻǊƴƛŀΩǎ ŦŀǳƭǘǎΦ  

ü Outline the general geologic formation of California and the San Andreas fault.  

ü Define the origin and narrative of gold and The California Gold Rush. 

 

 

INTRODUCTION 
The traveler passing through California encounters the most remarkable diversity of scenery, as 

well as of climate and of nature. Nowhere else in the United States is there to be found in an 

equal area so many interesting landforms, and nowhere else is shown so clearly the influence 

which these exert upon climate and life. Within the bounds of California are found nearly all the 

different types of physical features which make up the surface of the earth. We have, then, in 

our study of California geography, a most remarkable opportunity to learn how human life is so 

completely influenced upon the conditions surrounding it, and how this life has been modified 

by these conditions. 

 
11 Photo by Jeremy Patrich is licensed under CC BY 4.0  

https://creativecommons.org/licenses/by/4.0/
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The geology of California is highly complex, with numerous mountain ranges, substantial 

faulting and tectonic activity, rich natural resources, and a history of both ancient and 

comparatively recent intense geological activity. As the text will cover, California formed as a 

series of small island arcs, deep-ocean sediments and mafic oceanic crust accreted to the 

western edge of North America, producing a series of deep basins and high mountain ranges. 

 

One of the most important episodic events was the advent of the San Andreas Fault around 29 

million years ago in the Oligocene, when the region subducted a spreading center and its 

offsets in the East Pacific Rise. This produced major crustal stretching, volcanism, and lateral 

displacement of up to 350 miles. 

 

GEOLOGY & GEOLOGIC TIME 
Geology describes the structures of the Earth at and beneath its surface, and the processes that 

have shaped that structure. It also provides tools to determine the relative and absolute ages of 

rocks found in each location, and to describe the histories of those rocks. By combining these 

tools, geologists can chronicle the geological history of the Earth as a whole, and to 

demonstrate the age of Earth. Geology provides the primary evidence for plate tectonics, the 

evolutionary history of life, and the Earth's past climates. 

 

Geology often applies information from physics and chemistry to the natural world, like 

understanding the physical forces in a landslide or the chemical interaction between water and 

rocks. The term comes from the Greek word geo, meaning Earth, and logos, meaning to think or 

reckon with. 

 

Geologic Time Scale 
²ƛƭƭƛŀƳ ά{ǘǊŀǘŀέ {ƳƛǘƘ ǿƻǊƪŜŘ ŀǎ ŀ ǎǳǊǾŜȅƻǊ ƛƴ ǘƘŜ Ŏƻŀƭ ƳƛƴƛƴƎ ŀƴŘ Ŏŀƴŀƭ-building industries in 

southwestern England in the late 1700s and early 1800s. While doing his work, he had many 

opportunities to look at the Paleozoic and Mesozoic sedimentary rocks of the region, and he did 

so in a way that few had done before. Smith noticed the textural similarities and differences 

between rocks in different locations, and more importantly, he discovered that fossils could be 

used to correlate rocks of the same age. Smith is credited with formulating the principle of 

faunal succession (the concept that specific types of organisms lived during different time 

intervals), and he used it to great effect in his monumental project to create a geological map of 

England and Wales, published in 1815.  
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Geologic Time has been subdivided into a series of divisions by geologists. Eon is the largest 

division of time, followed by era, period, epoch, and age. The partitions of the geologic time 

scale are the same everywhere on Earth; however, rocks may or may not be present at a given 

location depending on the geologic activity going on during a particular period. Thus, we have 

the concept of time vs. rock, in which time is an unbroken continuum but rocks may be missing 

and/or unavailable for study. The figure of the geologic time scale represents time flowing 

continuously from the beginning of the Earth, with the time units presented in an unbroken 

sequence. But that does not mean there are rocks available for study for all these time units, 

since erosion has removed much of the depositional sequences. 

 

Geological Time has been divided into four eons: Hadean, Archean, Proterozoic, and 

tƘŀƴŜǊƻȊƻƛŎΣ ŀƴŘ ŀǎ ǎƘƻǿƴ ōŜƭƻǿΣ ǘƘŜ ŦƛǊǎǘ ǘƘǊŜŜ ƻŦ ǘƘŜǎŜ ǊŜǇǊŜǎŜƴǘ ŀƭƳƻǎǘ фл҈ ƻŦ 9ŀǊǘƘΩǎ 

ƘƛǎǘƻǊȅΦ ¢ƘŜ ƭŀǎǘ ƻƴŜΣ ǘƘŜ tƘŀƴŜǊƻȊƻƛŎ όƳŜŀƴƛƴƎ άǾƛǎƛōƭŜ ƭƛŦŜέύΣ ƛǎ ǘƘŜ ǘƛƳŜ ǘƘŀǘ ǿe are most 

familiar with because Phanerozoic rocks are the most common on Earth, and they contain 

evidence of life forms that we are all somewhat familiar with. 

 

 
Figure 2.2: The Eons of Earth's History.12  

 

¢ƘŜ tƘŀƴŜǊƻȊƻƛŎΣ ǘƘŜ Ǉŀǎǘ рпл aŀ ƻŦ 9ŀǊǘƘΩǎ ƘƛǎǘƻǊȅΣ ƛǎ ŘƛǾƛŘŜŘ ƛƴǘƻ ǘƘǊŜŜ ŜǊŀǎΥ ǘƘŜ tŀƭŜƻȊƻƛŎ 

όάŜŀǊƭȅ ƭƛŦŜέύΣ ǘƘŜ aŜǎƻȊƻƛŎ όάƳƛŘŘƭŜ ƭƛŦŜέύΣ ŀƴŘ ǘƘŜ /ŜƴƻȊƻƛŎ όάƴŜǿ ƭƛŦŜέύΣ ŀƴŘ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ƛǎ 

divided into several periods. Most of the organisms that we share Earth with, evolved at various 

times during the Phanerozoic. 

 

 
Figure 2.3: The Eras and Periods of the Phanerozoic.13  

 

 
12 Image is used under a CC-BY 4.0 license. 
13 Image is used under a CC-BY 4.0 license. 

https://opentextbc.ca/physicalgeology2ed/chapter/8-1-the-geological-time-scale/
https://creativecommons.org/licenses/by/4.0/
https://opentextbc.ca/physicalgeology2ed/chapter/8-1-the-geological-time-scale/
https://creativecommons.org/licenses/by/4.0/
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The Cenozoic, which represents the past 65.5 Ma, is divided into three periods: Paleogene, 

Neogene, and Quaternary, and seven epochs. Dinosaurs became extinct at the start of the 

Cenozoic, after which birds and mammals radiated to fill the available habitats. Earth was very 

warm during the early Eocene and has steadily cooled ever since. Glaciers first appeared in 

Antarctica in the Oligocene and then in Greenland in the Miocene and covered much of North 

America and Europe by the Pleistocene. The most recent of the Pleistocene glaciations ended 

around 11,700 years ago. The current epoch is known as the Holocene. Epochs are further 

divided into ages or stages. 

 

 
Figure 2.4: The Periods and Epochs of the Cenozoic.14  

 

Most of the boundaries between the periods and epochs of the geological time scale have been 

fixed based on significant changes in the fossil record, due to significant geologic events that 

significantly changed the environments. For example, as already noted, the boundary between 

ǘƘŜ /ǊŜǘŀŎŜƻǳǎ ŀƴŘ ǘƘŜ tŀƭŜƻƎŜƴŜ ŎƻƛƴŎƛŘŜǎ ŜȄŀŎǘƭȅ ǿƛǘƘ ǘƘŜ ŜȄǘƛƴŎǘƛƻƴ ƻŦ ǘƘŜ ŘƛƴƻǎŀǳǊǎΦ ¢ƘŀǘΩǎ 

not a coincidence. Many other types of organisms went extinct at this time, and the boundary 

between the two periods marks the division between sedimentary rocks with Cretaceous 

organisms below and Paleogene organisms above. 

 

 

 

/![LChwbL!Ω{ D9h[hDL/ IL{¢hw¸ 
Through its history, California has transitioned from a passive continental margin, before the 

breakup of Pangae, to an active margin with the transition to subduction zone activity and the 

formation of the Cordilleran volcanic chain. The Cordilleran Ranges is the name for the volcanic 

arc that formed the Sierra Nevada Range and the Peninsular Ranges extending south into Baja 

California. Subduction ended when the ancient Farallon Plate was overrun as North America 

moved westward, overriding the northern end of the spreading center in the Eastern Pacific 

 
14 Image is used under a CC-BY 4.0 license. 

https://opentextbc.ca/physicalgeology2ed/chapter/8-1-the-geological-time-scale/
https://creativecommons.org/licenses/by/4.0/
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basin. This led to the formation to the modern transform plate boundary associated with the 

San Andreas and the opening of the Gulf of California. 

 

Lecture Time: /ŀƭƛŦƻǊƴƛŀΩǎ DŜƻƭƻƎȅ  

Watch a lecture video ǘƘŀǘ ƛƴǘǊƻŘǳŎŜǎ ǘƘŜ ōŀǎƛŎ ƎŜƻƭƻƎȅ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŘȅƴŀƳƛŎ 

past and future. (Video length is 38:40). 

 

The Farallon Plate 
The Farallon Plate was an ancient oceanic plate. It formed one of the three main plates of 

Panthalassa, alongside the Phoenix Plate and Izanagi Plate, which were connected by a triple 

junction. The Farallon Plate began subducting under the west coast of the North American 

Plateτthen located in modern Utahτas Pangaea broke apart and after the formation of the 

Pacific Plate at the center of the triple junction during the Early Jurassic. It is named for the 

Farallon Islands, which are located just west of San Francisco, California (figure 2.5). 

 

 
Figure 2.5: Illustrating the Shrinking of the Farallon Plate Beneath the North Americana & Caribbean Plates.15  

 

 
15 Image is used under a CC-BY 4.0 license. 

https://youtu.be/baOXjhX1eOQ
https://opentextbc.ca/physicalgeology2ed/chapter/8-1-the-geological-time-scale/
https://creativecommons.org/licenses/by/4.0/
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Over time, the central part of the Farallon Plate was completely subducted under the 

southwestern part of the North American Plate. The remains of the Farallon Plate are the Juan 

de Fuca, Explorer, and Gorda Plates, subducting under the northern part of the North American 

Plate; the Cocos Plate subducting under Central America; and the Nazca Plate subducting under 

the South American Plate. 

 

The Farallon Plate is also responsible for transporting old island arcs and various fragments of 

continental crustal material rifted off from other distant plates and accreting them to the North 

American Plate. These fragments from elsewhere are called terranes. Much of western North 

America is composed of these accreted terranes. 

 

/ŀƭƛŦƻǊƴƛŀΩǎ DŜƻƭƻƎƛŎ ¢ƛƳŜƭƛƴŜ 
The oldest rocks in California, a marble, date back 1.8 billion years to the Proterozoic and are 

found in the San Gabriel Mountains, San Bernardino Mountains, and Mojave Desert. The rocks 

of eastern California formed a shallow continental shelf, with massive deposition of limestone 

during the Paleozoic, and sediments from this time are common in the Sierra Nevada, Klamath 

Mountains, and eastern Transverse Range. 

 

Active subduction began in the Triassic during the Mesozoic, producing large granite intrusions 

and the beginning of the Nevadan Orogeny as well as more dryland conditions and the retreat 

of the ocean to the west. Throughout the Jurassic the Nevadan Orogeny accelerated with large-

scale granitic intrusions and erosion into deep marine basins. These basins steadily filled with 

sediment, with one famous example preserved as the Great Valley beds in the Coast Ranges. 

Simultaneously island arcs and small sections of continental crust grafted onto the edge of 

North America, building out the continent. 

 

During the Cenozoic, the volcanic and deep-water sedimentary Franciscan rocks were accreted 

to the edge of California and vast areas of marine sedimentary rocks deposited in the Central 

Valley and what would become the Transverse and Coast Ranges. Examples of filled basins 

included the Los Angeles Basin, the Eel River Basin around Eureka, and the 50,000-foot-thick 

sedimentary sequences of the Ventura Basin. As stated earlier, the San Andreas Fault became 

most active after the Miocene, during the Oligocene, resulting in up to 350 miles of offset in 

some locations. 
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Field Trip: /ŀƭƛŦƻǊƴƛŀΩǎ hƭŘŜǎǘ wƻŎƪǎ 

[ŜǘΩǎ ƘŜŀŘ ƻƴ ŀ ŦƛŜƭŘ ǘǊƛǇ ǘƻ ŦƛƴŘ ǎƻƳŜ ƻŦ ǘƘŜ ƻƭŘŜǎǘ ǊƻŎƪǎ ƛƴ /ŀƭƛŦƻǊƴƛŀΗ 9ƛǘƘŜǊ 

scan the QR code or visit this link to join Professor Patrich as he searches for 

the oldest rocks near Mecca, California. (Video length: 3min). 

 

/ŀƭƛŦƻǊƴƛŀΩǎ DŜƻƭƻƎƛŎ Cŀǳƭǘǎ 
The Pacific Plate is a major section of the Earth's crust, gradually expanding by the eruption of 

magma along the East Pacific Rise to the southeast. It is also being subducted far to the 

northwest into the Aleutian Trench, and trenches along Japan, Kamchatka, Philippines and 

Hawaiian (figure 2.6). In California, the plate is sliding northwestward along a transform 

boundary, the San Andreas Fault, toward the subduction zone. At the same time, due to 

divergence along the Mid Atlantic Ridge, the North American Plate is moving southwestward 

relative to the Earth's core, but southeastward relative to the Pacific Plate, due to the latter's 

much faster northwestward motion. The westward component of the North American Plate's 

motion results in some compressive force along the San Andreas and its associated faults, thus 

helping lift the Pacific Coast Ranges and other parallel inland ranges to the west of the Central 

Valley, in this region most notably the Diablo Range (figure2.8). The Hayward Fault shares the 

same relative motions of the San Andreas. As with portions of other faults, a large extent of the 

Hayward Fault trace is formed from a narrow complex zone of deformation which can span 

hundreds of feet in width. 

 

https://youtu.be/XRUYOz_lFWs
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Figure 2.6: Relative Plate Motions of Western Portion of North America.16 

 

Central & Northern California Faults | The Hayward Fault Zone 
The Hayward Fault Zone is a right-lateral strike-slip geologic fault zone capable of generating 

destructive earthquakes. This fault is about 119 km (74 mi) long, situated mainly along the 

western base of the hills on the east side of San Francisco Bay. It runs through densely 

populated areas, including Richmond, El Cerrito, Berkeley, Oakland, San Leandro, Castro Valley, 

Hayward, Union City, Fremont, and San Jose. 

 

The Hayward Fault is parallel to the San Andreas Fault, which lies offshore and through the San 

Francisco Peninsula. To the east of the Hayward Fault lies the Calaveras Fault. In 2007, the 

Hayward Fault was discovered to have merged with the Calaveras Fault east of San Jose at a 

depth of 6.4 kilometers (4.0 mi), with the potential of creating earthquakes much larger than 

previously anticipated. Some geologists have suggested that the Southern Calaveras should be 

renamed as the Southern Hayward  

 

While the San Andreas Fault is the principal transform boundary between the Pacific Plate and 

the North American Plate, the Hayward-Rodgers Creek Fault takes up its share of the overall 

displacement of the two plates (Figure 2.7). 

 

 
16 Image is used under a CC BY-SA 3.0 license.  

https://commons.wikimedia.org/wiki/File:PlateMovementEaNoPac.png
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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CƛƎǳǊŜ нΦтΥ aŀǇ ƻŦ /ŜƴǘǊŀƭ ϧ bƻǊǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀΩǎ CŀǳƭǘǎΦ 17 

 

Southern California Faults 
Most of central and northern California rests on a crustal block (terrane) that is being torn from 

the North American continent by the passing Pacific plate comprised of oceanic crust. Southern 

California lies at the southern end of this block, where the Southern California faults create a 

complex and even chaotic landscape of seismic activity. About two-thirds of this movement 

occurs on the San Andreas fault and some parallel faults- -- the San Jacinto, Elsinore, and 

Imperial faults (figure 2.8). Over time, these faults produce about half of the significant 

earthquakes of our region, as well as many minor earthquakes. 

 

 
17 Image is in the public domain.  

https://temblor.net/earthquake-insights/san-andreas-fault-creeps-because-of-carbon-storing-rocks-14615/attachment/mooreetal2018_cacreepingsections/
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Figure 2.8: Model of Southern California Showing the Motion of the Pacific & North American Plates. 18 

 

The last significant earthquake on the Southern California stretch of the San Andreas fault was 

in 1857, and there has not been a rupture of the fault along its southern end from San 

Bernardino to the Salton Sea since 1690. It is still storing energy for some future earthquake. 

 

But we don't need to wait for a "big one" to experience earthquakes. Southern California has 

thousands of smaller earthquakes every year. A few may cause damage, but most are not even 

felt. And most of these are not on the major faults listed above. The earthquake map below, 

figure 2.9, shows that earthquakes can occur almost everywhere in the region, on more than 

300 additional faults that can cause damaging earthquakes, and countless other small faults. 

 

This is mostly due to the "big bend" of the San Andreas fault, from the southern end of the San 

Joaquin Valley to the eastern end of the San Bernardino mountains. Where the fault bends, the 

Pacific and North American plates push into each other, compressing the earth's crust into the 

mountains of Southern California and creating hundreds of additional faults (many more than 

shown in the fault map). These faults produce thousands of small earthquakes each year, and 

the other half of our significant earthquakes. Examples include the 1994 Northridge and 1987 

Whittier Narrows earthquakes. 

 

 
18 Graphic by the USGS is in the public domain.  

https://pubs.usgs.gov/fs/2001/fs069-01/fs069-01.pdf
https://www.usgs.gov/
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CƛƎǳǊŜ нΦфΥ {ƻǳǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀΩǎ Cŀǳƭǘ ƴŀƳŜǎ ŀƴŘ ƭƻŎŀǘƛƻƴǎΦ 19 

 

Field Trip: The Geology of the Calico  

[ŜǘΩǎ ƘŜŀŘ ƻƴ ŀ ŦƛŜƭŘ ǘǊƛǇ ǘƻ ǘƘŜ /ŀƭƛŎƻ DƘƻǎǘ ¢ƻǿƴ ƛƴ ¸ŜǊƳƻΣ /ŀƭƛŦƻǊƴƛŀΦ 9ƛǘƘŜǊ 

scan the QR code or visit this link to join Professor Patrich as he explores and 

shares the geology of this iconic place!  (Video length: 3min). 

 

The Evolution of the San Andreas Fault 
The San Andreas Fault System has gradually evolved since middle Tertiary time, around 28 

million years ago. The San Andreas Fault System grew as a remnant of an oceanic crustal plate 

and its spreading ridge, was beginning to reach the subduction zone off the western coast of 

North America. The result was the development of a crustal fracture zone with right-lateral 

offset that propagated along the continental margin. This action also slivered off pieces of the 

North American Plate and added them to the Pacific Plate. In the San Francisco Bay Area, much 

of the offset along the San Andreas Fault System has occurred along the East Bay faults, 

Calaveras and Hayward fault, rather than along the San Andreas Fault itself in the Peninsula 

region.  

 

 
19 Image by BrucePL is used under a CC BY-SA 4.0 license.  

https://youtu.be/8tch1uEfrJs
https://commons.wikimedia.org/wiki/File:SoCal_Faults.svg
https://commons.wikimedia.org/wiki/User:BrucePL
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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Figure 2.10: The San Andreas Fault. 20 

 

A series of block diagrams seen in figure 2.7, shows how the subduction zone along the west 

coast of North America transformed into the San Andreas Fault over the period from 30 million 

years ago to the present. Starting at 30 million years ago, the westward-moving North 

American Plate began to override the spreading ridge between the Farallon Plate and the 

Pacific Plate. This action divided the Farallon Plate into two smaller plates, the northern Juan de 

Fuca Plate (JdFP) and the southern Cocos Plate (CP). By 20 million years ago, two triple 

junctions began to migrate north and south along the western margin of the west coast. [Triple 

junctions are intersections between three tectonic plates; shown as red triangles in the 

diagrams.] The change in plate configuration as North American Plate began to encounter the 

Pacific Plate resulted in the formation of the San Andreas Fault. The northern Mendocino Triple 

Junction (M) migrated through the San Francisco Bay region roughly 12 to 5 million years ago 

and is presently located off the coast of northern California, roughly midway between San 

Francisco (SF) and Seattle (S). The Mendocino Triple Junction represents the intersection of the 

North American, Pacific, and Juan de Fuca plates. The southern Rivera Triple Junction (R) is 

 
20 Image by the USGS is in the public domain.  

https://www.usgs.gov/media/images/san-andreas-fault-3
https://www.usgs.gov/
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presently located in the Pacific Ocean between of Baja California (BC) and Manzanillo, Mexico 

(MZ).  

 

Evidence of the migration of the Mendocino Triple Junction northward through the San 

Francisco Bay region is preserved as a series of volcanic centers that grow progressively 

younger toward the north. Volcanic rocks in the Hollister region are roughly 12 million years old 

whereas the volcanic rocks in the Sonoma-Clear Lake region north of San Francisco Bay ranges 

from only a few million to as little as 10,000 years ago. Both volcanic areas, as well as older 

volcanic rocks in the region, are offset by the modern regional fault system.  

 

 
Figure 2.11: Assembling California Over the Past 30 Million Years. 21 

 

 

  

 
21 Image by the USGS is in the public domain. 

https://pubs.usgs.gov/of/2005/1127/chapter1.pdf
https://www.usgs.gov/
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/![LChwbL!Ω{ Dh[5 w¦{I 
Gold is present in very small amounts in literally all rocks and even in ocean water; but to be 

mined economically, it must be concentrated. Even so, the richest gold deposits may contain 

only a fraction of an ounce per ton. 

 

At various times between 400 and 200 million years ago, titanic crustal forces caused the 

offshore islands to collide with the American continent, crushing and folding the rocks derived 

from the sea floor and volcanoes (Keep in mind that this was still a slow process, with 

movements of only a few inches per year). The rocks, scraped off the sea floor and collected 

from innumerable volcanic eruptions, became the metamorphic rocks that make up the 

bedrock of the Mother Lode region. 

 

Beginning about 200 million years ago, massive shifts of the tectonic plates that encircle Earth 

caused the sea floor crust to be pushed beneath the American continent, where it heated up 

and melted into huge molten masses of magma. These subduction zones are, in modern times, 

responsible for the volcanoes and sometimes violent earthquakes of the Cascade and Andes 

mountain ranges. The molten rock forced its way upward into the crust and slowly cooled to 

become the granitic rock that makes up most of the Sierra Nevada today. 

 

 
Figure 2.12: California Goldfields (Red) in the Sierra Nevada & Northern California. 22 

 
22 Map is used under a CC BY-SA 4.0 license.  

https://commons.wikimedia.org/wiki/File:CaliforniaGoldRush.png
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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Water, derived from rain and melted snow, percolated into the ground in the Mother Lode 

region. Following fractures and cracks left by millions of years of geologic mayhem, the water 

came closer and closer to the hot molten magmas. At these elevated temperatures, water 

dissolved otherwise stable materials including quartz, gold, silver, copper and zinc. 

 

The History 
Gold was discovered in California as early as March 9, 1842, at Rancho San Francisco, in the 

mountains north of present-day Los Angeles. Californian native Francisco Lopez was searching 

for stray horses and stopped on the bank of a small creek (in today's Placerita Canyon), about 3 

miles (4.8 km) east of present-day Newhall, California, and about 35 miles (56 km) northwest of 

Los Angeles. While the horses grazed, Lopez dug up some wild onions and found a small gold 

nugget in the roots among the bulbs. He looked further and found more gold. Lopez took the 

gold to authorities who confirmed its worth. Lopez and others began to search for other 

streambeds with gold deposits in the area. They found several in the northeastern section of 

the forest, within present-day Ventura County. In November, some of the gold was sent to the 

U.S. Mint, although otherwise attracted little notice. In 1843, Lopez found gold in San Feliciano 

Canyon near his first discovery. Mexican miners from Sonora worked the placer deposits until 

1846. Minor finds of gold in California were also made by Mission Indians prior to 1848. The 

friars instructed them to keep its location secret to avoid a gold rush. 

 

The California Gold Rush (1848-1855) 
The California Gold Rush began on January 24, 1848, when gold was found by James W. 

Marshall at Sutter's Mill in Coloma, California. The news of gold brought approximately 300,000 

people to California from the rest of the United States and abroad. The sudden influx of gold 

into the money supply reinvigorated the American economy; the sudden population increase 

allowed California to go rapidly to statehood in the Compromise of 1850. The Gold Rush had 

severe effects on Native Californians and accelerated the Native American population's decline 

from disease and starvation. 
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Figure 2.13: California Gold Miners, Circa 1850-1852. 23 

 

Indigenous societies were attacked and pushed off their lands by the gold-seekers, called 

"forty-niners" (referring to 1849, the peak year for Gold Rush immigration). Outside of 

California, the first to arrive were from Oregon, the Sandwich Islands (Hawaii) and Latin 

America in late 1848. Of the approximately 300,000 people who came to California during the 

Gold Rush, about half arrived by sea and half came overland on the California Trail and the Gila 

River trail; forty-niners often faced substantial hardships on the trip. While most of the newly 

arrived were Americans, the gold rush attracted thousands from Latin America, Europe, 

Australia and China. Agriculture and ranching expanded throughout the state to meet the 

needs of the settlers. San Francisco grew from a small settlement of about 200 residents in 

1846 to a boomtown of about 36,000 by 1852. Roads, churches, schools and other towns were 

built throughout California. In 1849 a state constitution was written. The new constitution was 

adopted by referendum vote; the future state's interim first governor and legislature were 

ŎƘƻǎŜƴΦ Lƴ {ŜǇǘŜƳōŜǊ мурлΣ /ŀƭƛŦƻǊƴƛŀ ōŜŎŀƳŜ ŀ ǎǘŀǘŜΦ /ŀƭƛŦƻǊƴƛŀΩǎ ǎǘŀǘŜƘƻƻŘ ǿŀǎ ǳƴƛǉǳŜ ŦƻǊ 

several reasons, first was the fact that it was never a territory, and that it was a free, no slavery, 

stateτdue to the money generated by the Gold Rush. 

 

At the beginning of the Gold Rush, there was no law regarding property rights in the goldfields 

and a system of "staking claims" was developed. Prospectors retrieved the gold from streams 

and riverbeds using simple placer mining techniques, such as panning. Another form of mining, 

known as hard-rock mining, which included hydraulic mining, which caused environmental 

harm. More sophisticated methods of gold recovery were developed and later adopted around 

the world. New methods of transportation developed as steamships came into regular service. 

 
23 Photo by George H. Johnson is in the public domain.  

https://commons.wikimedia.org/wiki/File:California_gold_miners_with_long_tom_(cropped).jpg


37 | C A L I F O R N I A  G E O G R A P H Y   

 

By 1869, railroads were built from California to the eastern United States. At its peak, 

technological advances reached a point where significant financing was required, increasing the 

proportion of gold companies to individual miners. Gold worth tens of billions of today's US 

dollars was recovered, which led to great wealth for a few, though many who participated in 

the California Gold Rush earned little more than they had started with. 

 

The Forty-Niners 
The first people to rush to the goldfields, beginning in the spring of 1848, were the residents of 

California themselvesτprimarily agriculturally oriented Americans and Europeans living in 

Northern California, along with Native Californians and some Californios (Spanish-speaking 

Californians; at the time, commonly referred to in English as simply 'Californians'). These first 

miners tended to be families in which everyone helped in the effort. Women and children of all 

ethnicities were often found panning next to the men. Some enterprising families set up 

boarding houses to accommodate the influx of men; in such cases, the women often brought in 

steady income while their husbands searched for gold.  

 

Word of the Gold Rush spread slowly at first. The earliest gold-seekers were people who lived 

near California or people who heard the news from ships on the fastest sailing routes from 

California. The first large group of Americans to arrive were several thousand Oregonians who 

came down the Siskiyou Trail. Next came people from the Sandwich Islands, and several 

thousand Latin Americans, including people from Mexico, from Peru and from as far away as 

Chile, both by ship and overland. By the end of 1848, some 6,000 Argonauts had come to 

California. 

 

 
CƛƎǳǊŜ нΦмпΥ !ŘǾŜǊǘƛǎŜƳŜƴǘ !ōƻǳǘ {ŀƛƭƛƴƎ ǘƻ /ŀƭƛŦƻǊƴƛŀΩǎ DƻƭŘ wǳǎƘΣ /ƛǊŎŀ мурлΦ 24 

 

 
24 Image by G.F. Nesbitt & Co. is in the public domain.  

https://commons.wikimedia.org/wiki/File:California_Clipper_500.jpg
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Only a small number (probably fewer than 500) traveled overland from the United States that 

year. Some of these "forty-eighters", as the earliest gold-seekers were sometimes called, were 

able to collect large amounts of easily accessible goldτin some cases, thousands of dollaǊǎΩ 

worth each day. Even ordinary prospectors averaged daily gold finds worth 10 to 15 times the 

daily wage of a laborer on the East Coast. A person could work for six months in the goldfields 

and find the equivalent of six years' wages back home. Some hoped to get rich quick and return 

home, and others wished to start businesses in California. 

 

By the beginning of 1849, word of the Gold Rush had spread around the world, and an 

overwhelming number of gold-seekers and merchants began to arrive from virtually every 

continent. The largest group of forty-niners in 1849 were Americans, arriving by the tens of 

thousands overland across the continent and along various sailing routes (the name "forty-

niner" was derived from the year 1849). Many from the East Coast negotiated a crossing of the 

Appalachian Mountains, taking to riverboats in Pennsylvania, poling the keelboats to Missouri 

River wagon train assembly ports, and then traveling in a wagon train along the California Trail. 

Many others came by way of the Isthmus of Panama and the steamships of the Pacific Mail 

Steamship Company. Australians and New Zealanders picked up the news from ships carrying 

Hawaiian newspapers, and thousands, infected with "gold fever", boarded ships for California. 

 

Forty-niners came from Latin America, particularly from the Mexican mining districts near 

Sonora and Chile. The first immigrants from Europe, reeling from the effects of the Revolutions 

of 1848 and with a longer distance to travel, began arriving in late 1849, mostly from France, 

with some Germans, Italians, and Britons. 

 

It is estimated that approximately 90,000 people arrived in California in 1849τabout half by 

land and half by sea. Of these, perhaps 50,000 to 60,000 were Americans, and the rest were 

from other countries. By 1855, it is estimated at least 300,000 gold-seekers, merchants, and 

other immigrants had arrived in California from around the world. The largest group continued 

to be Americans, but there were tens of thousands each of Mexicans, Chinese, Britons, 

Australians, French, and Latin Americans, together with many smaller groups of miners, such as 

African Americans, Filipinos, Basques, and Turks. 

 

People from small villages in the hills near Genova, Italy were among the first to settle 

permanently in the Sierra Nevada foothills; they brought with them traditional agricultural 

skills, developed to survive cold winters. A modest number of miners of African ancestry 

(probably less than 4,000) had come from the Southern States, the Caribbean and Brazil. 
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Several hundred Chinese arrived in Gum San ("Gold Mountain"), the name given to California in 

Chinese, in 1849 and 1850, and in 1852 more than 20,000 landed in San Francisco. Due to the 

growing population, Joss Houses, which were small temples to server the religious needs of the 

Chinese miners and residences. Their distinctive dress and appearance was highly recognizable 

in the goldfields (figure 2.15). Chinese miners suffered enormously, enduring violent racism 

from white miners who aimed their frustrations at foreigners. Further animosity toward the 

Chinese led to legislation such as the Foreign Miners Tax,1850, which only taxed Chinese, and 

the Chinese Exclusion Act nearly 30 years later in 1882. 

 

 
CƛƎǳǊŜ нΦмрΥ !ƴ мурн tƘƻǘƻƎǊŀǇƘ /ŀǇǘƛƻƴǎΣΩ ¢ƘŜ IŜŀǘƘŜƴ /ƘƛƴŜŜ tǊƻǎǇŜŎǘƛƴƎΩΣ LƴŘƛŎŀǘƛƴƎ tǊŜƧǳŘƛŎŜ !Ǝŀƛƴǎǘ ǘƘŜ 

Chinese Gold Miners. 25 

 

There were also women in the Gold Rush. However, their numbers were small. Of the 40,000 

people who arrived by ship to the San Francisco Bay in 1849, only 700 were women (including 

those who were poor, wealthy, entrepreneurs, prostitutes, single, and married). They were of 

various ethnicities including Anglo-American, African-American, Hispanic, Native, European, 

Chinese, and Jewish. The reasons they came varied: some came with their husbands, refusing to 

be left behind to fend for themselves, some came because their husbands sent for them, and 

others came (singles and widows) for the adventure and economic opportunities. On the trail 

many people died from accidents, cholera, fever, and myriad other causes, and many women 

became widows before even setting eyes on California. While in California, women became 

widows quite frequently due to mining accidents, disease, or mining disputes of their husbands. 

Life in the goldfields offered opportunities for women to break from their traditional work. 

 

 

 
25 Photo by Eadweard Muybridge is in the public domain.  

https://commons.wikimedia.org/wiki/File:The_Heathen_Chinee_Prospecting_1852.png
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Figure 3.1: Mammatus Clouds, Lone Pine- California.26 

¦bL¢ оΥ /![LChwbL!Ω{ ²9!¢I9w ϧ 

CLIMATE 
Goals & Objectives of this unit 

ü Describe the various aspects and elements of weather & differentiate between weather 

and climate. 

ü Identify the major climate control factors at play in California. 

ü Recognize climate change, and the effects it has on the California landscape.  

ü Characterize the five general types of climate as defined by the Köppen climate 

classification found in California.  

 

 

INTRODUCTION 
The climate of California varies widely from hot desert to alpine tundra, depending on latitude, 

elevation, and proximity to the Pacific Coast. California's coastal regions, the Sierra Nevada 

foothills, and much of the Central Valley have a Mediterranean climate, with warmer, drier 

weather in summer and cooler, wetter weather in winter. The influence of the ocean generally 

 
26 Image by Jeremy Patrich is used under a CC-BY 4.0 license. 

https://creativecommons.org/licenses/by/4.0/
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moderates temperature extremes, creating warmer winters and substantially cooler summers 

in coastal areas. 

 

OVERVIEW OF WEATHER & CLIMATE 
In seeking to learn the climate of a country we first think of its latitude, since that is usually the 

most important factor. In the case of California, however, this inquiry does not help us very 

much. California has a coastline nearly 1000 miles in length, reaching through ten degrees of 

latitude, and we would expect that its northern part, which is nearly the latitude of Chicago, 

would be cold in winter, and that the southern part, which reaches to about the latitude of 

Savannah Georgia, would be very warm, but there is, near the coast, only a few degrees 

difference in temperature between the north and the south. Spring fruits appear first, and 

oranges ripen earlier in Northern rather than in Southern California.  

 

 
 

Regarding the small range in temperature as we go north or south along the coast, the 

temperature of the ocean changes but little from winter to summer. The California current is a 

cold ocean current, which makes the west coast of the USA much drier than coasts with warm 

oceans. We also know that California, being in the temperate zone, is situated in the belt of 

prevailing westerly winds. The temperature of the air over the ocean is determined, to a large 

extent, by that of the water, and since the ocean varies but little throughout the year, and the 

winds blow mostly from the ocean toward the land, the latter is going to be cooler in summer 

and warmer in winter than it otherwise would be. 

 

If not for mountain barriers, the cool ocean winds would sweep far inland and temper the 

climate of the whole State. The fact that there are mountain ranges lying close to and parallel 

to the coast has resulted has aided in making the climate of the interior subject to much greater 

extremes of temperature, as well as decreasing its rainfall. By the time the winds have passed 

the Coast Ranges their moisture and coolness have been greatly reduced, while still farther 

eastward, on the opposite side of the Sierra Nevada, the summers are not only extremely hot, 

but the lack of moisture makes the region a desert. 

Lecture Time: Intro to Weather & Climate 

Want to learn more? Either scan the QR code or visit this link to watch a 

lecture that introduces the basics of /ŀƭƛŦƻǊƴƛŀΩǎ ǿŜŀǘƘŜǊ ϧ ŎƭƛƳŀǘŜ  

(Video length: 23min). 

https://youtu.be/3IhAIhtrgGA
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During the summer, except for the thunderstorms in the mountains, it is very rare that rain falls 

over most of the State, although the air sweeping in from the sea is saturated with moisture, as 

shown by the fog it bears, but if the Pacific had warmer ocean waters and currentsτlike the 

Gulf of Mexico or Atlantic, California would experience more rain in the summer, as warmer 

water provides more humidity than colder water. To have rain, air must not only be cooled to 

the dew point, but below that point, and the only thing which will do that is exemplified in 

those irregular and violent disturbances of the atmosphere which set up currents carrying the 

moisture-laden air to a great elevation where the temperature is sufficiently low to bring this 

about. 

 

Many storms that pass across Northern California fail to reach the southern portion, and they 

also usually decrease in intensity toward the south, so that outside of the mountain districts the 

southern portion of the State has a very light rainfall. The influence of mountains on 

precipitation is extremely important because of the low temperature of their lofty tops. In the 

case of many storms in Southern California which pass over the lowland regions with but a 

slight rainfall, when they encounter the mountains there is a heavy fall of snow or rain. It is 

because of this fact that we find such great differences in the rainfall during a few miles. 

 

During the summer there generally exists an area of low air pressure over the Gulf of California, 

and here originates the "Sonora" (so-called from the province of Sonora, in Mexico) storms 

which bring frequent rains to Southern Arizona and New Mexico. These storms sometimes 

reach into Southern California and give heavy summer rains in the mountains and in the 

deserts. In fact, the heaviest rainfall of the whole year may occur in the Colorado desert during 

summer.   

 

Summer thunderstorms are frequent in all the higher mountain regions of the State. They are 

partly due to the low-pressure areas just mentioned and in part to the influence of the cool 

mountain tops on the upward-moving air currents. They add quite substantially to the summer 

water supply, and some monsoonal moisture from the south.  

 

During the clear cool periods of winter, a heavy blanket of fog, known as "tule fog," occurs in 

nearly all the lowland valleys to a greater or less extent. This generally breaks away during the 

day, but in the lower San Joaquin-Sacramento Valley, it may last continuously for weeks at a 

time, completely shutting out the sun. The name is derived from its prevalence in the tule 

region of the district just mentioned. This fog is the result of the settling of the heavier and 

cooler air into the hollows of the land, where the evaporation from the moist earth following 

the early winter rains finally produces a saturated condition. 
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Destructive winds of cyclonic character are rarely known in California. The most disagreeable, 

as well as harmful, winds occur in the spring and fall. They are dry and hot, and from their 

ŘƛǊŜŎǘƛƻƴ ŀǊŜ ƪƴƻǿƴ ŀǎ ΨƴƻǊǘƘŜǊǎϦΩ ƻǊ Řƛŀōƭƻ ǿƛƴŘǎΦ Lƴ {ƻǳǘƘŜǊƴ /ŀƭƛfornia, this wind is locally 

ƪƴƻǿƴ ŀǎ ǘƘŜ Ψ{ŀƴǘŀ !ƴŀΩΦ 5ǳǊƛƴƎ ƛǘǎ ƻŎŎǳǊǊŜƴŎŜΣ ǘƘŜ ŀƛǊ ƛǎ ŦƛƭƭŜŘ ǿƛǘƘ ŘǳǎǘΣ ŀƴŘ ŦƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ƛǎ 

often called a dust storm in the drier parts of the State. 

 

 

 

ELEMENTS OF WEATHER 
Understanding the weather requires considering a whole picture. Think of it like describing your 

day to someone ς ȅƻǳ ǿƻǳƭŘƴϥǘ Ƨǳǎǘ ǎŀȅ ΨƘƻǘΩ ƻǊ ΨǊŀƛƴȅΦΩ ¸ƻǳϥŘ ƳŜƴǘƛƻƴ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜΣ 

humidity, wind, and maybe even if it's cloudy or raining. The key factors that make up weather 

are air temperature, humidity, wind speed, cloud types, and precipitation.  

 

The big difference between weather and climate is time. Weather is what's happening outside 

right now ς it can change quickly from sunny to stormy. Climate, on the other hand, is the 

average weather conditions in a place over a long period, minimally 30 to 100 years. Think of it 

as a region's usual weather patterns. Similar to weather, climate is influenced by factors like the 

sun's angle, cloud cover, and air pressure, but these factors affect the average energy an area 

receives over time. That's why climates tend to be steady and change very slowly. 

 

Temperature 
Within the boundaries of the state are to be found areas of moderate temperatures and other 

places where temperatures reach extreme values of either heat or cold. On the coast the small 

range in temperature from day to night and from winter to summer produces an unusually 

equitable regime. Since water heats and cools 5 times faster/slower than land, respectively, 

Ŏƻŀǎǘŀƭ ƭƻŎŀǘƛƻƴǎΩ ŎƭƛƳŀǘŜǎ ŀǊŜ ƳƻŘŜǊŀǘŜ ǿƛǘƘ ŀ ǎƳŀƭƭŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜΦ ²ƛǘƘ ƛƴŎǊŜŀǎƛƴƎ 

distance from the coast, depending to some extent upon the amount of marine influence 

experienced, temperature ranges become wider. Higher elevations in the mountains also 

experience large temperature variations. 

 

The lowest temperature recorded in the state was in the city of Boca, in Nevada County at the 

mouth of the Little Truckee River, when a reading of minus -45°F was observed on January 20, 

1937. Here at Boca where sub-freezing temperatures have been recorded in every month of the 

year, the long-term average minimum for January is only 8°F. Furnace Creek Ranch in Death 

Valley, on the other hand, at an elevation of 168 feet below sea level, has reported a maximum 
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temperature of 134°F This is the highest temperature observed anywhere in the United States 

and occurred on July 10, 1913. This is an area where temperatures are persistently high 

throughout the summer, though they are comfortably cool in winter. In the summer of 1917, 

there were 43 consecutive days with maximum readings of 120°F or higher at Furnace Creek 

Ranch (Figure 3.2). 

 

 
CƛƎǳǊŜ оΦнΥ /ŀƭƛŦƻǊƴƛŀΩǎ aŜŀƴ !ƴƴǳŀƭ aŀȄƛƳǳƳ ¢ŜƳǇŜǊŀǘǳǊŜǎ ŦƻǊ мфтм - 2000.27 

 

Precipitation 
Precipitation is an extremely important part of the weather. The most common precipitation 

comes from clouds. Rain or snow droplets grow as they ride air currents in a cloud and collect 

other droplets. They fall when they become heavy enough to escape from the rising air currents 

that hold them up in the cloud. Millions of cloud droplets will combine to make only one 

raindrop. If temperatures are cold, the droplet will crystallize into a solid, and then will become 

heavy enough to fall to the ground as a snowflake. 

 

In meteorology, the various types of precipitation often include the character or phase of the 

precipitation which is falling to ground level. There are three distinct ways that precipitation 

can occur. Convective precipitation is generally more intense, and of shorter duration, than 

 
27 Image by Jeremy Patrich is used under a CC-BY 4.0 license. 

https://creativecommons.org/licenses/by/4.0/
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stratiform precipitation (arranged in layers). Orographic precipitation occurs when moist air is 

forced upwards over rising terrain, such as a mountain. 

 

Precipitation can fall in either liquid or solid phases, or transition between them at the freezing 

level. Liquid forms of precipitation include rain and drizzle and dew. Rain or drizzle which 

freezes on contact within a subfreezing air mass gains the preceding adjective "freezing", 

becoming known as freezing rain or freezing drizzle. Frozen forms of precipitation include snow, 

ice crystals, ice pellets (sleet), hail, and graupel. Their respective intensities are classified either 

by rate of fall or by visibility restriction. 

 

Annual precipitation totals more than 50 inches per year are characteristic of the west slope of 

the Sierra Nevada north of Stockton, the west slope of the Coast Range from Monterey County 

northward, and parts of the Cascades, (Mt Shasta and Mt. Lassen). The exception to this are 

totals that decrease to about 20 inches in the Monterey Bay area and parts of the San Francisco 

Bay Area. In the lee of the Coast Range, annual precipitation drops off to 15 inches in parts of 

the Sacramento Valley and to less than eight inches over most of the San Joaquin Valley. The 

northeast interior portion of the state receives from 15 to 18 inches of moisture in a year 

(Figure 3.3) 
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CƛƎǳǊŜ оΦоΥ /ŀƭƛŦƻǊƴƛŀΩǎ !ƴƴǳŀƭ tǊŜŎƛǇƛǘŀǘƛƻƴ ŦƻǊ мфлл-1960.28 

 

Snow has been reported at one time or another in nearly every part of California, but it is very 

infrequent west of the Sierra Nevada, except at high elevations of the Coast Range and the 

Cascades, (Mt. Shasta and Mt. Lassen). In the Sierra Nevada, snow in moderate amounts is 

reported nearly every winter at elevations as low as 2,000 feet. Amounts and intensities 

increase with elevation to around 7,000 or 8,000 feet. Above 4,000 feet in elevation, snow 

remains on the ground for appreciable lengths of time each winter. Highways are closed for 

periods of a few hours to two or three days at a time because of blowing and drifting snow. 

East of the Sierra Nevada at elevations of 4,000 feet, or higher, most winter precipitation is in 

the form of snow, but amounts are usually quite light. 

 

CALIFORNIA FLOODS 
In southern California, most flooding is the result of heavy precipitation over periods of one or 

two days. The short streams and steep watersheds emptying onto lowlands that may be heavily 

populated, produce large volumes of water within short periods and damage is often severe. 

 
28 Image by Jeremy Patrich is used under a CC-BY 4.0 license. 

https://creativecommons.org/licenses/by/4.0/
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The problem is sometimes compounded by the denuding of large areas of the watershed by fire 

during the previous season. The Mediterranean climate what often experiences drought, 

results in sparse vegetation and thinner soils, so mudslides, flashfloods and mass wasting is 

more prevalent.  

 

The west slopes of the coastal ranges in the central and northern parts of the state also 

experience flooding because of heavy precipitation over a period of only a few days. These 

streams are usually longer than those of southern California and require a longer time to build 

up a flood potential. The Eel and Klamath Rivers, as well as others in the northwestern part of 

California, are larger rivers than most found in the state, like the Los Angeles or Kern Rivers. The 

Klamath drains a basin of more than 12,000 square miles. In these streams, a flood buildup may 

extend over a period of a week or longer. 

 

The streams of the Sierra Nevada and Cascades overflow either because of rainfall or snowmelt, 

or from a combination of these. With the construction of more dams and reservoirs on these 

streams, the frequency of damaging floods decreases. Most of the streams are still capable, 

however, of causing occasional major damage along their downstream reaches. The extreme 

southern portion of the San Joaquin Valley has no direct drainage to the sea. Excessive runoff 

from the southern Sierra Nevada into this area can result in the temporary enlargement of 

Buena Vista Lake and Tulare Lake, which is often helpful towards irrigation for agriculture.  

 

The Los Angeles flood of 1938 is often used as a case study when reviewing extreme weather 

events. The Los Angeles flood of 1938 was one of the largest floods in the history of Los 

Angeles, Orange, and Riverside Counties in southern California. The flood was caused by two 

Pacific storms that swept across the Los Angeles Basin in February-March 1938 and generated 

almost one year's worth of precipitation in just a few days. Between 113ς115 people were 

killed by the flooding. The Los Angeles, San Gabriel, and Santa Ana Rivers burst their banks, 

inundating much of the coastal plain, the San Fernando and San Gabriel Valleys, and the Inland 

Empire. Flood control structures spared parts of Los Angeles County from destruction, while 

Orange and Riverside Counties experienced more damage. 
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Figure 3.4: Aftermath of Flood Waters Draining in the Pacific Ocean, Near Malibu, California- 1938.29 

 

Winds 
California lies within the zone of prevailing westerlies and on the east side of the semi-

permanent high-pressure area of the northeast Pacific Ocean. The basic flow in the free air 

above the state, therefore, is from the west or northwest during most of the year. The several 

mountain chains within the state, however, are responsible for deflecting these winds and, 

except for the immediate coast, wind direction is likely to be more a product of local terrain 

than it is of prevailing circulation. 

 

During the winter, storm tracks move further south. Wind direction and speed are modified by 

migratory pressure centers. With a strong high-pressure area over the Great Basin and an 

intense low-pressure area approaching the coast from the west, strong and sometimes 

damaging winds occur, usually from an easterly or southeasterly direction, especially along the 

coast and in the coastal mountains. As the storms move inland the winds veer to southerly and 

southwesterly directions, and high wind speeds may occur anywhere within the state with the 

greatest velocities at high elevations. 

 

Under a slightly different configuration of these pressure systems, winds tend to flow out of the 

ŘŜǎŜǊǘǎ ƻŦ ǘƘŜ DǊŜŀǘ .ŀǎƛƴ ǘƻǿŀǊŘǎ ŀƴŘ ƛƴǘƻ /ŀƭƛŦƻǊƴƛŀΩǎ /ŜƴǘǊŀƭ ±ŀƭƭŜȅΣ ǘƘŜ {ƻǳǘƘŜŀǎǘŜǊƴ 5ŜǎŜǊǘ 

 
29 Image by Los Angeles Department of Water and Power is in the public domain. 

https://waterandpower.org/museum/Early_Views_of_Santa_Monica_4_of_6.html
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Basin, and the South Coast. Such wind situations are identified in southern California by the 

name Santa Ana Wind. The air is typically very dry and originated from high pressure systems 

over the desert regions of the southwest, bringing in northwestern winds to Southern 

California. The winds are strong and gusty, sometimes exceeding 100 MPH, particularly near the 

mouth of canyons oriented along the direction of airflow. It is a situation that occasionally leads 

to serious fire suppression problems and often results in the temporary closing of sections of 

main highways to campers, trucks, and light cars. 

 

 
Figure 3.5: Illustration of the Santa Ana Winds.30 

 

A similar circulation pattern creates the Diablo Winds of the Sacramento and San Joaquin 

Valleys. As a result of compressional heating of air flowing out of the Great Basin this situation 

results in pronounced heat waves in summer. In winter, the result is usually a rather mild 

temperature accompanied by a dry, persistent wind that many persons find unpleasant. 

 

The typical northwest wind of summer is reinforced by the dynamics of the thermal low-

pressure area located over the Central Valley and the Southeastern Desert area. In the San 

Francisco Bay Area, there is a marked diurnal pattern in the strength of the wind even though 

an onshore circulation tends to continue throughout the 24-hour period. This helps to carry 

locally produced air pollution products away from the Bay Area but creates problems for the 

regions immediately south and east of the source area. 

 

In the Los Angeles area, however, the Basin is almost completely enclosed by mountains on the 

north and east. Coupled with this is a characteristic of the air along most of the coastal area of 

California. The vertical temperature structure (inversion) tends to prevent vertical mixing of the 

 
30 Map by the NOAAΩǎ bŀǘƛƻƴŀƭ ²ŜŀǘƘŜǊ {ŜǊǾƛŎŜ ƛǎ ƛƴ ǘƘŜ ǇǳōƭƛŎ ŘƻƳŀƛƴΦ  

https://en.m.wikipedia.org/wiki/File:Santa_ana_winds.jpg
https://www.noaa.gov/
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air through more than a shallow layer (1,000 to 2,000 feet deep). The geographical 

configuration and the southerly location of the Basin permit a regular daily reversal of wind 

directionτoffshore at night and onshore during the day. With the concentrated population and 

industry, pollution products tend to accumulate and remain within this circulation pattern. 

 

Another local characteristic of the northwest wind alongshore is the creation of a jet effect in 

the vicinity of some of the more prominent headlands. The most outstanding of these currents 

of air is found off and to the south of Point Arguello. Here a strong jet of air is projected 

southward past San Miguel and San Nicholas Islands, driving a huge eddy as much as 200 miles 

in diameter. The air swings eastward near San Diego then northward and westward along the 

coast to rejoin the southward flowing air at the west end of the Santa Barbara Channel. Similar 

but smaller eddies form in the vicinity of the Golden Gate, just south of Point Reyes, and south 

of Monterey Bay around Point Surr. Wind speeds in the immediate vicinity of these major 

headlands can be two or three times as great as the wind flow at nearby points. 

 

During periods of moderate to strong westerly flow at upper levels over the central part of the 

state, particularly during the winter and spring, the well-ƪƴƻǿƴ Ψ{ƛŜǊǊŀ ²ŀǾŜΩ ƛǎ ŎǊŜŀǘŜŘ ƛƴ ǘƘŜ 

Eastern Sierre area. Although this phenomenon is particularly useful to sailplane enthusiasts, it 

can also be a hazard to the unwary pilot. 

 

 

 

ELEMENTS OF CLIMATE 
People often confuse weather and climate; they are not identical. According to the American 

Meteorological Society (AMS), the weather is defined as the state of the atmosphere at some 

place and time, usually expressed in terms of temperature, air pressure, humidity, wind speed 

and direction, precipitation, and cloudiness. Meteorologists study the atmosphere, processes 

that cause weather, and the life cycle of weather systems. Climate is defined in terms of the 

average (mean) of weather elements (such as temperature and precipitation) over a specified 

period. (The World Meteorological Organization defines the typical time of time as 30 years). 

Climate also encompasses weather extremes for a particular place.  

 

Scientists have developed a variety of ways for classifying climate. In the early 20th century, a 

German scientist named Vladimir Köppen developed one of the most widely used classification 

systems. The Köppen system categorizes climate into five main types, which can be further 

divided into subcategories.  
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Table 3.1: Basic Characteristics of the Köppen Climate Classification 

Type of Climate Characteristics 

Tropical (A) 

Average temperature of 18 °C (64.4 °F) or 

higher every month of the year, with 

significant precipitation (very humid). 

Dry (B) 

Evaporation exceeding precipitation with 

constant water deficiency throughout the 

year. Average temperature greater than 10 

°C (50 °F) 

Temperate (C) 

(Northern Hemisphere Mid-Latitude) 

Humid and warm or hot summers, and mild 

or dry winters, with average temperatures 

between -3°C (27°F) and 18°C (64°F) 

Continental (D) 

(Northern Hemisphere Mid-Latitude) 

At least one month averaging below 0 °C (32 

ϲCύ όƻǊ ҍо ϲ/ όнт ϲCύύ ŀƴŘ ŀǘ ƭŜŀǎǘ ƻƴŜ ƳƻƴǘƘ 

averaging above 10 °C (50 °F). 

Polar (E) 

Freezing winters and an average temperature 

of the warmest summer month below 10°C 

(50°F) 

 

¢ƘŜ ǇƭŀƴŜǘΩǎ ŎƭƛƳŀǘŜ Ƙŀǎ ŎƘŀƴƎŜŘ Ƴŀƴȅ ǘƛƳŜǎ ƻǾŜǊ 9ŀǊǘƘΩǎ ƭƻƴƎ ƎŜƻƭƻƎƛŎ ƘƛǎǘƻǊȅΦ CƻǊ ŜȄŀƳǇƭŜΣ 

over the past million years, Earth has experienced several glacial periods interspersed with 

interglacial (warmer) periods. The relatively constant and favorable interglacial period of 

ŎƭƛƳŀǘŜ ŜȄǇŜǊƛŜƴŎŜŘ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ уΣллл ȅŜŀǊǎ Ƙŀǎ ƳŀŘŜ ƘǳƳŀƴ ŎƛǾƛƭƛȊŀǘƛƻƴΩǎ ŀŘǾŀƴŎŜƳŜƴǘ 

possible.  
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Figure 3.6: Köppen-Geiger Climate Subdivisions.31 

 

Climate Change 
Climate change refers to a significant and sustained (over decades or longer) change from one 

ŎƭƛƳŀǘƛŎ ŎƻƴŘƛǘƛƻƴ ǘƻ ŀƴƻǘƘŜǊΦ ¢ƘŜ ǘŜǊƳ άƎƭƻōŀƭ ǿŀǊƳƛƴƎέ ǊŜŦŜǊǎ ǘƻ ŀ ǎǇŜŎƛŦƛŎ ƪƛƴŘ ƻŦ ŎƭƛƳŀǘŜ 

ŎƘŀƴƎŜ ƛƴ ǿƘƛŎƘ 9ŀǊǘƘΩǎ ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ƛǎ ƛƴŎǊŜŀǎƛƴƎΦ hŦ ƎǊƻǿƛƴg concern is what is 

known as abrupt climate change. According to the National Oceanic and Atmospheric 

Administration (NOAA), abrupt climate change is a relatively new area of scientific research 

whose formal definition is still being developed, but it refers to a sudden, rapid transition from 

one climate state to another (over a period of years rather than centuries or millennia). 

 

Meteorologists focus primarily on real-time (current) data to predict local or regional 

atmospheric conditions for the hours, days, or weeks ahead. Thus, weather prediction tends to 

be more local and relates to conditions in the immediate future from days to weeks.  

 
31 Image by NOAA is in the public domain. 

https://www.noaa.gov/jetstream/global/climate-zones/jetstream-max-addition-k-ppen-geiger-climate-subdivisions
https://www.noaa.gov/
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Figure 3.7: Annual Temperatures During 1880-2018. Notice the Winter/Summer Patternsτ& Then the Overall 

Dramatic Increase of The Patterns During the Past 20 Years.32 

 

Climate scientists or climatologists, on the other hand, look at atmospheric conditions in terms 

of averages and trends (patterns) that have occurred over many decades, centuries, and 

millennia. Weather is variable but can be averaged over time to indicate climate trends. 

Therefore, climate scientists can use weather data plus proxy data, (reconstructed paleo 

climates) to help them identify previous trends and improve their predictions of future trends. 

 

Meteorologists and climate scientists use similar tools. Weather balloons, satellites, uniquely 

designed airplanes, and radar and other ground-based data collection instruments (to measure 

wind speed, precipitation, air temperature, humidity levels, etc.) are all good examples. These 

methods and tools have enabled humans to collect reliable atmospheric data on a consistent 

basis since the mid-1800s. They have grown increasingly more precise and sophisticated over 

time, to such an extent that meteorologists can now consistently provide reasonably accurate 

near-term (1 week or less) weather forecasts.  

 

Climate monitoring requires data covering all areas of the planet over a much longer time. 

Sophisticated Earth-observing satellites equipped with remote-sensing equipment circle the 

globe. With each pass, they can record sea surface and other temperatures, measure 

ŀǘƳƻǎǇƘŜǊƛŎ ƎŀǎŜǎ ŀƴŘ ǊŀƛƴŦŀƭƭ ŀƳƻǳƴǘǎΣ ǘŀƪŜ ǾƛǎƛōƭŜ ŀƴŘ ƛƴŦǊŀǊŜŘ ǇƘƻǘƻǎ ƻŦ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ŀƴŘ 

ŎŀƭŎǳƭŀǘŜ 9ŀǊǘƘΩǎ ƻǳǘƎƻƛƴƎ ƛƴŦǊŀǊŜŘ ŀƴŘ ǊŜŦƭŜŎǘŜŘ ǎƻƭŀǊ ǊŀŘƛŀǘƛƻƴΦ 

 

 
32 Image by NASA is in the public domain. 

https://climate.nasa.gov/news/2241/why-so-many-global-temperature-records/
https://www.nasa.gov/
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Climate Change & Fires? 
The year 2020 will be remembered for many things, not the least of which was a series of 

devastating fires around the globe that bear the fingerprints of climactic change. From Australia 

ŀƴŘ {ƻǳǘƘ !ƳŜǊƛŎŀΩǎ !ƳŀȊƻƴ ŀƴŘ tŀƴǘŀƴŀƭ ǊŜƎƛƻƴǎΣ ǘƻ {ƛōŜǊƛŀ ŀƴŘ ǘƘŜ ¦.S. West, wildfires set 

new records and made news year-round. 

 

Lǘ ǿŀǎ ŀƴ ŜǎǇŜŎƛŀƭƭȅ ōŀŘ ȅŜŀǊ ŦƻǊ ǿƛƭŘŦƛǊŜǎ ƻƴ ǘƘŜ ¦Φ{Φ ²Ŝǎǘ /ƻŀǎǘΦ CƛǾŜ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ мл ƭŀǊƎŜǎǘ 

wildfires on record happened in 2020, and the state set a record for acres burned. According to 

/![ CLw9Σ ǘƘŜ ǎǘŀǘŜΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ CƻǊŜǎǘǊȅ ŀƴŘ CƛǊŜ tǊƻǘŜŎtion, more than 9,600 wildfires 

burned nearly 4.2 million acres through mid-December, causing more than 30 fatalities and 

damaging or destroying nearly 10,500 structures. 

 

 
Figure 3.8: Smoke from numerous wildfires obscures much of California and Oregon on September 9, 2020.33 

 

It was the fire equivalent of a perfect storm. Record drought conditions across the Western 

United States over many decades prior and were followed by the hottest summer on record in 

the Northern Hemisphere. Poor forest growth management, increased powerlines to remote 

areas, unusually dry air, strong wind events, and an outbreak of summer thunderstorms in 

Northern California in August, and conditions were ripe for a dangerous fire season.  

 
33 Image by NOAA is in the public domain. 

https://www.nesdis.noaa.gov/news/the-carr-and-ferguson-fires-spread-smoke-across-california
https://www.noaa.gov/
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In recent decades, the U.S. West has warmed, and the frequency and severity of heat waves 

and droughts has increased. According to the National Oceanic and Atmospheric Administration 

(NOAA), temperatures in California have increased approximately 2 degrees Fahrenheit (1.1 

degrees Celsius) since the beginning of the 20th century. This has dried out the air. Fire seasons 

ŀǊŜ ŀƭǎƻ ǎǘŀǊǘƛƴƎ ŜŀǊƭƛŜǊ ŀƴŘ ŜƴŘƛƴƎ ƭŀǘŜǊ ŜŀŎƘ ȅŜŀǊΣ ǿƘƛƭŜ ǎƴƻǿǇŀŎƪΩǎ ŀǊŜ ǎƘǊƛƴƪƛƴƎΣ ƭŜŀŘƛƴƎ ǘƻ 

earlier spring snowmelt and longer, more intense dry seasons. 

 

Effect of General Circulation on Climate 
A dominating factor in the weather of California is the semi-permanent high-pressure area of 

the north Pacific Ocean. This pressure center moves northward in summer, holding storm 

tracks well to the north, and as a result California receives little or no precipitation from this 

source during that period. In winter, the Pacific high retreats southward permitting storm 

centers to swing into and across California. These storms bring widespread, moderate 

precipitation to the state. Some of them travel far enough to the south to spread moisture 

beyond the Mexican border. When changes in the circulation pattern permit storm centers to 

approach the California coast from a southwesterly direction, copious amounts of moisture are 

carried by the northeastward streaming air. This results in heavy rains and often produces 

widespread flooding during the winter months. 

 

There is another California weather characteristic that results from the location of the Pacific 

high. The steady flow of air from the northwest during the summer helps to drive the California 

Current of the Pacific Ocean as it sweeps southward almost parallel to the California coastline. 

However, since the mean drift is slightly offshore, there is a band of upwelling immediately off 

the coast as water from deeper layers is drawn into the surface circulation. The water from 

below the surface is colder than the semi-permanent band of cold water just offshore, which 

ranges from 25 to 50 miles in width. 

 

The temperature of water reaching the surface from deeper levels varies from about 49°F in 

winter to 55°F. in late summer along the northern California coast, and from 57° to 65°F on the 

southern California coast. At 200 to 300 miles offshore, surface water temperatures range from 

51° to 65°F in the north and from 60° to 67°F in the south. Thus, the water near the coastline is 

as much as 10°F colder during the summer than is the water farther west into the Pacific Ocean. 

 

Comparatively warm, moist Pacific air masses drifting over this band of cold water form a bank 

of fog which is often swept inland by the prevailing northwest winds out of the high-pressure 

center. In general, heat is added to the air as it moves inland during these summer months, and 

the fog quickly lifts to form a deck of low clouds that extend inland only a short distance before 



56 | C A L I F O R N I A  G E O G R A P H Y   

 

evaporating completely. Characteristically, this deck of clouds extends inland further during the 

night and then recedes to the vicinity of the coast during the day. This layer of maritime air is 

usually from 1,500 to 2,000 feet deep, while above this layer the air is relatively warm, dry, and 

cloudless. 

 

Extreme Weather 
All-weather events that cause loss of life, disrupt normal human activities, and result in 

ǇǊƻǇŜǊǘȅ ŘŀƳŀƎŜ ŀǇǇŜŀǊ ŜȄǘǊŜƳŜΦ Lǘ ƛǎ ŀ ǉǳŜǎǘƛƻƴ ƻŦ ǇŜǊǎǇŜŎǘƛǾŜΥ Iƻǿ Řƻ ǘƻŘŀȅΩǎ ǎŜǾŜǊŜ 

weather events compare to severe weather events in the recent and distant past? The 

resolution of Global Climate Models can complicate making direct comparisons between past 

and present events. For example, since 1986 the global human population has grown by 

approximately 2 billion. Simply said, there are more people than ever living in formerly 

unpopulated or sparsely populated areas. Comparing death tolls, between recent and past 

ŜǾŜƴǘǎ Ƴŀȅ ƴƻǘ ōŜ ǘƘŜ Ƴƻǎǘ ƳŜŀƴƛƴƎŦǳƭ ƛƴŘƛŎŀǘƻǊ ƻŦ ŀ ǇŀǊǘƛŎǳƭŀǊ ǿŜŀǘƘŜǊ ŜǾŜƴǘΩǎ ƛƴǘŜƴǎƛǘȅΦ  

 

Nonetheless, the growing body of meteorological data indicates an increase in the number of 

extreme weather events occurring here in the United States since 1980, and the number of 

extreme events also appears to be rising worldwide. 

 

2022-2023 California Floods 
Periods of heavy rainfall caused by multiple atmospheric rivers in California between December 

31, 2022 and January 25, 2023 resulted in floods that affected parts of Southern California, the 

California Central Coast, Northern California, and Nevada. The flooding resulted in property 

damage and at least 22 fatalities. 

 

At least 200,000 homes and business lost power because of the storm and 6,000 individuals 

were ordered to evacuate. The floods were widely reported by media as an example of how 

climate change is increasing extreme changes in weather, especially cycles of precipitation and 

drought. Scientists interviewed by Los Angeles Times said that further study is needed to 

determine the connection and California has recorded similar events almost every decade since 

records started in the 19th century. Other scientists have emphasized that floods were caused 

by ocean warming, directly related to climate change. Scientist Kevin Trenberth declared that 

"the interaction between the warming ocean and the overlying atmosphere (...) is producing 

these prodigious rainfalls that have occurred in so many places around the world recently". 

Climate change is intensifying the water cycle. This brings more intense rainfall and associated 

flooding, as well as more intense drought in many regions. It has been both predicted by 

scientists and observed in the last years and documented by the IPCC (International Panel for 



57 | C A L I F O R N I A  G E O G R A P H Y   

 

Climate Change 6th assessment report). Before the rains started, California had been in an 

extreme drought. 

 

 
Figure 3.9: Precipitation Totals from December 26th- January 10th, 2023.34 

 
 
 
 
 
  

 
34 Image by NOAA is in the public domain. 

https://www.weather.gov/mtr/AtmosphericRivers_12_2022-01_2023
https://www.noaa.gov/
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Figure 4.1: Bristlecone Pine, Inyo Forest-California.35 

UNIT 4: HISTORIC & PRESENT 

BIOGEOGRAPHY 
Goals & Objectives of this unit 

ü Introduction to California's fossil record and regions that are rich with this record. 

ü ¦ƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ǎƻƛƭ ŀƴŘ Ƙƻǿ ƛǘ ƛǎ ŀ ǇǊƛƳŀǊȅ ŦŀŎǘƻǊ ƛƴ 

the flora and fauna found.  

ü 9ȄŀƳƛƴŜ /ŀƭƛŦƻǊƴƛŀΩǎ {ǘŀǘŜ {ƻƛƭ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘ ƛǘǎ ƎŜƴŜǊŀƭ ŦƻǊƳŀǘƛƻƴ ŀƴŘ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ 

success of agriculture in the Central Valley.  

ü Identify the major flora and fauna found in regions throughout the state.  

 
35 Image by Jeremy Patrich is used under a CC-BY 4.0 license. 

https://creativecommons.org/licenses/by/4.0/
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INTRODUCTION 
Biogeography is the study of the distribution of species and ecosystems in geographic space 

and through geological time. Organisms and biological communities often vary in a regular 

fashion along geographic gradients of latitude, elevation, isolation, and habitat area. 

 

Knowledge of spatial variation in the numbers and types of organisms is as vital to us today as it 

was to our early human ancestors, as we adapt to heterogeneous but geographically 

predictable environments. Biogeography is an integrative field of inquiry that unites concepts 

and information from ecology, evolutionary biology, taxonomy, geology, physical geography, 

paleontology, and climatology. 

 

Modern biogeographic research combines information and ideas from many fields, from the 

physiological and ecological constraints on organismal dispersal to geological and climatological 

phenomena operating at global spatial scales and evolutionary time frames. 

 

The short-term interactions within a habitat and species of organisms describe the ecological 

application of biogeography. Historical biogeography describes the long-term, evolutionary 

periods of time for broader classifications of organisms. Early scientists, beginning with Carl 

Linnaeus and Alexander von Humboldt, have contributed to the development of biogeography 

as a science. 

 

!ǎ ǿŜ ǿƛƭƭ ǎŜŜΣ ǘƘŜ ōƛƻƎŜƻƎǊŀǇƘȅ ƻŦ /ŀƭƛŦƻǊƴƛŀ ƛƴŎƭǳŘŜǎ ǘƘŜ ŦƭƻǊŀ ϧ Ŧŀǳƴŀ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ Ǉŀǎǘ ŀƴŘ 

present, while understanding the soils that provide these systems the environment to have 

thrived.  

 

/![LChwbL!Ω{ Ch{{L[ w9/hw5 
The fossil record is the set of all fossils - and it just happens to chart the course of evolution 

through time. It is one of the most significant pieces of supporting evidence for the idea that 

evolution is a rational and real explanation for the origin of the diversity of species. In general, 

the term "fossil record" refers to all fossils that have been excavated, examined, and 

characterized so far by thousands of hardworking scientists and paleontologists over the last 

few hundred years. The fossil record is used as evidence for many of things, including for 

common descendants, mass extinctions, the Cambrian explosion and for the fact that Earth is 

considerably older than 6000 years (in fact, its 4.6 billion years old). 
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Paleobiogeography 
Paleobiogeography goes one step further to include paleogeographic data and considerations 

of plate tectonics. Using molecular analyses and corroborated by fossils, it has been possible to 

demonstrate that perching birds evolved first in the region of Australia or the adjacent 

Antarctic (which at that time lay somewhat further north and had a temperate climate). From 

there, they spread to the other Gondwanan continents and Southeast Asia ς the part of 

Laurasia then closest to their origin of dispersal ς in the late Paleogene, before achieving a 

global distribution in the early Neogene (figure 4.2). Not knowing that at the time of dispersal, 

the Indian Ocean was much narrower than it is today, and that South America was closer to the 

Antarctic, one would be hard pressed to explain the presence of many "ancient" lineages of 

perching birds in Africa, as well as the mainly South American distribution of the suboscines. 

 

 
Figure 4.2: Distribution of Four Fossil Groups During the Super Continent Gondwanaland.36 

 

The science of paleobiogeography helps us understand the history of where different species 

lived and how they got there. This knowledge is particularly useful for figuring out when major 

events like vicariance (splitting populations) or geodispersal (spread of organisms) happened in 

the past. It also sheds light on how regional groups of plants and animals formed. 

 

For instance, by looking at the genes and geographic distribution of different fish species in the 

Amazon, scientists can tell that these fish didn't all appear suddenly in a burst of evolution. 

Instead, the vast diversity of Amazonian fish built up gradually over tens of millions of years. 

This process, called allopatric speciation, occurs when populations become isolated from each 

 
36 Image by Wikimedia is licensed under the CC-BY-SA 4.0 license.  

https://commons.wikimedia.org/wiki/File:Wegener_fossils-mapped.png
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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other (often due to geographic changes) and eventually evolve into separate species. This 

contrasts with some island ecosystems, where new species can quickly arise from a single 

ancestor due to the unique pressures of their isolated environment (like the famous finches of 

the Galapagos Islands). 

 

For animals that live in freshwater like fish, their world is naturally divided into separate 

watersheds like individual "bowls." These "bowls" can be temporarily separated by land and 

then reconnected by erosion over long periods. However, in places like the Amazon basin, 

where the land is very flat, the many rivers have a complex history of connections. Here, a 

process called stream capture becomes important for how fish evolve and where they live. 

Stream capture happens when part of one river system gets "stolen" by another, often due to 

land movements or erosion. This can significantly change the distribution of fish species in the 

area. 

 

The California State Fossil | The Smilodon 
The Smilodon, often referred to as the Saber-Toothed Cat, is one of the best-known saber-

toothed predators and most famous prehistoric mammals. The Smilodon lived in the Americas 

during the Pleistocene epoch (2.5 mya ς 10,000 years ago). The genus was named in 1842 

ōŀǎŜŘ ƻƴ Ŧƻǎǎƛƭǎ ŦǊƻƳ .ǊŀȊƛƭΤ ǘƘŜ ƎŜƴŜǊƛŎ ƴŀƳŜ ƳŜŀƴǎ ϦǎŎŀƭǇŜƭέΣ ƻǊ Ϧǘǿƻ-edged knife" combined 

with "tooth". Three species are recognized today: S. gracilis, S. fatalis, and S. populator. The 

two latter species were probably descended from S. gracilis, which itself probably evolved from 

Megantereon. The hundreds of individuals obtained from the La Brea Tar Pits in Los Angeles 

constitute the largest collection of Smilodon fossils. 

 

 
Figure 4.3: Size Comparison of All Members of the Smilodon Genus.37 

 
37 Image by Alhadis is licensed under CC BY-SA 4.0. 

https://commons.wikimedia.org/wiki/File:Wiki_Smilodon_Size.svg
https://commons.wikimedia.org/wiki/User:Alhadis
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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Overall, Smilodon was more robustly built than any current species (extant) of cat, with 

particularly well-developed forelimbs and exceptionally long upper canine teeth. Its jaw had a 

bigger gape than that of modern cats, and its upper canines were slender and fragile, being 

adapted for precision killing. S. gracilis was the smallest species at 55 to 100 kg (120 to 220 lb.) 

in weight. S. fatalis had a weight of 160 to 280 kg (350 to 620 lb.) and height of 100 cm (39 in). 

Both species are mainly known from North America but remains from South America have also 

been attributed to them. The S. populator from South America was the largest species, at 220 

to 436 kg (485 to 961 lb.) in weight and 47 in (120 cm) in height and was among the largest 

known felids. The coat pattern of Smilodon is unknown, but it has been artistically restored 

with plain or spotted patterns. 

 

In North America, Smilodon hunted large herbivores such as bison and camels, and it remained 

successful even when encountering new prey species in South America. Smilodon is thought to 

have killed its prey by holding it still with its forelimbs and biting it, but it is unclear in what 

manner the bite itself was delivered. Scientists debate whether Smilodon had a social or a 

solitary lifestyle; analysis of modern predator behavior as well as of Smilodon's fossil remains 

could be construed to lend support to either view. Smilodon probably lived in closed habitats 

such as forests and bushes, which would have provided cover for ambushing prey. Smilodon 

died out while most North and South American megafauna disappeared, about 10,000 years 

ago. Its reliance on large animals has been proposed as the cause of its extinction, along with 

climate change and competition with other species. 

 

 
 

Case Study | The Pygmy Mammoth 
The pygmy mammoth or Channel Islands mammoth (Mammuthus exilis) is an extinct species of 

dwarf elephant descended from the Columbian mammoth (M. columbi) of mainland North 

America. During glacial periods, the mammoths swam from the mainland to Pleistocene Santa 

Rosae Islands. During interglacial sea level rise isolated those as the original Sant Rosae island 

became 4-5 islands, later to know as the Channel Islands. Natural selection favored smaller 

mammoths- restricted from food sources, ultimately becoming pygmies.  

Out of the Collection: Smilodon & Skull  

Want to learn more about the Smilodon, the California State Fossil? Either 

scan the QR code or visit this link to see Professor Patrich share his museum 

replica of an actual Sabretooth Cat skull (Video length: 5min). 
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This species became extinct during the Quaternary in which many megafauna species became 

extinct due to changing conditions to which the species could not adapt. A case of island or 

insular dwarfism, from a recent analysis in 2010 it was determined that Mammuths exilis was 

on average, 1.72 m (5.6 ft) tall at the shoulders and 760 kg (1,680 lb.) in weight, in stark 

contrast to its 4.3 m (14 ft) tall, 9,070 kg (20,000 lb.) ancestor.  

 

Discovery 
Mammoth remains have been known on the northern Channel Islands of California since 1856. 

They were first reported in scientific literature in 1873. In 1994 the National Park Service called 

in scientists to inspect an uncovered, unidentified skeleton found on the northeast coast of 

Santa Rosa Island. They found bones of the axial skeleton of a large land vertebrate and decided 

to excavate and dig up the skeleton. They recovered 90% of a mature male pygmy mammoth's 

skeleton. The mammoth was about 50 years old when it died. The small bones were preserved 

in life position, which represented that it had died where it was found rather than being 

scattered around the island. The bones were returned to the Santa Barbara Museum of Natural 

History. After the discovery of the skeleton, a pedestrian survey of the island began. This 

resulted in the discovery of 160 new locations of mammoth remains, the vast majority being 

found on Santa Rosa Island. This was the first discovery of a nearly complete specimen of the 

pygmy mammoth. Fortunately, the skeleton was only missing a foot, a tusk, and a couple of 

vertebrae. The remains were covered by a sand dune, which prevented the bones from 

scattering and kept them intact. 

 

 
Figure 4.4: Excavation of a Pygmy Mammoth Skeleton on Santa Rosa Island, California.38 

 

Habitat 
Remains of M. exilis have been discovered on three of the northern Channel Islands of 

California since 1856: Santa Cruz, Santa Rosa, and San Miguel, which together with Anacapa 

 
38 Image by Wikimedia is licensed under CC BY-SA 4.0 

https://en.wikipedia.org/wiki/Pygmy_mammoth
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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were the highest portions of the now mostly submerged super island of Santarosae. The late 

Pleistocene elephant appears to have survived on the islands until the arrival of the humans 

associated with Arlington Springs Man around 13,000 years ago and the last known mammoth 

occurrence was 13ς12.9 thousand years ago which predates the later Chumash people's arrival 

during the early Holocene, between 10,800 and 11,300 years ago. Radiocarbon dating indicates 

M. exilis existed on the island for at least 47,000 years prior. 

 

 
Figure 4.5: A Map of Santarosae Island, around 15,000 years ago, which today makes up the Channel Islands, 

California.39 

 

Modern elephants are excellent swimmers, and the ancestors of M. exilis swam the 4 mi (6.4 

km) to Santa Rosae. As the population of mammoths increased, the lack of large predators such 

as the dire wolf, Smilodon and the American lion and the loss of habitat caused by the rise of 

sea levels at the end of the ice age as Santa Rosae split into four islands favored smaller 

animals. Because of this, the pygmy mammoths began evolving through generations as a 

survival mechanism to stay alive on the ever-shrinking Santa Rosa Island; their body size 

became smaller because it required less food and resources to remain energized and alive. 

After this evolutionary period, the mammoth had become a distinct species, the pygmy 

mammoth. 

 

The pygmy mammoth was able to thrive in all the many different ecosystems found on Santa 

Rosae, such as high elevation plateaus, to dune, grassland, riparian, and steppe-tundra 

ecosystems. Their fossils are found in the Channel Islands and in the California Channel. The 

evidence of their habituation in all those diverse dwellings is revealed by the pollen and plant 

pieces found in sediments and in dung. In addition, each habitat has a specific isotope mark 

from the unique types of soil, plants, and water. These mammoths sometimes modified their 

 
39 Image by University of Nebraska, Lincoln Digital Commons is in the public domain.  

https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1940&context=usgsstaffpub
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habitats, specifically in Channel Islands, where they created more spacious grassland as a result 

of their roaming. 

 

Evolution 
Land bridges were once theorized to have connected the northern Channel Islands to the 

mainland, because it was assumed the mammoths could not swim. A land bridge between the 

mainland and Santa Rosae did not exist during the Quaternary; however, the distance to the 

mainland was reduced to 7 kilometers (4.3 mi). When the Ice Age caused the sea levels to 

lower, the four northern Channel Islands formed a single island that was closer to the mainland 

and larger in size. Also, their mainland predators such as the dire wolves, the Smilodon and the 

American lion were not present. After this evolutionary period, the mammoth had become a 

distinct species, the pygmy mammoth. The pygmy mammoth's evolution on Santa Rosae took 

over 30,000 years. 

 

Extinction 
A single cause of extinction of the pygmy mammoth is unknown, as it could have been caused 

by over-hunting by humans, wildfires, climate change, or some combination thereof. 

¶ Human interference often has a greater effect on island species than on continental species, and 

there is evidence that Native Americans hunted the pygmy mammoth on Santa Rosa. 

Mammoths were still extant on the islands when humans arrived, and mammoth remains were 

associated with charcoal of the same radiocarbon date. Two mammoth skulls with the brain 

removed were found adjacent to a fire pit, of the 100 fire pits at least a third contained 

mammoth bones.  

¶ A shift in sea level driven by climate change likely played a part in the extinction: as the sea level 

rose, about 61% of the island landmass was submerged. Some 4,000 years prior to extinction 

the island had an area of roughly 1,900 square kilometers (730 sq mi). Further increase in sea 

levels left four smaller islands with nearly eighty percent less total landmass.  

 

Out of the Collection: The Mammoth 

Come check out these incredible pieces of California history! Either scan the 

QR code or visit this link to see Professor Patrich share a real piece of a 

California mammoth bone, & real woolly mammoth hair!  

(Video length: 6min). 

 

 

https://youtu.be/gBM88N8d6xg
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CALIFORNIA STATE SOIL 
Many states have a designated state bird, flower, fossil, mineral, etc. In California the state bird 

is the California Valley Quail, the state flower is the Golden Poppy, the state fossil is the Saber- 

toothed Cat, and the state mineral is Native Gold. Many states also have a state soil ς one that 

has significance or is important to the state. The San Joaquin is the official state soil of 

/ŀƭƛŦƻǊƴƛŀΦ [ŜǘΩǎ ŜȄǇƭƻǊŜ Ƙƻǿ ǘƘŜ {ŀƴ Wƻŀǉǳƛƴ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ /ŀƭƛŦƻǊƴƛŀ ŀƴŘ ŜǾŜƴ ǘƘŜ ŜƴǘƛǊŜ 

world. 

 

The Formation of Soil 
Weathering is a key part of the process of the soil formation, and the soil is critical to our 

existence on Earth. In other words, we owe our existence to weathering, and we need to take 

care of our soil. 

 

Soil forms through the accumulation and decay of organic matter and both mechanical and 

chemical weathering processes described below. The factors that affect the nature of the soil 

and the rate of its formation include climate (average temperature and precipitation), the 

consequent types of vegetation the type of parent rock material, the slope of the surface, and 

the amount of time available. 

 

Climate 
{ƻƛƭǎ ŘŜǾŜƭƻǇ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ǿŜŀǘƘŜǊƛƴƎ ƻŦ ƳŀǘŜǊƛŀƭǎ ƻƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ 

mechanical breakup of rocks, and the chemical weathering of minerals. Soil development is 

facilitated by the downward percolation of water. Soil forms most readily under warm 

temperate to tropical conditions (not cold) and where precipitation amounts are moderate (not 

dry, but not too wet). Chemical weathering reactions (especially the formation of clay minerals) 

and biochemical reactions proceed fastest under warm conditions, and plant growth is 

enhanced in warm climates. Too much water (e.g., in rainforests) can lead to the leaching of 

important chemical nutrients and hence to acidic soils. In humid and poorly drained regions, 

swampy conditions may prevail, producing soil that is dominated by organic matter. Too little 

water (e.g., in deserts and semi-deserts), results in very limited downward chemical 

transportation and the accumulation of salts and carbonate minerals (e.g., calcite) from 

upward-moving water. Soils in dry regions also suffer from a lack of organic material. 

 

Parent Material 
Soil parent materials can include all different types of bedrock and any type of unconsolidated 

sediments, such as glacial deposits and stream deposits. Soils are described as residual soils if 
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they develop on bedrock, and transported soils if they develop on transported material such as 

ƎƭŀŎƛŀƭ ǎŜŘƛƳŜƴǘǎΦ .ǳǘ ǘƘŜ ǘŜǊƳ άǘǊŀƴǎǇƻǊǘŜŘ ǎƻƛƭέ ƛǎ ƳƛǎƭŜŀŘƛƴƎ ōŜŎŀǳǎŜ ƛǘ ƛƳǇƭƛŜǎ ǘƘŀǘ ǘƘŜ ǎƻƛƭ 

itself has been transported, which is not the case. When referring to such soil, it is better to be 

ǎǇŜŎƛŦƛŎ ŀƴŘ ǎŀȅΣ άǎƻƛƭ ŘŜǾŜƭƻǇŜŘ ƻƴ ǳƴŎƻƴǎƻƭƛŘŀǘŜŘ ƳŀǘŜǊƛŀƭΣέ ōŜŎŀǳǎŜ ǘƘŀǘ ŘƛǎǘƛƴƎǳƛǎƘŜǎ ƛǘ 

from soil developed on bedrock. 

 

Soil Horizons 
The process of soil formation generally involves the downward movement of clay, water, and 

dissolved ions, and a common result of that is the development of chemically and texturally 

different layers known as soil horizons (figure 4.6). The typically developed soil horizons are: 

ü O: the layer of organic matter 

ü A: the layer of partially decayed organic matter mixed with mineral material 

ü E: the eluviated (leached) layer from which some of the clay and iron have been 

removed to create a pale layer that may be sandier than the other layers 

ü B: the layer of accumulation of clay, iron, and other elements from the overlying soil 

ü C: the layer of incomplete weathering 

ü R: the parent material or bedrock 

 

Another type of layer that develops in hot arid regions (such as in the Mojave Desert) is known 

as caliche (pronounced ca-lee-chee). It forms from the downward (or in some cases upward) 

movement of calcium ions, and the precipitation of calcite within the soil. Well-developed 

caliche may cement the surrounding material together to form a layer that has the consistency 

of concrete. 

  
Figure 4.6: Soil Horizons. The R Horizon Would be Below the C Horizon.40 

 
40 Image by United States Department of Agriculture is in the public domain. 

https://www.nrcs.usda.gov/resources/education-and-teaching-materials/a-soil-profile
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Like all geological materials, the soil is subject to erosion, although, under natural conditions on 

gentle slopes, the rate of soil formation either balances or exceeds the rate of erosion. Human 

practices related to home building, forestry and agriculture have significantly upset this 

balance.  

 

Soils are held in place by vegetation. When vegetation is removed, either through cutting trees 

or routinely harvesting crops and tilling the soil, that protection is either temporarily or 

permanently lost. The primary agents of the erosion of unprotected soil are water and wind. 

 

Case Study | The San Joaquin Series 
The San Joaquin soil was initially documented and officially established in California in 1900 and 

therefore is the oldest, continuously recognized soil series within the state. The process of 

establishing the San Joaquin as the official state soil in California began with the Professional 

Soil Scientists Association of California (PSSAC). 

 

Inspired by a visit to the USDA offices in Madera and Hanford, California, science teacher Alex 

Lehman envisioned a project to connect students and the public with soil conservation. This 

project, titled "Proposing a California State SoilτPreserving a Legacy and a Commitment to 

Future Generations," sparked a unique learning experience for students at Martin Luther King, 

Jr. Middle School in Madera. 

 

Students embraced a cross-disciplinary approach, integrating science, math, English, social 

studies, and history with conservation education. Social studies classes delved into the 

lawmaking process, English classes saw students crafting proposals and poems about soil, 

science and art classes collaborated on science fair displays, and music classes even produced 

an official state soil song. 

 

The San Joaquin Soil Series became the official state soil of California on August 20, 1997. It was 

the culmination of the efforts by students and teachers, natural resources professionals, the 

PSSAC, state legislators, and various state universities. 

 

What is the San Joaquin Soil? 
Every soil can be separated into three separate particle size fractions called sand, silt, and clay, 

which makes up the soil texture. In addition, the arrangement of soil horizons can tell you a lot 

about the age of a soil and how it developed over time. Some common horizon designations are 

A, E, B, and C or combinations of those. 
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Figure 4.7: Soil Profile of the San Joaquin Soil.41 

 

Typically, San Joaquin soils have a brown to reddish brown surface or surface soil horizon with a 

loam (a combination of sand, silt, and clay) texture that has an accumulation of organic matter. 

The next underlying horizon is similar in soil texture to the surface horizons; however, it does 

not have an accumulation of organic matter. Iron oxides released in this horizon are not 

masked so much by the organic matter and impart a redder hue to the soil when moist. This 

horizon rests on a brown or reddish-brown clay or clay loam horizon that has a distinctive 

prismatic structure (soil broken up into pillar like structures) with cracks between the prisms. 

This horizon, with a dramatic increase in clay which restricts root and water penetration, is 

about 15 to 30 inches 38 to 76 cm (38 to 76 cm) from the surface of the soil. 

 

The first characteristic in a San Joaquin soil that people notice is a distinctive soil horizon (layer) 

ƪƴƻǿƴ ŀǎ ŀ ŘǳǊƛǇŀƴ ǘƻ ǎƻƛƭ ǎŎƛŜƴǘƛǎǘǎ ŀƴŘ ƎŜƴŜǊŀƭƭȅ ŀǎ άƘŀǊŘǇŀƴέ ǘƻ Ƴŀƴȅ ǇŜƻǇƭŜΦ Lǘ ƛǎ ŜȄǘǊŜƳŜƭȅ 

hard, and it can be chipped with mechanical means or through use of a pick or very strong, 

heavy shovel. However, there is much more to the San Joaquin soil than just the duripan. 

 

 
41 Image by United States Department of Agriculture is in the public domain. 

https://nrcspad.sc.egov.usda.gov/DistributionCenter/pdf.aspx?productID=1059
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Finally, the fourth horizon is the brown to reddish brown silica cemented duripan. The duripan 

has an abrupt upper boundary at a depth of 50 to 101 cm (20 to 40 inches) and is impervious to 

roots and water. The duripan often continues to a depth of 152 cm (60 inches) or more. 

 

 

NATIVE & UNIQUE FLORA 
California native plants are plants that existed in California prior to the arrival of European 

explorers and colonists in the late 18th century. California includes parts of at least three 

phytochoria. The largest is the California Floristic Province, a geographical area that covers 

most of California, portions of neighboring Oregon, Nevada, and Baja California, and is regarded 

as a "world hotspot" of biodiversity. 

 

The California Floristic Province (CFP) 
The California Floristic Province (CFP) stretches along the Pacific Coast, encompassing most of 

California and spilling into parts of Oregon, Nevada, and Baja California (see figure 4.8). This 

region boasts a distinctive plant life like areas with Mediterranean climates, characterized by 

wet winters and dry summers. 

 

In 1996, the CFP earned recognition as a global biodiversity hotspot due to its exceptional 

concentration of unique plant species. Conservation International estimates the CFP to be 

home to over 8,000 plant species, with a staggering 60% found nowhere else on Earth 

(endemic). Despite its incredible biodiversity, the CFP faces a significant challenge: habitat loss. 

Sadly, over 70% of its original vegetation has disappeared. This loss is primarily driven by 

human activities like large-scale agriculture and urban expansion. 

 

Recognizing the urgency, Conservation International proposed a strategy in 1998 to prioritize 

areas within the CFP most affected by human impact. The goal is to minimize threats to this 

vital ecosystem. Several factors contribute to the CFP's vulnerability, including population 

growth, habitat destruction, unsustainable resource use, and invasive species. 

By understanding these threats, conservation efforts can be targeted more effectively to 

protect this irreplaceable treasure trove of plant life. 

 

The California Floristic Province is a floristic province with a Mediterranean-type climate 

located on the Pacific Coast of California with a distinctive flora like other regions with a winter 

rainfall and summer drought climate like the Mediterranean Basin (figure 4.8). In 1996, the 

province was designated as a biodiversity hotspot allowing it to join ranks among 33 other 
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areas in the world with many endemic species, as it is known for being the home of the Sierran 

giant sequoia tree and its close relative the coast redwood. The CFP is home to over 3,000 

species of vascular plants, 60% of which are endemic to the province. 

 

 
CƛƎǳǊŜ пΦуΥ aŀǇ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ CƭƻǊƛǎǘƛŎ tǊƻǾƛƴŎŜΦ42 

 

Climate & Topography 
The California Floristic Province is one of the five biodiversity hotspots with Mediterranean 

climates, and it is characterized by hot, dry summers and cool, wet winters. Many parts of the 

coastal areas of this hotspot, being moderated by the ocean, experience cool summers due to 

the regular occurrence of ocean fog, which sustains redwood forests amongst other 

communities. 

 

In California, the province includes most of the state excluding the Modoc Plateau, Great Basin, 

and deserts in the southeastern part of the state. In Oregon, the province includes the coastal 

mountains south of Cape Blanco and most of the Rogue River watershed. 

 

In Baja California, the province includes the forest and chaparral belts of the Sierra Juarez and 

the Sierra San Pedro Mártir (but excluding their desert slopes to the east), coastal areas south 

to about El Rosario, and Guadalupe Island. 

 

 
42 Image by California Department of Forest and Fire Protection is in the public domain.  

https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=67353
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Parts of the following mountain ranges are included in the province: 

¶ The Klamath Mountains 

¶ The Cascade Range 

¶ The Coast Ranges 

¶ The Sierra Nevada 

¶ The Transverse Ranges 

¶ The Peninsular ranges south into Baja California 

¶ The Great Central Valley 

Case Study | The Ancient Bristlecone Pine 
¢ƘŜ ǘŜǊƳ ΨōǊƛǎǘƭŜŎƻƴŜ ǇƛƴŜΩ ŎƻǾŜǊǎ ǘƘǊŜŜ ǎǇŜŎƛŜǎ ƻŦ ǇƛƴŜ ǘǊŜŜ όŦŀƳƛƭȅ tƛƴŀŎŜŀŜΣ ƎŜƴǳǎ Pinus, 

subsection Balfourianae). All three species are long-lived and highly resilient to harsh weather 

and traditionally poor soils. One of the three species, Pinus longaeva, is among the longest-lived 

life forms on Earth. The oldest of this species is more than 4,800 years old, making it the oldest 

known individual of any species.  

 

Bristlecone pines grow in isolated groves just below the tree line, between 5,600 and 11,200 ft 

(1,700 and 3,400 m) elevation on dolomitic soils. The trees grow in soils that are shallow 

lithosols, usually derived from dolomite and sometimes limestone, and occasionally sandstone 

or quartzite soils. Dolomitic soils are alkaline, high in calcium and magnesium, and low in 

phosphorus. Those factors tend to exclude other plant species, allowing bristlecones to thrive. 

Because of cold temperatures, dry soils, high winds, and short growing seasons, the trees grow 

very slowly.  

 

The bristlecone pines root system is mostly composed of highly branched, shallow roots, while 

a few large, branching roots provide structural support. The bristlecone pine is extremely 

drought tolerant due to its branched shallow root system. The tree's waxy needles, and thick 

needle cuticles also aid in water retention. 

 

The pine needles, which grow in bunches of five and can remain on the tree for forty years, give 

the twisted branches a bottle-brush appearance. The needles of the tree surround the branch 

to an extent of about one foot near the tip of the limb. The name bristlecone pine refers to the 

dark purple female cones that bear incurved prickles on their surface. The dark color of these 

cones helps to absorb heat. After maturity, which takes about two years, the cones will become 

brown in color. These ancient trees have a gnarled and stunted appearance, especially those 

found at high elevations, and have reddish-brown bark with deep fissures. As the tree ages, 

much of its vascular cambium layer may die. In very old specimens, often only a narrow strip of 
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living tissue connects the roots to a handful of live branches. Even though the trees' needles 

may age, they remain functional in regulating water and by their ability to photosynthesize.  

 

The wood is very dense and resinous, and thus resistant to invasion by insects, fungi, and other 

potential pests. The tree's longevity is due in part to the wood's extreme durability. While other 

species of trees that grow nearby suffer rot, bare bristlecone pines can endure, even after 

death, often still standing on their roots, for many centuries. Exposed wood on living and dead 

trees does not rot, but rather erodes like stone due to wind, rain, and freezing, which creates 

unusual forms and shapes. 

 

The bristlecone pine has an intrinsically low rate of reproduction and regeneration, and many 

believe under present climatic and environmental conditions the rate of regeneration may be 

insufficient to sustain its population. 

 

 

 
 

 

 

 

THE FAUNA OF CALIFORNIA 
The fauna of the State of California may be the most diverse in the United States of America. Of 

the lower 48 conterminous states. California also has the greatest diversity in climate, terrain, 

and geology in general. The state's six life zones are the lower Sonoran (desert); upper Sonoran 

(foothill regions and some coastal lands); transition (coastal areas and moist northeastern 

counties); and the Canadian, Hudsonian, and Arctic zones, comprising California's highest 

ŜƭŜǾŀǘƛƻƴǎΦ /ŀƭƛŦƻǊƴƛŀΩǎ ŘƛǾŜǊǎŜ ƎŜƻƎǊŀǇƘȅ ƎƛǾŜǎ ǊƛǎŜ ǘƻ ŘƻȊŜƴǎ ƻŦ ŘƛŦŦŜǊŜƴǘ ŜŎƻǎȅǎǘŜƳǎΣ ŜŀŎƘ ƻŦ 

which has its own unique native plants and animals. California is a huge state, the 3rd largest in 

the U.S., and can range broadly in habitat type. 

 

Earth scientists typically divide California into eleven distinct geomorphic provinces with clearly 

defined boundaries. They are, from north to south, the Klamath Mountains, the Cascade Range, 

Field Trip: The Bristlecone Pine 

[ŜǘΩǎ ƘŜŀŘ ƻƴ ŦƛŜƭŘ ǘǊƛǇ ǘƻ Ǿƛǎƛǘ ǎƻƳŜ ƻŦ ǘƘŜ ƻƭŘŜǎǘ ǘǊŜŜǎ ƻƴ 9ŀǊǘƘΗ Either scan 

the QR code or visit this link to see Professor Patrich explore The Ancient 

Bristlecone Pines, in the White Mountains, California. (Video length: 9min). 
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the Modoc Plateau, the Basin and Range, the Coast Ranges, the Central Valley, the Sierra 

Nevada, the Transverse Ranges, the Mojave Desert, the Peninsular Ranges, and the Colorado 

Desert. Here, the Los Angeles Basin, the Channel Islands, and the Pacific Ocean are treated as 

distinct regions. 

 

Common animals that live throughout all the state, and its coasts, include raccoons, weasels, 

otters, beavers, hawks, lizards, owls, coyotes, skunks, snakes, cougars, black bears, deer, 

squirrels, and whales. As of 2024, there are 685 bird species on the official California checklist 

but the California Birds Records Committee, ten of which are introduced species which are not 

native to the state. The California quail, the official state bird, has a breeding habit of mainly 

shrubby areas and open woodland. Another bird which winters in California is the American 

white pelican, which is a large seabird, with a wingspan reaching up to 110 inches (280 cm). 

 

Venomous spiders in California include Arizona recluse, Baja recluse, Chilean recluse, desert 

ǊŜŎƭǳǎŜΣ aŀǊǘƘŀΩǎ ǊŜŎƭǳǎŜΣ wǳǎǎŜƭƭΩǎ ǊŜŎƭǳǎŜΣ ōǊƻǿƴ ǿƛŘƻǿΣ ŀƴŘ ǿŜǎǘŜǊƴ ōƭŀŎƪ ǿƛŘƻǿΦ 

 

Northern California 
The forests in northern parts of California have an abundant fauna, which includes for instance 

the black-tailed deer, black bear, gray fox, North American cougar, bobcat, and Roosevelt elk. 

Garter snakes and rattlesnakes are common, as are such amphibians as the mudpuppy and 

redwood salamander. The kingfisher, chickadee, towhee, and hummingbird represent the bird 

life of this region. There are an estimated 3,487 wild horses in Northern California as of 2024, 

according to the Bureau of Land Management. Gray wolves began repopulating California in 

2011 as they entered Lassen, Siskiyou, and Plumas Counties from the Cascade Range of Oregon. 

 

Case Study | Sierra Nevada 
Mammals of the Canadian zone include the snowshoe hare, mountain chickadee, and several 

species of chipmunk. Conspicuous birds include the blue-fronted jay, hermit thrush, American 

dipper, and Townsend's solitaire. Birds become scarcer as one ascends to the Hudsonian zone, 

and the wolverine is now regarded as rare. The only bird native to the high Arctic region is the 

gray-crowned rosy finch, but others often visit, including the Anna's hummingbird and Clark's 

nutcracker. 

 

Principal mammals of this region are also visitors from other zones; the Sierra coney and white-

tailed jackrabbit make their homes here. The bighorn sheep also live in this mountainous 

terrain; the bighorn sheep was listed as endangered by the US Fish and Wildlife Service. Some 
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animals in the Yosemite Valley include bobcats, mountain lions, ring-tailed cats, the Steller's jay, 

California ground squirrels and the American black bear. 

 

Southern California 
Southern California constitutes one of the more varied collections of geologic, topographic, and 

natural ecosystem landscapes in a diversity outnumbering other major regions in the country. 

The region spans from Pacific Channel Islands, shorelines, beaches, and coastal plains, through 

the Transverse and Peninsular Ranges with their peaks, into the large and small interior valleys, 

to the vast deserts of California. 

 

Several varieties of rattlesnakes are indigenous to the region. While only the Pacific Northwest 

rattler makes its home in Northern California, almost a dozen rattlesnakes make their home in 

the deserts of Southern California, including the western diamondback and the Mojave 

rattlesnake. Birds in the region include the Anna's hummingbird, acorn woodpecker, northern 

flicker, California towhee, California vulture, red-tailed hawk and many more. 

 

Case Study | Mojave Desert 
The Mojave Desert appears to have little in the way of wildlife but has large, diverse 

populations. The extremely warm desert environment has animals that have adapted to their 

environment with each filling an important niche in the desert ecosystem. Animals in the 

Mojave Desert include the Mohave rattlesnake, desert tortoise, glossy snake, common side-

blotched lizard, California kingsnake, giant hairy scorpion, stripe tailed scorpion and the desert 

ƛƎǳŀƴŀΦ hƴŜ ƻŦ ǘƘŜ ƳƻǊŜ ƛŎƻƴƛŎ ΨǘǊŜŜǎΩ ƻŦ ǘƘŜ ǊŜƎƛƻƴ ŀǊŜ ǘƘŜ WƻǎƘǳŀ ǘǊŜŜǎΦ WƻǎƘǳŀ ǘǊŜŜǎ ŀǊŜ 

succulents, a type of plant known for storing water in their leaves or stems. Despite their tree-

like appearance with a single trunk and branches, they belong to the yucca family. The story 

behind their name is quite interesting. Legend has it that 19th-century Mormon settlers, 

traversing the harsh desert, saw the tree's outstretched limbs resembling a biblical figure, 

Joshua, raising his arms in prayer. This association led to the name "Joshua tree." 

 

Coastal California 
Along the coast of California is the California sea lion, which can grow up to seven feet long and 

can be found in shallow ocean water, near beaches, and among rocks. In the open ocean is the 

northern elephant seal, which grows up to a massive 14 feet (4.3 meters) and has a population 

of just over 150,000. The California ocean is home to six species of seals: Guadalupe fur seal, 

northern fur seal, northern sea lion, California sea lion, northern elephant seal and harbor seal. 

 



76 | C A L I F O R N I A  G E O G R A P H Y   

 

California waters are also home to eleven species of dolphins, including the short-beaked 

common dolphin and the Pacific white-sided dolphin. A dozen species of whales live in 

California, including the killer whale and the gray whale. At least 34 species of shark have been 

recorded off the California Coast, including the great white shark and tiger shark. 

 

Case Study | Channel Islands 
More than 2000 species of plants and animals can be found within the Channel Islands National 

Park, which consists of five out of the eight islands that compromise the California Channel 

Islands. Three mammals are endemic to the archipelago: The Channel Islands fox, the deer 

mouse and the Channel Islands spotted skunk. Introduced mammal species include feral pigs, 

cats, rats, deer, cattle, the Santa Cruz sheep, and the Catalina Island bison herd. 

 

Other mammals include the harvest mouse, the ground squirrel, and the ornate shrew. Other 

animals in the islands include island fence lizard, island scrub jay, harbor seal, California sea 

lion, island night lizard, barn owl, bald eagles, American kestrel, horned lark and meadowlark 

and California brown pelican. One hundred and forty-five of these species are unique to the 

islands and found nowhere else in the world. Marine life ranges from microscopic plankton to 

the endangered blue whale, the largest animal ever to live on earth. The oceans surrounding 

the islands have a rich marine life; species include orcas, swellshark, bat ray, California moray, 

great white shark, and sea lions. 
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Figure 5.1: Borax Mules Pulling Aqueduct Pipes for Installation in the Owens Valley.43 

UNIT 5: WATER AS A RESOURCE & 

AS A CONFLICT 
Goals & Objectives of this unit 

ü Identify the major sources of water California.  

ü Recognize California's fluctuating water supply. 

ü Identify the major concerns related to California's water sources. 

ü Understand a brief history of the Los Angeles Aqueduct & Water Wars. 

 

 

INTRODUCTION 
California will always be inextricably linked to its water resources. Water continues to shape the 

ǎǘŀǘŜΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ƴƻ ǊŜǎƻǳǊŎŜ ƛǎ ŀǎ Ǿƛǘŀƭ ǘƻ /ŀƭƛŦƻǊƴƛŀΩǎ ǳǊōŀƴ ŎŜƴǘŜǊǎΣ ŦŀǊƳǎΣ ƛƴŘǳǎǘǊȅΣ 

recreation, scenic beauty, and environmental preservation. As of 2023, California's 

 
43 Image by Los Angeles Department of Water and Power is in the public domain. 

https://waterandpower.org/museum/Construction_of_the_LA_Aqueduct.html
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interconnected water system serves over 39 million people and irrigates over 5,680,000 acres 

of farmland. As the world's largest, most productive, and potentially most controversial water 

system, it manages over 40 million acre-feet (49 km3) of water per year. 

 

Water and water rights are among the state's divisive political issues. Due to the lack of reliable 

dry season rainfall, water is limited in the most populous U.S. state. Among all the effects of 

climate change, changes in precipitation will be the hardest to predict. Studies conducted by 

the California Natural Resources Agency suggest that there will be more dry days and years in 

the future with occasional downpours. It is also estimated that the southern and inland regions 

of the state that are already dry to become more arid over time while the northern part of the 

state that currently receives much of the state's rainfall will continue to get wetter with the 

onset of climate change. Additionally, the intense drawdown of groundwater to support the 

growing urban expansion also impacts the deep roots of trees, and lowering the overall water 

table.  

 

An ongoing debate is whether the state should increase the redistribution of water to its large 

agricultural and urban sectors or increase conservation and preserve the natural ecosystems of 

the water sources. Other conversations involve the building of large home developments in 

impacted areas, such as the 21,000-home development behind Six Flags Magic Mountain in the 

city of Santa Clarita that began construction in late 2020.  

 

 

 

SOURCES FOR CALIFORNIAS WATER 
California's limited water supply comes from two main sources: surface water, or water that 

travels or gathers on the ground, like rivers, streams, and lakes; and groundwater, which is 

water that is pumped out from the ground. The primary contributor for these sources is rainfall 

ŀƴŘ /ŀƭƛŦƻǊƴƛŀΩǎ ǎƴƻǿǇŀŎƪΦ .ŜŎŀǳǎŜ ōƻǘƘ ǎǳǊŦƛŎƛŀƭ ŀƴŘ ƎǊƻǳƴŘ ǿŀǘŜǊ ŀǊŜ ōŜŎƻƳƛƴƎ ŜƛǘƘŜǊ 

unreliable or depleted, California has had to begin producing a small amount of desalinated 

water, water that was once sea water, but has been pǳǊƛŦƛŜŘΦ !ǎ ŀƴ ŜȄŀƳǇƭŜΣ /ŀǘŀƭƛƴŀ LǎƭŀƴŘΩǎ 

water comes from combination of underground aquifers and a desalination plant. While that 

plant helps supplement the lack of natural water supply, Catalina is still unable to meet the 

annual water needs of the island ς making a steady supply of rain essential.  
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Figure 5.2: A Map of Water Storage, Watersheds, Rivers, & Delivery Facilities.44 

 

 
44 Image by Wikimedia is licensed under a CC-BY-SA 4.0 license.  

https://en.wikipedia.org/wiki/Water_in_California
https://creativecommons.org/licenses/by-sa/4.0/











































































































































































































































































































































































































































































































