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Lecure 2: Plate Tectonics and California

California Volcano Observatory
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Volcanoes and Other Mountains
Mt. Shasta, California

California Volcano Observatory

https://volcanoes.usgs.gov/observatories/calvo/
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Last time…

Shield Volcano

Stratovolcano

Cinder Cone



So, what type of volcano is Mt. Shasta?

Mt. Shasta, California
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Katia & Maurice Krafft

Volcanologists

https://www.youtube.com/watch?v=68Ix3YIhmlI


Dangerous Aspects of Volcanic Eruptions

Pyroclastic flow – dense cloud formed from 
combination of tephra and volcanic gases
• Fast moving (100 mph) & hot (1800 F)

a: Chris Newhall/USGS

Unzen Volcano, Japan (1991) 1:12

https://www.youtube.com/watch?v=Cvjwt9nnwXY


Summary: Products of 
Volcanic Eruptions
• Explosion – bombs, fragments, ash, 

gas
– Gas carried high into the atmosphere 

can change climate

• Nuee ardente - Glowing clouds of 
gas and lava fragments flowing 
down the mountain
– Can reach speeds of 300 Km/hr

• Pyroclastic flows – fast moving, hot 
enough to partly weld fragments 
creating tuff

• Debris flows / lahars (mud flows) / landslides
– Snow & ice capped peak, mixed with ash from earlier eruptions instantly melts in a 

major eruption, flows down at very high speed
– A debris flow in 1985 killed 23,000 people in the Columbian Andes
– Landslides can be triggered by earthquakes associated with volcanic activity 

• Gases – vents, fumaroles (like one previously mentioned at Mammoth 
Mountain)
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Which U.S. volcanoes 
pose a threat?
Release Date: DECEMBER 19, 2018

• More than ten percent of the world’s known active and potentially active 
volcanoes are within U.S. territories

• Since 1980, there have been 120 eruptions and 52 episodes of notable 
volcanic unrest at 44 U.S. volcanoes. 

https://www.usgs.gov/news/which-us-volcanoes-pose-a-threat

USGS Volcanic Threat 
Assessment
• The updated assessment 

finds that 161 U.S. 
volcanoes pose potential 
threats to American lives 
and property. 

• 11 “Very High Risk” 
Volcanoes are located in 
California, Oregon, and 
Washington

• Most are associated with 
Cascadia subduction

https://www.usgs.gov/news/which-us-volcanoes-pose-a-threat
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Long Valley 
Caldera

Volcanic & 
Geothermal 
areas in 
California

Mt. Shasta & 
Lassen Peak

California Volcano 
Observatory

https://volcanoes.usgs.gov/observatories/calvo/calvo_activity_update_last10.html
https://volcanoes.usgs.gov/observatories/calvo/calvo_activity_update_last10.html
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Mount Shasta Stratovolcano
• Landslide/eruption 300,000 years ago deposited 8x 

more debris than Mt. St. Helens in 1980
• Main cone formed about 8000 ya and has erupted 8 

or 9 times since then

• Last significant event was a series of pyroclastic 

flows about 200 ya
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https://www.usgs.gov/news/which-us-volcanoes-pose-a-threat

Mount Shasta, a steep-sided Cascade Range stratovolcano in Northern California, looms above Little 
Glass Mountain, a thick obsidian flow erupted from the Medicine Lake shield volcano about 1,000 
years ago. These are just two of the young volcanic areas monitored by the USGS California Volcano 
Observatory. USGS photo.

https://www.usgs.gov/news/which-us-volcanoes-pose-a-threat
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Mount Lassen stratovolcano
• 3.4 mya a huge explosion 

destroyed an even earlier 
stratovolcano

• Evidence of previous large 
eruptions 600,000 yrs ago

• 200,000 yrs ago an eruption 
west of the current mountain 
completely destroyed Mt. 
Tehama

• Eruption 1914-1921
• Massive debris flow
• Glowing cloud leveled and 

scorched trees
• The Devastated Area
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Caldera
Mega-volcanoes; e.g. Yellowstone, Long 
Valley, CA
• Steep-walled depression created by 

collapse following ejection of material
• Rhyolitic -silicic magma 

• Ash / tuff
• Size exceeds 1 kilometer in diameter

Long Valley Caldera, 
California

Long Valley Caldera

Vertical 
Exaggeration, 
unknown



Volcanoes and Volcanic Landforms

Resurgent 
Dome

Crowley 
Lake

Satellite View: Long Valley Caldera, Mammoth Lakes, CA

Caldera: Giant crater formed from the collapse of a volcano into the 
underlying magma chamber (e.g., Long Valley Caldera, CA & Yellowstone, WY)



Rhyolite Caldera Complexes

• Viscous, high-silica, high-gas 
magmas
• Massive explosions (most 
explosive of all types). 
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Development of a Caldera
• Magma fills a magma 

chamber and eruption 
occurs

• The magma chamber 
becomes depleted

• The mountain collapses 
into the empty chamber
• Triggering further 

eruptions
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Long Valley Caldera exploded 760,000 years ago spreading ash and fragments over a 
huge area – from California to central Nebraska
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Long Valley Caldera
Schematic of the modern caldera complex

http://diagrams.org/images/png/medium/f00017.png
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California Volcano Observatory

https://volcanoes.usgs.gov/observatories/calvo/
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SCI 3310 - Curiosity Moment

Curiosity – It’s where Science begins

What about the Sierra Nevada 
mountain range, how did it form?

https://www.nbclosangeles.com/news/local/Will-California-Fall-Into-the-Ocean-119434794.html
© 2017 LDrennan
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California’s Mountains

Discussion Highlights:
Current subduction zone
• Continental island arc

• Cascade Range 

Ancient subduction zone
• Accretionary

• Klamath Mountains
• Coast Ranges

• Fault generated 
mountains:
• Extension & normal 

faults
• Sierra Nevada Range
• Basin & Range

• San Andreas Fault
• Transverse Ranges
• Peninsular Range
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What did 
Earth look like 
500 million 
years ago?
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“To think geologically, is to hold in the mind's eye not only what is visible at 
the surface but also present in the subsurface, what has been and will be.” 
Marcia Bjornerud, 2018, “Timefulness”

California Geologic History

http://dinosaurpictures.org/ancient-earth#0
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What did 
Earth look like 
300 million 
years ago?
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Late Carboniferous. 
Plants developed root 
systems that allowed 
them to grow larger and 
move inland. 
Environments evolved 
below tree canopies. 
Atmospheric oxygen 
increased as plants 
spread on land. Early 
reptiles have evolved, 
and giant insects 
diversify.

http://dinosaurpictures.org/ancient-earth#0
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What did 
Earth look like 
200 million 
years ago?
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Late Triassic. An 
extinction event is about 
to happen, resulting in 
the disappearance of 
76% of all terrestrial and 
marine life species and 
greatly reducing 
surviving populations. 
Some families, such as 
pterosaurs, crocodiles, 
mammals, and fish were 
minimally affected. The 
first true dinosaurs 
emerge.

http://dinosaurpictures.org/ancient-earth#0
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What did 
Earth look like 
150 million 
years ago?
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Late Jurassic. The 
earliest lizards have 
appeared and primitive 
placental mammals 
have evolved. Dinosaurs 
dominate both 
landmasses. Large 
marine reptiles 
inhabited the ocean, 
and pterosaurs were the 
dominant flying 
vertebrates.

http://dinosaurpictures.org/ancient-earth#0
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What did 
Earth look like 
66 million 
years ago?

h
tt

p
:/

/d
in

o
sa

u
rp

ic
tu

re
s.

o
rg

/a
n

ci
en

t-
e

ar
th

#0

Late Cretaceous. A mass 
extinction occurs, 
leading to the extinction 
of dinosaurs, many 
marine reptiles, all flying 
reptiles, and many 
marine invertebrates 
and other species. 
Scientists believe the 
extinction was caused 
by an asteroid impact on 
the present-day Yucatan 
Peninsula in Mexico.

http://dinosaurpictures.org/ancient-earth#0
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What did 
Earth look like 
35 million 
years ago?
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Mid Tertiary. Mammals 
have evolved from 
small, simple forms to a 
diverse group. Primates, 
cetaceans, and other 
groups evolve. The Earth 
cools and deciduous 
plants become more 
common.

http://dinosaurpictures.org/ancient-earth#0
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What did 
Earth look like 
20 million 
years ago?
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Neocene Period. 
Mammals and birds 
continue to evolve into 
modern forms. Early 
hominids emerge in 
Africa.

http://dinosaurpictures.org/ancient-earth#0
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What did 
Earth look like 
0 years ago?
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http://dinosaurpictures.org/ancient-earth#0
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A “Simplified” Geologic History of California
For over 200 million years (Myrs), this part of the world
was tectonically quiet - Part of a vast ocean with a marine
depositional environment… but it couldn’t last forever
Eventually plate movements (plate tectonics) led to the
formation of an ocean to continent, convergent boundary
During the time from about 210 Mya to 30 Mya, the
melting of the sinking oceanic plate in the subduction
zone led to the formation of a large magma chamber
generating stratovolcanoes in a volcanic arc and causing
metamorphosis of the pre-existing sedimentary rocks
The magma chamber eventually cooled to become
igneous rocks of the Sierra Nevada batholith
A substantial basin formed to the west of the arc where
huge amounts of sediments accumulated (the Great
Valley sequences – e.g. rocks of the San Joaquin Valley)
Further west, material was scraped off the sinking plate
and accreted to the continent making the Coast Ranges
In time, from about 80 Mya to 30 Mya, the subduction
zone shifted and eventually, subduction ended
About 35 Mya the Cascade volcanic arc in the Pacific
northwest started forming in a subduction zone
Approximately 30 Mya a transform boundary began to
develop – now known as the San Andreas Fault Zone
In the last 10 Myrs extensional forces of the Basin and
Range have come into play and a great mountain range is
being uplifted – the Sierra Nevada Range
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A “Simplified” Geologic History of California
For over 200 million years (Myrs), this part of the world
was tectonically quiet - Part of a vast ocean with a marine
depositional environment… but it couldn’t last forever
Eventually plate movements (plate tectonics) led to the
formation of an ocean to continent, convergent boundary
During the time from about 210 Mya to 30 Mya, the
melting of the sinking oceanic plate in the subduction
zone led to the formation of a large magma chamber
generating stratovolcanoes in a volcanic arc and causing
metamorphosis of the pre-existing sedimentary rocks. The
magma chamber eventually cooled to become igneous
rocks of the Sierra Nevada batholith
A substantial basin formed to the west of the arc where
huge amounts of sediments accumulated (the Great
Valley sequences – e.g. rocks of the San Joaquin Valley)
Further west, material was scraped off the sinking plate
and accreted to the continent making the Coast Ranges
In time, from about 80 Mya to 30 Mya, the subduction
zone shifted and eventually, subduction ended
About 35 Mya the Cascade volcanic arc in the Pacific
northwest started forming in a subduction zone
Approximately 30 Mya a transform boundary began to
develop – now known as the San Andreas Fault Zone
In the last 10 Myrs extensional forces of the Basin and
Range have come into play and a great mountain range is
being uplifted – the Sierra Nevada Range
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What did 
Earth look like 
340 million 
years ago?
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For over 200 million years (Myrs), this part of the world was tectonically quiet
- Part of a vast ocean with a marine depositional environment…

1. Deposition of marine sediments

http://dinosaurpictures.org/ancient-earth#0


Convergent Boundary: 

Ocean - Continent
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Eventually plate movements (plate tectonics) led to the formation of an ocean to
continent, convergent boundary.

2. Convergent boundary (subduction)



Convergent Boundary: 

Ocean - Continent
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During the time from about 210 Mya to 30 Mya, the melting of the sinking oceanic plate in
the subduction zone led to the formation of a large magma chamber generating
stratovolcanoes in a volcanic arc
- and causing metamorphosis of the pre-existing sedimentary rocks.

Volcanic 

Arc

Metamorphosis



Convergent Boundary: 

Ocean - Continent
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The magma chamber eventually cooled to become igneous rocks of the Sierra Nevada
batholith

Volcanic 

Arc

Metamorphosis

3. Formation of the Sierra Nevada Batholith
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Basin

A substantial basin formed to the west of the arc where huge amounts of sediments
accumulated (the Great Valley sequences – e.g. rocks of the San Joaquin Valley)

4. San Joaquin Valley sediments & Coast Range accretion

Further west, material was scraped off the sinking plate and accreted to the
continent making the Coast Ranges

Accretion



Plate Boundaries & California

• About 35 Mya the Cascade 
volcanic arc in the Pacific 
northwest started forming in a 
subduction zone 
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5. Cascadia subduction & volcanic arc



Plate Boundaries & California

• Approximately 25 - 30 Mya a 
transform boundary began to 
develop – now known as the San 
Andreas Fault Zone

6. San Andreas Fault



HEAT

EXTENSION

California Mountain Ranges – Current Geologic Setting

California

EastWest

In the last 10 Myrs extensional
forces of the Basin and Range have
come into play and a great
mountain range is being uplifted –
the Sierra Nevada Range

7. Uplift of the Sierra Nevada Range



© 2017 LDrennan
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A More Simplified Summary of California Geologic History

Oldest to Youngest:
1. Deposition of marine sediments
2. Convergent boundary (subduction)
3. Formation of the Sierra Nevada Batholith
4. San Joaquin Valley sediments & Coast Range accretion
5. Cascadia subduction & volcanic arc
6. San Andreas Fault
7. Uplift of the Sierra Nevada Range
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Next Class…

• Lecture: Igneous Rocks

• LS Chapter 7

© 2019 LDrennan


