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Section 1 Volcanoes and Plate 
TectonicsChapter 13

Objectives

• Describe the three conditions under which magma 
can form.

• Explain what volcanism is.

• Identify three tectonic settings where volcanoes 
form.

• Describe how magma can form plutons.
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Volcanoes and Plate Tectonics

• Some volcanic eruptions can be more powerful than 
the explosion of an atomic bomb.

• The cause of many of these eruptions is the 
movement of tectonic plates.

• The movement of tectonic plates is driven by Earth’s 
internal heat.
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Formation of Magma
magma liquid rock produced under Earth’s surface

• Magma can form under three conditions.

• First, if the temperature of the rock rises above the 
melting point of the minerals the rock is composed of,
the rock will melt.

• Second, rock melts when excess pressure is 
removed from rock that is above its melting point.

• Third, the addition of fluids, such as water, may 
decrease the melting point of some minerals in the 
rock and cause the rock to melt. 
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Volcanism

volcanism any activity that includes the movement of 
magma toward or onto Earth’s surface

lava magma that flows onto Earth’s surface; the rock 
that forms when lava cools and solidifies

volcano a vent or fissure in Earth’s surface through 
which magma and gases are expelled

• Magma rises upward through the crust because the 
magma is less dense that the surrounding rock.
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Volcanism, continued

• As bodies of magma rise toward the surface, they 
become larger in two ways.

• First, because they are so hot, they can melt some of
the surrounding rock.

• Second, as the magma rises, it is forced into cracks 
in the surrounding rock.

• As lava flows from an opening, or vent, the material 
may build up as a cone or material that may 
eventually form a mountain.
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Major Volcanic Zones

• Like earthquakes, most active volcanoes occur in 
zones near both convergent and divergent 
boundaries of tectonic plates.

• A major zone of active volcanoes encircles the Pacific
Ocean.

• This zone, called the Pacific Ring of Fire, is formed 
by the subduction plates along the Pacific coasts of 
North America, South America, Asia, and the islands 
of the western Pacific.
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Major Volcanic Zones, continued

Subduction Zones

• Many volcanoes are located along subduction zones,
where one tectonic plate moves under another.

• When a plate that consists of oceanic lithosphere 
meets one that consists of continental lithosphere, 
the denser oceanic lithosphere moves beneath the 
continental lithosphere.

• A deep trench forms on the ocean floor along the 
edge of the continent where the plate is subducted.
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Major Volcanic Zones, continued

Subduction Zones, continued

• The plates that consists of continental lithosphere 
buckles and folds to form a line of mountains along 
the edge of the continent.

• As the oceanic plate sinks into the asthenosphere, 
fluids such as water from the subducting plate 
combine with crust and mantle material.

• These fluids decrease the melting point of the rock 
and cause the rock to melt and form magma.
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Major Volcanic Zones, continued

Subduction Zones, continued

• Some of the magma breaks through the overriding 
plate to Earth’s surface.

• Over time, a string of volcanic mountains, called an 
island arc, forms on the overriding plate. 

• As more magma reaches the surface, the islands 
become larger and join to form one landmass, such 
as the volcanic islands that joined to form present-
day Japan.
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Major Volcanic Zones, continued

Mid-Ocean Ridges

• The largest amount of magma comes to the surface 
where plates are moving apart at mid-ocean ridges.

• This magma erupts to form underwater volcanoes.

• Most volcanic eruptions that happen along mid-ocean
ridges are unnoticed by humans because the 
eruptions take place deep in the ocean.
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Major Volcanic Zones, continued

Hot Spots

hot spot a volcanically active area of Earth’s surface, 
commonly far from a tectonic plate boundary

• Most hot spots form where columns of solid, hot 
material from the deep mantle, called mantle plumes,
rise and reach the lithosphere.

• As magma rises to the surface, it breaks through the 
overlying crust. Volcanoes can then form in the 
interior of a tectonic plate.
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Major Volcanic Zones, continued

Hot Spots, continued

• However, the lithospheric plate above a mantle 
plume continues to drift slowly.

• So, the volcano on the surface is eventually carried 
away from the mantle plume.

• The activity of the volcano stops because a hot spot
that contains magma no longer feeds the volcano.

• However, a new volcano forms where the 
lithosphere has moved over the mantle plume.
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Major Volcanic Zones, 
continued
The diagram below shows hot spots and mantle plumes.
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Intrusive Activity

• As magma moves upward, it comes into contact with,
or intrudes, the overlying rock.

• Because of magma’s high temperature, magma 
affects surrounding rock in a variety of ways.

• Rock that falls into the magma may eventually melt, 
or the rock may combine with the new igneous rock, 
which is rock that forms when the magma cools.
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Intrusive Activity, continued

• When magma does not reach Earth’s surface, the 
magma may cool and solidify inside the crust.

• This process results in large formations of igneous 
rock called plutons. 

• Small plutons called dikes are tabular in shape and 
may be only a few centimeters wide.

• Batholiths are large plutons that cover an area of at 
least 100 km2 when they are exposed to Earth’s 
surface.
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Objectives

• Explain how the composition of magma affects 
volcanic eruptions and lava flow.

• Describe the five major types of pyroclastic material.

• Identify the three main types of volcanic cones.

• Describe how a caldera forms.

• List three events that may signal a volcanic eruption.
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Volcanic Eruptions

mafic describes magma or igneous rock that is rich in 
magnesium and iron and that is generally dark in 
color

felsic describes magma or igneous rock that is rich in 
feldspar and silica and that is generally light in color

• Mafic rock commonly makes up the oceanic crust, 
where as felsic and mafic rock commonly make up 
the continental crust.
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Types of Eruptions

• The viscosity, or resistance to flow, of magma affects 
the force with which a particular volcano will erupt.

• Magma that contains large amounts of trapped, 
dissolved gases is more likely to produce explosive 
eruptions than is magma that contains small amounts
of dissolved gases.
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Types of Eruptions, continued

Quiet Eruptions

• Oceanic volcanoes commonly form from mafic 
magma.

• Because of mafic magma’s low viscosity, gases can 
easily escape from mafic magma.  

• Eruptions from oceanic volcanoes, such as those in 
Hawaii, are usually quiet.
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Types of Eruptions, continued

Lava Flows

• When mafic lava cools rapidly, a crust forms on the 
surface of the flow.

• If the lava continues to flow after the crust forms, the 
crust wrinkles to form a volcanic rock called 
pahoehoe.

• Pahoehoe forms from hot, fluid lava. As it cools, it 
forms a smooth, ropy texture. 



Copyright © by Holt, Rinehart and Winston. All rights reserved.

ResourcesChapter menu

Section 2 Volcanic EruptionsChapter 13

Types of Eruptions, continued

Lava Flows, continued

• If the crust deforms rapidly or grows too thick to form 
wrinkles, the surface breaks into jagged chunks to 
form aa.

• Aa forms from lava that has the same composition as
pahoehoe lava.

• Aa lava’s texture results from the differences in gas 
content and the rate and slope of the lava flow.
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Types of Eruptions, continued

Lava Flows, continued

• Blocky lava has a higher silica content than aa lava 
does, which makes blocky lava more viscous than aa
lava.

• The high viscosity causes the cooled lava at the 
surface to break into large chunks, while the hot lava 
underneath continues to flow.
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Types of Eruptions

Explosive Eruptions
pyroclastic material fragments of rock that form during

a volcanic eruption

• Unlike the fluid lavas produced by oceanic volcanoes,
the felsic lavas of continental volcanoes, such as 
Mount St. Helens, tend to be cooler and stickier.

• Felsic lava also contains large amounts of trapped 
gases, such as water vapor and carbon dioxide.

• So, felsic lava tends to explode and throw        
pyroclastic material into the air.
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Types of Eruptions, continued

Types of Pyroclastic Material

• Some pyroclastic materials form when magma 
breaks into fragments during an eruption because of 
the rapidly expanding gases in the magma.

• Other pyroclastic materials form when fragments of 
erupting lava cool and solidify as they fly through the 
air.

• Scientists classify pyroclastic materials according to 
the sizes of the particles.
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Types of Eruptions, continued

Types of Pyroclastic Material, continued

• Pyroclastic particles that are less than 2 mm in 
diameter are called volcanic ash.

• Volcanic ash that is less than 0.25 mm in diameter is 
called volcanic dust.

• Large pyroclastic particles that are less than 64 mm 
in diameter are called lapilli.
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Types of Eruptions, continued

Types of Pyroclastic Material, continued

• Large clots of lava may be thrown out of an erupting 
volcano while they are red-hot. 

• As they spin through the air, they cool and develop a 
round or spindle shape. These pyroclastic particles 
are called volcanic bombs.

• The largest pyroclastic materials, known as volcanic 
blocks, form from solid rock that is blasted from the 
vent.
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Types of Volcanoes

• The lava and pyroclastic material that are ejected 
during volcanic eruptions build up around the vent 
and form volcanic cones.

• The funnel-shaped pit at the top of a volcanic vent is 
known as a crater.

• A crater usually becomes wider as weathering and 
erosion break down the walls of the crater and allow 
loose materials to collapse into the vent.
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Types of Volcanoes, continued
The diagram below shows the three types of volcanoes.
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Calderas

caldera a large, circular depression that forms when the
magma chamber below a volcano partially empties 
and causes the ground above to sink

• Eruptions that discharge large amounts of magma 
can also cause a caldera to form.

• Calderas may later fill with water to form lakes.
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Predicting Volcanic Eruptions

Earthquake Activity

• One of the most important warning signals of volcanic
eruptions is changes in earthquake activity around 
the volcano.

• An increase in the strength and frequency of 
earthquakes may be a signal that an eruption is 
about to occur.
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Predicting Volcanic Eruptions, continued

Patterns in Activity

• Before an eruption, the upward movement of magma 
beneath the surface may cause the surface of the 
volcano to bulge outward.

• Predicting the eruption of a particular volcano also 
requires some knowledge of its previous eruptions.

• Unfortunately, only a few of the active volcanoes in 
the world have been studied by scientists long 
enough to establish any activity patterns.
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Brain Food Video Quiz
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Maps in Action
The Hawaiian-Emperor Seamount Chain
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Multiple Choice

1.What type of volcanic rock commonly makes up much
of the continental crust?

A.basalt rock that is rich in olivines
B.felsic rock that is rich in silicates
C.limestone that is rich in calcium carbonate
D.mafic rock that is rich in iron and magnesium

Standardized Test PrepChapter 13
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Multiple Choice, continued 

1.What type of volcanic rock commonly makes up much
of the continental crust?

A.basalt rock that is rich in olivines
B.felsic rock that is rich in silicates
C.limestone that is rich in calcium carbonate
D.mafic rock that is rich in iron and magnesium

Standardized Test PrepChapter 13
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Multiple Choice, continued

2.Which of the following formations results from magma
that cools before it reaches Earth’s surface?

F.batholiths
G.mantle plumes
H.volcanic blocks
I.aa lava

Standardized Test PrepChapter 13
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2.Which of the following formations results from magma
that cools before it reaches Earth’s surface?

F.batholiths
G.mantle plumes
H.volcanic blocks
I.aa lava

Standardized Test PrepChapter 13
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3.How does volcanic activity contribute to plate margins 
where new crust is being formed?

A.Where plates collide at subduction zones, rocks melt 
and form pockets of magma.

B.Between plate boundaries, hot spots may form a 
chain of volcanic islands.

C.When plates pull apart at oceanic ridges, magma 
creates new ocean floor.

D.At some boundaries, new crust is formed when one 
plate is forced on top of another.

Standardized Test PrepChapter 13
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Multiple Choice, continued

3.How does volcanic activity contribute to plate margins 
where new crust is being formed?

A.Where plates collide at subduction zones, rocks melt 
and form pockets of magma.

B.Between plate boundaries, hot spots may form a 
chain of volcanic islands.

C.When plates pull apart at oceanic ridges, magma 
creates new ocean floor.

D.At some boundaries, new crust is formed when one 
plate is forced on top of another.

Standardized Test PrepChapter 13
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Multiple Choice, continued

• An important warning sign of volcanic activity

F.would be a change in local wind patterns
G.is a bulge in the surface of the volcano
H.might be a decrease in earthquake activity
I.is a marked increase in local temperatures

Standardized Test PrepChapter 13
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• An important warning sign of volcanic activity

F.would be a change in local wind patterns
G.is a bulge in the surface of the volcano
H.might be a decrease in earthquake activity
I.is a marked increase in local temperatures

Standardized Test PrepChapter 13
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Multiple Choice, continued

• Which aspect of mafic lava is important in the 
formation of smooth, ropy pahoehoe lava?

A.a fairly high viscosity
B.a fairly low viscosity
C.rapidly deforming crust
D.rapid underwater cooling

Standardized Test PrepChapter 13
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Multiple Choice, continued

• Which aspect of mafic lava is important in the 
formation of smooth, ropy pahoehoe lava?

A.a fairly high viscosity
B.a fairly low viscosity
C.rapidly deforming crust
D.rapid underwater cooling

Standardized Test PrepChapter 13
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Short Response

• What is the name for rounded blobs of lava formed 
by the rapid, underwater cooling of lava?

Standardized Test PrepChapter 13
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Short Response, continued

• What is the name for rounded blobs of lava formed 
by the rapid, underwater cooling of lava?

pillow lava

Standardized Test PrepChapter 13
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Short Response, continued

• Where is the Ring of Fire located?

Standardized Test PrepChapter 13
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Short Response, continued

• Where is the Ring of Fire located?

The Ring of Fire surrounds the Pacific Ocean.

Standardized Test PrepChapter 13
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Reading Skills
Read the passage below.  Then, answer questions 8–10.

Volcanoes That Changed the Weather
In 1815, Mt. Tambora in Indonesia erupted violently. Following this eruption, one 

of the largest recorded weather-related disruptions of the last 10,000 years occurred 
throughout North America and Western Europe. The year 1816 became known as 
“the year without a summer.” Snowfall and a killing frost occurred during the summer
months of June, July, and August of that year. A similar, but less severe episode of 
cooling followed the 1991 eruption of Mt. Pinatubo. Eruptions such as these can 
send gases and volcanic dust high into the atmosphere. Once in the atmosphere the
gas and dust travel great distances, block sunlight, and cause short-term cooling 
over large areas of the globe. Some scientists have even suggested a connection 
between volcanoes and the ice ages.

Standardized Test PrepChapter 13
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Reading Skills, continued

8. What can be inferred from the passage?

A.Earthquakes can create the same atmospheric effects
as volcanoes do.

B.Volcanic eruptions can have effects far beyond their 
local lava flow.

C.Major volcanic eruptions are common events.
D.The year 1815 also had a number of earthquakes and

other natural disasters.

Standardized Test PrepChapter 13
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Reading Skills, continued

8. What can be inferred from the passage?

A.Earthquakes can create the same atmospheric effects
as volcanoes do.

B.Volcanic eruptions can have effects far beyond their 
local lava flow.

C.Major volcanic eruptions are common events.
D.The year 1815 also had a number of earthquakes and

other natural disasters.

Standardized Test PrepChapter 13
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Reading Skills, continued

• According to the passage, which of the following 
statements is false?

F.The year 1816 became known as “the year without a 
summer.”

G.The world experienced a period of unusually warm 
weather after Mt. Pinatubo erupted.

H.Mt. Pinatubo erupted in 1991.
I.Eruptions send gas and dust into the atmosphere, 

where they travel around the globe.

Standardized Test PrepChapter 13
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Reading Skills, continued

• According to the passage, which of the following 
statements is false?

F.The year 1816 became known as “the year without a 
summer.”

G.The world experienced a period of unusually warm 
weather after Mt. Pinatubo erupted.

H.Mt. Pinatubo erupted in 1991.
I.Eruptions send gas and dust into the atmosphere, 

where they travel around the globe.
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Reading Skills, continued

10.The eruptions described in the passage changed the weather 
briefly. Some scientists believe that periods of severe volcanic 
activity can produce long-term changes to the climate. Suggest
one specific way in which the materials sent into the 
atmosphere by volcanoes might cause long-term changes to 
global climate and temperature.

Standardized Test PrepChapter 13
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Reading Skills, continued
• The eruptions described in the passage changed the weather briefly. 

Some scientists believe that periods of severe volcanic activity can 
produce long-term changes to the climate. Suggest one specific way 
in which the materials sent into the atmosphere by volcanoes might 
cause long-term changes to global climate and temperature.

Answers may include: erupting volcanoes throw out dust, ash, fragments 
of rock, and lava, as well as dissolved CO2 gas and sulphur 
compounds; eruptions can send gases and volcanic dust high in the 
atmosphere, where they are able to travel all over the globe; volcanic 
particles could contribute to global warming by providing surfaces for 
ozone reactions or by adding CO2, a greenhouse gas, to the air; 
multiple large-scale eruptions over a short period of time would be 
required to produce longer-term effects to the climate; if dust blocked 
sunlight for a long period of time, a reduction in plant growth could 
lead to ecological imbalances, possibly long-term 

Standardized Test PrepChapter 13
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Interpreting Graphics

Use the figure below to answer question 11. The figure 
is a cross-section which shows volcanic activity in the
Cascade region of the Pacific West Coast.

Standardized Test PrepChapter 13



Copyright © by Holt, Rinehart and Winston. All rights reserved.

ResourcesChapter menu

Interpreting Graphics, 
continued
11.Explain how the tectonic activity near point B causes 

the volcanic activity at Mount St. Helens and Mount 
Adams in the Cascade Region.

Standardized Test PrepChapter 13
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Interpreting Graphics, 
continued
11.Explain how the tectonic activity near point B causes 

the volcanic activity at Mount St. Helens and Mount 
Adams in the Cascade Region.

Answers should include: a deep-ocean trench forms where the 
oceanic crust of the Juan de Fuca plate meets the continental 
crust of the North American plate; the Juan de Fuca plate 
subducts beneath the North American plate; the subducting 
oceanic crust and some continental material melt and supply 
mafic and felsic magma; the magma rises through the crust to 
form the volcanoes of the Cascade Range.

Standardized Test PrepChapter 13
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Interpreting Graphics

Use the diagram figure below to answer questions 12 
and 13. The diagram shows the interior of a volcano.

Standardized Test PrepChapter 13
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Interpreting Graphics, 
continued
12.What is the term for the underground pool of molten 

rock, marked by the letter A, that feeds the Volcano?

A.fissure
B.intrusion
C.lava pool
D.magma chamber

Standardized Test PrepChapter 13
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Interpreting Graphics, 
continued
12.What is the term for the underground pool of molten 

rock, marked by the letter A, that feeds the Volcano?

A.fissure
B.intrusion
C.lava pool
D.magma chamber

Standardized Test PrepChapter 13
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Interpreting Graphics, 
continued
13.Letter D shows alternating layers in the volcanic cone.

What are these layers made of, and what does this 
lead you to believe about the type of volcano that is 
represented in the diagram above?

Standardized Test PrepChapter 13
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Interpreting Graphics, 
continued
• Letter D shows alternating layers in the volcanic cone.

What are these layers made of, and what does this 
lead you to believe about the type of volcano that is 
represented in the diagram above?

Answers should include: volcanoes can form in several different 
ways and that the way in which a volcano forms determines the 
shape of the cone and the type of volcanic structure; the diagram
shows alternating layers and a steep angle of the cone; the 
shape and layered composition of the volcano indicate that this 
volcano formed over a long period of time as different eruptions 
caused cooled lava and other pyroclastic materials to build up; 
composite volcanoes form in this manner.

Standardized Test PrepChapter 13
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Hot Spots and Mantle Plumes

Chapter 13
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Chapter 13
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The Hawaiian-
Emperor 
Seamount 
Chain


