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Chapter 2  Plate Tectonics

Learning Outcomes 
In this section, you will 

• Describe the location, nature, and 
cause of volcanic arcs in terms of 
plate tectonics. 

• Describe the location, nature, and 
cause of hot spots. 

• Explain how plate tectonic 
processes have caused continents 
to grow through geologic time. 

• Explain how plate tectonic 
processes produce major 
landforms.

Think About It 
Rocks high in the Himalayas, almost 8000 m (26,247 ft) above 
sea level, contain fossils of marine animals. How do you think 
these fossils got there? 

• Why are most high mountain ranges located at or near 
plate boundaries?

Record your ideas about this question in your Geo log. Include 
sketches as necessary. Be prepared to discuss your responses with 
your small group and the class. 

Investigate 
In this Investigate, you will explore the features on Earth’s surface 
that are formed as a result of lithospheric plate movement. 

 1. With your group, closely examine the diagram on the next 
page of a cross section of two subduction zones. Recall that 
you examined a model of subduction zones in the previous 
section.

 2. Use the diagram to answer the following questions.

Section 5 Plate Boundary Environments
What Do You See?
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a) Note the two zones where an oceanic 
plate is being subducted (plunged) 
under another plate. Volcanoes are 
common in a zone that is located 
a certain distance away from the 
trench where the subducted plate 
first bends downward. Explain why 
the volcanoes occur, and why they 
are located where they are. 

b) Under what two types of plates is the 
oceanic lithosphere being subducted?

c) What differences between oceanic 
volcanic arcs and continental 
volcanic island arcs can you see or 
infer from the cross section?

d) Explain why you think few 
volcanoes occur very far inland 
within a continent.

e) If volcanic rock is found far inland 
within a continent, what is one 
possible reason why it is there?

f) Note the location of the hot spot 
in the middle of one of the oceanic 
plates. Where does it appear that the 
hot spot originated?

g) Is the hot spot related to subduction? 
If yes, in what way?

h) Where does the hot spot begin to 
produce a pool of magma?

 3. In a class discussion, compare the 
answers you developed in your group 
with those of other groups. Were their 
answers different from yours? If they 
were different, did their answers still 
seem reasonable?

Learning Through Technology

Go to the EarthComm 
Web site at http://www
.agiweb.org/education/
earthcomm2/ to access 

online tools with information to help 
you model different plate boundary 
environments. 

Cross section of two subduction zones.
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“BUILDING” FEATURES ON EARTH’S SURFACE
Divergent Boundaries and Breaks in Earth’s Crust (Rifting) 
In the Investigate, you examined a diagram showing a cross section of two 
subduction zones. Earlier, you read about what happens at the mid-ocean 
ridges, which are divergent plate boundaries. You simulated how new 
oceanic crust forms at the crest of the mid-ocean ridge. This new crust is 
formed where the seafloor spreads. You also saw how the crust is older as 
you move away from the crest of the ridge. 

Continental rift boundaries are divergent plate boundaries. They occur 
where two parts of a continent move apart from each other. The process 
begins when hot mantle material moves upward beneath a continent. 
Geologists are still not certain how these zones of upwelling begin. As a 
result, the lithosphere of the continent bulges upward and is stretched 
sideways. Eventually it breaks along a long crack, called a rift. See Figure 1
for what a newly formed rift valley looks like. Magma rises up to feed 
volcanoes in the rift. As the rift widens, nearby ocean water invades the 
rift. Eventually, a new ocean basin forms. The basin gets wider as time 
goes on. The East African Rift Valley is a good example of a continental 
rift boundary. Here, two parts of the African continent are moving apart 
from each other. As the rift continues to widen, eventually a new ocean 
basin takes its place. 

Figure 1 The formation of a rift valley on a newly rifted continent.

Digging Deeper

Geo Words
subduction zone: a 
long, narrow belt 
in which one plate 
moves downward into 
the mantle beneath 
the edge of another 
plate at a convergent 
plate boundary.  

rift: a long crack in 
a lithospheric plate 
formed by hot mantle 
pushing up from 
below.

rift valley: a large, 
long valley on a 
continent, formed 
where the continent 
is pulled apart by 
forces produced 
when mantle material 
rises up beneath the 
continent. 
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Oceanic Convergent Plate Boundaries 
At a convergent plate boundary, two plates are moving toward each 
other. Your common sense might tell you that one of them has to go 
under the other. One plate stays at the surface, and the other plate dives 
down beneath it at some angle. This process is called subduction. 

In some places, two 
oceanic lithospheric plates 
are converging. Figure 2 
shows two cross sections of 
subduction zones. Look at 
the lower part of Figure 2. 
There are good examples 
of these along the western 
edge of the Pacific Ocean. 
Look back at the world map 
of lithospheric plates from 
the previous section. The 
Pacific Plate and the Indo-
Australian Plate are moving 
toward one another in the 
South Pacific. The Pacific 
Plate and the Philippine 
Plate are moving toward
one another in the 
Western Pacific. 

Other subduction zones 
are located at the edges 
of continents. Look at the 
upper part of Figure 2.
In places like this, the 
downward-moving plate is 
always oceanic lithosphere. 
The plate that remains at the 
surface is always continental 
lithosphere. That is because 
the continental lithosphere
is less dense than the oceanic 
lithosphere. The west coast 
of South America is a good 
example. This is where 
the Nazca Plate and the 
South American Plate are 
converging.

Figure 2 Cross sections of subduction zones. 
The lower cross section shows subduction of 
an oceanic lithospheric plate beneath another 
oceanic lithospheric plate (“ocean-ocean 
convergence”). The upper cross section shows 
subduction of an oceanic lithospheric plate 
beneath a continental lithospheric plate (“ocean-
continent convergence”).
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Geo Words
trench: a long, 
narrow, elongated 
depression of the 
deep seafloor.

hydrothermal vent: 
a very hot spring on 
the ocean floor where 
heated, mineral-rich 
water exits from 
cracks in Earth’s crust.

Oceanic Trenches 
Look at Figure 2 on the previous page again. Notice where an oceanic 
plate is subducted under another plate. The oceanic plate bends 
downward as it enters the subduction zone. The valley that is formed 
above the zone of bending is called a trench. Oceanic trenches are very 
deep. Many are deeper than 10,000 m. This is twice the average depth of 
the deep ocean. The word “valley” is a bit misleading, because trenches 
are wide, and their side slopes are not very steep. You can easily spot 
the locations of trenches in most world atlases. They are shown with 
the darkest blue shading on maps of the world’s oceans. Trenches are 
common in many places in the western Pacific, where there is ocean-ocean 
subduction. There is a long trench along the west coast of South America. 
It is where the Nazca Plate is being subducted under the continent. 

Volcanoes at Plate Boundaries 

You already know that volcanoes are common along mid-ocean ridges. 
This is where basalt magma rises up from the asthenosphere to form 
new oceanic crust. Volcanoes are also common along subduction zones. 
With ocean-ocean subduction, magma rises up to the ocean floor. A 
chain of volcanic islands, called a volcanic island arc is formed. Ocean-
continent subduction is similar in many ways to ocean-ocean subduction. 
However, the volcanic arc is built at the edge of the continent rather than 
in the ocean. The Andes mountain range in western South America is an 
example of a continental volcanic arc. 

A volcanic arc begins at a depth of 200 to 300 km. At this depth magma is 
produced above the subducted plate. It rises toward the surface because 
it is less dense than the surrounding rock. At first it was thought that 
the magma was produced as rock near the top of the downward-moving 
plate and was heated by friction. However, geologists are now convinced 
that the melting is for a different reason. When the oceanic crust is 
first produced at the mid-ocean ridges, a lot of water is combined with 
certain minerals in the igneous rocks. As the pressure and temperature 
increase down the subduction zone, this water is driven off and rises 
upward from the plate. It is known that the melting temperature of the 
mantle rock above the plate is lowered when water is added to it. This 
causes some of the mantle rock to melt. This is a good way to explain why 
melting does not start until the plate has reached a certain depth of the 
subduction zone, and then stops at a slightly deeper depth. This melting 
at subduction zones all around the Pacific causes the Ring of Fire. 

Hydrothermal Vents
There are places on the ocean floor where very hot, mineral-rich water 
exits from cracks in Earth’s crust. They are known as hydrothermal vents. 
Most are found in the Pacific and Atlantic Oceans. They are at an average 
depth of about 2100 m below the ocean surface. They are most abundant 
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in areas of seafloor spreading along mid-ocean ridges. As plates move 
apart, cracks are created in the ocean floor. Ocean water seeps into these 
openings. The water is heated by magma. Hydrothermal waters are 
geologically important. They are able to contain minerals in solution as 
well as alter the rocks they contact. The heated water rises and follows a 
path back out into the ocean through an 
opening in the seafloor. Rapidly emerging 
water has little time to lose heat. Its 
temperature may be as high as 400°C. The 
minerals dissolved in the water form chimneys 
around some vents. “Black smokers” are the 
hottest type of hydrothermal vents. They emit 
what appears to be black smoke. However, it 
is actually minerals containing iron and sulfur. 
(See Figure 3.)  

Hydrothermal vents are interesting to 
scientists for several reasons. They are 
believed to play an important role in 
the chemistry of the oceans. They supply 
chemicals to ocean water. While most of 
the deep ocean contains little life, many 
different types of organisms exist around the 
vents. These living things fascinate scientists. 
They are the only organisms on Earth whose 
immediate energy source is not sunlight. 
Instead, they get their energy from different 
chemicals in the water gushing out of a vent. 
These organisms include bacteria, tubeworms, 
huge clams, and eyeless shrimp. 

Hot Spots 

Not all volcanoes are associated with mid-
ocean ridges and subduction zones. Hot spots, 
which originate at the boundary between the 
mantle and the outer core, are narrow plumes 
of unusually hot mantle material. These 
plumes rise up through the mantle. They 
melt the rock at the base of the lithosphere, 
creating pools of magma. This magma then 
rises to the surface, resulting in hot-spot 
volcanoes. Some hot spots are located under 
continents. The hot spot producing the hot springs at Yellowstone 
National Park is an example. (See Figure 4 on the next page.) One theory 
suggests that the bulge created by a hot spot may initiate the rifting of a 
continent. It is thought that a hot spot lies below the Great Rift Valley of 
Africa. This hot spot is responsible for this valley. There is also 

Figure 3 Hot, mineral-rich 
water flows out of 
hydrothermal vents.
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evidence suggesting that the New Madrid Fault may represent an aborted 
rift zone originally created by a series of hot spots. This fault runs down 
the Mississippi River Valley. 

The largest series of earthquakes in the United States, outside of Alaska, 
occurred on the New Madrid Fault. They took place in the early nineteenth 
century. The earthquakes actually were responsible for ringing bells as far 
away as Philadelphia. They also caused the Mississippi River to run 
backward for a short time. In this way, plate tectonics can even affect 
areas that are within the heart of a continent. 

Figure 4 A hot spot produces the hot springs at Yellowstone National Park.

Growth of Continents at Subduction Zones

As an oceanic plate moves from a mid-ocean ridge to a subduction zone, 
oceanic sediment is deposited on the top of the plate. The depth of the 
sediment can be as much as 100 m or more. At the subduction zone, this 
sediment is scraped off. It is then added to the edge of the other plate. 
This material is deformed into very complicated structures and is turned 
into rock by heat and pressure. It becomes a solid part of the other plate.
When material is added to the edge of a continent in this way, the 
continent grows larger at its edge. Continents also grow as the igneous 
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rock of volcanoes and batholiths are added to the continent above the 
subduction zone. Batholiths are large masses of igneous rock formed 
when magma intrudes and solidifies. The growth of a continent along
its edge in these ways is called continental accretion. This has been 
going on through geologic time. The continents have been growing 
larger and larger. 

Continental Convergent Plate Boundaries 
The third kind of convergent boundary occurs where two continental 
lithospheric plates have collided with each other. What happens when a 
spreading ridge arrives at a subduction zone? The spreading ridge goes 
down the subduction zone, never to be seen again. After a spreading 
ridge disappears, the plate that was on the other side of the spreading 
ridge is consumed down the subduction zone. The continent on the other 
side of the ocean moves closer and closer to the subduction zone. This is 
how two continents can come together at a subduction zone. Remember 
that continental lithosphere is much less dense than the mantle. 
Therefore, continental lithosphere cannot be subducted. The subduction 
stops. The continent that was coming along toward the subduction zone 
keeps working its way under the other continent for hundreds of 
kilometers. This continues until finally the friction between the two 
continents is so great that plate movement stops.  

The zone where two continents have met and become welded into a 
single continent is called a suture zone. There is only one good example 
on today’s Earth. The Indo-Australian Plate has collided with the Eurasian 
Plate and is still working its way under it. (See Figure 5.) There is a good 

reason why the Tibetan Plateau is the 
largest area of very high elevations 
in the world. The continental 
lithosphere is much thicker there 
because one continent has moved 
under another. 

Figure 5 The Himalayas and the Tibetan 
Plateau were formed by the collision of the 
Indo-Australian Plate with the Eurasian Plate. 
The Indo-Australian Plate is being shoved 
horizontally underneath the Eurasian Plate, 
so the continental crust in the Himalayas 
and the Tibetan Plateau is much thicker 
than normal.

Geo Words
batholith: a large 
mass of igneous 
rock formed when 
magma intrudes and 
solidifies.

continental accretion: 
the growth of a 
continent along its 
edges.

suture zone: the zone 
on Earth’s surface 
where two continents 
have collided and 
have been welded 
together to form a 
single continent. 
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Mountains at Plate Boundaries 
Most of the great mountain ranges of the world are located near 
convergent plate boundaries. There are number of different mountain 
ranges on Earth. The Alps in Europe, the Himalayas in southern Asia, the 
Andes in South America, and the coastal mountain ranges in western 
North America are some examples. Mountain ranges like those are formed 
in mainly two ways. You already know that the magma that is generated 
above the subducted plate rises up to form a chain of volcanoes. Much 
of the magma remains below the surface and cools to form batholiths. 
Volcanoes at the surface and batholiths deep in the crust add a lot of 
new rock to the area above the subduction zone. This addition of new 
rock makes the elevation of the land much higher. Also, many subduction 
zones experience compression. This occurs when the two plates are 
pushed together by plate movements elsewhere. In places like that, great 
masses of rock are pushed together and stacked on top of one another. 
These stacked masses of rock form high mountains. This also happens 
where two continents collide with each other, as in the Himalayas.

Transform Plate Boundaries 
At transform boundaries, plates slide past one another. The surface along 
which the plates slide is called a transform fault. Transform faults connect 
the offsets along mid-ocean spreading ridges. Most are short, but a few 
are very long. The most famous transform fault forms the boundary 
between the North American Plate and the Pacific Plate, in California. It 
is several hundred kilometers long. You can see from the map in Figure 6 
that the San Andreas Fault connects short segments of spreading ridges at 
its northern and southern ends.

 Figure 6 Plates showing a transform boundary.
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The movement along the transform fault is limited to the distance 
between the two segments of the ridge crest. Figure 7 is a sketch of a 
mid-ocean ridge, showing segments of the ridge crest offset by transform 
faults. Between points 1 and 2, plates A and B are sliding past each other.

Plate Tectonics 
You can now see why the field of study of plate motion is called plate 
tectonics. “Tectonics” comes from the Greek word tekton, which means 
“builder.” Plate tectonics refers to the building of the features on Earth’s 
surface due to deformation caused by plate movements.

You have read that plate movements create mountain ranges, trenches, 
and rift valleys at or near plate boundaries. Also, there is a clear 
relationship between volcanoes and plate boundaries. There is also 
a relationship between earthquakes and plate boundaries. This is 
particularly evident around the rim of the Pacific Ocean. The subduction 
of oceanic plates around much of the rim results in volcanic arcs and 
earthquakes. Tectonics has far-reaching effects on the geosphere. New 
crust is generated. Large-scale surface features are formed.

Figure 7 Sketch of a mid-ocean ridge, showing segments of the ridge crest offset by 
transform faults.

Checking Up
1. Why is “plate 

tectonics” a 
suitable name for 
the study of plate 
motion? Explain.

2. What geographic 
features would you 
expect to see at 
plate boundaries?

3. How do geologists 
suggest that hot 
spots are related to 
plate tectonics?

4. In your own words, 
explain the process 
of continental 
accretion.

5. How and where 
are rift valleys 
formed?

6. Convergent plate 
boundaries can be 
in three different 
settings. What 
are they?

7. Describe subduction.

8. How can transform 
faults be used 
to figure out the 
directions of plate 
movements? 

9. Why is it that 
subduction zones 
cannot be used 
to figure out the 
directions of plate 
movements? 

10.  What happens 
when two 
continents collide 
along a convergent 
plate boundary?
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Think About It Again
At the beginning of this section, you were asked the following:

•  Why are most high mountain ranges located at or near plate boundaries?

Record your ideas about this question now. Be sure to consider surface processes as well as 
those beneath the crust.

Reflecting on the Section and the Challenge

You observed features on Earth’s surface that are formed as a result of crustal plate 
movements and activity within the geosphere. You also saw that plate tectonic processes 
can cause plates to increase in size. Finally, you saw that plate movements can cause 
earthquakes that can be associated with specific plate boundaries. What questions can you 
ask in your game that will help the players understand these concepts?

Understanding and Applying

 1. Review your work on earthquakes and volcanoes one more time. 

a)  Summarize where most earthquakes occur compared to where plate boundaries 
are located. 

b)  Summarize where most volcanoes are located compared to where plate boundaries 
are located. 

 2. Although most earthquakes and volcanoes are associated with plate boundaries, they 
are not always located directly along the boundaries. Considering boundaries between 
oceanic and continental plates: 

a) Why are volcanoes usually found on the continental side of a plate boundary?

b) Why do earthquakes usually occur on the continental side of a plate boundary? 

 3. Many volcanoes and earthquakes are located far from modern plate boundaries. Write 
a paragraph giving one idea you think might explain how at least some of them have 
formed. Be sure to point out examples by describing their location. 
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 4. Make a list of the various plate tectonic settings where mountain ranges are likely to be 
formed. For each item on the list, draw a cross section that shows the mountain range 
and how it relates to the plate tectonic setting. For each item, give an example from 
somewhere in the world. 

 5. To understand why volcanic arcs are called arcs, look at the Andes Mountains on a 
topographic map. The Andes are topped with volcanoes that are part of a volcanic arc. 
They appear to run along a straight line. Run a string or thread along their length 
on a globe. 

a) What is the shape of the line on the globe? 

b) Why are lines of volcanoes called arcs?

c)  What does the volcanic arc along the Andes Mountains suggest about the plate 
tectonic setting of that part of the world?

 6. If volcanic rock is found far inland within a continent, what is one possible reason why 
it is there?

 7. The map above shows hot spots around the world.

a) Where are most hot spots?

b) Are they clustered or randomly located?

c) What famous area of the continental United States sits over a hot spot?

d) What sits atop another famous hot spot in the United States?
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 8. Preparing for the Chapter Challenge 

Plate tectonics has an influence on every part of the world. A community can be 
affected by events that occur great distances away. The movement of lithospheric plates 
affects surface features at plate boundaries and within the interiors of both oceanic 
and continental plates. What questions will help people understand these ideas? What 
is important for them to know about the relationship between volcanoes and plate 
boundaries, and between earthquakes and plate boundaries? 

Inquiring Further 

 1. Plate tectonics and the local climate   

Distant mountain ranges and plateaus created by 
plate tectonics can affect airflow in many ways, 
affecting local climate and thus vegetation, soil, 
wildlife, and drainage patterns. Research and 
report how your local region has been affected 
directly or indirectly by plate tectonics. Evaluate 
the reliability of the sources you used in your 
research. You may even wish to include some of 
this research in your Chapter Challenge.

 2. Evolution of the biosphere at mid-ocean ridges

New forms of life were first discovered at mid-
ocean ridges in 1977. Since then, many more 
discoveries have been made. These life forms 
thrive in the presence of superheated, mineral-
rich water that spews from hydrothermal vents. 
This life does not depend upon the Sun for 
energy, but instead upon the energy and matter 
from Earth’s interior. How has life evolved in 
such environments? For further information 
check the EarthComm Web site at http://www
.agiweb.org/education/earthcomm2/. 

Black smokers, which vent superheated 
water from below Earth’s crust, form at 
the mid-ocean ridges.
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