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The Theory of
Plate Tectonics

The Theory of
Plate Tectonics

Objectives
After this lesson, students will be able to
F.1.5.1 explain the theory of plate tectonics
F.1.5.2 describe the three types of plate
boundaries

Reading Preview
Key Concepts
• What is the theory of plate
tectonics?

• What are the three types of plate

Target Reading Skill

boundaries?

Building Vocabulary Explain that
knowing the definitions of key-concept
words helps students understand what they
read.
Answers
Have students make and practice with
flashcards.

Key Terms
• plate
• scientific theory
• plate tectonics • fault
• divergent boundary
• rift valley
• convergent boundary
• transform boundary

Target Reading Skill

Preteach
Build Background
Knowledge

L2

Defining Plates
Ask: What is a plate? (A typical answer will
describe a dinner plate.) Challenge students
to think of other plates, such as metal plates
that cover machinery, home plate in baseball,
and the plates or scales that cover a reptile.
Form a general definition for plate: a broad,
flat sheet of material.

Help Students Read
Relating Cause and Effect
Encourage students to list cause-and-effect
relationships while reading about plate
L1
tectonics and then compare their lists.

Building Vocabulary A definition
states the meaning of a word or
phrase by telling about its most
important feature or function. After
you read the section, reread the
paragraphs that contain definitions
of Key Terms. Use all the information you have learned to write a
definition of each Key Term in your
own words.

How Well Do the Continents Fit Together?
1. Using a world map in an atlas, trace the shape of each
continent and Madagascar on a sheet of paper. Also trace the
shape of India and the Arabian Peninsula.
2. Carefully cut apart the landmasses, leaving Asia and Europe
as one piece. Separate India and the Arabian Peninsula
from Asia.
3. Piece together the continents as they may have looked before
the breakup of Pangaea. Then attach your reconstruction of
Pangaea to a sheet of paper.
Think It Over
Drawing Conclusions How well did the pieces of your
continents fit together? Do your observations support the idea
that today’s landmasses were once joined together? Explain.

Have you ever dropped a hard-boiled egg? If so, you may have
noticed that the eggshell cracked in an irregular pattern of
pieces. Earth’s lithosphere, its solid outer shell, is not one
unbroken layer. It is more like that cracked eggshell. It’s broken
into pieces separated by jagged cracks.
A Canadian scientist, J. Tuzo Wilson, observed that there
are cracks in the continents similar to those on the ocean floor.
In 1965, Wilson proposed a new way of looking at these cracks.
According to Wilson, the lithosphere is broken into separate
sections called plates. The plates fit together along
cracks in the lithosphere. As shown in Figure 22,
the plates carry the continents or parts of the
ocean floor, or both. Wilson combined what
geologists knew about sea-floor spreading,
Earth’s plates, and continental drift into a single
theory. A scientific theory is a well-tested concept that explains a wide range of observations.

learning modality: logical/mathematical

L1
Skills Focus drawing conclusions
Materials world map in an atlas, tracing
paper, scissors, sheet of paper, tape
Time 20 minutes
Tips To shorten the activity, provide each
student with a photocopy of the continent
outlines.

FIGURE 21
A Cracked Eggshell
Earth’s lithosphere is broken into plates like the
cracked shell of a hard-boiled egg.

Expected Outcome Students can easily fit
some of the continents together, such as
South America and Africa. It will be more
difficult to imagine how the other
continents fit together. Accept all plausible
configurations.

Think It Over A typical answer might be
that some of the continents fit together
quite well, while others did not. The general
fit between some continents suggests that
the continents might once have been
joined.

Instruct

How Plates Move
The theory of plate tectonics (tek TAHN iks) states that pieces
of Earth’s lithosphere are in slow, constant motion, driven by
convection currents in the mantle. The theory of plate tectonics explains the formation, movement, and subduction of
Earth’s plates.
How can Earth’s plates move? What force is great enough to
move the heavy continents? Geologists think that movement of
convection currents in the mantle is the major force that causes
plate motion. During subduction, gravity pulls one edge of a
plate down into the mantle. The rest of the plate also moves.
This slow movement is similar to what happens in a pot of
soup when gravity causes the cooler, denser soup near the
surface to sink.
As the plates move, they collide, pull apart, or grind past
each other, producing spectacular changes in Earth’s surface.
These changes include volcanoes, mountain ranges, and deepocean trenches.

Predicting
Study the map of Earth’s
plates in Figure 22. Notice
the arrows that show the
direction of plate movement.
Now ﬁnd the Nazca plate on
the map. Which direction is it
moving? Find the South
American plate and describe
its movement. What do you
think will happen as these
plates continue to move?

FIGURE 22
Plate boundaries divide the lithosphere into large plates.
Interpreting Maps Which plates include only ocean ﬂoor?
Which plates include both continents and ocean ﬂoor?

Earth’s Lithospheric Plates

How Plates Move
Teach Key Concepts

L2

Earth’s Plates
Focus Review the definitions of lithosphere
and asthenosphere with students.
Teach Ask: What are characteristics of the
lithosphere? (Relatively cool, solid, brittle)
What are characteristics of the
asthenosphere? (Hot, capable of flow) Refer
students to Figure 22. Show them that Earth’s
lithosphere is fragmented into pieces called
plates. Ask: How could hard, solid plates of
lithosphere move? (By sliding over the
asthenosphere)
Apply Point out how large plates can be,
and that they can be covered by ocean,
continent, or both. Ask students to identify
the plate on which they live. learning
modality: visual

Teaching Resources

• Transparency F10
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Making Models of Plates

L1

Materials grapefruit with its peel cut into
segments
Time 5 minutes

Nazca
Plate

Plate

Convergent boundary
Divergent boundary
Transform boundary

Eurasian
Plate

E

Focus Remind students that Earth is a sphere
and that the lithosphere is broken into plates.
Teach Show students the grapefruit. Explain
that Earth’s plates also cover a sphere.
Apply Ask: What do the cracks between
pieces of peel represent? (Plate boundaries)
learning modality: visual

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet:
The Theory of Plate Tectonics
L3
Materials Figure 22
Time 10 minutes
Tips Before the activity, show students that
some arrows point toward each other, some
away, and some point past each other in
opposite directions.
Expected Outcome The Nazca plate is
moving east, and the South American plate is
moving west. This creates a convergent plate

boundary. Because the Nazca plate carries dense
oceanic crust and the South American plate
carries less dense continental crust, the Nazca
plate will sink beneath the South American plate.
Extend Challenge students to describe each of
the boundaries associated with the North
American plate and predict what will happen to
each one. learning modality: logical/
mathematical

Student Edition on Audio CD

Monitor Progress

L2

Writing Have each student write a paragraph
explaining the theory of plate tectonics.
Answers
Figure 22 Ocean floor: Nazca, Cocos,
Scotia; both: all other labeled plates
Skills Focus predicting

Plate Boundaries

Plate Boundaries
Teach Key Concepts

The edges of Earth’s plates meet at plate boundaries. Plate
boundaries extend deep into the lithosphere. Faults—breaks
in Earth’s crust where rocks have slipped past each other—
form along these boundaries. As shown in Figure 23, there
are three kinds of plate boundaries: divergent boundaries,
convergent boundaries, and transform boundaries. A different
type of plate movement occurs along each type of boundary.
Scientists have used instruments on satellites to measure
plate motion very precisely. The plates move at amazingly slow
rates: from about 1 to 24 centimeters per year. The North
American and Eurasian plates are moving apart at a rate of
2.5 centimeters per year. That’s about as fast as your fingernails
grow. This may not seem like much, but these plates have been
moving apart for tens of millions of years.

L2

Modeling Plate Boundaries
Focus Remind students that two adjacent
plates can move toward each other, away
from each other, or past each other.
Teach Have students model the movement
along the three types of boundaries with
their hands. (One hand sinks beneath the
other, two hands separate, and two hands slide
past each other.)
Apply Identify plate boundaries around the
globe. Ask students to describe the motion
and the effects of the motion. For example:
San Andreas Fault, transform boundary
(Plates slide past each other, earthquakes)
Coast of Washington state, ocean-continent
convergent boundary (Ocean plate sinks
beneath continent, volcanoes and
earthquakes) Himalayas, continentcontinent collision (Two continents collide
and crust folds and thickens, earthquakes)

FIGURE 23

Plate Tectonics
Plate movements have built many
of the features of Earth’s land
surfaces and ocean floors.
Predicting What will eventually
happen if a rift valley continues to
pull apart?

Divergent Boundaries The place where two plates move
apart, or diverge, is called a divergent boundary (dy VUR junt).
Most divergent boundaries occur along the mid-ocean ridges
where sea-floor spreading occurs.
Divergent boundaries also occur on land. When a divergent
boundary develops on land, two of Earth’s plates slide apart. A
deep valley called a rift valley forms along the divergent
boundary. For example, the Great Rift Valley in East Africa
marks a deep crack in the African continent.

learning modality: kinesthetic

modality: visual

Divergent Boundary Sea-floor
spreading occurs as oceanic plates
move apart along the mid-ocean ridge.
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Landforms and Plate Boundaries
Focus Remind students that each plate
boundary has characteristic landforms.
Teach Direct students’ attention to each
plate boundary shown in the figure. Ask
students to identify the landforms associated
with each boundary. (Subduction zone:
mountains, volcanoes; mid-ocean ridge:
mountain range, central valley; rift valley:
fault block valley, volcanoes; transform fault:
marked fracture in crust, offset features;
continent-continent collision: folded
mountains)
Apply Using a world map, have students
identify areas on Earth where each boundary
type occurs. (From left to right, examples are
the Peru-Chile Trench, the Mid-Atlantic
Ridge, the East African Rift Valley, the San
Andreas Fault, and the Himalayas.) learning

Convergent Boundary When two
plates of oceanic crust collide, one
plate is subducted beneath the other.

Su

Use Visuals: Figure 23

L1

Lithosphere

Trench

Oceanic crust

Convergent Boundaries The place where two plates come
together, or converge, is called a convergent boundary (kun
VUR junt). When two plates converge, the result is called a collision. When two plates collide, the density of the plates determines which one comes out on top.
Oceanic crust becomes cooler and denser as it spreads away
from the mid-ocean ridge. Where two plates carrying oceanic
crust meet at a trench, the plate that is more dense sinks under
the other plate.
Sometimes a plate carrying oceanic crust collides with a
plate carrying continental crust. Oceanic crust is more dense
than continental crust. The less dense continental crust can’t
sink under the more dense oceanic crust. Instead, subduction
occurs as the oceanic plate sinks beneath the continental plate.
When two plates carrying continental crust collide, subduction does not take place. Neither piece of crust is dense
enough to sink very far into the mantle. Instead, the collision
squeezes the crust into mighty mountain ranges.
Transform Boundaries A transform boundary is a place

where two plates slip past each other, moving in opposite
directions. Earthquakes often occur along transform boundaries, but crust is neither created nor destroyed.

Calculating a Rate
To calculate the rate of plate
motion, divide the distance
the plate moves by the time it
takes to move that distance.
Distance
Rate ⫽ --------------------Time

For example, a plate takes
2 million years to move
156 km. Calculate its rate of
motion.
156 km
--------------------------------- ⫽ 7.8 cm per year
2,000,000 years

Practice Problem The Pacific
plate is sliding past the North
American plate. It has taken
10 million years for the plate
to move 600 km. What is the
Pacific plate’s rate of motion?

Transform Boundary Two
plates slide past each other.

L1

Continent-Continent Collisions
Materials 2 cloth towels
Time 10 minutes
Focus Review with students that Earth’s
continental crust varies in thickness.

What features form where two continental plates
come together?

Divergent Boundary A rift
valley forms when two pieces
of continental crust pull apart.

Math Skill Calculating a Rate
Focus Students calculate average rates of
plate motion using the equation r = d/t,
where r is rate, d is distance, and t is time.
Teach In the example problem, kilometers
must be converted into centimeters. Remind
students that one kilometer is equal to
100,000 centimeters.
Answer
6 cm/year

Convergent Boundary Two
continental plates collide,
forming a mountain range.

Rift valley

Continental crust

Teach Ask students to place two cloth towels
end-to-end on a table. The students then
should slowly move the towels toward each
other. As the towels collide, material will fold
and the towels will be shortened and
thickened. Ask students to compare the
original length of the two towels with the
length after the collision. Also ask them to
compare the height of the towels in the
collision area with the height elsewhere.
Apply Ask: What happens to continental
crust when two continents collide? (The
crust is shortened and thickened to form a
mountain belt.) learning modality:
kinesthetic

Molten
material

Teaching Resources
Lithosphere

Differentiated Instruction
L1
Less Proficient Readers
Interpreting Diagrams Much important
information is contained in Figure 23. Ask
students to look at the figure and read the
caption. Help them define difficult
vocabulary by relating the information in
the caption to what they see in the figure.

learning modality: verbal

L3
Gifted and Talented
Creating a Time Line Have each student
research and prepare a visual display that
illustrates the formulation of the Himalayas.
Displays should show events from about 60
or 70 million years ago to the present. (India
began colliding with Asia about 45 million
years ago. The collision compressed and
uplifted rock layers to form the Himalayas.
The mountains still are rising today.)

learning modality: visual

• Transparency F11

Monitor Progress

L2

Oral Presentation Call on students at
random to explain what occurs at each of the
different types of plate boundaries.

Figure 23 The valley eventually will become
an ocean basin with a mid-ocean ridge.
Mountain ranges
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Equator

Plate Motions Over Time The movement of Earth’s plates
has greatly changed Earth’s surface. Geologists have evidence
that, before Pangaea existed, other supercontinents formed and
split apart over billions of years. Pangaea itself formed when
Earth’s landmasses drifted together about 260 million years ago.
Then, about 225 million years ago, Pangaea began to break apart.
Figure 24 shows how major landmasses have moved since the
breakup of Pangaea.
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For: Continental Drift activity
Visit: PHSchool.com
Web Code: cfp-1015
Students explore the movement of the continents
from 225 million years ago to today.

225 Million Years Ago

FIGURE 24
Continental Drift
It has taken the continents about 225 million years
since the breakup of Pangaea to move to their
present locations. Posing Questions What questions
would you need to answer in order to predict where
the continents will be in 50 million years?
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Reviewing Key Concepts

aland

180–200 Million Years Ago

1. a. Plates are sections of Earth’s
lithosphere. b. a theory that explains the

formation, movement, and subduction of
Earth’s plates. c. convection currents in
Earth’s mantle.
2. a. convergent, divergent, transform.
b. Plates move away from each other at a
divergent boundary, move toward each other
at a convergent boundary, or slide past each
other at a transform boundary. c. The
oceanic plate will subduct beneath the
continental plate.
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Have each student make a table comparing
the three types of plate boundaries. The
tables should include all possibilities for each
boundary type.

North
America

Asia
Europe

Equator
South
America

Africa
India
Australia
Antarctica

135 Million Years Ago

L2

Drawing Organize students in small groups,
and give each group a piece of posterboard.
Tell each group to make a poster that
includes all of the information students have
learned about sea-floor spreading and plate
tectonics. Students may use colored pencils,
chalk, or water paints to make the posters.
Teaching Resources

Europe

Asia

Africa

Equator

India

South
America

For: Continental Drift activity
Visit: PHSchool.com
Web Code: cfp-1015

Australia
Antarctica

Earth Today
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Target Reading Skill Building Vocabulary Use your
definitions to help answer the questions.
Reviewing Key Concepts

Performance Assessment

North
America

1. a. Deﬁning What are plates?
b. Summarizing In your own words, what is the theory

of plate tectonics?
c. Relating Cause and Effect What do scientists think

causes the movement of Earth’s plates?
2. a. Listing What are the three types of plate boundaries?
b. Describing Describe the type of movement that

occurs at each type of plate boundary.
c. Predicting What is likely to occur at a plate boundary

3. Calculating a Rate There are two
islands on opposite sides of a
mid-ocean ridge in the Atlantic
Ocean. During the last 8 million
years, the distance between the
islands has increased by 200
kilometers. Calculate the rate at
which the two plates are
diverging.

where oceanic crust collides with continental crust?

• Section Summary: The Theory of Plate
Tectonics
• Review and Reinforce: The Theory of Plate
Tectonics
• Enrich: The Theory of Plate Tectonics
• Transparency F12

Monitor Progress

L2

Answers
Figure 24
You would need answers to how fast and in
what direction each plate is moving.

Math Skill Calculating a Rate
Answer

200 km
= 2.5 cm/year
8,000,000 years

Keep Students on Track Ask students to
add examples of plate boundaries to their
models. Students complete their models by
adding surface features and labeling
features on the model. Offer guidance
about which materials to use and about
how students should prepare their
presentations for the class.

Modeling Mantle
Convection Currents

Modeling Mantle
Convection Currents

Problem

Prepare for Inquiry

How might convection in Earth’s mantle affect
tectonic plates?

Skills Objectives
After this lab, students will be able to
• predict, observe, infer, make models, apply
concepts, and draw conclusions

Skills Focus
making models, observing

Materials
• large plastic bottle • food coloring • small
glass jar • aluminum foil or plastic wrap
• rubber band • several paper hole punches or
small pieces of paper • tap water

Procedure
1. Fill the large bottle about half full with cold
tap water.

Analyze and Conclude
1. Observing Describe what happened to the
colored water and to the pieces of paper
after the holes were punched in the material
covering the jar.
2. Drawing Conclusions How did your prediction compare with what actually happened
to the colored water and pieces of paper?

2. Partly fill the small jar with hot tap water
and stir in 6 drops of food coloring. Carefully
add enough hot water to fill the jar to the
brim.

3. Inferring What type of heat transfer took
place in the bottle? Describe how the transfer occurred.

3. Cover the top of the jar with aluminum foil
or plastic wrap and secure with a rubber
band.

4. Making Models Which part of your model
represents a tectonic plate? Which part represents Earth’s mantle?

4. Carefully lower the jar into the bottle of tap
water.

5. Communicating How well do you think this
lab modeled the movement of Earth’s plates?
What similarities exist between this model
and actual plate movement? What factors
weren’t you able to model in this lab?

5. Place the pieces of paper on the surface of
the water.
6. Without disturbing the water, use the tip of
the pencil to make two small holes about
2–4 mm in diameter in the material covering
the jar.
7. Predict what will happen to the colored
water and to the pieces of paper floating on
the surface.
8. Observe the contents of the jar, as well as the
paper pieces on the surface of the water.

Analyze and Conclude
1. Most students will describe the colored
water’s rising and traveling across the
surface of the cold water. The pieces of
paper will move away from the rising
colored water and toward the edges of the
surface of the cold water.
2. Student answers will vary. Look for
specific or detailed descriptions of how
their predictions compared.
3. The type of heat transfer was convection.
The warm, colored water was less dense and
was forced to rise, creating a convection
current.

L2

Designing Experiments
Repeat this activity, but develop a plan to measure the temperature of the water inside the
large bottle. Is there a difference in temperature
between the water’s surface and the water near
the top of the small jar? Do you observe any
change in the convection currents as the water
temperature changes? With your teacher’s
approval, carry out your plan.

4. The pieces of paper represent tectonic

plates. The cold water and the colored water
represent Earth’s mantle.
5. Student answers will vary. Accept answers
that detail similarities between the
movement of paper pieces and the
movement of actual tectonic plates. One
aspect of the process that can’t be modeled
with this setup is convection currents in the
solid, but pliable, movement of the mantle.

Prep Time 20 minutes
Class Time: 40 minutes

Advance Planning
To save class time, fill the large bottles with
cold water in advance.

Alternative Materials
If ice is available, ice water may be used in
place of the cold tap water.

Safety
Stress the importance of
immediately reporting and
cleaning up any spills or broken glassware.
Review the safety guidelines in Appendix A.
Teaching Resources

• Lab Worksheet: Modeling Mantle
Convection Currents

Guide Inquiry
Alternative Materials
Remind students that convection is a
common method of heat transfer. Ask them
to list some examples of convection in their
daily lives. (Answers might include heating
fluids on a stovetop or in a heating system.)
Introduce the Procedure
• Have students read the entire procedure.
Then ask: What is the purpose of the food
coloring? (The food coloring shows the path
of the convection currents that form.)
Troubleshooting the Experiment
• Sometimes a bubble of air can form at the
top of the small container, preventing the
escape of hot water. If that happens, gently
push on the foil and force the air out.

Extend Inquiry
Designing Experiments Check students’
plans. Make sure students address both
questions before proceeding.

