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ACTIVITY OVERVIEW

Students explore the mechanism behind plate motion as they investigate convection
currents.

KEY CONCEPTS AND PROCESS SKILLS

(with correlation to NSE 5–8 Content Standards)

1. The earth is made of up different layers (crust, mantle, outer core, inner core). 
Each of these layers has distinct properties. (Earth Sci: 1)

2. The continents are part of large lithospheric plates that have moved over 
geological time and continue to move at a rate of centimeters per year. One 
theory is that convection currents within the earth's mantle drive this plate 
motion. (EarthSci: 1, 2)

KEY VOCABULARY
convection current

magma

mantle
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MATERIALS AND ADVANCE PREPARATION

For the class

* supply of warm water

* supply of cold water 

For each group of four students

2 9-oz. plastic cups (or other large containers)

1 plastic syringe

1 plastic cup with circular depression

1 small vial with 2-holed cap

1 bottle of red food coloring

* paper towels and/or a sponge

*Not supplied in kit

Make sure you have plenty of both warm and cold water available. This investigation
will work if students use the 9-oz plastic cups provided, but works better if they use
larger containers, such as 500-mL beakers.

The vial snaps into the base of the plastic cup with the circular depression. In some
cases, it is a very tight fit and the vial must be forcefully pushed into place. You may
want to check your materials and snap the two pieces together prior to conducting
this activity with the class.

SAFETY 

This activity requires the use of warm water. However, extremely hot (e.g. boiling)
water is not required; warm tap water will work fine, though it helps to use water that
is warm enough so that it doesn’t cool down too rapidly. Allow very hot water to cool
slightly before allowing students to use it. Review classroom expectations for safety
during this activity.

TEACHING SUMMARY
Getting Started

1. Students read the introductory text in the Student Book.

Doing the Activity

2. Students investigate convection currents.

Follow-Up

3. Discuss how differences in temperature cause convenction currents.

Activity 46  •  Convection Currents
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TEACHING SUGGESTIONS

GETTING STARTED

1. Students read the introductory text in the
Student Book.

Have students read the introduction and Chal-
lenge. Explain that convection is the circulation of
a fluid due to differences in temperature. Students
will investigate the formation of a convection cur-
rent by mixing warm and cold water in two differ-
ent trials. They will observe which trial results in the
formation of a convection current.

DOING THE ACTIVITY

2. Students investigate convection currents.

Demonstrate how to use the equipment, particu-
larly the small vial that fits into the plastic cup.
Make clear to students that the 2-holed cap must
face up when the vial is snapped into place. 

Help students as needed. You may need to provide
assistance in recording observations. Students may
find it helpful to construct a quick sketch of the
movement of the colored water.

Have students complete the investigation. After
adding cold water to the warm water in the vial in
Trial 1, the warmer, less dense red water should flow
out of the holes in the vial and rise above the top of
the colder water in the cup. When warm water is
added to cold water in the vial in Trial 2, nothing
should happen, since the colder, denser water is
already below the hot water. If the cup is acciden-
tally moved during Trial 2, it is possible that some of
the cooler, red water will flow out of the vial. If this
happens, it should appear to settle at the bottom of
the cup.

FOLLOW-UP

3. Discuss how differences in temperature
cause convenction currents.

Analysis Questions 1 and 2 are intended to help
guide students’ understanding of convection cur-

rents. Ask students to share their responses, and 
discuss how the differences in water temperature
resulted in the formation of a convection current.

Explain that convection currents require a source of
heat. Remind students that the temperature of the
earth’s layers increases with depth. You may want
to have students turn to Table 1, “Layers of the
Earth,” at the end of the Reading in Activity 38,
“Beneath the Earth’s Surface,” to compare the rela-
tive temperatures. Since the core is much hotter
than the mantle, it would continue to heat magma
in the mantle as it began to cool and sink. Scientists
hypothesize that the source of the earth’s heat is
either the radioactive decay of naturally-occurring
radioactive elements within the earth’s core, or
residual heat from the formation of the earth, 4.6
billion years ago.

SUGGESTED ANSWERS TO QUESTIONS

1. a. Did both trials result in the movement 

of water? Why or why not? Discuss your

ideas with your group.

Only Trial 1, in which the warm water was
placed in the vial, resulted in the movement
of water (the warm water rose upward and
outward). There was no movement of water
in Trial 2. This is because warm water rises
and cold water sinks. In Trial 2, the warm
water was already on top and the cold water
was already at the bottom.

b. What do you think is necessary for a convection

current to form?

It is necessary for warm water to be at the
bottom (heated from below) and the cooler
water to be sitting above it. It is the rising of
warm water and its resulting displacement of
the cool water that results in the formation of
a convection current.
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2. Compare the results of your two trials.

When warm and cold water are mixed, what hap-

pens to

a. the warm water?

It rises to the top.

b. the cold water?

It sinks to the bottom.

3. Imagine that hotter magma is lying beneath

an area of cooler magma deep in the mantle. What

do you predict will happen? Be as specific as you can

and explain your reasoning.

The hotter magma would rise and the cooler
magma would sink. This would results in a cur-
rent. In this activity, water was used to model
magma, so I think what happens to water will
happen to magma.

4. What do scientists believe cause plates to move?

Convection currents within the earth’s mantle
caused by differences in temperature of magma
within the mantle.
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ACTIVITY OVERVIEW

Students utilize a computer simulation to investigate what happens when the earth’s
plates move apart. Students investigate the rate of this change on earth as they set
the simulation to run for different time periods from 10 years to 20 million years.

KEY CONCEPTS AND PROCESS SKILLS

(with correlation to NSE 5–8 Content Standards)

1. The earth is over four billion years old, and different events have occurred on 
earth during different periods of time. (EarthSci: 1)

2. The continents are part of large lithospheric plates that have moved over 
geological time and continue to move at a rate of centimeters per year. One 
theory is that convection currents within the earth's mantle drive this plate 
motion. (EarthSci: 1, 2) 

3. The movement of the earth’s plates can produce earthquakes and volcanoes, 
and result in the formation of mountains over geological time. (EarthSci: 1)

4. Creating models is one way to understand and communicate scientific 
information. (Inquiry: 1)

KEY VOCABULARY
divergent (spreading)

geological time

lithosphere

mantle

plates
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MATERIALS AND ADVANCE PREPARATION

For the teacher

1 color transparency, “Plate Motion Simulation: Screen Shots”

1 transparency of Student Sheet 39.2, “Paleontology Student’s Notes”

* 1 overhead projector

For each pair of students

* 1 computer with access to SEPUP Plate Motion Simulation

For each student

1 Student Sheet 47.1, “Spreading Plate Observations”

*Not supplied in kit

Both this activity and the next require student teams to access the SEPUP Plate Motion
Simulation with a computer. You may also choose to conduct both computer-related
activities in a single period, depending on computer availability. Activity 47 emphasizes
geological time, while Activity 48 investigates additional types of plate boundaries.

You may want to do the computer activities first in order to familiarize yourself with
the simulation and the potential pitfalls that students may encounter while using the
software.

You may want to reserve a computer lab, so that students may work in small groups.
The simulation is available from the Issues and Earth Science student page of the SEPUP
website, as well as on the CD provided with the course materials. You may wish to
bookmark the SEPUP website on each computer.  

TEACHING SUMMARY
Getting Started

1. Use screen shots on color transparency to introduce SEPUP’s Plate Motion 
computer simulation.

Doing the Activity

2. Students use computers to simulate spreading plates.

Follow-Up

3. Students summarize the changes that they observed.f 

Activity 47  •  Spreading Plates
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TEACHING SUGGESTIONS

GETTING STARTED

1.  Use  screen shots on color transparency to
introduce SEPUP’s Plate Motion computer
simulation.

The color transparency, “Plate Motion Simulation:
Screen Shots,” shows two of the computer screens
that students will see during the simulation. Dis-
play it  and point out any of the following points
that are relevant to your class:

• The first screen shows a cross-section of the
earth’s plates at an angle.

• Each plate can move in one of three
directions.Students can only pick a direction for
Plate 1, because selecting a direction for Plate 1
will automatically set a direction for Plate 2. In
this activity, students should select the arrow
point to the left, which will result in a divergent
boundary. (They will investigate the other direc-
tions in the next activity.)

• After selecting and recording the direction of
plate movements, students should click on the 
SEE PLATES OVER TIME button at the bottom of 
the screen. Selecting this button will lead to the
second screen.

• The second screen again shows a cross-section of
the earth. The earth’s surface, lithosphere (crust 
and upper mantle), and lower mantle can all be 
seen.

• The large red arrows indicate the direction of 
plate movement. They will disappear as the 
simulation runs.

• The small yellow arrows show the movement of 
convection currents in the earth’s mantle. It is 
these convection currents that drive plate 
motion. They will continue to move during the 
simulation.

• Students have to select a time period for the 
simulation to run before they can select the RUN 
button.

Explain to the students that this activity requires
excellent observation skills. Students will need to be
familiar with the Legend to identify what is hap-
pening in the simulation, and will need to make
careful observations in order to identify small
changes. Point out the legend found on the bottom
left-hand of the Screen Shots transparency. Review
what each symbol represents.

Emphasize the importance of noting the different
colors that may appear. For example, if areas of
blue appear, it indicates the presence of water.
Remind students that the mantle is made up of
molten magma, so the red color of the mantle indi-
cates magma. Two different colors are used to repre-
sent the two different types of lithosphere. (The
color of the earth’s surface will vary depending on
the features being observed.)

DOING THE ACTIVITY

2. Students use computers to simulate
spreading plates.

Hand out Student Sheet 47.1, “Spreading Plate
Observations.” Students should record any changes
to the land and water that they observe during the
different time periods. If students are having diffi-
culty, remind them that they can replay a period of
time repeatedly until they have had a chance to
make their observations. If you are concerned that
students are not making complete observations, use
Sample Response to Student Sheet 47.1 on the next
page to review the types of observations (such as
changes to the lithosphere or movement of magma
into the lithosphere) that you expect students to
observe. You may also want to have students draw
their observations.

The simulation models the convection currents that
move within the mantle. Remind students that
there are no arrows within the mantle—rather,
large amounts of magma move in a somewhat cir-
cular pattern that is best visualized using arrows.
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FOLLOW-UP

3. Students summarize the changes that they
observed.

Have students summarize the changes that they
observed, as described below. Be sure to emphasize
the relationship between plate movement, earth-
quakes, and volcanoes.

Changes to the land: Earthquakes occur continu-
ously over geological time. As the plates spread
apart, a valley formed and new lithosphere formed
along the margins. Small volcanoes began to
appear in the center of the valley, eventually form-
ing a few volcanic islands.

Changes to the water:Water came in and covered
a lot of the new land. It looked like a large lake or
ocean.

Remind students that divergent boundaries occur
where plates are moving apart and new lithosphere
is being created by magma pushing up from the
mantle. In the ocean, this process is called sea floor
spreading, and on land, rift valleys are formed. You
may want to remind students that they observed
spreading plates that have volcanoes along diver-
gent boundaries during the video, “I Can Feel the
Earth Move.” Scientists discovered volcanoes on the
ocean floor and eventually realized that the line of
volcanoes marked an area where two plates were

Sample Response to Student Sheet 47.1

Period of
Time

Changes to land, such as:
• earthquakes
• volcanoes
• mountains
• valleys
• lithosphere

Changes to water, such as:
• appearance of water
• formation of oceans or lakes
• change in direction of rivers

10 years nothing happens except mantle convection nothing happens except mantle convection

100 years a single earthquake

slight spreading movement of continental 
lithosphere

none

1,000 years several earthquakes along divergent boundary

slight indentation (rise) of magma into center of
continental lithosphere

none

1 million
years

several earthquakes

increased indentation (rise) of magma into cen-
ter of continental lithosphere
appearance of a valley on earth’s surface

none

5 million
years

many earthquakes
magma beginning to rise to surface (through
lithosphere)
appearance of a valley on earth’s surface

oceanic lithosphere begins to form along diver-
gent boundary

small amount of water appears in center of 
valley

20 million
years

lot of earthquakes

underwater volcanoes form along divergent
boundary as magma rises to surface

two large volcanic islands form at top of screen

oceanic lithosphere is clearly visible at center of
spreading boundary

valley fills with water, resulting in what could
either be a lake or an ocean
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spreading apart. Students mapped part of this
boundary when then plotted the eastern boundary
of the South American plate in Activity 44, “Map-
ping Plates.”

You may want to discuss the computer simulation as
a model by identifying some of its strengths and
weaknesses. For example, one strength of the simu-
lation is that it models some of the events that occur
at different types of plate boundaries over different
periods of time. One weakness is that it does not 
differentiate among earthquakes by depth or mag-
nitude; in general, earthquakes at divergent bound-
aries tend to be shallow and weaker. 

Today, many divergent boundaries are found
underwater at mid-ocean ridges. In the simulation,
the divergent boundary occurs on land and begins
to form a rift valley. A rift valley may be below sea
level, and water may eventually flow into it. Over
time, this can result in the formation of a lake or
ocean. (Another limitation of the simulation is that
some students may have identified this body of
water as a river.) Students can imagine that a simi-
lar process may have occurred with the breakup of
Pangea (in which South America and Africa were
once connected) and the resulting formation of the
Atlantic Ocean. Today, there is a large rift valley
along the eastern edge of Africa known as the Great
Rift Valley. The northern part of this rift forms the
Jordan River valley as well as the Red Sea. A photo
of this region of the rift can be seen in the Student
Book.

Discuss Question 1 to reinforce the idea that the
water in the simulation comes from somewhere else
on the earth (and is not magically created). Discuss
the ways in which the water can appear, as
described in the suggested answer to Question 1.

Questions 2 and 3 emphasize the role of geological
time. Use a transparency of Student Sheet 39.2,
“Palentology Student’s Notes,” to review the
amount of time simulated in the computer model
versus the length of geological time students con-
sidered in Activity 39, “Earth Time.” While 20 
million years is a long period of time in the context
of the simulation, it is not a very long period of time
in the history of the earth, which is over 4 billion
years old.

Review student responses to Question 4. After stu-
dents have identified one or more events, discuss
student responses as a class and attempt to put all
the events in a single order. You may need to watch
the simulation again to do so (and you may find
that certain events happen almost simultaneously).

SUGGESTED ANSWERS TO QUESTIONS

1. In the simulation, you saw water collect 
between spreading plates: where does this

water come from?

It comes from the surrounding regions and from
rain. It flows into the region between the plates
because this region is a lower elevation than the
surrounding areas. For example, ask students to
imagine digging a large deep hole next to a lake
and then creating a deep channel between the
two. If the level of water in the lake was higher
than the hole, water would flow into the hole. 

In other cases, an area may fill with water over
time through the accumulation of rain. Students
may have seen large areas of pooled water after
a sudden or large rainstorm. If the water accu-
mulates faster than it evaporates or filters into
the ground, a new body of water can be created.

2. In the simulation, how many years passed
before you observed major changes to the earth’s
surface?

It took at least one million years for a narrow
valley to form and it took five million years to
observe bigger changes, such as a wider valley
and the formation of the first volcano.

3. There are seven continents on earth today. How
many do you predict there will be

a. in 1,000 years? Explain.

There would still be seven continents because
plates don’t move very far in 1,000 years. At a
rate of 1–10 cm per year, a plate would move
1,000–10,000 cm (0.01–0.1 km).

b. in 20 million years? Explain.

Students responses will vary, but it may be
possible to see some change in the shape
and possibly the number of continents by
that time. At a rate of 10 cm per year, a plate
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could move up to 2,000 kilometers in 20 mil-
lion years. Today, Senegal (in Africa) and
Brazil (in South America) are about 2,575
km apart. Still the change would not be at
the scale of the breakup of Pangea, which
occurred about 200 million years ago.

4. a. List at least three things that happen as

plates spread apart.

Possible responses include: a valley forms,
volcanoes erupt, earthquakes occur, water
flows into the area from other parts of the
earth, volcanic islands form, oceanic litho-
sphere begins to form, and a lake or ocean
forms.

b. Place these events in order by numbering them.

One possible order is shown below.

Earthquakes occur.

A valley forms as the lithosphere thins.

Oceanic lithosphere begins to form.

Water flows into the area from other
parts of the earth.

Volcanoes erupt.

A lake or ocean forms.

Volcanic islands form.

3
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Period of
Time

Changes to land, such as:
• earthquakes
• volcanoes
• mountains
• valleys
• lithosphere

Changes to water, such as:
• appearance of water
• formation of oceans or lakes
• change in direction of rivers

10 years

100 years

1,000
years

1 million
years

5 million
years

20 million
years

Direction of Plate Movement (circle one arrow for each plate)

Plate 1     ç é è ê Plate 2     ç é è ê
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UNIT D: PLATE TECTONICS

Listed below is a summary of the activities in this unit. Note that the total teaching time as listed is 15–22 periods (approxi-

mately 3–5 weeks if you teach the activities as recommended every day). If you find that you cannot finish in this timeframe, 

consider skipping one or more of the following activities: 37, 40, 43, or 46.

ACTIVITY DESCRIPTION KEY CONCEPTS AND 
PROCESSES ADVANCE PREPARATION ASSESSMENT TEACHING 

PERIODS

36 TALKING IT OVER: Storing Nuclear 
Waste 

Earthquakes and volcanoes are intro
duced as students analyze evidence 
related to the storing of nuclear waste at 
Yucca Mountain, Nevada.

Evidence and tradeoffs, 
nuclear waste, earth
quakes, volcanoes

LITERACY

Copy student sheet Q 2: ET 2

37 MODELING: Volcanic Landforms 

Students consider the constructive 
nature of volcanoes as they model the 
effects of two different kinds of volcanic 
eruptions. 

Volcano, magma, land
form, model 

LITERACY

Need class set of safety 
goggles, paper towels, 
meter sticks (optional)

1

38 READING: Beneath the Earth’s Surface 

Students construct diagrams describing 
earth’s interior before and after they 
read about volcanoes and earth layers.

Volcanoes, earth layers 
(inner core, outer core, 
mantle, crust, litho
sphere), scale

LITERACY 
MATHEMATICS

Copy student sheets; 
need overhead projector, 
class set of calculators; 
gather apple, knife, com
passes (optional)

Quick Check 
Q 5: UC

1–2

39 INVESTIGATION: Earth Time 

Students are introduced to the age of 
earth as they place important events 
in earth’s history into one of four time 
periods.

Geological time, 
paleontologist

Copy student sheets; 
need overhead projector, 
get selfstick notes 
(optional)

1

40 INVESTIGATION: The Continent Puzzle 

Students use puzzle pieces representing 
earth’s continents to begin to investigate 
continental drift.

Introduction to con
tinental drift, fossil 
evidence, geological time, 
Pangea

Copy student sheet; need 
overhead projector

1

41 TALKING IT OVER: Continental Drift 

Students consider the historical develop
ment of the idea of continental drift as 
they evaluate evidence about the move
ment of continents. 

Continental drift, 
evidence

LITERACY

Copy student sheet; need 
overhead projector

Quick Check 
Q 3: UC and/or SI

1–2

42 VIEW AND REFLECT: The Theory of Plate 
Tectonics 

Students watch a short video on the his
tory of the development of the theory 
of plate tectonics, beginning withWe
gener’s idea of continental drift.

Continental drift, plate 
tectonics and its relation
ship to earthquakes, 
volcanoes, mountains 

LITERACY

Need VCR and TV 
monitor; copy student 
sheet

1–2

43 MODELING: Measuring Earthquakes 

Students model how a seismograph 
records earthquakes as they explore the 
relationship between earthquakes and 
plate boundaries.

Earthquakes, plates, 
seismogram, seismograph, 
fault (optional)

Need plain white paper, 
overhead projector

Proc: GI 1–2
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PLATE TECTONICS (Continued from previous page)

ACTIVITY DESCRIPTION KEY CONCEPTS AND 
PROCESSES ADVANCE PREPARATION ASSESSMENT TEACHING 

PERIODS

44 PROBLEM SOLVING: Mapping Plates 

Students compare the sizes and shapes 
of continents to plates as they label 
major plates and use earthquake and 
volcano data to plot and draw missing 
plate boundaries. 

Continents, plates, litho
sphere, risk

LITERACY

Need darkcolored 
markers and lightcol
ored pencils, overhead 
projector; copy student 
sheets

1

45 READING: Understanding Plate 
Boundaries 

Students read about how plate tectonics 
helps explain earth quakes, volcanoes, 
and mountain ranges.

Convergent, divergent, 
transform, subduction, 
hot spot (optional)

LITERACY

Copy student sheet Quick check 1–2

46 MODELING: Convection Currents 

Students explore the mechanism behind 
plate motion as they investigate convec
tion currents.

Convection current, 
magma, mantle

Need warm and cold 
water, paper towels/
sponge, overhead 
projector

1

47 COMPUTER SIMULATION: Spreading 
Plates 

Students use a computer simulation to 
investigate what happens when earth’s 
plates move apart over different periods 
of time. 

Divergent boundary, 
plates, lithosphere, 
mantle, geological time

Need computers with 
Internet access, overhead 
projector; copy student 
sheet

Quick check 1

48 COMPUTER SIMULATION: Other Types 
of Plate Motion 

Students use a computer simulation to 
investigate what happens when earth’s 
plates collide as well as slide past each 
other.

Convergent, transform, 
subduction, lithosphere, 
mantle, geological time

Need computers with 
Internet access; copy 
student sheet

Q 4: UC 1–2

49 TALKING IT OVER: Comparing Site Risk 

Students draw on their knowledge of 
the risk of earthquakes and volcanoes to 
compare storing nuclear waste at eight 
possible sites.

Nuclear waste, earth
quakes, volcanoes, risk 
evidence, tradeoffs 

LITERACY

Copy student sheet Q 2: ET 1–2




