
LESSON 6: How are the plates moving?
PREVIOUS LESSON We read about layers of Earth that are below the surface. We discovered that there are three major layers to Earth and that the further down you go, the hotter

it gets. The energy from the Earth’s core is transferred to the layers above it and eventually reaches the crust. We also figured out that the plates, which seem
pretty thick and solid to us, are really only a small sliver on the Earth’s surface.

THIS LESSON

INVESTIGATION

2 days

In this lesson, we consider how movement in the Earth’s interior causes the plates at the surface to move in
different ways. Using a convection demonstration, we make observations of the motion before and after a
heat source is added. We map our observations onto our Earth Model to consider how energy flowing and
matter cycling can explain movement in the mantle. Finally, we show how movement in the mantle causes
movement of plates on the surface.

NEXT LESSON We will model how two points on the edges of the Eurasian and Indian plates moved over time. Using data and evidence from earlier lessons, we will figure out
how far apart the two points on the plate boundaries would have been at different points in time. We will develop a time series model for these two points on
the plate boundaries today, at 10 years, 100,000 years and 50 million years ago.

BUILDING TOWARD NGSS

MS-ESS1-4, MS-ESS2-1, MS-ESS2-
2, MS-ESS2-3

WHAT STUDENTS WILL DO

Develop a model to describe how energy from the Earth’s core flows through the mantle (a large, complex system with subsystems), resulting
in the collision or spreading apart of the crust’s plates, forming mountains in some places and mid-ocean ridges in others.

Apply mathematical concepts, such as rates, and the direction of movement of Earth’s plates that are the result of a transfer of energy from
Earth’s interior to the crust, to explain what causes plates to move great distances, collide, and spread apart.

WHAT STUDENTS WILL FIGURE OUT

Energy from the Earth’s core heats up the mantle and causes molten rock in the mantle to move around (hotter material rising to the
surface and cooler material sinking).
This movement, called convection, within the mantle causes plates to move at the surface.
When the convection cell rises and pushes out and away, plates at the surface move away from one another. New crust forms when
molten rock (magma) seeps through the crust and cools and hardens.
When parts of the convection cell sink back down into the mantle, plates collide at the surface because they are being pulled together.



Lesson 6 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min PREDICTIONS
Students make connections to prior science ideas and make predictions about how energy flows within a
system.

A

2 5 minutes
min

REVISIT MOVEMENT DATA
Revisit the plate movement data to recall speed and direction of movement.

B-C Relief Map with Arrows (Lesson 3)

3 20 min MOVING MANTLE DEMONSTRATION
Demonstrate what happens when heat is added to a system and causes fluids to move in circular
patterns.

D How are the plates moving?, Moving Mantle
Demonstration

4 10 min TRACE MOTION IN THE SYSTEM
On their own, students track ideas related to the movement of matter and energy in the mantle system.

E How are the plates moving?

End of day 1

5 5 min NAVIGATION
Students share their initial thinking about movement, energy, and matter in the mantle system.

F

6 20 min DEVELOPING A CONSENSUS MODEL
Students share their observations and thinking about movement in the mantle.

G Earth Model (Lesson 5)

7 15 min CONNECT MOVEMENT IN THE MANTLE TO PLATE MOVEMENT
Using the cross-section drawings of the movement in the mantle, students make connections to the
direction of movement of the plates.

H Relief Map with Arrows (Lesson 3), Earth
Model (Lesson 5)

8 5 min NAVIGATION
Prepare to revisit Mt. Everest and explain what is happening there to cause it to shift.

I

End of day 2



Lesson 6 • Materials List
per student per group per class

Moving Mantle Demonstration materials 4 empty coffee cups
1 cup with hot water
clear plastic tub
room temperature water
empty cup
pipette
food dye

Lesson materials science notebook
How are the plates moving?

Relief Map with Arrows (Lesson 3)
Earth Model (Lesson 5)

Materials preparation (30 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Have Earth Model from Lesson 5 available for Day 2 revision to the model.

Day 1: Moving Mantle Demonstration
Group size: Whole Class
Setup: Use Convection Demonstration Options and watch this set-up videos prior to doing the demonstration: https://www.teachersopensciedfieldtest.org/everest . Also have the
student video ready to play to show what happens with thicker liquids like oil.
Notes for during the lab: If you have a large class, consider having two setups to split students into two groups. Students will need to have access to look closely at the cross-
section and top view of the demonstration. After the demonstration with water and food dye, you will watch a video that uses open flame and oil to show movement at the
surface.
Disposal: Water can be disposed down the drain.
Storage: The tubs, coffee cups, and dye can be stored for the following year.

https://www.teachersopensciedfieldtest.org/everest


Lesson 6 • Where We Are Going and NOT Going
Where We Are Going

This lesson is focused on helping students understand that the components of Earth systems (the core, the mantle, and the crust) are not static, but rather dynamic and interacting. Heat
is produced by the core (by processes that are above grade band) and that energy is transferred into the mantle creating mantle convection. The mantle is not a fluid, a common
misconception, but rather molten rock that behaves more like putty. As energy is added to matter, it spreads out, becoming less dense and rises. This concept was first introduced in
OpenSciEd Unit 6.3: Why does it hail, rain, or snow at some times but not others? The idea of convection is applied again in this lesson, as students will see in the Moving Mantle
demonstration how matter and energy move in the mantle. Students should be able to see the upward flow from the heat source, the lateral spreading at the surface, and then the
cooling and sinking away from the hot part of the convection cell. This movement is best seen from a cross-section view of the demonstration.

Importantly, however, students will need to transfer that vertical movement in the mantle to how it laterally moves the plates at the surface. In the upward rising part of a convection
cell, the force is a spreading motion that pushes two things (plates) apart. This would map to a boundary that has spread (or divergent boundary). Where two cooling and sinking parts
of a convection cell come together, or collide, that causes things (plates) at the surface to also collide or bunch up. This would represent a colliding, or convergent, boundary at the
surface.

Where We Are NOT Going

We are not focused on how the Earth’s core produces heat, as this is in the high school grade band. We are also not asking students to represent their ideas about energy transfer and
convection at the molecular level. During this lesson it is more important for students to understand that matter in the mantle is rising and sinking, and that the result of that motion is
various movements of plates at the surface.



5 min

5 minutes min

LEARNING PLAN for LESSON 6
1 · PREDICTIONS
MATERIALS: science notebook

Share prior ideas and predictions with the class. Display slide A. Ask students to turn to the page in their science notebooks where they
recorded their thoughts and predictions to these two questions:

How can we use what we figured out about the layers of the Earth to explain what is causing the plates to move?
What have we learned in past units about what causes things to move?

Give students time to share their thinking with the whole class. Record these ideas on the board so that they are public during the
lesson. Listen for ideas related to:

temperature as a measure of average kinetic energy in matter,
energy flows from hotter to colder temperatures, or
when things get hotter, they expand and rise; when they get colder, they get more dense and sink.

ADDITIONAL
GUIDANCE

This lesson will draw heavily on what students have learned in previous units (Cup Design and Storms)
about energy, energy transfer, and convection. In the Cup Design Unit, students investigated why a cold
drink warms up and figured out that molecules collide and transfer energy to each other, resulting in some
molecules slowing down and others speeding up. Over time, if no more heat is added to a system,
everything in the system will become the same temperature. In the Storms Unit, students learned that
sunlight is absorbed by the ground, which heats up the ground. The ground then heats the air above it
through conduction. Students also learn that materials with higher energy (or hotter things) transfer energy
more often and at a higher rate to materials with lower energy (colder things). In this lesson, students will
apply what they have learned about convection from previous units to explain how the plates move.

2 · REVISIT MOVEMENT DATA
MATERIALS: science notebook, Relief Map with Arrows (Lesson 3)

Revisit movement data and model ideas. Ask students to look back at the class map with the arrows from Lesson 3 and think about all
the ways that plates move. Display slide B. Give students a moment to think about what patterns they observe with the arrows. Then
say, We know there are these pieces called plates and that they are moving in all these directions (point to the map). But are we able to explain
what is causing them to move? Let’s take stock of what we do know so we can decide what our next step should be.

Display slide C. Ask students to create a new heading in their science notebooks, “What have we figured out so far?” Remind students
that they are trying to figure how places like Everest and their case sites move all the time, especially during earthquakes.

Then ask students to summarize key ideas from the previous lessons, such as:
We know earthquakes are mostly occur where mountains are found, but not always.
We know the Earth’s crust is not one solid piece, but a bunch of broken pieces that move.
We know that plates are moving in different directions and some are moving faster than others.
We see that some are moving away from one another and some are moving towards one another.
We know that heat is coming from below, from Earth’s core.

Once this list is populated, Say, We are wondering how plate movement at the surface is related to the heat energy from inside the Earth. I have a
demonstration that might help us visualize and figure out what is happening below the surface that might cause the plates to move.



20 min3 · MOVING MANTLE DEMONSTRATION
MATERIALS: Moving Mantle Demonstration, How are the plates moving?

Prepare students for the Moving Mantle Demonstration. Ask students to gather around the
demonstration. Display slide D. Before the demonstration begins, first map different parts of the
system to things in the real world. Pass out How are the plates moving?.

Going through one component at a time, ask students to complete the first two rows of Part 1, with
only the column for what the component represents in the real-world. Wait until after the
demonstration to complete how the component is similar and different to what is being
represented in the real-world. Also, wait to fill in the last three rows of the table until after the
demonstration where students see the movements.✱

Part of the
experimental setup

Is
lik
e

Part of the
phenomenon

How are they the same? How are they different?

A. Liquid in a tub → the matter in the
mantle

B. Cup of hot water
(heat source)

→ Earth’s core

C. Movement of liquid →

D. Movement of the
surface

→

E. Direction of the
movement at the
surface

→

Make observations before the heat source is added. Using Part 2, ask students to look closely and observe what they notice with the
fluid and different parts of the system (no movement should be occurring). They can draw and use words to represent their
observations on the handout.

Slowly add the dye using the pipette. Try not to disturb the water. The dye should pool at the bottom of the tub.

✱ SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

Mapping the elements of the investigation
setup to the elements in the phenomenon
(mantle convection and plates moving)
that we are trying to explain is an
important part of this practice. You may
need to return to this mapping when
students interpret their results and describe
what is happening in the mantle to cause
the plates to move.

Importantly, the last column helps students
understand the limitations of the model
that is being used to represent a
phenomenon in the real world. They will
complete this after the demonstration.



10 min

Add the heat source. Place the cup of hot water under the tub. Ask students to watch the dye closely as it begins to rise. Students will
need to rotate, allowing everyone to get close to the demonstration at least a few times over the next five to ten minutes as the fluid
heats and circulates.

As students observe the demonstration, they should use Part 3 of the handout to draw and use words to represent their observations.
Encourage student observations by asking:

Where is the heat energy is coming from? Where is it is traveling to?
What do you notice about the direction the dye is moving?
Where is it rising? Where is it sinking?
Do you notice any patterns on the surface of the water?
What would you draw on the cross-section of the demonstration to show what is happening?

Also encourage students to take as many notes and add details to their drawing during the demonstration, as they will use their
observations for the remainder of the lesson.

Problematize the water representing the mantle. It is important for students to realize the mantle is not a liquid. Ask students what the
mantle is made of and, if needed, refer back to What would we find if we could keep digging deeper than the deepest mine?. The mantle is
made of molten rock, not liquid. However, tell students it is not possible to get things as hot as they are in the core or mantle of Earth,
so we use water to study the movement patterns to help us understand movement inside the Earth.

Watch thicker fluids to see how they work when heat is added. Play the video at https://www.teachersopensciedfieldtest.org/everest .
This is a video showing what happens when heat is added to a mixture of oil and herbs. The oil is much thicker fluids than water and
tend to move more like magma. Use this video to help press students to think about how this fluid is moving and how this can help us
visualize what is happening in the mantle that leads to the plates moving. With the higher heat, students will see movement of the
“crust” which is represented by a thin layer of herbs/dye on the surface. Plan to play this video about one or two times to let students
make additional observations to their handout for Parts 2 and 3 (before and after the heat source is added).

ADDITIONAL
GUIDANCE

This video can also be used for students who are absent during this lesson, or if students want to see the
demonstration again later in the unit to remind themselves of what is happening in the mantle.

4 · TRACE MOTION IN THE SYSTEM
MATERIALS: How are the plates moving?

Trace motion in the system. Display slide E. For the rest of the class
period, give students time to individually trace the movement in the
mantle system and note where energy is flowing and where matter is
cycling in the system. Tell students to complete Part 4 and to also
revisit Part 1 of their handout to map C, D, and E to things in the real-
world and to include their thinking about the similarities and
differences in the model to what it represents in the real-word.

They should be prepared to share their thinking with the class.
Ask students to leave their handouts behind in class before they

leave.

https://www.teachersopensciedfieldtest.org/everest


5 min

20 min

ASSESSMENT
OPPORTUNITY

Look over student work on Parts 1-4 How are the plates moving? to assess their current understanding of what
each component in the system represents in the real-world (i.e., water/oil represents the mantle, heat
source is the Earth’s core, motion is movement in the mantle) and whether the following ideas are present:

As the liquid increases in temperature near the heat source, it begins to rise. As it nears the surface,
it moves out in all directions, and then cools down and sinks again.
Energy is added to the system by the heat source, and then it causes the matter (liquid) to heat up
and rise. The matter is moving in circular directions.

On Part 1, students will have outlined some ideas for how components are similar and different from the
real-world. Check to see that these ideas are plausible. This table will be revisited the following day as the
consensus model is outlined.

End of day 1

5 · NAVIGATION
MATERIALS: None

Share initial ideas with a partner. Display slide F. In partners, students take turns sharing and revisiting their ideas from the Moving
Mantle Demonstration. They can add and revise their thinking during part of this time with their partner. They might also note
similarities and differences in how each student represented their thinking. Tell students that the class will use their ideas to develop a
class consensus model.

6 · DEVELOPING A CONSENSUS MODEL
MATERIALS: Earth Model (Lesson 5)

Revisit the Earth Model from Lesson 5. Display slide G. Ask
students to look back at the consensus Earth Model from Lesson
5 and consider how the class can revise that model to include
ideas about movement in the mantle, including where energy is
flowing, how matter is moving, and how this might impact the
plates at the surface.

Students should share ideas one at a time. Ask them to
draw and/or write those ideas on a public representation

of the Model of Earth. See the image provided as an example of
what this might look like. As students add ideas, facilitate a
Consensus Discussion to support students coming to agreement
about what they are noticing in the mantle.

✱ SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

Models are dynamic and can change as
new information is learned. Models are not
used to describe or memorize something,
but rather, students should learn to use
them to develop an explanation. In this
case, they are not revising their Earth
Models to memorize the names of the
layers or the direction of mantle
movement; rather they are trying to pull
several pieces together from previous
lessons to explain the mechanism behind
why plates at the surface can move in
different directions.

✱ STRATEGIES FOR THIS
CONSENSUS DISCUSSION



KEY IDEAS Purpose of this discussion: To come to agreement about the direction of the movement within the mantle,
including how energy flows, how matter cycles, and how all of these processes affect the plates at the
surface.

Listen for:
As heat is added to the matter in the mantle near the core, it expands and rises (just like we saw in
fluids in the Storms Unit).
As it gets further from the heat source, the matter begins to cool, get more dense, and sink.
We call this transfer of energy throughout the matter convection.
Newly heated matter rises behind the cooling matter, pushing it outwards. This circular pattern
forms a convection cell.
The convection cells push against the plates at the surface, which causes them to shift. This plate
movement is similar to how clouds move and grow in storms (Storms Unit).

Discuss limitations of the model. Once students have come to agreement on how to represent the movement in the mantle, have
students share Part 1 of How are the plates moving? as a class and come to agreement about the extent to which the different
components of the investigation represent aspects of the real world.✱ Ask students to complete the final row of the table:

What does the direction of the movement at the very surface of the liquid represent?
How is that connected to the plates that make up Earth’s surface?
If a plate were sitting on the surface of this “mantle” (water or oil), which direction would it move?

Examples answers below:

Part of the
experimental setup

Is
lik
e

Part of the
phenomenon

How are they the same? How are they different?

A. Liquid in a tub → the matter in the
mantle

Both show convection. The stuff in the tub is a liquid,
but the rock in the mantle is a
molten rock.

B. Hot cup of water
(heat source)

→ Earth’s core Both are the source of
thermal energy that will
heat the matter above it
through conduction.

The core is much hotter than a
cup of water.

C. Movement of liquid → movement of
mantle matter

Both can show us
direction of energy and
matter flow.

The mantle is molten rock
(like putty, as we learned in
Lesson 5) and it doesn’t move
as fast as it did in our
demonstration.

D. Movement of the
surface

→ movement of the
crust (or plates)

Both show how
something at the surface
can be pushed and pulled
by something from
below.

The plates are large slabs of
really thick rocks. In the water
demonstration, there wasn’t
anything on the surface. In the
oil video, the stuff on the
surface moved.

A Consensus Discussion is different from
other kinds of discussions because the
purpose of the discussion is to converge on
one idea or a couple ideas that the whole
class agrees upon. In this discussion, your
classroom community is pressing toward a
common (class-level) explanation, model,
or model representation. During this work,
the class resolves disagreements where
possible. Your role is to help students see
where they agree and where they still
disagree. Prompts that are helpful in these
kinds of discussions include:

What ideas are we in agreement
about?
Would anyone have stated or
represented this point a different
way?
Who feels like their idea is not
represented here?
Are there still places where we
disagree? Can we clarify them?

✱ SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

Models are limited in how they can
represent what is happening in the real-
world. Often they cannot fully represent
the spatial or time scales at which things
occur. It is important for students to not
only recognize the affordances models
have for explaining how phenomena work,
but also where models are limited.



15 min

E. Direction of the
movement at the
surface

→ Direction the
plates move at the
surface

Both can show us the
direction energy and
matter move at the
surface.

The movement of the plates
is more complicated because
they are moving in all
different directions.

7 · CONNECT MOVEMENT IN THE MANTLE TO PLATE MOVEMENT
MATERIALS: Relief Map with Arrows (Lesson 3), Earth Model (Lesson 5)

Revisit Relief Map with Arrows. Display slide H and make sure the Relief Map with Arrows (from Lesson 3) and the revised Earth Model
(Lesson 5) are viewable by students. Students will map parts of the convection movement in the mantle to specific types of movement
at the surface.

Point to a convection cell on the revised Earth Model and ask, If this upward movement reaches the plates and then spreads out in different
directions, how would we represent that movement at the surface? Give students a moment to respond and ask a student to discuss and
draw their thinking on the Earth Model. It should be two arrows moving away from one another at the surface. See example below.
Importantly, press students to describe what they think would happen as the plates move away from one another. Listen for ideas, such
as:

There would be crack there.
There would be a hole there.
The stuff in the mantle would push through.

Ask students to draw and describe what they think might happen when the magma would get to the surface.

Then ask students, If two convection cells are coming together in another part of the mantle, what kind of movement would we expect to see at the
surface? Give students a moment to respond and ask a student to draw their thinking on the Model of Earth. It should be two arrows
pointed toward each other at the surface. See example below.

Challenge students to think about how differences in the mantle convection might cause plate movement to change at the
surface.✱

✱ SUPPORTING STUDENTS IN
ENGAGING IN USING MATHEMATICAL
AND COMPUTATIONAL THINKING

Mapping the speed and direction of
movement in mantle convection to the
type of speed and direction of movement
at the surface, helps students explain how
the plates move the way they do. While
this is an oversimplified model of mantle
convection, it does help students see the
relationship between the rates in vertical
movement in the mantle to the rates of
lateral movement at the surface. It will also
help students explain the varied speeds
and directions of plate movement.



5 min

Suggested prompts Sample student responses Follow-up questionsSuggested prompts Sample student responses Follow-up questions

If two plates are moving away from one
another at the surface, what do you think
happens there?

Maybe a hole opens up? What kind of hole? Would it be empty or
would something else fill that space?

If two plates are moving toward each other
at the surface, what would you think happens
there?

They would hit or run into each other? What do you think happens when two plates
hit or run into each other?

If the convection currents below the surface
are really strong and hot, how would that
impact the speed and/or direction of plate
movement?

If the stuff in the mantle is moving faster
because it has more energy (higher
temperature) then it could push the plates
even faster at the surface.

What if the convection current is pretty weak
and there isn’t as much upward movement in
the mantle?

There would be less energy to move the
plates at the surface. The plates would
probably move slower or not much at all.

8 · NAVIGATION
MATERIALS: None

Prepare to revisit Mt. Everest. Say, Ok, so we have figured out what is causing the plates to move. We have some general ideas about how plates
spread apart or move together at the surface. Now we need to take all of our ideas to explain what is happening at Everest. Display slide I. Ask
students to take a moment to think about these two questions:

How can we represent the plate movement at Mt. Everest? How do they move when earthquakes happen?
What movement in the mantle could explain how the Eurasian and Indian Plates are moving where Mt. Everest is located?


