
LESSON 10: How do the mantle and plates interact to explain earthquakes and
landforms at locations on Earth’s surface?

PREVIOUS LESSON Students obtained information and data from a variety of sources to find out why volcanoes form in some places. They watched a video, viewed animations,
read a text, and analyzed data to determine the cause of volcano formation, and they considered if it was consistent with what they had learned so far about
Earth’s plates and how they move.

THIS LESSON

PUTTING PIECES TOGETHER,
PROBLEMATIZING

2 days

In this lesson, we update our Gotta-Have-It Checklist and review three consensus models that explain the
different types of plate movement. We identify similarities and differences across those types of
movements and construct an explanation to account for the interactions between the mantle and the plates
that explain earthquake patterns and landforms. Then, we complete an assessment using our learned science
ideas to predict and explain patterns found in other places on Earth. Finally, we revisit our DQB to track our
progress so far in the unit and discuss possible next steps.

NEXT LESSON We will read from a transcript of an interview with a geologist about fossils found on Mt. Everest. From this interview, we will learn that these fossils are of
tropical sea creatures that were alive 400 million years ago. We will use this information to revisit our consensus model to see if we can explain how fossils of
sea creatures could be found at the top of Mt. Everest. This will lead to new questions that we will add to our DQB.

BUILDING TOWARD NGSS

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

WHAT STUDENTS WILL DO

Develop and revise a model to describe unobservable movements within Earth’s interior that shift the Earth’s plates in different ways over
long periods of time and large distances, shaping what we see on the surface today.

Apply scientific ideas and evidence to construct an explanation of the interaction of systems on Earth that account for earthquake activity and
landform features at real-world places on a plate boundary.

Construct an explanation using models to predict and describe how the different plate movements account for patterns in mountain
locations, formation of volcanoes, and earthquake activity on the Earth’s surface.

WHAT STUDENTS WILL FIGURE OUT

A combination of energy from the mantle transferred to the crust causes plates to move in different ways.
The main movements are colliding or spreading away from one another.
When plates of similar density collide, they can push up mountains; when plates of different densities collide, one will sink and melt
into the mantle, causing volcanoes to form at the surface.
It is this interaction of movement within the mantle and plates that shapes the different places on Earth’s surface.



Lesson 10 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min NAVIGATION
Share out thinking to the exit ticket question from previous
lesson and then set the purpose for the day.

A

2 10 min UPDATE GOTTA-HAVE-IT CHECKLIST
Students add new ideas to the Gotta-Have-It Checklist.

B Gotta-Have-It Checklist: Explaining Mt. Everest

3 20 min REVISIT MODELS OF THREE DIFFERENT PLATE MOVEMENTS
Students revisit consensus models of three different plate
movements, emphasizing similarities and differences across the
earthquake activity and features seen at each type of interaction.

C-D whiteboard, dry-erase marker, Map with Arrows (Lesson 3), Earth Model (Lessons 5 &
6), Mt. Everest Model (Lesson 8), Spreading Model (Lesson 8), Volcano Formation
Model (Lesson 9), 1 copy of Handout: Case Locations, Communicating in Scientific Ways
chart

4 10 min CONSTRUCT AN EXPLANATION OF EVEREST
Students construct an explanation that tells the story of how Mt.
Everest formed and what is still happening today.

E Construct an Explanation: Another Place on Earth’s Surface

End of day 1

5 30 min USING MODELS TO EXPLAIN WHERE MOUNTAINS ARE
TODAY
Students take an embedded assessment to demonstrate their
understanding of plate movement, earthquake activity, and
mountain building.

6 10 min REVISIT THE DQB
Students revisit the DQB to assess which questions they have
answered, what questions they still have, and add any new
questions.

F DQB, extra sticky notes, markers

7 5 min WONDERINGS
Pose a question to students about other types of evidence used
to study Earth’s surface.

G chart paper, markers

End of day 2



Lesson 10 • Materials List
per student per group per class

Lesson materials Gotta-Have-It Checklist: Explaining Mt. Everest
science notebook
whiteboard
dry-erase marker
Construct an Explanation: Another Place on Earth’s Surface

Map with Arrows (Lesson 3)
Earth Model (Lessons 5 & 6)
Mt. Everest Model (Lesson 8)
Spreading Model (Lesson 8)
Volcano Formation Model (Lesson 9)
1 copy of Handout: Case Locations
Communicating in Scientific Ways chart
DQB
extra sticky notes
markers
chart paper

Materials preparation (15 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.

Gather the following charts from previous lessons:
Lesson 3: Map with arrows
Lessons 4-6: Earth Model with convection arrows
Lesson 8: Everest Model and Spreading Model
Lesson 9: Volcano Formation Model



Lesson 10 • Where We Are Going and NOT Going
Where We Are Going

This lesson is focused on students synthesizing patterns across three different plate movements: (1) colliding movement between two land plates of similar densities causing uplifted
mountains, (2) colliding movement between two plates of different densities, causing one to sink, melt, and form volcanic mountains, and (3) spreading movements between two
plates moving away from one another. By synthesizing similarities and differences across these movements, students will revisit the model ideas they have about patterns in earthquake
activities and types of landforms and features at a location being related to plate interaction.

Where We Are NOT Going

This unit does not account for all the different types of plate movement, such as transform boundaries, or shifts within plates at fault lines. While the three main movements students
review will account for major movements and associated surface features, it is important for students to understand that plates are complex systems that do not move unilaterally, and
that rifting and folding of the crust can occur all over the surface (not just at the boundaries). However, that is out of scope for this unit.



5 min

10 min

LEARNING PLAN for LESSON 10
1 · NAVIGATION
MATERIALS: None

Revisit the Exit Ticket from the previous lesson. Display slide A and ask students to Turn and Talk with a partner to answer the questions,
How are the Himalayas mountains and the Andes mountains similar? How are they different? Give students a few minutes to share their
thinking with one another and then ask a few students to share with the whole class. Listen for:

Similarities Differences

both are mountain ranges,
both are on plate boundaries,
both took a very long time to form, and
both have earthquakes.

the Himalayas do not have volcanoes, but the Andes do;
the Himalayas formed where two land masses collided, but
the Andes are where an ocean and land mass are colliding;
earthquakes in the Himalayas are shallow and spread out
over a wide area, but earthquakes in the Andes can occur
very deep in the plate and generally form a line with the
mountain range;
a heavy plate sinks below a lighter plate at the Andes, but
the plates at the Himalayas are about the same density.

It is OK if not all of these similarities and differences come out at this point; students will revisit this again when they review the
different plate movement models later in the lesson.

Take a moment to take stock and set the purpose for the day. Say to students, Wow, we have learned so much about our Earth during the last
few weeks. Today we are going to really pull together all of our ideas to answer our final question which is, How do the mantle and plates interact to
explain earthquakes and landforms at locations on Earth’s surface? Write this question in a public space to revisit as needed during the class.

2 · UPDATE GOTTA-HAVE-IT CHECKLIST
MATERIALS: Gotta-Have-It Checklist: Explaining Mt. Everest, science notebook

Review the purpose of the Gotta-Have-It Checklist.✱ Remind students of the Gotta-Have-It Checklist they created earlier in the unit
(Lesson 8) using ideas from their Progress Tracker and investigations. This checklist represents the most important ideas for explaining
how plate movement relates to movement at Mt. Everest and other places on Earth. They will need to add new ideas from Lesson 9 to
that checklist now, using the Progress Tracker.

Ask students to turn to Gotta-Have-It Checklist: Explaining Mt. Everest in their science notebooks. Use slide B to guide their additions and
revisions to the checklist. Students will add to the left column, but leave the right columns blank for now. Direct students to consult their
Progress Tracker from the previous lesson to add new ideas that might help explain movement at Mt. Everest or other places on Earth.

Have students work with a partner to add to their checklist. Students do not need to record all of the ideas from Lesson 9--only the
ones they want to include to answer the lesson question, focusing on Mt. Everest and, in particular, other locations they have studied
with this unit. Students should spend up to 5 minutes working with their partner.

✱ SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

In Lesson 8, if you chose the alternative
strategy for building a Gotta-Have-It
Checklist, substitute that approach here.
Have partners construct the checklist
together with a public representation of the
ideas the class agrees should be part of the
consensus model. Keep in mind the
following important components to make
this activity a productive one:

The process should be
collaborative and involve students



20 min

Facilitate a sharing of ideas. Facilitate a brief sharing of ideas from the class. Ask students to
mention an idea they included on the checklist and why it’s important. You can also ask which
ideas they did not include and why those ideas are less important. The example student responses
below are not a comprehensive list, but may give you an idea of what students will include or not
identify as important ideas.

The ideas added from Lesson 9 should be similar to this:
When plates of different heaviness collide, the heavier plate “sinks” under the lighter plate.
As the sinking crust melts back into the mantle, some (magma) pushes to the surface to
form volcanoes and new crust.
Earthquakes occur at greater depths as one plate is sinking below another.

arguing from evidence for their
ideas.
There should be a public record,
or artifact, of the ideas students
agree to include in their models.

3 · REVISIT MODELS OF THREE DIFFERENT PLATE MOVEMENTS
MATERIALS: science notebook, whiteboard, dry-erase marker, Map with Arrows (Lesson 3), Earth Model (Lessons 5 & 6), Mt. Everest Model (Lesson 8), Spreading Model (Lesson 8),
Volcano Formation Model (Lesson 9), 1 copy of Handout: Case Locations, Communicating in Scientific Ways chart

Form a Scientists Circle. Ask students to transition to a Scientists Circle and bring their notebooks, a whiteboard, and a dry erase marker.
Their science notebooks have their Progress Trackers, Class Consensus Models, and their Gotta-Have-It Checklists. Students should also
bring a colored pencil to make additional revisions or annotations as the class discusses the models.

Set the purpose for reviewing the models of plate movement. Orient students to the task and remind students we want to use our
models to explain plate movement and features at Mt. Everest, as well as other locations on Earth.

Set the stage by quickly telling a story of what the students have figured out so far (or ask students to tell this story using the charts
created in the lessons) - do not spend too much time here, but this is a good point to review the lessons so far:

From Lesson 2: The class realized that mountains and earthquakes are happening in many places around the world.
From Lesson 3: Students were introduced to the crust as broken pieces and GPS data provided evidence that those pieces are
moving in different directions. Remind students of this using the Relief Map with Arrows from Lesson 3.
From Lessons 4 and 5: Students begin figuring out that the plates are made of solid slabs of all kinds of rock. Some plates are
very thick and others are thin. Some are made of really heavy material and others are made of lighter material. All plates have
hotter temperatures as they get deeper into the interior of the Earth. This heat source is Earth’s core. The layer between the
core and the crust is the mantle, which consists of very hot, molten rock. Point to the Earth Model.
From Lesson 6: Students figured out that when heat from Earth’s core reaches the molten rock in the mantle, it causes a circular
movement (called convection) and this circular movement pushes and pulls the plates of the crust in different directions.
From Lesson 7: Students learn that this motion within the mantle over millions and billions of years has caused the plates to
continually shift and move around, creating new mountains, land masses, and oceans throughout this long period of time.
From Lesson 8: Students used all of these ideas to explain colliding movement at Mt. Everest and the spreading apart or
moving away of places from one another (e.g., Iceland, the Azores, Baikal).
From Lesson 9: Students figure out that there is one more way plates collide, and that is when one heavier plate sinks below a
lighter plate. Instead of causing mountains to uplift (like at Mt. Everest), the sinking plate melts back into the mantle, which
pushes some magma to the surface, creating volcanic mountain chains.



Post the three main types of plate movements that students have figured out. Point to the consensus models from Lessons 8 and 9
(Mt. Everest Model, Spreading Model, and Volcanic Formation Model). Since students have previously drawn and written about their
ideas with these models, give them a brief moment to look over their models. At this point, the class will discuss similarities and
differences across the different types of plate movement.

Remind students of discussion norms for a Consensus Discussion.✱ Display slide C to review the purpose of the discussion. Show
students the Communicating in Scientific Ways chart and remind students of the discussion norms and sentence frames to use when
having scientific discussions. Emphasize the importance of having a safe space where students can share their ideas and push each
other’s thinking. Remind students:

how to agree or disagree respectfully,
how to push for justification,
that it’s OK to share an idea they’re not sure about, and
that it’s OK to disagree with someone’s or a group’s idea, but back up your thinking with evidence.

Facilitate a Consensus Discussion about similarities and differences across types of plate movement. Ask students to look across all three
models and think about how some things are similar or different. Also, give them an opportunity to add or revise these models to
account for anything important that may be missing.

Have students take a few minutes to draw a tri-venn diagram on
their individual whiteboards and label each circle to correspond
with the consensus model they have completed. Display slide D.
If necessary, explain to students how tri-venn diagrams work to
track similar features or differences across three or more things.
Consider modeling one feature for the students. For example,
earthquakes tend to be shallow at colliding boundaries that have
uplifted mountains (Mt. Everest) and spreading boundaries, but
there are also colliding boundaries where one plate sinks and, as
it sinks, it causes really deep earthquakes (which is different than
the other two boundary types).

As they work individually or in partners, walk around the
Scientists Circle and emphasize to students to consider patterns
of earthquakes (lines, clusters, depth), types of mountains, and
other features such as hot springs or geysers. They can consult
their Gotta-Have-It Checklist to remind them of different ideas
that explain plate movement in some places. Give students five
minutes to work.

Create a shared classroom diagram. On a new chart at the
front of the circle, begin to track student ideas. Ask others if they had something similar or different than their classmates. Also

press students to back up their thinking with any appropriate evidence from the lessons. A shared, completed diagram is shown here.

ASSESSMENT
OPPORTUNITY

Use this as a formative assessment opportunity to gauge how well students are using their models of
different plate movement to (1) explain the earthquake activity and landform features at different plate
boundaries, and (2) understand similarities and differences across the movement types.

Match case sites to the type of plate movement. Using a set of Handout: Case Locations, ask students to match each location to a type of
plate movement. Students should first use the Relief Map with Arrows (Lesson 3) to decide if the case site is at a boundary where plates
are spreading or colliding, and then if the case site is at a colliding boundary, students can recall data from Lesson 9 to decide if the site
is at a boundary where one plate is sinking below another.



10 min

30 min

Colliding, uplifted mountains: Mt. Everest
Spreading locations: Iceland, Baikal, Azores
Colliding, volcano formation: Andes, Japan, Aleutians, and Mexico

4 · CONSTRUCT AN EXPLANATION OF EVEREST
MATERIALS: Construct an Explanation: Another Place on Earth’s Surface

Construct an explanation for one of the case site locations. Display slide E and pass out 1 copy of Construct an Explanation: Another
Place on Earth’s Surface. Give students time to construct an explanation to account for how the interaction of the mantle and

plates can explain the patterns found at a particular site location. Students can choose any location except for Mt. Everest. Collect
students’ responses as a formative assessment opportunity.✱

ASSESSMENT
OPPORTUNITY

Look for students’ explanations to include (1) movement in the mantle pushes the plates in different
directions at the surface, (2) depending on the direction of movement, the plates are either moving away
from one another or toward one another, (3) spreading boundaries characterized by shallow earthquakes in
a line pattern, some volcanic activity and mountain building, but also geothermal heating because magma
is closer to the surface, and (4) colliding boundaries where one plate is heavier than another, sinks below,
and melts into the mantle, causing volcanoes to form on the crust above. Also, earthquakes at these
boundaries get deeper and deeper as the plate sinks into the mantle. Encourage students to use their data
and model ideas from Lessons 3 and 6 to support their ideas about direction of movement and models
from Lessons 8 and 9 to explain the plate movement, earthquake patterns, and landforms.

✱ SUPPORTING STUDENTS IN
ENGAGING IN CONSTRUCTING
EXPLAINING AND DESIGNING
SOLUTIONS

Students construct an explanation to
account for the interaction between the
motion of plates and convection in the
mantle. They do this in the context of one
case site location that is different from
Everest.

End of day 1

5 · USING MODELS TO EXPLAIN WHERE MOUNTAINS ARE TODAY
MATERIALS: None

Administer Using Models to Explain Patterns individually to students. Have students return
to their regular seats and prepare for the assessment. Pass out one copy of the assessment

to each student. This assessment will take students approximately 30 minutes to complete. Once
completed, students should turn in their assessment to you for feedback.



10 min

5 min

ASSESSMENT
OPPORTUNITY

See Assessment System Overview and Using Models to Explain Patterns for scoring guidance.

6 · REVISIT THE DQB
MATERIALS: DQB, extra sticky notes, markers

Have students evaluate what questions the class has answered from the DQB. Project slide F which provides instructions for students
while they review the questions on the DQB. As a class, initially put the appropriate symbol next to each question to indicate whether
they think the class has answered it:

We did not answer this question or any parts of it yet: ✓
Our class answered some parts of this question, or the ideas we developed helped me see how I could now answer some parts
of this question: ✓✓
Our class answered this question, or the ideas we developed helped me see how I could now answer this question: ✓✓✓

Provide students time to write any new questions they might have now and add them to the DQB.✱

Take stock of the DQB more generally now. Facilitate a short discussion with students focused on answered questions, lingering
questions, and new questions. Here is a sample discussion:

Suggested prompt Sample student responses

What questions can we answer now? We know why some volcanoes form.

We know what caused Mt. Everest to move in an earthquake.

We know what caused Mt. Everest to form in the first place.

What are we still wondering about? Will Mt. Everest just keep growing?

How do we know how old the Earth is?

Do we want to add new questions or revise our questions? Is this the only way we get landforms? What about other places, like
the Grand Canyon? How did that form?

We could revise this questions to say “why….”

I think I want to add this question to...

✱ SUPPORTING STUDENTS IN
ENGAGING IN ASKING QUESTIONS
AND DEFINING PROBLEMS

Revisiting the DQB helps students track the
progress the class is making toward
answering questions that are important to
them. This helps build and sustain student
buy-in, keeps learning relevant to students,
and can generate new questions that will
motivate new investigations to conduct in
the classroom.

7 · WONDERINGS
MATERIALS: chart paper, markers

Pose a question to students to consider and brainstorm ideas. Display slide G. Ask students to Turn and Talk to consider, What other kinds
of evidence do scientists use to study changes in the Earth’s surface today and long ago?



Give students a couple of minutes to talk. Then ask them quickly to share ideas with the class. Jot down their ideas on chart paper and
tell them they will pick up with some of these ideas in the next class. For planning purposes, use this chart paper to help determine your
approach to re-anchoring in Lesson 11. Ideally a student will have provided “fossils” as a possible source of evidence and this can be used
to frame Lesson 11.

Additional Lesson 10 Teacher Guidance

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

This lesson includes Consensus Discussion, which in the OpenSciEd units are intended to support
communication standards for Common Core ELA. This includes:
CCSS.ELA-LITERACY.SL.6.1 Engage effectively in a range of collaborative discussions (one-on-one, in
groups, and teacher-led) with diverse partners on grade 6 topics, texts, and issues, building on others' ideas
and expressing their own clearly.
CCSS.ELA-LITERACY.SL.6.1.A Come to discussions prepared, having read or studied required material;
explicitly draw on that preparation by referring to evidence on the topic, text, or issue to probe and reflect
on ideas under discussion.
CCSS.ELA-LITERACY.SL.6.1.B Follow rules for collegial discussions, set specific goals and deadlines, and
define individual roles as needed.
CCSS.ELA-LITERACY.SL.6.1.C Pose and respond to specific questions with elaboration and detail by making
comments that contribute to the topic, text, or issue under discussion.
CCSS.ELA-LITERACY.SL.6.1.D Review the key ideas expressed and demonstrate understanding of multiple
perspectives through reflection and paraphrasing.

Additionally, this lesson has two writing tasks that require students to also demonstrate writing standards
for Common Core ELA, including: CCSS.ELA-LITERACY.W.6.1 Write arguments to support claims with clear
reasons and relevant evidence.
CCSS.ELA-LITERACY.W.6.1.A Introduce claim(s) and organize the reasons and evidence clearly.
CCSS.ELA-LITERACY.W.6.1.B Support claim(s) with clear reasons and relevant evidence, using credible
sources and demonstrating an understanding of the topic or text.
CCSS.ELA-LITERACY.W.6.1.C Use words, phrases, and clauses to clarify the relationships among claim(s)
and reasons.
CCSS.ELA-LITERACY.W.6.1.D Establish and maintain a formal style.


