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5 Metamorphic 
Rocks

Objectives
After this lesson, students will be able to
F.5.5.1 describe the conditions under which 
metamorphic rocks form
F.5.5.2 identify the ways in which geologists 
classify metamorphic rocks
F.5.5.3 explain how metamorphic rocks 
are used

Target Reading Skill
Previewing Visuals  Explain that looking 
at the visuals before they read helps students 
activate prior knowledge and predict what 
they are about to read.

Answers
Students will pose and answer questions in a 
graphic organizer. Possible questions and 
answers: Why do the crystals in gneiss line 
up in bands? (Gneiss is a type of metamorphic 
rock that is foliated—the crystals are flattened 
to form parallel lines.) How does quartzite 
form from sandstone? (High temperature 
and pressure on the minerals in sandstone 
cause them to be changed into minerals that 
make up quartzite.)

Teaching Resources
• Transparencies F48 and F49

Preteach

Build Background 
Knowledge
Knowledge About Forces in Earth
Have students recall forces that can change 
rocks beneath Earth’s surface. Ask: What 
occurs at convergent plate boundaries? 
(Plates collide, resulting in subduction, 
volcanic activity, and mountain building.)

For: Links on 
metamorphic rocks
Visit: www.SciLinks.org
Web Code: scn-1055

Download a worksheet that will guide students’ review 
of Internet resources on metamorphic rocks.

Skills Focus  inferring

Materials  samples of gneiss and granite, 
hand lens

Time  15 minutes

Tips  Because the color of gneiss and 
granite varies, obtain samples of similar 
colors to focus students’ attention on the 
more relevant characteristic of texture.

Expected Outcome  Crystals in granite 
have random distribution and orientation. 
Crystals in gneiss are segregated into light 
and dark bands. Platy minerals all lie flat 
in a plane.

Think It Over  Granite changes to gneiss 
at high temperature and pressure deep in 
Earth’s crust.

L2

5 Metamorphic Rocks

How Do Grain Patterns Compare?
1. Using a hand lens, observe samples of gneiss and granite. 

Look carefully at the grains or crystals in both rocks.
2. Observe how the grains or crystals are arranged in both rocks. 

Draw a sketch of both rocks and describe their textures.

Think It Over
Inferring Within the crust, some granite becomes gneiss. What 
do you think must happen to cause this change?

Reading Preview
Key Concepts
• Under what conditions do 

metamorphic rocks form?

• How do geologists classify 
metamorphic rocks?

• How are metamorphic rocks 
used?

Key Term
• foliated

Target Reading Skill
Previewing Visuals  Before you 
read, preview Figure 17. Then 
write two questions that you have 
about metamorphic rocks in a 
graphic organizer like the one 
below. As you read, answer your 
questions.

Every metamorphic rock is a rock that has changed its form. In
fact, the word metamorphic comes from the Greek words meta,
meaning “change,” and morphosis, meaning “form.” But what
causes a rock to change into metamorphic rock? The answer
lies inside Earth.

Heat and pressure deep beneath Earth’s surface can
change any rock into metamorphic rock. When rock changes
into metamorphic rock, its appearance, texture, crystal struc-
ture, and mineral content change. Metamorphic rock can form
out of igneous, sedimentary, or other metamorphic rock.

Collisions between Earth’s plates can push the rock down
toward the heat of the mantle. Pockets of magma rising
through the crust also provide heat that can produce meta-
morphic rocks. The deeper a rock is buried in the crust, the
greater the pressure on that rock. Under high temperature and
pressure many times greater than at Earth’s surface, the miner-
als in a rock can be changed into other minerals. The rock has
become a metamorphic rock.

Types of Metamorphic Rocks
While metamorphic rocks are forming, high temperatures
change the size and shape of the grains, or mineral crystals, in
the rock. Extreme pressure squeezes rock so tightly that the
mineral grains may line up in flat, parallel layers. Geologists
classify metamorphic rocks according to the arrangement of
the grains that make up the rocks.

A.

Q.

Q.

Why do the crystals in 
gneiss line up in bands?

Metamorphic Rocks

For: Links on metamorphic rocks
Visit: www.SciLinks.org
Web Code: scn-1055
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Instruct

Types of Metamorphic 
Rocks

Teach Key Concepts
Foliated or Nonfoliated
Focus  Tell students that foliated 
metamorphic rocks have layers. Nonfoliated 
do not have layers.

Teach  Ask students to identify these items 
as foliated or nonfoliated: sugar cube 
(Nonfoliated); pages in a book (Foliated); 
layered cookie (Foliated).

Apply  A rock has platy grains lying flat in 
layers. Ask: Is this rock foliated? (Yes) A rock 
with light and dark bands? (Yes) A rock 
with randomly oriented grains? (No) 
learning modality: logical/mathematical

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Metamorphic Rocks

Student Edition on Audio CD

Skills Focus  making models

Materials  modeling compound, metric 
ruler, 25 sequins, 30-cm string, 2 blocks of 
wood

Time  15 minutes

Tips  Cut the string ahead of time. 
Experiment to find out how much 
modeling compound each student will 

need, and then prepare the appropriate 
number of mounds of compound.

Expected Outcome  When the ball is cut 
in half, observe that the sequins are spread 
randomly. When the stack is cut in half, 
observe that the sequins are arranged in a 
layer or band. The sequins model rock 

grains, and the model rock made after 
flattening represents a foliated rock.

Extend   Ask: What did you model when 
you pressed down on the clay? (The 
pressure that changes rock into metamorphic 
rock) learning modality: kinesthetic

Monitor Progress
Drawing Provide students with empty 
outline sketches of rocks. Ask them to draw 
foliated and nonfoliated textures in 
the sketches. Students can save their 
drawings in their portfolios.

Answers
Figure 17  Sandstone has a coarse-grained 
texture. Quartzite has fine-grained texture 
that sometimes is described as “sugary.”

A rock that has layers or 
bands
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Heat
and

pressure

Granite
igneous

Gneiss
metamorphic, foliated

Heat
and

pressure

Sandstone
sedimentary

Quartzite
metamorphic, nonfoliated

Heat
and

pressure

Shale
sedimentary

Slate
metamorphic, foliated

Foliated Rocks Metamorphic rocks that have their grains
arranged in parallel layers or bands are said to be foliated. The
term foliated comes from the Latin word for “leaf.” It describes
the thin, flat layering found in most metamorphic rocks. Foliated
rocks—including slate, schist, and gneiss—may split apart along
these bands. In Figure 17, notice how the crystals in granite have
been flattened to create the foliated texture of gneiss.

One common foliated rock is slate. Heat and pressure
change the sedimentary rock shale into slate. Slate is basically a
denser, more compact version of shale. During the change,
new minerals such as mica form in the slate.

Nonfoliated Rocks Some metamorphic rocks are nonfoli-
ated. The mineral grains in these rocks are arranged randomly.
Metamorphic rocks that are nonfoliated do not split into lay-
ers. Marble and quartzite are two metamorphic rocks that have
a nonfoliated texture. Quartzite forms out of sandstone. The
weakly cemented quartz particles in the sandstone recrystallize
to form quartzite, which is extremely hard. Notice in Figure 17
how much smoother quartzite looks than sandstone.

What is a foliated rock?

FIGURE 17
Forming Metamorphic Rocks
Great heat and pressure can change one type of rock into 
another.  Observing How does slate differ from shale?

A Sequined Rock
1. Make three balls of clay 

about 3 cm in diameter. 
Gently mix about 
25 sequins into one ball.

2. Use a 30-cm piece of string 
to cut the ball in half. How 
are the sequins arranged?

3. Roll the clay with the 
sequins back into a ball. 
Stack the three balls with 
the sequin ball in the 
middle. Set these on a 
block of wood. With 
another block of wood, 
press slowly down until the 
stack is about 3 cm high.

4. Use the string to cut the 
stack in half. How are the 
sequins arranged?

Making Models What do the 
sequins in your model rock 
represent? Is this rock 
foliated or nonfoliated?
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Uses of Metamorphic 
Rock

Teach Key Concepts
Useful Metamorphic Rocks
Focus  Ask students to describe places where 
marble or slate is used in building.

Teach  Ask: What properties make marble 
useful for statues and buildings? (It can be 
carved and cut easily, has attractive texture 
and color, and takes a polish.) Why is slate 
used as roofing material? (It breaks into flat 
pieces and is impermeable to water.)

Apply  Have students suggest uses for 
marble and slate in a school building. 
learning modality: visual

Monitor Progress

It splits into flat pieces, has 
color, and is impermeable 
to water.

Assess

Reviewing Key Concepts
1.  a.  “Change form”  b. Beneath Earth’s 
surface under high heat and pressure
2.  a. The size and arrangement of the grains 
and the minerals present  b. When stress, or 
pressure, and heat causes mineral grains to 
form parallel layers  c. Slate and gneiss; they 
have parallel layering.
3.  a. Material for buildings and sculpture  
b. Marble; slate is difficult to carve.

Reteach
Tell students that metamorphic rocks form 
in three regions: a halo around a magma 
body, beneath a rising mountain belt, and 
deep in Earth’s crust. Have the class describe 
conditions in each region. (High temperature 
near a magma body, high pressure in a rising 
mountain belt, both high pressure and 
temperature deep in Earth’s crust)

Teaching Resources
• Section Summary: Metamorphic Rocks
• Review and Reinforcement: Metamorphic 

Rocks
• Enrich: Metamorphic Rocks

Rocks Around the Block          Review the 
characteristics of marble, granite, 
limestone, and sandstone so that students 
can recognize these rocks. Invite volunteers 
to present their findings to the class.

L2

L2

L1

Uses of Metamorphic Rock
Certain metamorphic rocks are important materi-
als for building and sculpture. Marble and slate are
two of the most useful metamorphic rocks. Marble
usually forms when limestone is subjected to heat and
pressure deep beneath the surface. Because marble
has a fine, even grain, it can be cut into thin slabs or
carved into many shapes. And marble is easy to pol-
ish. These qualities have led architects and sculptors
to use marble for many buildings and statues. For
example, one of America’s most famous sculptures is
in the Lincoln Memorial in Washington, D.C. Sculp-
tor Daniel Chester French carved this portrait of
Abraham Lincoln in gleaming white marble.

Like marble, slate comes in a variety of colors,
including gray, black, red, and purple. Because it is foli-
ated, slate splits easily into flat pieces. These pieces can
be used for flooring, roofing, outdoor walkways, chalk-
boards, and as trim for stone buildings.

What characteristics of slate make it 
useful?

Target Reading Skill Previewing Visuals  Compare your 
questions and answers about Figure 17 with those of a 
partner.

Reviewing Key Concepts
1. a. Explaining What does metamorphic mean?

b. Relating Cause and Effect  Where and under what 
conditions are metamorphic rocks formed?

2. a. Identifying What characteristic of metamorphic rocks 
do geologists use to classify them?

b. Explaining How does a foliated metamorphic rock 
form?

c. Classifying Which of the rocks in Figure 17 is foliated? 
How can you tell?

3. a. Identifying What is the main use of metamorphic 
rocks?

b. Making Judgments Which might be more useful for 
carving chess pieces—marble or slate? Explain your 
answer.

5

Rocks Around the Block  How are 
rocks used in your neighborhood? 
Take a walk with your family to see 
how many uses you can observe. 
Identify statues, walls, and 
buildings made from rocks. Can 
you identify which type of rock 
was used? Look for limestone, 
sandstone, granite, and marble. 
Share a list of the rocks you found 
with your class. For each rock, 
include a description of its color 
and texture, where you observed 
the rock, and how it was used.

FIGURE 18
The Lincoln Memorial
The statue of Abraham Lincoln 
in the Lincoln Memorial in 
Washington, D.C., is made of 
gleaming white marble.
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Mystery Rocks

Prepare for Inquiry
Key Concept
Properties of rocks can be used to classify 
rock samples as igneous, sedimentary, or 
metamorphic.

Skills Objectives
 After this lab, students will be able to
• observe properties of each rock sample

 

•

 

infer the identity of a “mystery rock”

 

•

 

classify each rock sample into one of the 
three major groups of rocks

 

Prep Time

 

 30 minutes

 

Class Time

 

 30 minutes

 

Advance Planning

 

Select and label the samples ahead of time. 
Suggested rock samples and labels: A. 
sandstone, B. gneiss, D. granite, E. 
conglomerate, F. slate, G. basalt. Label as C 
the “mystery rock,” an object that is not a 
rock. This could be a piece of brick, bone, 
wood, or pottery. Label the samples by 
painting a small spot of correcting fluid on 
each and then using a marker to write the 
letter on the spot. Provide each group or 
student with a complete set of seven samples.

 

Guide Inquiry

 

Introduce the Procedure

 

 

 

•

 

Why is a hand lens helpful for observing 
the texture of rocks?

 

 (The individual 
grains of fine-grained rocks are too small to 
be seen with the unaided eye.)

 

Troubleshooting the Experiment

 

 

 

•

 

Demonstrate how to examine a rock 
sample and record observations in a data 
table. Use a sample not found in the 
students’ samples, such as marble.

 

Extend Inquiry

 

More to Explore

 

 Provide students with 
rock and mineral field guides so that they can 
identify their samples. Have students share 
results and resolve differences.

 

Analyze and Conclude

 

 

 

1.

 

 Students will classify two rocks each as 
igneous, sedimentary, and metamorphic.

 

2.

 

 Answers will vary. Students may say that 
all of the rocks have grains. These rocks have 
no evidence of sediment or metamorphic 
change.

 

3.

 

 Answers will vary. Students may mention 
evidence of sediments or cementation. 

Students should describe in general terms 
how sedimentary rocks form.

 

4.

 

 Answers will vary. Students may mention 
foliation or evidence of pressure and heat.

 

5.

 

 Students’ reasons for identifying the 
nonrock will depend on what it is.

 

6.

 

  Answers will vary. Students may suggest 
that texture was most useful because it 
reflects how rocks form.
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Problem
What properties can be used to classify rocks?

Skills Focus
inferring, classifying

Materials
• 1 “mystery rock”
• 2 unknown igneous rocks
• 2 unknown sedimentary rocks
• 2 unknown metamorphic rocks
• hand lens

Procedure
1. For this activity, you will be given six rocks 

and one sample that is not a rock. They are 
labeled A through G.

2. Copy the data table into your notebook.

3. Using the hand lens, examine each rock for 
clues that show the rock formed from mol-
ten material. Record the rock’s color and tex-
ture. Observe if there are any crystals or 
grains in the rock.

4. Use the hand lens to look for clues that show 
the rock formed from particles of other 
rocks. Observe the texture of the rock to see 
if it has any tiny, well-rounded grains.

5. Use the hand lens to look for clues that show 
the rock formed under heat and pressure. 
Observe if the rock has a flat layer of crystals 
or shows colored bands.

6. Record your observations in the data table.

Analyze and Conclude
1. Inferring Infer from your observations the 

group in which each rock belongs.

2. Classifying Which of the samples could be 
classified as igneous rocks? What physical 
properties do these rock share with the other 
samples? How are they different?

3. Classifying Which of the samples could be 
classified as sedimentary rocks? How do you 
think these rocks formed? What are the 
physical properties of these rocks?

4. Classifying Which of the samples could be 
classified as metamorphic rocks? What are 
their physical properties?

5. Drawing Conclusions Decide which sample is 
not a rock. How did you determine that the 
sample you chose is not a rock? What do you 
think the “mystery rock” is? Explain.

6. Communicating What physical property was 
most useful in classifying rocks? Which physi-
cal property was least useful? Explain your 
answer.

More to Explore
Can you name each rock? Use a field guide to 
rocks and minerals to find the specific name of 
each rock sample.

Sample Color
Texture

(fine, medium, 
or coarse-
grained)

Foliated
or

Banded

Rock Group
(igneous,

metamorphic,
sedimentary)

Data Table

A
B

 

Teaching Resources
Lab Worksheet:  Mystery Rocks

 the class.


