
Section

2 How Minerals 
Form

Objectives
After this lesson, students will be able to
F.4.2.1

 

explain how minerals form from 
magma and lava

 

F.4.2.2

 

explain how minerals form from 
water solutions

 

Target Reading Skill

 

Asking Questions

 

Explain that changing a 
head into a question helps students anticipate 
the ideas, facts, and events they are about to read.

 

Answers

 

Possible student questions and answers are 
these: 

 

How do minerals form from magma? 

 

(They form when magma cools and crystals 
grow.)

 

 How do minerals form from solution? 

 

(They form when solutions evaporate or cool.)

Teaching Resources

 

•

 

Transparency F37

Preteach

 

Build Background 
Knowledge

 

Experience With Sugar Crystals

 

To help students understand how some crystals 
form, explain how cotton candy is made: Sugar 
is melted to a liquid and then spun into threads, 
which cool and crystallize back into sugar. Tell 
students that some minerals form in a similar 
way—minerals in rock melt to form magma, 
which is forced upward and then cools to form 
new mineral crystals.
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Skills Focus

 

forming hypotheses  

 

Materials

 

salol, plastic spoon, 
2 microscope slides, tongs, candle, 
matches, ice cube, hand lens

 

Time

 

15 minutes

 

Tips

 

CAUTION:

 

 Salol is phenyl salicylate, 
which is toxic if ingested. Tell students to 

L3

 

not touch the salol with their hands. Salol is 
combustible—handle with care. 

Have students wear goggles. Caution 
them not to overheat the slide because it 
might break. Moving the slide from side 
to side over the flame will prevent 
overheating. 

 

Expected Outcome

 

The crystals on the 
two slides will be different sizes. 

 

Think It Over

 

The first sample, which 
cooled more slowly, should have larger 
crystals. Crystals that form by rapid cooling 
should be small.

2 How Minerals Form

How Does the Rate of Cooling Affect Crystals?
1. Put on your goggles. Use a plastic spoon to place a small 

amount of salol near one end of each of two microscope 
slides. You need just enough to form a spot 0.5 to 1.0 cm in 
diameter.

2. Carefully hold one slide with tongs. Warm it gently 
over a lit candle until the salol is almost completely 

melted.  CAUTION: Move the slide in and out of the flame to 
avoid cracking the glass.

3. Set the slide aside to cool slowly. While the first slide is cooling, 
hold the second slide with tongs and heat it as in Step 2.

4. Cool the second slide quickly by placing it on an ice cube. 
Carefully blow out the candle.

5. Observe the slides under a hand lens. 
Compare the appearance of the crystals 
that form on the two slides.

6. Wash your hands when you are finished.

Think It Over
Developing Hypotheses  Which sample had 
larger crystals? If a mineral forms by rapid 
cooling, would you expect the crystals to be 
large or small?

Reading Focus
Key Concepts
• How do minerals form from 

magma and lava?

• How do minerals form from 
water solutions?

Key Terms
• geode   • crystallization   
• solution   • vein   

Target Reading Skill
Asking Questions  Before you 
read, preview the red headings. In 
a graphic organizer like the one 
below, ask a how or what question 
for each heading. As you read, 
write answers to your questions.

On a rock-collecting field trip, you spot an egg-shaped rock
about the size of a football. No, it’s not a dinosaur egg—but what
is it? You collect the rock and bring it to a geologic laboratory.
There, you carefully split the rock open. The rock is hollow! Its
inside surface sparkles with large, colorful amethyst crystals.

You have found a geode (JEE ohd). A geode is a rounded,
hollow rock that is often lined with mineral crystals. Crystals

form inside a geode when water containing dissolved miner-
als seeps into a crack or hollow in a rock. Slowly, crystalliza-

tion occurs, lining the inside with large crystals that are
often perfectly formed. Crystallization is the process by
which atoms are arranged to form a material with a crys-
tal structure. In general, minerals can form in two ways:
by crystallization of magma and lava or by crystalliza-
tion of materials dissolved in water.

Question

How do minerals 
form from
magma?

Answer

Formation of Minerals

Amethyst geode   � 
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Instruct

Minerals From Magma 
and Lava

Teach Key Concepts
Crystal Size
Focus Ask: How far can you walk in a short 
amount of time? (Not very far) How far can 
you walk in a long amount of time? (Much 
farther) Tell students that atoms in magma or 
lava also can move farther when they have 
more time. With more time, atoms from a 
greater distance can move to a growing crystal, 
and the crystal can become large. With less 
time, a higher number of small crystals form 
because atoms don’t have time to travel far.

Teach Ask: Where would you expect 
molten rock to cool slowly and large 
crystals to form? (Deep beneath Earth’s 
surface) Why? (The temperature is higher.) 
Where would you expect molten rock to 
cool quickly and small crystals to form? 
(On Earth’s surface) Why? (The temperature 
is much lower.)

Apply Tell students that volcanic glass 
contains no crystals. Ask them to hypothesize 
how fast it cooled. (Very quickly) learning 
modality: logical/mathematical

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
How Minerals Form

Student Edition on Audio CD
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Skills Focus observing                    

Materials table salt solution, Epsom salt 
solution, 2 shallow pans, large sheet of 
black construction paper

Time 10 minutes; then 1 day to dry

Tips When mixing the solutions, add table 
salt or Epsom salt to warm water until no 
more will dissolve. Stir frequently. 

L1 Expected Outcome  The regions of 
crystal growth will have the shape of the 
student’s palm print. Epsom salt crystals 
will be needle-shaped. Halite crystals will 
be cubic. Students probably will observe 
more Epsom salt crystals.

Extend Have students try the same 
exercise with sugar. learning modality: 
kinesthetic

Monitor Progress
Skills Check Have students compare and 
contrast the formation of minerals from 
magma or lava and from water solutions.

Answers
Small crystals form.

L2

Minerals From Magma and Lava
Many minerals form from magma and lava. Minerals form as
hot magma cools inside the crust, or as lava hardens on the
surface. When these liquids cool to a solid state, they form
crystals. The size of the crystals depends on several factors.
The rate at which the magma cools, the amount of gas the
magma contains, and the chemical composition of the magma
all affect crystal size.

When magma remains deep below the surface, it cools
slowly over many thousands of years. Slow cooling leads to the
formation of large crystals, like the amethyst crystals in a
geode. If the crystals remain undisturbed while cooling, they
grow by adding atoms according to a regular pattern.

Magma closer to the surface cools much faster than magma
that hardens deep below ground. With more rapid cooling, there
is no time for magma to form large crystals. Instead, small crys-
tals form. If magma erupts to the surface and becomes lava, the
lava will also cool quickly and form minerals with small crystals.

What size crystals form when magma cools 
rapidly?

Minerals From Solutions
Sometimes the elements and compounds that form minerals can
be dissolved in water to form solutions. A solution is a mixture
in which one substance is dissolved in another. When elements
and compounds that are dissolved in water leave a solution,
crystallization occurs. Minerals can form in this way under-
ground and in bodies of water on Earth’s surface.

FIGURE 9
Selenite Crystals
These huge selenite crystals in a 
cave in Mexico formed from the 
crystallization of minerals in a 
solution.

Crystal Hands
1. Put on your goggles.
2. Pour a solution of 

table salt into one 
shallow pan and a 
solution of Epsom salts 
into another shallow pan.

3. Put a large piece of black 
construction paper on a 
flat surface.
Dip one hand in the table 
salt solution. Shake off the 
excess liquid and make a 
palm print on the paper. 
Repeat with the other 
hand and the Epsom salt 
solution, placing your new 
print next to the first one. 
Wash your hands after 
making your hand prints.
CAUTION:  Do not do this 
activity if you have a cut on 
your hand. 

4. Let the prints dry 
overnight.

Observing Use a hand lens 
to compare the shape of the 
crystals. Which hand prints 
have more crystals?
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Differentiated Instruction

L3 L1Special Needs
Interpreting Diagrams and 
Communicating Refer students to Figure 
10. Tell them to use the figure as a guide and 
make enlarged individual drawings of the 
different environments in which minerals 
form. Students should label the sketches 
and include short captions describing the 
processes that occur. learning modality: 
visual

Gifted and Talented
Interpreting Data and Communicating
Have students research the areas of the 
United States beneath which evaporative 
mineral deposits occur. Students then 
should make a map to present to the class. 
learning modality: visual

Observing Granite and Rhyolite

Materials hand lens, samples of granite and 
rhyolite

Time 10 minutes

Focus Tell students that granite and rhyolite 
form from the same type of magma and have 
the same minerals.

Teach Invite students to examine the 
samples. Ask: What can you infer about the 
conditions in which each formed? (Students 
should notice that granite is coarse-grained, 
whereas rhyolite is fine-grained. They should 
infer that granite formed from magma that 
cooled slowly; rhyolite formed from magma 
that cooled quickly.)

Apply Ask students to infer where the 
granite and rhyolite formed. (Beneath Earth’s 
surface and on Earth’s surface, respectively) 
learning modality: visual

Minerals From 
Solutions

Teach Key Concepts
Recognizing Where Minerals Form
Focus Remind students that minerals can 
form from lava and magma or from solutions.

Teach Direct students’ attention to Figure 
10. Ask: Where do large mineral crystals 
form from magma? (In magma chambers 
and conduits beneath Earth’s surface) In 
which environment might vein minerals 
form? (Near magma bodies that produce 
hydrothermal solutions)  In which type of 
environment do minerals crystallize from 
evaporating water? (Often in warm, shallow 
water in hot, arid regions)

Apply Ask: How could understanding how 
vein minerals form help geologists find 
valuable mineral deposits? (Geologists could 
explore in regions where hydrothermal 
solutions are likely to have existed in the past.) 
learning modality: visual

Teaching Resources

• Transparency F38

L2
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PHSchool.com

Water containing 
dissolved minerals

Minerals formed 
by evaporation

A gypsum “rose” forms by 
evaporation of a mineral solution.

Minerals Formed by Evaporation Some minerals form
when solutions evaporate. If you stir salt crystals into a beaker
of water, the salt dissolves, forming a solution. But if you allow
the water in the solution to evaporate, it will leave salt crystals
on the bottom of the beaker. In a similar way, deposits of the
mineral halite formed over millions of years when ancient seas
slowly evaporated. In the United States, such halite deposits
are found in the Midwest, the Southwest, and along the Gulf
Coast. Other useful minerals that can form by evaporation
include gypsum and calcite. 

Minerals From Hot Water Solutions  Deep underground,
magma can heat water to a high temperature. Sometimes, the ele-
ments and compounds that form a mineral dissolve in this hot
water. When the water solution begins to cool, the elements and
compounds leave the solution and crystallize as minerals. The sil-
ver in Figure 10 was deposited from a hot water solution.

Pure metals that crystallize from hot water solutions under-
ground often form veins. A vein is a narrow channel or slab of
a mineral that is different from the surrounding rock. Solu-
tions of hot water and metals often flow through cracks within
the rock. Then the metals crystallize into veins that resemble
the streaks of fudge in vanilla fudge ice cream.

What is a vein?

For: More on mineral formation
Visit: PHSchool.com
Web Code: cfd-1042
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PHSchool.com
For: More on mineral 
formation
Visit: PHSchool.com
Web Code: cfd-1042

Download a worksheet that will guide students’ 
review of Internet resources on mineral formation.

Monitor Progress
Answers

 

Figure 10

 

Solutions of hot water and metals 
flowing through cracks within the rock and 
then crystallizing 

 

A narrow channel or slab of a 
mineral that is different from 
the surrounding rock.

Assess

 

Reviewing Key Concepts

 

1.

 

 

 

a. 

 

The process by which atoms are 
arranged to form a material with a crystal 
structure  

 

b. 

 

Rate at which magma cools, 
amount of gas the magma contains, and the 
chemical composition of the magma  

 

c. 

 

Slow 
cooling beneath Earth’s surface

 

2.

 

 

 

a. 

 

A mixture in which one substance 
dissolves in another  

 

b. 

 

Minerals can form 
when solutions containing dissolved 
minerals evaporate on Earth’s surface and 
when crystallization occurs in hot water 
solutions containing metals deep 
underground.  

 

c. 

 

Evaporation of ocean water 
caused the concentration of dissolved salt to 
increase until some salt crystallized.

 

Reteach

 

Write these two headings on the board: 

 

Minerals From Magma or Lava and Minerals 
From Solutions.

 

 Work as a class to list as 
many examples of each as possible.

 

Performance Assessment

 

Skills Check

 

Have each student make a 

 

concept map titled 

 

The Formation of Minerals.

 

 
The map should include the two general ways 
in which minerals form and then branch out 
into specific processes and details.

Teaching Resources

 

•

 

Section Summary: 

 

How Minerals Form

 

•

 

Review and Reinforce: 

 

How Minerals Form

 

•

 

Enrich: 

 

How Minerals Form
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Writing Skill

 

Explanation

 

Scoring Rubric 

 

4

 

  includes three or more relevant questions 
and replies and a hypothesis; dialogue is 
lively and realistic

 

3

 

  includes all criteria

 

2

 

  includes one or more questions and 
replies but no hypothesis

 

1

 

  includes a general description only

 

Keep Students on Track

 

Make sure that 
students record daily observations about 
how their crystal gardens grow and that 
they sketch the different types of crystals. 
Ask students to compare the shapes and 
growth rates of the crystals grown from the 
various solutions. If crystals do not grow, 
add more of the correct solution.

 

L2

L2

Cooling magma

Minerals formed 
in cooling magma

Minerals formed 
in hot water solutions

Veins

Tourmaline crystals form as 
magma cools deep beneath 
the surface.

Pure silver can crystallize in 
veins from hot water solutions.

Section 2 Assessment

Target Reading Skill Asking Questions  Use your chart 
to explain two ways in which minerals can form on Earth’s 
surface.

Reviewing Key Concepts
1. a. Defining  What is crystallization?

b. Relating Cause and Effect  What factors affect the size 
of the crystals that form as magma cools?

c. Predicting  Under what conditions will cooling magma 
produce minerals with large crystals?

2. a. Defining  What is a solution?
b. Explaining  What are two ways in which minerals can 

form from a solution?
c. Relating Cause and Effect  Describe the process by 

which a deposit of rock salt, or halite, could form 
from a solution.

2

Dialogue  Suppose that you are a 
scientist exploring a cave. The light 
on your helmet suddenly reveals a 
wall covered with large crystals. 
Scientists on the surface ask you 
about your observations. Write a 
dialogue made up of their questions 
and your replies. Include the differ-
ent ways in which the minerals you 
see might have formed.

FIGURE 10

Where Minerals Form
Minerals can form on the surface through evaporation of solutions 
containing dissolved minerals. Minerals can form beneath the 
surface when dissolved elements and compounds leave a hot water 
solution or when magma cools and hardens. 
Interpreting Diagrams  What process can form veins of 
underground minerals?
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Who Owns the Ocean’s 
Minerals?

Key Concept
The ocean floor contains much mineral 
wealth. Nations must decide how this wealth 
will be divided.

Build Background 
Knowledge
Recalling How Ocean Minerals Form
Help students recall that minerals often form 
from solutions, both hot and cold. Ask: How 
do minerals form from water solutions? 
(Minerals precipitate if water contains too much 
dissolved material, if water evaporates, or if 
water temperature changes.) Is ocean water a 
solution? (Yes; ocean water contains dissolved 
material.) Where could ocean water be heated 
to high temperatures? (Near mid-ocean ridges 
where submarine volcanism occurs) Ask a stu-
dent volunteer to read the captions of the 
insets on these pages. Explain to students that 
along the continental shelf, the water is shal-
low and the ocean floor slopes gently. When 
the continental slope is reached, the ocean 
floor begins to slope downward more steeply. 
Abyssal plains are the deep, relatively flat por-
tions of the ocean floor.

Introduce the Debate
Show students a world map. Point out that 
many countries do not have access to oceans. 
Also make students aware that some nations 
are much wealthier than other nations are. 
Ask: Which countries could most easily 
extract minerals from the ocean floor in the 
near future? (Wealthy countries that can 
afford to invest in deep ocean mining and 
countries that have easy access to the oceans)

Facilitate the Debate
• Have students read the feature and answer 

the What Would You Do questions individ-
ually as a homework assignment. The next 
day, organize the class into small groups for 
discussion. Have students consider these 
questions: Who should own the minerals 
on the ocean floor? Do the people of 
wealthy nations have any obligation to 
share profits from mining of these minerals 
with people from developing nations? Do 
private companies from any nation have an 
obligation to share the profits with all the 
nations of the world?

• Organize the class into two groups. 
Arbitrarily assign one group to argue that 
wealthy nations and companies have no 
obligation to share profits from the mining 
of these minerals. Assign the other group to 
argue that the wealth should be shared 
equally among nations. Alternately call on 
students from each group to state the 
group’s position or refute an idea from 
someone in the other group.

Continental Shelf Continental Slope

Ocean-Floor Mining
Mining on the continental shelf is 
relatively easy. New technologies will be 
needed to mine the deep ocean beyond.

Continental Shelf
Diamonds are found
near the shores of
southwest Africa.

Who Owns the 
Ocean’s Minerals?
Rich mineral deposits lie on and just beneath the ocean 
floor. Coastal nations have the right to mine deposits 
near their shores. Today, they are mining minerals from 
the continental shelf. But mineral deposits on the 
ocean floor beyond are open for all nations. Who owns 
these valuable underwater minerals? 

The Issues
Who Can Afford to Mine?
Mining the ocean floor will cost a huge amount of 
money. New technologies must be developed to obtain 
mineral deposits from the ocean floor. Only wealthy 
industrial nations will be able to afford the costs. 
Industrial nations that have spent money on mining 
think that they should keep the profits. But developing 
nations that lack money and technology and 
landlocked nations disagree. 

What Rights Do Nations Have?
By 2003, 157 nations had signed the Law of the Sea 
treaty. Among other things, this treaty stated that 
ocean mineral deposits are the common property of 
all people. It also stated that mining profits must be 
shared among all nations. Some people think that, 
because of the treaty, wealthy nations should share 
their technology and any profits they get from 
mining the ocean floor.



Background
Facts and Figures Manganese nodules are 
one of the most important deep-ocean 
metallic resources. They cover large parts of 
the deep ocean floor. The nodules generally 
are a few centimeters in diameter and 
consist of concentric layers of precipitated 
manganese-rich minerals. Sharks’ teeth or 
sand grains often occur at the center of the 
nodules and probably provide a nucleus 
upon which mineral growth begins.

At mid-ocean ridges, seawater circulates 
through fractures in the ocean crust. The 
water is heated by the hot rock. Water and 
rock contribute metals to the solution 
through chemical reactions. As the solution 
reemerges into cool ocean water, ore 
minerals precipitate and cause the water to 
appear black. Such hydrothermal vents are 
called black smokers. 

What Would You Do?
1. The controversy is how or whether 
mineral wealth from the deep oceans should 
be shared among wealthy and landlocked or 
developing countries.
2. Concerns of wealthy nations might 
include covering the costs of developing 
technology to mine at such depths. 
Developing nations might be concerned that 
they would not share the wealth of 
international waters. Students might suggest 
that developing nations pool resources 
to invest in mining projects and share in 
the profits.
3. Encourage students to provide 
justification for their opinions. (Possible 
opinion: Countries should share in the profits 
in amounts proportional to their distance from 
one or both oceans.)

Extend
Encourage interested students to write to 
the U.S. State Department and to the U.S. 
Ambassador to the United Nations to learn the 
current U.S. position on the ownership and 
use of the ocean’s mineral resources. A first 
step might be to find these agencies’ Web pages 
on the Internet. The inquiry then could be 
made via e-mail, which might expedite a reply.

PHSchool.com
For: More on who owns 
the ocean’s minerals
Visit: PHSchool.com
Web Code: cfh-1040

Students’ can research this issue online.

Abyssal Plain Mid-Ocean Ridge

Abyssal Plain
Minerals called manganese
nodules form on the deep 
ocean floor. The metals 
cobalt, iron, nickel, and 
copper are also found here.

Mid-Ocean Ridge
Rich mineral deposits form from
hot water solutions near mid-
ocean ridges. Mining for gold,
silver, copper, and other
minerals might be possible here.

PHSchool.com

1. Identify the Problem
Summarize the controversy about 
ocean mineral rights.

2. Analyze the Options
Research this topic at the library or 
on the Internet. Then compare the 
concerns of wealthy nations with 
those of developing nations. How 
could you reassure developing 
nations that they will not be left out?

3. Find a Solution
Look at a map of the world. Who 
should share the mineral profits 
from the Pacific Ocean? From the 
Atlantic Ocean? Write one or two 
paragraphs stating your opinion. 
Support your ideas with facts.

For: More on who owns the ocean’s minerals
Visit: PHSchool.com
Web Code: cfh-1040

How Can the Wealth Be Shared?
What can nations do to prevent conflict over mining the 
ocean floor? They might arrange a compromise. Perhaps 
wealthy nations should contribute part of their profits to 
help developing or landlocked nations. Developing 
nations could pool their money for ocean-floor mining. 
Whatever nations decide, some regulations for ocean-
floor mining are necessary. In the future, these resources 
will be important to everyone.

Remotely operated vehicles 
like this one can be used to 
search the ocean floor for 
minerals.

http://www.phschool.com/webcodes10/index.cfm?fuseaction=home.gotoWebCode&wcprefix=cfh&wcsuffix=1040
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