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Why It Matters

The hundreds of different types of 
rocks on Earth can be classified 
into three main types: igneous, 
sedimentary, and metamorphic. 
This formation in Arizona is made 
of sedimentary rock. When you 
know the type of rock, you know 
something about how that rock 
formed.
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15 min
Sedimentary SandwichInquiry Lab

Use slices of different types of bread to model 
layers of different types of sediment deposits. Next, 
put your model in a plastic bag. Place a weight on 
top of the bag to simulate the process of 
compacting sediment into rock. Then, use an empty 
film canister to obtain a core sample of the 
sedimentary sandwich. Trade samples with another 
group and observe the other group’s sample. 
Identify the different layers of rock and determine if 
rock layers are the same thickness or if some are 
thicker than others. 

Questions to Get You Started

 1. Make a labeled diagram showing the rock layers in 
the sample you observed. 

 2. Which factors might affect the thickness of a rock 
layer in a real rock formation? 

 3. Your model has layers of different types of rocks. 
In a real formation, what might changes in 
rock type indicate about the 
formation’s geological history? 
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134 Chapter 6  Rocks

These reading tools will help you learn the material in this chapter. 

For more information on how to use these and other tools, see Appendix A.

Note Taking
Summarizing Ideas Summarizing the 
content of each paragraph or set of 
paragraphs under a heading is a simple way 
to take notes. A few tips on summarizing are 
listed below.
1 Summary statements should be short, 

but fully express the idea.
2 Use the green subheadings for guidance 

in forming summary statements.

3 Many paragraphs start or end with a 
sentence that summarizes the main idea 
of the paragraph. 

Your Turn As you read each section, take 
notes by summarizing the main ideas. You 
may add structure to your notes by also 
writing the section title and red headings in 
the appropriate places.

Graphic Organizer
Chain-of-Events Chart A chain-of-events 
chart is similar to a flow chart. A chain-of-
events chart shows the order in which the 
steps of a process occur.

Your Turn In Section 3, you will read 
about the formation of sedimentary rocks. 
Make a chain-of-events chart like the one 
started below to describe compaction, one 
of the processes that form sedimentary 
rock. Use as many boxes as you need to 
record all steps of the process. 

FoldNotes
Pyramid Pyramid FoldNotes help you 
compare words or ideas in sets of three.

Your Turn Before you read this chapter, 
make a Pyramid FoldNote as described in 
Appendix A. Label the sides of the pyramid 
with “Igneous rock,” “Sedimentary rock,” 
and “Metamorphic rock.” As you read the 
chapter, define each type of rock, and write 
characteristics of each type of rock on the 
appropriate side of the pyramid. 

In a sediment 
deposit, there are 
open spaces between 
the pieces of 
sediment. Sedimentary ro

ck Igneous rock 
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The material that makes up the solid parts of Earth is known as 
rock. Rock can be a collection of one or more minerals, or rock can 
be made of solid organic matter. In some cases, rock is made of 
solid matter that is not crystalline, such as glass. Geologists study 
the forces and processes that form and change the rocks of Earth’s 
crust. Based on these studies, geologists have classified rocks into 
three major types by the way the rocks form.

Three Major Types of Rock
Volcanic activity produces igneous rock. The word igneous is 

derived from a Latin term that means “from fire.” Igneous rock 
forms when magma, or molten rock, cools and hardens. Magma is 
called lava when it is exposed at Earth’s surface.

Over time, natural processes break down all 
types of rock into small fragments. Rocks, min-
eral crystals, and organic matter that have been 
broken into fragments are known as sediment. 
Sediment is carried away and deposited by water, 
ice, and wind. When these sediment deposits are 
compressed, cemented together, and harden, 
sedimentary rock forms.

Certain forces and processes, including tremen-
dous pressure, extreme heat, and chemical pro-
cesses, also can change the form of 
existing rock. The rock that forms 
when existing rock is altered is 
metamorphic rock. The word meta-
morphic means “changed form.” 
Figure 1 shows an example of each 
major type of rock.

eyy deas
❯  Identify the three major types of rock, and 

explain how each type forms.

❯  Summarize the steps in the rock cycle.

❯  Explain Bowen’s reaction series.

❯  Summarize the factors that affect the stability of 
rocks.

rock cycle

Bowen’s reaction 
series

Some rocks crumble and 
others make for solid 
buildings. The physical 
and chemical properties 
of rock are determined 
by the conditions under 
which the rock forms. 

1
s Key Terms Why It Matterss eyy e s yy t atte s

Rocks and the Rock Cycle

Sandstone (sedimentary)

Granite (igneous)

Gneiss (metamorphic)

Figure 1 These rocks are examples of 
the three major rock types.
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Igneous rock

Sedimentary rock

Metamorphic rock Changing temperature and pressure 
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The Rock Cycle
Any of the three major types of rock can be changed into another 

of the three types. Geologic forces and processes cause rock to 
change from one type to another. This series of changes is called 
the rock cycle,rock cycle, which is shown in Figure 2.

One starting point for examining the steps of the rock cycle is 
igneous rock. When a body of igneous rock is exposed at Earth’s 
surface, a number of processes break down the igneous rock into 
sediment. When sediment from igneous rocks is compacted and 
cemented, the sediment becomes sedimentary rock. Then, if sedi-
mentary rocks are subjected to changes in temperature and pres-
sure, the rocks may become metamorphic rocks. Under certain 
temperature and pressure conditions, the metamorphic rock will 
melt and form magma. Then, if the magma cools, new igneous rock 
will form.

Much of the rock in Earth’s continental crust has probably 
passed through the rock cycle many times during Earth’s history. 
However, as Figure 2 shows, a particular body of rock does not 
always pass through each stage of the rock cycle. For example, 
igneous rock may never be exposed at Earth’s surface where the 
rock could change into sediment. Instead, the igneous rock may 
change directly into metamorphic rock while still beneath Earth’s 
surface. Sedimentary rock may be broken down at Earth’s surface, 
and the sediment may become another sedimentary rock. 
Metamorphic rock can be altered by heat and pressure to form a 
different type of metamorphic rock.

rock cycle the series of 
processes in which rock forms, 
changes from one type to 
another, is destroyed, and forms 
again by geological processes

www.scilinks.org
Topic: The Rock Cycle
Code: HQX1319

Figure 2 The rock cycle illustrates the 
changes that igneous, sedimentary, and 
metamorphic rocks undergo.
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Properties of Rocks
All rock has physical and chemical properties that are deter-

mined by how and where the rock formed. The physical character-
istics of rock reflect the chemical composition of the rock as a whole 
and of the individual minerals that make up the rock. The rate at 
which rock weathers and the way that rock breaks apart are deter-
mined by the chemical stability of the minerals in the rock.

Bowen’s Reaction Series
In the early 1900s, a Canadian geologist named N. L. Bowen 

began studying how minerals crystallize from magma. He learned 
that as magma cools, certain minerals tend to crystallize first. As 
these minerals form, they remove specific elements from the 
magma, which changes the magma’s composition. The changing 
composition of the magma allows different minerals that contain 
different elements to form. Thus, different minerals form at differ-
ent times during the solidification (cooling) of magma, and they 
generally form in the same order.

In 1928, Bowen proposed a simplified pattern that explains the 
order in which minerals form as magma solidifies. This simplified 
flow chart is known as Bowen’s reaction seriesBowen’s reaction series and is shown in 
Figure 3. According to Bowen’s hypothesis, minerals form in one 
of two ways. The first way is characterized by a gradual, continu-
ous formation of minerals that have similar chemical compositions. 
The second way is characterized by sudden, or discontinuous, 
changes in mineral types. As magma cools, the discontinuous 
and continuous reaction series occur simultaneously, or at the 
same time.

 Summarize Bowen’s reaction series. (See 
Appendix G for answers to Reading Checks.)

Bowen’s reaction series the 
simplified pattern that illustrates 
the order in which minerals 
crystallize from cooling magma 
according to their chemical 
composition and melting point

Figure 3 Different minerals 
crystallize at different times during 
the solidification of magma. Thus, 
as minerals crystallize from magma, 
the composition of the magma 
changes. 

Chain-of-Events Chart
Make a chain-of-events chart to 
show each step of the discon-
tinuous reaction series 
of Bowen’s reaction 
series. Remember to 
use as many boxes 
as you need to show 
all steps. 

Academic Vocabulary
remove (ri MOOV) to take away or 
eliminate
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138 Chapter 6  Rocks

Chemical Stability of Minerals
The rate at which a mineral chemically breaks down 

is dependent on the chemical stability of the mineral. 
Chemical stability is a measure of the tendency of a chem-
ical compound to maintain its original chemical compo-
sition rather than break down to form a different 
chemical. In general, the minerals that are most stable 
are minerals that formed at the lowest temperatures, 
under conditions similar to those on Earth’s surface. 
Minerals that formed at the highest temperatures, under 
conditions very different than those on Earth’s surface, 
are least stable. 

Physical Stability of Rocks
Rocks have natural zones of weakness that are deter-

mined by how and where the rocks form. For example, 
sedimentary rocks may form as a series of layers of sedi-
ment. These rocks tend to break between layers. Some 
metamorphic rocks also tend to break in layers that form 
as the minerals in the rocks align during metamorphism.

Massive igneous rock structures commonly have 
evenly spaced zones of weakness, called joints, that form 

as the rock cools and contracts. Devils Postpile, shown in Figure 4,
is igneous rock that has joints that cause the rock to break into 
columns.

Zones of weakness may also form when the rock is under 
intense pressure inside Earth. When rock that formed under 
intense pressure is uplifted to Earth’s surface, decreased pressure 
allows the joints and fractures to open. Once these weaknesses 
are exposed to air and water, chemical and physical processes 
begin to break down the rock.

Key Ideas
1. Identify the three major types of rock.

2. Explain how each major type of rock forms.

3. Describe the steps in the rock cycle.

4. Summarize Bowen’s reaction series.

5. Explain how the chemical stability of a mineral is 
related to the temperature at which the mineral 
forms.

6. Describe how the conditions under which rocks 
form affect the physical stability of rocks.

Critical Thinking
7. Applying Ideas Does every rock go through the 

complete rock cycle by changing from igneous 
rock to sedimentary rock, to metamorphic rock, 
and then back to igneous rock? Explain your 
answer.

8. Identifying Relationships How could a sedi-
mentary rock provide evidence that the rock cycle 
exists?

Concept Mapping
9. Use the following terms to create a concept map: 

rock, igneous rock, sedimentary rock, metamorphic 
rock, and rock cycle.

Key Ideas

Section 1  Review

Figure 4 Devils Postpile 
National Monument in 
California is one of the world’s 
finest examples of the igneous 
rock structures known as 
columnar joints.
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Key Ideas Key Terms Why It Matters

When magma cools and hardens, it forms igneous rock.igneous rock. Because 
minerals usually crystallize as igneous rock forms from magma, most 
igneous rock can be identified as crystalline, or made of crystals.

The Formation of Magma
Magma forms when rock melts. Rock melts when the tempera-

ture of the rock increases to above the melting point of minerals in 
the rock. The chemical composition of minerals determines their 
melting temperatures. In general, rock melts at lower temperatures 
under lower pressures. If excess pressure is removed from rock that 
is close to melting, the rock may melt. Hot rock may also melt when 
fluids such as water are added. The addition of fluids generally 
decreases the melting point of certain minerals in the rock, which 
can cause those minerals to melt.

Partial Melting
Different minerals have different melting points, and minerals 

that have lower melting points are the first minerals to melt. When 
the first minerals melt, the magma that forms has a specific compo-
sition. As the temperature increases and as other minerals melt, 
the magma’s composition changes. The process by which differ ent 
minerals in rock melt at different temperatures is called partial 
melting. Partial melting is shown in Figure 1.

eyy deas eyy e s yy t atte s
❯ Summarize three factors that affect whether rock 

melts.

❯ Describe how the cooling rate of magma and 
lava affects the texture of igneous rocks.

❯ Classify igneous rocks according to their compo-
sition and texture.

❯ Describe intrusive and extrusive igneous rock.

igneous rock

intrusive igneous rock

extrusive igneous rock

felsic

mafic

The many different 
compositions and tex-
tures of igneous rocks 
make sense once you 
understand the processes 
by which they form. 
Useful applications of 
these properties include 
nuclear-waste disposal.

Igneous Rock2

igneous rock rock that forms 
when magma cools and 
solidifies

Figure 1 How Magma Forms by Partial Melting

This solid rock contains the minerals 
quartz (yellow), feldspar (gray), 
biotite (brown), and hornblende 
(green).

The first minerals that melt are 
quartz and some types of feldspars. 
The orange background represents 
magma.

Minerals such as biotite and 
hornblende generally melt last, 
which changes the composition of 
the magma.
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140 Chapter 6  Rocks

Fractional Crystallization
When magma cools, the cooling process is the reverse of the 

process of partial melting. Chemicals in magma combine to form 
minerals, and each mineral has a different freezing point. Minerals 
that have the highest freezing points crystallize first. As minerals 
crystallize, they remove specific chemicals from the magma. As the 
composition of the magma changes, new minerals begin to form. 
The crystallization and removal of different minerals from the 
cooling magma, as occurs in Bowen’s reaction series, is called 
fractional crystallization and is shown in Figure 2.

Minerals that form during fractional crystallization tend to 
 settle to the bottom of the magma chamber or to stick to the ceiling 
and walls of the magma chamber. Crystals that form early in the 
process are commonly the largest because they have the longest 
time to grow. In some crystals, the chemical composition of the 
inner part of the crystal differs from the composition of the outer 
parts of the crystal. This difference occurs because the magma’s 
composition changed while the crystal was growing.

Figure 2 As the temperature 
decreases, the first minerals to 
crystallize from magma are minerals 
that have the highest freezing 
points. As the magma changes 
composition and cools, minerals that 
have lower freezing points form.

Crystal FormationQuick Lab
20 min

Procedure
1 Add the following until three glasses are 2/3 full: 

glass 1—water and ice cubes; glass 2—water at 
room temperature; and glass 3—hot tap water.

2 In a small sauce pan, mix 120 mL of Epsom salts 
in 120 mL of water. Heat the mixture on a hot 
plate over low heat. Do not let the mixture boil. 
Stir the mixture with a spoon or stirring rod 
until no more crystals dissolve.

3 Using a funnel, carefully pour equal amounts of 
the Epsom salts mixture into three test tubes. 
Use tongs to steady the test tubes as you pour. 
Drop a few crystals of Epsom salt into each test 
tube, and gently shake each one. Place one test 
tube into each glass.

4 Observe the solutions as they cool 
for 15 minutes. Let the glasses sit 
overnight, and examine the 
solutions again after 24 hours.

Analysis
1. In which test tube are the crystals the 

largest?
2. In which test tube are the crystals the smallest?
3. How does the rate of cooling affect the size of the 

crystals that form? Explain your answer.
4. How are the differing rates of crystal formation you 

observed related to igneous rock formation?
5. How would you change the procedure to obtain 

larger crystals of Epsom salts? Explain your answer.
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Textures of Igneous Rocks
Igneous rocks may form beneath Earth’s surface or on Earth’s 

surface. Magma that cools deep inside the crust forms intrusive intrusive 
igneous rock.igneous rock. The magma that forms these rocks intrudes, or 
enters, into other rock masses beneath Earth’s surface. The magma 
then slowly cools and hardens. Lava that cools at Earth’s surface 
forms extrusive igneous rock.extrusive igneous rock.

Intrusive and extrusive igneous rocks differ from each other 
not only in where they form but also in the size of their crystals or 
grains. The texture of igneous rock is determined by the size of the 
crystals in the rock. The size of the crystals is determined mainly 
by the cooling rate of the magma. Examples of different textures of 
igneous rocks are shown in Figure 3.

Coarse-Grained Igneous Rock
Intrusive igneous rocks commonly have large mineral crystals. 

The slow loss of heat allows the minerals in the cooling magma to 
form large, well-developed crystals. Igneous rocks that are com-
posed of large mineral grains are described as having a coarse-
grained texture. An example of a coarse-grained igneous rock is 
granite. The upper part of the continental crust is made mostly of 
granite.

Fine-Grained Igneous Rock
Many extrusive igneous rocks are composed of small mineral 

grains that cannot be seen by the unaided eye. Because these rocks 
form when magma cools rapidly, large crystals are unable to form. 
Igneous rocks that are composed of small crystals are described as 
having a fine-grained texture. Examples of common fine-grained 
igneous rocks are basalt and rhyolite (RIE uh liet).

Other Igneous Rock Textures
Some igneous rock forms when magma cools slowly at first but 

then cools more rapidly as it nears Earth’s surface. This type of 
cooling produces large crystals embedded within a mass of smaller 
ones. Igneous rock that has a mixture of large and small crystals 
has a porphyritic texture (pohr fuh RIT ik TEKS chuhr).

When a highly viscous, or thick, magma cools quickly, few crys-
tals are able to grow. Quickly cooling magma may form a rock that 
has a glassy texture, such as obsidian. When magma contains a large 
amount of dissolved gases and cools rapidly, the gases become 
trapped as bubbles in the rock that forms. The rapid cooling process 
produces a rock full of holes called vesicles, such as those in pumice. 
This type of rock is said to have a vesicular texture.

 What is the difference between fine-grained 
and coarse-grained igneous rock?

Figure 3 Igneous Rock 
Textures

intrusive igneous rock rock 
formed from the cooling and 
solidification of magma beneath 
Earth’s surface
extrusive igneous rock rock 
that forms from the cooling and 
solidification of lava at Earth’s 
surface

Coarse-
grained 
(granite)

Fine-grained 
(rhyolite)

Porphyritic 
(granite)

Glassy 
(obsidian)

Vesicular 
(pumice)
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142 Chapter 6  Rocks

Composition of Igneous Rocks
The mineral composition of an igneous rock is determined by 

the chemical composition of the magma from which the rock 
formed. Each type of igneous rock has a specific mineral composi-
tion. Geologists divide igneous rock into three families—felsic, 
mafic (MAF ik), and intermediate. Each of the three families has a 
different mineral composition. Examples of rock from the felsic 
and mafic families are shown in Figure 4.

Felsic Rock
Rock in the felsicfelsic family forms from magma that contains a 

large proportion of silica. Felsic rock generally has the light color-
ing of its main mineral components, potassium feldspar and quartz. 
Felsic rock commonly also contains plagioclase feldspar, biotite 
mica, and muscovite mica. The felsic family includes many com-
mon rocks, such as granite, rhyolite, obsidian, and pumice.

Mafic Rock
Rock in the maficmafic family forms from magma that contains 

lower proportions of silica than felsic rock does and that is rich in 
iron and magnesium. The main mineral components of rock in this 
family are plagioclase feldspar and pyroxene minerals. Mafic rock 
may also include dark-colored ferromagnesian minerals, such as 
hornblende. These ferromagnesian components, as well as the 
mineral olivine, give mafic rock a dark color. The mafic family 
includes the common rocks basalt and gabbro.

Intermediate Rocks
Rocks of the intermediate family are made up of the minerals 

plagioclase feldspar, hornblende, pyroxene, and biotite mica. Rocks 
in the intermediate family contain lower proportions of silica than 
rocks in the felsic family do but contain higher proportions of silica 
than rocks in the mafic family contain. Rocks in the intermediate 
family include diorite and andesite.

Figure 4 Felsic rocks, such as 
the outcropping and hand sample 
shown above (left), have light 
coloring. Mafic rocks (right) are 
usually darker in color.

felsic describes magma or 
igneous rock that is rich in 
feldspars and silica and that is 
generally light in color 
mafic describes magma or 
igneous rock that is rich in 
magnesium and iron and that is 
generally dark in color

Academic Vocabulary
proportion (proh POHR shuhn) the 
relation of one part to another or to the 
whole

Pyramid 
Create a pyramid FoldNote to 
record your notes on the three 
families of igneous rock—
felsic, mafic, and intermediate. 
For each term, write the 
definition and 
include an 
example of 
a rock from 
that family. 
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Intrusive Igneous Rock
Igneous rock masses that form underground are called 

intrusions. Intrusions form when magma intrudes, or enters, into 
other rock masses and then cools deep inside Earth’s crust. A vari-
ety of intrusions are shown in Figure 5.

Batholiths and Stocks
The largest of all intrusions are called batholiths. Batholiths are 

intrusive formations that spread over at least 100 km2 when they 
are exposed on Earth’s surface. The word batholith means “deep 
rock.” Batholiths were once thought to extend to great depths 
beneath Earth’s surface. However, studies have determined that 
many batholiths extend only several thousand meters below the 
surface. Batholiths form the cores of many mountain ranges, such 
as the Sierra Nevadas in California. The largest batholith in North 
America forms the core of the Coast Range in British Columbia. 
Another type of intrusion is called a stock. Stocks are similar to 
batholiths but cover less than 100 km2 at the surface.

Laccoliths
When magma flows between rock layers and spreads upward, 

it sometimes pushes the overlying rock layers into a dome. The 
base of the intrusion is parallel to the rock layer beneath it. This 
type of intrusion is called a laccolith. The word laccolith means “lake 
of rock.” Laccoliths commonly occur in groups and can sometimes 
be identified by the small dome-shaped mountains they form on 
Earth’s surface. Many laccoliths are located beneath the Black Hills 
of South Dakota.

 What is the 
difference between stocks and 
batholiths? 

Sills and Dikes
When magma flows between the 

layers of rock and hardens, a sill
forms. A sill lies parallel to the layers 
of rock that surround it, even if the 
layers are tilted. Sills vary in thick-
ness from a few centimeters to hun-
dreds of meters.

Magma sometimes forces itself 
through rock layers by following 
existing vertical fractures or by creat-
ing new ones. When the magma 
solidifies, a dike forms. Dikes cut 
across rock layers rather than lying 
parallel to the rock layers. Dikes are 
common in areas of volcanic activity.

Figure 5 Igneous intrusions 
create a number of unique 
landforms. What is the differ-
ence between a dike and a sill?

www.scilinks.org
Topic: Igneous Rock
Code: HQX0783
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144 Chapter 6  Rocks

Extrusive Igneous Rock
A volcano is a vent through which magma, gases, or volcanic 

ash is expelled. When a volcanic eruption stops, the magma in the 
vent may cool to form rock. Eventually, the soft parts of the vol-
cano are eroded by wind and water, and only the hardest rock in 
the vent remains. The solidified central vent is called a volcanic 
neck. Narrow dikes that sometimes radiate from the neck may also 
be exposed. A dramatic example of a volcanic neck called Shiprock 
is shown in Figure 6.

Igneous rock masses that form on Earth’s surface are called 
extrusions. Many extrusions are simply flat masses of rock called 
lava flows. A series of lava flows that cover a vast area with thick 
rock is known as a lava plateau. Volcanic rock called tuff forms  
when a volcano releases ash and other solid particles during an 
eruption. Tuff deposits can be several hundred meters thick and 
can cover areas of several hundred kilometers.

Key Ideas
1. Summarize three factors that affect the melting 

of rock.

2. Contrast partial melting and fractional 
crystallization.

3. Describe how the cooling rate of magma affects 
the texture of igneous rock.

4. Name the three families of igneous rocks, and 
identify their specific mineral compositions.

5. Describe five intrusive igneous rock structures.

6. Identify four extrusive igneous rock structures.

Critical Thinking
7. Applying Ideas If you wanted to create a rock 

that has large crystals in a laboratory, what 
conditions would you have to control? Explain 
your answer.

8. Applying Ideas An unidentified, light-colored 
igneous rock is made up of potassium feldspar 
and quartz. To what family of igneous rocks does 
the rock belong? Explain your answer.

Concept Mapping
9. Use the following terms to create a concept map: 

igneous rock, magma, coarse grained, fine grained, 
felsic, mafic, and intermediate.

Key Ideas

Section 2  Review

Figure 6 Shiprock, in New 
Mexico, is an example of a 
volcanic neck that was exposed 
by erosion. 
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SECTION

Overlying layers
squeeze sediment.

50-60% water

10-20% water

Pore spaces 
between 
sediment 
grains are 
empty.

Water moves 
through 
pore spaces.

Minerals deposited 
by water cement 
the grains together.
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Key Ideas Key Terms Why It Matterseyy deas eyy e s yy t atte s
❯  Explain the processes of compaction and 

cementation.

❯ Describe how chemical and organic sedimen-
tary rocks form.

❯ Describe how clastic sedimentary rock forms.

❯ Identify seven sedimentary rock features.

compaction

cementation

chemical sedimentary 
rock

organic sedimentary rock

clastic sedimentary rock

Sedimentary rock is a 
common building ma-
terial. Understanding its 
properties is crucial to 
public safety. The ways in 
which it is formed affects 
the rock’s properties.

Loose fragments of rock, minerals, and organic material that 
result from natural processes, including the physical breakdown of 
rocks, are called sediment. Most sedimentary rock is made up of 
combinations of different types of sediment. The characteristics of 
sedimentary rock are determined by the source of the sediment, 
the way the sediment was moved, and the conditions under which 
the sediment was deposited.

Formation of Sedimentary Rocks
After sediments form, they are generally transported by wind, 

water, or ice to a new location. The source of the sediment deter-
mines the sediment’s composition. As the sediment moves, its 
characteristics change as it is physically broken down or chemi-
cally altered. Eventually, the loose sediment is deposited.

Two main processes convert loose sediment to sedimentary 
rock—compaction and cementation. Compaction,Compaction, as shown in 
Figure 1, is the process in which sediment is squeezed and in 
which the size of the pore space between sediment grains is reduced 
by the weight and pressure of overlying layers. CementationCementation is the 
process in which sediments are glued together by minerals that are 
deposited by water. 

Geologists classify sedimentary rocks by the processes by which 
the rocks form and by the composition of the rocks. There are three 
main classes of sedimentary rocks—chemical, organic, and clastic. 

Sedimentary Rock3

Figure 1 Processes That Form Sedimentary Rock
When mud is deposited, 
there may be a lot of space 
between grains. During 
compaction, the grains are 
squeezed together, and the 
rock that forms takes up 
less space.

When sand is deposited, 
there are many spaces 
between the grains. 
During cementation, 
water deposits minerals 
such as calcite or quartz 
in the spaces around the 
sand grains, which glues 
the grains together.

compaction the process in 
which the volume and porosity 
of a sediment is decreased by 
the weight of overlying 
sediments as a result of burial 
beneath other sediments
cementation the process in 
which minerals precipitate into 
pore spaces between sediment 
grains and bind sediments 
together to form rock
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Organisms that live in lakes or oceans 
take chemicals from the water and 
produce the mineral calcium 
carbonate, CaCO3. They use the CaCO3 
to build their shells or skeletons.

HCO3
–

HCO3
–

Ca2+

OH–

OH–

Ca2+

When the organisms die, the hard 
remains that are made of CaCO3 
settle to the lake or ocean floor.

The shells of the dead organisms  
pile up. Eventually, the layers are 
compacted and cemented to form 
limestone.

146 Chapter 6  Rocks

Chemical Sedimentary Rock
Minerals made up of ions such as calcium, potassium, and 

 chloride can dissolve in water. Chemical sedimentary rockChemical sedimentary rock forms 
when the ions from dissolved minerals precipitate out of water 
because of changing concentrations of chemicals.

One reason minerals precipitate is due to evaporation. When 
water evaporates, the minerals that were dissolved in the water are 
left behind. Eventually, the concentration of minerals in the remain-
ing water becomes high enough to cause minerals to precipitate 
out of the water. The minerals left behind form rocks called 
evaporites. Gypsum and halite, or rock salt, are two examples of 
evaporites. The Bonneville Salt Flats near the Great Salt Lake in 
Utah are a good example of evaporite deposits.

Organic Sedimentary Rock
The second class of sedimentary rock is organic sedimentary organic sedimentary 

rock.rock. Organic sedimentary rock is rock that forms from the remains 
of living things. Coal and some limestones are examples of organic 
sedimentary rocks. Coal forms from plant remains that are buried 
before they decay and are then compacted into matter that is com-
posed mostly of carbon.

While chemical limestones precipitate from chemicals dis-
solved in water, organic limestones form when marine organisms, 
such as coral, clams, oysters, and plankton, remove the chemical 
components of the minerals calcite and aragonite from sea water. 
These organisms make their shells from these minerals. When they 
die, their shells eventually become limestone. This process of lime-
stone formation is shown in Figure 2. Chalk is one example of 
limestone made up of the shells of tiny, one-celled marine organ-
isms that settle to the ocean floor.

chemical sedimentary 
rock sedimentary rock that 
forms when minerals precipitate 
from a solution or settle from a 
suspension
organic sedimentary 
rock sedimentary rock that 
forms from the remains of 
plants or animals

Figure 2 Organic Limestone 
Formation

Chain-of-Events Chart
Make a chain-of-events chart 
to show the steps in the 
formation of organic sedimen-
tary rocks. Write the 
first step of the 
process in a box. 
Add boxes with 
additional steps, and 
connect the boxes 
with arrows. 
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Section 3  Sedimentary Rock 147

Clastic Sedimentary Rock
The third class of sedimentary rock is made of rock fragments 

that are carried away from their source by water, wind, or ice and 
left as deposits. Over time, the individual fragments may become 
compacted and cemented into solid rock. The rock formed from 
these deposits is called clastic sedimentary rock.clastic sedimentary rock.

Clastic sedimentary rocks are classified by the size of the sedi-
ments they contain, as shown in Figure 3. One group consists of 
large fragments that are cemented together. Rock that is composed 
of rounded fragments that range in size from 2 mm to boulders is 
called a conglomerate. If the fragments are angular and have sharp 
corners, the rock is called a breccia (BRECH ee uh). In conglomer-
ates and breccias, the individual pieces of sediment can be easily 
seen.

Another group of clastic sedimentary rocks is made up of 
sand-sized grains that have been cemented together. These rocks 
are called sandstone. Quartz is the major component of most sand-
stones. Many sandstones have pores between the sand grains 
through which fluids, such as groundwater, natural gas, and 
crude oil, can move.

A third group of clastic sedimentary rocks, called shale, consists 
of clay-sized particles that are cemented and compacted. The flaky 
clay particles are usually pressed into flat layers that will easily 
split apart.

 Name three groups of clastic sedimentary 
rock.

Figure 3 Types of Clastic Sedimentary Rock

Conglomerate is composed of 
rounded, pebble-sized fragments 
that are held together by a 
cement.

Breccia is similar to conglomerate, 
but breccia contains angular 
fragments.

Shale is made of flaky clay 
particles that compress into flat 
layers.

Sandstone is made of 
small mineral grains that 
are cemented together.

clastic sedimentary 
rock sedimentary rock that 
forms when fragments of 
preexisting rocks are compacted 
or cemented together

Sedimentation 
Rates The rate at which 
sediment accumulates is called 
the sedimentation rate. The 
sedimentation rate of an area is 
1.5 mm per year. At this rate, 
how many years must pass for 
10 cm of sediment to be 
deposited?

mentatSedimedim
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Very well sorted

Well sorted

Moderately sorted

Poorly sorted

Very poorly sorted

148 Chapter 6  Rocks

Characteristics of 
Clastic Sediments

The physical characteristics of sediments are 
determined mainly by the way sediments were 
transported to the place where they are depos-
ited. Sediments are transported by four main 
agents: water, ice, wind, and the effects of grav-
ity. The size of sediment particles that can be car-
ried and the distance that the particles will move 
depends on the speed with which the sediment is 
moved. In general, both the distance the sediment 
is moved and the agent that moves the sediment 
determine the characteristics of that sediment.

Sorting
The tendency for currents of air or water to 

separate sediments according to size is called 
sorting. Sediments can be very well sorted, very 
poorly sorted, or somewhere in between, as 
shown in Figure 4.  In well-sorted sediments, all 
of the grains are roughly the same size and shape. 
Poorly sorted sediment consists of grains that are 
many different sizes. The sorting of a sediment is 

the result of changes in the speed of the agent that is moving the 
sediment. For example, when a fast-moving stream enters a lake, 
the speed of the water decreases sharply. Because large grains are 
too heavy for the current to carry, these grains are deposited first. 
Fine grains can stay suspended in the water for much longer than 
large grains can. So, fine particles are commonly deposited farther 
from shore or on top of coarser sediments.

Angularity
As sediment is transported from its source to where it is depos-

ited, the particles collide with each other and with other objects in 
their path. These collisions can cause the particles to change size 
and shape. When particles first break from the source rock, they 
tend to be angular and uneven. Particles that have moved long 
distances from the source tend to be more rounded and smooth. In 
general, the farther sediment travels from its source, the finer and 
smoother the particles of sediment become.

Sedimentary Rock Features
The place or setting in which sediment is deposited is called a 

depositional environment. Common depositional environments 
include rivers, deltas, beaches, and oceans. Each depositional envi-
ronment has different characteristics that create specific structures 
in sedimentary rock. These features allow scientists to identify the 
depositional environment in which the rock formed.
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Figure 4  Sorting of Sediments 

Academic Vocabulary
transport (trans POHRT) to carry 
from one place to another
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