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CHAPTER 5

After you read this section, you should be able to answer 
these questions:

• What is the difference between a renewable resource 
and a nonrenewable resource?

• How can you protect natural resources?

What Are Earth’s Resources?
Earth provides what you need to survive. You breathe 

air from Earth’s atmosphere. You drink water from 
Earth’s rivers, lakes, and other water bodies. You eat food 
from Earth’s living things. 

A natural resource is any material from Earth that is 
used by people. Air, soil, fresh water, petroleum, rocks, 
minerals, forests, and wildlife are examples of natural 
resources. People use some natural resources, such as 
coal and wind, for energy. The energy in these resources 
comes from energy from the sun. The figure below shows 
some examples of natural resources. 

Examples of Natural Resources

This pile of lumber 
is made of wood, 
which comes from 
trees.

Gasoline and plastic 
are both made from 
oil that is pumped out 
of Earth’s crust. These windmills produce 

electricity from the energy 
in wind. The energy in wind 
comes mainly from the sun.

BEFORE YOU READ National Science 
Education Standards
ES 3d

STUDY TIP
Summarize After you read 
this section, make a chart 
giving the defi nitions of 
renewable and nonrenew-
able resources. In the chart, 
include two examples of 
each kind of resource.

READING CHECK

1. Defi ne In your own 
words, write a defi nition of 
natural resource.

TAKE A LOOK 
2. Identify Give two examples 
of natural resources that are 
not shown in the fi gure.
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What Types of Resources Exist on Earth?
Natural resources are grouped based on how fast they 

can be replaced. Some natural resources are nonrenew-
able. Others are renewable.

NONRENEWABLE RESOURCES
Some resources, such as coal, petroleum, and natural 

gas, take millions of years to form. A nonrenewable

resource is a resource that is used much faster than it 
can be replaced. Renew means “to begin again.” When 
nonrenewable resources are used up, people can no lon-
ger use them. 

RENEWABLE RESOURCES
Some natural resources, such as trees and fresh water, 

can grow or be replaced quickly. A renewable resource

is a natural resource that can be replaced as quickly as 
people use it. 

Many renewable resources are renewable only if 
people do not use them too quickly. For example, wood 
is usually considered a renewable resource. However, 
if people cut down trees faster than the trees can grow 
back, wood is no longer a renewable resource. Some 
renewable resources, such as the sun, will never be used 
up, no matter how fast people use them.

Fresh water and trees are both renewable resources. However, they can be used up 
if people use them too quickly.

READING CHECK

3. Defi ne What is a 
nonrenewable resource?

TAKE A LOOK 
4. Explain Describe how 
some renewable resources 
can become nonrenewable 
resources.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Interactive Textbook 73 Energy Resources

SECTION 1

Name Class Date

Natural Resources continued

How Can We Protect Natural Resources?
Whether the natural resources you use are renewable or 

nonrenewable, you should be careful how you use them. 
In order to conserve natural resources, you should try to 
use them only when you have to. For example, leaving the 
water running while you are brushing your teeth wastes 
clean water. Turning the water off while you brush your 
teeth saves water so that it can be used in the future.

The energy we use to heat our homes, drive our cars, 
and run our computers comes from natural resources. 
Most of these resources are nonrenewable. If we use 
too much energy now, we might use up these resources. 
Therefore, reducing the amount of energy you use can 
help to conserve natural resources. You can conserve 
energy by being careful to use it only when you need to. 
The table shows some ways you can conserve energy.

Instead of… You can…

…leaving the lights on all the time …turn them off when you’re not in 
the room

…running the washing machine 
when it is only half full

…run it only when it is full

…using a car to travel everywhere …walk, ride a bike, or use public 
transportation when you can

Recycling is another important way that you can help to 
conserve natural resources. Recycling means using things 
that have been thrown away to make new objects. Objects 
made from recycled materials use fewer natural resources 
than objects made from new materials. Recycling also 
helps to conserve energy. For example, it takes less energy 
to recycle an aluminum can than to make a new one. 

Newspaper, aluminum cans, some plastic containers, 
and many types of paper can be recycled. Check with 
your community’s recycling center to see what kinds of 
materials you can recycle.

Conserving resources also means taking care of them 
even when you are not using them. For example, it is 
important to keep our drinking water clean. Polluted 
water can harm the living things, including humans, that 
need water in order to live.

Critical Thinking
5. Explain Why is it important 
to conserve all natural 
resources, even if they are 
renewable resources?

TAKE A LOOK 
6. Brainstorm Fill in the 
blank spaces in the table with 
some other ways you can 
conserve natural resources.

READING CHECK

7. Identify How does 
recycling conserve natural 
resources?
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natural resource any natural material that is 
used by humans, such as water, petroleum, 
minerals, forests, and animals

nonrenewable resource a resource that forms 
at a rate that is much slower than the rate at 
which the resource is consumed

recycling the process of recovering valuable or 
useful materials from waste or scrap

renewable resource a natural resource that 
can be replaced at the same rate at which the 
resource is consumed 

 1. Identify What is the difference between a renewable resource and a 
nonrenewable resource?

 2. List Give four ways to conserve natural resources.

 3. Explain Why is wood usually considered a renewable resource? When would it be 
considered a nonrenewable resource?

 4. Describe What does it mean to conserve natural resources?

 5. Explain Why are coal, oil, and natural gas considered nonrenewable resources, 
even though they come from living things that can reproduce?
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After you read this section, you should be able to answer 
these questions:

• What are the different kinds of fossil fuels?

• How do fossil fuels form?

• What are the problems with using fossil fuels? 

What Are Fossil Fuels?
How do plants and animals that lived hundreds of mil-

lions of years ago affect your life today? Plants and ani-
mals that lived long ago provide much of the energy we 
use. If you turned on the lights or traveled to school in a 
car or bus, you probably used some of this energy. 

Energy resources are natural resources that people 
use to produce energy, such as heat and electricity. Most 
of the energy we use comes from fossil fuels. A fossil

fuel is an energy resource made from the remains of 
plants and tiny animals that lived long ago. The different 
kinds of fossil fuels are petroleum, coal, and natural gas. 

Fossil fuels are an important part of our everyday 
life. When fossil fuels burn, they release a lot of energy. 
Power plants use the energy to produce electricity. Cars 
use the energy to move. 

However, there are also some problems with using fos-
sil fuels. Fossil fuels are nonrenewable, which means that 
they cannot be replaced once they have been used. Also, 
when they burn, they release pollution.

BEFORE YOU READ National Science 
Education Standards
ES 1d, 1e, 1k, 3d 

STUDY TIP
Compare In your notebook, 
make a table to show the 
similarities and differences 
between different kinds of 
fossil fuels.

READING CHECK

1. Identify Where do we get 
most of the energy we use?

TAKE A LOOK 
2. Describe In general, 
where are the natural gas 
deposits in the United States? 
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What Is Natural Gas?
A hydrocarbon is a compound that contains the ele-

ments carbon, hydrogen, and oxygen. Natural gas is a 
mixture of hydrocarbons that are in the form of gases. 
Natural gas includes methane, propane, and butane, 
which can be separated from one another. 

Most natural gas is used for heating. Your home may 
be heated by natural gas. Your kitchen stove may run on 
natural gas. Some natural gas is used for creating electrical 
energy, and some cars are able to run on natural gas, too. 

HOW NATURAL GAS FORMS
When tiny sea creatures die, their remains settle to the 

ocean floor and are buried in sediment. The sediment slowly 
becomes rock. Over millions of years, heat and pressure 
under the ground chemically change the remains. The car-
bon, hydrogen, and oxygen in them can become natural gas. 

Natural gas is always forming. Some of the sea life 
that dies today will become natural gas millions of years 
from now.

PROBLEMS WITH NATURAL GAS
Natural gas can be dangerous because it burns very 

easily. It can cause fires and explosions. Like other fossil 
fuels, natural gas causes pollution when it burns. However, 
it does not cause as much pollution as other fossil fuels.

Say It
Discuss Have you ever seen 
or used methane, propane, 
or butane? In a small group, 
talk about what these differ-
ent gases are used for.

READING CHECK

3. Identify What is most 
natural gas used for?

STANDARDS CHECK
ES 1k Living organisms have 
played many roles in the earth 
system, including affecting the 
composition of the atmosphere, 
producing some types of rocks, 
and contributing to the weather-
ing of rocks.

Word Help: role
a part or function; purpose 

Word Help: affect
to change; to act upon

4. Explain How does 
natural gas form?
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What Is Petroleum?
Petroleum is a mixture of hydrocarbons that are in 

the form of liquids. It is also known as crude oil. At a 
refinery, petroleum is separated into many different 
products, including gasoline, jet fuel, kerosene, diesel fuel, 
and fuel oil. 

Petroleum products provide more than 40% of the 
world’s energy, including fuel for airplanes, trains, boats, 
ships, and cars. Petroleum is so valuable that it is often 
called “black gold.” 

HOW PETROLEUM FORMS
Petroleum forms the same way natural gas does. Tiny 

sea creatures die and then get buried in sediment, which 
turns into rock. Some of their remains become petroleum, 
which is stored in permeable rock within Earth’s crust.

PROBLEMS WITH PETROLEUM
Petroleum can be harmful to animals and their envi-

ronment. For example, in June 2000, the carrier ship 
Treasure sank off the coast of South Africa. The ship 
spilled more than 400 tons of oil into the ocean. The oil 
covered penguins and other sea creatures, making it hard 
for them to swim, breathe, and eat.

Burning petroleum causes smog. Smog is a brownish 
haze that forms when sunlight reacts with pollution in the 
air. Smog can make it hard for people to breathe. Many 
cities in the world have problems with smog.

READING CHECK

5. Describe What form is 
petroleum found in naturally?

Math Focus
6. Make a Graph Use the 
information below to show 
where the world’s crude oil 
comes from.
Middle East: 66%
North America and South 
America: 15%
Europe and Asia: 12%
Africa: 7%
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What Is Coal?
Coal is a solid fossil fuel that is made of partly 

decayed plant material. Coal was once the main source 
of energy in the United States. Like other fossil fuels, 
coal releases heat when it is burned. Many people used 
to burn coal in stoves to heat their homes. Trains in the 
1800s and 1900s were powered by coal-burning steam 
locomotives. Coal is now used in power plants to make 
electricity.

HOW COAL FORMS
When swamp plants die, they sink to the bottom of the 

swamp. If they do not decay completely, coal can start to 
form. Coal forms in several different stages.

TAKE A LOOK 
7. Identify Name the three 
types of coal.

TAKE A LOOK 
8. Identify Which kind 
of coal contains the most 
carbon?

Stage 1: Formation of Peat
Dead swamp plants that have not decayed can turn into 
peat, a crumbly brown material made mostly of plant 
material and water. Dried peat is about 60% carbon. In 
some parts of the world, peat is dried and burned for 
fuel. Peat is not coal, but it can turn into coal.

Stage 3: Formation of Bituminous Coal
If more sediment is added, pressure and temperature 
force more water and gases out of the lignite. Lignite 
slowly changes into bituminous coal. Bituminous coal is 
about 80% carbon.

Stage 4: Formation of Anthracite
If more sediment accumulates, temperature and pressure 
continue to increase. Bituminous coal slowly changes 
into anthracite. Anthracite coal is the hardest type of 
coal. Anthracite coal is about 90% carbon.

Stage 2: Formation of Lignite
If sediment buries the peat, pressure and temperature 
increase. The peat slowly changes into a type of coal 
called lignite. Lignite coal is harder than peat. Lignite is 
about 70% carbon.
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PROBLEMS WITH COAL
Mining coal can create environmental problems. When 

coal is mined from Earth’s surface, people remove the 
layers of soil above the coal. This can harm the plants 
that need soil to grow and the animals that need soil for 
shelter. If the land is not restored after mining, wildlife 
habitats can be destroyed for years.

Coal that is on Earth’s surface can cause pollution. 
Water that flows through coal can pick up poisonous met-
als. That water can then flow into streams and lakes and 
pollute water supplies. 

When coal is burned without pollution controls, a gas 
called sulfur dioxide is released. Sulfur dioxide can com-
bine with the water in the air to produce sulfuric acid. 
Sulfuric acid is one of the acids in acid precipitation. 
Acid precipitation is rain, sleet, or snow that contains 
a lot of acids, often because of air pollutants. Acid pre-
cipitation is also called “acid rain.” Acid precipitation can 
harm wildlife, plants, and buildings.

In 1935, this statue had not been 
damaged by acid precipitation.

By 1994, acid precipitation had 
caused serious damage to the 
statue.

How Do We Obtain Fossil Fuels?
People remove fossil fuels from the Earth in different 

ways. The way that a fossil fuel is removed depends on 
the kind of fuel and where it is located. Remember that 
people remove coal from the Earth by mining it. People 
remove petroleum and natural gas by drilling into the 
rocks that contain the fuels. Then, the petroleum or natu-
ral gas is removed through a well. These wells may be on 
land or in the ocean.

Critical Thinking
9. Infer What do you think 
is the reason that fossil fuels 
are still used today, even 
though they create many 
environmental problems?

TAKE A LOOK 
10. Defi ne What is acid 
precipitation?
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acid precipitation rain, sleet, or snow that con-
tains a high concentration of acids

coal a fossil fuel that forms underground from 
partially decomposed plant material

fossil fuel a nonrenewable energy resource 
formed from the remains of organisms that 
lived long ago

natural gas a mixture of gaseous hydrocarbons 
located under the surface of Earth, often near 
petroleum deposits; used as a fuel

petroleum a liquid mixture of complex 
hydrocarbon compounds; used widely as a 
fuel source

smog photochemical haze that forms when
sunlight acts on industrial pollutants and 
burning fuels

 1. Compare How are petroleum and natural gas different?

 2. Compare Fill in the table to compare the different kinds of fossil fuels.

Kind of fossil fuel What it is How it forms

Coal

a mixture of gases 
containing carbon, 
hydrogen, and oxygen

 3. Summarize What are some of the problems with using fossil fuels for energy?
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After you read this section, you should be able to answer 
these questions:

• What are some kinds of alternative energy?

• What are some benefits of alternative energy? 

• What are some problems with alternative energy? 

What Is Alternative Energy?
What would your life be like if you couldn’t turn on the 

lights, microwave your dinner, take a hot shower, or ride the 
bus to school? We get most of the energy we use for heating 
and electricity from fossil fuels. However, fossil fuels can be 
harmful to the environment and to living things. In addition, 
they are nonrenewable resources, so we cannot replace them 
when they are used up.

Many scientists are trying to find alternative energy 
sources. Alternative energy sources are sources of energy 
that are not fossil fuels. Some sources can be converted 
easily into usable energy. Others are not as easy to use.

What Is Nuclear Energy?
One kind of alternative energy source is nuclear energy. 

Nuclear energy is the energy that is released when atoms 
come together or break apart. Nuclear energy can be 
obtained in two main ways: fission and fusion. 

FISSION
Fission happens when an atom splits into two or more 

lighter atoms. Fission releases a large amount of energy. 
This energy can be used to generate electricity. All nuclear 
power that people use today is generated by fission. 

BEFORE YOU READ National Science 
Education Standards
ES 3d

STUDY TIP
Compare and Contrast In
your notebook, make a 
chart to show each kind of 
alternative energy source and 
its benefi ts and problems.

READING CHECK

1. List What are the two 
ways in which nuclear energy 
is produced?

TAKE A LOOK 
2. Identify What are the fi s-
sion products in the fi gure?
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FISSION’S BENEFITS AND PROBLEMS
One benefit of fission is that it does not cause air pol-

lution. Mining uranium, the fuel for nuclear power, is less 
harmful to the environment than mining other energy 
sources, such as coal. 

However, nuclear fission power has several problems. 
The fission products created in nuclear power plants are 
poisonous. They must be stored for thousands of years. 
Nuclear fission plants can release harmful radiation into 
the environment. Also, nuclear power plants must release 
extra heat from the fission reaction. This extra heat cannot 
be used to make electricity. The extra heat can harm the 
environment.

FUSION
Fusion happens when two or more atoms join to form 

a heavier atom. This process occurs naturally in the sun. 
Fusion releases a lot of energy. 

FUSION’S BENEFITS AND PROBLEMS
Fusion has two main benefits. First, fusion does not 

create a lot of dangerous wastes. Second, the fuels used 
in fusion are renewable. 

The main problem with fusion is that it can take place 
only at high temperatures. The reaction is difficult to 
control and keep going. Right now, people cannot control 
fusion reactions or use them to create usable energy. 

READING CHECK

3. Explain Why is nuclear 
energy called a “clean” 
energy source?

TAKE A LOOK 
4. Identify How many 
protons and how many 
neutrons are there in the 
helium-4 nucleus?

READING CHECK

5. Describe What is the 
main problem with fusion? 
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What Is Wind Power?
Wind is air that is moving. Moving air contains energy. 

People can use windmills to turn the energy in wind into 
electricity. The electricity that is produced by windmills 
is called wind power. Large groups of windmills can 
make a lot of electricity.

Like all energy sources, wind power has benefits and 
problems. Since the wind can’t be used up, wind energy 
is renewable. Wind power does not cause air pollution. 
However, in many areas, the wind isn’t strong or regular 
enough to generate enough electricity for people to use.

What Are Fuel Cells?
What powers a car? You probably thought of gasoline. 

However, not all cars are powered by gasoline. Some cars 
are powered by fuel cells. Fuel cells are devices that change 
chemical energy into electrical power. The chemical energy

is released when hydrogen and oxygen react to form water. 
Fuel cells have been used in space travel since the 

1960s. They have provided space crews with electrical 
energy and drinking water. Today, fuel cells are used to 
create electrical energy in some buildings and ships. 

The only waste product of fuel cells is water, so they 
do not create pollution. However, not very many cars 
today use fuel cells. The hydrogen and oxygen used in 
fuel cells can be expensive to make and to store. Many 
people hope that we will be able to use fuel cells to 
power cars in the future. 

Critical Thinking
6. Infer In most cases, people 
use a large number of 
windmills to create electricity. 
What do you think is the rea-
son a lot of windmills are used, 
instead of just one or two?

TAKE A LOOK 
7. Explain Based on what you 
see in the fi gure, what do you 
think is the reason windmills 
are not used in cities or other 
crowded areas?

READING CHECK

8. Explain How could 
fuel cells give space crews 
electricity and water?

These windmills near Livermore, California, produce electricity.

This pickup truck 
shows how large 
the windmills are.
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What Is Solar Energy?
Most forms of energy originally come from the sun. 

For example, the fossil fuels we use today were made 
from plants. The plants got their energy from the sun. 
The heat and light that Earth gets from the sun is solar

energy. This type of energy is a renewable resource.
People can use solar energy to create electricity. 

Photovoltaic cells, or solar cells, can change sunlight into 
electrical energy. Solar energy can also be used to heat 
buildings.

Solar energy does not produce pollution and is renew-
able. The energy from the sun is free. However, some 
climates don’t have enough sunny days to be able to use 
solar energy all the time. Also, even though sunlight is 
free, solar cells are expensive to make.

What Is Hydroelectric Energy?
Water wheels have been used since ancient times to 

help people do work. Today, the energy of falling water 
is used to generate electrical energy. Hydroelectric

energy is electrical energy produced from moving water. 
Hydroelectric energy causes no air pollution and is 

considered renewable. Hydroelectric energy is generally 
not very expensive to produce. 

However, hydroelectric energy can be produced only 
in places that have a lot of fast-moving water. In addition, 
building a dam and a power plant to generate hydroelec-
tric energy can be expensive. Dams can harm wildlife 
living in and around the river. Damming a river can cause 
flooding and erosion.

Say It
Share Experiences Have
you ever used an object that 
was powered by sunlight? In 
a small group, talk about the 
different ways that sunlight 
can be used for energy.

READING CHECK

9. Identify What are two 
benefi ts of hydroelectric 
energy?

This dam in California can 
create electricity because 
a lot of water moves 
through it every day.
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How Can Plants Be Used for Energy?
Plants store energy from the sun. Leaves, wood, and 

stems contain stored energy. Even the dung of plant-
eating animals has a lot of stored energy. These sources 
of energy are called biomass. Biomass is organic matter 
that can be a source of energy.

Biomass is commonly burned in its solid form to 
release heat. However, biomass can also be changed into 
a liquid form. The sugar and starch in plants can be made 
into alcohol and used as fuel. Alcohol can be mixed with 
gasoline to make a fuel called gasohol.

Biomass is not very expensive. It is available almost 
everywhere. Since biomass grows quickly, it is considered 
a renewable resource. However, people must be careful 
not to use up biomass faster than it can grow back.

What Is Geothermal Energy?
Geothermal energy is energy produced by the heat 

within Earth. This heat makes solid rocks get very hot. 
If there is any water contained within the solid rock, the 
water gets hot, too. The hot water can be used to gener-
ate electricity and to heat buildings. 

Geothermal energy is considered renewable because 
the heat inside Earth will last for millions of years. 
Geothermal energy does not create air pollution or harm 
the environment. However, this kind of energy can be 
used only where hot rock is near the surface.

Critical Thinking
10. Infer What would 
happen if biomass were used 
at a faster rate than it was 
produced?

READING CHECK

11. List What are two uses 
for water that has been 
heated by hot rock?

TAKE A LOOK 
12. Describe On the fi gure, 
draw arrows showing the 
path that the steam takes as 
it moves through the power 
plant.
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biomass plant material, manure, or any other or-
ganic matter that is used as an energy source

chemical energy the energy released when a 
chemical compound reacts to produce new 
compounds

gasohol a mixture of gasoline and alcohol that is 
used as a fuel

geothermal energy the energy produced by 
heat within Earth

hydroelectric energy electrical energy produced 
by the fl ow of water

nuclear energy the energy released by a fi ssion 
or fusion reaction; the binding energy of the 
atomic nucleus

solar energy the energy received by Earth from 
the sun in the form of radiation

wind power the use of a windmill to drive an 
electric generator

 1. Explain Why is solar energy considered a renewable resource?

 2. Identify When would biomass not be considered a renewable resource? 

 3. Apply Concepts Which place is more likely to be able to use geothermal energy: a 
city near a volcano or a city near a waterfall? Explain your answer.

 4. Identify Why is wind a useful energy source in some places, but not in others?

 5. Analyze Which alternative energy source do you think would be most useful for 
the place where you live? Explain your answer.
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After you read this section, you should be able to answer 
these questions:

• How fast do changes on Earth happen?

• What is paleontology? 

How Fast Do Changes on Earth Happen?
Earth has not always looked the way it does today. 

Our planet is slowly changing all the time. Through his-
tory, many people have studied these changes. Many dif-
ferent ideas have been put forward to explain how Earth 
changes with time. 

Until about 200 years ago, most people believed that 
Earth changes because of sudden events, such as floods. 
The belief that Earth changes only because of sudden 
events is called catastrophism. However, scientists soon 
realized that catastrophism could not explain all of their 
observations about the things that happen on Earth.

James Hutton was one of the scientists who first 
realized that geologic changes can happen very slowly. 
Hutton observed the processes that were happening 
around him. He hypothesized that the same processes 
have been happening for all of the Earth’s history. The 
figure below shows some examples of these processes.

Hutton thought that in 
time, the new rock would 
be raised, creating new 
landforms, and that the 
cycle would begin again.

4

He watched as these rock 
particles were carried 
downstream.

 He saw that rock particles are 
deposited and that they form 
new layers of sediment. He 
predicted that these deposits 
would form new rock over time.

3

Hutton observed that 
rock is broken down into 
smaller particles.

1

2

BEFORE YOU READ National Science 
Education Standards
ES 2a, 2b

STUDY TIP
Graphic Organizer As you 
read this section, make a 
table comparing catastroph-
ism, uniformitarianism, and 
modern ideas about how the 
Earth changes.

TAKE A LOOK 
1. Describe What did 
Hutton predict would form 
new rock over time?
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UNIFORMITARIANISM
James Hutton reasoned that the slow processes that 

shape Earth now have been the same through all of 
Earth’s history. Over a very long time, these processes 
have added up to form the features we see on Earth 
today. The theory that the Earth’s features form only 
because of small changes over long periods of time is 
called uniformitarianism.

Catastrophism

Uniformitarianism

Hutton published his ideas in the late 1700s, but 
they were not accepted by most scientists at that time. 
However, in the early 1800s, a scientist named Charles 
Lyell reintroduced the idea of uniformitarianism. Lyell 
provided more evidence to support uniformitarianism. 
His work helped to convince many scientists that unifor-
mitarianism was valid.

By the mid-1800s, many scientists had accepted that 
uniformitarianism can explain many of the Earth’s fea-
tures. However, they also saw that sudden events can 
change Earth’s surface. For example, large storms can 
cause the Earth’s surface to change very quickly. These 
observations helped scientists realize that not all changes 
on Earth happen slowly.

SLOW CHANGES AND SUDDEN EVENTS
Today, scientists understand that neither catastroph-

ism nor uniformitarianism is completely correct. They 
know that most geologic change is slow, but sudden 
changes happen sometimes. 

Sudden changes can have short-term or long-term 
effects. The wind from a hurricane affects only a small 
part of Earth for a short time. However, the impact of a 
comet on Earth may put clouds of dust into the atmo-
sphere. These clouds may decrease the temperature 
everywhere on Earth for many years.

TAKE A LOOK 
2. Identify Fill in the blank 
spaces in the table to show 
how catastrophism is different 
from uniformitarianism.

READING CHECK

3. Explain According to 
scientists today, how fast do 
changes on Earth happen?
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Earth’s Story and Those Who First Listened continued

How Do Scientists Study Earth’s Past?
Scientists can use fossils to learn about what Earth 

was like in the past. A fossil is any evidence of past life. 
Some fossils are made from the remains, such as shells, 
of dead organisms. Other fossils are simply signs, such as 
footprints, that an organism once existed. The study of 
fossils and ancient life is called paleontology. The root 
paleo means “old.” The root onto means “life.” 

Scientists who study paleontology are called 
paleontologists. Different paleontologists study different 
certain kinds of organisms. For example, vertebrate

paleontologists study the remains of vertebrates, or animals 
with backbones. Paleobotanists study fossils of ancient 
plants.

Fossils provide evidence that life on Earth has changed
with time. Different organisms have appeared and disap-
peared throughout Earth’s history. For example, fossils 
show that dinosaurs once lived on Earth, even though 
none are alive today.

Fossils of dinosaurs have been found in many places on Earth. However, 
no dinosaurs are alive today. The fossils show that the kinds of life on Earth 
have changed over time.

Fossils also provide evidence of how Earth has 
changed over time. For example, there are fossils of sea 
life from millions of years ago in deserts and on the tops 
of mountains. The fossils show that some areas that are 
now deserts or mountains were once parts of an ocean.

Critical Thinking
4. Infer Paleobotanists study 
the remains of ancient plants. 
What do botanists most likely 
study?

STANDARDS CHECK
ES 2b Fossils provide important 
evidence of how life and environ-
mental conditions have changed.

Word Help: evidence
information showing 
whether an idea or belief is 
true or valid

Word Help: environment
the surrounding natural 
conditions that affect an 
organism

5. Explain What are two 
things that paleontologists 
can learn from fossils?
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Section 1 Review NSES ES 2a, 2b

SECTION VOCABULARY

catastrophism a principle that states that geo-
logic change occurs suddenly

paleontology the scientifi c study of fossils

uniformitarianism a principle that geologic 
processes that occurred in the past can be 
explained by current geologic processes

 1. Identify How can sudden events affect Earth?

 2. Describe What were two processes that James Hutton observed that helped him 
develop the idea of uniformitarianism?

 3. Define What is a fossil?

 4. Describe One kind of fossil forms from the body parts of organisms. What is 
another kind of fossil?

 5. Apply Concepts Imagine that you find a layer of rock containing many fossil 
clams. The layer of rock is 50 km from the ocean. The fossils are about 5 million 
years old. Clams usually live in shallow ocean water. Based on the fossils, what 
can you guess about the environment in this area 5 million years ago? Explain 
your answer.
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CHAPTER 6

After you read this section, you should be able to answer 
these questions:

• What is relative dating?

• How can rock layers be disturbed?

What Is Relative Dating?
Imagine that you get a newspaper every day. At the end 

of the day, you stack the day’s paper on top of the paper 
from yesterday. In time, you build up a large stack of news-
papers. Where are the oldest newspapers in the pile? Where 
are the newest ones? The oldest papers are at the bottom of 
the pile, and the newest ones are at the top.

Layers of rock are similar to your stack of newspapers. 
In most cases, the oldest layers of rock are found below the 
youngest layers. The idea that younger rocks lie above older 
rocks is called superposition.

The idea of superposition can help geologists learn the 
order in which different rock layers formed. In general, rock 
layers near the top of a rock sequence formed after layers of 
rock lower in the sequence. Therefore, the layers at the top 
of the sequence are younger than the layers lower down. 
Figuring out whether a rock layer is older or younger than 
the layers around it is called relative dating.

The idea of  says that rock layers at the bottom of a body of 
rock are older than layers at the top. Geologists can use this idea to determine the 
relative age of different rock layers.

BEFORE YOU READ National Science 
Education Standards
ES 2b

STUDY TIP
Compare In your notebook, 
make a chart explaining 
different ways that rock 
layers can be changed after 
they form. 

READING CHECK

1. Defi ne What is relative 
dating?

TAKE A LOOK 
2. Identify Fill in the blank 
line in the fi gure.
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Relative Dating: Which Came First? continued

Say It
Share Experiences Have
you ever been to a place 
where you could see many 
rock layers stacked up? In a 
group, talk about what you 
observed.

TAKE A LOOK 
3. Explain How do 
geologists construct the 
geologic column?

THE GEOLOGIC COLUMN
The idea of superposition only applies to rock layers 

that have not been changed after they formed. However, 
not all rock layers are undisturbed. Forces from inside 
the Earth and processes on the Earth’s surface can affect 
rock layers. These forces and processes can break rock 
layers apart or cause them to bend or tilt. Sometimes, the 
forces can even turn the rock layers upside down!

These disruptions can make it difficult for a geolo-
gist to determine the relative ages of different rocks. 
However, geologists have an important tool that can help 
them in relative dating: the geologic column.

The geologic column is a detailed series of rock lay-
ers. It contains all the known fossils and rock formations 
on Earth, ordered from oldest to youngest. Geologists 
have created the geologic column by combining informa-
tion from all over the world. 

The three rock sequences (A, B, and C) are from three different places on Earth. 
Some of the rock layers are found in more than one rock sequence. Geologists 
construct the geologic column by combining information from rock sequences 
around the world.

Geologists use the geologic column to help them inter-
pret rock sequences. They also use it to help them iden-
tify rock layers in complicated rock sequences.
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How Can Rock Layers Be Disturbed?
Gravity causes sediment to be deposited in flat, hori-

zontal layers. Flat, horizontal layers of sediment should 
form flat, horizontal layers of rock. If rock layers are not 
horizontal, then some force must have disturbed them 
after they were formed. 

CHANGED ROCK LAYERS
Folding and tilting are two ways that rock layers can 

be disturbed. Folding happens when rock layers are bent 
because of pressure. Tilting happens when forces from 
inside Earth move rock layers so that they are slanted. 

Folding happens when rock layers 
bend and buckle under pressure.

Tilting happens when forces from 
inside Earth cause rock layers to 
become slanted.

Faults and intrusions can cut across many rock layers. 
A fault is a break or crack in Earth’s crust. Large pieces 
of rock can move or slide along a fault. An intrusion

forms when melted rock moves into cracks in rock layers 
and then cools. 

A fault is a break in Earth’s crust. Rock 
can slide along a fault and disturb rock 
layers.

Intrusions form when melted rock 
moves through cracks in rock layers. 
The melted rock cools and hardens to 
form igneous rock.

READING CHECK

4. Describe What is one 
thing that tells a geologist 
that rock layers have been 
disturbed?

TAKE A LOOK 
5. Compare How is folding 
different from tilting?

READING CHECK

6. Identify What kind of 
rock is an intrusion made of?

TAKE A LOOK 
7. Defi ne What is a fault?
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MISSING ROCK LAYERS
Think back to your stack of newspapers. Imagine 

that you want to read something in the paper from 
Valentine’s Day, February 14. However, when you look, 
the paper from February 14 is not there. The papers go 
from February 13 to February 15. What happened? Maybe 
you didn’t put that day’s newspaper on the stack. Maybe 
someone took that paper out of the stack.

The same ideas that apply to a missing newspaper apply 
to a missing rock layer. An unconformity is a break in, or a 
missing part of, the geologic record. Unconformities can form 
when sediment is not deposited in an area for a long time. 
If sediment is not deposited, no new layer of rock can form. 
This is like your forgetting to put a newspaper onto the stack. 

Unconformities can also form when erosion removes a 
layer of rock after it formed. This is like someone taking 
a paper out of the stack. 

1. Sediment is eroded 
from hills or mountains. 
It moves downhill. The 
sediment is deposited in 
layers in a low area.

2. If erosion stops, no 
more sediment moves 
downhill. Deposition 
stops. No sediment layers 
form for a long time.

Unconformity

3. When erosion begins again, 
more sediment moves downhill. 
It is deposited in the low area. 
An unconformity has formed 
where no sediment was 
deposited for a long time.

3. More sediment begins 
to be deposited. An uncon-
formity has formed where 
material was eroded.

2. Erosion removes some of the 
mountain and sediment layers. The 
material is moved farther away.

Uplift

Unconformity

Geologists put all unconformities into three main 
groups: disconformities, nonconformities, and angular 
unconformities.

DISCONFORMITIES
A disconformity is a place where part of a sequence of 

parallel rock layers is missing. Disconformities can form 
when a sequence of rock layers is pushed up because 
of forces inside the Earth. Erosion removes the younger 
layers of rock at the top of the sequence, forming an 
erosion surface. Later, deposition starts happening again, 
and sediment buries the erosion surface.

Critical Thinking
8. Infer Imagine that you 
are a geologist and you fi nd 
an unconformity between 
two rock layers. What can you 
guess about the environment 
at the time the unconformity 
was forming?

TAKE A LOOK 
9. Identify Give two ways 
that an unconformity can 
form.
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Disconformities are 
the most common 
kind of unconformity. 
The rock layers above 
the disconformity 
may be thousands to 
many millions of years 
younger than those 
below it.

Disconformity

NONCONFORMITIES
A nonconformity is a place where sedimentary rocks 

are found on top of eroded igneous or metamorphic 
rocks. The igneous or metamorphic rocks can be pushed 
up by forces inside the Earth. Then, erosion can remove 
some of the rock. Later, sediment may be deposited on 
top of the eroded rock. 

The rock layers above 
a nonconformity may 
be millions of years 
younger than those 
below it.

Nonconformity

Igneous rock

Sedimentary rock

ANGULAR UNCONFORMITIES
An angular unconformity is a place where horizontal 

rock layers lie on top of tilted or folded rock layers. The 
tilted or folded layers were eroded before the horizontal 
layers formed above them.

The rock layers above 
an angular unconformity 
may be millions of years 
younger than those 
below it.

Angular unconformity

Folding, tilting, faults, intrusions, and unconformities 
all disturb rock layers. Sometimes, a single rock body 
may have been disturbed many times. Geologists must 
use their knowledge of the things that disturb rock layers 
to piece together the Earth’s history.

TAKE A LOOK 
10. Defi ne What is a 
disconformity?

READING CHECK

11. Explain How do 
nonconformities form?

TAKE A LOOK 
12. Compare How is a 
nonconformity different from 
an angular unconformity?
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SECTION VOCABULARY

geologic column an ordered arrangement of 
rock layers that is based on the relative ages of 
the rocks and in which the oldest rocks are at 
the bottom

relative dating any method of determining 
whether an event or object is older or younger 
than other events or objects 

superposition a principle that states that 
younger rocks lie above older rocks if the 
layers have not been disturbed

unconformity a break in the geologic record 
created when rock layers are eroded or when 
sediment is not deposited for a long period of 
time

 1. Identify Give two ways that an unconformity can form.

 2. Apply Concepts If the tops of the rock layers in the figure below were eroded and then 
deposition started happening again, what kind of unconformity would have formed?

 3. Describe What does the idea of superposition say about rock layers that have not 
been disturbed?

 4. Identify Give two ways in which geologists use the geologic column.

 5. Explain How does a disconformity form?
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CHAPTER 6

After you read this section, you should be able to answer 
these questions:

• How can geologists learn the exact age of a rock?

• What is radiometric dating? 

What Is Radioactive Decay?
Geologists can use the methods of relative dating to 

learn whether a rock is older or younger than another 
rock. However, they often also need to know exactly how 
old a rock is. Finding the exact age of an object is called 
absolute dating. One way to learn the age of a rock is to 
use unstable atoms.

All matter, including rock, is made of atoms. All atoms 
are made of three kinds of particles: protons, neutrons, 
and electrons. All of the atoms of an element, such as 
uranium, have the same number of protons. However, 
some atoms of an element have different numbers of neu-
trons. Atoms of an element that have different numbers 
of neutrons are called isotopes.

Many isotopes are stable and are always in the same 
form. However, other isotopes are unstable and can 
break down into new isotopes of different elements. An 
unstable isotope is also called a radioactive isotope.
Radioactive decay happens when a radioactive isotope 
breaks down into a new isotope. 

Radioactive isotopes can 
decay in different ways. 
During one kind of radioactive 
decay, a neutron becomes a 
proton and an electron. 
The electron moves to a 
different part of the atom.

Neutron
Electron

This isotope is unstable, 
or radioactive.

After radioactive 
decay, an isotope 
of a new element 
is left. The new 
isotope is stable.

Proton

BEFORE YOU READ National Science 
Education Standards
ES 2b

STUDY TIP
Learn New Words As you 
read, underline words that 
you don’t understand. When 
you learn what they mean, 
write the words and their 
defi nitions in your notebook.

READING CHECK

1. Defi ne What are isotopes?

TAKE A LOOK 
2. Compare How is a 
radioactive isotope different 
from a stable isotope?



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Interactive Textbook 98 The Rock and Fossil Record

SECTION 3

Name Class Date

Absolute Dating: A Measure of Time continued

RADIOMETRIC DATING
A radioactive isotope is also called a parent isotope.

Parent isotopes break down into daughter isotopes.
Because of radioactive decay, the amounts of parent and 
daughter isotopes in a rock are always changing. However, 
they change at a constant, known rate. Therefore, scien-
tists can learn the age of a rock by studying the amounts of 
parent and daughter isotopes in it. 

Radiometric dating is the process of determining the 
absolute age of a sample based on the ratio of parent iso-
tope to daughter isotope. In order to use radiometric dat-
ing, you need to know the half-life of the parent isotope. 

The half-life of a radioactive isotope is how long it 
takes for half of a sample of the isotope to decay. For 
example, imagine that a parent isotope has a half-life of 
10,000 years. A sample of this isotope has a mass of 12 mg. 
After 10,000 years, only one-half, or 6 mg, of the sample 
will be left. 

The half-lives of different isotopes can be very differ-
ent. Some parent isotopes have half-lives of more than 
4 billion years. Others have half-lives of only about 6,000 
years. Very old rocks can be dated only if isotopes with 
long half-lives are used. Very young rocks can be dated 
only if isotopes with short half-lives are used. 

How do scientists know which isotope to use to find 
the age of a rock? They use information about the rela-
tive age of the rock to guess about how old the rock is. 
Then, they find its age, using an isotope that is useful for 
dating rocks of that age.

Critical Thinking
3. Infer What happens to 
the amount of parent isotope 
in a rock with time? What 
happens to the amount of 
daughter isotope?

Math Focus
4. Calculate Fill in the blank 
lines in the fi gure with the 
mass of parent isotope that is 
left at each step.
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What Isotopes Can Be Used for 
Radiometric Dating?

Remember that different parent isotopes have different 
half-lives. Each parent isotope can be used to date rocks of 
different ages.

POTASSIUM-ARGON METHOD
Potassium-40 is one isotope that is often used in 

radiometric dating. It has a half-life of 1.3 billion years. 
It decays to produce the daughter isotope argon-40. 
Scientists usually use the potassium-argon method to 
date rocks that are older than about 1 million years. 

URANIUM-LEAD METHOD
Uranium-238 is also used for radiometric dating. It 

has a half-life of 4.5 billion years. It decays to produce 
lead-206. Scientists use the uranium-lead method to date 
rocks that are older than about 10 million years.

RUBIDIUM-STRONTIUM METHOD 
Rubidium-87 is also used for radiometric dating. It has 

a half-life of about 48 billion years. It decays to produce 
the daughter isotope strontium-87. The half-life of 
rubidium-87 is very long. Therefore, this method is only 
useful for dating rocks older than about 10 million years.

CARBON-14 METHOD
Carbon-14 is a radioactive isotope of the element carbon. 

Carbon-14, along with the other isotopes of carbon, com-
bines with oxygen to form the gas carbon dioxide. Plants 
use carbon dioxide to make food. Therefore, living plants 
are always taking in small amounts of carbon-14. Animals 
that eat plants also take in carbon-14 from the plants. 

When a plant or animal dies, it stops taking in carbon-14. 
The carbon-14 already in its body starts to decay to produce 
nitrogen-14. Carbon-14 has a short half-life: only 5,730 years. 
Therefore, this method can be used to date the remains of 
organisms that died in the last 50,000 years.

Parent isotope Daughter isotope Half-life

Potassium-40

Uranium-238

Rubidium-87

Carbon-14

READING CHECK

5. Explain Using relative 
dating, a scientist learns that 
a rock is about 50,000 years 
old. Can the scientist use the 
potassium-argon method 
to fi nd the exact age of this 
rock? Explain your answer.

READING CHECK

6. Describe How do animals 
take in carbon-14?

TAKE A LOOK 
7. Identify Fill in the spaces 
in the chart to show the 
features of different parent 
isotopes.
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SECTION VOCABULARY

absolute dating any method of measuring the 
age of an event or object in years

half-life the time required for half of a sample 
of a radioactive isotope to break down by 
radioactive decay to form a daughter isotope

isotope an atom that has the same number of 
protons (or the same atomic number) as other 
atoms of the same element do but that has a 
different number of neutrons (and thus a 
different atomic mass) 

radioactive decay the process in which a 
radioactive isotope tends to break down into a 
stable isotope of the same element or another 
element

radiometric dating a method of determining 
the absolute age of an object by comparing the 
relative percentages of a radioactive (parent) 
isotope and a stable (daughter) isotope

 1. Describe How is radioactive decay related to radiometric dating? 

 2. Calculate A parent isotope has a half-life of 1 million years. If a rock contained 
20 mg of the parent isotope when it formed, how much parent isotope would be 
left after 2 million years? Show your work.

 3. List What are two radioactive isotopes that are useful for dating rocks that are 
older than 10 million years?

 4. Apply Concepts A geologist uses relative dating methods to guess that a rock is 
between 1 million and 5 million years old. What is one radioactive isotope the 
geologist can use to learn the exact age of the rock? Explain your answer.

 5. Infer Why can’t geologists use the carbon-14 method to date igneous rocks? Why 
can’t they use the carbon-14 method to date dinosaur bones?
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CHAPTER 6

After you read this section, you should be able to answer 
these questions:

• What are fossils?

• How do fossils form? 

• What can fossils tell us about the history of life on Earth? 

What Are Fossils?
Scientists can tell us many things about organisms, 

such as dinosaurs, that lived millions of years ago. How 
do scientists learn about these organisms if they have 
never seen them? They study fossils. A fossil is the trace 
or remains of an organism that lived long ago. 

Some fossils are made from parts of an organism’s 
body. These fossils are called body fossils. Other fossils 
are simply signs, such as footprints, that an organism was 
alive. These fossils are called trace fossils.

FOSSILS IN ROCKS
Usually, when an organism dies, it begins to decay or 

it is eaten by other organisms. Sometimes, organisms 
are quickly buried by sediment when they die. The sedi-
ment can help preserve the organism. Hard parts, such as 
shells, teeth, and bones, are preserved more often than 
soft parts, such as organs and skin. When the sediment 
hardens to form sedimentary rock, the parts of the organ-
ism that remain can become body fossils. 

FOSSILS IN AMBER
Sometimes, organisms such as insects are caught in 

sticky tree sap. If the sap hardens around the insect, a 
fossil is created. Hardened tree sap is called amber. Some 
of the best insect fossils are found in amber. Frogs and 
lizards have also been found in amber.

This insect is preserved in 
amber. It is more than 38 
million years old.

BEFORE YOU READ National Science 
Education Standards
ES 1k, 2b

STUDY TIP
Organize As you read, make a 
chart comparing the fi ve ways 
that body fossils can form. 

Critical Thinking
1. Compare How is a trace 
fossil different from a body 
fossil?

READING CHECK

2. List Give three examples 
of hard parts of an organism 
that could become fossils.
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FROZEN FOSSILS
Ice and cold temperatures slow down decay and can 

allow body fossils to form. Woolly mammoths, which 
are relatives of modern elephants, became extinct about 
10,000 years ago. However, scientists have found frozen 
remains of mammoths preserved in blocks of ice. 

PETRIFACTION
Organisms can also become fossils by petrifaction. 

During petrifaction, minerals replace all or part of an 
organism’s tissues. For example, minerals may fill the 
tiny spaces in an animal’s bones. Sometimes, the organ-
ism’s tissues are completely replaced by minerals. For 
example, petrified wood forms when minerals replace all 
of the tissue in a piece of wood. 

FOSSILS IN ASPHALT
In some places, asphalt or tar bubbles up to the Earth’s 

surface and forms sticky pools. The La Brea asphalt deposits 
in Los Angeles, California, are at least 38,000 years old. These 
pools have trapped and preserved many different organisms. 
From these fossils, scientists have learned about the ancient 
environment of southern California.

FOOTPRINTS
Remember that trace fossils are evidence that an 

organism was once alive. A footprint is an example of a 
trace fossil. Footprints may be preserved as trace fossils 
when they are filled with sediment and harden into rock. 
Footprints can show how big an animal was and how fast 
it was moving. For example, parallel paths of dinosaur 
tracks have led scientists to hypothesize that some dino-
saurs moved in herds. 

These dinosaur 
tracks are found in 
Arizona. They show 
that the dinosaur 
was running when it 
made the tracks.

Say It
Discuss Have you ever seen 
any fossils? What kind of 
organisms were they? Where 
did you see them? How did 
they probably form? In a 
small group, talk about the 
fossils you have seen. 

READING CHECK

3. Defi ne What is petrifaction? 

TAKE A LOOK 
4. Explain Why are these 
tracks considered trace fossils?
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BURROWS AND COPROLITES
Burrows are another kind of trace fossil. Burrows are 

shelters made by animals, such as clams, that dig into 
sediment. A burrow can be preserved when it is filled 
with a different kind of sediment and buried quickly. 

Coprolites, or preserved animal dung, are another 
example of trace fossils. 

MOLDS AND CASTS
Molds and casts are two more kinds of fossils. A mold

is an impression, or print, left in sediment where a plant 
or animal was buried. The figure below shows two types 
of molds from the same organism. One is an internal 
mold of the inside of the shell. The other is an external 
mold of the outside of the shell. 

A cast is an object that forms when sediment fills a 
mold and becomes rock. Like a mold, a cast can show 
what the inside or outside of an organism looked like. 

The fossil on 
the left is the 
internal mold of 
an ammonite. 
It formed when 
sediment fi lled 
the ammonite’s 
shell. On the 
right is the 
external mold of 
the ammonite. 
The shell later 
dissolved.

What Can We Learn from Fossils?
Think about your favorite outdoor place. Imagine the 

plants and animals around you. Now, imagine that you 
are a scientist at the same site 65 million years from now. 
What types of fossils would you dig up? Would you find 
fossils for every organism that existed? Based on the 
fossils you found, what would you guess about how this 
place used to look? 

Fossils can show scientists three main things: 

• What kind of organisms lived in the past
• How the environment has changed with time
• How organisms have changed with time

READING CHECK

5. Defi ne What is a mold? 

STANDARDS CHECK
ES 2b Fossils provide important 
evidence of how life and environ-
mental conditions have changed.

Word Help: evidence
information showing 
whether an idea or belief is 
true or valid

Word Help: environment
the surrounding natural 
conditions that affect an 
organism

6. List Name three things 
fossils can show scientists. 
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Looking at Fossils continued

TAKE A LOOK 
7. Explain Why do scientists 
know more about some 
kinds of ancient organisms 
than others? 

READING CHECK

8. Explain How can 
scientists fi nd out how life 
has changed?

THE INFORMATION IN THE FOSSIL RECORD
Scientists have used fossils to learn some of the his-

tory of life on Earth. However, scientists cannot learn 
everything about life from fossils. This is because most 
organisms never became fossils, and many fossils have 
not been discovered yet. 

Scientists know more about some kinds of ancient 
organisms than others. Remember that hard body parts 
are more likely to form fossils than soft body parts. 
Therefore, scientists know more about organisms with 
hard body parts than about organisms with only soft body 
parts. Some organisms lived in environments where fossils 
can form more easily. Scientists know more about these 
organisms than those that lived in other environments. 

Fossils of organisms with hard parts, 
such as shells, are more common than 
fossils of organisms without hard parts.

This organism lived in an environment with 
a lot of sediment. Fossils form more easily 
in environments with a lot of sediment. 
Therefore, organisms that lived in these 
environments are more likely to be found 
as fossils.

A HISTORY OF ENVIRONMENTAL CHANGES 
Fossils can show evidence of climate change. For 

example, Antarctica is covered with ice and snow in the 
present. However, scientists have found fossils of forest and 
freshwater organisms in Antarctica. They have even found 
fossils of dinosaurs in Antarctica! These fossils show that 
Antarctica’s climate must have been warmer in the past.

A HISTORY OF CHANGING ORGANISMS
To understand how life on Earth has changed, scien-

tists compare fossils. Scientists also look for similarities 
between fossils and living organisms. However, only 
a small fraction of the organisms that have existed in 
Earth’s history have been fossilized. As a result, the fossil 
record is incomplete. This means that scientists do not 
have a complete record of changes in life on Earth. 
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How Do Scientists Know How Old Fossils Are?
To understand the history of life on Earth, scientists 

have put fossils in order based on their ages. Scientists 
learn the ages of fossils in different ways. In some cases, 
they can use absolute dating methods, such as radio-
metric dating, to determine the age of fossils. More com-
monly, scientists use relative dating methods. 

Relative dating methods can’t tell scientists the exact age 
of a fossil. However, relative dating can show which fossils 
are older than others. Fossils found in older layers of rock 
come from more ancient life forms. Fossils found in younger 
layers of rock are from more recent organisms.

USING FOSSILS TO DATE ROCKS
Scientists can use fossils of certain types of organisms 

to learn how old rock layers are. These fossils are called 
index fossils. Index fossils are fossils of organisms that 
lived during a relatively short period of time. Because 
they lived for only a short time, their fossils are only 
found in rocks of a certain age. To be an index fossil, a 
fossil must have three features:

• The organism must be common in rocks from most of 
the world.

• The organism must have lived for only a geologically 
short period of time (a few million years to a few hun-
dred million years).

• The organism must be easy to identify.  
Trilobites and ammonites are two kinds of organisms 

that are used as index fossils. The figures below show 
examples of these fossils.

The trilobite Phacops is an ex-
ample of an index fossil. Phacops
lived about 400 million years ago. 
Therefore, rocks that contain 
Phacops fossils are probably 
about 400 million years old.

The ammonite Tropites is an 
index fossil. Tropites lived from 
between 230 million and 208 
million years ago. Because it lived 
for such a short time, it is a good 
index fossil.

READING CHECK

9. Describe How do 
scientists put fossils in order?

TAKE A LOOK 
10. Identify What feature of 
these organisms made them 
more likely to be preserved 
as fossils?
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SECTION VOCABULARY

cast a type of fossil that forms when sediments 
fi ll in the cavity left by a decomposed organism

fossil the trace or remains of an organism that 
lived long ago, most commonly preserved in 
sedimentary rock

index fossil a fossil that is used to establish 
the age of a rock layer because the fossil is 
distinct, abundant, and widespread and the 
species that formed that fossil existed for only 
a short span of geologic time 

mold a mark or cavity made in a sedimentary 
surface by a shell or other body

trace fossil a fossilized mark that formed in 
sedimentary rock by the movement of an 
animal on or within soft sediment

 1. List Give three examples of trace fossils.

 2. Explain Why is the fossil record incomplete? 

 3. Infer Which organism is more likely to be found as a fossil in amber, a beetle or a 
rabbit? Explain your answer.

 4. Apply Concepts What could you conclude if you found a fossil of a tropical plant 
in a cold climate? 

 5. List What three features must a fossil have in order to be an index fossil? 


