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1. What are some examples of landforms?

2. What is one of the primary causes of erosion?

3. What are sediments?

4.  The weathering process 
breaks down rock into smaller pieces. Write to 
explain the difference between mechanical 
weathering and chemical weathering. Include 
details from the book to support your answer.

5.  Draw Conclusions  Soil erosion is part of 
the weathering process, which is caused by 
wind, water, ice, and gravity. What happens 
to soil without plants?

What did you learn?Vocabulary

chemical weathering
deposition
erosion
mechanical weathering
sediments
weathering
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How Earth’s Surface 
Changes over Time

Take a look outside. What do you see when you look at 
the ground? Is it fl at in every direction? Do you see any hills—
or any holes? One thing is certain: you will see something 
different on Earth’s surface wherever you look.

Earth’s surface is made up of  many different natural features, 
or landforms. Examples of  landforms include mountains, 
canyons, plateaus, caves, beaches, and valleys. The landforms 
change over time. The changes happen both suddenly and slowly.

glaciers in Mount Rainier National Park, 
Washington State 

Landforms
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Earth’s surface is constantly changing. Some changes take place 
instantly, such as when a sudden heavy rain causes mud to slide 
down a steep hill. Other changes take place slowly, over hundreds 
and thousands of  years. River waters rushing over land slowly 
carry and deposit sediments, solid particles that are moved from 
one place to another. Rivers shift their course or cut deep into 
the land, forming canyons.

Glaciers that moved through the east-central region shared 
by the United States and Canada formed the Great Lakes in 
North America. As the huge masses of  ice made their way across 
the area, they slowly carved out what is now one of  the largest 
sources of  fresh water in the world. The Great Lakes include 
Lakes Superior, Michigan, Huron, Erie, and Ontario.
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Many changes to Earth’s surface happen over long periods of  
time. Sometimes signifi cant changes—such as the formation of  
the Grand Canyon over many millions of  years—cannot be easily 
measured. Weathering is the physical process that causes such 
dramatic, long-range alterations to Earth’s surface. This happens 
when rock breaks down into smaller pieces. It can occur as either 
a mechanical process or a chemical process.

During mechanical weathering, rock breaks down due to 
the physical movement of  wind, water, and ice over the rock. 
Although the rock breaks down into smaller pieces, the minerals 
that make up the rock do not change. In regions that experience 
cold winters and warm summers, such as the Yukon Territory 
in Canada, water repeatedly freezes and thaws within the tiny 
cracks naturally found in rock. The force of  the water expanding 
in a crack as it freezes causes the crack to deepen and widen. 
Eventually the rock can be broken. 

winter in Whitehorse, 
Yukon Territory, Canada

Weathering
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Erosion

Rock also breaks down as a result of  chemical weathering, 
but during this process the minerals that make up the rock 
change. Chemical weathering occurs more frequently in warmer 
climates. For example, rock formations in Nevada’s Valley of  Fire 
State Park were broken down and turned red due to the effects 
of  chemical weathering. This happened when oxygen in the air 
reacted with iron in the rock.

Erosion occurs when wind, water, ice, and gravity carry soil 
and sediments from one place to another. Eroded materials can 
travel long distances down mountainsides and across valleys, 
changing the surface of  Earth. These changes can take decades, 
centuries, and even millions of  years!

Erosion can also happen quickly. Soil without plants can be 
washed away by wind and water. This can damage an ecosystem 
or ruin farmland. To prevent this, farmers plant cover crops in 
fi elds that are not in use. 

Valley of Fire State 
Park, Nevada
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How Water Affects 
Earth’s Features

The force of  moving water is one of  the primary causes 
of  erosion. Erosion results in major changes to Earth’s features. 
Water running downhill carries and deposits sediment. Gravity 
pulls these small pieces of  sediment through Earth’s complex 
systems of  streams and rivers. As rock and soil move, they change 
the face of  Earth. Sediment in the moving water can act like a fi le, 
wearing down the rocks and the riverbed as it passes. Some 
changes take place so slowly that they can’t be measured by 
the human eye—or even within a human’s lifetime.

Small rocks and pebbles fl owing 
in the water rub against the riverbed. 
This loosens and wears down other rocks.

moving water
river erosion

Small rocks and soil 
are dislodged and 
carried by the current.
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Deposition
Moving water carries and drops sediment as it fl ows 

downhill. The process of  dropping sediment in a new place 
is called deposition. Deposition can change the shape and 
direction of  fl ow. Sediment includes rocks—from small pebbles 
and stones to huge boulders—soil, such as silt or mud, and 
almost anything else moving water picks up, from plant material 
to garbage. The sediment gets deposited when the force of  a 
river slows down and the water can no longer carry it.

When you see a large boulder in the middle of  a river or 
a soda can that has washed up on a riverbank, you’re seeing 
the effects of  deposition. 

The garbage and small rocks 
in this picture were deposited 
by the moving water.

braided river sections
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Streams and river systems fl ow into lakes and, eventually, 
into Earth’s oceans. The water carries sediments and dissolved 
minerals. Some dissolved minerals are deposited in lakes, along 
coastlines, and on ocean fl oors. Others travel through ocean 
waters and help support plant and animal life in the ocean.

Have you heard the term salt water in connection with oceans? 
Salt is one of  the minerals that water carries. In fact, each year 
Earth’s rivers carry about four billion tons of  dissolved salt to the 
oceans. Because salt is one of  the minerals left behind as ocean 
water evaporates, the salt content of  Earth’s oceans continually 
increases. Ocean water is made up of  about 3.5 percent dissolved 
salt. If  you’ve ever accidentally swallowed ocean water while 
swimming, you know just how salty it tastes!

Minerals in Lakes and Oceans

frozen surface of the Great Salt Lake 
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Great Salt Lake, Utah

The Great Salt Lake is located in northern Utah near Salt 
Lake City. Its water has one of  the highest salt contents of  all 
Earth’s water bodies. It has even greater salinity than ocean water.

Water travels to the Great Salt Lake from the Bear, Weber, 
and Jordan Rivers. It doesn’t continue on to the ocean, however; 
the Great Salt Lake has no outlet. The rivers transport about 
1.1 million tons of  salt into the lake each year. In the warm 
climate of  Utah, the lake’s water evaporates quickly and this 
results in even more salt deposits. Because this salt doesn’t move 
on to the ocean, it builds up in the Great Salt Lake.

Great Salt Lake

13998_05-20_FSD.indd   913998_05-20_FSD.indd   9 5/12/05   3:13:55 PM5/12/05   3:13:55 PM





10

Like Earth’s surface, Earth’s systems of  rivers and streams 
are dynamic. That means they are constantly changing.

A stream begins on land that is above sea level. Gravity 
causes its water to fl ow downward toward sea level. Multiple 
streams can fl ow together to form a river. A river carries 
sediments through its waters as it breaks down rock and soil 
into smaller particles.

Sediments are left behind in different spots along a river’s 
path. This deposition process happens as the water slows 
down. Waters often slow down at low areas, such as the mouth 
of  a river. As water movement slows, the water contains less 
energy, and its ability to carry sediment decreases. Heavy 
sediments such as boulders and rocks are deposited fi rst. 
Lighter sediments such as tiny pebbles and fi ne grains of  soil 
travel greater distances.

Landforms called deltas form when large amounts of  
sediment accumulate at the mouth of  a river. The Mississippi 
Delta, for example, extends beyond the coastline where the 
Mississippi River fl ows into the Gulf  of  Mexico.

River Systems

Sometimes excess rain adds too much water to rivers 
and streams, and this results in fl ooding. Because there’s so 
much energy in fl oodwaters, they can move large amounts 
of  sediments along rivers and streams.

The part of  the landscape most likely to hold overfl ow and 
sediment from a fl ooded river is a fl oodplain. A fl oodplain is 
an area of  fl at land adjacent to a stream or a river. Living in a 
fl oodplain includes both benefi ts and risks. Some farmers rely 
on the nutrients deposited in the soil by fl oodwaters. The extra 
nutrients help them grow healthy crops. But dangerous fl ood 
levels can sometimes cause loss of  homes and other property, 
injury, and even death.

Floodplains
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The Ganges River divides into 
thousands of smaller channels that 
spread into a delta about 400 km wide. 
The river channels empty 
into the Indian Ocean.
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How Waves Affect 
Coastal Landforms

Ocean waves hit the coast with great force. They steadily 
wear down landforms along the coast. But they also build up 
new ones.

Do you know what it feels like to have an ocean wave hit 
you? A weak or slow-moving wave can splash onto your toes 
and barely cause you to move. A strong, fast-moving wave, 
however, can cover your head and knock you over. Now think 
about how ocean waves—of  all speeds and sizes—might affect 
coastal landforms. Through erosion, waves wear down and 
build up coastal landforms, causing their surfaces to change 
over time.

Wave Energy
If  you watch ocean waves, you might think that the water 

moves along with the waves. But this isn’t so. Only the energy 
moves. The water stays in the same spot. It rises and falls in a 
circular motion. You can see how this works by studying the 
diagram. As a wave nears shore, the water moves slightly forward 
and then downward and then back. The water rises and falls 
in a circular motion, making a loop. Each time a wave passes, 
the water ends up just about where it began.

As waves move toward the shore, the ocean bottom gets in 
the way. It interferes with the pattern of  the waves’ movements. 
The ocean fl oor makes the bottom parts of  waves slow down. 
But the tops of  the waves keep moving quickly. This causes the 
tops to tumble forward. Finally the waves crash at the shore in 
the form of  breakers. This is the part of  the wave you can see.
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What Causes Waves
Most waves you see at the beach are usually caused by the wind. 

They form out on the open ocean, when wind touches the water 
and causes an energy transfer. This transfer results in waves. The 
faster the wind is blowing, the bigger the waves.

Tectonic activity in Earth’s crust also causes waves. Examples 
include underwater landslides, earthquakes, and volcanic eruptions. 
Tectonic activity can result in dangerously high and fast-moving 

waves called tsunamis. A tsunami that reaches shore can cause 
severe damage. Two of  the largest tsunamis in U.S. history 

hit Alaska in 1964 and Hawaii in 1960. One of  the 
most destructive tsunamis of  all time occurred 

in the Indian Ocean in December 2004. 
More than 170,000 people in 

Indonesia, Sri Lanka, and 
other countries lost their 

lives. Millions more 
lost their homes.

Wave energy

Water moves in a 
circular motion.

The ocean bottom 
gets in the way.

The tops of 
the waves break 
on shore.

breakers in Natal, South Africa
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The diagram above illustrates characteristics shared by all 
waves, including water waves.

In any wave, the crest is the highest part, and the trough is 
the lowest part. The heavy dotted line on the diagram shows the 
position of  the water before a wave passes through it. A wave’s 
amplitude is the distance between this line and either the crest 
or the trough. As waves gain energy from the wind, their 
amplitude increases.

Wavelength is the distance between a given point on a 
wave to the corresponding point on the next wave. To measure 
wavelength, all you need to do is fi nd the distance from one 
crest to the next. You can also measure wavelength by 
determining the distance from trough to trough.

These waves carry a lot of energy.

crest

Characteristics of  Waves

amplitude

trough

wavelength
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Beaches: Dynamic Systems
Beaches are another part of  Earth’s surface affected by the 

constant infl uences of  wind and moving water. They contain such 
varied coastal landforms as dunes, sandbars, bluffs, and cliffs.

Wind can blow large amounts of  loose sand into huge piles, 
or dunes, along a beach’s edge. Its force can also slowly wear away 
at landforms. Wind can shape interesting rock formations and 
imposing cliffs that seem to hang in midair.

Large ocean waves can be powerful enough to cause cracks 
in rocks. Even large rocks can break into smaller pieces due to 
constant exposure to high-energy waves. Of  course, this process 
usually takes a long time, but it shows you just how strong waves 
can be.

Beaches are also changed over time by the sediments carried 
in waves. The stones and sand that make up the sediments act like 
a fi le, wearing away the solid surfaces they pass over.

Beaches change over time.
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Glossary

chemical weathering the process by which the minerals 
that make up rock are changed

deposition the process of  adding sediments that 
began in one place to another place

erosion the process by which soil and 
sediments are moved from one place 
to another

mechanical weathering the process by which forces such as 
wind, water, and ice break down rock 
without changing its makeup

sediments particles of  rock and soil that are 
moved from place to place by wind, 
water or glaciers, or gravity

weathering the process of  breaking down rock 
into smaller pieces
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1. What are some examples of landforms?

2. What is one of the primary causes of erosion?

3. What are sediments?

4.  The weathering process 
breaks down rock into smaller pieces. Write to 
explain the difference between mechanical 
weathering and chemical weathering. Include 
details from the book to support your answer.

5.  Draw Conclusions  Soil erosion is part of 
the weathering process, which is caused by 
wind, water, ice, and gravity. What happens 
to soil without plants?

What did you learn?Vocabulary

chemical weathering
deposition
erosion
mechanical weathering
sediments
weathering
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