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What did you learn?
1. Describe three ways that landforms are shaped on Earth’s surface. 

2. Why do sediments settle out of flowing water as it slows down?

3. What are the sources of energy for ocean waves? 

4. During the 1930s much of the Midwest 
and Southern Plains of the United States was known as the Dust 
Bowl. Write to explain what caused the Dust Bowl, and what its 
effects were. Use details from the book to support your answer.

5. Draw Conclusions Suppose a beach has white 
sand. What can this tell you about the surrounding rocks?
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How does Earth’s 
surface change?
Earth’s Features

Look at the picture of Badlands 
National Park. Do you see the 
river? You can’t because it is far 
below the tops of the canyons. 
The canyons began to form 
when water flowed over 
flat land. Over many years 
the water dug deeper into 
Earth’s surface to carve 
out the canyons you can 
see today.

Frozen water can also 
change Earth’s features. 
The five Great Lakes that lie 
between the United States and 
Canada were formed by glaciers. A 
glacier is a huge mass of slow-moving 
ice. As they move, they can scrape away 
the land, digging out lake bottoms.

Landforms on Earth have been shaped 
and changed in many ways. Flowing 
water is a main force. Rivers carry and 
drop materials as they go. Sediment 
is solid particles that are moved from 
place to place. Sediment can change 
the surface of Earth. It settles to form 
new features.

Badlands National 
Park
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Weathering and Erosion
Many changes on Earth’s surface take place because of weathering. 

Weathering is the process of breaking down rock into smaller 
pieces. There are two kinds of weathering. 

Mechanical weathering takes place when forces such as water 
and ice break down rock. This type of weathering does not change 
the makeup of the rock as it breaks down. Mechanical weathering 
can begin in tiny cracks in rocks. Water can seep in and freeze. The 
ice pushes against the crack, making it larger. Water gets back into 
the cracks again after the ice melts. Rocks freeze and thaw over and 
over. This process makes the cracks larger each time and eventually 
splits the rock.

Sometimes soil forms in the cracks of rocks. Plants may take hold 
there. As the plants grow, their roots push the cracks open even more. 
Some plants can also produce chemicals that eat into rocks. 

In chemical weathering, the minerals that make up the rock 
change. This type of weathering takes place when water, oxygen, and 
other materials react with the minerals in the rock.

After rock has been broken down by weathering, another process 
can begin. Erosion is the process by which soil and sediments are 
moved from one place to another. Wind, water, ice, and gravity can 
carry the eroded materials great distances.

Weathering and erosion are always at work to change the surface 
of Earth. Erosion can flatten mountains. It can dig deep canyons 
in layers of rock. But these changes generally take place over long 
periods of time.
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Soil Erosion
When areas of soil have no plants on them, the soil is easily 

eroded. It can be washed away by water or blown away by wind. 
Plants help hold soil in place. Farmers who know this may plant 
cover crops. These are crops planted between harvests to slow down 
soil erosion. Cover crops also add nutrients to the soil.

When soil erodes, serious problems can result. One example of 
this happened in the plains of the United States in the 1930s. Years 
of drought and poor farming methods left many areas of soil nearly 
bare. That part of our country became known as the Dust Bowl. 
Harsh dust storms blew for eight years. The blowing dust was so 
heavy that children wore masks to school. People slept with wet 
cloths over their faces to keep from choking. The dust was so thick 
in places that people couldn’t see even during the day. Dust piled up 
like snow drifts.

The drought affected more than the land. People suffered many 
health problems. Some died. Dust damaged cars and farm equipment 
so badly that they could not be fixed. Farmers lost their land. Millions 
of people lost their jobs.

People have learned from those bad years. Farmers learned to use 
better farming methods. People found new ways to take care of the 
land. An era of soil conservation began.

Cover crops 
prevent soil 
erosion.
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1930
Little rain falls in the 
Southern Plains, but 
crops flourish.

1933 
Thirty-eight dust 
storms occur.

1935 
Many cattle are destroyed 
because crops cannot 
be grown to feed them. 
About 850 million tons 
of topsoil blow from the 
southern plains. The Soil 
Conservation Service is 
established to develop 
conservation programs. 

1931
Severe drought hits 
the Midwest and 
Southern Plains. 
Dust begins to blow.

1932 
Fourteen dust storms 
hit the area.

1934 
Fewer dust storms, but 
they spread as far as 
New York. About 
35 million acres of 
farmland are destroyed. 1936 

The number of dust 
storms increases.

1938 
Conservation 
methods, including 
replowing farmland 
into furrows and 
planting trees, result 
in 65 percent less 
soil blowing.

1939 
Rains arrive, bringing 
an end to the drought.

Dust Bowl
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How does water affect 
Earth’s features?
Deposition

All moving water has energy. Water flowing downhill 
is the main force that shapes Earth’s surface. The energy 
of moving water breaks down rock and soil into bits of 
sediment. This is an example of mechanical weathering. 
Water can also chemically weather rock. It does this when 
dissolved minerals act on materials in the rock. This process 
changes the makeup of rock.

The sediments that form during weathering are carried to 
other locations. This process of dropping these sediments in 
a new place is called deposition. Deposition often changes 
the shape and direction of a river’s flow. Look at the 
diagram to see examples of some of these changes.

New Mexico’s Carlsbad 
Caverns contain stalagmites 
and stalactites formed from 
minerals in water.

Falling water 
can cause mechanical 
and chemical weathering.
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Minerals in Lakes and Oceans
As rivers flow to the ocean, they carry sediments and dissolved 

minerals. Ocean plants and animals need some of these minerals to 
live. Some of the sediments and minerals settle on the ocean floor. 
Others settle out of the river water along the way. They form deposits 
in lakes and along the coast.

Salt is a common mineral on Earth. Moving water carries a lot of 
salt as it flows. Scientists say that rivers carry about four billion tons 
of dissolved salts to the oceans each year. Ocean water then leaves 
behind dissolved salts and other minerals as it evaporates. This cycle 
has been repeating for thousands of years. It has caused the amount 
of salt in the ocean to increase.

Sediment is deposited 
as water slows down.

Underground stream

Stalactites form 
when minerals 
dissolved in 
water build up.

Water carries 
dissolved minerals 
into the ground.
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River Systems
You may picture a river as a flat, 

quiet body of moving water. In fact 
a river can change quite a lot over 
time. Rivers and streams are always 
changing.

A stream begins on land that 
is higher than sea level. Its water 
flows because gravity pulls the water 
downward. As a stream flows along, other 
streams may join it. Eventually, a river 
forms. The flowing river wears down soil 
and rock. It carries the sediments away.

Rivers drop the sediments they carry in 
different places as they flow. This is because 
water loses energy as it slows down. Slower 
water can carry less sediment. The heavier 
sediments settle out first. Rivers can carry 
the lighter ones over great distances. 

Water often slows down when it reaches 
the mouth of a river. The fine sediments 
settle there in areas known as deltas. A 
delta is shaped like a wide fan.

This fan-shaped deposit 
of sediments in Death 
Valley, California, 
is made of sediment 
carried from far upriver.

Mississippi River Delta
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The Nile River has flooded local 
homes here in Sudan.
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Floodplains
Rivers and streams sometimes overflow their banks. When this 

happens, the water slows down and deposits many sediments. Floods 
can move huge amounts of sediment to places that would never get 
these materials otherwise. These places are known as floodplains. A 
floodplain is a part of the land that is likely to get the extra water 
and sediment from a flooded river.

Most people think of floods as total disasters. But farmers in 
some places depend on flooding. This is because the sediments add 
important nutrients to the soil. Growing crops need these nutrients. 
Still, floods can be very destructive. People who live in a floodplain 
can lose their homes, their towns, or even their lives.
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How do waves affect 
coastal landforms?
Wave Energy

All waves carry energy. Ocean waves carry and pass along a 
great deal of energy. The waves formed during big storms are 
especially strong.

Many people who watch ocean waves think that the water moves 
forward with the waves. But this isn’t so. Only the energy moves. The 
water stays in the same spot. It seems to move toward the shore, but 
actually it is only moving up and down. The water rises and falls in 
a circular motion. 

10
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The diagram below shows how the water in waves moves. As a 
wave nears, the water moves slightly forward, and then downward, 
and then back. The water makes 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 
floor 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.

The circular movement of water 
gets smaller as you go deeper 
into the water. Wave energy is 
strongest at the water’s surface.

Wind
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Wave Characteristics
All waves can be described by their characteristics. Scientists also 

use certain characteristics to describe water waves. Look at this 
diagram as you read about each characteristic.

The highest part of a wave is the crest. The lowest part is the 
trough. The position of the water before a wave passes through it 
is represented by a dotted line. The distance between this line and 
the crest, or this line and the trough, is called the wave’s amplitude. 
When the ocean is calm, the amplitude of the waves is small. But 
when a strong wind blows, the waves have more energy and the 
amplitude of the waves will greatly increase.

Wavelength is the distance from one crest point to the next, or from 
one trough to the next. For small ripples of water, the wavelength 
of waves can be measured in millimeters. Large waves can measure 
several meters in wavelength.

Amplitude

Crest

Trough 
Wavelength
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The waves you see at a beach are often caused by wind. Wind can 
form waves in the open ocean too. As winds touch ocean water, their 
energy transfers to the water. This process forms waves. The size of a 
wave depends on the speed of the wind and on how long it blows. It 
also depends on how much of the sea the wind blows over.

Waves are also formed by tectonic activity in Earth’s crust. Volcanic 
eruptions, earthquakes, and landslides may take place along coasts 
or under the water. These events of nature can cause tsunamis to 
form. A tsunami is a wave that travels very fast and reaches great 
heights before it crashes into the shore. Tsunamis are very dangerous. 
They can cause a lot of damage and loss of life. On December 26, 
2004 a powerful earthquake happened in the Indian Ocean. It 
caused a deadly tsunami to hit the shores of several countries, killing 
more than 100,000 people.

Water flows straight
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Beaches: Dynamic Systems
Waves carry enormous amounts of energy as they move. They can 

change an ocean beach. Vast amounts of energy in large waves can 
cause cracks in rocks. Over time the cracks can grow until pieces of 
rock finally break off.

Waves also carry sediments, such as stone and sand. When these 
sediments hit coastal features, they can wear down the rock. 

Waves also build up or change beaches by moving the sand 
around. The way the sand moves depends on the angle at which 
the waves hit the shore. When waves move toward the shore at an 
angle, they push water along the shoreline. This movement of water 
is called a longshore current. It can move materials outward from the 
shore. This is how a landform known as a sandbar forms. The top of 
a sandbar may appear either above or below the water.

This sandbar formed when waves carried sand.
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Wind can also change the 
landforms along a coast. The 
wind can shape cliffs and large 
rocks into amazing shapes. 
Along quieter, sandy coastlines, 
wind can blow loose sand into 
piles called dunes. Beach dunes 
are usually small. But they 
can grow to be very large in 
some areas.

Not all beaches are the same. 
The color and texture of a beach 
depend on the sources of its 
sand and rock. The black sand 
of Hawaii’s beaches comes from 
black volcanic rock. Even major 
structures along a beach, such 
as rocky cliffs or flat patches 
of sand, can differ from beach 
to beach. 

Lagoons are separated from the 
open ocean by sand, rocks, or 
islands. Waves and currents build 
the barriers that form a lagoon.

The dunes at this quiet cove are stable 
enough to support plants.
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Glossary
chemical weathering  the process by which water, oxygen, or 

other substances cause changes to the 
minerals in rock

deposition  the process of dropping sediments 
from one place to a new 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

sediment  solid particles that are moved from 
place to place

weathering  the process of breaking down rock into 
smaller pieces
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What did you learn?
1. Describe three ways that landforms are shaped on Earth’s surface. 

2. Why do sediments settle out of flowing water as it slows down?

3. What are the sources of energy for ocean waves? 

4. During the 1930s much of the Midwest 
and Southern Plains of the United States was known as the Dust 
Bowl. Write to explain what caused the Dust Bowl, and what its 
effects were. Use details from the book to support your answer.

5. Draw Conclusions Suppose a beach has white 
sand. What can this tell you about the surrounding rocks?
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