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1. What are the three basic types of rock?

2. What are the two kinds of crust on
Earth’s surface?

3. What is the name of the process that 
breaks down rock by physical forces 
such as ice or gravity?

4.  Erosion is the movement 
of particles away from a place. Write about 
the various ways that water causes erosion. 
Include details from the book to support
your answer.

5.  Summarize  Explain how colliding plates 
can form volcanoes.

What did you learn?Vocabulary

chemical weathering
core
crust
igneous
mantle
mechanical weathering
metamorphic
plate
sedimentary
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The Structure of  Earth
Earth is made up of  layers. The layers are called the crust, 

the mantle, the outer core, and the inner core. Each layer has 
different properties.

The Crust
The crust is Earth’s top layer. It is also the thinnest 

layer. When you stand outside on the ground, you are 
standing on Earth’s crust. There are two kinds of  crust: 
continental crust and oceanic crust. 

Continental crust makes up all of  Earth’s land. 
It can be as thick as seventy-fi ve kilometers. The 
thickest continental crust is in mountain areas. 
Most continental crust is made of  granite.

Oceanic crust lies beneath most of  the ocean 
fl oor. It is made mostly of  basalt. This type of  rock 
is dark green or black. The oceanic crust has a 
thickness of  about six to eleven kilometers. 

continental 
crust

outer core

inner core

mantle

granite

basalt
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The continental crust does not end 
where the ocean begins. It stretches for 

less than one hundred kilometers 
into the water. The underwater 

part of  the continental crust is 
divided into three sections. 

The one closest to shore 
is the continental shelf. 
At the edge of  the shelf, 
the continental crust 
drops steeply to form the 
continental slope. The 
bottom of  the slope levels 
off  to form the continental 
rise. This area is the starting 

place of  the oceanic crust.

oceanic crust

land surface

Continental crust

slope

shelf
rise

ocean
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The Mantle and Core
Underneath Earth’s crust is a layer of  nearly solid rock 

called the mantle. It extends from the base of  the crust 
to an average depth of  2,900 kilometers, making up most 
of  Earth’s material. The top part of  the mantle and the 
crust above it form the lithosphere.

Deep within Earth, the mantle is under very high 
pressure and heat. The temperature ranges from 360ºC to 
2,500ºC. Under these extreme temperatures and pressures, 
the mantle’s rocks do strange things. Even though the rocks 
are solid, they move and bend like liquid. 

This rock is always moving. It is moved by convection 
currents. These currents occur when cool rock sinks and 
hot rock rises, creating a circular motion. The lithosphere 
fl oats on top of  the mantle’s convection currents.

lower mantlecircular motion 
of convection   
current

Convection currents

lithosphere
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At the very center of  Earth is the core. The distance 
from the surface of  Earth to the center of  its core is about 
6,400 kilometers.

The core is made of  iron and nickel. There is a solid 
inner core and a liquid outer core. Temperatures at the core 
are very hot, reaching 7,000ºC. The liquid in the outer core 
is always moving. Its currents make Earth’s magnetic fi eld.

Scientists cannot go to the core or mantle to study them. 
Earth’s layers are so thick that 
they have not even been able to 
drill through the crust. Scientists 
have found other ways to study 
Earth’s layers. 

Sometimes material from the 
mantle pushes up through cracks in 
Earth’s crust. Scientists can study this 
material to learn about the mantle. 
Another way to study Earth’s layers 
is to measure the vibrations caused 
by earthquakes with an instrument 
called a seismograph. Scientists 
can also study the mantle in 
laboratory experiments. 
They re-create the heat 
and pressure of  the mantle 
and then see what these 
conditions do to different 
kinds of  rock. 

seismograph

seismogram 
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Earthquakes 
and Volcanoes
Earth’s Plates

The lithosphere covers Earth in a thin layer. 
This layer is split into sections called plates. Some 
plates are huge, covering areas larger than continents. 
The plates fl oat on the molten rock of  the mantle. 

Earth’s plates are slowly moving. Sometimes 
the plates grind together, and sometimes the plates 
move apart from each other. The places where plates 
meet are called plate boundaries. The plates move 
less than twenty-fi ve centimeters a year. These small 
movements can cause big changes on Earth’s surface. 

Some of  the changes occur slowly over a long 
time. The formation of  mountains is a slow change. 
A change that happens quickly can cause an 
earthquake. The places where plates meet are 
often where earthquakes strike, mountains form, 
and volcanoes erupt. 

Earth’s crust is 
broken into plates.

plate 
boundary

The San Andreas 
Fault is a sliding 
plate boundary.
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Plates move because convection 
currents in the mantle push and pull 
them in different directions. Gravity 
also forces plates to move. When 
gravity pulls the edge of  a plate down 
into the mantle, the rest of  the plate 
gets dragged along with it. There 
are three different kinds of  plate 
boundaries: converging, spreading, 
and sliding. 

At a converging boundary, two 
plates crash into each other. This 
can push up the edges of  the plates, 
forming a mountain range. 

A spreading boundary forms 
when plates move away from each 
other. New crust forms between the 
plates. The low area between the 
plates is called a rift valley. 
An example is the East African 
Rift Valley. 

At a sliding boundary, two plates 
move past each other in opposite 
directions. The sliding of  the plates 
can cause cracks in the crust, called 
faults. When the plates rub together 
at a fault, their motion can cause 
earthquakes. The San Andreas Fault 
in California has caused many 
serious earthquakes.

East African Rift Valley
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Earthquakes
Sometimes the forces that change Earth’s surface are 

constructive. These forces can build mountains. At other 
times, forces are destructive. Earthquakes and volcanoes 
are examples of  destructive forces.

Earthquakes occur at faults. Faults are cracks in Earth’s 
surface where the surrounding rock has moved or shifted. 
Faults can occur anywhere on Earth, but the ones that 
cause earthquakes are usually at plate boundaries.

When plates slide past one another, they often get 
stuck together instead of  sliding smoothly. Eventually 
the plates unlock and move with a sudden jerk. This 
movement causes the vibrations of  an earthquake. 

Such plate movements happen deep below Earth’s 
surface. The place underground where the plates stick 
and then slip is called a focus. The place on Earth’s 
surface above the focus is called the epicenter.

epicenter
focus

8
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Earthquakes can cause great destruction on Earth’s 
surface. Sometimes the side of  a hill will slide down and 
bury an entire neighborhood. This is called a landslide. 

Many injuries can occur during earthquakes when 
buildings are destroyed. The city of  San Francisco 
was struck by major earthquakes in 1906 and 1989. 
The earthquake of  1906 destroyed many more buildings 
than the 1989 earthquake. This is because modern 
buildings are designed to fl ex with an earthquake’s 
motion, instead of  falling down.

Earthquakes that occur under the ocean can cause 
tsunamis. These giant waves sometimes cause great 
destruction when they 
crash into a coastline. 
At other times a tsunami 
will go unnoticed.

the 1906 San Francisco 
earthquake the 1989 San Francisco earthquake

9
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Volcanoes
Most volcanoes occur near 

converging plate boundaries. As one 
plate moves below another plate, rock 
partially melts and makes magma. 
The magma can be forced through 
any weak spots in the crust.

Magma that reaches Earth’s surface 
is called lava. The lava fl ows out of  
a hole in the volcano called a vent. 
The top of  a volcano’s main vent is 
called a crater. If  a volcano is not 
active, the crater can fi ll with rainwater 
and form a lake. For example, 
Crater Lake in Oregon formed in 
an inactive volcano. It is the deepest 
lake in the United States.

Crater Lake in Oregon

10
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Gases, such as carbon dioxide and 
water vapor, are often mixed with the 
lava. Trapped gases can blow a hole 
through the side of  a volcano or push 
lava high in the air as it erupts from 
the vent. After the lava erupts from the 
volcano, it sometimes cools and turns 
into ash or solid rock before hitting 
the ground.

Volcanoes sometimes form on 
the ocean fl oor. An island forms when 
a volcano reaches the water’s surface. 
The state of  Hawaii is a string of  
islands that are actually volcanoes. 
This is a way in which volcanoes are 
constructive instead of  destructive.

Hawaiian Islands

11
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How Weathering Works
There are many ways Earth’s surface can change. 

Weathering is a slow, destructive process that breaks rocks 
into smaller pieces. These pieces are called sediment. 

Mechanical Weathering
Mechanical weathering is the breaking down of  rock 

by physical forces such as gravity, ice, and plant roots. When 
rocks that have been buried come to the surface, the change 
in pressure can cause cracks in them. Rainwater can move 
into these cracks and freeze. When the rainwater freezes, it 
expands and causes the rock to split. This is called ice wedging. 

The materials in a rock and its environment control the 
rate of  weathering. For example, plant roots can grow into 
cracks in a rock. As the roots grow larger, they can push the 
rock apart. This type of  weathering is more likely to occur in 
warm, moist climates where plants thrive, rather than in a desert. 
Plant roots can split soft rocks, such as sandstone, faster than 
hard rocks, such as granite. 

12

A tree’s roots can split rock.
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Chemical 
Weathering

Chemical weathering is 
the changing of  the materials 
in a rock by chemical forces. 
Raindrops absorb carbon 
dioxide from the air. This 
makes a chemical called 
carbonic acid, which can dissolve 
some kinds of  rocks. Fungi and other organisms can 
give off  chemicals that can change some types of  rock. 

Chemical weathering affects some rocks faster 
than others. For example, marble weathers more 
quickly than slate. 

Because water is a large part of  chemical 
weathering, areas with a lot of  rain have more 
chemical weathering than deserts. For example, 
statues made of  limestone in rainy London are 
often damaged by acid rain.

marble slate

eroded statue

13
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Soil
Soil is a mix of  sediments from different sources. 

Sediments can come from decayed plant and animal remains. 
They can also come from bits of  weathered rock. 

The color of  soil can range from red to black to gray. 
Sediments in the soil determine its color. The size of  the bits 
of  sediment determines a soil’s texture and ability to hold 
water. Sandy soils have coarse grains. They are rough to 
the touch and allow water to pass through easily. 

Topsoil is the top layer 
of  soil. Because of  the 
high amount of  decayed 
materials from plants and 
animals, plants grow well in 
it. Beneath the topsoil is the 
subsoil. It contains many 
minerals but less decayed 
matter. Solid bedrock lies 
beneath the subsoil. 

topsoil

subsoil

bedrock

sandy soil soil layers
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Erosion is the movement of  materials away from one place. 
Deposition puts sediments in new places. Together, erosion and 
deposition work to create sand dunes, valleys, and river deltas.

Gravity is the main force that powers erosion. For example, 
as gravity pulls glaciers down mountains, the rocks underneath 
are crushed into sediment. The sediment is carried downhill 
by the glacier. Sharp peaks and jagged ridges are left behind 
on the mountain. 

Flowing rivers also cause erosion. As rivers fl ow downhill, 
the moving water picks up and carries away bits of  sediment. 
Fast-fl owing rivers may erode the land to form deep canyons. 

Rivers fl ow more slowly as they near the ocean. A 
slow-moving river cannot carry as much sediment. Some 
of  the sediment sinks to the bottom of  the river, forming 
a delta. Deltas, such as the Mississippi Delta in Louisiana, 
have fertile soil.

Moving Sediment
Erosion and Deposition

15
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Wave Erosion
Ocean storms, tides, and currents erode the shoreline. 

As waves crash against rocks, the force can break the rocks 
into smaller pieces. The sand and gravel in the waves wear 
down the rock even more. Eventually, these bits of  rock 
are broken down into grains of  sand, which can easily 
be moved. Waves hit the beach at an angle, pushing 
the sand down the coast.

Not every part of  a shoreline erodes at the same rate. 
For example, a cave forms when part of  a cliff  erodes 
more quickly than the rest of  the cliff.

16

The powerful force of waves 
erodes rocks and shorelines.
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When strong winds blow sand or dirt against a rock, 
tiny bits of  the rock can break off. These tiny pieces of  rock 
are then carried away by the wind. This form of  erosion can 
make amazing rock arches and towers. For example, wind 
erosion helped to carve the massive rock formations of  
Monument Valley in Arizona.

Wind Erosion

Monument Valley in Arizona

17
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Sand Dunes
Sand dunes are large hills of  sand often found in the 

desert. These huge features are made by wind erosion. 
The size and shape of  dunes depend on the amount of  sand, 
the number of  plants in the area, and the strength of  the winds.

Winds can also blow sand dunes across the desert. The 
wind picks up sand from one side of  the dune and deposits 
the sand on the other side. When the wind blows in the same 
direction most of  the time, it can cause the dune to move in 
the direction of  the wind. For example, dunes in southern 
Egypt sometimes move twenty to one hundred meters in a year. 

The side of  a sand dune that is away from the wind is 
always steeper than the side that faces the wind. Wind pushes 
sand up one side of  the dune. After the sand is pushed over 
the top of  the dune, the wind can no longer reach it. The sand 
falls straight down, forming a steep slope. 

18

These sand dunes have 
formed in the Sahara desert.
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Wind erosion can be a serious problem on farms. If  fi elds 
become too dry and there are no plants to hold the soil in 
place, wind can blow the topsoil away. This is a problem for 
farmers because topsoil is necessary for growing crops.

To slow wind erosion, farmers often plant trees along 
the edges of  their fi elds. The trees block some of  the wind 
from reaching the fi elds.

Field Erosion

19

Trees along the edge 
of this fi eld protect 
the crops and soil 
from the wind.

In the 1930s in the 
Midwest, overfarming 
turned the soil to dust.
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Minerals
Scientists can tell minerals apart by their 

color, hardness, and other characteristics. 

Properties of  Minerals
Minerals are the natural materials that make up rocks. 

All particles of  one mineral are arranged in the same way. 
Although there are thousands of  different minerals, only 
a small number make up most of  the rocks on Earth.

Minerals can be identifi ed by their physical properties. 
These properties include color, hardness, luster, and streak.

20

Mineral properties

Color
Minerals come in all colors from clear 
to pink, red, blue, green, and black.

Luster
Minerals can be shiny or dull. Some allow 
light through them, but others do not.

Hardness
Hardness is measured on 
Mohs’ scale. Minerals are 
graded from one to ten.

Streak
Streak is the name for the color 
a mineral leaves behind when 
scraped across a tile.
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Rocks
There are three basic types of  

rock, each formed in a different way. 

Igneous Rocks
Igneous rocks form when 

melted rock cools and hardens. 
As the hot, liquid rock cools, 
mineral crystals form. Melted 
rock that cools slowly makes 
igneous rocks with large 
crystals. Rock that cools 
quickly forms small crystals. 
When magma cools slowly 
underground, rocks with large 
crystals, such as granite, are 
formed. Basalt forms when lava 
is quickly cooled underwater. 
It has small mineral crystals. 

21

The Giant’s Causeway 
in Ireland is formed 
from basalt.
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Metamorphic Rocks
Metamorphic rocks are formed 

when other rocks are changed by heat 
and pressure. The mineral crystals in 
the rock can change in size or shape.

Sometimes the mineral crystals in 
metamorphic rock settle in layers. 
Under high pressure, the rock 
particles form rough layers. 
When the pressure is lower, 
the layers are fi ne and thin.

22

Sedimentary rocks form when layers of  minerals 
and rock particles harden into solid rock. Sometimes 
the particles are cemented together by natural chemicals.

The type of  sedimentary rock that forms depends on 
what was in the sediment. Some sedimentary rocks 
are formed from the remains 
of  animals and plants. 

Most fossils are found in 
sedimentary rocks. Scientists 
study the rock surrounding 
the fossil to learn more about 
the environment that existed 
when the organism was living. 

Sedimentary Rocks

trilobite fossil

This metamorphic rock 
has formed in layers.
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The layers of  rock at Earth’s surface are younger than 
the layers of  rock underneath, because the lower layers were 
formed fi rst. Over time, events such as earthquakes and 
volcanoes can cause these layers to shift or even turn over.

If  the layers are bent or tilted, scientists assume that 
something happened to move the layers after they were 
made. Scientists can tell the ages of  fossils by studying 
the layers in which they are found.

The Rock Cycle
Rocks are constantly being formed, destroyed, or changed 

from one type to another. Pressure, heat, erosion, and 
weathering help to drive this process, which is called the rock 
cycle. The rock cycle doesn’t always follow the same order. 

The Age of  Rock Layers

Rock cycle
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Glossary
chemical   the breaking down of  rock by  
weathering chemical processes

core   the center part of  Earth

crust    the outermost and thinnest layer of  Earth

igneous  rock formed when melted rock cools 
 and hardens

mantle a layer of  nearly solid rock between  
 Earth’s crust and core

mechanical  the breaking down of  rock by 
weathering physical forces

metamorphic  rock formed when other rocks are 
 changed by heat and pressure

plate   a section of  the crust that fl oats on 
 Earth’s mantle

sedimentary    rock formed when layers of  minerals 
and rock particles harden into solid rock

24
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1. What are the three basic types of rock?

2. What are the two kinds of crust on
Earth’s surface?

3. What is the name of the process that 
breaks down rock by physical forces 
such as ice or gravity?

4.  Erosion is the movement 
of particles away from a place. Write about 
the various ways that water causes erosion. 
Include details from the book to support
your answer.

5.  Summarize  Explain how colliding plates 
can form volcanoes.

What did you learn?Vocabulary

chemical weathering
core
crust
igneous
mantle
mechanical weathering
metamorphic
plate
sedimentary
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