












Chapter 1

Earth’s Changing 
Surface

If you had lived in Europe during the Middle Ages, 
the idea that the earth changes would have seemed crazy. 
At that time, people believed that mountains, valleys, and 
other landscape features had always been there. True, rare 
natural catastrophes sometimes occurred. Earthquakes,  
for example, shook the ground and triggered landslides.  
In some places, volcanoes erupted and sent up fountains  
of lava, or red-hot melted rock. However, people viewed  
these catastrophes as punishments from God, not as the 
earth changing.

1570 CE world map

THE BIG QUESTION
How did people’s 
understanding of what 
was happening on 
Earth’s surface change 
over time?
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Alfred Wegener’s continental drift hypothesis explained many of 
the “why” questions. It explained why the edges of some continents 
fit together like puzzle pieces. It explained why continents separated 
by vast oceans have similar types of rock formations and fossils. What 
the hypothesis couldn’t explain was “how.” How could a mass of solid 
rock as large as Asia or North America move thousands of miles across 
Earth’s surface? It would take an enormously powerful force to do that. 
Geologists in Wegener’s day didn’t know of any force on Earth’s surface 
powerful enough to move continents. 

Chapter 2

Earth’s  
Layers 
and Moving Plates

THE BIG QUESTION
How do tectonic plates 
and Earth’s layers 
interact to change the 
surface of the earth?
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Forces and Faults
Try a little experiment. Extend your arms out in front of you 

parallel to the floor and put your hands together. Keep your palms and 
fingers flat against each other. Now start pressing your hands together. 
Gradually increase the pressure. When you can’t press any harder, let 
your right hand quickly slide forward. That sudden slipping is what 
happens at a fault.

A fault is a fracture, or crack, in Earth’s crust. Most faults occur along 
the boundaries of tectonic plates. As plates move, huge rough blocks 
of rock along either side of a fault get stuck against each other. Beneath 
the plates, however, material in the mantle keeps moving. This material 
exerts more and more pressure on the plates to also keep moving. 
Pressure builds along the stuck edges of the fault. Think of your hands 
as these edges, pressing harder and harder together. The pressure builds 
until the stuck blocks of rock suddenly break and slip past one another. 
As they do, a tremendous burst of energy is released. How much energy? 
Well, all the energy that accumulated in the rocks during the time they 

were stuck and couldn’t move. 

The Pacific Plate is Earth’s largest 
tectonic plate. It lies beneath the 
Pacific Ocean. Imagine how much 
energy it takes to move that gigantic 
rocky plate plus all the water on top of 
it. Then imagine all that energy being 
released at a fault in just a moment. 
Such a colossal burst of energy 
travels outward from the fault in all 
directions as seismic waves. Seismic 
waves make the ground heave and 
shake. This violent shaking is what  
we call an earthquake.A fault in Iceland
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The Modified Mercalli Intensity Scale also uses numbers to 
measure earthquake strength. The numbers are based on survivors’ 
descriptions and the amount of earthquake damage. The higher the 
number, the stronger the earthquake. The Mercalli scale is less scientific 
than the Richter scale, as few people describe events in the same way.

Pressure along faults can build up for years, even centuries. When 
blocks of rock along a fault finally move, the resulting earthquake 
happens very quickly. Most earthquakes last just a few seconds. Still, 
the trouble may not be over after the ground stops shaking. Large 
earthquakes are often followed by aftershocks. Aftershocks are like 
mini-earthquakes. They are usually smaller and weaker than the main 
earthquake event. Aftershocks happen as blocks of rock along the newly 
slipped fault settle into place.

Modified Mercalli Scale Richter Scale

I Felt by almost no one 2.5 Generally not felt but recorded on 
seismometers

II Felt by very few people

III Noticed by many, but they often do not realize it is 
an earthquake.

3.5 Felt by many people

IV Felt indoors by many; feels like a truck has struck 
the building.

V Felt by nearly everyone; many people awakened. 
Swaying trees and poles may be observed. 

VI Felt by all; many people run outdoors. Furniture 
moved; slight damage occurs. 

4.5 Some local damage may occur.

VII Everyone runs outdoors. Poorly built structures 
considerably damaged; slight damage elsewhere.

VIII Specially designed structures damaged slightly; 
others collapse.

6.0 A destructive earthquake

IX All buildings considerably damaged; many shift off 
foundations. Noticeable cracks in ground.

X Many structures destroyed. Ground is badly 
cracked.

7.0 A major earthquake

XI Almost all structures fall. Very wide cracks in 
ground. 

XII Total destruction. Waves seen on ground surfaces; 
objects are tumbled and tossed.

8.0 
and 
up

Great earthquakes

The Mercalli scale is less scientific than the Richter scale.
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She ran to her father and asked for help. The chief of the Klamath 
people called the tribal elders together. They all agreed that Loha should 
try to hide from Monadalkni, so she did.

Monadalkni was very angry when he found out that Loha had 
refused him yet again. He raged inside his mountain, making it shake and 
rumble. He threw lightning bolts and spewed fireballs from his mouth. 
The top of the mountain exploded, which sent hot lava and choking 
clouds of ash raining down on the land. The Klamath people waded into 
streams and lakes trying to escape Monadalkni’s fiery revenge. They cried 
out to Sahale Tyee for help. 
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Born from Magma: Igneous Rock
Let’s start with igneous rocks, the most abundant class of rocks on 

the earth. Igneous rocks form when magma cools and solidifies. When 
you think of igneous rocks, think of volcanoes. 

There are two basic types of igneous rock. One type forms from 
magma that erupts onto Earth’s surface as lava. The lava cools and 
hardens into rock. The faster it cools, the smaller the mineral grains will 
be in the resulting rock. Obsidian is an igneous rock formed from lava 
that cooled very quickly, so quickly, there wasn’t time for the minerals 
to form grains. As a result, obsidian is as smooth and shiny as glass. In 
fact, it is often called volcanic glass. Basalt is an igneous rock formed 
from lava that took longer to cool. Basalt is typically a dark-colored 
rock. It has fairly small mineral grains that give it a fine-grained texture.

The second type of igneous rock forms from magma that solidifies 
below Earth’s surface. Magma cools very slowly when it’s deep beneath 
the surface. Slow cooling leads to igneous rocks with relatively large 
mineral grains. The slower the cooling, the larger the grains. Granite is 
a common igneous rock that forms from magma that cooled 
within Earth’s crust. Granite usually contains mineral 
grains that are large enough to see with the naked eye. 

Igneous rocks
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The Art of Making Stone Tools
Many prehistoric cultures made tools out of rock. Scientists 

working in East Africa have found obsidian stone tools that are 
nearly two million years old. Obsidian was especially prized by 
ancient tool makers. Obsidian breaks into pieces with sharp edges 
that are good for cutting and piercing.

To make a very sharp cutting tool, ancient tool makers struck a 
block of obsidian with another, harder rock. This caused a long, thin 
blade of obsidian to flake off. Although the blade was fragile, it had 
incredibly sharp edges. In fact, the edges of obsidian blades are much 
sharper than metal scalpels used by surgeons today. 

Making a spear tip or 
arrowhead was more time 
consuming. The tool makers 
started with a relatively flat 
piece of obsidian. They shaped 
it by striking off tiny flakes of 
rock, one after another, from the 
edges. They gradually shaped 
it into a sharp, durable—and 
often beautiful—pointed tool. 

Arrowheads

Spear tip
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The Rock Cycle
Rocks you see in the world around you 

might seem like permanent fixtures. Given 
enough time, however, all rocks change. They 
are created, destroyed, and recreated in a 
continuous cycle. Geologists call this ongoing 
process the rock cycle. 

The rock cycle has no starting or ending 
point. You can jump in anywhere to see how it 
works. Let’s begin with magma erupting from 
a towering volcano. The magma (now lava) 
cools and hardens into igneous rock. Over 
the course of thousands of years, sun, wind, 
rain, and freezing temperatures cause the 
rock to weather, or break down into smaller 
pieces. The pieces continue to weather, slowly 
breaking down into sediments. Howling 
winds, flowing water, and gravity gradually 
move the sediments down the sides of the 
volcano and beyond. Movement of sediments 
from place to place is called erosion. 

Igneous rock

Imagine that the sediments end up in a lake, where they settle 
to the bottom. Over long periods of time, more layers of sediments 
are deposited on top of them. Compacting and cementing processes 
eventually turn the deeply buried sediments into sedimentary rock.

Now imagine that the sedimentary rock is near the edge of a 
tectonic plate. The plate collides with another plate—very slowly, 
of course. Tremendous heat and pressure generated by the collision 
gradually turn the sedimentary rock into metamorphic rock. As the 
plates continue colliding, their rocky edges crumple. The metamorphic 

Volcanic 
eruption

Magma
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Have you ever dodged a pothole while riding your bike? Or 
skidded on grit that rain had washed in your path? Potholes and grit 
might seem like little more than bike-riding hazards. Yet they are 
evidence of two powerful forces at work. Weathering and erosion, 
as you read in Chapter 6, are processes that drive the rock cycle. 
They break down rock into sediments and then move them to new 
locations. Together, weathering and erosion are slowly but 
steadily reshaping Earth’s surface. They are changing 
everything from the streets in neighborhoods and 
towns to the world’s tallest mountains. 

Weathering at Work
Weathering breaks rock into smaller 

pieces. Some of these tiny pieces combine 
with once-living material to form topsoil. 
Other small pieces of rock collect as 
sediments. This breakdown of rocks 
happens as they interact with air, 
water, and living things. There are 
two basic types of weathering: 
physical weathering and 
chemical weathering. 

Chapter 7

Earth’s Powerful  
Forces of Change

THE BIG QUESTION
How do weathering 
and erosion continually 
reshape Earth’s surface?
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Chemical weathering breaks down rocks by changing the minerals 
they contain. Rain is a powerful chemical weathering force. As rain 
falls, it mixes with the gas carbon dioxide in the air. The result is acid 
rain. Acid rain is strong enough to dissolve some minerals in rocks. 
Once dissolved, the minerals easily wash away, weakening the rock. 
Acid rain very slowly carves some rocks into different shapes. It 
gradually erases the lettering on old gravestones, and blurs the faces of 
stone statues. It eats away at the outside of ancient and even modern 
buildings. Where rain seeps into the ground, carbonic acid causes 
weathering of buried rocks as well. Over long periods of time, this often 
unobserved weathering creates caves deep underground.
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hits rock, it chips off tiny pieces. The wind then whisks the pieces 
away. Over time, this form of weathering can polish rock surfaces or 
pepper them with tiny holes. It can shape huge blocks of rock into 
delicate stone arches and lofty towers. Weathering and wind erosion 
can also leave massive boulders balanced on slim supports. Have 
you seen wind-carved rocks like this?

As wind slows down, the sediments 
it carries fall back to Earth. They 
are deposited on land or in water. 
Where winds deposit sediments 
regularly, layers of sediment slowly 

build up. Over time, those layers 
may be transformed into 

sedimentary rock.
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Glaciers, like this one in 
Alaska, are powerful forces 
that can cause erosion.
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Heading Downstream
Like wind, water also causes erosion. The tug of gravity pulls 

sediments out of wind and water. Flowing water picks up sediments 
and carries them downhill to new locations. A summer rain can wash 
fine sediments onto sidewalks and into gutters. A rushing mountain 
stream can sweep small stones into a valley. A flooded river can surge 
along with enough force to move large rocks many miles downstream.

As moving water slows, sediments sink to the bottom of the river 
or stream. The heaviest sediments are the first to be deposited. The 
finest sediments are the last. Layers of sediment accumulate at the 
mouths of rivers and on the bottoms of lakes. Vast layers of sediment 
are also deposited on the ocean floor over long periods of time. Like 
wind-deposited sediments, those laid down by water may someday be 
transformed into sedimentary rock.

Water doesn’t have to be in its liquid state to erode sediments. 
Glaciers are enormous masses of ice found in polar regions and near 
the tops of tall mountains. Although ice is solid, glaciers do move. 
They flow—very, very slowly—downhill. As countless tons of ice 
creep over land or down mountainsides, they push, drag, and carry 
eroded sediments along. Moving glaciers also create sediments as 
they grind against rocks beside or below them. Glaciers are such 
powerful forces that they can carve huge U-shaped valleys through 
mountain ranges.

When glaciers melt, they deposit the sediments they have 
been carrying. About 20,000 years ago, glaciers covered large parts 
of North America, Europe, and Asia. As the climate warmed, the 
glaciers melted and retreated northward. They left behind massive 
deposits of sand, gravel, and silt, along with collections of rocks and 
boulders. You can still see these deposits as hills, mounds, and ridges 
on the landscape.
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As the Indo-Australian Plate kept moving northward, India was 
carried along. It inched closer and closer to Asia. The Tethys Sea began 
to disappear. India finally collided with Asia around 40 million years 
ago. India’s rocky continental crust pressed directly against Asia’s 
continental crust. 

As the two landmasses continued to be pushed harder and 
harder together, the continental crust began to crumple. Enormous 
pressure created by the moving tectonic plate caused the rocky crust to 
heave upward. Great masses of rock gradually rose up into a series of 
enormous folds. The Himalayas were born!

 More and more rocks were uplifted as the Indo-Australian Plate 
kept moving. The Himalayas rose higher and higher. In fact, they are 
still rising. They are growing taller at about the same rate that your 
fingernails grow!

Geologists classify the Himalayas as fold mountains. The name refers 
to the way rocks are pushed up into huge folds by moving tectonic plates. 
The Alps, Europe’s highest mountains, are fold mountains that formed 
much like the Himalayas. The Appalachians in North America and the 
Urals in Russia also formed through collisions of continental crust. 
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Few houses are as old—or as unusual—as those in Cappadocia, 
Turkey. The houses have rock walls, rock floors, and rock ceilings. 
Their doors and windows are simply openings in rock. Some houses 
have tall, pointed rock towers rising from their rock roofs. Others 
have hidden rooms, secret passageways, and tunnels that lead deep 
underground. Everything is made of rock.

Cappadocia is a region of Turkey found 
in the west-central part of the country. Its 
cave-like rock houses are famous, and there 
are thousands of them. The houses are 
clustered into rock villages and towns. People 
have been carving and living in these houses 
for more than 2,000 years. 

Volcanoes, however, laid the original 
foundations.

Enrichment

The Rock Towns of Cappadocia
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The early Christian settlers expanded underground, too. They dug 
into the underlying tuff, carving out living areas more than five stories 
deep. A maze of tunnels, staircases, and passageways connected different 
sections. There were even rock ventilation systems for bringing down 
fresh air from above ground! The underground excavations eventually 
grew into several dozen towns. They were large enough to shelter 
thousands of people. If invaders or any other kind of threat appeared, 
inhabitants of the rock towns above ground headed underground.

By the 600s, Christian monks had built more elaborate rock 
dwellings. They built large monasteries in which to live. These 
monasteries had sleeping quarters, large kitchens, and cellars for 
stored food and drink. Each monastery had its own church. At first 
the churches were simple and plain. Over time they became more 
elaborate. By the 1000s and 1100s, Cappadocian monks were building 
churches with high, arched ceilings and large altars. Artists decorated 
the walls and ceilings with beautiful paintings. Thanks to the region’s 
dry climate, many of these works of art have survived for hundreds of 
years with little damage. 

Beautiful paintings cover the walls and ceilings of this church in Cappadocia.
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Street in the city of Pompeii
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*dome mountains, n. mountains generally formed when magma 
pushes upward into Earth’s crust from the mantle and cools into 
igneous rock underground, causing the crust above it to bulge; usually 
occur as isolated mountains on otherwise flat plains

*dormant volcano, n. a type of volcano that is considered active but 
hasn’t erupted for a very long time 

*drift, v. to slowly move with water, wind, or other natural processes 
(drifted)

durable, adj. able to last a long time in good condition

dwelling, n. a place where someone lives (dwellings)

E
elder, n. a person who is older, respected, and often in a position of 
authority (elders) 

entomb, v. to bury (entombed)

*epicenter, n. the point on Earth’s surface directly above an 
earthquake’s focus

*erosion, n. any process or force that moves sediments to new locations 

erupt, v. to send out rock, lava, and ash in a sudden explosion 
(erupted, n. eruption) 

eruption column, n. an enormous cloud of ash, bits of rock, and toxic 
gas produced by a volcanic eruption that can travel hundreds of feet per 
second

eternal, adj. lasting forever, with no beginning and no end 

evacuate, v. to remove people from a dangerous place

evidence, n. proof; information and facts that are helpful in forming a 
conclusion or supporting an idea 
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