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In 1973 a volcano named Eldfell
hurled lava above a town in Iceland.
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There was panic’ in the streets. It was an August afiernoon
in Pompeir®, ltaly, in A.D. 79. Bits of burning rock and
Sflaming’ cinders’ rained down on frightened’ 7 bt 37
they rushed for shelter. There was ngpd ALl

s

Vesuvius®—the volcano th

sleep forever—wasg

1. panic »
2. Pompeifll s o M A
T S SO




he next morning, the wealthy' Roman?

trading® town of Pompeii was buried*.

A cloud of ash and poisonous’ gases had
poured® down the mountain, killing everyone.
The beautiful houses were covered with rubble’.
The busy city was gone, destroyed® by forces’
from within Earth.

The town of Pompeii was preserved'’ at a moment in time because the
ash cloud covered everything at once. Pompeii remained'' buried for
hundreds of years until it was rediscovered'? in the 1700s. Today scien-
tists still uncover treasures'? that give us information about the people of
Pompeii and what they were doing on the last day of their lives.

Before A.D. 79 there were warning signs that Mount Vesuvius was go-
ing to blow'*. Earthquakes had shaken the area around the mountain for
at least 15 years. Yet no one connected the earthquakes with the growing
danger inside the volcano.

This is a book about the forces inside Earth that sometimes change its
exterior'>. Some changes take place slowly over time. Other changes
happen quickly through the violent'® shaking of an earthquake or the
explosive!” eruption of a volcano. How do these changes happen?
Read on to find out how our planet'® rocks and rolls’.

1. wealthy ady 12. rediscover 12 BEI. EFHLM
. 4 2. Roman adj. 13. treasure n

3. trading 71 14. blow !

4. bury ) 15. exterior n

5. poisonous ad, 16. violent adj

6. pour ) 17. explosive adj

7. rubble . 18. planet 7

8. destroy ! [87N 19. rock and roll

9. force n 20. plaster .

10. preserve V. 21. cast 1.

11. remain V. 22. resident 7
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ount Etna erupted violently' during the summer of 2001. Smoke and ash shot

thousands of meters into the air. Melted® rock reaching the surface® of Earth,

called lava®, spilled® from the volcano and crept® down the mountain. Airplanes
dumped’ thousands of liters® of water on the lava to try to cool it, so it would harden” and
stop moving toward the cities below the volcano. People living in the area carried umbrellas
to protect themselves from the constant'’ rain of ash and debris''. The airport nearby tempo-
rarily'” closed because the thick layer' of ash on the runway' made it unsafe for planes to
take off"® or land. For weeks people in Sicily watched and waited as scientists swarmed'®
over the mountain to gather data.

Finally, Etna quieted down again before it caused too much damage'’. Although some prop-
erty'® was lost, few people were forced to leave. The people who live around Mount Etna
felt lucky—knowing the outcome'’ could have been much worse. They are used to the
benefits® and threats®' of an active volcano. In this agricultural region®” they depend on the
rich soil that eventually?** comes from the lava. Yet they know that the next eruption could
drive them from their homes.

Volcanoes are a hazard** that humans live with but cannot control. How and why do volca-
noes erupt? The answer lies not only inside Earth but also at its surface.
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Layers Within Earth

Volcanoes form because of the action of
magma', or hot, melted rock. Where does this
magma come from? Let’s look at the layers
of Earth to find out.

The ground that you stand on is the outer-
most? layer of the planet. Called the crust’,
this top layer includes not only the land you
can see but also the land on the ocean floor".
The crust is not the same thickness every-
where on the planet.

The crust of the continents’ is usually about
32 kilometers (20 miles) thick. The ocean

Earth’s Layers

Outer core

Inner core

crust is, on average®, only 5 to 8 kilometers
(3 to 5 miles) thick.

Even at its thickest point, the crust is still
very thin compared with the next layer of
Earth, called the mantle’. This middle layer
of Earth is about 2,900 kilometers (1,800
miles) thick. This layer is where magma
forms.

The thickest layer of Earth, called the core®,
is right below the mantle. The outer core is
so hot that scientists believe it is a liquid’
layer of melted iron and nickel'. This layer
is about 2,250 kilometers (1,400 miles) thick.
The inner'' core is about 1,300 kilometers
(800 miles) thick and is even hotter. The
temperature'? can reach 6,000°C (10,832°F).
Can you imagine'* how hot the inner core of
Earth must be if it’s 100 times hotter than
our worst summer day?

Movement at the Surface

How does magma get to the surface of Earth
to form volcanoes? The answer may surprise
you.

1. magma I E=p-4
2. outermost ad), BHNER, BHOHEIZM
3. crust ) HhF
4. ocean floor ' FIR
5. continent " K BG
6. on average EEHE. BE
7. mantle . Ith 18
8. core n Hh4z
9. liquid 1 i3S
10. nickel " i
11. inner ad) A
12. temperature . i B

13. imagine ¥ S



Continental Drift
The ground beneath' your feet feels firm?. It
might seem there’s no way that this solid?
layer of Earth can be moving. But guess

atl T4 s 2 :
what! It’s moving slowly all the time. 200 million

. years ago
How do we know this? We can trace*

the evidence’ all the way back to the

1500s when explorers® first mapped the
continents. People noticed then that the
coastlines’ of some continents seemed to fit

together like pieces of a jigsaw puzzle®. This ‘ 135 million
puzzle fit was one of the pieces of evidence : ) years ago

that led to a new conclusion’ about move-
ment on Earth’s surface. In 1912 a German

scientist named Alfred Wegener!'”

proposed'
that millions of years ago there was only one
huge land mass'?, or supercontinent'’. He
named the supercontinent Pangaea'’.
Wegener thought that about 200 million years
ago, Pangaea split'’ into continents that even-
tually drifted'® apart into the land masses we 65 million
know today. Wegener’s idea that continents i years ago
can move became known as continental
drift'’.
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firm ady R AE A
solid 1
trace )
evidence 7
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conclusion 1

0. Alfred Wegener X IR
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11. propose )

12. land mass

13. supercontinent " 4
14. Pangaea " AT 14

15. split )

16. drift )

17. continental drift



PACIFIC
- PLATE

In the 1960s scientists began to realize that
seafloors?, as well as continents, could move.
A series® of underwater mountains, called
mid-ocean® ridges®, was discovered. New
crust forms at these ridges when magma
pushes up through cracks® in the ridges. As
magma cools, it hardens into solid rock. This
new rock pushes the older rock material’ to
each side of the ridge causing the seafloor to
spread apart.

Plate Tectonics® Explains It
Scientists now had evidence that both the
continents and the ocean floor could move.
Now they needed to explain how this move-
ment could happen. In the 1960s the theory”
of plate tectonics did just that.

The theory of plate tectonics says that Earth’s
crust, along with the solid upper'’ part of
Earth’s mantle, is broken into about 20 huge
slabs'' of rock called plates. Magma rises up
between the edges of some plates, forcing
the plates apart. The plates can move because

10

~— ANTARCTIC PLATE L

they slide'? over the hotter, softer rocks in
the mantle beneath them.

Does this mean the continents we live on are
actually moving all the time? Yes. Each con-
tinent on Earth is part of one or more plates

1. plate boundary IR 5D S
2. seafloor " K
3. series n Ry, EE
4. mid-ocean ady BIFRERAY
5. ridge 7 W#E . Wk
6. crack " 4k
7. material " ) [
8. plate tectonics PRIRAD1E 150
9. theory " BER
10. upper ad). EE/m
11. slab " JER5
12. slide V BiT. Aah
13. Eurasian Plate BRI A R
14. Philippine Plate T HERERIR
15. Juan de Fuca Plate L - EmE Rk
16. Gorda Plate ik AR R
17. Pacific Plate K F R
18. Cocos Plate BIEHT R R
19. Caribbean Plate haghtb ARk
20. Nazca Plate ZhHT R AR BR
21. Scotia Plate 35 AR bk
22. Arabian Plate [GESAISE S
23. Somali Plate F IO R AR



and moves with those plates. The movement
of plates is very slow—only a few centime-
ters' a year—so we don’t notice the motion?.
But over millions of years, the action of the
moving plates reshapes® continents and ocean
floors.

Plates move away from each other, slide past
each other, and even run into* each other.
When this happens, there is action on Earth’s
surface.

Ash from Pinatubo’s® 1991,gruwon in tho
Philippines’ covers a nearby village. :

Where the Action Is

Is there a connection® between moving plates
and volcanoes? Well, it seems that one often
leads to the other. That is, volcanoes may
form where plates move apart, where plates
meet, and even in the center of plates. Plate
movement takes place very slowly and over
millions of years.

1. centimeter " JE 2K
2. motion Iz Sregry)|
3. reshape ) EHAR. & DU
4. runinto B D
5. connection " B F
6. Pinatubo RZ 40 P L
7. Philippines ERRE
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Plates Moving Apart

As plates move away from each other, cracks
in Earth’s crust can form. When magma rises
through these cracks, volcanoes form along
the edges of the plates. These volcanoes are
called rift' volcanoes, and they usually form
at the bottom of the ocean along mid-ocean
ridges. Sometimes the new crust of a rift vol-
cano builds up over so many years that it
eventually rises above the water. A rift vol-
cano near Iceland’ rose above the Atlantic
Ocean’ in 1963. This volcano became the is-
land of Surtsey.

More than 80 percent* of the active volca-
noes in the world are found around the plates
that form the floor of the Pacific Ocean. This
ring of volcanoes is known as the Pacific
Ring of Fire.

Plates Crashing® Together

When two plates collide®, or come together,

12

several things can happen. If there is a conti-
nent on both sides of the plates, the crust of
the continents can bend and wrinkle’. (Think

about the bending and wrinkling of metal®
when two cars collide.) This wrinkling can
eventually form mountains. The Himalayas’
was formed this way. This range includes the
highest mountains in the world.

If there is a continent on one plate and an
ocean floor on the other plate when the plates
collide, a volcano can form. This is because

CEBEREI13])



“Mount'St. Helens" to a photograph—
taken before its 1980 eruption.

the ocean plate slides under the continental 1. rift Z R

‘ : 2. lceland
plate. As the plate slides deep into the mantle,

. 3. Atlantic Ocean
the rock melts to form magma. Pressure' , ccem B
then forces the magma through weak spots'' 5. crash \
: = 6 llid
in the crust. In time, the magma can break ° "j ‘

/ wrinkie 1

through a hole, or vent'?, in Earth’s crust. At 5 .

the surface, the magma is called lava, which 9. Himalayas
10. pressure

cools and hardens into rock. With many
) . . 11. spot
eruptions, the lava, along with cinders and |, .,

ash, piles up and up until the volcano be- 13 washington State
14. Mount St. Helens

comes a mountain.

13



Activity Underneath' the Plates

Not all volcanoes form at the edges of plates.
Sometimes they pop up? in the middle of a
plate. How can this happen?

Scientists think that in some places magma
rises to the crust from deep within the mantle.
These places are called hot spots®. As a plate
moves over a hot spot, magma can melt
through the plate and form a volcano.
(Remember that Earth’s crust is not very thick
under the oceans.) If the volcano erupts many
times, it can build up to form an island.
Eventually, the plate moves. Since the island
has become part of the plate, it moves with
the plate. However, the hot spot under the
plate stays in the same place. A second vol-
cano can now form over the hot spot. If this
volcano erupts many times, another island
can form. Over time as the plate continues
to move, it can take that island with it too.
Then another volcano can form and grow into
another island on the same hot spot. The
chain* of Hawaiian Islands’ formed this way
over millions of years.

14

1. underneath prep. e TE
2. pop up RIRBER
3. hot spot 3=}
4. chain " —iEH, —FR7
5. Hawaiian Islands HH RS
6. numerous ad. TEH
7. continue it i35 d
8. process 1. POk 3
9. repeat v BE

How Island Chains Form
from Hot Spots

Hot spot
Magma from the hot spot rises through the

plate. (The plate consists of the crust and solid,
upper part of the mantle.) An island is formed
after many eruptions.

(2]

Plate
Hot spot
As the plate moves, the volcano moves with it.
The hot spot remains in the same place.

Hot spot
The first volcano stops erupting. A second
volcano forms at the hot spot. After numerous®
eruptions, another island is formed.

4 J—

Plate
Hot spot
The plate continues’ to move. The two islands
travel away from the hot spot. The process®
repeats® as another new volcano forms over the
hot spot.



Sometimes it is helpful for scientists to
make a prediction; that is, they form an
idea about what will happen in the
future. A prediction is more likely to be
correct if it is based on information that
comes from observing® what has hap-
pened in similar® situations®.

The chain of Hawaiian Islands was
formed over millions of years as the

Hawaii’s Chain of Islands

A Niihau IEEL

B Kauai 2E5

C Oahu Jani:1e]

D Molokai &5

E Maui EREB

F Hawaii EEES

G Lanai NER

H Kahoolawe FEBRKEE

plate on which the islands now sit moved
slowly over a hot spot. Look at the draw-
ing below and see if you can make some
predictions based on what you know
about hot spots.

e Which island in the chain do you
think is the oldest? Why?

e What do you think will happen if
Loihi continues to erupt and grow?

1. predict 0 UM TR
2. observe v RIS
3. similar adj. KOV
4. situation . H. B
5. magma chamber BEERE
6. seamount 1. peAul]
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