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Spitting fire
Deep under the Earth, rocks

melt into a thick liquid called
magma. When the pressure in _
the Earth’s crust builds up, /il 3 L gty
the magma explodes in a w4y breaks up rocks near
volcanic eruption.

I " b
f I" g/ y [ ’ . L A L ;
/ o/ - 4 7| 2 the surtace, which can
cause earthquakes.

Heat and fire
The red-hot molten rock
that explodes out of a

volcano is beautiful but I ;
deadly. It is so hot that ‘[:
it can melt steel. ‘,r.‘f 4
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The Earth’s crust is a
layer of rock between

Ready to blow < 3.5 and 42 miles
The force of an exploding 3 SR G s
volcano can throw lava more
than 2,000 feet (610 meters)

into the air. Lava, gas, and ]
huge chunks of rock are all s Bl PSR
ejected from the volcano. ' oy _

The layer of
moving rock
below the crust
is the mantle.

Peeling away the layers
The Earth is made up of many
layers, just like an onion.
Instead of onion skin, the
Earth’s layers are made of
rock and metals.

= - z

Deep in the Earth

Below the;mantle is the outer
cores This layer is made up of
iron end nickel that has'melted.
Below this is the-ininer cofe,

where temperdtures reach.

8,130°F (500°C).



Jigsaw Earth

The Earth’s crust is broken into pieces called
plates, which are always moving. Sometimes
we can feel the movement in an earthquake.
Many volcanoes occur in places where plates
bump together or pull apart.

Map Key
ij = Volcano
. = Sea
. = Land
- = Magma




Visible fault
The San Andreas
Fault, in California,
is a place where
two plates slide
against each
other. The plates
move about
0.51in (1 cm) a year.

All in a row
On Lanzarote,
Canary Islands,
magma bubbles
up in places
where plates
break apart.
These weak spots
are called fissures.




Hot spots

In some places, the Earth’s crust
is thin enough for a column of hot
magma to burn a hole and create
a volcano. These places are
called hot spots.

S 3 _ . _ Hot water spot _
% EO » A Rt ' Ay Yellowstone Park in Wyoming is
2 TN NI v e 0 slocated over a hot spot. Two millien

N ,.. {&&e la FO N RS years ago a volcano erupted here. .
| ' | e i T eday, underground heat fuels
. the park’s 10,000 geysers.

Tlind of HregRbis

~ Réunion Island, in the Indian * -
~ Ocean, contains one of the

~ world’s most active volcanoes—
Piton de la Fournaise. Réunion
Island formed over a hot spot
about 5 million years ago.
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Antarctic

. In the ocean

The thin plates at the bottom of the ' ) Plate line @ Hot spot
 sea are most easily pierced by hot magma.
7oA When this happens, an island is formed

@Ver the hot spot
Underground oven

The Azores islands lie over a hot
spot in the Atlantic Ocean.
People here take advantage of
the free underground heat

and use it to cook their food.

This pot contains &

dinner for an
Azores family.



Red-hot rivers -
When a volcano erupts, hot -
liquid rock either explodes
outward, or flows onto the
ground. Once it is outside of

the volcano, the liquid rock
can cause a lot of damage.

Exploding out

Sometimes the liquid rock is under
a lot of pressure underground.
When this happens, the lava spurts
or explodes out of the volcano.

Destructive heat

Hot, liquid lava spreads out

into rivers that can cover the

countryside before it cools.

It burns anything in its path,
even roads.

Aa and pahoehoe

There are many types of lava.

Aa lava moves quickly and hardens
to form sharp chunks. Pahoehoe
lava moves slowly
and often forms
smooth rock

when it hardens.

When lava seeps out of the ground
instead of exploding, it travels very
slowly. Flowing lava is easier to run
away from than exploding lava,
but it is just as destructive to
the landscape.

Aa rock is covered in
sharp chunks and is

difficult to walk over
Pahoehoe lava flows once it has cooled.

grow a smooth skin.



® The temperature of some
lava is seven to twelve times
hotter than boiling water.

® The words “aa” and
“pahoehoe” come from the
Hawaiian language.

® Lava can form many
different shapes, such as cones,
tubes, and even hair!

Glowing river
This intensely hot aa lava flow glows brightly.
As it cools, the flow slows down and thickens,

but since it cools very slowly, it can cover
hundreds of miles before it stops.




Deadly blast

When a volcano explodes,
gases inside the Earth escape
with so much force that the
lava is blasted into billions

of tiny pieces. These pieces
of rock come in all sizes, from
huge boulders to fine dust.

Inside this cloud of ash
there may be pieces of
rock, gravel, and dust.

Steamy beginning
Steam can sometimes be seen
escaping from the top or sides P
of a volcano. This is often the v
first sign that a volcano is !
active or may be getting
ready to erupt.



o0 swimming!
Gases inside a volcano can also seep out slowly
into lakes on the top or sides of the volcano.
The gases can turn the lakes into pools of
burning acid that dissolve skin and bone.

- School crossing
Sakurajima volcano,

in Japan, hurls lava
- rocks down onto the
nearby town almost
every day. For their
protection, all the
children on the island
are required by law to ' 3
wgar hard hats to | —
and from school.

A gritty tale
The large rocks Many forms of magma can be thrown
from a volcano. Pumice is full of tiny
that are hurled bubbles of gas and is light enough to float.
from volcanoes are Smaller pieces are the size of gravel or dust.

called bombs. oy | Bomb
Some bombs are
as large as
a house.

Dust Pumice




Volcanic weather

When a volcano erupts, huge
amounts of dust and ash are thrown
high up into the atmosphere. This
debris can affect the weather all
over the world, blocking out sunlight
and turning summer days cold.

Traveling ash The eruption of

This satellite photo was taken in _ ]
1991, one month after Mt. Pinatubo Mt. Pinatubo ‘
erupted in the Philippines. The light world temperatt
areas show the ash and dust from the bv 1°F (0.5°C
volcano. It had already spread all )i ( 5 ¢

around the world. for one Y@\_ :

) 2L

Lightning strikes
Lightning is often
seen during eruptions.
[t is caused by tiny
pieces of lava in an
ash cloud rubbing
against each other.
The rubbing creates
an electrical charge,
which is lightning.

14






The water inside ¢
geyser can be as muc

g . as three times hotter
ometimes the water turns into than the water boiling

steam and shoots into the air as a in q (o
geyser. At other times, it seeps up
in pools called hot springs.

A rainbow of colors

This is the Fly Geyser in Nevada.
The red cones formed when
liquid minerals in the hot
water cooled and turned solid.
The yellow and green
colors come from
algae that live in



Glorious mud

Underground heat from a volcano can
even boil mud. This mud is rich in
minerals and is often collected and used
as a skin treatment. People bathe in the
ke their skin soft and smooth.

"~ -

" mud to_If}QkQ

r between 100 and 165 feet (3() 50 )
- B
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Old Faithful

- One of the most popular [
~ geysers in the world is

e &@qlfdithful in Yellowstone

 National Park. This geyser

spur\t"s_}_f‘aithfully every

78 mi@;tes or 0.

Old Faithful s.h‘_(v)(__)'ts' wate

17



Fire under the

Under the sea, hot magma,

chemicals, and minerals burn
their way through thin spots
in the Earth’s plates.

The lava and minerals
bubble up to make islands
and other unusual homes

for undersea life.

........................

e ,\/‘—'— Because magma

cools down very

quickly underwater,
experienced scuba divers can
" sometimes get a close-up look at
small undersea eruptions.




Underwater chimneys
The minerals that rise to the
ocean floor from deep in the

Earth quickly harden and

make a chimney shape.
These chimneys are called
black smokers. Many unusual

animals live in the warm,

mineral-rich waters.

® Most black smokers are
very deep—more than 1 mile
(2 km) below the surface.

® The first black smoker was
discovered in 1977.

® The animals living near
black smokers include mussels,
clams, and crabs.

Black smoker facts

The volcanic seabed
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Living on a chimney
Colorful tube worms live around
black smokers. Special bacteria
live inside these worms. They
change the chemicals pouring
out of the smokers into food.

Scientists believe there may be as many as f This crab has
20,000 volcanoes under the sea. That’s more made its home on
than 90 percent of all the volcanoes on the i ey diee sl v

planet. Many of the Earth’s islands were
formed from these undersea volcanoes.

volcano has

stopped erupting.

An active volcano
about to erupt under
the ocean floor.
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»Birth of an island

When a volcano erupts deep under the
sea, the lava piles up instead of flowing
away. If the eruptions continue, the lava
gradually builds up, until one day it
breaks the surface and forms an island.

An island’s birthday

In 1963, fishermen near Iceland
saw a new island rise out of the
water. The island was named
Surtsey, after Surtur, the
ancient Norse god of fire.

v et

] Three years later...
Once the lava flows stopped, plants and
animals began to find their way to the
new island. After just a few years, Surtsey
~ was home to birds, grasses, and seals.

15-&
7 Er
R e
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“t”‘ It takes millions of years

for a volcano to reach
the surface and
become an island.

Underwater laboratory
As a new volcano grows toward the
surface, it provides a home for a wide
variety of marine life. This is why
growing volcanoes are a great
place to study undersea life.
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Home sweet home

The Galdpagos Islands, in the Pacific
Ocean, are volcanic islands that broke
the surface of the water about four
million years ago. Since that time,
many types of animals and plants
have come to live on the islands.
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Yy ['sunami
Many coastal towns’ worst
‘fear is a tsunami—a huge
wave that destroys everything
in its path. Many tsunamis
are caused by eruptions.

Making waves Landslide danger
When a volcano erupts under Tsunamis are also caused
the sea, large parts of the when a large eruption sends
ocean floor are lifted up, huge amounts of lava and
displacing water and mud tumbling into the ocean.
creating a wave.

At first, the displaced
water is almost
invisible as it travels
quickly toward shore.




Dangerous wave
Tsunamis can be even more
dangerous than the eruptions
that cause them. One of the
deadliest tsunamis of all time
was caused by the eruption of
Krakatau, in Indonesia, in
1883. The lava and gas killed
few people, but the tsunami

killed over 36,000.

City threatened
Huge tsunamis can sweep
away entire towns and
villages, flood hundreds
of yards inland, and

strip away beaches
and vegetation.

® On May 21, 1792, Unzen
volcano caused a tsunami that

killed 14,300 people.

® The tallest recorded tsunami

was 280 feet (85 m) high.

® The word tsunami means
“harbor wave” in Japanese.

Diagram elements are not to scale.



Dead or alive?

Some volcanoes can seem to be
dead, but they are only sleeping.
A volcano that is not erupting,
but might erupt again, is called
dormant. A volcano that cannot
erupt any more is called extinct.

‘ AL R e 1 e [, e v o
w &Out of the blue In the shadow of Mt. Fuji
t. Pinatubo, in the Philippines, ﬁt,gl*pted Mt’ Fuji, in ] AP has been dormgnt
19 frer | mg dormant for 400 since 1770, but it could come to life
¥

again at any time. This would be
devastating for the 12 million people
of Tokyo, 60 miles (97 km) away.

Mt. Pinatubo begqn
waking up in April 1991,
when people heard rumbling
sounds and saw steam and
ash coming from the
sides of the volcano.

More than 200,000 people

< "
.o \ were quickly evacuated

from the area. The
M \

volcano finally

e_rupt;ed on July 15.



Sarellite image of
Chiliques volcano.

Starting to wake up

Scientists use satellites to keep a close
watch on dormant volcanoes.

The dots on these photos of Chiliques
volcano, in Chile, show where magma
is rising as the volcano wakes up.

Infrared image of
Chiliques volcano.
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he volcar extinct and
will never erupt again.
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Blast from the pas
One of the most dram¢
eruptions of Mt. Etna
1669. Fifteen villages are
the volcano were buried |
lava, but no one was killed

A pet’s sixth sense

Some people who live near Mt. Etna
watch the behavior of their pet cats to
try to predict eruptions. Cats are very
sensitive to changes in pressure that
occur just before an eruption.



A constant threat

When Mt. Etna erupted in 2002,
people living near the volcano
had to evacuate their homes as

y the lava got close.
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Early warning
systems around
Mt. Etna help
people escape

in time.

. . . ‘*‘\.._.___‘__‘_
o' Build a barrier ~——

The people living near Mt. Etna
build barriers to help divert the flow of
lava away from populated areas. During
the 1669 eruption, the people of one town
used rocks to divert the lava. Today,
earth-moving machinery is used.
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Lava-land

There are more than 200 volcanoes
in Iceland, which is over a large hot
spot in the Earth’s crust. In January
1973, Eldfell volcano, on the island
of Heimaey, erupted. The eruption 4
continued for six months. e \Ce\cmdic‘

o Jestroyed

A curtain of fire
During the eruption of Eldfell, lava
fountains spurted up from cracks

in the volcano and formed a
. curtain of fire. Seawater was
/ 7 ~used to cool the lava and
< slow down the flow.



Buried homes

Most of Heimaey’s 5,300
inhabitants were taken to
Iceland’s mainland and

so escaped the eruption.
However, most of the
island’s buildings were
buried in black ash. Many
of the buildings were later
dug out and restored.

A natural heat

The heat from Iceland’s
many volcanoes is put to
good use. People bathe
and relax in hot pools
like this one, while the
nearby power plant uses
the heat from the water
to make electricity.



d]

- Mount Saint He

One of the best-studied eruptions of
all time occurred on May 18, 1980.
That morning, Mt. St Helens, in the
state of Washington, explodedina
fury of ash and smoke while scientists

nearby took measurements.

Blowing its top

Before the eruption, Mt. St Helens had a
beautiful snow-capped peak. The blast tore
off most of the north side of the volcano and
left a huge, gaping hole big enough to fit

an entire city into. This was the first time
scientists had ever watched a volcano

erupt from its side.

Huge explosion

Rocks, ash, volcanic gas, and
steam blasted upward and
outward faster than a jet plane
and hotter than a furnace. Ash
rose 15 miles (24 km) into the
atmosphere in just 15 minutes.




A dreadful

aftermath

The blast killed 57 people,
destroyed wildlife and river
valleys, and knocked down

enough trees to build
300,000 homes.

A bottle of ash, please!
~ Ash from the eruption blocked *
out the sunlight for 250 miles
(400 km) around. Later, the
ash was bottled and




Montserrat | v~

Tiny Montserrat island in
the West Indies was very
peaceful until 1995. That
year, Soufriere Hills
volcano began erupting.
Since then, most of the
residents have had to flee = § 4 . D
the island for their lives. = O L g

buried under ash, and any™=
tourists must arrive by ferry.

Burled and deserted

o
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" “Scientists do not know when - °

4’% the people of Montserrat wﬂT
-—'-"g_ peop
be able to complé'fé‘l? rebuddx o

tHeimisland. Small eruptions

- and lava flows continue today -




| / Squeezed out . Sy« 7
The people of Montserrat

are being squeezed into
smaller and smaller parts of
their island as the volcano
takes over. Only a small area .
of the island is now safe.

forrﬁerl e ital
city. e

This area is
the only part
considered

safe to live on.

3 Soufriere H\llls volcanq is
%+ about 100,000 years old.™



Land of fire

Indonesia lies in between two large
plates. It is home to over 125 active
volcanoes and more recorded
eruptions than any other country.
Many of Indonesia’s 15,000 islands

were formed by volcanic activity.

A beauty and a beast
Te & a.is.one.of
Indo

vol

mask

have

erup

last

Big bang

When Krakatau volea

in 1883, the explosion was hea
2,400 miles (4,000 km) away
Alice Springs, Australia.
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| ,prmces% Wl’len the princess’s angry "/
father saw that the ogre might finish ,} ;

the trench, he ordered the ogre to Z«[(A
speed up. The ogre died of exhaustion, 4
and the half-coconut he used to dig

the trench became Mt. Bromo.




Ancient tragedy

On the morning of August 24, 79 AD,

Preserved in ash
Mt. Vesuvius, in Italy, erupted. Hot

Pompeii is so well preserved that

ash, dust, lava, and clouds of deadly it provides us with good evidence
gas rained down on the people of o e

& - Roman town. Archaeologists
Pompeii and Herculaneum, burying ey T A
both towns for 1,600 years. on the town’s walls.

A Pompeuan victim
“This man suffocated in the 5moke and

ash of the eruption. His body later

decgye'd leaving a hole. In modern -
% times, the hole was filled w1th

plaster to- mak&a CUSt, iz



Died on duty
This is a cast of a dog that died
while he was guarding the
house of his owner, a man
named Vesonius Primus.

Sleeping, but not dead
Today, Mt. Vesuvius may look
quiet, but the volcano has erupted
about 36 times since 79 AD. The
most recent eruption was in 1944
and lasted for 10 days. That time,
only a few people were hurt.

p This dog
suffocated
while chained
 to a post.

This is a plaster cast
of a dog that died in
the eruption.




Working in the hot zone

A scientist who studies volcanoes is
called a volcanologist. For these | :
scientists, research can get pretty A ‘
hot. In order to collect information
about volcanoes, they must get close
to a volcano’s fiery interior.

Suited and booted
In order for volcanologists
to pick up burning rock
samples and walk across

red-hot lava, they need r

to wear a special suit

and heatproof boots. »
The silver suit /
. reflects the heat of
the volcano and

keeps the person
inside cool.



...................................

When volcanologists work
around an active volcano, if there
is any warning of an eruption or
violent activity, they usually leave.
Unfortunately, sometimes the activity
changes quickly and there is little or no
warning. Between 1975 and 2001, 29

volcanologists died while studying volcanoes.

Robot on a mission
The Dante robot is sent
into volcanoes to gather
information where it is too
dangerous for people to
go. One day it will be
used to study volcanoes
on other planets.

P - J’;{ﬂ-‘ .
kS
.
These volcanologists
are taking samples
of gas. The gas may
give clues to
Deadly gases when the volcano 3

Even if it is not too will next erupt.

hot, there may be
invisible dangers in
the form of deadly

gases seeping from
below ground. This
is why gas masks are
required equipment

for volcanologists.



Visiting volcanoes

L. Popular volcanoes
Volcanoes are fascinating, and
. ® Erta Ale, in Ethiopia, has
many people Wﬂl 90 a 10ng way to erupted nonstop from 1967.
visit them. Each year, thousands of ® Yasur voleano in Vanuatu
. . has erupted 10-20 times each
tourists travel to active volcanoes for hou for 800 years.
the opportunity to get up close and o Tourists o White and |
. 1. volcano in New Zealand can
perSOHCll Wlth bOlhng IClVCI. walk right inside the crater.

It’s safer up here

Some volcanoes can only be safely
visited from the air. Hot lava and
poisonous gases make it too
dangerous to get any closer.
These volcanoes are best

toured by helicopter.

Stationary pool

of hot lava.



A spectacular display
Forget fireworks—a volcanic sound
and light show beats them all!

This volcano in Hawaii has a
small eruption almost every

night, and people hike for

several miles to watch it.

] QCdVe b
- S o
overnight near o (o
Oolh H
awg i

Volcanoes National Park, on

the island of Hawaii, contains

one of the most active

volcanoes in the world—Kilauea. =
Every year, thousands of tourists

visit the volcano, which has been N

erupting continuously from 1983. ’ e




Weird and wonderful

Lava flows can form a large variety
of weird and wonderful shapes when
they cool. Sometimes, even scientists

Towering cones of lava
These structures in Pinnacles
National Park, California,
USA, were formed 7,700 years
ago by lava erupting from
nearby Mt. Mazama‘;

oM e




Chimney houses

Hundreds of years ago, people

hollowed out these volcanic chimneys in
Cappadocia, Turkey, and used them as
houses. People still live in some of them.

A road for giants
The people of ancient Ireland believed
these rocks were the work of a
giant named Finn McCool.
The Giant’s Causeway was
actually created 60 million
years ago by cooling lava flows.

Cold monkeys
These Japanese monk
learned tl
nearb
makes
winte
to sta



* Out of the ashes

Volcanic eruptions can bring
devastation, but they can also
bring renewal. Eruption clear out
old, dead plants, while the ash
helps plants grow back mere
quickly, and stronger than before.

Life returns

A few years dfter an eruption,
plant life has returned to s
this volcano. The ash -
helps the plants '
grow quickly.

First growth :
Ferns have very tough seeds; s
they are some of the first plant
to push their way up through
solid lava to start growing

after an eruption.

r i

r




Fertile slopes

Volcanie ash makes a great
fertilizer to help plants grow.
Farmers near this volcano in
Indonesia take advantage of
this by growing their crops
right up the sides and
into the crater of‘:: - s
this volca




Glossary

Here are the meanings of some words
that are useful to know when learning

about volcanoes.

Aa lava a crumbly, lumpy type
of lava that moves slowly and
can form tall flows.

Algae small, simple plants that
live in water.

Ash very small, fine particles
of lava that can block
out sunlight.

Bacteria microscopic animals
that can get their energy
from chemicals.

Basalt the most common kind
of volcanic rock, made from
very runny lava.

Black smoker volcanic vent
on the sea floor that belches
out hot minerals.

Bomb big blob of lava that is
thrown out by a volcano and
cools in midair.

Chemical a natural substance
made when different types of
atoms combine together.

Core the metallic center of

the Earth.

Crater the part of a volcano
that connects to the main
chimney and out of which
lava and ash erupts.

Crater lake a lake formed in
the crater of a volcano.

Crust the hard, outer layer of
the Earth.



Dormant a volcano that has
not erupted for a long time,
but could erupt again.

Eruption when lava, ash, or
gas explodes out of a volcano.

Extinct a volcano that cannot
ever erupt again.

Fault a crack in the Earth’s

crust where rocks have moved.

Fissure a crack in the ground
that runny lava oozes out of.

Geyser a place where
underground water, heated by
magma, spurts into the air.

Hot spot a place where rising
magma burns through the
Earth’s crust.

Hot spring a place where hot
water from under the ground
bubbles to the surface.

Landslide the sliding of loose
earth and rock down a
steep slope.

Lava the name for magma that
has erupted to the surface.

Magma rock deep in the Earth
that has melted to a liquid.

Mantle the part of the Earth’s
interior that lies in between
the crust and the core.

Metamorphic rock rock
formed from other rocks
that are under intense
heat and pressure.

Mineral a natural substance
that is not a plant or animal.

Mud pot a pool of hot,
boiling mud.

Pahoehoe lava a hot, runny
lava that moves freely in
shallow flows.

Plate the moving part of the
mantle and crust.

Rift a place where two plates
are pulling apart to create a
crack in the crust.

Ring of Fire an area in the
Pacific Ocean that includes
many of the world’s most
active and violent volcanc

Seismograph a machine tk
measures the movement
Earth’s surface.
Tsunami a destructive s
wave that can be cause

volcanic eruption.

Volcanologist a scient
studies volcanoes.
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Useful websites

://volcano.und.nodak.edu/vw.html
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p://vulcan.wr.usgs.gov
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