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EAnTH s PLATES AND
THllH MoVvEMENTS

As we go about our daily lives, Earth feels firm beneath
our feet. [t may come as a surprise that Earth is really
covered in plates that are slowly moving. Earth is
covered in a rigid outer layer, called the lithosphere.
Under the lithosphere is a soft layer of melted rock
called the asthenosphere. The lithosphere is broken up
into about a dozen large plates and several small plates.
These plates
move slowly,
Asyou cansee
¥ from this map,

R Earth’s plates are
a mix of different
g, sizes and shapes.




a mountain

movements.

The Himalayas are

in Asia. They were
formed by plate

only about 2 to
4 inches (5 to
10 centimeters)
per year.

The movements of
these plates have a huge
effect on our planet. Do you think it takes
Sudden plate movements |EUGGIEIERELEEEE TR,
can cause earthquakes. millions of years for a
The movements of the mountai to form?
plates can also form
mountains and volcanoes. Over long spans of time, the
movement of the plates—known as plate tectonics—can
change the shape of continents and oceans. Scientists
study plate tectonics to better understand the history of
our planet.

THiINK ABOUT IT




EARTH'S
L AYERS

Earth’s surface layer is a crust of
solid rock. The crust is thinner
under the oceans than it is

under the continents. Under the
continents it averages about 19
miles (30 km) thick. Underneath
the crust is the more compact
rock of the mantle, on which the
crust basically floats. The mantle
is much thicker, about 1,800 miles
(2,900 km). The temperature at
the lower part of the mantle is
about 6,700°F (3,700°C). The rock
there is soft and can move slowly.
Below the mantle is Earth’s core.

core
mantle 4,300 miles crust
1,800 miles 3-19 miles

£ 2014 Encyclopsedia Britannica, Inc, ST
£
V.

This diagram shows
Earth’s three layers. As you
can see, the crust is by far

the thinnest layer.




O A
oceanic crust

The asthenosphere 10 -
includes parts of the - lithosphere
upper mantle. It is under - fgid rocks l
the lithosphere and above
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asthenosphere

weaker, plastic rocks

“
S

The outer part of

the core is liquid,

while the center of

the core is solid.
The lithosphere 600

consists of the

crust and the rigid

upper mantle. The

upper mantle
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700

asthenosphere 2,900
is the partially ,
molten zone in the mantle, VO CAB ULARY;

between 60 and 400 miles (100
and 650 km) below the surface.
The tectonic plates slide across
the top of the asthenosphere.

things
have been melted,

often by great heat.




Tectonic plates interact with each Vo CABULARY.
other in several ways. One way is
to move away from each other. move apart from
Plates that move apart are said to | each other.

have a divergent boundary. When

things

Age of Earth's oceanic crust N NN S | .
| Onimions of years) 0-2 2-5 5-34  P4-3T  G7-58  58-86  66-B4 B4-117 117-144  144-208




plates move apart they make a crack between them.
When a crack opens up on the seafloor, magma rises up
and fills in the crack. This is called seafloor spreading.
This process can cause earthquakes in the ocean as the
seafloor cracks, fills in, and cracks again.

Divergent boundaries can also exist on land and
can create cracks in Earth’s surface. These cracks are
called rift valleys. The longest rift on Earth’s surface
is called the Great Rift Valley: It is about 4,000 miles
(6,400 km) long with an average width of 30 to 40 miles
(50 to 65 km). The rift starts in the Middle Eastern
country of Jordan and goes south to the African country
Mozambique.

In the
background of

this photograph
you can see

the cliffs of the
Great Rift Valley
in Kenya.




BouNDARIES

Plates that move toward each other have convergent
boundaries. Usually, one of the plates ends up going
underneath the other one. When this happens, the area
around the two plates is called a subduction zone. There
is a plate in the Pacific Ocean, the Nazca Plate, that is
pushing under a plate that makes up South America.

% As the Nazca Plate pushes under the South
g W American plate, it presses into the hot
- : mantle and melts rock, making
magma. The magma rises up
_and causes the volcanoes on
rad#® the Andes Mountains to

By form. This type of plate

The Andes run through the South

American countries of Venezuela,

. Colombia, Ecuador, Peru, Bolivia,
‘ihl Argentina, and Chile. |




COMPARE AND CONTRAST

The Andes are the longest chain of mountains
in the world. They were formed by subduction.

The Himalayas, the highest mountains on Earth,
were formed by convergence. How might the way
they formed have affected their length or height?

movement can also  [PREELNITTINTYENLEE - Frlon de Pajaros

cause powerful MR Asuncion
earthquakes. e focEAN
If two plates . , Poges
converge under Sea Aamagan
the ocean, they i
can create volcanic @, ST, o
islands. That is how i e
the Mariana Islands o Aguijan * Tinan
in the western Pacific
Ocean formed. . vt
When two plates on ' '
a continent converge, they can | 1he Mariana |
create mountains. That is how | isiands liconthe
the Himalayas were created. Eﬁml');ctween
and Philippine

" Plates.
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The plates that make up
transform faults do not
push into each other or
move away from each other.
They slide past each other.
Sometimes, the plates stick
together and then slip. This

causes earthquakes. Most
transform faults are found on the ocean
floor. Some, such as the San Andreas Fault
in California, appear on continents.

The San Andreas Fault is more than

Fault extends for
hundreds of miles
through the state
of California.

800 miles (1,300 km) long. The movement of the plates
along the fault has caused several major earthquakes.
A strong earthquake damaged much of the city of San



San Francisco was
devastated by a massive
earthquake that struck

on April 18, 1906. .

Francisco
in 1906.
Another
strong
earthquake T
struck the - | TaHiNk ABOUT IT
San Francisco
area in 1989. Most of the

The 1906 earthquake in
San Francisco destroyed

population of California about 8o percent of the
lives near the San Andreas city. The 1989 earthquake
Fault. Some cities and was much less devastating.
towns are built on top of What improvements do you
the fault. Because of the think made the city better
IR T es L e Ll Prepared for earthquakes?

and tremors are common in
California. Buildings, roads, and bridges are built to be
able to withstand these movements.




VOLCANOES AND
HoT SpPOTSs

Volcanoes are mostly found along the boundaries of
tectonic plates. They can be found on convergent
boundaries and divergent boundaries. There are more
than 1,500 volcanoes on Earth that could be active.
Almost 9o percent of those volcanoes are located

in the Pacific Ring of -
Fire. This is a chain of o
volcanoes that surrounds

FIE 05 F’ncrdapwﬂ'n'ﬁﬁhnnm Inc.

. : ASIA b iy,
the Pacific Ocean. It lies Fire . NORTH
Ring of "} AMERICA
along the edges of the \H
1 _ LR
= ' ?ry},,,&* -
N s, PACIFIC ire x4
About 9o percent of all b Sl it OCEAN S sl
volcanoes are located | b A ik e J“
alongthe Ring of Fire. | =~ AusmauA - T X
[ d N !
» L7 A
B Lo L ___S_ ~ — Tectonic plate
ANTARCTICA — VYolcanic area



A volcano called Kilauea
erupts in the Hawai'i
Volcanoes National Park.

giant Pacific Plate. ‘m

As the plate moves,
it creates earthquakes
and volcanoes.

While most volcanoes
are found along tectonic
plate boundaries, some
are not. Some volcanoes

can be found toward the Mauna Loa is the largest
center of tectonic plates. [IRAlERTE BT (SEPLICEL
in Hawaii. Can you name any
other famous volcanoes?

TaHiINK ABOouT IT

These volcanoes form
over what scientists call a
hot spot. A hot spot is an
area where heat pushes
up from Earth’s mantle and melts the rock, creating
magma, at the base of the lithosphere. The magma then
pushes up through the crust, making volcanoes. This is
how the Hawaiian Islands were created.




Earthquakes happen every day all over the world. Most
earthquakes are so small that people cannot feel them.
Sometimes, larger earthquakes happen and they can
cause serious damage. Most earthquakes are caused by
the movement of tectonic plates. When plates move
in relation to each other, they build up pressure. When
the pressure becomes too great, the plates can move
suddenly. This causes an earthquake. The energy is

released in the form A s -
K 4% [ “an'
of shock waves. ¥ Mok i on
Th o San Franr,'fiﬂ % = "
e waves spread OCEAN ) okl
through the rock = =
Parcaived Shaking \
Bl vicent ! UNITED
— STATES
I very strona CALIFORNIA
[ swong '
Earthquakes can be — \ -
| felt over a wide area. == Fautnes |
i plate movement
@ Epicantry mﬁc |
LOMA PRIETA PLATE
EARTHQUAKE
OF 1989
Magnituds: 5.0
Date: Octaber 17, 1989
Location: 37.04° N 121.88° W
Depth; 18 km (11,2 mil Ir
ot Sourae: Californin integrated Seismic Network




do serious damage.
A 1985 earthquake
in Mexico City
destroyed many
buildings.
in all
directions.
In the most
powerful
_ : quakes,
VO CABULARY, | — people
are large thousands of miles away from
amounts of snow and the center of the quake can
ice that fall down a teel the ground shake.
CeUREIRUGIFSRUtii o)  Earthquakes can do great
damage to buildings, bridges,
railroads, and other structures. The violent shaking
during earthquakes often causes other problems as well,
such as avalanches. Some quakes that happen in or near
oceans cause huge, destructive waves called tsunamis to
sweep ashore.
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CHANGING
CoONTINENTS

Plates have moved across Earth’s surface for hundreds of
millions of years. As the plates move, the continents on
them move, too. This movement is called continental
drift. The movement of the tectonic plates has changed
the shape, size, and location of the continents.

About 255 million years ago, nearly all the
land on Earth formed one enormous continent
called Pangaea. This “supercontinent” began to break
apart about 237 million
years ago. By about 150

The arrows on this
map show the ways in
which the different
plates are moving.
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The continents = = /“’ DS :
have shifted greatly e, D | - \
over the past 22 4 J/
" - P 5 = _,./ \ 9‘%"‘.“.. _.--"'f/
million years. S = e S
225 Million Years Ago 160 Million Years Ago

million years ago, | £ T Ve \1

it had separated \ o At A A k)

o \\\x (o il / \“m : >

into two large i e

. 100 Million Years Ago Earth Today "

landmasses, Laurasia ~ - —

in the north and

Gondwana in the south. Laurasia was made up of the ':: '

land that is now North America, Europe, and much of 3

Asia. Gondwana included what are now South America, G

Africa, Australia, Antarctica, India, and Arabia. Later, -

Laurasia and Gondwana split into pieces. Gondwana s

began to break apart about 180 million years ago and 2

Laurasia broke apart about 50 million years ago. 2

N
THINK ABOUT IT

North America is moving west at about
an inch (3 cm) per year. What do you

think is pushing North America west?




Scientists believe
that this process has
A\ happened several
| times over Earth’s
|\ long history. They
think that it takes
about 500 million
years for all the
continents to join
together into one
big continent and then
break apart again. The
continents continue to move

today. Scientists believe that in
Scientists think about 250 million years they will join
a supercontinent together again.
called Pannotia The idea of continental drift is

y existed 600 Il}ﬂ]i“n an old one. It was first suggested
;, yearsago. Itlikely | explain why the shapes of the

3 looked something . .
' like this. continents looked like they would fit




together well. Besides the
shape of the continents,
there is much evidence are the
supporting the idea that

the continents were once
united. Most of the evidence
is based on the study of ancient climates and the
matching of fossils, rocks, and geological structures on
land separated by huge oceans. For example, fossils of
swimming reptiles called mesosaurs are found in both
Atfrica and South America.

VOGCABULARY,

remains of things that
lived long ago.

The Appalachian
Mountains were
once part of
the same chain
as mountains

that are now in
Scotland and
Scandinavia.




AND CLIMATE

The changing shapes and locations of continents has had
an effect on the evolution of plants and animals. As the
continents moved apart, the diversity, or differences,
among plants and animals increased. This is because

the spaces that opened up between the continents were
filled in with ocean. That meant the plants and animals
on different continents could not interact. This is why
the animals that live in Australia, like kangaroos, are

so different from the animals in North America, like
grizzly bears.

Kangaroos exist
only in Australia
because there was
<_. noway for them
{{ | totravel to other

=/ continents.




I VO GCABULARY,
An is a

narrow strip of land
connecting two
larger land areas.

However,
the movement of
the plates had the
opposite effect about
three million years ago.
At about that time, volcanic
activity in the Pacific Ocean created A |
a land bridge between North i G
America and South America. This country of Panama.

: The Panama Canal
land bridge formed the Isthmus crosses the isthmus. |
of Panama. Before that, the two
continents were separated. This bridge allowed animals
to migrate between the two continents.

Many animals from North America migrated
south. Among those animals were many carnivorous,

The Isthmus of

- + e
E <y, L o E B .
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or meat-eating, animals.
These carnivores caused
the extinction of some
animals on the southern
continent. Some southern
animals, like the armadillo
and opossum, migrated

wr

north. The nine-banded
Tectonic plates and their movements = ,rmadillo is the
have also caused extinctions. About only species of
299 to 252 million years ago, a series armadillo found in
of extinction events happened. About the United States.

70 percent of land animals became
extinct, and about 95 percent of marine animals
became extinct. Scientists think this was caused
by the formation of Pangaea, volcanic activity, and
temperature changes.

The breakup of Pangaea also had a big effect on
Earth’s climate. A lot of the climate on Earth has to do
with ocean currents and wind. When Pangaea existed,



LS

1

Diversity of marine animal families over geclogic time

B0

B0

]

THINK ABouT IT

Why might carnivores that are new to an area
cause the extinction of some animals?

it was completely surrounded by an ocean, called
Panthalassa. As Pangaea split apart, the ocean filled in
the gaps. This changed the currents and spread warm
and cold water differently.
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i_glﬁ-ed Wegener spent
= i most of his life studying
» meteorology and geology.

DiscoOVERING
¥ EarTH's PLATES

In 1912, a German scientist
named Alfred Wegener
suggested that, at one time, all
of the continents were joined
together in a supercontinent
called Pangaea. He thought
that Pangaea split apart and
the pieces drifted apart over
long periods of time. He
called this idea continental
displacement. His theory is
now called continental drift.

VO CABULARY;

A scientific is an

explanation for why things
work or how things happen.




Fossils of the Glossopteris
plant were some of the .
first evidence to support
the idea of continental

Other scientists
rejected
Wegener’s idea
because he could
not explain how
the continents moved.
In 1929, a British geologist named Arthur Holmes
proposed that the heat from Earth’s mantle caused
continental drift. His idea received little attention at
the time. In the 1960s, however, a number of scientists
used the ideas of Holmes and Wegener. They monitored
earthquakes and looked at similar fossils from different
continents. By doing all of that, the scientists were able
to find evidence of plates and their movements. The
modern theory of plate tectonics was developed.




AND THE FUTURE

Earth’s continents are always moving—slowly. Plate
tectonics will continue to change the shape of the
continents and oceans over the course of hundreds of
millions of years. Most of the time, this slow movement
doesn't affect our lives. However, when plates suddenly
come together, slide against each other, or move apart,
serious disasters can occur. Scientists think that it is
only a matter of time before another large earthquake
happens in California. The San Andreas Fault has been
building up pressure for a long time there.

trench at oceanic ridge at
divergent boundary

lithosphere

lithosphere

riging
magma




COMPARE AND CONTRAST

How are the threats from tsunamis and
earthquakes different? How are they similar?

In the last decades, devastating tsunamis have
occurred in Japan and Indonesia. The huge waves
were caused by earthquakes. The earthquakes were
triggered by plates on the ocean floor sliding under each
other. The idea of earthquakes and tsunamis is scary.
But scientists are improving how they monitor the
movement of Earth’s plates. This allows scientists to
warn people about dangerous events before they occur.

This scientist is studying
Mount Nyiragongo, a
volcano in Africa’s Great

Rift Valley.




asthenosphere The layer of soft, molten
rock that lies under the lithosphere.

boundary The dividing line or edge
between things.

climate The ave rage weat her conditions
of a particular place or region over a
period of years.

continent One of the great divisions of
land (North America, South America,
Europe, Asia, Africa, Australia, and
Antarctica) on the globe.

converge To tend or move toward one
point or one another.

core The hot, inner layer of Earth.

crust Earth's thin, rocky outer layer.

displacement Movement from one
position to another.

evolution An explanation for how all
the kinds of living things that exist
today developed from earlier types.

extinction No lnngcr existing,

fault A break in Earth’s crust
accompanied by a displacement of rock
masses parallel to the break.

geological Having to do with rocks and

the history of rocks.

S0P B Gl 53 [ The

lithosphere The solid, outer part of
Earth, consisting of the crust and part
of the mantle.

magma Hot, melted rock material
within Earth.

mantle The portion of Earth lying
between the crust and the core.

migrate To move from one country,
place, or location to another.

seafloor The floor of asea or ocean.

shock wave A tall wave caused by
a shock (as from an earthquake or
explosion) to the material through
which the wave travels.

subduction The process inwhich one
tectonic plate is forced beneath the
edge of another plate.

tremor Asmall movement of the ground
before or after an earthquake.

tsunami A great sea wave produced
especially by an earthquake or volcanic
eruption under the sea.

volcano Aventin Earth's crust from
which melted or hot rock and steam
come out.
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