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EARTHQUAKES AND TSUNAMIS

PREFACE

There are many natural phenomena producing beneficial
effects for mankind, such as rains for agriculture, and the
cold ocean currents supplying abundant fish for food. But
there are many others whose effects can be very harmful,
such as earthquakes and tsunamis.

It must be acknowledged that natural hazards continue to
increase because of the growing exposure which results
from expanding populations, many of which are
concentrated in big cities of more than 5 million inhabitants
(Tokyo, Japan; Lima, Peru).

Earthquakes are as inescapable as the weather. Even Mars
and the Moon have them. Here on Earth, seismologists
report that every year there are a couple of million
earthquakes strong enough to be felt, a thousand or so that
can bring down chimneys, and about a dozen capable of
producing disasters.

One of consequences of major impact to people is
generated by those big magnitude earthquakes with
hypocenter located at the sea. When they occur, sea waves
can be generated which propagate very quickly across the
ocean and produce casualties not only in the source area
but along coastlines located thousands of miles away.






CHAPTER 1

OUTSIDE AND INSIDE THE EARTH

The picture shows our earth as it looked by the astronauts who were in space.
They noticed how friendly, yet isolated, the earth seemed. This view, plus
measurements taken on earth have- improved our understanding of our planet.

This chapter has many "vital statistics" about the earth. The first section discusses
the shape of the earth and the distribution of land and water masses. The
chapter ends describing the internal structure of the earth and the formation and
propagation of different seismic waves.

CHAPTER OBJECTIVES

. Describe and identify the shape and dimensions of the earth.
Describe and locate the continents and the oceans.
List, compare and describe the layers of the earth.
Describe the generation and propagation of seismic waves, and their
classification.
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1.1 CHARACTERISTICS OF THE EARTH

e SHAPE AND DIMENSIONS

For a better understanding of natural hazards it is necessary to know some
general concepts about the shape, size and internal structure of the planet where
we live: the Earth.

As we know, the earth is just one of the millions of bodies in the Universe.
However, the earth is not just a planet, but one of the few, or maybe the only
one having natural conditions allowing the existence of plant and animal life,
and therefore of Man. This is mainly due to the fact that the temperatures on the
surface of the earth keeps the water in its liquid phase, which is essential for life.
Other planets have very high or very low temperatures, with no liquid water and
therefore no possibility to develop any form of life.

The earth’s shape is an oblate spheroid, flattened at the poles. To a first
approximation the earth is an ellipsoid of revolution (spheroid). Its dimensions
are: equatorial radius= 6,378 kilometers; polar radius= 6,356 kilometers;
circumference= 40,000 kilometers.
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Internal structure of the earth.



The ellipticity of the earth’s shape is due to the centrifugal forces produced by its
rotation. The resultant forces from rotation have other effects, including the
global wind patterns in the atmosphere, the currents in the oceans, and the flow
of hot viscous material in its interior.

e DISTRIBUTION OF OCEANS AND CONTINENTS

One of the most relevant aspects of its surface is the vast expanse of the oceans.
More than 70 % of the surface of our planet is covered by oceans and in the
Southern Hemisphere the oceans represent almost 85 % of the total surface as
seen in the figure below.

North America Africa Europe India Asia

‘United States of America

Antarctica

graphixSMSanta Barbara, CA (800) 929-4MAP Robinson Projection

1994 MAGELLAN Geo
South America / Australia

Distribution of oceans and continents.

The Pacific Ocean is the largest ocean on the earth, encompassing more than
one third of the total surface of the planet, and its huge marine currents regulate
an important part of the world climate. It is also the deepest ocean. Its mean
depth is 200 meters greater than the oceanic average of 3,700 meters. It is in the
Pacific Ocean, because of its size and the geological structure of the ocean floor,
where most of the earthquakes and tsunamis of the world occur.
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DO YOU KNOW HOW WATER DEPTH IS MEASURED?

Soundings are measurements of water DEPTH. In the past, sailors took
soundings by lowering ropes with weights. When the weight touched the
bottom, the length of wet rope showed the depth of the water. In deep water, a
sounding was inaccurate because of the water’s movement.

Today, scientist find the depth of water by using an echo sounder. This device
measures depth by bouncing sound waves off the ocean floor. The echo sounder
measures how long a sound wave takes to reach the ocean bottom and return to
the ship. Since the speed of sound in sea water is known, the sounder can
calculate the ocean’s depth at that spot.
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DO YOU KNOW?

The Pacific Ocean is so large
that all the continents put
together could fit into it. It
covers 165,200,000 square
kilometers.

The Pacific Ocean is
surrounded mainly by linear
mountain chains, trenches,
and island arc systems that
in most areas effectively SEA FLOOR
isolate the deep-sea basins
from the influences of
continental sedimentation. Echo sounder operation.




If all the water were removed from the ocean basins, there would be revealed a
pattern of topographic features dominated by a system of ridges and rises
encircling the globe with intervening deep-sea basins between the ridges and
the continents. The pattern shows that the deepest parts of the oceans do not
occur in the middle as one might expect, but close to the continents and island
arcs.

Topography of the ocean bottom.

HAVE YOU HEARD?

The deepest spot in all the oceans is
Challenger Deep. It is in the Marianas Trench
in the western Pacific Ocean. It is more than
11,000 meters deep! This depth is 1,600
meters greater than the height of Mount
Everest, the highest mountain on land.

The middle of the ocean is shallower
because of the mid-oceanic ridges. This is
similar to the patterns of major mountain
chains around the earth which, except for
the Himalayas and a few other chains, are
not located near the middle of continental
masses but near the edges facing deep
oceanic trenches. Thus, both continental and
oceanic areas exhibit greatest vertical
change in narrow zones of the earth’s crust.



1.2 INTERNAL STRUCTURE OF THE EARTH

Everybody knows what the surface of the earth looks like, since we see it
frequently in maps and pictures, and in the landscapes around us, but how does
the interior of the earth look like?

Nobody can make a trip to the center of our planet to discover its internal
structure, however, today we know the internal structure thanks to instruments
that record the waves produced by earthquakes.

Every year ten or more destructive earthquakes shake our planet. The smallest of
this earthquakes release energy almost one thousand times greater than from an
atomic bomb. The waves produced by the shocks travel through the interior of
the earth and their paths are curved and modified by the different layers of the
internal structure of the earth. Thus, the seismic waves show the nature of the
areas they pass through, and after being recorded on seismographs we can study
them and deduce a picture of the interior. In fact, the seismologists X-ray the
earth although some times they see it as through a smoked glass.

Until the beginning of seismology our knowledge about the interior of the earth
was based on hypothesis and speculation. Today, thanks to this science we
know the structure of the earth scientifically. Combined with the geologic
information provided by surface rocks, laboratory experiments with rocks at
high pressures, and certain astronomic observations, we have a very good idea
of the existing conditions in its interior, its layered structure, the materials, their
physical conditions, the pressure, etc.



¢ SEISMIC WAVES

When you throw a stone into water (e.g. a water well), you see waves spreading
from the point where the stone strikes the water; but these waves are also
transmitted at depth, diverging from the same point. Something similar to this
happens when an earthquake occurs. From the focus or place of the rupture of
the crust elastic equilibrium waves are transmitted in all directions in the interior
and the surface of the earth.
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Propagation of seismic waves within the earth.

DO YOU KNOw?

The record of drilling in the exploration of
the earth’s crust is held by the former
Soviet Union with a well 12 kilometers
deep drilled in MURSMANK.

HAVE YOU ALSO HEARD?

At a depth of forty kilometers the rocks
are under a pressure of 4,000
atmospheres and a temperature of 300
degrees Celsius.



For most of the shallow earthquakes (depth of focus = 0 - 70 kilometers), the
mechanism for the generation of elastic waves is a fracture or break of the
Earth’s crust in the region. In other words, the stress surpasses the rupture limit of
the material in that region, therefore it fractures developing what is commonly
known as a "fault” and this “fault” is what generates the seismic waves.

A "fault” can be defined as the relative movement between blocks of the crust,
as seen in the picture below.

Reverse fault Normal fault Strike-slip fault

Fault line Fault line

Once the rupture point of the material of a region has been surpassed (that is, a
fault has developed), three fundamental types of seismic waves are generated:

1) The compressional-rarefactional wave, P. This is analogous to a sound wave
and is sometimes called a longitudinal wave. When the compressive phase
of such a wave passes a seismograph station, the ground in the immediate
area is compressed and the seismograph pier moves slightly in the direction
in which the wave is traveling, or away from the epicenter. Conversely,
when the rarefactional part of such a wave passes a station, the ground is
dilated and the pier moves toward the epicenter. These directions are
registered on seismographs. This wave is the fastest of the seismic waves and
is therefore designated the first primary tremor, P. This wave, as with sound
waves, can be transmitted through rocks and liquids.

2) The transverse, distortional, or shear wave, S. This is analogous to a light
wave or the transverse vibration of a string. A particle is always displaced in
a direction normal or transverse to the direction in which the wave is
traveling. Interior transverse waves travel at about 0.6 the speed of
compressive P waves and appear as the second most conspicuous



wave group. They have therefore been designated the secondary tremor, S.
These waves can not propagate through fluids like liquids and gases.

Speed of the P and S waves depends on the density and elastic properties of the
rocks they pass through. Typical P wave velocities in granite rock and in water
are respectively, 5.5 and 1.5 kilometers per second (Km/sec), whereas the S
wave speed in the same materials is about 3.0 and 0 Km/sec; this last value is
due to the fact that liquids have a rigidity modulus equal to 0.

3) Surface waves, L. These represent by far the greatest amount of wave energy,
and they are called surface waves because they propagate close to the
surface of the earth.

There are two types of surface waves. The faster of the two is a shear wave
designated as either a Love Wave, Lq, after the pbysicist who developed the
theoretical concept, or a G wave, after Gutenberg, the seismologist who
discovered and discussed its presence on seismographic records. The motion
of a particle is transverse to the direction of propagation and takes place in
the horizontal plane only,

as seen in the figure

below. It has no vertical

component. The second P-WAVE

type of surface wave is the

Rayleigh wave, Lr, also

named after the physicist 1 3
who developed the y

theoretical concept. It S-WAVE

arrives a short time after

the surface shear wave

since its speed is about

0.92 that of the shear

wave. In a Rayleigh wave —

the earth particle follows

a retrograde elliptical LOVE WAVE
orbit in a vertical plane

along the direction of

propagation, as seen 7 'L CJLE I
below. adiinge¥y. LI rrf‘fl
AT EELL o E O EG
er{xll!rrl{}—‘fu“unnin /
———

RAYLEIGH WAVE

Seismic wave propagation.




LAYERS OF THE EARTH

Crust Depth
With all this knowledge Oldham \ (Km)
showed, in 1906, that the earth has a 0

central core, and in 1914, Beno 30
Gutenberg located the core’s limit at pper
2,896 kilometers under the earths [~~~ Mantle 200
surface. Considering that the earth
radius is about 6,370 kilometers, the
radius of the core is about 3,474
kilometers. Thanks to these and other
studies, it can be shown that the earth is
divided in four different layers, as seen
in the figure:

700

Lower

a) The crust. This is the upper layer, Mantle

upon which we live, and it is
composed of solid rock. Its thickness
varies between 5 and 60 kilometers.
As a normal average for the whole
earth a value of 33 kilometers is used
for thickness of the crust and a
density of 2.67 grams per cubic
centimeter (g/cc). Although this
thickness would seem quite large,
compared to the mean radius of the
earth it is like the eggshell on an egg.
The distribution of seismic velocities
in the crust is, for the P wave, 6.0 to
6.5 kilometers per second, and for
the S waves, 3.5 to 3.7 kilometers
per second.

2.900

b) The mantle. This layer encompass
from the base of the crust to a depth
of 2,900 kilometers; the border
between the crust and the mantle is

5.150

known as the Mohorovicic Inner Core
discontinuity (Moho). The mantle
is,divided in two regions: the upper
mantle, from the base of the crust to
6.371

a depth of 700 kilometers, and the
lower mantle from this depth to the
surface of the core. The first 200

kilometers of the upper mantle is a

Internal structure of the earth.



region of gradual increase of velocity followed probably by a decrease of the
S wave velocity. The lower part of the upper mantle, between depths of 300
and 700 kilometers, is characterized by a rapid increase in seismic wave
velocities. In the lower mantle, the P and S waves velocities increase more
slowly with depth.

The outer core, situated between depths of 2,900 and 5,000 kilometers,
behaves as a liquid zone, therefore, S shear waves are not propagated
through it.

The inner core, with a radius of 1,200 kilometers, is considered to be solid
and in it the seismic waves velocities increase. Both P and S waves can
propagate through the inner core. The following figure shows the velocity
distribution of seismic waves.

P-waves
12 -1 12
8 S-waves 18
- L _
N
| |
41 — 4
« — ——-Mantle — — — > Outer Inner
Core Core
0 | | | | | | | | | |
0 2000 4000 6000

Velocity of seismic waves at different depths.

DO YOU KNOw?

The pressure at the boundary between the

inner and outer core is 3.3 million

atmospheres and is equivalent to the
pressure of a mountain of 3,300 cars piled
up over the area of a fingernail.



It was previously stated that the crust, the mantle and the core are distinguished
from each other by differing seismic velocities. Another set of terms defining the
concentric layering of the earth is based on strength and viscosity. These are the
lithosphere, asthenosphere, and mesosphere. The lithosphere is the outermost
shell of the earth (about 100 km thick) and includes the crust and the uppermost
mantle. It is distinguished by its ability to support large surface loads, like
volcanoes, without yielding. It is cool and therefore rigid. The lithosphere is
underlayed (to an approximate depth of 700 km) by the asthenosphere (asthenos
is Greek for soft). The asthenosphere is near its melting point and because it has
little strength, it flows when stress is applied over time. The next layer is the
mesosphere. The mesosphere is more rigid than the asthenosphere, but more
viscous than the lithosphere. The mesosphere extends to the core and thus
incorporates most of the mantle.

These concentric layers and their relationship with the layers previously defined
are shown in the next drawing.

S-waves velocity (Km/s)

ylithosphere 4
.
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Internal structure of the earth according to S-wave velocity.

The mantle is mostly solid. Seismic waves are transmitted at velocities which
increase with depth as density increases from 3.3 to 5.5 g/cc. This increase in
density occurs progressively in discrete steps. The mantle is complex and shows
variations in structure both horizontally and vertically. The most important
vertical variation within the upper mantle is the decrease in S- wave velocities
from 4.7 to 4.3 km/sec between 75 and 150 kilometers depth. This low velocity
layer probably represents the zone of partial melting in the upper mantle which
is the source of melts, or magma, that rise to the surface and form igneous and
volcanic rocks.



A) REPORTS
¢ ANIMALS PREDICT EARTHQUAKES

A government agency in China has reported that
strange animal behaviors were observed just hours
before an earthquake. Cattle, sheep, mules, and
horses would not enter corrals. Rats fled their homes.
Hibernating snakes left their burrows early. Pigeons
flew continuously and did not return to their nests.
Rabbits raised their ears, jumped about aimlessly, and
bumped into things. Fish jumped above water
surfaces.

China was not the only country to report such unusual
animal behavior. Late on May 6, 1976, an earthquake
shook a town in Italy. Before the earthquake, pet birds
flapped their wings and shrieked. Mice and rats ran in
circles. Dogs barked and howled. Perhaps the animals
sensed the coming earthquake?

For many years farmers throughout the world have
told stories about changes in animal’s behavior just
before an earthquake. Chinese scientists were among
the first to believe these stories might have a scientific
basis. They have even proposed that zoo animals
might forewarn people of a coming earthquake.

Scientists in many countries are interested in finding
the causes for the strange behavior. They have
suggested that one or more of the following may be
possible causes:

1. slight changes in the earth’s magnetic field;
2. increased amounts of electricity in the air;
3. very small air pressure changes;

4. changes in noise level;

5. gas escaping from the ground.

When scientists find the causes of the strange animal
behavior, they may be able to predict earthquakes
within hours.



¢ STRANGE FEATURES ON THE OCEAN FLOOR

Since 1977, divers in research submersibles have
made remarkable discoveries at some places on the
ocean floor. They found giant cracks in the earth’s
crust, huge mountain ranges, active volcanoes, and
unusual lava formations. But the strangest discoveries
were the hot springs near the spreading boundaries in
the eastern Pacific Ocean.

These hot springs, also called "black smokers" and
“white smokers”, spurt hot water from vents in the
ocean floor. The water from a black smoker is at least
350°C. It is hot enough to melt the plastic rods that
hold the oceanographers’ thermometers. The water in
the white smokers is not quite as hot.

The hot springs are about 2,500 meters beneath t" he
ocean’s surface. Because of the great pressure at these
depths, the hot springs’ water does not boil.

Geologists believe the hot springs develop when cold
ocean water that seeps into the crust is heated by
magma rising from the mantle. The heated water
dissolves minerals in the magma.

The hot springs erupt into the ocean and are cooled by
the ocean water. As the water cools, the minerals in it
are deposited around the vents in chimney-like
structures. These structures are mounds of valuable
mineral deposits that are sometimes 10 meters high.

Many strange organisms, such as giant tubeworms,
thrive at the hot springs. These unique animals feed on
bacteria that do not depend on energy from the sun.
Scientists will continue to study the unusual
formations and organisms found near hot springs.



B) CHAPTER SUMMARY

The earth is shaped almost like a sphere. The distance around the earth is
about 40,000 kilometers at the equator.

Most earthquakes are the result of a movement of rocks along a fault.

Seismic waves are of three different types: primary or longitudinal,
secondary or shear waves and surface waves.

The layers of the earth, from the outside in, are the crust, the mantle, the
outer core and the inner core.

C) QUESTIONS/PROBLEMS

A WK =
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8.
9.
10.

. Describe the layers of the earth.

. Explain how the seismic waves are generated.

. Explain the differences between longitudinal and shear waves.

. Describe how seismic wave velocities vary within the different layers of the

earth.

. Why do scientists think the outer core is liquid?
. Explain what is meant by a deep focus earthquake?
. What are some possible causes for strange animal behavior before

earthquakes?

Why are scientists interested in determining the causes of this behavior?
Where are the hot springs?

What is a black smoker?

D) EXTRA RESEARCH

1

. Calculate what the temperature at the center of the earth would be if the

rate of temperature increase of 22 C for each 100 meters from the crust
continued through to the center of the earth. The radius of the earth is
6,370 kilometers. Let 152 C be the starting temperature of the crust.
Compare your result with the suggested temperature of the earth’s core,
which is 5,5002 C.

Using an encyclopedia or other library resource, describe and draw two
kinds of seismographs.

Find five interesting or unusual facts about famous earthquakes.

Find out if there is a technical institute or university in your town which
has seismographs and pay a visit to see them working.



E) CHAPTER TEST

A. Vocabulary. Match the definition in Column 1 with the term it defines in
Column II.

Column | Column 1l
() 1. The way energy travels through a. epicenter
the earth
() 2. Instrument to detect seismic waves b. focus
() 3. Layer of the earth of 5 to 60 km C. seismic waves
thickness
() 4. Layer of the earth between the d. seismograph

crust and the outer core

() 5. Point on the surface of the earth e. magnitude
over the focus of an earthquake

() 6. Melt rising from the mantle to the f. crust
surface to form igneous rocks

() 7. Measure of the energy released at g. fault
the focus of an earthquake

() 8. Outer layer of the earth which h. asthenosphere
includes crust and upper mantle

() 9. Layer of the earth between depths i. lithosphere
of 100 and 700 kilometers

() 10. Relative movements between blocks j. mesosphere

of the crust
k. intensity

B. Multiple Choice. Choose and mark the letter that best completes the
statement or answers the question.
1. The crust of the earth is:

a) of the same thickness everywhere  ¢) liquid
b) thicker under the continents d) very cold in the deeper parts



. The core of the earth is:

a) uniform

b) immediately under the mantle
c) mainly of iron

d) cold

. The mantle is:

a) the same everywhere

b) contains the asthenosphere
c) solid rock

d) a thin layer

. Most earthquakes occur near to:
a) big cities

b) the border of the tectonic plates
c) rivers
d)

inland seas

. A seismic wave traveling only on the earth’s surface is:

a) a P wave

b) an S wave

c) a B wave

d) an L wave

. Scientists use the difference in time between the arrival of P-waves and
S-waves to find the location of:

a) a fault

b) a focus

) an epicenter
d) earth tremors

. The area of the Pacific Ocean is:

a) 70 % of the total area of the surface of the earth
b) 80 % of the area of the Southern Hemisphere
c) one third of the total area of the earth

d) one fifth of the total of the oceans

. The flattening of the earth is caused by:

a) the direction of the big ocean currents

b) the flow of hot and viscous material in its interior
c) the centrifugal force generated by rotation

d) the global wind pattern in the atmosphere
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CHAPTER 2

THE EARTH’S CRUST ON THE MOVE

This is how eastern Africa, the Red Sea, and Arabia look from a satellite circling
the earth. imagine that you could remove the Red Sea and rotate Arabia toward
Africa. Surprisingly enough, these land masses would fit together rather well. By
the time you finish this chapter you will know why.

This chapter explains some new theories about the earth. Changing old ideas
about the nature of the earth’s crust took many years. It started with the strange
idea that continents might be moving or drifting over the earth. Research in the
oceans revealed surprising evidence. Many questions about our earth have not
yet been answered, but the new theories furnish the starting point for future
research.

CHAPTER OBJECTIVES

1. Explain the meaning of continental drift.

2. List the evidence for sea-floor spreading.

3. Compare three types of plate boundaries.

4. Describe two forces that could cause plates to move.



2.1 THE JIGSAW PUZZLE OF THE CONTINENTS

Many mysteries about our planet have stirred the curiosity of observant people.
Earlier in this century, explorers were amazed to find rocks with fossil imprints of
ferns in the frozen lands of the Arctic and the Antarctic. How could plants that
thrive in warm, moist climates exist in what is now a harsh climate? What
changes had taken place? The answers to the following questions are one man’s
attempt to solve these mysteries:

a. What is the theory of Continental Drift?

b. What was the evidence for continental drift?

e THEORY OF CONTINENTAL DRIFT

The first realistic maps of Europe and America were drawn in the 1600s. Since
that time many people have wondered about the jigsaw puzzle fit of the Atlantic
coastlines of South America and Africa. But they could only guess why these
continents looked as if they might fit together. In 1912, Alfred Wegener, a
German scientist, published a theory to explain the jigsaw fit in a book titled
"The Genesis of the Continents and the Oceans". He stated that all the
continents were once joined. The map below shows the joined continents
Wegener called
Pangaea, which means

"all the land" in Greek. ' ‘

Wegener believed that
Pangaea began
breaking up and
drifting apart many
millions of years ago.
He insisted that the SOUTH
jigsaw fit of the AMERICA
continents was not an
accident, but the result
of the splitting of
Pangaea. He said that
the continents slowly
drifted over the ocean

floor until they reached
their present positions.

Fitting of continents.




e WEGENER’S EVIDENCE
FOR CONTINENTAL DRIFT

What was Wegener’s evidence for continental drift? First, explorers had found
fossils and rock layers on the east coast of South America that were similar to

those found on the west coast of Africa.

Evolution of continents distribution.




Fossils of the animal shown to the right were
discovered in both South America and
Africa. These findings convinced Wegener
that the continents were once joined.
Second, explorers found rocks made of
glacial sediments at the equator where no
glaciers could exist. How did Wegener
explain this finding? He believed that the
land mass drifted to a warmer region of the
earth.

Wegener’s evidence was interesting, but it
did not prove that continents moved.
Scientists rejected the continental drift theory
because Wegener could not explain how or
why continents moved. His imaginative
theory is not entirely correct, but it set the
stage for other bold ideas.

2.2 DISCOVERIES IN THE OCEAN

Scientific breakthroughs in the 1960s
sparked interest in Wegener’s continental
drift theory. Research data suggested that the
Atlantic Ocean was growing. How can an
ocean grow? Could the crust of the earth be
moving? Consider the questions below as
you read:

a. What are mid-ocean ridges, and trenches?

b. What is sea-floor spreading?

TRENCHES, AND MID-OCEAN RIDGES

Trilobite
(200 millions years old fosil)

Scientists knew very little about the ocean floors when Wegener first discussed
continental drift. In the late 1940s, new instruments enabled scientists to map
the ocean floors and record earthquakes in the ocean crust.




For many years sailors knew there were deep places in
the oceans. Sea-floor mapping defined the depth and
size of the ocean’s deepest regions. These deep regions,
called trenches, are long and narrow in shape. On the
map, note the number of trenches around the border of
the Pacific Ocean. Trenches in the Pacific are almost ten
kilometers deep in some places.

Mapping the Atlantic Ocean floor revealed huge
underwater mountains named the Mid-Atlantic Ridge. A
ridge is a long, narrow chain of hills or mountains. The
Mid-Atlantic Ridge is now known to be part of an
underwater mountain chain that winds 65,000
kilometers around the earth.

The underwater ridges throughout the world vary greatly
in size and shape. Many ridges in the Pacific Ocean are
flat-topped mountains. In contrast, the ridges in the
Atlantic Ocean are two parallel chains of mountains. A
valley, 2 to 50 kilometers wide, runs between the
mountains. The ridges and trenches in the oceans are
shown on the map.

- S
o a2 <Y & ‘&
Af EUROPE - ASIA

e -
A : S
]
AFRICA
x
-3 T k
Y £ 2
X = A
~ a g ‘:2‘
2 2 5,
2,;\"‘\.\. 2 a
o’ A
£ 3 £
X A ‘% 4'\“«\
oYy 3 4

«ﬁ«‘*ﬁ DR
M‘M«mw‘“ - ’J NTARCT

Ridges and trenches in the ocean.

1‘%« t’,\ﬂ/\’* ~R a}ﬂa
A




* SEA-FLOOR SPREADING

In 1962 scientists dared to suggest that new crust is forming at the ocean ridges.
They found evidence for this outrageous idea on the ocean floor. Scientists
found cracks along the middle of mid-ocean ridges where the ocean floor was
splitting.

Magma, melted material from the mantle, is rising out of these cracks. It hardens
and forms new crust. The new crust is piled high to form the ridges. As more
magma comes up, it pushes the newly formed crust away on both sides,
carrying the older crust with it.

Ocean sediments, which are particles that settle from water, are thin or missing
on the ridges. The sediments gradually become thicker away from the center of
the ridges.

The formation of new crust on the ocean floor is called sea-floor spreading. New
crust on the ocean bottom suggested that the whole crust is moving - not just the

r/ d
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Formation of new crust on the ocean floor.

DO YOU KNOW?

Sea-floor spreading is so slow that it
is not noticeable. Also, because it
happens on the ocean floor, we can
not see it, except with special
instruments. From 2 to 20 centimeters
of new crust forms a year in oceans
throughout the world.



2.3 PLATE TECTONICS: A NEW THEORY

To increase your understanding of any subject, you must add new information to
the knowledge you already have. For example, you read and understood
numbers long before you learned to tell time. Similarly, earth scientists used the
information from sea-floor spreading to develop a broader theory that explains
why the earth looks as it does. As you read about this new theory, think about
these questions:

a. How did the plate tectonic theory change our thinking about the earth’s
surface?

b. What are three types of plate boundaries?

e THE PLATE TECTONIC THEORY

According to the plate tectonic theory, the surface of the earth is broken into
about 20 large sections called plates. They are about 70 kilometers thick. The
diagram shows that the plates are as deep as the lithosphere, which is the solid
outer shell of the earth. The lithosphere contains the crust and upper mantle.
The plates are rigid and they move over the softer asthenosphere of the mantle.
Do you remember the layers of the earth? Revise the corresponding diagrams in
Chapter 1.

Ocean
crust
\ .
1S Continental crust
Plate
l Litosphere

Asthenosphere

Layers of the earth.



DO YOU KNOW?

Plates move at a rate of 2 to 20
centimeters per year. The
Pacific plate is moving about
five and a half centimeters per
year northward past North
America. At this rate, Los
Angeles, which is on the Pacific
plate, will be next door to San
Francisco in 10 million years.

Australian Plate,

Antarctic Plate

Tectonic plates.

e PLATE BOUNDARIES

The region where plates meet is the plate boundary. How the plates move
determines what happens at plate boundaries. The plates may move apart,
collide, or slide past each other.




Spreading Boundaries, pictured in the top

diagram, are found where plates are moving

apart at mid-ocean ridges. New crust forms at
spreading boundaries. Iceland, an island in

the north Atlantic, emerged at the spreading
boundary along the MidAtlantic Ridge.

Volcanoes steam and the earth trembles with

great regularity along this mid-ocean ridge

and at other spreading boundaries. When

Pangaea broke, it separated along the Mid- Plate j
Atlantic Ridge. it took 200 million years for Spreading boundary
the Atlantic to grow to its present size.

Spreading boundaries are also called

divergent boundaries.

Colliding Boundaries, shown in the middle
diagram, form where two plates bump into
each other. The leading edge of one plate
sinks into the mantle under the edge of
another plate. Where the mantle absorbs the
edge of sinking plate, heat and pressure create
volcanoes and earthquakes. Pressures along
colliding plates may fold rock layers into huge
mountain systems, such as the Himalayas in
India. Colliding boundaries are also called
convergent, consuming or subducting
boundaries.

Trench

Plate A

Trenches bordering the Pacific Ocean are
regions where the Pacific plate is sinking. The
size of the plate slowly decreases as it sinks
into the trenches. The Pacific Ocean is
shrinking slowly. The loss of crust in the
trenches balances the formation of new crust
in the mid-ocean ridges.

% 5254 &
Sliding Boundaries, shown in the bottom Plate , < l
diagram, occur where two plates rub past CAERRIL
each other. Faults are cracks in the earth. :
Earthquakes shake the land when rocks move
along a fault. The San Andreas Fault in
California, U.S.A., marks the boundary of two Fault boundary
plates sliding past one another. People who
live near the fault must expect earthquakes.
Sliding boundaries are also called Plate boundaries.
translational or transform boundaries.




DO YOU KNOW?

if plate tectonic movements
continue without change, in
50 million years there will be
no Mediterranean Sea; Spain,
French Britain and the islands
of Great Britain will be united;
the Cantabric Sea will
disappear; Australia and
Indonesia will form one
continent; and the Atlantic
and the Indian Oceans will
grow. Meanwhile, the Pacific
Ocean will decrease in size.
In the geologic time scale 50
million years is a short time. In
the human time scale it is a
time frame very difficult to
visualize!

2.4 FORCES STRONG ENOUGH TO MOVE PLATES

Excitement among earth scientist grew as the plate tectonic theory developed in
the late 1960s. The mechanism that causes the plates to move, however, is still
not known. This section presents ideas about forces strong enough to move
pieces of the earth’s crust. Think about these questions as you read:

a. How could convection currents move plates?

b. How might plumes cause plate movement?

c. What are hot spots?

e ONE POSSIBILITY-CONVECTION CURRENTS

Convection currents transfer heat through liquids or gases. The diagram of the
coffee pot shows two convection currents in water. Note that the water nearest
the flame rises. When it cools near the surface, it sinks.



Some scientists have suggested
that convection currents flowing
in the mantle may cause the
plates to move. Because of the
great heat in the mantle, parts of
the mantle may flow like a very
thick liquid. Compare the
diagram of the coffee pot to the
diagram of the mantle. A plate
might move above a huge
convection current like an object

riding along on a giant conveyor
belt.

Convection currents.

¢ PLUMES IN THE MANTLE

Hot spot . .
A plume, pictured on the left, is a
Plate ; narrow, jetlike flow of hot material
from a great depth in the mantle.
AN Plumes at spreading boundaries
might cause plates to move by
adding material to the edges of

plates. The added material may
push the plates apart.

Scientists do not know whether the
{b\ force driving the plates is due to

) \NY—i L3 convection currents, plumes, a
combination of the two, or other
unknown factors.

Hot spots origin.

¢ INVESTIGATING HOT SPOTS

Volcanoes appear where magma from plumes reaches the earth’s surface. Places
with a great deal of volcanic activity are called hot spots. Hot spots are found
over plumes in the mantle. Some plumes are located beneath plate boundaries.
Earth scientists believe, however, that plumes also occur away from plate



boundaries. For example, hot spots that occur in the middle of a plate are
caused by plumes away from plate boundaries.

Hot spots in the middle of the Pacific plate formed the Hawaiian Islands. These
volcano-islands are actually huge mountains rising from the ocean floor. Notice
in the diagram that the erupting volcano is directly over the plume.

During the past 80 million years, the Pacific plate has been moving to the
northwest. The volcanoes move with the plate, but the plume in the mantle does
not move. Volcanoes that move away from the plume leave their source of
magma. They are inactive.

As the inactive volcanoes move along, new, active volcanoes appear above the
plume. Because the plate moves to the northwest, new volcanoes appear to the
southeast.

Newest volcano

Oldest volcano

Hawaii

Hawaiian Island origin from a hot spot.

DO YOU KNOW?

Although most hot spots are found in
the ocean, some hot spots are on
continents. Hot spots on land might
by areas where continents are starting
to split.



A) REPORT someday it wil be

TO LUBRICATE THE EARTH possible to forecast
earthquakes

Once in a while the earth shakes. At the planetary scale it is a very trivial phenomenon, just a short and small shake. At the human
scale, by contrast, it is huge; the only natural phenomenon that can kill thousands of people and produce enormous damage in less
than 5 minutes.

By Isaac Asimov

This shaking is what we call an earthquake.

On January 24, 1556 there was an earthquake in Shensi province, China. This earthquake was reported to have caused 830,000
deaths, the highest death toll to date for this type of disaster. Another earthquake, on December 30, 1703, killed 200,000 people in
Tokyo, and on October 11, 1757, 300,000 people died in Calcutta.

On December 1, 1775, Lishon in Portugal was destroyed by an earthquake and the subsequent tsunami. Sixty thousand people
died.

The earthquake's destiny is, with time, to be more and more destructive, because of the simple reason that there are more people
over the earth and the works of the human beings are more complex, expensive and numerous.

Let's think, for instance, of the 1906 earthquake that destroyed San Francisco city, killing 700 people, leaving 750,000 people
homeless, and producing damage of $ 500 million. If there were such an earthquake today, it is probable that many more people
would die, many more would be made homeless, and damage to property would be many times greater.

What can be done? Is it possible to forecast earthquake so that at least people can be evacuated in time?

Perhaps it is possible. There are certain preliminary phenomena which, it seems, foretell a seismic movement; ground uplift or
slight cracks in rocks, which cause changes in water lever in wells, or in the electric and magnetic properties of the ground.

People are indiferent to some of the preliminary earthquakes, but animals, who live closer to nature can detect them and show
sings of concern. Horses rear and run away, dogs howl and fishes start to jump. Animals which normally stay hidden in holes, like
serpents and rats, suddenly come into the open; and the chimpanzees at the zoo are disturbed and spend more time on the
ground.

In China, where earthquakes are much common and harmful than in many other countries, people have been asked to pay
attention to any uncommon behaviour in animals, any abnormal noise in the ground, any change in the level of water wells or
abnormal cracks in paint on walls.

The Chinese say they have forecast some earthquakes and saved many lives in the earthquake of February 4, 1975, in the
northeast part of the country. But another earthquake in July 27, 1976 was not forecast and a city was leveled.

Evacuation of a city is a big problem and could cause as much disturbance as the disturbance produced by the earthquake itself.
Moreover, even if the population is evacuated there is the risk of people losing their property.

Is it possible to both forecast and delay earthquakes?.

Perhaps. The earth's crust is composed of several huge plates that grind against each other when they move. The junction where
the plates join (faults) are irregular and uneven, so friction is huge. Rocks on both sides of the fault slide between them. When
they jam, pressure is stored up, until finally, when the stress is great enough the faults yields and a sudden movement is produced.
Then the process starts again.

Each of these movements produces an earthquake. The more sudden and vast the displacement, the greater the magnitude of the
earthquake. Naturally, if the jamming is small and the displacements are frequent, there will be many earthquakes, unable to
produce damage. By contrast, if the jamming and the friction are huge and the stress is accumulated over decades, there will
finally be a huge earthquake destroying everything in the area.

Is it possible to reduce the friction of the plates and ease the sliding?.
Imagine that we dig very deep wells along a fault and inject water. The liquid would slide among the rocks, lubricating their surface

and