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.
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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.
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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.
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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
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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





