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Chapter 2 Earth’s Internal Energy and Plate Tectonics

Overview

Natural disasters necessarily involve the concentration and release of energy. Sources of
energy include the Earth’s internal heat generated from radioactive decay, solar energy,
gravity, and the impact of extraterrestrial bodies.

The most basic divisions of the Earth are, based on density, core, mantle, and crust, or,
based on material strength, core, mesosphere, asthenosphere, and lithosphere. The core is
the innermost and densest region, composed mainly of iron with a solid inner part and a
liquid outer part. Circulation in the outer core creates the Earth’s magnetic field. The
rocky mantle, extending from roughly half the Earth’s radius to close to the Earth’s
surface, is the second densest region. The shallowest and least dense part of the solid
Earth is the rocky crust.

With the exception of the uppermost part, the mantle is hot enough that it flows even
though it is mostly solid. This soft plastic layer is called the asthenosphere. The
lithosphere floats buoyantly on top of the asthenosphere like icebergs float in seawater.
The Earth’s lithosphere is cold and solid, and is divided into a number of thin but very
wide plates. According to the theory of plate tectonics developed principally by Professor
John Tuzo Wilson of the University of Toronto in the 1960s, the relative motions of these
plates are responsible for most earthquakes, volcanic eruptions, and mountain-building on
Earth. A new plate is formed by upwelling and solidification of magma at divergent
zones, and old plates are recycled into the asthenosphere at subduction zones, a type of
convergent zone. Evidence of plate tectonics includes magnetization patterns on the
seafloor, age of the ocean basins, the distribution of ocean water depth, epicentre and
hypocentre locations, and fossil correlations.

Most earthquakes and volcanoes occur at plate boundaries. At spreading centers
(divergent zones), the high temperatures near the Earth’s surface preclude the occurrence
of very powerful or deep earthquakes, though numerous moderate and shallow
earthquakes occur. In contrast, the deepest earthquakes and the most powerful
earthquakes occur at convergent zones (subduction zones and continent-continent
collision zones). Large earthquakes can also occur at transform plate boundaries.

Most volcanic activity on Earth takes place at spreading centres where large amounts of
lava are extruded peacefully underwater. Dangerous, explosive volcanic eruptions mostly
occur at subduction zones.
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Learning Objectives

1.

2.

»

List the sources of energy fueling natural hazards.
Describe the Earth’s internal structure.

Explain the behavious of materials under stress.
Explain how plate tectonics operates.

Evaluate the evidence for plate tectonics.

Explain the relationship between plate tectonics and the location of earthquakes and
volcanoes.

Critical Thinking Questions

1.

There are three different styles of rock deformation: elastic, ductile, brittle, and
plastic. Can you identify various common objects that show these styles of
deformation?

The lithospheric plates move around the surface of the Earth, but the surface area of
the Earth has not changed over geological time. If a new spreading center (divergent
zone) were to develop, what other plate changes might also occur at the same time?

Figure 2.41 shows the evolution of the continents with time. Using these to
extrapolate, what do you think the continental configuration will look like 50 million
years in the future?
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Annual orbit

Kinetic energy = 2.7 x 10% joules

N1/

Daily rotation
Kineﬁg energy = 2 x 10°% joules

Earth Monthly rotation

Kinetic energy = 3.7 x 10° joules
'

Monthly tidal energy of
Moon and Sun = 7.5 x 10'®joules

The rotations and orbits of the Earth-Moon-Sun system result in
tremendous amounts of energy.
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TABLE 2.3

Tectonic

Environment
Divergent zone
Convergent zone
Transform fault

Hot spot

TECTONIC ENVIRONMENTS AND EARTHQUAKE
CHARACTERISTICS

Deformation

Force
Tension
Compression
Shear
Tension

Compression

Earthquake Characteristics

Frequency Maximum

Size
Frequent Strong
Infrequent  Great

Infrequent  Major

Frequent Strong
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TABLE 2.4 THE EARTH'S GREATEST EARTHQUAKES, 1900-2013

Year Location Magnitude Cause

1960 Chile g5 Subduction—Nazca plate under South American
Alaska

2004 Indonesia

plate

lapan 90 Subduction—Pacific plate under Narth Amencan
plate

Kamchatka Subduction—Pacific plate under Narth American
plate

2010 H. subduction—Nazca plate under South Ameiican
plate

1906  Ecuador H.H Subduction—Nazca plate under South American
plate

Alaska . Subduction—Pacific plate under North American
plate

Indanesia G Subduction—Indo-Australian plate under Eurasian

plate

2005  Indonesia 2.5 Subduction—Indo-Australian plate under Eurasian
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formed over a short period — earth ~ 4.57

o layers of differing density —
rounded by a liquid outer core.

n within the plastic mesosphere and asthenoshpere.
ter layers — ridged lithosphere.

Earth’s internal energy is heat generated by ongoing
adioactive decay — contributions from impact energy and
gravitational attraction.
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Josphere is created by seafloor spreading when plates are
art at divergent zones. Old lithosphere Is being reabsorbed
thlﬁgosphere by subduction where two plates of differing
ollide.

n faults accommodate the along-side movements of plates
ation or destruction of lithosphere. Hot spots originate deep
and are the source of isolated plumes of partially molten
nrough the asthenosphere and lithosphere.
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eep in the Earth and are the source of isolated
en rock rising through the asthenosphere and

studies have contribL olid evidence attesting to the

nt of tectonic plates. Magnetization patterns on the seafloor
the newly formed lithosphere in space and time. Bathymetric
ave mapped deep subduction trenches and relatively

canic ridges.

ors are relatively young features on the surface of the Earth,
antly recycled by seafloor spreading and subduction.
comprise older lower-density rock that rides on top of the
denser rock of the moving plates.
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> caused by fault movements and occur
edges of tectonic plates. Magma movement in

1antly horizontal movements at transform faults produce
quakes. The compressional movements at subduction
1 continent—continent collisions generate the largest

S.

" Most volcanic eruptions occur underwater at spreading centres where
an enormous volume of lava solidifies to form new seafloor.
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