
8.1 The Global Perspective

Learning Objectives
By the end of this section, you will be able to:

Describe the components of Earth’s interior and explain how scientists determined its structure
Specify the origin, size, and extent of Earth’s magnetic field

Earth is a medium-size planet with a diameter of approximately 12,760 kilometers (Figure 8.2). As one of the
inner or terrestrial planets, it is composed primarily of heavy elements such as iron, silicon, and oxygen—very
different from the composition of the Sun and stars, which are dominated by the light elements hydrogen and
helium. Earth’s orbit is nearly circular, and Earth is warm enough to support liquid water on its surface. It is
the only planet in our solar system that is neither too hot nor too cold, but “just right” for the development of
life as we know it. Some of the basic properties of Earth are summarized in Table 8.1.

Figure 8.2 Blue Marble. This image of Earth from space, taken by the Apollo 17 astronauts, is known as the “Blue Marble.” This is
one of the rare images of a full Earth taken during the Apollo program; most images show only part of Earth’s disk in sunlight.
(credit: modification of work by NASA)

Some Properties of Earth

Property Measurement

Semimajor axis 1.00 AU

Period 1.00 year

Mass 5.98 × 1024 kg

Diameter 12,756 km

Radius 6378 km

Escape velocity 11.2 km/s

Table 8.1
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Property Measurement

Rotational period 23 h 56 m 4 s

Surface area 5.1 × 108 km2

Density 5.514 g/cm3

Atmospheric pressure 1.00 bar

Table 8.1

Earth’s Interior

The interior of a planet—even our own Earth—is difficult to study, and its composition and structure must be
determined indirectly. Our only direct experience is with the outermost skin of Earth’s crust, a layer no more
than a few kilometers deep. It is important to remember that, in many ways, we know less about our own
planet 5 kilometers beneath our feet than we do about the surfaces of Venus and Mars.

Earth is composed largely of metal and silicate rock (see the Composition and Structure of Planets section).
Most of this material is in a solid state, but some of it is hot enough to be molten. The structure of material in
Earth’s interior has been probed in considerable detail by measuring the transmission of seismic waves
through Earth. These are waves that spread through the interior of Earth from earthquakes or explosion sites.

Seismic waves travel through a planet rather like sound waves through a struck bell. Just as the sound
frequencies vary depending on the material the bell is made of and how it is constructed, so a planet’s
response depends on its composition and structure. By monitoring the seismic waves in different locations,
scientists can learn about the layers through which the waves have traveled. Some of these vibrations travel
along the surface; others pass directly through the interior. Seismic studies have shown that Earth’s interior
consists of several distinct layers with different compositions, illustrated in Figure 8.3. As waves travel through
different materials in Earth’s interior, the waves—just like light waves in telescope lenses—bend (or refract) so
that some seismic stations on Earth receive the waves and others are in “shadows.” Detecting the waves in a
network of seismographs helps scientists construct a model of Earth’s interior, showing liquid and solid layers.
This type of seismic imaging is not unlike that used in ultrasound, a type of imaging used to see inside the
body.
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Figure 8.3 Interior Structure of Earth. The crust, mantle, and inner and outer cores (solid and liquid, respectively) as shown as
revealed by seismic studies.

The top layer is the crust, the part of Earth we know best (Figure 8.4). Oceanic crust covers 55% of Earth’s
surface and lies mostly submerged under the oceans. It is typically about 6 kilometers thick and is composed
of volcanic rocks called basalt. Produced by the cooling of volcanic lava, basalts are made primarily of the
elements silicon, oxygen, iron, aluminum, and magnesium. The continental crust covers 45% of the surface,
some of which is also beneath the oceans. The continental crust is 20 to 70 kilometers thick and is composed
predominantly of a different volcanic class of silicates (rocks made of silicon and oxygen) called granite. These
crustal rocks, both oceanic and continental, typically have densities of about 3 g/cm3. (For comparison, the
density of water is 1 g/cm3.) The crust is the easiest layer for geologists to study, but it makes up only about
0.3% of the total mass of Earth.

Figure 8.4 Earth’s Crust. This computer-generated image shows the surface of Earth’s crust as determined from satellite images
and ocean floor radar mapping. Oceans and lakes are shown in blue, with darker areas representing depth. Dry land is shown in
shades of green and brown, and the Greenland and Antarctic ice sheets are depicted in shades of white. (credit: modification of work
by C. Amante, B. W. Eakins, National Geophysical Data Center, NOAA)

The largest part of the solid Earth, called the mantle, stretches from the base of the crust downward to a
depth of 2900 kilometers. The mantle is more or less solid, but at the temperatures and pressures found there,
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mantle rock can deform and flow slowly. The density in the mantle increases downward from about 3.5 g/cm3

to more than 5 g/cm3 as a result of the compression produced by the weight of overlying material. Samples of
upper mantle material are occasionally ejected from volcanoes, permitting a detailed analysis of its chemistry.

Beginning at a depth of 2900 kilometers, we encounter the dense metallic core of Earth. With a diameter of
7000 kilometers, our core is substantially larger than the entire planet Mercury. The outer core is liquid, but the
innermost part of the core (about 2400 kilometers in diameter) is probably solid. In addition to iron, the core
probably also contains substantial quantities of nickel and sulfur, all compressed to a very high density.

The separation of Earth into layers of different densities is an example of differentiation, the process of sorting
the major components of a planet by density. The fact that Earth is differentiated suggests that it was once
warm enough for its interior to melt, permitting the heavier metals to sink to the center and form the dense
core. Evidence for differentiation comes from comparing the planet’s bulk density (5.5 g/cm3) with the surface
materials (3 g/cm3) to suggest that denser material must be buried in the core.

Magnetic Field and Magnetosphere

We can find additional clues about Earth’s interior from its magnetic field. Our planet behaves in some ways as
if a giant bar magnet were inside it, aligned approximately with the rotational poles of Earth. This magnetic
field is generated by moving material in Earth’s liquid metallic core. As the liquid metal inside Earth circulates,
it sets up a circulating electric current. When many charged particles are moving together like that—in the
laboratory or on the scale of an entire planet—they produce a magnetic field.

Earth’s magnetic field extends into surrounding space. When a charged particle encounters a magnetic field in
space, it becomes trapped in the magnetic zone. Above Earth’s atmosphere, our field is able to trap small
quantities of electrons and other atomic particles. This region, called the magnetosphere, is defined as the
zone within which Earth’s magnetic field dominates over the weak interplanetary magnetic field that extends
outward from the Sun (Figure 8.5).

Figure 8.5 Earth’s Magnetosphere. A cross-sectional view of our magnetosphere (or zone of magnetic influence), as revealed by
numerous spacecraft missions. Note how the wind of charged particles from the Sun “blows” the magnetic field outward like a wind
sock.

Where do the charged particles trapped in our magnetosphere come from? They flow outward from the hot
surface of the Sun; this is called the solar wind. It not only provides particles for Earth’s magnetic field to trap,
it also stretches our field in the direction pointing away from the Sun. Typically, Earth’s magnetosphere
extends about 60,000 kilometers, or 10 Earth radii, in the direction of the Sun. But, in the direction away from
the Sun, the magnetic field can reach as far as the orbit of the Moon, and sometimes farther.
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The magnetosphere was discovered in 1958 by instruments on the first US Earth satellite, Explorer 1, which
recorded the ions (charged particles) trapped in its inner part. The regions of high-energy ions in the
magnetosphere are often called the Van Allen belts in recognition of the University of Iowa professor who built
the scientific instrumentation for Explorer 1. Since 1958, hundreds of spacecraft have explored various regions
of the magnetosphere. You can read more about its interaction with the Sun in a later chapter.

8.2 Earth’s Crust

Learning Objectives
By the end of this section, you will be able to:

Denote the primary types of rock that constitute Earth’s crust
Explain the theory of plate tectonics
Describe the difference between rift and subduction zones
Describe the relationship between fault zones and mountain building
Explain the various types of volcanic activity occurring on Earth

Let us now examine our planet’s outer layers in more detail. Earth’s crust is a dynamic place. Volcanic
eruptions, erosion, and large-scale movements of the continents rework the surface of our planet constantly.
Geologically, ours is the most active planet. Many of the geological processes described in this section have
taken place on other planets as well, but usually in their distant pasts. Some of the moons of the giant planets
also have impressive activity levels. For example, Jupiter’s moon Io has a remarkable number of active
volcanoes.

Composition of the Crust

Earth’s crust is largely made up of oceanic basalt and continental granite. These are both igneous rock, the
term used for any rock that has cooled from a molten state. All volcanically produced rock is igneous (Figure
8.6).

Figure 8.6 Formation of Igneous Rock as Liquid Lava Cools and Freezes. This is a lava flow from a basaltic eruption. Basaltic lava
flows quickly and can move easily over distances of more than 20 kilometers. (credit: USGS)

Two other kinds of rock are familiar to us on Earth, although it turns out that neither is common on other
planets. Sedimentary rocks are made of fragments of igneous rock or the shells of living organisms
deposited by wind or water and cemented together without melting. On Earth, these rocks include the
common sandstones, shales, and limestones. Metamorphic rocks are produced when high temperature or
pressure alters igneous or sedimentary rock physically or chemically (the word metamorphic means “changed
in form”). Metamorphic rocks are produced on Earth because geological activity carries surface rocks down to
considerable depths and then brings them back up to the surface. Without such activity, these changed rocks
would not exist at the surface.

There is a fourth very important category of rock that can tell us much about the early history of the planetary
system: primitive rock, which has largely escaped chemical modification by heating. Primitive rock represents
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