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Chapter 2  Plate Tectonics

Plate Tectonics

The internal structure of Earth contains a solid inner core, a liquid (molten) outer core, a 
deformable solid mantle, and an outer solid crust.

Continental crust forms Earth’s continents. It is generally 30–50 km thick, and most of it is very 
old. Oceanic crust is only 5–10 km thick, and it is relatively young in terms of geologic time. 

Rocks in Earth’s crust are less dense than the rocks of the underlying mantle. The crust “floats” 
on the more dense interior material.

The upper solid part of the mantle, together with the crust, is called the lithosphere. 

Earth’s crust is broken into gigantic slabs called lithospheric plates. The field of study of plate 
motion and its effects is called plate tectonics. Plates may contain oceanic crust, continental 
crust, or more commonly, both kinds. Divergent plate boundaries are where two plates move 
away from each other. Convergent plate boundaries are where two plates move toward each 
other. Transform plate boundaries are where two plates slide parallel to each other.

Subduction zones are places where one plate moves downward into the mantle beneath the edge 
of another plate at a convergent plate boundary.

Mantle convection is the driving force that moves Earth’s lithospheric plates. Material is heated 
at the core-mantle boundary. It rises upward, spreads laterally, cools, and sinks back into the 
interior to create slow-moving convection cells. 

All of Earth’s ocean basins have a continuous volcanic mountain range, called a mid-ocean 
ridge, extending through them. 

Over time, the strength and orientation of Earth’s magnetic field changes. As new oceanic crust 
forms at mid-ocean ridges, magnetic minerals record Earth’s magnetic polarity.

When continents collide to form a single continental landmass, a supercontinent forms. About 
200 million years ago, a huge supercontinent called Pangea broke into separate continents that 
moved apart. 

Volcanoes

Most of Earth’s volcanoes are hidden beneath the oceans and are located in mid-ocean ridges. 

A seamount is an elevation of the seafloor that forms above a hot spot or mantle plume. 

Volcanoes form on the surface of continents above subduction zones. 

A volcanic island arc forms where oceanic crust is subducted under another oceanic plate. In 
these places, magma rises up to the ocean floor to form a chain of volcanic islands. 

Hot spots, which originate at the boundary between the mantle and the outer core, are narrow 
plumes of unusually hot mantle material. These plumes rise up through the mantle and melt 
the rock at the base of the lithosphere, creating pools of magma. This magma then rises to the 
surface, resulting in hot spot volcanoes.

Magma is a mixture of liquid, melted rock, and dissolved gases. Magmas rich in silica tend to 
have the most dissolved gases. 
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Volcanic domes with steep slopes form from silica-rich magmas that ooze slowly. Composite 
cone volcanoes are tall and have steep slopes. They form from multiple eruptions of material 
with medium or high silica content. When low-silica magma erupts, lava tends to flow freely 
and far. If it erupts from a single opening (vent) or closely spaced vents, it forms a broad 
shield volcano.

A caldera forms when a very large volume of magma is erupted and the surface of the crust 
collapses to fill the space left by the erupted magma. 

Pyroclastic flows are high-density mixtures of hot ash and rock fragments with hot gases. 
Pyroclastic flows are fast-moving, extremely dangerous, and destroy everything in their path.

A lahar is a wet, cement-like mixture of water, mud, and volcanic rock fragments that flows 
down the slopes of a volcano and its river valleys. Lahars can flow at high velocities and 
threaten everything downstream. 

Pieces of volcanic rock and lava that are ejected into the air are called tephra and can be 
classified by their size. Volcanoes release abundant water vapor. Most of Earth’s surface water 
seems to have been released from Earth’s interior by volcanoes throughout Earth’s history.

Some volcanoes emit sulfur dioxide gas that combines with water vapor and oxygen to form 
sulfuric acid. The sulfur dioxide droplets, as well as the large quantities of very fine volcanic 
ash particles that also reach the stratosphere, reflect sunlight and are thought to cause the 
global cooling that is often observed for a few years after a major volcanic eruption.

Earthquakes

An earthquake is a sudden motion or shaking of Earth as rocks break along an extensive 
surface within Earth. The sudden release of energy as rock ruptures causes intense vibrations 
called seismic (or earthquake) waves that extend in all directions. Earthquakes are common 
along transform faults where two plates slide past one another. 

A fault is a major surface within rocks along which there has been rupture and movement in the 
past. An earthquake focus is the location within Earth where the rupture along a fault occurs. 
The epicenter is the geographic point on Earth’s surface directly above the focus. 

Earthquakes produce compressional waves that cause rapid compression and then expansion of 
the crust. Compressional waves are the first to reach a location away from the focus, so they are 
called primary waves, or just P waves. They can move through solids, liquids, and gases. 

Shear waves move rock material at right angles to the direction of their motion. Shear waves 
can travel only through solids, not through fluids. Shear waves arrive at a location after 
compressional waves, so they are called secondary waves, or just S waves. 

Surface waves travel along Earth’s surface and are the last to arrive at a location. One kind of 
surface wave creates an up-and-down rolling motion of the ground, while the other kind shakes 
the ground sideways. Surface waves do the most damage.

Earthquake magnitude is a measure of the amplitude of the seismic waves recorded on a 
seismogram. The effects of an earthquake on Earth’s surface, including people and buildings, 
are an indication of its intensity. These effects can include collapse of structures, roads, and 
pipelines as well as fires, tsunamis, and landslides.
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