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Earthquakes are vibrations within the Earth produced by the rapid release of energy from rocks that break
under extreme stress. Earthquakes are also triggered by volcanic eruptions. Here you can see a large cross-
section of land. What you cannot see is the stress is building up in the rock as one side of the land is being
forced a past the other side. Eventually, the rock will break and send energy rippling through the ground.
When that energy reaches the surface, trembling occurs. It is that trembling and shaking that is known as an
earthquake.
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During an earthquake, seismic waves of energy radiate in all directions from the point of the earthquake’s
origin underneath Earth’s crust. The point of origin is called the focus of the earthquake. The point on the
Earth’s crust directly above the focus is the earthquake’s epicenter. The epicenter is determined by
measuring the arrival of the waves of energy from the focus.
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Earthquakes occur along faults, which are fractures or breaks in the Earth’s crust. These fractures form
when the stress on the rock is greater than the strength of the rock. Faults are associated with the
boundaries of tectonic plates, so earthquakes most often occur along plate boundaries. This image shows
the location of each earthquake from 1963 until 1998. The lines indicate the approximate location of all of
the plate boundaries. As you can see from the image, the majority of earthquakes occur on these
boundaries. There are cases when earthquakes occur off of the boundaries. Do not forget that the world
looked much different in the past. Many of these earthquakes are occurring on ancient fault lines. These
fault lines may have formed when all of the continental land was once together.
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There are three basic fault types and each one is caused by a different type of stress. A reverse fault is a
fracture that forms from the stress of compression. These faults are common at convergent plate
boundaries. When an earthquake occurs along this type of fault, one side of the fault will rise when
compared to the other side. This is also known as uplift.
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Normal faults have the opposite motion of reverse faults. These faults are common at divergent plate
boundaries and occur due to the force of tension. When an earthquake occurs along this type of fault, one
side of the fault will lower when compared to the other side.
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Strike-slip faults have only horizontal motion. These faults are common at transform plate boundaries and
occur due to the force of shearing. When an earthquake occurs along this type of fault, one side of the fault
will slide past the other side. The most notorious strike-slip fault is found in California. The San Andreas
Fault extends over 800 miles. That means that the majority of California could feel an earthquake as this
fault shifts. Parts of the San Andreas Fault are visible on the surface of Earth as a visible scar.

How do geologists study the movement along a fault line? First, geologists can analyze where the different
sides of the faults once connected. You can see from the image of the San Andreas Fault that the path of a
river has been altered by the movement of the fault. The river that should run straight now changes
direction right at the fault line. How much does this fault move each year? To determine this information,
geologists use laser ranging devices. When placed on each side of the fault, the laser ranging device can
accurately measure how much the fault moves. This is another way geologists use remote sensing, or
obtaining information from a distance.
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How does a laser ranging device work? Geologists place the laser device on one side of the fault and aim it
at a receiver on the opposite side of the fault. As the fault moves, distance between the laser ranging device
and the receiver will change relative to one another. This distance will let scientists know the movement of
the fault over time. The red line indicates the distance the receiver moved over time.
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Earthquakes cause two types of wave energy that radiate outward from the earthquakes’ focus. These
waves are called seismic waves. The body waves travel through Earth’s interior. Primary waves, also
called P waves, push and pull rocks in the direction the wave is traveling. The push and pull energy of this
seismic wave can be observed by the movement of the black dot. Secondary waves, or S waves, shake the
particles in the rock at right angles in the direction the wave is traveling. Again, the black dot shows how
the energy of this wave would move up and down. P waves can travel through solids, liquids, or gases. S
waves can only travel through solids. P waves travel faster than S waves, so they are monitored first. The
epicenter of an earthquake is determined by measuring the difference in arrival time of P and S waves.
Surface waves, also called L waves, travel along Earth’s surface and cause the majority of physical
damage that earthquakes leave behind. The side to side energy that these waves possess is shown by the
movement of the black dot.
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Even though earthquakes are not strong enough to be felt everywhere on Earth, the entire Earth does
receive the energy from an earthquake. Humans may not always feel these vibrations unless they are close
to the earthquake’s epicenter, but sensitive monitoring equipment called seismometers record the waves on
a seismogram. Seismograms record the time, duration, and velocity of P and S waves. Data from
seismometers around the world is pieced together to determine the epicenter of an earthquake. When
scientists compare the data from three seismograms, they can pinpoint the exact location of an earthquake’s
epicenter and its magnitude. This process is called triangulation. Imagine an earthquake takes place in the
southwestern United States. A seismometer in California picks up the seismic waves first. Next, a
seismometer in Colorado senses the waves. Finally, the waves are felted and recorded in Texas by a third
seismometer. Where exactly is the epicenter of this earthquake? If you draw a circle on a map around three
different seismometers where the radius of each is the distance from that station to the earthquake, the
intersection of those three circles is the epicenter.
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Studying seismic waves helped scientists determine the structure of the inner Earth. As seismic waves from
an earthquake travel through Earth, they refract when reaching different densities of materials. This
changes the arrival time of the seismic waves at other locations around the world. There is even one area of
the world that will not receive any seismic waves. The area that receives no seismic waves is known as the
seismic shadow zone. You can see in the image that S waves do not travel through liquid. These waves do
not travel through the liquid outer core. The P waves are bent, or refracted, as they travel through the
different layers. This means that each layer must contain a different density and composition.
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The strength of an earthquake is measured in two different ways, earthquake intensity and earthquake
magnitude. Earthquake intensity is measured by the amount of shaking and the resulting damage at a
specific place. This scale is based on observable damage and the observations and experiences of the
people who experienced the earthquake. The Modified Mercalli Intensity Scale is used to measure
earthquake intensity by assessing the resulting damage. A relatively weak earthquake in a populated area
can rank high on the Modified Mercalli Intensity Scale, while a strong earthquake in a remote area may
rank lower than expected. Take a moment to view the different classifications and their descriptions of the
Modified Mercalli Intensity Scale.
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Earthquake magnitude is measured by the amount of energy released at the focus of the earthquake.
Geologists analyze data from the recorded P and S waves and use the Richter scale to describe the amount
of energy in the largest seismic waves. Looking at the different seismic waves from the five earthquakes,
can you determine which had the greatest magnitude? If you look at the seismic waves from earthquake
number three, you can see that the P, S, and L waves contain a much larger quantity of energy. Earthquake
number four shows the arrival of all three seismic waves very clearly. The P waves arrive first, followed by
the S waves. Lastly, the L waves arrive with the most energy.

The Richter scale does not measure the damage an earthquake causes. A strong earthquake in a remote
area may cause less damage than a weaker earthquake in a highly populated area. Earthquakes that
measure a 4.5 or higher on the Richter scale are strong enough to be felt by seismometers around the world.
Weaker earthquakes are measured by nearby seismometers. Each number on the Richter scale increases
the strength of the earthquake by a factor of ten. An earthquake that measures a five on the scale emits ten
times more energy than one that measures a four. A ranking on the Richter scale can be compared with the
Modified Mercalli Intensity scale. Take a moment to view the Richter scale, the effects of each
classification, and the average frequency.
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