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Earthquake 
 

Introduction 
The sudden shaking of the ground that occurs 

when masses of rock change position below Earth’s 
surface is called an earthquake. The shifting masses send 
out shock waves that may be powerful enough to alter 
the surface, thrusting up cliffs and opening great cracks in 
the ground. 
 

Earthquakes, called temblors by scientists, occur 
almost continuously. Fortunately, most of them can be detected only by sensitive 
instruments called seismographs. Others are felt as small tremors. Some of the rest, 
however, cause major catastrophes. They produce such tragic and dramatic effects as 
destroyed cities, broken dams, landslides, giant sea waves called tsunamis, and 
volcanic eruptions. A very great earthquake usually occurs at least once a year in 
some part of the world. According to long-term data of the United States 
Geological Survey, on average about 10,000 people die each year as a result of 
earthquakes. Humankind has long been concerned about earthquake hazards. The 
oldest chronicle comes from the Chinese as early as the Shang Dynasty more than 
3,000 years ago. 
 
Causes 

Most of the worst earthquakes are associated with changes in the shape of 
Earth’s outermost shell, particularly the crust. These so-called tectonic earthquakes 
are generated by the rapid release of strain energy that is stored within the rocks of 
the crust, which on continents is about 22 miles (35 kilometers) thick. A small 
proportion of earthquakes are associated with human activity. Dynamite or atomic 
explosions, for example, can sometimes cause mild quakes. The injection of liquid 
wastes deep into the ground and the pressures resulting from holding vast amounts 
of water in reservoirs behind large dams can also trigger minor earthquakes. 
 

The strongest and most destructive quakes are associated with ruptures of 
crust, which are known as faults. Although faults are present in most regions of the 
world, earthquakes are not associated with all of them. Pressures from within Earth 
strain the tectonic plates that make up the crust. The strain builds until suddenly the 
plates move along faults, thereby releasing energy. The plates slip and slide in 
opposite directions along this fracture in the rock, shaking the ground above. The 
masses may move up and down, sideways, or vertically and horizontally. On Earth’s 

Figure 1: Building knocked off its 
foundation by the January 1995 
earthquake in Kōbe, Japan. 
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surface displacement of the ground may vary from a few inches to many feet (or 
several centimeters to many meters). Some fault lines appear on the surface. 
 
Shock Waves 

The shifting rock in an earthquake causes 
shock waves—called seismic waves—to spread 
through the rock in all directions. In a great 
earthquake shocks may be felt by people 
thousands of miles or kilometers away from the 
center. Detection and recording devices called 
seismographs can pick up the waves on the 
other side of the world. 
 

There are two broad classes of seismic waves: body waves and surface waves. 
Body waves travel within the body of Earth. They include P, or primary, waves and 
S, or secondary, waves. P waves spread in the crust from the point of rupture, 
which is called the focus of the earthquake. The point on Earth’s surface 
immediately above the focus is termed the epicenter of an earthquake. P waves 
alternately compress and expand the rock through which they pass and vibrate in 
the same direction in which the waves travel. S waves vibrate at right angles to the 
direction of wave travel. These secondary waves are the “shake” waves that move 
particles up and down or from side to side. The speed of S waves is always less than 
that of P waves. By comparing the arrival times of both P waves and S waves at 
seismological observatories, scientists can determine the location of an earthquake 
many thousands of miles away. 
 

After both P and S waves have moved through the body of Earth, they are 
followed by two types of surface waves, which travel along Earth’s surface. They are 
named Love and Rayleigh waves, after the scientists who identified them. Because 
of their larger amplitude, surface waves are responsible for much of the destructive 
shaking that occurs far from the epicenter. Surface waves, which travel more slowly 
than body waves, are the most powerful shock waves. 
 
Effects 

Earthquakes often cause dramatic changes at Earth’s surface. In addition to 
the ground movements, other surface effects include changes in the flow of 
groundwater, landslides, and mudflows. Earthquakes can do significant damage to 
buildings, bridges, pipelines, railways, embankments, dams, and other structures. 

Figure 2: Crowds watch the fires set off by the 
earthquake in San Francisco in 1906, in a photo by 
Arnold Genthe. 
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Underwater earthquakes can 
cause giant waves called tsunamis. 
Violent shaking of the seafloor 
produces waves that spread over the 

ocean surface in ever-widening circles. In deep water a tsunami can travel as fast as 
500 miles (800 kilometers) per hour. By the time a tsunami reaches shore, it has 
gained tremendous size and power, reaching heights as great as 100 feet (30 meters). 
Tsunamis can be catastrophic, with the potential to wipe out coastal settlements. 
 

Earthquakes also can lead to devastating fires. Fire produced the greatest 
property loss following the 1906 San Francisco earthquake, when 521 blocks in the 
city center burned uncontrollably for three days. Fire also followed the 1923 Tokyo 
earthquake, causing much damage and hardship for the citizens. 
 
Measuring Earthquakes 

A seismograph records the pattern of 
shock waves caused by an earthquake. 
Seismographs are equipped with 
electromagnetic sensors that translate ground 
motions into electrical changes, which are 
processed and recorded by the instrument. 
A record produced by a seismograph on a 
display screen or paper printout is called a 
seismogram. 
 

Most seismographs use a pendulum. 
As the ground moves during an earthquake, 
so does the pendulum. The seismograph 
records the motion of the pendulum relative 

to the motion of the ground. Early mechanical seismographs had a heavy pendulum 
and recorded the wave patterns by scratching a line on a revolving drum of paper. 
Later instruments used a mirror that was moved by the motion of the pendulum; 
light reflected by the mirror traced the wave patterns onto photosensitive paper 
wrapped on a drum. Technological developments in electronics have given rise to 
the higher-precision pendulum seismographs that are widely used today. In these 
instruments an electric current produced by the motion of the pendulum is passed 
through electronic circuitry to amplify and digitize the ground motion for more 
exact readings. 
 

Figure 3: Scientists record the shock waves produced in an 
earthquake with an instrument called a seismograph. As 
the machine moves back and forth with the ground, a pen 
records the movement on a roll of paper. 
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The strength of an earthquake may be measured either by the amount of 
damage done or through calculations using various instrument readings. The 
Modified Mercalli Intensity Scale is commonly used to determine the amount of 
destruction caused by an earthquake. It defines 12 levels of earthquake strength. 
 

The Richter Magnitude Scale is based upon the amount of energy released 
by the rock movements. The definition of magnitude in the Richter scale is “the 
logarithm, to the base 10, of the maximum seismic wave amplitude [in thousandths 
of a millimeter] recorded on a special seismograph called the Wood-Anderson, at a 
distance of 100 kilometers [62 miles] from the epicenter.” The definition has been 
extended to permit the use of any calibrated seismograph at any distance. 
 

An earthquake with a Richter magnitude of 2 is about the smallest 
earthquake that can be felt by humans without instrumental assistance. An increase 
of one magnitude step corresponds roughly to an increase of 30 times the amount 
of energy released as seismic waves. Thus, the energy of the great 1964 Alaska 
earthquake, which had a magnitude of 8.6, was not twice as large as that in a shock 
of 4.3 magnitude. Rather, it released more than 800,000 times as much energy as 
one of magnitude 4.3. 
 

However, the Richter scale underestimates the relative size of very large 
earthquakes. The moment magnitude scale, which takes into account the amount 
and nature of fault slippage, provides a more consistent measure. (The moment 
magnitude of the great 1964 Alaska earthquake is 9.2.) Several other magnitude 
scales also are in use. 
 
Occurrences 

Most earthquakes take place on one of 
two great earthquake belts that girdle the 
world. The belts coincide with the more 
recently formed mountain ranges and with 
belts of volcanic activity. One earthquake 
belt circles the Pacific Ocean along the 
mountainous west coasts of North and South 
America and runs through the island areas of 
Asia. It is estimated that 80 percent of the 

energy presently released in earthquakes comes from this belt, which is called the 
Circum-Pacific Belt or the Ring of Fire. 
 

Figure 4: Earthquake zones are marked in red. Black dots 
indicate active volcanoes and open dots dead zones. 
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A second, less active belt passes between Europe and North Africa in the 
Mediterranean region. It then runs eastward through Asia and joins the Ring of Fire 
in the East Indies. The energy released in earthquakes in this belt is about 15 
percent of the world total. There are also striking connected belts of seismic 
activity, mainly along mid-oceanic ridges—including those in the Arctic Ocean, the 
Atlantic Ocean, and the western Indian Ocean—and along the Great Rift Valley of 
East Africa. 

 
The focus of an earthquake may occur from quite close to the surface down 

to a maximum depth of about 430 miles (700 kilometers). More than 75 percent of 
the seismic energy produced each year, however, is released by shallow-focus 
earthquakes—that is, quakes with foci less than about 40 miles (60 kilometers) deep. 
Most parts of the world experience at least occasional shallow-focus earthquakes. 
About 12 percent of the total energy released in earthquakes comes from 
intermediate earthquakes—those with foci ranging from about 40 to 200 miles (60 
to 300 kilometers) deep. About 3 percent of the total energy comes from deeper 
earthquakes. 
 
Role of Plate Tectonics 

The theory of plate tectonics leaves little doubt 
that there is a direct relationship between the borders 
of the world’s tectonic plates and the geographic 
distribution of earthquakes. Earth’s crust is broken up 
into a number of separate plates, the edges of which 
rarely coincide with continental shorelines. Scientists 
have long known that these plate margins are 
extremely significant in earthquake studies. Major 
earthquakes located along active plate margins are 
associated with geophysical processes known as 
extrusion, subduction and overriding, and 
transcursion. 
 

When a current of molten material from the upper mantle rises along the 
juncture of two adjoining plates, the plates move apart, or diverge, from the 
spreading center. This creates a rift valley filled with the molten material. This type 
of tectonic movement is known as extrusion; the rift valley is generally associated 
with the formation of volcanoes. One of the best examples of such a plate boundary 
is that which forms the Mid-Atlantic Ridge. It marks the zone where Africa was 
formerly joined to South America and where Europe split from North America 
some 200 million years ago. Mid-oceanic ridges are sites of numerous earthquakes. 

Figure 5: The San Andreas Fault in 
California represents the boundary 
between two major plates of Earth's 
crust. Along this fault the Pacific Plate 
slides laterally past the North American 
Plate. The movement of the plates 
sometimes causes earthquakes. 
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Although some plates are moving apart, some are moving toward each other, 
or converging. In order to accommodate such movements when two plates collide, 
the edge of one plate must either slide past or pass above the other. When a plate 
passes above another, it is called overriding. The plate that is turned down into the 
deeper parts of the mantle is said to be subducted. Many submarine junctions are 
marked by an oceanic trench beneath which is a gigantic zone of thrusting. This is 
known as the Benioff zone, which extends down along the plate that is being 
subducted and dips into the mantle. Deep-focus earthquakes commonly occur in 
Benioff zones. On the landward side of the oceanic trenches lie island arcs, as 
exemplified by the Aleutian and Kuril islands. These island chains are associated 
with Earth’s most active seismic zones. 
 

A third type of tectonic movement, known as transcursion, occurs when two 
adjoining plates slide past one another along what is called a transform fault. The 
best example of this type of junction is where the Pacific Plate is grinding 
transversely past the North American Plate, largely along the well-known San 
Andreas Fault of California. The San Andreas Fault is visible above ground for 
many miles. It is a nearly continuous fracture extending 650 miles (1,050 
kilometers) from southern California to Point Arena on the northern California 
coast. Beyond Point Arena it continues under the Pacific Ocean. The great San 
Francisco earthquake of 1906 occurred on this fault. 
 

Even though scientists are in general agreement that the regions of greatest 
tectonic instability coincide with the marginal zones of slowly moving plates, it 
must not be assumed that major earthquakes occur only along plate margins. Severe 
earthquakes occur on rare occasions with equally destructive force in zones of 
weakness within the plates. 
 

In the United States three earthquakes having Richter magnitudes of 7.5 or 
higher occurred along the New Madrid Fault in the Mississippi River valley during 
the winter of 1811–12. They rank among the largest ever recorded within the 
coterminous United States. The magnitudes of the quakes were comparable to the 
largest California quakes and were felt over much larger areas. Strong quakes have 
also occurred within stable landmasses. 
 
Prediction 

Of the many attempts to find clues for predicting the location, time, and 
strength of future earthquakes, the best results seem to be associated with seismicity 
studies using earthquake observatories. Other methods are based on detecting gaps 
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in the seismic record of a region. Segments along a fault where displacement has not 
taken place for a long time are more likely to release built-up stresses. 
 
Seismologists have found that major earthquakes are often preceded by certain 
measurable physical changes in the environment around their epicenters. These 
changes include the degree of crustal deformation in fault zones; the occurrence of 
dilatancy, that is, an increase in volume, of rocks; and a rise in radon concentrations 
in wells. Continual monitoring and close scrutiny of these changes are expected to 
improve prediction capability. Risk maps can be prepared for some earthquake-
prone regions, as in California, where surface faults can be monitored. Although 
useful in transcursion zones, such as along the San Andreas Fault, the method is not 
applicable to subduction zones, where seismic activity, generated deep in the 
Benioff zone, is only vaguely correlated with surface structures. 
 
Reducing Earthquake Hazards 

Although earthquakes can cause death and destruction through such 
secondary effects as landslides, tsunamis, fires, and fault rupture, the greatest losses in 
terms of both lives and property usually results from the collapse of man-made 
surface and subsurface structures during the violent shaking of the ground. 
Seismologists routinely gather considerable quantities of data to explain the 
characteristics of the recorded ground motions that take place during earthquakes. 
Such knowledge is needed to predict ground motions in future earthquakes so that 
earthquake-resistant structures can be designed. 
 

The most effective way to reduce the destructiveness of earthquakes is to 
design and construct buildings and other structures capable of withstanding strong 
shaking. When a site is proposed for the construction of an office building, for 
example, factors such as the geometry and frictional properties of a nearby fault line, 
the passage of seismic waves through surrounding subsurface rocks, and the 
condition of the soil and rocks that will be surrounding the building must be 
considered. 
 

In many cases an accelerogram, a diagram showing the acceleration of, the 
velocity of, and the displacement caused by a simulated earthquake, is used to 
determine the viability of a site for safe building construction. In many countries 
economic realities usually require that buildings are constructed not for the 
complete prevention of all damage, but to minimize damage from moderate 
earthquakes and to ensure no major collapse during the strongest earthquakes. 
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