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Internal Processes 

Earthquakes 
 

Earthquake-Related Hazards and Their Reduction  

 

Earthquakes can have a variety of harmful effects, some obvious, some 

more subtle. As noted earlier, earthquakes of the same magnitude 

occurring in two different places can cause very different amounts of 

damage, depending on such variables as the nature of the local geology, 

whether the area affected is near the coast, and whether the terrain is 

steep or flat.  

 

Ground Motion  

Movement along the fault is an obvious hazard. The offset between rocks 

on opposite sides of the fault can break power lines, pipelines, buildings, 

roads, bridges, and other structures that actually cross the fault. Such 

offset can be large: [In the 1906 San Francisco earthquake, maximum 

strike-slip displacement across the San Andreas fault was more than 6 

meters.] 

Planning and thoughtful design can reduce the risks. For example, power 

lines and pipelines can be built with extra slack where they cross a fault 

zone, or they can be designed with other features to allow some “give” as 

the fault slips and stretches them. [Such considerations had to be taken 

into account when the Trans-Alaska Pipeline was built, for it crosses 

several known, major faults along its route. The engineering proved its 

value in the magnitude-7.9 2002 Denali Fault earthquake ( figure 4.12 )]. 

 

 Ground shaking is another obvious hazard produced as accumulated 

energy is released through seismic waves causes damage to and 

sometimes complete failure of buildings, with the surface waves 

responsible for most of this damage. Shifts of even a few tens of 

centimeters can be devastating, especially to structures made of weak 

materials such as adobe or inadequately reinforced concrete ( figure 

4.13), and as shaking continues, damage may become progressively 

worse. Such effects, of course, are most severe on or very close to the 

fault, so the simplest strategy would be not to build near fault zones. 

However, many cities have already developed near major faults. 

Sometimes, cities are rebuilt many times in such places. [The ancient city 

of Constantinople—now Istanbul—has been leveled by earthquakes 

repeatedly throughout history]. This raises the question of designing 

“earthquake-resistant” buildings to minimize damage. 
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Engineers have studied how well different types of building have 

withstood real earthquakes. Scientists can conduct laboratory experiments 

on scale models of skyscrapers and other buildings, subjecting them to 

small-scale shaking designed to simulate the kinds of ground movement 

to be expected during an earthquake. On the basis of their findings, 

special building codes for earthquake-prone regions can be developed. 

This approach, however, presents many challenges. There are a limited 

number of records of just how the ground does move in a severe 

earthquake. To obtain the best such records, sensitive instruments must be 

in place near the fault zone beforehand, and those instruments must 

survive the earthquake. Even with good records from an actual 

earthquake, laboratory experiments may not precisely simulate real 

earthquake conditions, given the number of variables involved. Such 

uncertainties raise major concerns about the safety of dams and nuclear 

power plants near active faults. In an attempt to circumvent the 

limitations of scale modeling, the United States and Japan set up in 1979 

a cooperative program to test earthquake-resistant building designs.  

A further complication is that the same building codes cannot be applied 

everywhere. For example, not all earthquakes produce the same patterns 

of ground motion. 

 It is also important to consider not only how structures are built, but what 

they are built on. Buildings built on solid rock (bedrock) seem to suffer 

far less damage than those built on deep soil. Ground shaking is 

commonly amplified in unconsolidated materials ( fi gure 4.16 ). The fact 

that underlying geology influences surface damage is demonstrated by 

the observation that intensity is not directly correlated with proximity to 

the epicenter ( figures  4.17 , 4.11). 

The characteristics of the earthquakes in a particular region also must be 

taken into account. For example, severe earthquakes are generally 

followed by many aftershocks , earthquakes that are weaker than the 

principal tremor. The main shock usually causes the most damage, but 

when aftershocks are many and are nearly as strong as the main shock, 

they may also cause serious destruction.  

The duration of an earthquake also affects how well a building survives 

it. In reinforced concrete, ground shaking leads to the formation of 

hairline cracks, which then widen and develop further as long as the 

shaking continues.  

A concrete building that can withstand a one-minute main shock lasts 

three minutes. Many of the California building codes, used as models 

around the world, are designed for a 25 second main shock, but 

earthquake main shocks can last ten times that long. Even the best 

building codes are typically applied only to new construction. When a 
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major city is located near a fault zone, thousands of vulnerable older 

buildings may already have been built in high-risk areas. The costs to 

redesign, rebuild, or even modify all of these buildings would be 

staggering. Most legislative bodies are reluctant to require such efforts; 

indeed, many do nothing even about municipal buildings built in fault 

zones.  

 

Ground Failure 

Landslides ( fi gure 4.19 ) can be a serious secondary earthquake hazard 

in hilly areas.  Earthquakes are one of the major events that trigger slides 

on  unstable slopes. The best solution is not to build in such areas. Even if 

a whole region is hilly, detailed engineering studies of rock and soil 

properties and slope stability may make it possible to avoid the most 

dangerous sites. Visible evidence of past landslides is another indication 

of especially dangerous areas. 

Ground shaking may cause a further problem in areas where the ground is 

very wet—in filled land near the coast or in places with a high water 

table. This problem is liquefaction . 

When wet soil is shaken by an earthquake, the soil particles may be jarred 

apart, allowing water to seep in between them, greatly reducing the 

friction between soil particles that gives the soil strength, and causing the 

ground to become somewhat like quicksand. When this happens, 

buildings can just topple over or partially sink into the liquefied soil; the 

soil has no strength to support them. [The effects of liquefaction were 

dramatically illustrated in Niigata, Japan, in 1964. One multistory 

apartment building tipped over to settle at an angle of 30 degrees to the 

ground while the structure remained intact! (figure 4.20A .) Liquefaction 

was likewise a major cause of damage from the Loma Prieta, Kobe, and 

Izmit earthquakes].  

 Signs of liquefaction include “sand boils,” formed as liquefied soil 

bubbles to the surface during the quake (figure 4.20B). In some areas 

prone to liquefaction, improved underground drainage systems may be 

installed to try to keep the soil drier, but little else can be done about this 

hazard, beyond avoiding the areas at risk. Not all areas with wet soils are 

subject to liquefaction; the nature of the soil or fill plays a large role in 

the extent of the danger. 

 

Tsunamis and Coastal Effects 

Coastal areas, especially around the Pacific Ocean basin where so many 

large earthquakes occur, may also be vulnerable to tsunamis . These are 

seismic sea waves, sometimes improperly called “tidal waves,” although 

they have nothing to do with tides. 
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When an undersea or near-shore earthquake occurs, sudden movement of 

the sea floor may set up waves traveling away from that spot, like ripples. 

In the open sea, tsunamis are only unusually broad swells on the water 

surface, but they travel extremely rapidly—speeds up to 1000 km/hr  are 

not uncommon. The tsunami may come ashore as a very high, very fast-

moving wall of water, or it may develop into large breaking waves, just 

as ordinary ocean waves become breakers as the undulating waters “touch 

bottom” near shore. Tsunamis, however, can easily be over 15 meters 

high in the case of larger earthquakes. Several such waves may wash over 

the coast in succession; between waves, the water may be pulled swiftly 

seaward, emptying a harbor or bay, and perhaps pulling unwary 

onlookers along. Tsunamis can also travel long distances in the open 

ocean. Tsunamis set off on one side of the Pacific may still cause 

noticeable effects on the other side of the ocean. [A tsunami set off by a 

1960 earthquake in Chile was still vigorous enough to cause 7-meter-high 

breakers when it reached Hawaii some fifteen hours later, and twenty-five 

hours after the earthquake, the tsunami was detected in Japan.] 

Given the speeds at which tsunamis travel, little can be done to warn 

those near the earthquake epicenter, but people living some distance away 

can be warned in time to evacuate, saving lives, if not property.  

 

Fire 

A secondary hazard of earthquakes in cities is fire , which may be more 

devastating than ground movement ( figure 4.22 ). [In the 1906 San 

Francisco earthquake, 70% of the damage was due to fire, not simple 

building failure. As it was, the flames were confined to a 10-square-

kilometer area . Fires occur because fuel lines and tanks and power lines 

are broken, touching off flames and fueling them. At the same time, water 

lines also are broken, leaving no way to fight the fires effectively. In the 

1995 Kobe earthquake, broken pipelines left fire fighters with only the 

water in their tanks to battle more than 150 fires. Putting numerous valves 

in all water and fuel pipeline systems helps to combat these problems 

because breaks in pipes can then be isolated before too much pressure or 

liquid is lost.] 

 

Seismic Gaps 

Maps of the locations of earthquake epicenters along major faults show 

that there are stretches with little or no seismic activity, while small 

earthquakes continue along other sections of the same fault zone. Such  

dormant, sections of otherwise-active fault zones are called seismic gaps. 

They apparently represent “locked” sections of faults along which friction 

is preventing slip. These areas may be sites of future serious earthquakes. 

On either side of a locked section, stresses are being released by 
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earthquakes. In the seismically quiet locked sections, friction is 

apparently sufficient to prevent the fault from slipping, so the stresses are 

simply building up. The concern, of course, is that the accumulated 

energy will become so great that, when that locked section of fault finally 

does slip again, a very large earthquake will result. Recognition of these 

seismic gaps makes it possible to identify areas in which large 

earthquakes may be expected in the future.  

[The 1989 Loma Prieta, California, earthquake occurred in what had been 

a seismic gap along the San Andreas fault. A major seismic gap along the 

subduction zone along the western side of Central America is likely to be 

the site of the next major earthquake to cause serious damage to Mexico 

City.] 

 

Earthquake Precursors and Prediction 

In its early stages, earthquake prediction was based particularly on the 

study of earthquake precursor phenomena , things that happen or rock 

properties that change prior to an earthquake. 

Many different possibilities have been examined. For example, the 

ground surface may be uplifted and tilted prior to an earthquake. Seismic-

wave velocities in rocks near the fault may change before an earthquake; 

so may electrical resistivity (the resistance of rocks to electric current 

flowing through them). Changes have been observed in the levels of 

water in wells and/ or in the content of radon (a radioactive gas that 

occurs naturally in rocks as a result of decay of trace amounts of uranium 

within them). Chinese investigators have cited examples of anomalous 

behavior of animals prior to an earthquake. 

The hope, with the study of precursor phenomena, has been that one 

could identify patterns of precursory changes that could be used with 

confidence to issue earthquake predictions precise enough as to time to 

allow precautionary evacuations or other preparations. Unfortunately, the 

precursors have not proven to be very reliable. Not only does the length 

of time over which precursory changes are seen before an earthquake 

vary, from minutes to months, but the pattern of precursors—which 

parameters show changes, and of what sorts-also varies. Most 

problematic, many earthquakes, including large ones, seem quite 

unheralded by recognizable precursors at all.  

 

Earthquake Control 

Since earthquakes are ultimately caused by forces strong enough to move 

continents, human efforts to stop earthquakes from occurring would seem 

to be futile. However, there has been speculation about the possibility of 

moderating some of earthquakes’ most severe effects. If locked faults, or 
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seismic gaps, represent areas in which energy is accumulating, perhaps 

enough to cause has built up might prevent a major catastrophe. 

 

Other observations and experiments around the world have supported the 

concept that fluids in fault zones may facilitate movement along a fault. 

Such observations at one time prompted speculation that fluid injection 

might be used along locked sections of major faults to allow the release of 

built-up stress. Unfortunately, geologists are far from sure of the results to 

be expected from injecting fluid (probably water) along large, locked 

faults. There is certainly no guarantee that only small earthquakes would 

be produced. Indeed, in an area where a fault had been locked for a long 

time, injecting fluid along that fault could lead to the release of all the 

stress at once, in a major, damaging earthquake. If a great deal of energy 

had accumulated, it is not even clear that all that energy could be released 

entirely through small earthquakes. The first attempts are also likely to be 

made in areas of low population density to minimize the potential danger.  

 

 

 

Questions for Review 

1. List at least three kinds of earthquake-related hazards, and describe 

what, can be done to minimize the danger that each poses. 

2. What is a seismic gap, and why is it a cause for concern? 

3. Explain the distinction between earthquake prediction and 

earthquake forecasting, and describe the kinds of precautions 

that can be taken on the basis of each. 
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