What is the Definition of an Earthquake?

AN sarthquake is the sudden, sometimes violent movement of the earth's surface from the relesseaf energy in
the earth's crust.

2. What Causes Most Earthquakes?

The crust of the earth when it is subject to tectonic forces, bends slightly. But, because the cusiis ngid, when
the stress or pressure exceeds the strength of the rocks, the crust breaks and snaps into a new pasition.
Vibrations called seismic waves are generated and travel both through the earth and along its suiface. These
seismic waves cause the movement we call earthquakes.

3. Where Are Earthquakes Likely to Occur?

Within areas of the crust are fractures, known as faults, along which two crustal blocks have siipped or moved
against each other. One block may move up while the other moves down, or one may move horimnially in one
direction and the other in the opposite direction. Geologists and seismologists (scientists who sty earthquakes
and the processes that create them) have found that earthquakes occur repeatedly at faults, wiieh are zones of
weakness in the earth’s crust.

4. How Many Earthquakes Happen Each Year?

There are over a million quakes annually, including those too small to be felt. The following tableshows the
average frequency of different magnitudes.

Description Magnitude Frequency per yé"a}i

Great 8.0+ |

" Major 7079 18 1
T aree (destructive) 6069 120 T
“oderate (damaging) - 5.059 1,000 .
. Minor (damage slight) 4049 6,000 1
“Generally felt 3.03.9 49,000 E
Totentially perceptible . 2.02.9 | 300000
" imperceptible  lessthan2.0 | 600,000+ i

5. How Many Earthquakes Happen Every Month? Day? Minute?

Using the previous table:

POl MONEN.eeersierrerasrsensnsrsanssnsnsireserrrree Approximately 80,000
g T Approximately 2,600
e 11100101 =T P Approximately 2

And, per second, one earthquake is felt approximately every 30 seconds.

Of these only a relative few are capable of causing damage. Earthquakes are common natural events.



6. How Deep Do Earthquakes Occur in the World?

Earthquakes occur in the crust or upper mantle which ranges from the surface to about 800 kilonwmscim
(about 500 miles). :

7. Where Do Most Earthquakes Occur in the World?

The surface of the earth is divided like a jigsaw puzzle into giant pieces called tectonic or crustaimises Hese
giant pieces move slowly over partially melted rock known as the mantle. As they move, they st z

other, move into each other, move away from each other, or one slips under another. On these arfreiae
boundaries about 95% of all the world's earthquakes occur. California, Alaska, Japan, South Amerim mite
Philippines are all on plate boundaries. Only 5% are in areas of the plates far away from the bourisis e
are called mid-plate or intra-plate earthquakes and are, as yet, poorly understood.

8. Where do the Most Earthquakes Occur in the United States ?

Alaska has more earthquakes per year than the combined total of the rest of the United States. Asmemgs 4509
are recorded there every year. Alaska is on a plate boundary where one plate is sliding along asm,a '
subduction zone. '

A magnitude 9.5 earthquake in Chile in 1960 was the largest known earthquake and resulted in oversMibdsis
it triggered a tsunami or seismic wave (incorrectly known as a tidal wave) that killed people as farawep=s ‘
Hawaii and Japan. Chile is also on a subduction zone. : .

10. What Was the Largest Earthquake in the United States?

The great Alaska earthquake of march 27, 1964, is the largest earthquake in the United States. i hadamagmtsde
of 9.2. 115 people died, with most of the deaths due to the tsunami it generated. Shaking was feltfran
estimated 7 minutes, and raised or lowered the ground surface as much as 2 meters (6.5 Feet) in smemEsand
17 meters (approx. 56 feet) in others. The length of the ruptured fault was between 500 and 1,000 klonsies
(310.5 and 621 miles). The amount of energy released was equal to 12,000 Hiroshima-type blasts, or 2y milion

tons of TNT.
11 Where Was the Largest Earthquake in the Continental United States?

A series of four great earthquakes occurred in the central United States on December 16, 1811, and Jamsry 13
and February 7, 1812. All had estimated magnitudes greater than 7.5 on the Richter Scale, tmc.:iarme',tia;menir:-r
on February 7, 1812. They are collectively known as the New Madrid earthquakes (after a small i('.l;‘ﬁﬁm;
and were felt as far away as Washington D.C., and Boston, Massachusetts. These events were felt over aregion
far greater than any other in the United States, an estimated 2 million square miles. There were fower thas 100
deaths, because of the small number of people living in the area. The earthquakes raised and lowered and fevels
several feet, created one large lake and several smaller lakes, and formed waterfalls on the Mississippi Rives. One
small town was destroyed and there was extensive damage to structures and changes to land surfacesw
the region. These earthquakes were far away from a plate boundary, and are the largest known to have happened
in a mid-plate area.

12. It Seems that Large Earthquakes in the U.S. Are Responsible for Relatively Few Deaths. Is This True
Around the World?

No. In other areas of the world smaller earthquakes are responsible for the deaths of many thousands of people
This is primarily because of buildings which are poorly designed and constructed for earthquake resions, ' a;:d .

population density. The following table shows some of the major earthquakes around the world in the last twenty
years, and the number of deaths associated with them.
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13. What Was the Greatest Number of People Killed in One Earthquake?
An earthquake in China in 1556 killed approximately 830,000 people.
14. How Are Earthquakes Measured?

A seismometer is an instrument that senses the earth's motion; a seismograph combines a seismometar wilh
recording equipment to obtain a permanent record of the motion. From this record scientists can calculate faw
much energy was released in an earthquake, which is one way to decide its magnitude. Calcuiations are mace
from several different seismograms, both close to and far from an earthquake source to determine its maguinge.
Calculations from various seismic stations and seismographs should give the same magnitude, with oniy oae
magnitude for any given earthguake.

Richter Magnitude is the scale most people are familiar with, but scientists use other more accurate scales.
Another nonscientific way of measuring earthquakes is by their intensity or degree of shaking. Intensity i
descriptive, and is determined by inspection of damage and other effects, with the greatest intensity Eeing dase
to the epicenter, and smaller intensities further away. The Modified Mercalli Intensity Scale uses Roman '
Numerals from 1 to X1 to describe different earthquake effects is commonly used.

15. What Does the Richter Scale Look Like?

The Richter Scale is not an actual instrument. 1t is a measure of the amplitude of seismic waves and is relaies o
the amount of energy released. This can be estimated from the recordings of an earthquake on a seismograph.
The scale is logarithmic, which means that each whole number on the scale increases by 10. A m&'ﬂniz;c:; i
sarthquake is 10 times greater than a 5.0, a 7.0 is 100 times greater, and a magnitude 8.0 is ?,Ot}ﬁntime- greater
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16. When was the First instrument for Detecting Earthquakes invented?

The earliest known earthquake detection instrument was invented in 132 A.D. by Zhang Heng, a@ese
philosopher. The instrument was a large (2 meters or 6.5 feet in diameter) bronze jar, with a mEEgendiisn
inside. Decorating the jar on the outside were a series of dragon heads connected to a penduw-ma_
ball in a hinged mouth. Directly beneath each dragon head, on the surface of the stand, was ahmmd
up, mouth open to receive a ball from the dragon’'s mouth. '

During an earthquake, the ground motion would move the pendulum and cause one or more balsiil fma
dragon’s mouth into a toad's mouth. The direction of the earthquake was indicated by which of fiiecen heads
had dropped a ball.

This instrument was sensitive enough to perceive shaking too small to be felt, as it detected anssthgake ower
600 kilometers (372 miles) away, news of which arrived several weeks later.

Farthquake detectors are mentioned later in oriental manuscripts, but in the west earthquakedettgion
instruments did not emerge until centuries later.

17. What is the Difference Between an Earthquake Prediction And a Forecast?

An earthquake prediction involves assigning a specific date, location, and magnitude for an earhgsie. A
forecast assions a series of probabilities and a range of years and magnitudes to a region. Them-iuway"m
accurately predict earthquakes, but forecasts have been calculated for different areas of the UsitStates. The
earthquake in northern California on October 17, 1989 was not predicted, but did fall within the smsmitude
range, time span, and region forecast by U.S. Geological Survey staff.

18. Does Animal Behavior Change Before Earthquakes?

Changes in animal behavior before earthquakes have been observed and documented in differestgasts of the
world, most recently in the northern California earthquake of October 17, 1989. It has been recodsd that a fish
in a high school biology lab in California would flip on its side before some earthquakes.

Does, cats, snakes, and horses has also been known to behave strangely before earthquakes. Sweebehavior is not
earthquake specific, change n animal behavior can therefore result from other events, and it i sapsssible to
determine beforehand what factor has caused the change. Also, the behavior is not sonsistent: Samerines
earthquakes occur with no previous behavior change.

19. Does the Ground Really Open Up and Swallow People?

This is an earthquake myth. Cracks and fissures appearing in the ground are a common effect of assthquakes
Most of these are narrow and shallow. In very large earthquakes changes in the level of the land can resuit in
bl

larger cracks that can cause a lot of damage to buildings, but people and buildings do not get swallowed by the
ground. f
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20. Do Earthquakes Cause Yolcanoes?
No, there are different earth processes responsible for volcanoes. Earthquakes may occur in an area before

during, and after a volcanic eruption, but they are the result of the active forces connected with the eruption
and not the cause of volcanic activity. ’



21. Are Earthquakes Weather Related?

in the 4th Century B.C., Aristotle proposed that earthquakes were caused by winds trapped in SublEsss
caves. Small tremors were thought to have been caused by air pushing on the cavern roofs, and mpamig the
air breaking the surface. This theory lead to a belief in earthquake weather, that because a larsramuEiar

was trapped underground, the weather would be hot and calm before an earthquake.

A later theory stated that earthquakes occurred in calm, cloudy conditions, and were usually preEEibrEng
winds, fireballs, and meteors. There is no connection between weather and earthquakes. They setmsial
geologic processes within the earth and can happen in any weather and at any time during the y.

22. What Are Earthquake Scientists Called?

Seismologists: seismos-from the Greek meaning earthquakes, and ologist-meaning a person who s
(something). A seismologist is a person who studies earthquakes and the mechanics of the earih.

23. How Much Energy is Released in an Earthquake?

Earthquakes release a tremendous amount of energy, which is why they can be so destructive. Fsiilis
shows magnitudes with the approximate amount of TNT needed to release the same amount of ey,

Magnitude Approximate TNT Energy

4.0 6 tons
5.0 199 tons
5.0 3,270 wns

3.0 6,270,000 tons
9.0 59,000,000 tons

24. Do All Large Magnitude arthquakes Result in Great Amounts of Death and Destruction?

No. The destructive forces of an earthquake depends on many factors. Large earthquakes comment i i
remote areas of the world, with no buildings or people, and are not destructive. In addition to magm Gde Dme
of the factors that determine damage and deaths are: population densities, the density and types of b .
construction, local geologic conditions, distance from the epicenter, earthquake depth, how long thesizong
continues, and the degree of earthquake preparedness in the region.

75, Can Earthquakes Be Prevented?
There is no known way o prevent earthquakes, but it is possible to lessen the impact. The amount of fevastation

from an earthquake can be greatly diminished by building structures using earthquake resistant design, making
the interiors of buildings safe from falling objects, and educating people about earthquake safety.



TOP: World-wide earthquakes on July 7, 1999, and past 5 years, demonstrating hbw
earthquakes define boundaries of

UsGs, U.Colorads, B
triangles are seismic

World -witle active vi 2

A riesloe e
Sl ',,n-\,l.:fé‘.f, 1eCia

nic plates and the "Ring of Fire". Chad

tectonic plates. Data from NEIC. Chart from IRIS Conszifus !
1 i Washington. Chart modified for web use. F!E!e"
“nali* is 5.1 event of July 3, 1999. BOTTORM:

Return [o:
(Plaie Tectonics Meny] ...

(Earthquakes and Seismicity Menu] ...

-G‘\

-



Farthquakes. Seismic Waves

Make Your Own Earthquake
With a Snap of Your Fingess

Can you snap your fingers? Try it aowasd ohssrs
what is happening.

Snapping fingers! When you snap your fingers, imagae s zech
finger is a big chunk of rock deepinsiz he=ziv’s
surface. Like your fingers, one rodemss is ferad
against another. Think of the increcsim amom:

force you place on your fingers as presaurs cuszd

by movements of the Earth's cruss. Naw, i

y release in hu

and roll The earth's surface.

Seismic Waves
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Deep inside the earth, rocks are consiontly ==
pressured to move. This pressure busids and
until the strainis so great The rogks can no i
becr the tension. Suddenly, therzis ams
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that releases all the energy some of which ©
= building up over years. This relecsed enerx
through rocks in the form of vibrotis

seismic waves Thz waves travel cut
spot where rocks of the earth’s eruss Bt 2

- the strain. This spot is called the hypecanizr. o2
spot on The earth’s surface right cbave
hiypocenter is called The epicenter. o2
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Energy released at the hypocenjers

travel as three different Types of waves. oo 20

Dy picturipg The oiag
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Primary waves are Compressicn waves. They

push and pull the rocks os the earin s surrace.

econdary moves move through solid rack only.

These shear waves move the earth' s surtace

waves, Tne _»hond ones are called 51;12*
secondary waves. The third waves ar ool
waves or Love wave, named af ter Thescmilk
first discovered if.

Ihe energy of all three Types of wous i
from one rock particle to another inShesms
one dominoes hits another and then otem
of falling dominoes. These seismic woesmm:
and-forth, side-to-side, and up-and-gomeis
the earth. These motions are what pexgless
during a earthquake. These motions elmmm
mavement of objects we of fen see midsmst
areas hit by an quake.

Primary Waves (P-waves!

Primary waves travel the fastest. atemaves
speed of 4.5 kilometras per second Thazmes
through solid reck and fluids, like wizretEes
core layers of i

fo reach the Carih's surfece after anzomms:

“""‘I""n’“l"‘--r waves '"")"1 and D4 i

which hay are travelling, 7
forth movement on thz Earth’s su
like sound waves pushing and pulling
ever heard a big clep of thunder andhesdi

windows rattle at the same time? The wse

\
because the scund waves were pushug ez
|

the window glass much like P-waves msh

rock. Semetimes animals can hear the Passse=
earthquake. Usually, we only fee! thebum
rattle of these waves.

Secondary waves travel slower thenprimzyses
Their average speed is 2.4 kilometres per=sat
Also called shear waves, S-waves cregizzs=%
side motion in the rocks through which thesms

iravelling. Unlike the ofhar ecrthquasz

waves cannet Travel th
c

of the Eartn’s core layer. S- waves =i iz
side-to-side.

Togther, P-waves and S-waves are ¢




side to side.

Love Waves (L-waves}

Love waves, named after the Brifish schnisu
first discovered them, only move dlony For il
of the zarth. Thera speeds vary depennguati
material, rock or soil, forming the surfez Treg
waves cause the surface to move fromsias:
Thesz are the waves that cause the vl
buildings and other structures crectedtym
during an earthquake.

A part of Love waves is an R-wave or Revizichse
Love waves move along the surface of the Ray]agh WAVES move the surface orﬂum_ﬂﬁ‘
around in a circle, forward and down thenislms
up. This is The same as the motion in cnaremee

earth and cause it To move up and down like

s P ~ i s . X
something bobbing on the surface of the Both Rayleigh and Love waves get smalier, deamr-
ocean. the ground.

Seismology

| Alrae AnA Flescs =nierd—
i EArTNgUases ana Tnese e

seismologist is a scizntist who studies =

and seismic waves. A seismograph is an s

that measures earthquakes. A seismogren

This is an image of a seismograph T
mstrument used To record the energy rzleased

hy an earthquake. When the needle is moved

3\/ the motion of The earth, it leaves o wavy

he.




