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Access learning resources and 
instructional sequences to strengthen 
students’ conceptual understanding of 
seismological concepts!

https://www.iris.edu/hq/inclass/
search#type=4

Explore recent and historical global seismicity and 
tectonic plate boundaries. Up to 20,000 earthquakes 
can be displayed on the interactive map. Rotate and 
zoom through hypocenters using the 3D Viewer.

https://www.iris.edu/ieb

Concise video lectures for teaching 
how earthquakes happen and how 
they are studied. In these videos, 
geologic concepts are explained 
in understandable terms using 
common materials.

https://www.iris.edu/hq/inclass/
search#type=8

Capture that unplanned opportunity to bring 
knowledge, insight, and critical thinking to 
the classroom, lecture, or meeting following 
a newsworthy earthquake using our editable 
PowerPoint presentations!

https://www.iris.edu/hq/retm

See how earthquakes are used to infer Earth’s interior 
structure! This browser-based tool displays the 
propagation of seismic waves through Earth’s interior 
and around its surface. 

https://ds.iris.edu/seismon/swaves

Monitor the Earth from your classroom, office, 
or home! jAmaSeis allows you to watch seismic 
stations in real time. Use this software to determine 
an earthquake’s location and magnitude. 

https://www.iris.edu/hq/inclass/software-web-app/
jamaseis
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In 1676 the English Physicist published a treatise entitled the True 
Theory of Elasticity or Springiness with the anagram above on 

the title page.  The solution to the puzzle is Ut Tensio, Sic Uis, 
or "as the extension so the force". Today we state this as 

"stress is proportional to strain" and call this Hooke's 
Law. This is the first fundamental mathematical 

formulation in modern Seismology.

Robert Hooke, CEIIOSSOTTUU

July 16, 1945 At 5:30 a.m. the USA detonated 
the first nuclear weapon in central New Mexico. 
The test, code named TRINITY, had an explosive 
yield of approximately 15 kt (equivalent to 15 
thousand tons of TNT). The closest seismic 
station was in Tucson, and the seismologist Beno 
Gutenberg used the record to determine the 
origin time of the explosion. The ability to 
seismically record this and other explosions gave 
rise to the field of "Verification Seismology".

September 1, 1923: Tokyo One of the deadliest earthquakes of this century struck the heavily 
populated Kwanto province in east-central Japan. The death toll in Tokyo exceeded 100,000, and 
nearly 2 million people were left homeless. Seismology was a developed science in Japan in the first 
part of the 20th century. Professor Fusakichi Omori 
had studied earthquakes in Japan and in 1922 
concluded the region around Tokyo was "seismically 
quiet" and predicted that an earthquake would strike 
the region in the future. After the 1923 earthquake the 
Imperial Earthquake Investigation Committee was 
formed and produced five volumes of scientific and 
engineering studies which dramatically improved 
building practice in Japan. 

1830 Discovery of P and S waves The early part 
of the nineteenth century was an extraordinary time for 
mathematics. French mathematicians Navier and Cauchy 
developed equations for elasticity. Then, in 1830 Poisson 
published a paper showing that there were two 

fundamental elastic 
waves: P and S waves. 
Poisson's Ratio, which 
is a measure of the S 
to P velocity, is widely 
used in seismology 
today. 

November 1, 1755 Lisbon, with a population of 
more than a quarter of a million was one of the largest 
cities in Europe. About 9:30 a.m. a great earthquake 
occurred 200 km to the southwest beneath the Atlantic 
ocean. The city shook for nearly 10 minutes and ~30 
minutes after the event a tsunami swamped the Targus 
river which runs through the center of the city. The 
Lisbon Earthquake was the first event to be studied 
scientifically. J. Mitchelle proposed the shaking was 
caused by wave propagation from a distant source, 
and that the waves were very similar to those 

produced by sound in air.

Wadati: The Discovery of Deep Earthquakes Kiyoo Wadati noted 
that earthquakes with the same epicenter had very different patterns of P and 
S wave arrival times. Wadati reasoned that this phenomenon was due to 
different focal depths (depth below the surface of the Earth) for the 
earthquakes. Wadati proved conclusively that deep focus earthquakes 
occurred, and showed that the depths of these events formed an inclined zone 
beneath Japan, which we now recognize as subduction zones. Wadati's  
observations had a profound effect on Arthur Holmes, who in turn, produced 
the first 2-D picture that suggests plate tectonics in 1933.

1935: The Richter Scale In the early 1930s Charles 
Richter was amassing a catalog of California earthquakes. 
Richter wanted to publish the catalog with the "size" of the 
earthquakes instead of the intensity. He developed a measure 
of earthquake size based on two fundamental principles: the 
level of shaking experienced at a distant site will depend on 
the size of the earthquake, and the level of shaking will 
decrease the farther the distance traveled by the seismic 
waves. Richter used these principles to develop a logarithmic 
scale (each unit of the scale 
corresponds to a 10-fold 
increase in shaking) which 
became known as the "Richter 
Scale". Although Richter's 
early work was only applicable 
to southern California, it 
served as the basis for modern 
magnitude scales.

Seismology from Space The sudden 
slip along a fault during an earthquake 
causes permanent deformation of the Earth's 
crust. This deformation can be measured 
from space by a technique called INSAR, or 
Interferometric Synthetic Aperture Radar. By comparing two radar images taken before and 
after the earthquake, it is possible to measure changes in the ground surface. This technique 
was used to produce a map (right) of crustal deformation following the October 16, 1999 
Hector Mine earthquake, a magnitude 7.1 event in the Mohave Desert of California.

July 28, 1976 The deadliest earthquake of the 20th
 

century struck the city of Tangshan, China on July 28, 
1976. The death toll lay in excess of 500,000. The 
industrial city was totally destroyed when a 150 km 
section of a strike-slip fault which runs through the 
city slipped more than 7 meters. 

1889, The First Teleseism 
The first time a seismogram was 
correlated with a distant earthquake 
was in 1889. The record shows a 
deep Japanese earthquake as 
recorded in Potsdam, Germany.

S S OA
Southern Arizona Seismic Observatory

Earth Velocity Structure
Using a very large number of 
earthquakes it is possible to map 
changes in velocity throughout 
the interior of the Earth, known as 
tomographic slices. These slices 
can show descending slabs and 
the upwelling of hot material.

Shake Map Real-time collection of 
seismic data allows for the construction 
of maps depicting shaking intensity 
within seconds of an Earthquake 
occurrence.  Shake Maps can highlight 
areas of expected damage and help 
provide rapid emergency response as is 
shown on the left  for the Hector Mine 
earthquake.

The History of Seismology
Robert Mallet Not only the inventor of the word seismology, 
Robert Mallet was considered the "first" seismologist. Born in 
Ireland, he was an engineer of considerable skill and his 
contributions to seismology mark the birth of the science. He 

constructed the first comprehensive 
earthquake catalog and world 
seismicity map. In the late 1840's 
Mallet used explosions to produce 
seismic waves and investigate the idea 
that seismic waves travel at different 
speeds in different rock types. 
Following the 1857 Neapolitan 
earthquake, Mallet traveled to Italy and 
using the orientation of cracks and 
fallen masonry produced an isoseismal 
map for the event. The map identified 
areas of similar intensities of shaking.

John Milne In 1875 a 25 year old mining engineer 
named John Milne was invited to become a professor of 
geology at the Imperial University of Tokyo. Milne 
organized a seismic survey of Japan and soon recognized 
the importance of improving the seismogram. Milne was a 

great promoter of instituting 
a world wide seismic 
network, designed several 
types of seismometers, and 
made the first accurate 
global travel time curve.

April 18, 1906 At the turn of the century San Francisco was a bustling port city 
with a population of 400,000. Early on the morning of April 18 a major 
earthquake occurred on the San Andreas Fault, and the "City by the Bay" was 
devastated. A nearly 400 km long section of the fault slipped with offsets as 
great as 8 meters. Many of the structures in the city were destroyed, but much 
of the damage was caused by the ensuing fires that burned out of control for 
days. The state of California set up a commission, headed by H.F. Reid and 
G.K. Gilbert, to study the earthquake and the resulting report laid out the 
theory of "elastic rebound" which forms the core of understanding 
earthquake cycles today. 

Lehmann: The Inner Core 
Inge Lehmann discovered the inner 
core, a zone of solid material at a 
depth of 5150 km in the early 
1930s.  Lehmann worked at the 
Copenhagen Observatory and 
carefully measured the arrival 
times of seismic phases from 
distant earthquakes. She noted that 
the only way to explain the core 
phases was to have a boundary 
within the core with an increase in 
velocity.  She hypothesized that the 
inner core was solid, which was 
later proved on the basis of free 
oscillations.

May 22, 1960 The largest earthquake in recorded 
history occurred in southern Chile in 1960. The 
earthquake, which had a magnitude of 9.5, ruptured 
a 1000 km section of the subduction zone where 
the Nazca plate descends beneath Chile. The event 
triggered a tsunami that not only devastated the 
coast of Chile, but killed 61 people in Hilo, Hawaii. 
The Hilo tsunami height was measured to be over 
10 meters. The Chilean earthquake was the first 
event to produce free oscillations of the Earth.  
Free oscillations are vibrations of the entire 
planet, and can be used to detail the structure of 
the Earth's deep interior.

1965: J. Tuzo Wilson and Transform Faults The 
spatial distribution of earthquakes was a fundamental in 
developing the theory of plate tectonics. J. Tuzo Wilson 
made a major contribution with the discovery of Transform 
Faults, which are shear faults with significant motion that 
are abruptly terminated by ridges or collision zones.

T. Wallace, A. Paquette, and M. Hall-Wallace
University of Arizona
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Design and illustration: Jason Mallett
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Exploring the Earth Using Seismology

Christel B. Hennet, IRIS Consortium;Lawrence W. Braile, Purdue University

WATCH EARTHQUAKES AS THEY OCCUR

At the IRIS website (www.iris.edu) you can monitor global seismicity in near real-time, view records of ground motion, visit 
seismic stations around the world, and learn more about earthquakes.

THE NORTHRIDGE EARTHQUAKE
In the early morning of January 17, 1994, a magnitude 6.7 earthquake changed the Northridge area east of Los Angeles forever. The quake left 51 people dead and 7,000 injured. It also caused over $20 billion in damage to buildings, highways and bridges. Although moderate in size, the Northridge earthquake was one of the costliest natural disasters in the United States.

The Northridge earthquake destroyed man-made structures and took lives, but it also helped build mountains. During the earthquake crustal material was moved 3 meters upward along a fault that ruptured 18km below the surface. On the surface, the Santa Susana Mountains north of Los Angeles 
rose by as much as 70 cm and 
moved almost instantaneously 
northwest by as much as 21 cm.

The damage incurred due tothe Northridge earthquake is over $20 billion.

HOW ARE EARTHQUAKES RECORDED?

Seismometer 
recording horizontal ground motion

Seismometer recording vertical 
ground motion

Temporary seismograph installment

Seismometers are installed in a sheltered location with good coupling to the ground

An important tool to study the Earth’s interior is the seismograph. The seismograph is an instrument that records ground motion, or seismic waves, generated by earthquakes. Seismographs can be installed permanently or temporarily. Temporary installments are used to answer scientific questions of geological interest such as here near the base of the Nangar Parbat 

massif in northeast Pakistan.
            Permanent installments are used to study the overall structure of the Earth’s interior. 

Seismographs used in permanent installments are deployed at fixed locations around the 

world. Modern seismographs record and amplify seismic waves electronically, and can detect 

ground motion as small as 0.00000001 cm (distances of the order of atomic spacing.)
            The principle by which a seismometer works can be thought of as a heavy mass freely 

attached to a frame fixed to the Earth. When seismic waves reach the seismometer, the frame 

moves along with the ground. The heavy mass inside the frame remains stationary because of its inertia. The relative motion between the frame and the mass is a measure the of ground motion.

P wave

Compressions

Dilatations

Undisturbed medium

S wave

Double amplitude
Wave length

Love wave

Rayleigh wave

SEISMIC WAVES
During an earthquake seismic
waves radiate outward in all directions. The waves that travel through the interior of the Earth are called body waves, while those that travel along the surface are called surface waves.

            There are two main types of body waves: compressional waves (also called P waves) and shear waves (also called S waves). P waves travel by compressing and dilating the material through which they propagate. S waves travel by particles  trying to slide past each

other similar to when one shakes a rope up and down or from side to side. P waves can travel through solid and fluid materials, S waves can only travel through solids. P waves travel faster than S waves.           Surface waves are confined to the surface of the Earth. In one kind of surface wave (called Rayleigh wave), the particle motion is elliptical. In another kind of surface wave (called Love wave), the particle motion is sideways. Surface waves travel slower than P waves and S waves.

Design and illustration: Keaton Drew Design

Introduction
Earthquakes are a constant reminder that we are living on the rigid crust of 
a cooling planet.  By studying rocks near the surface of the Earth, 
geologists can infer the Earth’s interior structure to about 100 km depth.  
But what lies below? By analyzing the ground motion created by large 
earthquakes around the world, seismologists can explore the Earth's 
interior to its very center.

The Earth
The schematic on the left shows the basic structure of Earth's interior.  Energy released by earthquakes creates seismic 

waves which travel through the Earth and are reflected and refracted at boundaries that separate regions of different 

materials. Shown here are the paths for seismic waves from the 1994 Northridge earthquake that were recorded at 

seismic stations around the world. Seismic station locations are marked as triangles and some are labeled with their 

station codes. Seismograms for these seismic stations are shown on the right.

The Seismogram SectionBelow, each horizontal trace shows the arrival of seismic waves from the Northridge earthquake.  The traces 

are the actual ground motion recorded at the seismic stations shown on the Earth.  Some traces are labeled 

with the location of the seismic station at which they were recorded.  The direct ray paths for P, S and 

Surface waves are shown in green.  Seismologists compare the arrival times and amplitudes of seismic 

waves from many stations to infer the seismic velocity and hence the structure of Earth’s deep interior.

HOW OFTEN DO EARTHQUAKES OCCUR?Large earthquakes occur about once a year. Smaller earthquakes such as magnitude 2 earthquakes, 

occur several hundred times a day. To create a mountain system might take several million medium 

size earthquakes over tens of millions of years.           We describe the size of an earthquake using the extended Richter Magnitude scale, shown on 

the left hand side of the figure. The larger the number, the bigger the earthquake. The scale on the 

right hand side of the figure represents the amount of high explosives required to produce the energy 

released by the earthquake.
           The 1994 earthquake in Northridge, California, for example, was about magnitude 6.7. 

Earthquakes this size occur about 20 times each year worldwide. Although the Northridge 

earthquake is considered moderate in size, it caused over $20 billion in damage. The earthquake 

released energy equivalent to almost 2 billion kilograms of explosives, about 100 times the amount 

of energy that was released by the atomic bomb that destroyed the city of Hiroshima during World 

War II.
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IRIS is a university research consortium dedicated to monitoring the 

Earth and exploring its interior through the collection and distribution of 

geophysical data.  IRIS programs are conducted in partnership with the 

US Geological Survey, and are supported by the National Science 
Foundation and other federal agencies, universities, and private 
foundations.
    Copies of this poster can be obtained from; the IRIS Consortium, 1200 

New York Ave., NW, Suite 800, Washington, DC 20008 (202) 
682-2220.
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The Global Seimographic Network is an international scientific program to monitor the 

Earth and explore it’s interior. Data from the network are used for scholarly research, 
education, earthquake hazard mitigation, and to verify compliance with the 
Comprehensive Test Ban Treaty.

GLOBAL SEISMOGRAPHIC NETWORK

WHERE DO EARTHQUAKES HAPPEN?

Earth’s outer surface, the Earth’s crust, is broken into what geologists call tectonic 
plates. These plates move under, over, or slide past each other. The plates are driven by 

hot mantle materials that convect. The relative motion of plates is associated with 
earthquakes. Most earthquakes occur along the edges of large plates. The arrows on the 

map above indicate how fast the plates are moving in millimeters per year.
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Obninsk, Russia (OBN)

Charters Towers, Australia (CTAO)Palmer Station, Antarctica (PMSA)
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Seismic stations close to the earthquake record strong P, S and Surface waves in quick succession just after the earthquake occurred.

The sharply decreasing P and S wave amplitudes seen at 

stations beyond about 100 (1,100 km) from the earthquake 

indicate the existence of the Earth’s outer core.

Although P waves travel through the outer core (PKP waves), S waves do not. Because liquids 

cannot support shear motion, the absence of S waves traveling through the outer core 

indicates that the outer core is flu
id.

INNER
CORE
composed mostlyof solid iron,P wave velocitiesaround 11 km/s,S wave velocitiesaround 3.5 km/s

OUTER
CORE
composed mostly ofliquid iron, P wavevelocities increase from8 km/s to 10 km/s,S wave velocity is0 km/s (no S waves)

MANTLEcomposed of magnesium-ironsilicate material, P wavevelocities increase from 8 km/sto 13 km/s, S wave velocitiesincrease from 4.5 km/s to 7 km/s

CRUST
composed of mostlygranitic and basalticrock, extends from Earth's surface toabout 50 km depth,P wave velocitiesincrease from6 km/s to

8 km/s, S wavevelocities increasefrom 3.5 km/s to 4.5  km/s
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Seismographs in Schools

	  
Posters

   Ground Motion 
Visualizations

   

Serving teachers across the country and around the 
world using seismic instruments or real-time seismic 
data in the classroom. We offer classroom activities, 
technical support, and tools to share seismic data.

https://www.iris.edu/hq/sis

Data visualizations demonstrate 
how seismic waves travel. Watch the 
ground motions from earthquakes 
sweep across the USArray network!

https://www.iris.edu/hq/programs/
epo/visualizations

Explore the interface between seismology and 
pedagogy in our standards-driven workshops 
led by seismologists and science educators!

https://www.iris.edu/hq/programs/epo/
professional_development

More than just wallpaper, these eye-
catching, educative posters invite 
students to become minds-on with 
Earth’s internal structure, earthquakes, 
seismic waves and more!

https://www.iris.edu/hq/inclass/
search#type=6

Select from over 100 animations 
ranging from novice to advanced 
levels to help teach Earth science 
fundamentals from plate tectonics 
to seismic-wave propagation.

https://www.iris.edu/hq/inclass/
search#type=1

  Animations

   Station Monitor
See if the ground has moved at a station near 
you or select a station operating elsewhere in 
the world. View seismic recordings from today 
or yesterday. Available FREE from the Apple or 
Google Play Stores or online. 

https://www.iris.edu/app/station_monitor

	  
Professional Development
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