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Curriculum & Resources

 Activities developed for K-12, 
undergraduate and graduate classrooms 
clarify basic  seismologic concepts

 Interactive 
software 
promotes the 
successful 
use of 
seismographs 
and seismic 
data in the 
classroom

 Posters and information sheets  
provide fundamentals 
of seismology

Teachable Moments
 Produced 

within 
24 hours 
of large 
earthquakes

 Integrated 
classroom- 
ready 
presentations to describe nature and 
science of the earthquake, including 
human impact and regional hazards

 Customizable for students’ backgrounds

 Available in English and Spanish

Public Displays
 Active Earth Display - designed for visitor 

centers, small museums, universities, 
schools

 Customizable Earth science content 
highlighting real-time data

 Permanent and traveling displays 
available for large museums

Animations, Visualizations  
& Videos
 Explore complex 

Earth science 
processes 
through narrated 
animations and 
video lectures

 USArray 
Visualizations  
show how the 
ground moves 
as seismic waves 
sweep across about 
400 earthquake 
recording stations 
in EarthScope’s 
Transportable Array

 Over 100 animations and visualizations 
available online

Internship Program
 Summer program for undergraduate 

students

 Conduct exciting research with state-
of-the-art 
geophysical data 
and leading 
researchers at 
IRIS institutions

 Learn, use, 
and evaluate 
technologies for 
the collection 
and study of 
geophysical data

When scientists Want to knoW more  about 

the rocks in a mountain range, they go there. They peer 

at the minerals that make up the rocks, they examine the 

weights, colors, and textures of the rocks, and sometimes 

they even taste the rocks. When scientists want to know 

more about the rocks deep inside the Earth, they must 

use other methods because they can’t observe the rocks 

directly with their senses.

Then, how can we explore the rocks that make up the 

deep Earth? Scientists have drilled holes into Earth’s 

crust, but so far, the drill bit has not penetrated the 

mantle. Buses can’t take us on a field trip through Earth’s 

layers to scout the rock, so we must infer its composition. 

Scientists can infer what types of rocks make up the deep 

Earth from earthquake recordings.

e a r t h s c o pe  e d u c at i o n  a n d  o u t r e ac h

seismic tomography
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Using a technique called seismic tomography, scientists 

decode the information contained in seismograms’ 

squiggles to develop images of individual slices through 

the deep Earth. These images are used to understand not 

only the composition of Earth’s interior, but also to help 

explain geologic mysteries, like how the Sierra Nevada 

mountains formed and why there has been so much 

volcanism in eastern Oregon.

This actual seismic tomography  

image shows a cross section of  

the crust and mantle underneath  

North America. 1  Blue and green 

shades mean colder and stiffer rock 

and 2  red shades mean warmer and 

weaker regions. Scientists think that 

3  the green diagonal shape and the 

green and blue above it and to the west are 

the remnants of an old tectonic plate that 

has been subducted underneath the North 

American plate. It was ocean seafloor off the 

coast of California more than 30 million years 

ago. This plate is responsible for the formation of mountains and ancient volcanoes across 

much of the western United States. The image shows that now the remnants of the plate are 

still sliding to the east and sinking further into the mantle. Currently, the bottom of the plate 

is deep under the East Coast and the Atlantic Ocean. 

1

2

3

View an animation of seismic tomography at 

http://www.ir is .edu/about/ENO/aotw/archive/7

Image courtesy of 
Suzan van der Lee 
and Steve Grand.
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Earthquakes create seismic waves that travel through the Earth. By analyzing these seismic waves, seis-
mologists can explore the Earth’s deep interior.

On January 17, 1994 a magnitude 6.9 earthquake near Northridge, California released energy equivalent 
to almost 2 billion kilograms of high explosive. The earthquake killed 51 people, caused over $20 billion 
in damage, and raised the Santa Susana Mountains north of Los Angeles by 70 centimeters. It also created 
seismic waves that ricocheted throughout the Earth’s interior and were recorded at geophysical observato-
ries around the world. The paths of some of those seismic waves and the ground motion that they caused 
are shown below.

On the right, the horizontal traces of ground motion (seismograms recorded at various locations around 
the world) show the arrival of the different seismic waves. Although the seismic waves are generated 
together, they travel at different speeds. Shear waves (S waves), for example, travel through the Earth 

at approximately one-half the speed of compressional waves (P waves). Stations close to the earthquake 
record strong P, S and Surface waves in quick succession just after the earthquake occurred. Stations farther 
away record the arrival of these waves after a few minutes, and the times between the arrivals are greater.

At about 100 degrees distance from the earthquake, the travel paths of the P and S waves start to touch 
the edge of the Earth’s outer core. Beyond this distance, the first arriving wave — the P wave — decreases 
in size and then disappears. P waves that travel through the outer core are called the PKP waves. They 
start to appear beyond 140 degrees. The distance between 100 and 140 degrees is often referred to as the 
“shadow zone”. 

We do not see shear (S) waves passing through the outer core. Because liquids can not be sheared, we 
infer that the outer core is molten. We do, however, see waves that travel through the outer core as P waves, 
and then transform into S waves as they go through the inner core. Because the inner core does transmit 
shear energy, we assume it is solid.

A poster version (100 by 70 cm) of this figure is available from the IRIS Consortium.

Education and Outreach Series No. 5

IRIS is a university 
research consortium 
dedicated to monitor-
ing the Earth and 
exploring its interior 
through the collection 
and distribution of 
geophysical data.

IRIS programs con-
tribute to scholarly 
research, education, 
earthquake hazard 
mitigation, and the 
verification of the 
Comprehensive Test 
Ban Treaty.

Support for IRIS comes 
from the National 
Science Foundation, 
other federal agencies, 
universities, and pri-
vate foundations.

This figure was pro-
duced in cooperation 
with the US Geological 
Survey, and Purdue 
University.
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Exploring the Earth Using Seismology


