
Earth and Space Sciences

Earthquakes: Do we 
ever cause them?

This lesson is about earthquakes and whether human activities can trigger 
them. 

You will explore:

• What is an earthquake?

• What causes the damage?

• What causes an earthquake?

• Can human activities cause a earthquake?

Make sure to hold on tight and brace for tremors as you step through this 
lesson.

This is a print version of an interactive online lesson. 
To sign up for the real thing or for curriculum details 
about the lesson go to www.cosmosforschools.com



Introduction: Earthquakes (P1)

Have you ever felt an earthquake? They happen when there is a sudden release of energy in the Earth’s crust. They have lots of
natural causes, but scientists are just discovering that some of the things people do can set them off, too.

That might sound a little hard to believe. We’ve all felt the ground shake under our feet when a train goes past, or a heavy truck
rushes down a highway, but that is very different from a real earthquake, which can bring buildings crashing down and kill
thousands of people.

The latest research by scientists, though, shows that mining, building dams and drilling for gas in certain ways can all cause real
earthquakes.

What they have discovered, is that all of these activities can change the forces on faults – the fractures, like long cracks, between
two pieces of rock. Because of the fault, the rocks move if there is more force on one side of the fault than the other. And when the
rock moves, the earth above it moves too, which causes the earthquake.

With mining, we dig rocks out of the ground. That can make the ground above one side of a fault lighter, so the rock on that side
can move up.

When we fill a dam with water, it makes the ground much heavier and so the rock on one side of fault can move down.

And when we drill for gas with a process that is sometimes called “fracking”, we force water down into the ground to squeeze the
gas to the surface. That can change the balance between the two sides of a fault line and cause an earthquake.

But the good news is that the scientists who study faults and earthquakes, who are called seismologists, can work out where faults
are and warn people against drilling or building mines and dams there.

Read or listen to the full Cosmos  magazine article here.



When an earthquake is strong enough it can tear down buildings and rip through roads. Credits: iStock

Question 1

Brainstorm: Use the tool below to create a mind map about everything that you already know about earthquakes.

Earthquakes

Tectonic plates



Gather: Earthquakes (P1)

An earthquake occurs when two blocks of the Earth's crust suddenly slip past each other. The shock or seismic waves from this
event travel around and through the Earth.  They can make the ground shake, in what is called a tremor.  Tremors can be
devastating, and can lead to building damage and loss of life.

The blocks can slip in different ways. Two ways, a normal and a strike-slip, are shown in the videos below.

What is an Earthquake?

Credit: IRIS EPO / YouTube.
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Credit: IRIS EPO / YouTube.
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Question 1

Identify: Examine each of the pictures below and decide if the earthquake was a normal or a strike-slip. Label each picture
accordingly.

Earthquakes occur all over the Earth.  The Incorporated Research Institutions for Seismology help to monitor these tremors and
have developed a special monitor that shows where earthquakes are occurring around the world and their magnitudes. Explore the
monitor here before continuing.

Question 2

Spot: Looking at the circles on the world map, the earthquakes are more common in some places.  Name three of these places.

Question 3

Count: How many earthquakes have occurred today? 

The strong lines of pink dots on the map are evidence that the Earth's surface is made up of plates that are slowing moving, creating
earthquakes as the edges of the plates push against each other. 



Question 4

Search: How many plates can you find?

When the blocks of the Earth suddenly slip, they send vibrations, called seismic waves through and around the Earth, sometimes
causing damage to buildings.  These waves can be detected on a seismograph as a wiggly line as the vibration passes through.  The
bigger the earthquake, the larger the vibration and the bigger the wiggly line.

The size or amplitude of the wiggle gives each earthquake a rating on what is called the Richter Scale.

How do you compare earthquakes?

Question 5

Record: Click on, or just move the cursor over, the largest five earthquakes on the world map and record its location and magnitude
on the Richter Scale, often just called 'magnitude' in the table below.

Location Magnitude

The range of vibrations produced by earthquakes was so large that Charles Richter chose to use a scale called a logarithmic scale,
which reduces a large variation down to a more manageable set of numbers from 1 to 9.

Each increase by 1 in the Richter scale, e.g. from 3 to 4 or 6 to 7 means the amplitude of the vibration increases by a factor of 10
and the amount of energy released increases by a factor of about 30.

Question 6

Calculate: Use the rules above to find the missing numbers in the table below.

Richter
Magnitu

de

Compared to an earthquake of magnitude
3, the amplitude of vibration is

Compared to an earthquake of
magnitude 3, the energy released is

Number per year
(approximate)

4 10 times larger 30 times larger 10,000

5 100 times larger 900 times larger 1,000

6 27,000 times larger 100

7 10,000 times larger 10

8 24,300,000 times larger 1

9 1,000,000 times larger 1 in 10 years



The brightness of stars

The loudness of sound measured in decibels

Acidity measured in pH

Pitch of musical notes, doubling each octave

F-stops on a camera.

The Richter Scale does not tell you what each magnitude of earthquake would feel like.  Another scale, called the Mercalli Scale,
does.  The Mercalli Scale describes what you feel, what you observe and the damage caused.

For example, for a magnitude 8 to 9 earthquake, it says "Total destruction – everything is destroyed.  Lines of sight and level
distorted.  Objects thrown into the air.  The ground moves in waves or ripples. Large amounts of rock move position.  Landscape
altered, or levelled by several metres.  Even the routes of rivers can be changed."

Question 7

Research: Check the Cosmos article to find the magnitude of the Newcastle earthquake in 1989.  Now look up 'Mercalli Scale' in
Wikipedia.  Down the page you will see a table of descriptions  of earthquakes of different magnitudes.  Summarise the key points
of what the people in Newcastle are likely to have experienced.

Some other physical measurements use this type of scale.  These include:



Process: Earthquakes (P1)

Credit: iStock

It has been mentioned that the seismic waves produced when blocks of the Earth's crust slip past each other, travel both through
and around the Earth.  This suggests different types of seismic waves.  In fact there are three types of seismic waves.  Each travels at
a different speed and has a different impact.

What causes the damage?

Name Speed Where they travel Action Type of wave and other examples

P wave Fastest (about 10
km/s)

Through the solid and liquid
interior of the Earth

Push - Pull Longitudinal
 e.g. Sound waves

S wave Slower (about 5
km/s)

Only through the solid, but not
the liquid, interior of the Earth

Side to Side Transverse.
e.g. Light, Mexican wave, pulse on a
string

Surface wave Slowest (about 4
km/s)

Along the surface Rolling as ocean wave Rayleigh Waves.
e.g. Water waves



Question 1

Label: The seismograph below shows three distinct sections. Use the relative speed values from the table above to label the figure
below with 'P', 'S' and 'Surface'.

Question 2

Deduce: The amount of damage depends on the amplitude of the wave.  Based on your answer to the previous question, which
wave do you think does the most damage?

Question 3

Think: The Earth has a liquid core at its centre.  How could the study of earthquakes be useful in determining the interior structure
of the Earth? 



Credits: IRIS IPO / YouTube.

Loading

Question 4

Observe: The video above shows the effect of P, S and Surface waves on four houses: a pink one sitting on rock, a white one on
sediment, a yellow one on sand covered with soil and an orange one on sand.

Play the video again and watch what happens to each house as each wave passes underneath it.  Now complete the table below
describing how each house moves as each wave passes through and what damage is caused.

House P wave S wave Surface wave

Movement Damage Movement Damage Movement Damage

Pink

White

Yellow

Orange

Question 5

Calculate: The Earth's radius is approximately 6400 km. Calculate the distance to the other side of the Earth along the surface, that 
is, half the Earth's circumference.  Then calculate the speed of a surface wave that takes 80 minutes to get from one side of the
Earth to the other. Write your answer in metres per second.



Install the app then place your device on a table and produce a 
vibration by banging the table, jumping on the floor or carefully 
dropping a heavy object nearby. Observe the display.

Credit: iStock

Question 6

 Write up a plan for an experiment to do at home with your device using iSeismometer.

Now it's time for you to record your own seismograph!
Download the free app, iSeismometer, onto your iPhone, iPad or
android device.



Apply: Earthquakes (P2)

Can human activities cause a earthquake?

A hydraulic fracturing natural gas drilling rig in the eastern Colorado plains. Credit: Ed Darack / Getty Images.

The article includes a map of the earth showing earthquakes that may have been triggered by human activities.

Question 1

Examine the map below left. How many earthquakes are linked to each of the following?

Dams

Fluid injection

Gas/oil extraction

Mining



Question 2

Which of these possible causes are not linked to any large earthquakes?

Examine the diagram of how human activities might cause earthquakes (above right). 

There are three sections to the diagram:

1. adding mass

2. removing mass

3. fluid injection

The next two questions use this diagram.

Question 3

In the "Adding mass" section, the extra water in the dam will change one of the arrows.  Is it the left arrow or the right? and will the
force of that arrow be increased or decreased?

Question 4

In the "Removing mass" section, digging the coal out of the ground will change one of the arrows.  Is it the left arrow or the
right and will the force of that arrow be increased or decreased? 



1. Earthquakes occur in the middle of continents.

2. There are 92 earthquakes linked to human activities.

3. A magnitude 7.9 earthquake occurred near Zipingu Dam in China in 2008.

4. The number of earthquakes in mid continent US increased from 21 per year in 2001 to 188 per year.

5. Half of the mid continent US earthquakes greater than 4.5 occurred near fracking sites.

6. The Swiss stopped geothermal energy exploration under Basel due to magnitude three earthquakes.

7. The Rangely oil field where seismic activity could be turned on and off by varying the pressure of the liquid injected.

Consider how important each of the above statements is and answer these two questions.

Question 5

Which one do you think is the most convincing evidence and why?

Question 6

Which one do you think is the least convincing evidence and why?

In early 2007, it was reported on the ABC News website that Dr Christian Klose, who is mentioned in the Cosmos article, suggested
that mining may have triggered the Newcastle earthquake.  Later that day ABC News quoted Dr David Denholm, the former head of
Geosciences Australia's earthquake monitoring group, saying that the mining was too far from the earthquake centre to be the
cause.

You can read the full article here.

Question 7

Do you think earthquake events since 2007 now make a stronger case for the Newcastle earthquake being triggered by human
activity? Justify your response.

The Cosmos article makes several points on the link between human activities and earthquakes.  These could be summarised as:



Career: Earthquakes (P2)

Christian Klose is a senior research scientist at Think Geohazards who studies natural hazards and the impacts they have
on humans.

The first earthquake Christian ever felt happened in 1989, when
he was just 14 years old. At the time, he had been preparing
some anti-communist flyers in East Germany, where he grew up.
The Völkershausen earthquake, as it became known, was
triggered by a mining explosion in central Germany. It was more
intense than the Newcastle earthquake in New South Wales,
Australia that happened that same year.

Christian knows that humans suffer a lot due to natural causes.
But he also knows that education is very important when it
comes to protecting people against natural hazards. In fact,
educating people can save more lives than any amount of
money a society directly spend. So Christian studied Earth
Sciences to understand these natural hazards and their risks,
and how they impact societies, economies, and the environment
too.

He has travelled all over the world, researching everything from
earthquakes to storms, floods, heat waves and volcanoes in
places like Switzerland, Canada, Japan, and the US. Christian
now lives in New York, where he works as a research scientist.
His research helps societies improve their relationships with the
natural systems around them. Christian finds that his work is
most exciting not just when his research leads to new
discoveries, but when he sees these discoveries being used to
help people protect and support themselves.

When he isn’t travelling and examining natural disasters around
the world, Christian enjoys spending time with his family and
playing the flute.

Question 1

Choose: If you had to choose between studying the effects of storms, floods, heat waves or volcanoes on humans, which would you
choose and why?
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