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Earthquakes and Tsunamis?
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Red                                                                          Module N Science Inquiry 



Learning Intentions
· Investigatie major geological events such as earthquakes, volcanic eruptions and tsunamis in Australia, the Asia region and throughout the world

· Learn how people measure significant geological events

· Recognise that scientific understanding can assist in natural disaster management to minimise both long- and short-term effects


Material you will need for Module N:
Plasticine, wooden skewers, cardboard or stiff paper, sticky tape, pen, several wooden blocks or items that may be used to represent buildings, camera, coloured pencils or markers (a red, a yellow and a green)

CONTENT DESCRIPTIONS FOR SCIENCE
(Australian Curriculum and Reporting Authority)
	Science  Understanding (Earth and Space Sciences)
Sudden geological changes or extreme weather conditions can affect Earth’s surface (VCSSU079)

	Science  Understanding (Science and human endeavour)
Scientific understandings, discoveries and inventions are used to inform personal and community decisions and to solve problems that directly affect people’s lives (VCSSU073)

	Science Inquiry Skills
Questioning and predicting
· With guidance, pose questions to clarify practical problems or inform a scientific investigation, and predict what the findings of an investigation might be based on previous experiences or general rules (VCSIS082)
Planning and conducting
· With guidance, plan appropriate investigation types to answer questions or solve problems and use equipment, technologies and materials safely, identifying potential risks (VCSIS083)
· Decide which variables should be changed, measured and controlled in fair tests and accurately observe, measure and record data (VCSIS084)
Recording and processing 
· Construct and use a range of representations, including tables and graphs, to record, represent and describe observations, patterns or relationships in data (VCSIS085)
Analysing and evaluating
· Compare data with predictions and use as evidence in developing explanations (VCSIS086)
· Suggest improvements to the methods used to investigate a question or solve a problem (VCSIS087)
Communicating
Communicate ideas and processes using evidence to develop explanations of events and phenomena and to identify simple cause-and-effect relationships (VCSIS088)





TECTONIC PLATE THEORY


[image: http://t1.gstatic.com/images?q=tbn:ANd9GcQ7sH1RiLzmsC6uDX3Od9_ue7q2zucApoPp4bLxPQw-see-OqPxnQ]
[image: ]  Read the following information

The earth’s surface is not in one piece therefore it is unstable. The Earth is made up of several large pieces that float on a semi solid and fluid layer below. The Earth is a bit like a hard-boiled egg that has been cracked, but the shell pieces are still in position. These pieces are called tectonic plates.

[image: C:\Users\vsideris\Desktop\untitled.png]



What is an earthquake?
Rocks are not smooth, so when tectonic plates slide against each other they can lock together. These locked tectonic plates are still under pressure to move, so pressure (force from below) due to the currents in the flowing hot ‘asthenosphere’ (a layer of about 80 – 200 kms below) builds up beneath the plates. Cab you see the asthenosphere in the picture below?
[image: ]
The pressure continues to build up until the system cannot store any more energy. The stored energy is released suddenly and tectonic plates move, break, rebound or buckle, and produce heat. Some of the energy is released in the form of seismic waves (movement in the ground that travels in all directions through the Earth).
When these seismic waves reach the surface of the Earth, everything shakes. The point at which the earthquake starts is called the ‘epicentre’.

Watch the clickview video on earthquakes here: https://clickv.ie/w/UTam 


What is a Tsunami?
Diagram 8. The diagram below shows the steps that lead to the formation of a tsunami following an earthquake 

Step 1[image: Tectonic plate boundary before earthquake.]
Step 2[image: Overriding plate bulges under strain, causing tectonic uplift.] 
Step 3[image: Plate slips, causing subsidence and releasing energy into water.]
Step 4[image: The energy released produces tsunami waves.]

The following Clickview video outlines how a Tsunami works. Access this video here: https://clickv.ie/w/ITam

[image: Description: MCj04247880000[1]]                                     [image: Description: MCj02921160000[1]]
Activity 1		MODELLING TECTONIC PLATE MOVEMENT
Scientists use models to help them represent and observe scientific ideas.

Use plasticine to model the effects of an earthquake on buildings.
An example of how your model might look is shown below:

[image: ] [image: ]
Materials needed:
Plasticine, wooden skewers, cardboard or stiff paper, sticky tape, pen, several wooden blocks or items that may be used to represent buildings, camera.
You can make you own play dough recipe:
	Ingredients
· 2 cups plain flour 
· 1 cup salt 
· 1 tablespoon boil 
· 1 cup cold water 
· 2 drops liquid food colouring (optional.)
	Method
STEP 1:  Combine plain flour and salt 
STEP 2:  Add water, food colouring and oil. Mix until ingredients are combined. 
STEP 3:  Knead well. 
STEP 4:  If consistency is too wet add a little plain flour. 




What to do:
Use plasticine (or the play dough you made) to create a representation of tectonic plate movement. 

1. Use the play dough / plasticine to create a model to show each of  tectonic plate movements .
Add captions, using cardboard on toothpicks, to name and describe your understanding of how each plate moves and what happens at the plate boundary during this movement.

Label which type of movement you are representing.

2. Place objects on top of the areas where two plates join (fault lines) to represent buildings over a fault line. What happens to these when the plates moves? How would you represent the effect of an earthquake using your clay model?
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………
As you simulate an earthquake, take photos of your model to show the effects of an earthquake.

How does tectonic plate movement is likely to create a tsunami?

……………………………………………………………………………………………………………………………
The 
[image: http://creativethinkers.edublogs.org/files/2010/08/transformreal.png]

3. What do you think the students in this photo are modelling? 

……………………………………………………………………………………………………………………………


4. OPTIONAL ACTIVITY
Create a video, photo sequence, Claymation or animation of what happens in a tsunami or earthquake. 

Use audio or captions to describe each plate movement, its effect on the Earth’s surface and how this might cause earthquakes.



AUSTRALIAN GEOLOGY[image: http://www.steveparish.com.au/blog/_sp/wp-content/uploads/2011/11/43892.jpg]
Uluru-Kata Tjuta national park in the Northern Territory


[image: ] Read the following information
Australia sits in the middle of the Australian-Indian tectonic plate. See the diagram below:
[image: Earth's tectonic plates]
Diagram 11: The map above map shows that Australia is in the middle of the Australian-Indian Plate.

Despite Australia's seemingly low-risk situation in the middle of one of earth's larger tectonic plates, we also have experienced earthquakes. 
The Australian Geological Survey Organisation in Canberra estimates that on average, the Australian region experiences a significant earthquake every 13-15 months.
Most of the earthquakes have been in low populated areas, so for many years people thought Australia could not be affected by this natural disaster. 
Due to Australia's geological position, we are prone to what seismologists call 'intra-plate' earthquakes. These occur as pressure can sometimes build up under a tectonic plate. These intra-plate earthquakes are different to the more familiar plate-margin earthquakes, common in areas like California, USA, and Japan as they are not as intense because they do not occur on a fault line. Lucky for us!

Monitoring earthquake and tsunami activity
The Richter Scale
Below is a table of the Richter Scale which is a numbering system we use that rates the strength of an earthquake from less than 2 to greater than 10.
http://tinyurl.com/decvsci15
or
https://www.youtube.com/watch?v=1qbg7orb1lc

	Magnitude 
	Description 
	Effects of the Earthquakes 
	Occurrence Frequency

	Less than 2.0 
	Micro 
	The earthquake is not felt.

	Approximately, 8000 per day

	2.0 to 2.9 
	Minor 
	Normally not felt, but recorded by instruments (seismograph).

	Approximately 1000 per day

	3.0 to 3.9 
	Minor 
	Normally felt, but rarely any damage.

	Approximately 49,000 per year

	4.0 to 4.9 
	Light 
	Often felt indoor, with shaking of indoor items and rattling noises. 

	Significant damage is not caused Approximately 6200 per year

	5.0 to 5.9 
	Moderate 
	Major damage can be caused to poorly constructed buildings and little damage to well constructed buildings.

	Approximately 800 per year

	6.0 to 6.9 
	Strong 
	It can be very destructive in areas as far as 160 kilometres from the epicentre in populated areas.
 
	Approximately 120 per year

	7.0 to 7.9 
	Major 
	It is known to cause severe damage over larger areas.

	Approximately 18 per year

	8.0 to 8.9 
	Great 
	It can cause severe damage in several hundred kilometres.

	Approximately 1 per year

	9.0 to 9.9 
	Great 
	Devastating in areas for several thousands of kilometres .

	Approximately 1 per 20 years

	10.0 + 
	Epic 
	Has never been recorded. 
	Extremely low and cannot be estimated


[image: ]

Geoscience Australia and the Joint Australian Tsunami Warning Centre (JATWC)

As part of the Joint Australian Tsunami Warning Centre (JATWC), Geoscience Australia's seismologists have the responsibility to analyse and report on earthquakes that have the potential to generate a tsunami within 15 minutes of the earthquake occurring. (A seismologist is a person who studies earthquakes.)
Once an earthquake is detected, an earthquake alert is then sent to Geoscience Australia's partner in the JATWC, the Australian Bureau of Meteorology, to determine tsunami advice and publish tsunami bulletins. The earthquake information is also catalogued and published on the Geoscience Australia website.
Geoscience Australia monitors, analyses and reports on earthquakes within Australia and internationally. This is done on a daily basis by Duty Seismologists for the purposes of tsunami warning as part of the Australian Tsunami Warning System. They also alert the Australian Government, State and Territory Governments and the general public of earthquakes in Australia and overseas.

Earthquakes that can be located in Australia are catalogued and published on the Geoscience Australia website. The analysis includes the origin time and date of the earthquake. 

Earthquakes outside Australia, but within our region, are published only for earthquakes with a magnitude of 5 or greater. Earthquakes occurring anywhere internationally with a magnitude of 6 or greater are also catalogued and published on the Geoscience Australia website.

Case studies of earthquakes in Australia

Here is a list of some of the major earthquakes to have occurred in Australia in recent times:
[bookmark: _Toc381780058]August 1994, Ellalong, New South Wales
A damaging earthquake affected the Hunter region of New South Wales, this time in the Ellalong-Cessnock area. Measuring 5.4 on the Richter Scale, it became our third most damaging earthquake. Several homes, hotels and other buildings were severely damaged and up to 1000 homes were partly damaged. Infrastructure, (buildings, tansport etc) commercial and industrial losses also occurred. Insurance payouts were $38 million and total damage costs exceeded $150 million (1997 values).
[bookmark: _Toc381780059]

28 December 1989, Newcastle, New South Wales
At 10.27 am, Newcastle, Australia's sixth largest city, was struck by a moderate earthquake measuring 5.6 on the Richter Scale. Thirteen people died in this earthquake. It was the first time deaths in an earthquake were recorded in Australia.
The devastation to buildings and other structures was extensive, which was unusual for a relatively small magnitude earthquake. The extensive damage was due to an underlying, thin layer of alluvium in the Earth’s surface. (Alluvium is a deposit of clay, silt, sand, and gravel left by flowing streams in a river valley.) This underlying geographical seemed to worsen the effects of the earthquake.  The epicentre was located 15 km west south-west of the city centre, near Boolaroo.
[image: ]http://www.ga.gov.au/scientific-topics/hazards/earthquake/basics/gallery
[bookmark: _Toc381780060]

22 January 1988, Tennant Creek, Northern Territory
Significant earthquakes of magnitudes 6.3, 6.4 and 6.8 occurred near Tennant Creek in the Northern Territory. These resulted in large, long cracks on the ground and a 35 km fault (up to 2 m displacement) which warped underground gas pipelines, but caused only minor damage to the hospital and some homes in the town. 
[bookmark: _Toc381780061][image: ttp://ears.iris.washington.edu/waveforms.png?rf=588558&window=120&H=48.75&vpvs=1.72]This is a seismograph (showing the measurements for the movements of the earth before and during the quake,) for an earthquake in Tennant Creek on 19 September, 2013.
http://ears.iris.washington.edu/stationEvent.html?rf=588558&gaussian=2.5&H=48.75&vpvs=1.72

October 1968, Meckering, Western Australia
One of the more serious Australian earthquakes in recent years occurred at the small town of Meckering. Residents reported seeing ground waves and experienced difficulty driving when the 6.9 magnitude earthquake struck. Old buildings collapsed, railway lines were buckled and pipelines fractured, and a 37 km long fault scarp (up to 2.5 m high) was caused. Sixteen injuries were reported and the total cost of damage estimated $50 million.
[image: ]http://www.ga.gov.au/scientific-topics/hazards/earthquake/basics/gallery
[bookmark: _Toc381780062]1 March 1954, Adelaide, South Australia
On 1 March 1954, an earthquake struck Adelaide, followed by shaking severe enough to crack walls and loosen plaster and chimneys from many houses. Although minor compared to many international quakes, the Adelaide earthquake was, at magnitude 5.4, severe enough to cause damage estimated at $350 million (1997 values). No serious injuries were reported.
         Activity 2			Data analysis
MEASURING THE STRENGTH OF AN EARTHQUAKE USING THE RICHTER SCALE
Data tables and Column graphs

The graph and data table (next page) show the magnitude of earthquakes in Australian states and territories between October 2008 and November 2008. The data (in categories) in Table A is also represented as a column graph (Graph A).

The name of the state in which earthquake occurred is on the horizontal axis, while the magnitude of the earthquake is on the vertical axis.



Study this data. Discuss your ideas with your supervisor.

[image: ]

You will need a red, a yellow and a green colouring pencil or marker to respond to the following questions:
By referring to the Richter Scale (page 23), 
1.  Use RED to color the earthquakes in Table A that can be described as “minor” .
2. Use YELLOW to color the earthquakes in Table A that can be described as “light”. 
3. Use GREEN to color the earthquakes in Table A that can be described as “micro”. 

4. What magnitude on the Richter Scale does an earthquake need to be before it can be described as “moderate”?
………………………………….

Label each earthquake on Page 30 from 1 - 15. Use these numbers to answer the questions below:
5. Which earthquakes can be described as “moderate”?

………………………………..……….

6. Graph A. 

Which state had the two strongest earthquakes?
…………………………………….…………….

How would you describe an earthquake that is a four on the Richter Scale?

………………………………….……………….

Which earthquakes had a magnitude of 4 or more on the Richter Scale?

……………..……………………………….

[image: Description: MCj04247880000[1]]Activity 3	 		A CASE STUDY

At 10.27 am on Thursday, 28 December, 1989, the City of Newcastle was devastated by a 5.6 (Richter magnitude) earthquake. This was one of the most serious natural disasters in Australia's history.

1. [image: ]  Read the earthquake eyewitness account below:

On Thursday 28 December 1989, an earthquake hit the city of Newcastle. Eyewitness reports from the area have estimated that the area shook for around five seconds and caused extensive damage to buildings in the area.

Local authorities have confirmed that over 40,000 buildings have been damaged or destroyed. Shopkeepers and residents have been shocked by the damage caused, with many buildings showing signs of minor damage and others with severe damage. Some residents stated that their neighbourhoods looked like a cyclone had hit it but most tuned into local radio stations to find out the real cause of the destruction.

One shopkeeper was saddened to report that most of the damage seemed to be to older buildings, some of which were over 100 years old, with a long history in the community.

A resident has told how she was talking to a friend and all of a sudden felt the ground shaking with glassware and crockery rattling and falling off the shelves. Other residents have commented on how cracks started to appear in the walls of their homes.

Despite the extensive damage to buildings, major infrastructure, such as railway tracks and telephone lines were not badly damaged.

A local seismologist has reported that the earthquake measured 5.6 on the Richter scale. He has also commented that Australia experiences strong earthquakes like these around every 18 months but they rarely happen in populated areas and have little effect on people and communities. Because this particular earthquake hit a city with buildings and infrastructure, it was estimated to have caused about $4 billion damage.

Members of nearby towns have reported to have felt the shaking, with scientists confirming that the shaking was felt up to 600 kilometres away from the epicentre of the earthquake.
[image: ]
[image: ]








Beaumont St, Newcastle, after the 1989 Earthquake.
Facts and figures of the Newcastle earthquake 1989


[image: ]The earthquake was of a magnitude 5.6 on the Richter Scale.
· The earthquake claimed 13 lives. Nine people died at the Newcastle Workers Club; three people were killed in Beaumont Street, Hamilton and one person died of shock
· 160 people were hospitalised
· 50,000 buildings were damaged (approximately 40,000 of these were homes)
· 300 buildings were demolished
· 300,000 people were affected and 1,000 were made homeless
· It left a damage bill estimated to be about A$4 billion
· The effects were felt over an area of about 200,000 sq. km, with isolated reports of movement from up to 800 km from Newcastle
· Damage to buildings and facilities occurred within a 9000 sq. km region
· The earthquake epicentre was at Boolaroo
· One aftershock (Magnitude 2.1) was recorded on 29 December 1989.
2. Answer the following questions:

Where and when did this earthquake happen? 

…………………………………………………………………………………..

What was the Richter scale measure for this earthquake? 

…………………………………………………………………………………..

What is the word that describes the strength of this earthquake?

…………………………………………………………………………………..

Describe the main effects of this earthquake.

…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………


Where do most earthquakes on earth occur?

………………………………………………………………………………………………………………………………

Why is Newcastle unusual in this respect?

      …………………………………………………………………………………………………………………………………

Australia experiences strong earthquakes but we don’t feel the effects of them. Explain why.

…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………

Have you ever experienced an earthquake or earth tremor? …………….…………………….

If so, describe you experience.
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………
1
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