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TOPIC 8 The dynamic earth 305

    TOPIC 8
The dynamic Earth 

  8.1  Overview 
 Numerous  videos  and  interactivities  are embedded just where you need them, at the point of learning, in 
your learnON title at  www.jacplus.com.au . They will help you to learn the content and concepts covered 
in this topic.  

 8.1.1 Why learn this? 
 The Earth seems fairly solid beneath our feet but, in fact, it is undergoing change all the time. Some of this 
change – such as the movement of the continents or the growth of mountain ranges – occurs very slowly over 
hundreds, thousands or even millions of years. At other times, the cataclysmic shock of earthquakes, volcanic 
eruptions and even land slips can drastically change the face of the Earth in a very short period of time.   

  8.2  Continents on the move 
 8.2.1 Custard and continental drift 
 Early geologists believed that the Earth formed as a molten 
lump of rock that was slowly cooling from the outside in, 
causing the outer cooler layers to form a thin skin — kind of 
like the way that a skin forms on cooling custard. Just as the 
cooling custard skin contracts to form wrinkles, it was thought 
that the Earth’s crust also formed wrinkles, and that these sec-
tions of raised crust formed the continents. During the late 
1800s and early 1900s, scientists started to turn up evidence 
that indicated that the continents were moving. They inter-
preted this motion as being due to further cooling and contrac-
tion of the Earth, causing the ‘wrinkles’ in the surface to move 
relative to each other. 

 Wegener’s theory of continental drift 
 However, not everyone was convinced by this model of the 
Earth’s crust structure. In 1912, a German meteorologist 
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  A volcanic eruption can be both awe 
inspiring and deadly. 
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306 Jacaranda Core Science Stage 5

 What am I? 
 Read the following descriptions and see if you can identify what is being described in each case.  
1.   I am an Australian monolith that millions of visitors from all over the world come to see every year. I was 

formed over the last 600 million years and I am composed of sandstone. I am over 3.5 kilometres long and it 
would take you about 2 hours to walk all the way around me.  

2.   I am a mountain made from the remains of the central vent of a massive shield volcano that last erupted 
about 23 million years ago. I was given my European name in 1770 by James Cook, who spotted me after 
he had passed dangerous reefs off the coast of what is now Fingal Head. However, the Bundjalung people 
called me Wollumbin.  

3.   I am an island country that is seismically active. I have volcanoes, high mountains and geothermal regions 
where you can fi nd hot springs and pools of boiling mud. I also experience earthquakes. None of this is really 
surprising as I straddle the boundary between two seismic plates — the Pacifi c Plate and the Australian Plate.   

 Journey to the centre of the Earth… 
 ‘Descend into the crater of Yokul of Sneffels, which the shade of Scataris caresses before the Kalends of July, 
audacious traveller, and you will reach the centre of the Earth. I did it.’ 

 So wrote Jules Verne in his science fi ction novel  Journey to the centre of the Earth , which was published in 
1864. The novel describes a fascinating journey by the adventurous Professor Lidenbrock, his nephew Axel 
and their guide Hans to the centre of the Earth. Their quest begins with a descent into the crater of the extinct 
volcano Sneffels Yokul in Iceland. On their journey they discover oceans, forests and mountains illuminated by a 
strange ‘electric’ sky. They meet prehistoric beasts and other monsters, and survive terrifying storms. Eventually 
they get back to the surface by crawling out of the active volcano Mount Etna on the island of Sicily, hundreds 
of kilometres from the crater of Sneffels in Iceland. 

 Write your own science fi ction short story about an attempted journey to the centre of the Earth. Before 
starting, think about what you would really expect to fi nd beneath the surface and what sort of vehicle you 
would need to travel in. 

 Movers and shakers  
1.   How much do you remember about the structure of the Earth? On a piece of A4 paper, draw a diagram of 

the Earth and label the following parts of its structure: 
(a)   crust  
(b)   lithosphere  
(c)   mantle  
(d)   inner core  
(e)   outer core.     

2.   The surface of the Earth is constantly undergoing 
change. Some of these changes may take thousands 
of years to have a noticeable effect on a landscape, 
while other events may cause rapid change in the 
Earth’s surface. Consider the following agents of 
change: 
  Earthquake  
  Volcanic eruption  
  Tsunami  
  Landslide.      
    Answer the questions below after discussing each 
event in a group.  
(a)   Which of these do you think can happen in 

Australia?  
(b)   Which event is the most dangerous to human 

life?  
(c)   What causes these events to occur?   
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TOPIC 8 The dynamic earth 307

named Alfred Wegener put forward an alternative idea to explain the movement of the continents. He had 
noticed that the continental coast on the eastern side of the southern Atlantic Ocean was almost identical 
in shape to the continental coast of the western side of the southern Atlantic Ocean, suggesting that the 
two continents had, at one time, been joined together. This idea was further supported by the fact that the 
distribution of fossils and rock types was the same on what would have been the connecting edges of the 
landmasses.

Wegener proposed that the continents on the Earth were not fixed but that they were ‘floating’ on 
denser material in the mantle below like leaves on water, and that these floating continents were constantly 
breaking apart from each other and rejoining in new combinations in a process he called continental drift. 
He believed that, at one time in the distant past, all of the Earth’s continents had been part of a single 
‘supercontinent’ that he called Pangaea.

INVESTIGATION 8.1

Continental drift
AIM: To follow Wegener’s process and the observations that led him to propose the theory of continental 
drift

You will need:
enlarged copy of the map above
scissors
• Cut out the continents from the enlarged copy of the map above.
• Examine the distribution of fossils on each continent.
• Rearrange the continents into one supercontinent by matching the distribution of fossils.

Discussion
1. How do you think the distribution of fossils helps to prove Wegener’s theory of continental drift?
2. Are there any other ways that the continents can be put together?

SOUTH
AMERICA

AFRICA

INDIA

AUSTRALIA

ANTARCTICA

Lystrosaurus – a land reptile

Cynognathus – a land reptile

Mesosaurus – a freshwater reptile

Glossopteris – a fern
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308 Jacaranda Core Science Stage 5

Continental shuffle
Using Wegener’s ideas and the later theory of plate tectonics, scientists have been able to reconstruct the 
movement of the continents through geological history.

8.2.2 The Earth’s structure
Scientists believe that the rocky inner planets including Earth would indeed have been nearly molten 
when they first formed due to the extreme heat generated by the collision of the fragments that created 
them. However, it wasn’t just a big lump of rock that was pretty much the same material all the way 
through as the nineteenth century scientists believed.

As the Earth cooled and solidified, different materials began to separate out into layers. About five 
million years after the Earth was formed, the heavier elements such as iron and nickel sank towards the 
centre of the planet. The lighter rocky silicates (compounds of silicon and oxygen) floated on the sur-
face, hardening as they cooled to form the Earth’s crust. Eventually, four distinct layers were formed: 
the crust, the mantle, the outer core and the inner core.

(c) 135 million years ago

Gondwana began to break up about 

135 million years ago. The South 

Atlantic Ocean formed between 

Africa and South America.

(d) 65 million years ago

About 65 million years ago, Australia 

separated from Antarctica.

(e) The continents today

(a) 225 million years ago

About 225 million years ago, all of 

the world’s landmasses were joined 

together in the supercontinent 

Pangaea. Pangaea was surrounded 

by a vast sea called Panthalassa.

(b) 200 million years ago

Approximately 200 million years ago, 

the Tethys Sea formed as Pangaea 

began to split. The two continents 

that formed were called Laurasia 

and Gondwana. Laurasia included 

the landmasses that are now North 

America, Europe, Greenland and 

Asia. Gondwana included South 

America, Africa, Antarctica, India, 

Madagascar and Australia.
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TOPIC 8 The dynamic earth 309

Crust
The Earth’s crust, which includes 
landforms, rocks and soil. It is 
mostly solid rock, is rigid and has 
high strength. It varies in thickness 
from as little as 5 km under the 
ocean to about 70 km under 
mountain ranges like the Himalayas.

Outer core
Molten iron and nickel. 
Temperatures mostly 
between 4000 °C and 
6000 °C. About
2300 km thick.

Inner core   
Mostly iron. Solid owing to the 
extreme pressure. Temperatures 
up to 7000 °C. About 1200 km 
thick.

Mantle
Partially molten rock. 
Temperatures mostly 
between 500 °C and 2000 °C. 
About 2900 km thick. 
The top part of the mantle is the source 
of magma that erupts onto the surface.

  The structure of the Earth 

  This fossilised Glossopteris leaf was found in New South Wales 
and dates back to 260 million years ago. Fossils of Glossopteris 
— an ancient seed fern — were instrumental in providing 
evidence for the Gondwanaland theory proposed in 1885 by the 
Austrian geologist Eduard Suess. According to Suess’s theory, all 
of the southern hemisphere continents (Africa, India, Antarctica, 
Australia and South America) were once part of a larger southern 
landmass which he called Gondwanaland. 
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310 Jacaranda Core Science Stage 5

8.2 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify the assumptions early geologists made to explain the motion of continents.
2. Explain what Pangaea was.
3. Recall three pieces of evidence Wegener used to help support his theory of continental drift.
4. Recall what Panthalassa was.
5. Identify the sea that formed as Pangaea began to split.
6. In what way do modern theories of the early Earth agree with those of scientists in the nineteenth century?

(a) Recall the names of the two continents formed from the split of Pangaea.
(b) Identify the continent that Australia was a part of 140 million years ago.

7. Even though the inner core is hotter than the molten outer core, it is solid. Explain why this is the case.

Think
8. According to Wegener’s theory of continental drift, upon which layer of the Earth are the continents floating?

Investigate
9. Use your library and the internet to investigate what the Eromanga Sea was, where it was located and what 

happened to it.
10. Alfred Wegener was not the first to notice the jigsaw puzzle way in which the South American and 

African continents’ coastlines fit so neatly together. Nor was he the first to think that at one stage all of 
the continents might once have been joined up. For the most part, the theories that the scientists before 
Wegener came up with to explain how the continents were formed and separated, or even how the Earth 
was structured, were pretty wide of the mark. However, the work of Wegener owed a lot to the theories that 
came before it.
(a) Select one of the following theories to study:

• Expanding Earth Theory
• Theory of Geological Uplift
• Hollow Earth Theory
• Contraction Theory

(b) Use the library or internet to find out more about this theory. Here are some guidelines:
(i) What was the main idea of the theory?
(ii) How did this theory differ from our present ideas about the Earth?
(iii) When was this theory popular?
(iv) Who supported or proposed this theory?
(v) What evidence was used to support the theory?
(vi) What arguments were there against the theory?
(vii) If this theory was correct, how will the Earth be different in the distant future (say, 2 billion years)?

Create
11. Construct a poster that displays the names and distributions of fossils that can be found in Antarctica. On 

your poster, include a picture of what you think the landscape and environment of Antarctica would have 
looked like 200 million years ago.

12. Create a poster of the Earth that shows the four main layers beneath the surface and the important 
characteristics of each layer.

 Complete this digital doc: Worksheet 8.1: Continental drift (doc-0000)

RESOURCES — ONLINE ONLY
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TOPIC 8 The dynamic earth 311

8.3 Plate tectonics 
Science as a human endeavour

8.3.1 Plates on the move
The theory of plate tectonics grew out of the initial conception of continental drift. Plate tectonic theory sug-
gests that the Earth’s lithosphere is not a uniform unbroken covering, but is divided into a number of ‘plates’

The lithosphere
The crust and the upper mantle together make up 
a structure known as the lithosphere (from the 
Greek word lithos = rock). Rather than being a 
continuous shell like the coating on the outside 
of a Jaffa, the lithosphere is made up of 10 major 
and many minor separate plates much like a giant 
jigsaw puzzle. The lithosphere varies in thickness 
from an average of 100 km under the older ocean 
basins up to 300 km under the continental shields.

The plates of the lithosphere float on a layer 
of magma that can be up to 200 km thick. This 
is called the asthenosphere. The asthenosphere 
is actually more of a solid than a liquid even 
though it is very hot — over 1500 °C — simply 
because of the high pressure that the material is 
under. This high pressure squeezes the particles of the upper mantle much closer together than they would 
normally be at that temperature on the Earth’s surface.

Convection currents
Convection currents in the mantle keep the magma moving — the hot, less dense magma rises while 
cooler, heavier magma sinks. These currents move the plates that sit on top. In some places, the plates are 
forced together and at others they are drawn apart.

Crust
0–100 km
thick

Mantle

Lithosphere
(crust and
uppermost
solid mantle)

Mantle
Asthenosphere

2900 km

5100 km

6378 km

(To scale)

(Not to scale)

Core
Outer core

Inner core

Crust

The lithosphere and the asthenosphere

INVESTIGATION 8.2

Convection currents (teacher demonstration)
AIM: To observe the process of heat transfer through convection and observe the motion of convection 
currents

You will need:
incandescent desk lamp with 75-W bulb
rheoscopic fluid (preferably coloured)
a glass bottle with square sides
ring stand

• Shake the bottle of rheoscopic fluid to ensure it is thoroughly mixed.
• Fill the bottle completely with rheoscopic fluid, being careful not to leave any pockets of air. Screw the cap on 

tightly.
• Place the bottle on the ring stand as shown in the diagram below.
• Place the lamp directly under the centre of the bottle as shown.
• Turn on the lamp and, after about 10 minutes, you will be able to observe the convection currents that begin 

to form from the side of the bottle. Look at the currents from the top as well.
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312 Jacaranda Core Science Stage 5

The map below shows the location of some of the major plates 
and boundaries. The location of some of the boundaries is still not 
certain. These are shown on the map by dotted lines. Some of the 
plates are very large, while others are quite small.

The plates can consist of two types of crustal material with an 
underlying layer of mantle material. The continents are made up 
of continental crust, which is between 30 km and 70 km thick. The 
plates beneath the oceans consist of oceanic crust. Since it does not 
have the build-up of land on it, oceanic crust is much thinner than 
continental crust and has an average thickness of just over 6 km. 
It is also a little denser than continental crust due to differences in 
its chemical composition. Due to the larger sizes of the oceanic 
plates, there is a greater proportion of oceanic crust than conti-
nental making up the lithosphere.

About 30 plates make up the Earth’s lithosphere and these 
move very slowly — usually only a few centimetres in a year. 
This is slower than the speed at which your fingernails grow!

Discussion
1. Draw a simplified diagram showing the motion of the 

convection currents from the side and when viewed 
from the top. How do you explain the differences in 
the motion shown in the two diagrams?

2. Do you think that the convection in the mantle would 
be faster or slower than those produced in this 
investigation? Explain your reasoning.

3. A material called rheoscopic fluid was used in this 
investigation. What other materials do you think could 
be used instead? Try them out and see which would 
be the best replacements.

Ring stand

Incandescent lamp

Square bottle �lled
with rheoscopic �uid

Mantle
Inner core
of solid metal

Outer core of
molten metal

Crust

Convection
current

Volcano

Convection currents within the mantle
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A simplified map showing the major tectonic plates that make up the Earth’s crust. 
The arrows show the direction of plate movement.
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TOPIC 8 The dynamic earth 313

8.3.2 When plates meet
Where two plates meet at a boundary, the 
plates will either be moving away from each 
other (divergence), sliding past each other 
(translation) or colliding with each other 
(convergence).

Spreading plates
Where plates diverge, magma from the 
mantle spews out onto the Earth’s surface 
and forms a ridge of volcanoes. Two very 
long volcanic ridges of this type are found 
under the Atlantic and Pacific oceans. The 
Mid-Atlantic Ridge spans the length of the 
world, from Pole to Pole. The East Pacific 
Rise runs from Mexico to the South Pole.

We often don’t feel the explosions from 
these underwater volcanoes because the 
oceans absorb the effect. However, scien-
tists know that some tsunamis are the result 
of underwater volcanic activity.

Sliding plates
California, in North America, experiences 
many earthquakes. The earthquakes there 
are caused by the edges of two plates 
sliding past each other. The plates do not 
slide smoothly; they get jammed together 
and the pressure builds up. Suddenly, the 
plates jolt past each other and start sliding 
again.

Colliding plates
The edges of some plates move 
towards each other. Plates that 
collide with each other are called 
converging plates. If one plate is 
made from oceanic crust and the 
other plate is continental crust, 
the edge of the oceanic plate sinks 
under the lighter continental plate. 
The areas where this happens are 
called subduction zones. Deep 
ocean trenches form along sub-
duction zones. When plates sink 
under each other, huge amounts 
of heat and friction are produced. 
The heat and friction result in 
earthquakes and volcanic activity.

(a) Plate divergence (b) plate convergence (c) plate translation

B

A

C

Oceanic crust melts as it sinks under continental crust. Magma bursts 
through the crust to form a volcano. An example of this type of plate 
boundary is found along the western coastline of South America.

A mid-ocean ridge forms when magma spews to the surface 
between plates that are diverging (moving apart).

Mid-ocean 
ridge
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314 Jacaranda Core Science Stage 5

 8.3.3 The evidence for plate 
tectonics 
 There is a variety of strong evidence for the 
theory of plate tectonics, including:  
 •   ‘chains’ of volcanoes and regions of high 

seismic activity that appear to mark plate 
boundaries  

 •   increasing height of mountain ranges such as 
the Himalayas  

 •   the movement of the continents which are 
able to be tracked over time using global posi-
tioning systems (GPS)  

 •   rocks further away from the midlines of mid-
ocean ridges are older than those that are 
closer to the midlines. The age of the rocks 
can be confi rmed by using radioisotope dating 
techniques and paleomagnetism (see right 
side). This supports the idea that new rock is 
being formed in the middle of ocean ridges, 
continuously pushing the older rock aside.        

  Paleomagnetism in sea fl oor spreading. New sea fl oor 
(top) is formed at a mid-ocean ridge by upwelling lava 
(red arrow). Over millions of years the new rock fi lls the 
gap left as the continents drift apart (yellow arrows). As 
the volcanic rocks solidify, they retain the magnetism 
that was given to them by the Earth’s magnetic fi eld at 
the time. The Earth’s magnetic fi eld reverses periodically 
(approximately every 250 000–600 000 years), and this 
is shown by changes in the magnetism of these rocks 
(alternating red and green strips, bottom). 

 HOW ABOUT THAT! 
 Fossils of ancient sea creatures can be found at the top of the Himalayas, thousands of metres above sea level. 
How did they get there? 

 If you look at a map of the world, you will notice that India is joined to Asia. But that was not always the case. 
India has been moving towards Asia since it broke away from Gondwana millions of years ago. At fi rst, seas 
separated the two lands. But now, the Indo–Australian Plate and the Eurasian Plate have collided. The current 
edges of these plates are both made of continental crust, so one plate will not easily slide under the other. 
Instead, the two are crumpling against each other, forming the Himalaya Mountains. Sediments that once lay at 
the bottom of the sea between the two landmasses have been forced upward and can be found at the peaks of 
the mountain range. 

  Map of the world showing ocean crust topography and satellite views of the 
land. Colours on the ocean crust represent age. They range from red (newly 
formed rock), through to orange (40 mya), yellow (60 mya), green (100 mya), 
blue (220 mya) and purple (280 mya). (mya = million years ago) 
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TOPIC 8 The dynamic earth 315

8.3 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall an example of where diverging plates are found on Earth.
2. Identify a place where two plates are sliding past each other.
3. Identify on which plate India is found.
4. Recall what type of plate boundary is associated with ocean trenches.
5. If the Earth’s surface consists of moving plates, explain what the plates are moving on.
6. State one location on Earth where:

(a) two plates are sliding past each other
(b) subduction is occurring
(c) volcanoes have formed away from the edges of plates.

7. Compare oceanic plates with continental plates.
8. What is the (a) lithosphere (b) asthenosphere?
9. Describe the evidence that exists for the spreading of mid-ocean ridges.

10. Use the Plate tectonics weblink in the Resources tab to answer the following questions about the changes 
that take place at plate boundaries.
(a) Describe and compare convergent and divergent boundaries.
(b) Are divergent boundaries constructive or destructive boundaries? Explain your answer.
(c) What drives the formation of mid-ocean ridges?
(d) Explain how scientists were able to prove that new crust was being formed at mid-ocean ridges.
(e) At which type of plate boundary are the Earth’s major earthquakes most likely to occur?

Think
11. Explain why earthquakes are felt in the regions surrounding the Himalayas.
12. The theory of continental drift was first proposed in 1912, over 50 years before the theory of plate tectonics 

was put forward. However, the evidence for the theory of continental drift also supports the theory of plate 
tectonics. Explain the difference between the two theories.

13. The plates that make up the Earth’s crust move only a few centimetres each year. Do some calculations to 
assess if it is possible for Australia to have moved as far from South America as it is today.

14. Explain why the climate of most of the Australian continent has changed from cold to hot and dry during 
the past 65 million years.

Investigate
15. Find out what the Mohorevic Discontinuity is.
16. Research and report on the use of sonar in mapping the ocean floor.
17. Find out how climate change, whether due to the northward movement of the Indo–Australian Plate or 

global warming, is likely to affect amphibians such as frogs and toads.

Create
18. Construct a model of converging continental crust. Use two piles of paper to represent the two sections of 

crust. Push the two piles of paper together.
(a) What happens at the point where the paper piles meet?
(b) Describe how this relates to the way the Himalayas have formed.
(c) What would you expect the rocks to look like in a mountain range formed by converging plates?

19. Test your knowledge of plate boundaries by completing the Does the Earth move?

 Complete this digital doc: Worksheet 8.2: Plate tectonics (doc-0000)

 Try out this interactivity: Does the Earth move? (int-0674)

RESOURCES — ONLINE ONLY
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316 Jacaranda Core Science Stage 5

8.4 Rocks under pressure
It’s hard to imagine the size of the forces that are responsible for the movement of the Earth’s plates. 
These forces are so large they can effortlessly snap rocks or fold them into intricate patterns. Broken and 
folded rocks can be found near the edges of colliding plates, but they are also found in areas far from plate 
boundaries.

8.4.1 Bending without breaking
When you hold a sheet of paper with one hand on each end and then move the ends towards each other, the 
paper bends upwards or downwards.

The forces beneath the Earth are so large that layers of rock bend and crumple without breaking, just as 
the paper does. This process is known as folding. Most of the major mountain ranges around the Earth have 
been shaped in this way. The Himalayas have been formed by the folding of rock as two of the plates that 
make up the Earth’s crust slowly collide. They are still rising as the plates continue to grind into each other.

Folds that bend upwards are called anticlines. Those that bend downwards are called synclines. Gener-
ally anticlines and synclines are formed well below the surface of the Earth and are not visible unless they 
are exposed by erosion of softer rock. They can often be seen in road cuttings or in cliffs formed by fast-
flowing streams.

Anticline

Syncline

Length of
crust decreases

Forces on solid layers of rock 
fold them into anticlines and 
synclines.

Tightly folded rock strata in the walls of Hammersley Gorge National 
Park, Western Australia

INVESTIGATION 8.3

Modelling folds
AIM: To model the way in which forces cause rocks to fold
Rocks are usually folded well below the Earth’s surface. The anticlines and synclines can be seen only along 
road cuttings or where erosion has exposed the layers of rock. A model is a useful way to describe how folded 
rocks would appear under the surface.
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TOPIC 8 The dynamic earth 317

 Fold mountains 
 The process of mountain building is called 
orogeny . 

 Australia’s Great Dividing Range, which 
stretches all the way from northern Queens-
land to Tasmania, was formed by folding. It is 
actually a chain of separate mountain ranges, 
including the Carnarvon Range in central 
Queensland, the Blue Mountains of New South 
Wales, the Australian Alps, the Dandenong 
Ranges near Melbourne and the Central high-
lands of Tasmania.  

 8.4.2 Whose fault is that? 
 Sometimes rocks crack as a result of the huge 
forces acting on them. Once movement occurs 
along a crack, it is called a  fault . 

 The Gulf region of South Australia has been 
formed by a series of faults. Two blocks of 
crust have dropped down between faults to form 
Spencer Gulf and Gulf St Vincent. Between 
these sunken blocks, which are called  rift valleys , is a block that has been pushed upwards by the forces 
below. This block, called a  horst , has formed Yorke Peninsula. The movement along these faults is respon-
sible for the occasional earthquakes in the Adelaide area. 

 If movement along a fault is sideways, that is, where the blocks of crust slip horizontally past each other, 
it is called a  transform fault . The San Andreas Fault in California is a transform fault. It stretches about 
1200 km along the coast, passing through San Francisco and to the north of Los Angeles. A large move-
ment of the blocks on either side of this fault line in 1989 created a major earthquake in San Francisco, 
killing at least 62 people. The earthquakes experienced in this area in recent years appear to be caused by a 
build-up of pressure along the fault. Scientists believe that it will not be long before the pressure is relieved 
through a catastrophic earthquake.            

  You will need:  
  3 or 4 pieces of differently coloured plasticine  
  knife or blade  
  board      

•   Roll the pieces of plasticine into 1 cm thick layers.  
•   Place the layers of coloured plasticine on top of each other. Press 

down lightly on the layers, so that they stick together.  
•   With the palms of your hands, very gently compress the layers from 

the side.  
•   Model the processes of weathering and erosion on your plasticine layers.   

 Discussion  
1.   Describe the appearance of the plasticine when the layers are compressed.  
2.   Draw a diagram of the plasticine after compression, labelling anticlines and synclines.  
3.   Imagine that the rock layers are eroded at the Earth’s surface. Draw diagrams of the eroded layers when 

viewed from above and when viewed from the side. Label the oldest and youngest layers. (Remember that 
the oldest layers are deposited before the younger ones.)   
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  Australia’s Great Dividing Range was formed by folding 
as a result of the movement of the Earth’s tectonic 
plates. 
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The Gulf region of South Australia has been 
formed by a series of faults.

The San Andreas Fault

HOW ABOUT THAT!
Mount Everest in the Himalayas is considered to be the highest mountain in the 
world, with a summit rising to 8848 m above sea level. It is not, however, the 
tallest mountain. The tallest mountain is Mauna Kea in Hawaii, which has a height 
of 10 203 m, but only 4245 m of this is above sea level. On a universal scale, 
neither of them can compare to Olympus Mons on Mars, which stands 26 000 m 
above its surroundings!

Three types of fault

Transform fault
Transform faults are those where rocks 
move sideways along a fracture. A large-
scale, transform fault is the San Andreas 
Fault, near California. This fault is the 
result of two of the Earth’s plates sliding 
past each other. You can recognise smaller 
transform faults by looking at surface 
rocks from above. The rocks on either side 
of the crack will be mismatched.

Normal fault
The rocks on one side of a normal fault slip 
downwards. Normal faults appear in rocks 
that have been stretched. Large-scale 
normal faults create long cliff faces. Look 
for small-scale normal faults along road 
cuttings. They appear as a crack in the rock, 
with mismatched layers on either side of 
the crack.

Reverse fault
The rocks on one side of 
a reverse fault have been 
forced upwards. Reverse 
faults appear in rocks that 
have been squeezed together. 
Large-scale reverse faults 
create mountains with one 
steep side. Subducting plates 
can cause this type of fault. 
An example is the Japan Alps.
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INVESTIGATION 8.4

Modelling faults
AIM: To model the formation of faults in rock layer

You will need:
3 or 4 pieces of different coloured plasticine
thin sheet of polystyrene
knife or blade

• Place the first piece of plasticine on the bench and flatten it 
into a rectangular shape. Do not make it too thin. Cut a piece of 
polystyrene the same size, and fit it over the plasticine rectangle.

• Add two or three more layers of plasticine with a layer of 
polystyrene between each layer.

• Cut through the layers on an angle as shown in the diagram below. 
Use the two parts to model each of the two types of fault shown right.

Discussion
1. Draw a diagram of each fault. Label it with arrows to show the 

direction in which each block moved to create the fault.
2. Describe the plate movement that could be responsible for each 

type of fault.

Normal fault

Reverse fault

(a) Normal fault

8.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Describe what folding is and how it is caused.
2. Explain why the Himalayas are still growing in height.
3. Recall the difference between a syncline and an anticline.
4. Explain what causes earthquakes along the San Andreas Fault.
5. How can you differentiate between a reverse fault and a normal fault?
6. Describe three types of fault that occur in rocks.
7. Identify the type of fault that is created when a rock is pulled apart.
8. Identify an example of a landform that has been created by a fault.

Think
9. Explain with the aid of some labelled diagrams how mountains could be formed by faulting.

10. There is a lot of faulting as well as folding in the Himalayas. Explain how it is possible for folding mountains 
to develop faults later in their geological history.

Create
11. Construct a model to demonstrate the formation of the Gulf region of South Australia.

Imagine
12. Imagine that you were offered the chance to spend a year in a high school in a leafy northern suburb of 

Los Angeles, just two kilometres from the San Andreas Fault. Would you accept the offer? Explain your 
response.

 Complete this digital doc: Worksheet 8.3: Folding and faulting (doc-0000)

RESOURCES — ONLINE ONLY

Normal fault

Reverse fault

(b) Reverse fault
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  8.5  Shake, rattle and roll! 
 Not surprisingly, the enormous forces exerted on and by the tectonic plates have an effect on the Earth’s 
surface. While the movement of these plates is generally very slow, the way in which they interact can 
cause enormous pressures to build up in the mantle and at the interface of the plates themselves. When 
these pressures are released, the results can be sudden, catastrophic and — literally — earthshaking! 

 8.5.1 What triggers an earthquake? 
 The convection currents in the mantle cause the tectonic plates to move past each other, away from each 
other or underneath one another. However, this motion is by no means smooth, and sometimes the plates 
lock together and jam in position. As the convection currents are still trying to make the plates move, 
enormous strain builds up in these jammed plates. As the strain increases, the rocks of the plate get dis-
torted. When the strain forces fi nally get big enough to overcome the jamming of the plates, the plates 
suddenly snap into a new position. This rapid movement causes rocks in the plate to break and energy to be 
released. About 5 per cent of this energy travels through the Earth in the form of waves. These are called 
 seismic waves  and it is the vibration of the Earth in response to the passage of these waves that we call an 
 earthquake . 

 The constant movement of the Earth’s plates is responsible for over 100 000 earthquakes around the 
world each year. Luckily, most of these are so weak that they are not felt. 

 The world’s major earthquakes occur near plate boundaries. Smaller earthquakes can occur wherever 
there is movement in the ground, such as along a fault line. 

 8.5.2 The anatomy of an earthquake 
 The location in the Earth’s crust where the rocks fracture generating the earthquake is called the focus. 
The seismic waves radiate away from the focus. Most of the time, the focus is located within 8 km of the 
Earth’s surface. Earthquakes can be classifi ed according to the depth of the focus:  
 •   shallow focus: less than 35 km from the surface  
 •   intermediate focus: between 35 and 300 km from the surface  
 •    deep focus:  between 300 and 700 km from the surface.   

 The  epicentre  of an earthquake is the point on the surface directly above the focus. 

Fault in rocks
Focus

Epicentre
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The destructive power of an earthquake 
in any location also depends on its distance 
from the epicentre. For example, the Tennant 
Creek earthquake of 1988 in the Northern 
Territory had a Richter magnitude of 6.7; 
however, only two buildings and the natural 
gas pipeline were damaged. The epicentre of 
the earthquake was 40 km north of the town. 
Yet the earthquake that devastated Newcastle 
in New South Wales in 1989 registered 5.6 
on the Richter scale, killed 13 people, hospi-
talised 160 others, demolished 300 buildings 
and damaged tens of thousands more. The 
epicentre of that earthquake was only five km 
west of the city.

Seismic waves
Energy released during an earthquake travels 
in the form of waves. There are three main 
types of wave that are generated by earth-
quakes: P-waves, S-waves and L-waves. These 
waves differ in their speed and the regions of 
the Earth through which they travel.

P-waves (or primary waves) are com-
pression waves, moving through the Earth 
in the same way that sound waves move 
through air. They are the fastest of the seismic 
waves and so are the first waves to arrive at a 
seismometer.

After the P-waves, the second sets of waves 
to be detected are the secondary waves or 
S-waves. These travel in the form of trans-
verse waves. The ripples on the surface of a 
pool when a rock has been dropped into it 
form transverse waves.

As the P-waves and the S-waves are both 
able to travel through the interior of the Earth, 
they are said to be body waves.

L-waves are surface waves and travel 
around the Earth. While they travel much 
more slowly than either the P-waves or 
S-waves, it is these surface waves that are 
responsible for the majority of an earth-
quake’s destructive power. This is because all 
of the L-wave energy is distributed across the 
surface of the Earth rather than being spread 
out through the Earth’s interior as in the case 
of P- and S-waves.

Some of the destruction caused by the December 1989 
Newcastle earthquake

Undisturbed rock
Primary or P wave

Secondary or S wave Undisturbed rock

P-waves travel through the earth as compression waves 
while S-waves are transverse waves.

S-waves

P-waves

L-waves

P-waves are able to travel through the inner and outer 
core as well as the mantle; S-waves travel in the mantle; 
L-waves travel on the Earth’s surface.
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8.5.3 Measuring earthquakes
The waves travelling from the focus can be detected 
using a device called a seismometer. The record 
of seismic activity obtained from a seismometer 
is called a seismogram on which the P-, S- and 
L-waves appear as a continuous sequence of wrig-
gles. The height of these wriggles indicates the inten-
sity of the waves that are being recorded, with larger 
amplitudes coinciding with more energetic waves.

The seismometer itself may be located thou-
sands of kilometres away from the device which 
produces the seismogram. The frame of the seis-
mometer is attached to a heavy base (often con-
crete and steel) which is anchored securely to solid 
rock. When the rock vibrates, the frame vibrates 
with it. A heavy mass — which can be up to 450 
kg in large mechanical seismometers — is attached 
to the frame with a spring. When the frame moves, 
inertia causes the mass to remain steady. The move-
ment of the frame relative to the mass is detected 
electronically and recorded.

In older versions, known as seismographs, the 
movement of the weight causes the movement of a 
pen against a continuously rolling paper strip.

8.5.4 Interpreting a seismogram
Have you ever wondered how seismologists can tell 
where the epicentre of an earthquake is located, even if it is on the other side of the world or in the middle 
of an unpopulated region?

The location of an earthquake’s epicentre is found by comparing the time interval that elapses between 
the arrival of the P-waves and the S-waves (called the S–P time interval) at different seismograph locations. 
For each location, seismologists use this time interval to calculate the distance between the epicentre and 
the seismograph.

By using readings from at least 3 different seismic sta-
tions, the position of the epicentre can be determined. This 
process is known as triangulation.

Jolts of a 
pen on a
moving drum

Rotating drum

Drum
moves.

Pen

Heavy mass
Solid rock 
vibrates as 
earthquake 
begins.

Support

Spring

An earthquake recorded on a seismograph. A strip 
of paper moves past a stationary pen. When the 
seismograph is jolted by the earthquake it jumps up 
and down. However, the pen is attached to the heavy 
mass which does not move. As the paper turns on 
the drum, the pen leaves a record of the vibrations.

Seismometer 3

Epicentre

Seismometer 1

Radius = distance
between seisometer 2

and epicentre

Radius = distance
between seisometer 1

and epicentre

Radius = distance
between seisometer 3

and epicentre

Position where
distance circles

intersect

Radius = distance
between seismometer 2

and epicentre

Radius = distance
between seismometer 1

and epicentre

Radius = distance
between seismometer 3

and epicentre

Position where
distance circles

intersect

Seismometer 2

Locating the epicentre using triangulation

Noise

P-wave
arrives �rst

Then S-wave
arrives

Surface
waves
arrive
last

Time
S–P time
interval

Seismograph paper moves in this direction

The time interval between the arrival of the P-waves 
and the S-waves at the seismometer allows 
seismologists to calculate the distance between the 
seismometer and the epicentre of an earthquake.
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The Richter scale
The strength of an earthquake can be measured in a number of ways. The most well-known way of meas-
uring the strength of earthquakes is the Richter scale.

The Richter scale measures 
the amount of energy released 
during an earthquake. The higher 
the Richter scale measurement, 
the more intense the earthquake. 
Each increase on the scale rep-
resents a 30 times increase in the 
energy released during the quake. 
So, an earthquake of magnitude 
5 releases 30 times more energy 
than one that measures 4 on the 
scale.

Earthquakes that measure less 
than 2 on the scale occur more 
than 500 000 times each year 
around the world. These earth-
quakes are so weak that only 
very sensitive instruments can 
detect them. Earthquakes above 
magnitude 6 occur between 20 
and 200 times each year. An 
earthquake of this size is felt 
strongly, and weak buildings will 
fall. Very intense earthquakes, 
measuring more than 8 on the 
Richter scale, do not occur often 

INVESTIGATION 8.5

Making a seismograph
AIM: To construct and use a model seismograph

You will need:
a retort stand, bosshead and rod
spring
cardboard
A4 paper
sticky tape
felt pen
500 g or 1 kg weight (or a can full of sand)

• Set up the equipment as shown in the diagram right.

• Have your partner move the cardboard past the pen while you 
thump the surface on which your seismograph sits.

Discussion
1. Does the model work?
2. How could you improve the model?

Sticky tape

Sheet
of
paper

Spring Felt pen
touching
paper

Cardboard moved
past pen

Hand thumps
bench.

A model seismograph

Richter magnitude Description of effects

0 Smallest magnitude detectable by seismometer

1.0 Undetectable by humans
Equivalent to the energy released by the detonation 
of 30 kg of TNT

2.0 Smallest magnitude that can be noticed by humans
(Tremors of magnitudes less than this are called 
microquakes.)

<3.5 Generally noticeable by humans

3.5–5.4 Often felt but rarely cause damage
Vibrations similar to those felt when a heavy truck 
drives past
Objects on shelves may rattle or fall down

<6.0 Slight damage to well-designed buildings but can 
cause large cracks and material failure to poorly 
constructed buildings

6.1–6.9 Can be destructive over a 100 km wide area

7.0–7.9 Major earthquake
Can cause serious damage over very large areas

≥8 Great earthquake
Can cause serious damage in areas several 
hundreds of kilometres across

The Richter scale
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(up to 10 per year around the world). These earthquakes cause the total destruction of buildings, roads 
and bridges. 

 The Richter scale does not always give a true indication of the destructive power of an earthquake. In a 
crowded city, small earthquakes can cause many deaths, injuries and much damage, cutting off water, gas 
and electricity supplies, while larger earthquakes in remote areas cause little injury and damage. 

 The earthquake that devastated the city of Newcastle in New South Wales in December 1989 lasted only 
12 seconds and registered only 5.5 on the Richter scale.  

 8.5.5 Waves of destruction 
 Earthquakes occurring under the ocean or near a coastline can cause the formation of giant ocean waves 
called  tsunamis . A tsunami is not a single wave; in fact it is made up of a series of waves that travel across 
the ocean at speeds of up to 800 km/h — this is nearly as fast as an airplane! 

 A wave series forms when the water, which is displaced by an underwater earthquake or landslide, 
travels outwards from the disturbance just like ripples that form when a stone is dropped into a pond. In 
deep water, the waves are only a metre or so in height and separated by as much as 100 km. As the waves 
enter the shallow water along a coastline, they slow down. The waves further back start to catch up to the 
ones in front, causing the waves to increase in height as they bunch up. These waves can reach heights of 
30 metres before they break onto the land. The massive body of water then moves inland, causing severe 
fl ooding and considerable loss of life and property. 

    The 2004 Sumatra–Andaman tsunami was caused by an earthquake that had a magnitude of at least 
9.0 and an epicentre just north of Simeulue Island in Indonesia. While most earthquakes only last a few 
seconds, the Sumatra–Andaman earthquake 
lasted several minutes and triggered sec-
ondary earthquakes as far away as Alaska. 
Around 200 000 people were killed, with 
over 14 000 people still missing. Worst 
hit was the Sumatran city of Banda Aceh 
(shown below), where the tsunami pushed 
a 3 m high wall of water, mud and debris 
10 km inland. 

 The tsunami also caused widespread 
death and destruction in Sri Lanka, 
India and Thailand as well as Malaysia, 
Myanmar, Bangladesh and the Maldives. 

 The deadly wave even travelled as far as 
the east coast of Africa, more than 5000 km 
from the epicentre of the earthquake.   

Seismic activity

Fast moving waves Waves slow down in shallow water.
Crests are closer together and higher.

  The Sumatran city of Banda Aceh after it was hit by the 
Sumatra-Andaman tsunami in 2004 
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Use the Tsunami weblink in the Resources tab to learn more about the 2004 Sumatra–Andaman tsunami.
The world was again reminded of the destructive power of tsunamis in March 2011, when an earthquake 

struck that was of the same magnitude as the 2004 Sumatra–Andaman earthquake. The epicentre of this 
earthquake was only 70 km off the coast of the Japanese island of Honshu. The nearest major city was Sendai, 
where the port and airport were almost totally destroyed. In that city at least 670 people were killed and about 
2200 were injured. Around 6900 houses were totally destroyed, with many more partially destroyed. Waves 
of up to 40 m high were recorded on the coast and some caused damage as far as 10 km inland.

Several nuclear reactors were shut down immediately following the earthquake that caused the tsunami. 
However, that wasn’t enough to prevent melt-downs in three reactors at the Fukushima Daiichi Power 
Plant, resulting in explosions and the leakage of radiation into the atmosphere, water and soil.

8.5.6 Predicting seismic 
events
Seismic events such as earthquakes and tsu-
namis kill thousands of people and cause enor-
mous damage. It is difficult to predict exactly 
when these events will occur, but scientists use 
a number of different methods to try to get 
enough warning ahead of time for people to be 
evacuated from endangered regions.

Earthquakes occur when jammed plates 
suddenly slip past each other, so seismologists 
(scientists who study earthquakes) monitor the 
movement of the tectonic plates along critical 
boundaries and fault lines. Sensors take read-
ings to measure pressure build-ups that may 
indicate that the plates are about to slip.

The DART (Deep-ocean Assessment and 
Reporting of Tsunamis) system is made up 
of a series of buoys around the Pacific Ocean 
and parts of the Atlantic Ocean. When a buoy 
detects a sudden rise in sea level, which could indicate a tsunami, it sends information about sea motion in 
the area it is in to a tsunami warning centre. After confirming that a tsunami has formed, the centre issues 
evacuation alarms to the endangered coastlines.

Indonesia

Bangladesh

Myanmar

Malaysia

Indonesia

Epicentre

Andaman and
Nicobar Islands

(India)

Thailand

Sri Lanka

India

Maldives

Seychelles

Somalia

Worst affected districts

Affected countries
Kenya

Tanzania

This map shows the huge area affected by the tsunami on 26 December 2004.

Hydrophone

Transmitter buoy

Satellite

Early-warning station

The buoy sends
the signal further
to a satellite.

The signal is
then sent to
early-warning
stations on
land.

The measurements
are sent by acoustic
signal to a buoy on

the surface.

Anchor
A sensor on the ocean �oor
measures water pressure.

Tsunami detector

How DART works

UNCORRECTED P
AGE P

ROOFS



326 Jacaranda Core Science Stage 5

DART LOCATIONS March 2008
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Blue — international

DART warning buoy locations

8.5 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. List some of the effects of earthquakes.
2. Explain how earthquakes occur.
3. Distinguish between an earthquake and a tremor.
4. What is the difference between the focus and the epicentre of an earthquake?
5. Explain why a tsunami only a few metres high in the open ocean can reach heights of up to 30 m by the 

time it reaches land.
6. Explain how seismologists are able to make predictions about the likelihood of an earthquake.
7. Describe the differences between P-waves, S-waves and L-waves.
8. State in which order the different seismic waves arrive at a seismometer.
9. Identify the area in which most tsunamis begin.

10. Recall what is measured by the Richter scale.
11. Why are P-waves and S-waves referred to as body waves?

Think
12. Explain why Indonesia experiences bigger earthquakes than Australia.
13. Explain why the DART system was unable to provide warning of the Sumatra–Andaman tsunami.
14. Account for the fact that areas as far away from Sumatra as Africa and Alaska could feel the effects of the 

Sumatra–Andaman tsunami.
15. Explain why Australia experiences earthquakes even though it is not near a plate boundary.
16. Calculate how much energy an earthquake that measures 6 on the Richter scale has in comparison to an 

earthquake that has a Richter magnitude of:
(a) 4
(b) 7
(c) 2.

17. Outline some of the long-term consequences of the damage done to nuclear power stations by the Sendai 
tsunami.
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8.6 Mountains of fire
8.6.1 How volcanoes form
A volcano forms when molten rock and gases from the mantle are able to escape onto the Earth’s surface. 
This can occur when weak regions of the crust give way as the result of pressure exerted from the mantle 
or in regions near plate boundaries.

When these weak areas collapse, a vent (tunnel) or a fissure (crack) is formed. Magma, made of molten 
rock combined with dissolved gases, moves up into these vents because it is less dense than the solid 
rock that surrounds it. When the magma first moves up through the weak region, it forms reservoirs in the 

Investigate
18. Some people refer to tsunamis as tidal waves. This is incorrect. Use the library or internet to investigate the 

difference between tidal waves and tsunamis.
19. Investigate why earthquakes are more likely to occur in some areas than in others.
20. Seismologists use the Mercalli Intensity scale to measure the extent of destruction that an earthquake 

causes. Research how this scale works and compare it with the Richter scale.
21. Use the internet or other resources to research and compare the 2004 Sumatra earthquake and the 2011 

Japan earthquake. Write a report about the differences between the earthquakes and their consequences.

Using data
The table below shows the number of people killed in some of the major earthquakes in recent years.

22. Identify which two earthquakes listed in the table above best show that the Richter scale measurement 
does not indicate the loss of life in earthquakes.

23. Recall what factors, apart from the Richter scale measurement, affect the likelihood of deaths occurring in 
an earthquake.

24. Construct a bar graph to display the Richter scale measurement of the earthquakes listed in the above table.
25. How much more energy was released by the 2004 Sumatra earthquake than the 2010 Haiti earthquake?
26. Suggest why there were more fatalities as a result of the Haiti earthquake.

Year Location Number of deaths (approx.) Richter scale magnitude

1994 Los Angeles, USA 57 6.6

1995 Kobe, Japan 6 400 7.2

1999 Iznit, Turkey 17 000 7.4

2001 Gujarat, India 20 000 7.9

2003 Bam, Iran 26 000 6.6

2004 Sumatra, Indonesia 230 000 9.0

2008 East Sichuan, China 90 000 7.9

2010 Haiti (Caribbean Sea) 316 000 7.0

2011 Sendai, Japan 18 000 9.0

 Explore more with this weblink: Tsunami

 Complete this digital doc: Worksheet 8.4: Earthquakes (doc-0000)

 Complete this digital doc: Worksheet 8.5: Plotting earthquake activity (doc-0000)

RESOURCES — ONLINE ONLY
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Earth’s crust. These are called  magma chambers . From the vent, the magma is ejected onto the surface 
in an event called an  eruption . Once on the surface the molten rock (now called  lava ) starts to cool. Vent 
eruptions tend to form typical cone-shaped mounds. Flow from a fi ssure, on the other hand, tends to create 
ridges either side of the gap. Mid-oceanic ridges are formed from the fi ssure or vent eruptions of undersea 
volcanoes. 

    8.6.2 What comes out? 
 As the pressure builds up in the magma chamber, ash and steam emerge from the vents of a volcano. When 
the volcano erupts, lava (a mixture of magma and gases, including steam, carbon monoxide and hydrogen 
sulfi de) fl ows from the vents and red-hot fragments of rock, dust and ash, steam and other gases shoot out 
of the crater. Exploding gases often destroy part of the volcano. The larger fragments of rock blown out of 
the crater are called  volcanic bombs . 

 The lava fl owing from a volcano can be runny like a milkshake or pasty like toothpaste. If it is runny, 
it can fl ood large areas, cooling to form large basalt plains like those in Victoria’s western district, in 
Melbourne, and to the city’s north and south. 

Lightning can 
sometimes be 

seen in the ash 
clouds. Colliding 

particles of ash and 
lava create static 

electricity.

Ash settles 
in a layer 
over 
the volcano.

Magma gathers 
in the magma 
chamber before 
it is forced 
to the surface.

Blocks of hot rock 
known as volcanic bombs are 
catapulted out of the vent.

Avalanches and landslides 
are common in volcanic 
eruptions.

An ash cloud 
explodes from the 
crater and up to 
30 kilometres into 
the atmosphere.

Main 
volcanic vent

Lava covers the ash and 
solidifi es, forming 

alternating layers 
of ash and lava.

Pressure 
from gas and 
magma mixing 
underground 
forces magma 
up the main 
vent and 
branch pipes.

Branch
pipe

Melted snow and ice 
turn into destructive 
mudfl ows that travel 
down valleys.

The volcanic 
crater is the point 
where the magma 
reaches the surface 
and becomes 
known as lava.

The initial heat blast 
from the eruption ‘boils’ 
trees by turning the 
water in plants and 
animals to steam.
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 Thick, pasty lava builds up on the sides of volcanoes and can also block the vents as it cools. When this 
happens, gases build up in the magma below. As the pressure increases, the volcano can bulge and ‘blow its 
top’, thrusting rocks, gases and hot lava high into the air. 

 8.6.3 Types of volcanoes 
 With each eruption from a vent, layers of lava, rock, gas and ash fl ow out over those left behind by previous 
eruptions, causing a cone to form. Cone volcanoes can be classifi ed according to the steepness of their 
sides and the material of which they are made. Scientists who study the formation and eruption of volca-
noes are called  vulcanologists . 

 Shield cones 
 Shield cones are shaped like low domes and are made from layers of basalt that formed from very fl uid, 
fast cooling lava. This lava is really runny so gases can easily escape it. As a result, shield volcanoes tend 
not to have explosive eruptions. The sides of shield volcanoes are very gentle. Despite their subtle shape, 
shield cones can be very large. The largest volcano on Earth is Mauna Loa (Hawaii) which is a shield vol-
cano that is 96 km long and 48 km wide, and rises to a height of 9 km above the ocean fl oor! 

 Cinder cones 
 As their name implies, cinder cones have a very regular pointed shape. Their slopes are steeper than those 
of shield volcanoes. However, they do not get as large and you would rarely see a cinder cone more than 
500 m in height. They are made almost entirely of  pyroclastic material  (ejected material such as cinders, 
ash and volcanic rocks) and are formed after only a few periods of eruption. 

 Composite cones 
 Most volcanoes form composite cones. These have very steep sides and are made of alternating layers of 
lava and pyroclastic material.  

  Three different types of volcano  
(a) shield  
(b) cinder cone  
(c) composite   

(a)
Magma 

chamber

Shape formed by 
thin lava that spreads 
widely before cooling 
and hardening

Lava fl ows that have 
built up over time

Vent

Crater

Crater

(b) Magma 
chamber

Vent

Layers made up of 
heavier rocks near the 
vent, and cinders and 
ash towards the edges

(c)
Magma 

chamber

Bodies of igneous 
rock formed when 
former channels 
of magma 
have cooled

Vent
Secondary 
cone

Layers made 
up alternately 
of cooled 
lava and ashUNCORRECTED P
AGE P

ROOFS



330 Jacaranda Core Science Stage 5

8.6.4 Birth of a volcano
On a cool winter’s day in 1943, a small crack opened up in a field 
of corn on a quiet, peaceful Mexican farm. When red-hot cinders 
shot out of the crack, the shocked farmer tried to fill it with dirt. 
The next day, the crack had opened up into a hole over two metres 
in diameter. A week later, the dust, ash and rocks erupting from the 
hole had formed a cone 150 m high! Explosions roared through 
the peaceful countryside and molten lava began spewing from the 
crater, destroying the village of Paricutin. The eruptions continued 
and, within a year, the new mountain, named Paricutin, was 300 
m high. When the eruptions stopped in 1952, Paricutin was 410 m 
high.

8.6.5 The Ring of Fire
The majority of active volcanoes lie along the perimeter of the 
Pacific Plate, forming a continuous path through Japan, Indonesia, 
New Zealand, Hawaii and Alaska, then down along the western 
coasts of North and South America. Due to the enormous amount 
of seismic and volcanic activity that occurs along this circuit, it 
is called the Ring of Fire by seismologists. The subduction zones 
and heavy faulting that occurs at the boundary of the Pacific Plate 
causes the instability seen in these regions.

Paricutin, a new volcano in Mexico. 
It began as a small crack in a field 
of corn.

AUSTRALIA

PACIFIC

OCEAN

NORTH
AMERICA

SOUTH
AMERICA

ASIA

New Zealand

Indonesia

Japan

20000 4000 km

N

The Ring of Fire

HOW ABOUT THAT!
When Krakatoa in Indonesia blew 
its top in 1883, the explosion 
could be heard over 4000 km 
away. The tsunami caused by the 
explosion drowned about 36 000 
people.
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8.6.6 Australia’s volcanic past
Despite the popular misconception that there are no volcanoes in mainland Australia, young volcanic rocks 
are widespread in the eastern states. Aboriginal people were probably witnesses to the volcanic activity 
in Australia, especially in the Mount Gambier area of South Australia around 4300 years ago. Aboriginal 
stone tools have been found in Victoria buried beneath volcanic deposits.

INVESTIGATION 8.6

Making volcanoes
AIM: To ivnvestigate how the size of particle of which a volcano is made affects the slope of its sides

You will need:
a sheet of A2 paper or cardboard
ruler
a large wooden blackboard protractor
4 plastic cups each filled level to the top of the cup with one of the following: coarse sand, gravel, ground chalk dust, 
soil

• Copy the following data table into your notebook in which to record your results:

• Place the cardboard sheet on your bench and mark an X in the centre with your pencil.
• Take the cup of gravel and hold it about 20 cm above the X on the paper. Carefully tip the cup allowing the 

gravel to pour onto the X. As the cup gets emptier, you will need to tilt the bottom up higher; it is important 
while you are pouring that you use as smooth a movement as possible without shaking the cup.

• The gravel will have formed a vaguely conical pile. Beyond the pile, position the board protractor with its 
bottom edge flat on the bench and held as vertically as possible. Place your eyes at the level of the pile’s 
base and move the protractor so that you can determine the angle at which the pile’s side slopes — this is 
called the angle of repose. Note the angle in the second column of your data table.

• With your pencil use two small crosses on the cardboard to indicate the maximum width of the pile’s base. 
Carefully pour the gravel off the cardboard back into the cup, then use your ruler to measure the distance 
between the two crosses. Enter this in the third column of your data table, and erase the pencil marks from 
the cardboard.

• Repeat these steps for the sand, soil and chalk dust.

Discussion
1. Using your data table results, construct a bar graph showing the slope angle (in degrees) of each particle 

pile.
2. Describe the general relationship between the particle size and the angle slope of the pile that it naturally 

forms against gravity.
3. Based on this, would you expect an ash cone or a cinder cone to have (a) the steepest sides (b) the largest 

diameter of base? Explain your answer.
4. Which of these particle piles was shaped the most like a shield volcano?

Particle Angle of slope Diameter of base

Gravel    

Sand    

Soil    

Chalk dust    
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INVESTIGATION 8.7

Plotting volcanoes
AIM: To find where active or recently active volcanoes are located

You will need:
a map of the world

• The latitude and longitude data below show the location of active or recently active volcanoes. Mark them on 
your map with small crosses.

• Is there a pattern to the location of volcanic action? If so, describe the pattern in words.

Longitude Latitude

45°E 12°N

160°E 55°N

120°W 35°N

130°E 5°S

15°E 35°N

15°W 35°S

160°W 55°N

105°E 10°S

25°W 65°N

150°W 15°N

120°E 10°N

25°E 35°N

150°E 10°S

180°E/W 30°S

15°W 30°N

90°W 0°

65°W 15°N

32°E 2°N

150°E 25°N

70°W 40°S

30°W 60°S

175°E 40°S

95°E 5°N

32°W 42°N

150°W 57°N

135°E 37°N

75°W 0°

105°W 20°N

90°W 15°N
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 A belt of recent volcanism (that is, any phenomena associated with volcanoes and volcanic activity) 
occurs down the eastern states, starting in the Torres Strait and stretching down to the Victorian–South Aus-
tralian coastline. This volcanism can be divided into two broad types —  central volcanoes  and  lava fi elds . 

 Central volcanoes 
 Central volcanoes are any phenomena associated with volcanic activity, both past and present, that are not 
lava fi elds. The remains of central volcanoes were produced from either a single central vent or a cluster 
of vents. The largest Australian central volcano is the Tweed volcano. Mount Warning in New South Wales 
is the Tweed volcano’s remaining hard central vent. Other remains of central volcanoes include the Glass-
house Mountains in Queensland and the Warrumbungles in New South Wales. 

 The youngest volcano in Australia, Mount Gambier, fi rst erupted about 4300 years ago. Its most recent 
eruption occurred only 1400 years ago. The cone of the Mount Gambier volcano has fi lled with water to 
form a  crater lake . The lake displays a deep blue colour on sunny days, and is a popular tourist attraction. 

 Lava fi elds 
 These are areas over which large amounts of basaltic lava have 
fl owed. The lavas are normally very thin and now cap ridge and 
mountain tops. Lava fi elds    can be found right along the eastern 
side of Queensland, New South Wales, Victoria and Tasmania. 
The remnants of one of the most extensive sequences of basaltic 
lava fl ows in the world are found in the East Kimberley region of 
Western Australia. These are very old (about 530 million years) 
and cover an area of 35 000 square kilometres.  

 8.6.7 Land ahoy! 
 Active volcanoes also erupt under the sea. An active volcano below the sea is generally not visible. If layers 
of lava build up, however, they may eventually emerge from the sea as a volcanic island. Lord Howe Island, 
off the coast of New South Wales, was formed in this way about 6.5 million years ago. A more recent 
example is the island of Surtsey, which emerged from the sea off the coast of Iceland in 1963. 

 8.6.8 Dead or alive? 
 Volcanoes that are erupting or have recently erupted are called 
 active  volcanoes. Mount Pinatubo in the Philippines, which 
erupted in June 1991 killing 300 people, is an active volcano. 
There was so much smoke and ash coming from Mount Pina-
tubo that the Earth’s weather was slightly cooler for over a year 
because clouds of volcanic particles and dust blocked out 4 per 
cent of the sun’s light! 

  Extinct  volcanoes are those that have not erupted for thousands 
of years. They are effectively dead and are most unlikely to erupt 
again. There are many extinct volcanoes in Australia. The Glass-
house Mountains of Queensland are the remains of cooled lava 
trapped in the central vents of volcanoes. There are many extinct 
volcanoes in Victoria. Tower Hill, near Warrnambool, is just one 
example, and there are many others just to the north of Melbourne. 
Unfortunately, there have been cases where a volcano has been 
thought to be extinct, but revealed to have been merely dormant after it erupted with devastating results. 

 Volcanoes that have not erupted for over 20 years and are not considered to be extinct are called  dormant  
volcanoes. Dormant means ‘asleep’ and these volcanoes could ‘wake up’ at any time and erupt. Mount 
Pinatubo was a dormant volcano before its eruption in 1991.     

  Mount Fox in Ingham, Queensland, 
was formed by an extensive lava fi eld. 

  Mt Warning is an extinct volcano in 
far north-eastern New South Wales. 
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 HOW ABOUT THAT! 
 Perhaps history’s most famous eruptions occurred in 79 AD when Mt 
Vesuvius buried the cities of Pompeii and Herculaneum under 20 metres of 
ash and molten rock. Forgotten for centuries, Pompeii was rediscovered in 
1599 and extensive excavation of the site began in the 18th century. The 
diggers found a number of hollow ‘voids’ between ash layers. When fi lled with 
plaster, these voids were revealed to be hollow moulds of the bodies of the 
eruption’s victims. While archaeologists once theorised that the Pompeiians 
had been suffocated by ash and toxic gases, a study in 2010 revealed that it 
was more likely that they were killed by temperature surges which heated the 
air to 250 °C. Even those people sheltering in buildings would have died instantly.    

 8.6 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note : Question numbers may vary slightly. 

 Remember  
1.    Recall  what causes a volcano to erupt.  
2.    Distinguish  between a dormant volcano and an extinct volcano.  
3.    Explain  the difference between magma and lava.  
4.    Recall  what materials emerge from a volcano’s crater during an eruption.  
5.   How do shield, cinder cone and composite volcanoes differ from each other? What is pyroclastic material? 

Give at least two examples.   

 Think  
6.   Should Mount Gambier be described as an extinct or dormant volcano?  Explain  your answer.  
7.    Explain  how a volcano can affect the world’s weather.  
8.    Construct  a Venn diagram to show the differences and similarities between central volcanoes and lava 

fi elds.  
9.    Describe  how you can tell if the volcanoes in your district had runny lava when they were active.   

 Create  
10.   Write a short story about an underwater volcano entitled ‘The birth of an island’.  
11.   Collect newspaper articles about volcanic eruptions that have occurred recently.  Construct  a poster to 

display the articles in your classroom.  
12.    Construct  a papier-mâché model volcano. Shape some chicken wire into a cone with a small crater at the 

top. Soak small pieces of newspaper in a pasty mixture of fl our and water and attach the sticky newspaper 
to your wire cone. You will need to apply several layers of newspaper. Use colour to brighten your model.  

13.   Imagine that you are the Mexican farmer who found the crack in the ground that gave birth to the volcano 
Paricutin. Write an account of what you saw and how you felt during the week after you fi rst found the crack 
in the ground.  

14.   The fi ve most dangerous eruptions in history (so far) are shown in the following table.  

  Construct  a timeline drawn to scale showing when these eruptions occurred.   

 Location  Date  Casualties 

 Tambora (Indonesia)  1815  92 000 

 Santorini (Greece)  1628 BCE  Minoan civilisation 

 Krakatoa (Indonesia)  1883  36 400 

 Santa Maria (Guatemala)  1902  6000 

 Mt St Helens (US)  1980  57 
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8.7 Project: Disaster-proof
8.7.1 Scenario
Earthquakes occur when pressure built up between adjacent sections of rock in the Earth’s crust is suddenly 
released. The bigger the earthquake’s magnitude, the greater the amount of energy that shakes the Earth. 
Solid ground seems to move like water, roads crack, buildings fall and people die. However, the magnitude 
of the earthquake is not necessarily a good indication of how deadly it will be. The May 2006 earthquake 
in Java had a magnitude of 6.2 and caused the deaths of nearly 6000 people, yet the 2004 Guadalupe earth-
quake was the same size but killed only 1 person. In some cases, magnitude 5.3 earthquakes have killed more 
people than those with magnitude 8.1. In fact, one of the key predictors other than magnitude of how deadly 
an earthquake in an area will be is how heavily populated the area is and what type of buildings are there. It 
is a sad fact that the majority of people who die in earthquakes do so because the buildings around them fail.

While Australia is not near a plate boundary, as the more earthquake-prone regions of the world are, we 
are not out of danger. The 1984 Newcastle earthquake had a magnitude of 5.6 and resulted in 13 deaths, 
160 injuries and damage to over 60 000 buildings. With this in mind, your company — Shakeless Seismic 
Solutions — has been approached by a wealthy client who suffers from acute seismophobia. She wishes to 
build a five-storey office block in Perth and she wants it to be as earthquake-proof as possible. However, 
yours is not the only company that she has approached. In order to determine which business she will 
award the contract to, she is asking each company not only to come up with a design, but also to have a 
scale model of their design tested on a shake-table earthquake simulator.

8.7.2 Your task
Your group will use research, ingenuity and online simulators to design a five-storey office block that will 
survive an earthquake. You will build a scale model of your design and compete with other groups to deter-
mine which model/design is able to withstand the most energetic shaking on the simulator and so which 
company will win the building contract. Your model will need to fulfil the following criteria:
 • It should have a total mass of no more than 1.5 kg.
 • It should have a base area no bigger than 20 cm x 20 cm and should have a height of at least 50 cm.
 • No glue, staples, nails or pins are allowed to be used; however, you may use interlocking pieces.
 • It must be freestanding (it may not be stuck to the table in any way).

Investigate
15. Find out the name and location of a dormant or extinct volcano that is close to your school.
16. Two of the most famous volcanoes in the world are Mount Vesuvius and Mount Krakatoa. Investigate 

where they are, when they erupted and what damage they caused.
17. Use the Volcano explorer weblink in the Resources tab to build a virtual volcano and watch it erupt.
18. Write an account of a recent major volcanic eruption. Some that you might choose from are:

• Mount Ruapehu, New Zealand, 1994 and 1996
• Mount Tavurvur, Papua New Guinea, 1994
• Eyjafjallajoökull, Iceland, 2010.

 Explore more with this weblink: Volcano explorer

 Complete this digital doc: Worksheet 8.6: Volcanic activity (doc-0000)

RESOURCES — ONLINE ONLY
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Before testing, you will be required to explain the main aspects of your design to the client (your teacher) 
and describe what makes the model and the real building earthquake-proof.

8.7.3 Process
 • Open the ProjectsPLUS application for this chapter located in the Resources tab. Watch the introductory 

video lesson and then click the ‘Start Project’ button to set up your project group. You can complete this 
project individually or invite other members of your class to form a group. Save your settings and the 
project will be launched.

 • Navigate to your Research Forum. Here you will find a number of different headings under which you 
will organise your research. You may delete those topics that you will not be considering or add your 
own topics if you find your research going in a different direction.

 • Start your research. Make notes about information that you think will be relevant to your project, 
including what factors determine a building’s stability in an earthquake. Enter your findings as articles 
under your topic headings in the Research Forum. You should each find at least three sources (other 
than the textbook, and at least one offline such as a book or encyclopedia) to help you discover extra 
information about earthquakes and how they affect buildings. You can view and comment on other group 
members’ articles and rate the information that they have entered. When your research is complete, print 
out your Research Report to hand in to your 
teacher.

 • Visit your Media Centre and download the 
testing criteria for your design from the 
Document section. Your Media Centre also 
includes weblinks that you may find useful 
for your project. Some of these links will 
take you to online earthquake simulators that 
will allow you to test the effectiveness of par-
ticular building features.

 • Use what you have learned to build your 
model for test day.
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8.8 Review
8.8.1 The theory of plate tectonics
 • explain Wegener’s theory of continental drift  8.2
 • describe the use of scientific ideas and technology in the development of the theory of plate tectonics  8.3
 • describe what Pangaea was and recall when it existed  8.2
 • describe the Earth’s crust and compare it with other layers below and above the Earth’s surface  8.2, 8.3
 • describe evidence supporting the theory of plate tectonics, including the location of volcanic  

activity and earthquakes  8.2, 8.3
 • recognise the major plates on a map of the Earth  8.3
 • explain the movement of plates in terms of heat and convection currents in the Earth’s mantle  8.3
 • describe and compare the processes of subduction and the formation of ocean ridges  8.3
 • model the process of subduction and sea-floor spreading  8.3
 • explain how the Himalayas were formed  8.2, 8.3

8.8.2 Folding and faulting
 • describe and model the processes of folding and faulting  8.4
 • describe the three main types of fault  8.4
 • describe the difference between a syncline and an anticline  8.4
 • relate folding to the movement of tectonic plates and the formation of mountain ranges  8.4
 • explain the formation of faults in terms of the forces acting within the Earth’s crust and the  

movement of plates relative to each other  8.3, 8.4

8.8.3 Earthquakes and tsunamis
 • relate the occurrence of major earthquakes and volcanoes to the movements along plate boundaries  8.5, 8.6
 • compare the energy released by earthquakes with different values on the Richter scale  8.5
 • associate tsunamis with earthquakes and volcanic activity  8.5, 8.6

8.8.4 Volcanoes
 • identify the main features of a volcano  8.6
 • distinguish between lava and magma  8.6
 • recall how volcanoes may form and in what regions they are most likely to be found  8.5, 8.6
 • describe and compare the characteristics of active, dormant and extinct volcanoes  8.6
 • relate the age and stability of the Australian continent and its lack of volcanic and  

major earthquake activity to its location away from plate boundaries  8.3, 8.4, 8.5, 8.6

8.8.5 Science and society
 • describe the role of seismologists and vulcanologists in the investigation of the Earth’s crust  8.4, 8.5, 8.6
 • explain the importance of early warning systems to people living near plate boundaries,  

particularly on the edges of the Pacific Ocean  8.5 

Individual pathways

 V ACTIVITY 8.1
Revising the dynamic Earth
doc-10659

 V ACTIVITY 8.2
Investigating the dynamic Earth
doc-10660

 V ACTIVITY 8.3
Investigating the dynamic Earth 
further
doc-10661

  ONLINE ONLY
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8.8 Review 1: Looking back
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. What evidence supports the theory of plate tectonics?
2. What is continental drift?
3. Describe how the Earth’s layers formed.
4. Describe how an extinct volcano is different from an active volcano.
5. Identify where on Earth you would find the Ring of Fire and explain how it got its name.
6. According to the theory of plate tectonics, the Earth’s crust is divided into a number of slowly moving 

plates.
(a) Explain what makes the plates move.
(b) Describe what can happen when two plates slide past each other.
(c) How does the theory of plate tectonics explain the increasing height of the Himalayas?

7. Distinguish between an ocean ridge and a subduction zone.
8. Explain why the oceanic crust slides underneath the continental crust when one pushes against the other.
9. Describe the movements in the Earth’s crust that cause the folding of rock that has shaped most of the 

Earth’s mountains.
10. Suggest at least two reasons why an earthquake that registers 6.6 on the Richter scale can cause more 

deaths and devastation than an earthquake that registers 7.9 on the Richter scale.
11. Identify what a seismograph measures and explain how it works.
12. How are S-waves different from P-waves?
13. Identify each of the features labelled A–H.

14. Which type of seismic wave causes most of the damage during an earthquake?
15. Explain how regions that are not near plate boundaries can experience earthquakes.
16. Recall at least three substances that are likely to be ejected from a volcano when it erupts.
17. Identify the following.

(a) The single supercontinent that dominated the Earth 225 million years ago
(b) The sea that surrounded Pangaea
(c) The two continents that were separated by the Tethys Sea 200 million years ago
(d) The present day continents that made up the ancient continent Gondwana

A B

C D

E

F

G

H

FOCUS ACTIVITY

Read the article ‘How a supervolcano covers a continent’. Use the information in the article to answer questions.

Access more details about focus activities for this topic in the Resources tab. (doc-10658)
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18. Folds and faults are caused by movements in the Earth’s crust. The movements that cause folding are different 
from the movements that cause faulting. Describe the different movements that cause folds and faults.

19. How are volcanoes formed?
20. Read through the following list. Each feature describes either continental or oceanic crust. Decide which 

type of crust each feature is describing and transfer it to a table like the one shown below.
• About 6–8 km thick
• Made of lightweight rocks, like granite
• Very old
• Forms from lava that bursts through cracks under 

the ocean
• Between 30 and 70 km thick
• Made of heavy, dense rocks
• Forms from volcanic activity, weathering and sedimentation
• Quite young

21. What type of crust is the Pacific Plate made from? Explain your answer.
22. The San Andreas Fault makes much of coastal California, including the cities of Los Angeles and San 

Francisco, susceptible to earthquakes.
(a) Explain why the San Andreas Fault is called a slip fault.
(b) What causes major earthquakes along this fault?

23. Distinguish between the epicentre of an earthquake and its focus.
24. How much more energy is released by an earthquake that registers 6.0 on the Richter scale than by one 

that registers 7.0 on the Richter scale?
25. Before a volcano erupts, its vents are blocked with thick, pasty lava.

(a) What change takes place to cause the volcano to erupt?
(b) How is the lava emerging from a volcano different from magma?

Test yourself
1. Divergence occurs when plates are

(A) moving away from each other.
(B) sliding past each other.
(C) moving towards each other
(D) breaking in half. (1 mark)

2. Mt Warning is an example of a
(A) fold in rock layers.
(B) dormant volcano.
(C) extinct volcano.
(D) monolith. (1 mark)

3. Identify which ONE of the following is NOT true about tsunamis.
(A) They are the same thing as tidal waves.
(B) They may be caused by underwater earthquakes.
(C) They are higher in shallow water than out in the ocean.
(D) They may travel through the ocean at speeds of up to 800 km/h. (1 mark)

4. The movement of tectonic plates is caused by
(A) earthquakes.
(B) convection in the mantle.
(C) the rotation of the Earth on its axis.
(D) melting ice caps. (1 mark)

Oceanic crust Continental crust

   

   

 Complete this digital doc: Worksheet 8.7: Geological activity (doc-0000)

 Complete this digital doc: Worksheet 8.8: The dynamic Earth puzzles (doc-0000)

 Complete this digital doc: Worksheet 8.9: The dynamic Earth summary (doc-0000)
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