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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 Introduction

FIGURE 8.1 Molten lava erupts from Eyjafjallajökull, Iceland, 2010
The ground beneath you seems still.
It might even seem dull. But first
appearances can be deceiving.
In fact, the Earth’s crust is not still —
it is constantly moving and changing
as seen by earthquakes. Nor is it
dull — there are locations where red-
hot molten rock is created, which
sometimes bursts through and creates a
volcano like the one shown in figure 8.1
(Eyjafjallajökull, Iceland, which erupted
in 2010).

Volcanoes and earthquakes provide
spectacular evidence that the Earth is
a dynamic, ever-changing planet. This
activity can be both amazing and scary
at the same time. However, there is a
pattern to this activity, as the location of most volcanoes and earthquakes are controlled by the movements of
Earth’s tectonic plates. Tectonic plates are pieces of the Earth’s crust that shift and move around relative to each
other; more than 80 per cent of all volcanoes and earthquakes are formed along the boundaries of the tectonic
plates. Take Iceland as an example. Here, two tectonic plates are moving away from each other forming large
fissures in the crust, which allows hot material to rise up from the middle, melt and erupt to form inspiring
volcanoes.

Resourceseses
Resources

Video eLesson Volcanic eruption in Iceland 2010, Eyjafjallajökull (eles-2661)

This short video of the eruption of Eyjafjallajökull was taken less than
a kilometre from the crater. A lava flow, creating new rocks, can be see in the
bottom right of the screen.

8.1.2 Think about our dynamic Earth

1. How can something as large as a continent move?
2. Why do volcanoes make a ‘ring of fire’ around the Pacific Ocean?
3. How could someone have walked to Australia 250 million years ago?
4. Why do the Himalayas have many of the highest mountains on Earth?
5. What causes tsunamis?
6. How can a volcano suddenly appear from nowhere?
7. Where is the largest volcano in the solar system?
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8.1.3 Science inquiry

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 fiction 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
Snæfellsjökull in Iceland.

crust hard and thin outer rock
layer of the Earth

mantle solid but soft middle rock
layer of the Earth

core hot centre of the Earth made
of iron and nickel

Although no one has ever been able to drill a hole, much less visit, the centre of
the Earth in reality, geologists have made some scientific discoveries about what
is deep inside the Earth. For starters, they found that the Earth is layered. The
surface layer is called the crust, followed by the mantle and then the core at
the very centre. As you move towards the centre, each layer is made of denser
material — the heavy material sank to the bottom, while the lighter material stayed
on top.

Think about the crust

When you look at an image of the Earth’s surface the largest features are continents and ocean basins.
1. Are there any patterns to the size or locations of the continents and oceans?
2. Geologists consider the bulk of continental crust to be made of different rocks types compared to the

oceanic crust.
a. How might the wide range of crustal thickness in the data above be related to this?
b. Which do you think is thinner, oceanic or continental crust?

3. Consider the material found close to the surface of the Earth — close enough to be able to reach with
drills and tunnels. Make a list of material that are:
a. used to provide energy for heating, transport and industry
b. used for building and other construction
c. exceptionally valuable.

Think about the mantle and core

As we travel towards the centre of the Earth, the weight of the rock above gets heavier, thus pressure ever
increases as we make the journey. Temperature also increases, because rocks can contain radioactive material
that decays and releases heat, keeping the interior of the Earth nice and toasty.
4. What do you imagine the state of the mantle to be like?
5. Jules Verne described Earth’s interior to be full of interconnected caverns, a bit like swiss cheese. How

valid is his description?
6. What would you expect to find at the very centre of the Earth?
7. The Earth’s surface is constantly experiencing change. Make a list of events that cause change to the

surface and evaluate which ones may be the result of a dynamic interior.
8. Scientists have estimated Earth to be approximately a sphere with an average radius of 6370

kilometres. Create a scaled-down model for the interior of the Earth to illustrate the three layers.

TABLE 8.1 Depth to each layer of the Earth

Earth layer Average depth to top of layer Average depth to bottom of layer

Crust 0 km 6–30 km

Mantle 6–30 km 2900 km

Core 2900 km 6370 km

Fully worked solutions and sample responses are available in your digital formats.
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Resourceseses
Resources

eWorkbook Topic 8 eWorkbook (ewbk-4473)

Topic 8 Student learning matrix (ewbk-4472)
Topic 8 Starter activity (ewbk-4475)

Practical investigation logbook Topic 8 (elog-0442)

learnON Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions.

8.2 The Earth’s crust

LEARNING INTENTION

• In this subtopic you will understand that the Earth has distinct internal layers (crust, mantle,
outer core, and inner core), and that continental drift was a theory proposed to explain the
movement of continents, including the supercontinent Pangaea.

8.2.1 Structure of the Earth
The interior of the Earth has three basic layers: crust, mantle and core. The crust is the very thin, hard, outer
layer of our planet. To get an idea of how thin the Earth’s crust is, compare it to a medium-sized apple. Imagine
that the apple is the Earth. The crust would be as thin as the skin of the apple. Two questions have intrigued
geologists for more than a hundred years:
1. What lies beneath the crust?
2. Is everything stationary?

ewbk-####

int-####

FIGURE 8.2 Layers of the Earth

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.

Mostly solid but soft rock.

Temperatures mostly between 500 °C

and 2000 °C. About 2900 km thick.

The top part of the mantle can partially

melt to produce magma that can erupt onto

the surface.   

Crust (or lithosphere)

Atmosphere

A blanket of gases that surrounds the

Earth to a height of approximately

145 km. Mostly made up of nitrogen

and oxygen, which support life on

Earth.

Mantle

Outer core

Molten iron and nickel.

Temperatures mostly between

4000 °C and 6000 °C. About

2300 km thick.

Hydrosphere

The water on or at the

surface of the Earth,

including oceans, lakes,

rivers, rain and mist.

Mostly iron. Solid owing to

the extreme pressure.

Temperatures up to 7000 °C.

About 1200 km thick.

Inner core
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Questions about what is beneath the Earth’s surface have inspired curiosity and imaginative writing — such as
Jules Verne’s novels. The idea of drilling through to or even travelling to the centre of the Earth is appealing.
There could be no better way to find out what is down there. But the deepest man-made holes in the Earth have
been drilled to only around 12 km of the 6370 km distance to the centre. So, how do geologists know that a
mantle and core exist, and how do they investigate what they are like? Some methods include:

• the study of meteorites from space
• laboratory studies to determine temperature and pressure stability conditions for minerals and rocks
• measuring and interpreting seismic wave signals that have travelled through the Earth
• looking at features of the crust, which can provide clues to what happens beneath.

Resourceseses
Resources

Video eLesson Interior of the Earth (eles-4148)
       

SCIENCE AS A HUMAN ENDEAVOUR: Using seismic waves to image the interior of
the Earth

seismic waves waves released
when rock breaks or is rapidly
moved

Geophysicists use data from earthquakes to find out what lies inside the Earth.
Earthquakes produce seismic waves which transfer energy from the site of the
earthquake (the epicentre) through the crust. It is the energy of these waves that
causes destruction at the surface. outer core liquid outer layer of

the core, about 2300 km thick

inner core solid inner-most
layer of the core under extreme
pressure conditions, with an
approximate 1200 km radius

Seismic waves travel differently (speed and behaviour) as they pass through
different substances below the crust. By analysing seismic waves, scientists have
been able to identify the state and chemical composition of the substances inside
the Earth. For example, the Earth’s core is likely made of iron and nickel, but is
divided into two layers, a liquid outer core and a solid inner core. Flow of the
liquid outer core plays an important role for life on Earth,
as it generates the Earth’s magnetic field, which
protects the surface from some of the most harmful
solar radiation.

Consider the following questions.
• What else is the magnetic field useful for?
• Is the outer core the only Earth layer that

moves?

FIGURE 8.3 Seismic waves travel through the
Earth and return to the surface. When they interact
with a new medium, like at the base of the crust
(grey) the speed and travel path of the waves is
altered.

Earthquake

epicentre

Crust

Mantle
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8.2.2 The crust
There are two kinds of crust: continental and oceanic.

• The continents are made of continental crust, which you will recognise as the land.
• The ocean basins are made of oceanic crust, but in a few locations on Earth, slices of the oceanic crust

have been observed on land. These unusual rocks are called ophiolites. Macquarie Island is an exposed
ophiolite in the Pacific Ocean, halfway between New Zealand and Antarctica. It is a part of Tasmania and
an UNESCO world heritage site.

Their shapes, nature and features can help clue geologists into what may be happening beneath.

TABLE 8.2 Thickness and density of continental crust and oceanic crust

Continental crust Oceanic crust
Ranges from 25 to 70 kilometres thick Ranges from 4 to 10 kilometres thick

Average density is 2.7 g/cm3, similar to the rock
granite

Average density is 3.0 g/cm3, similar to the rock basalt

DISCUSSION

Where do you think the thickest continental crust would be? How could a geologist test your hypothesis?

8.2.3 Moving continents
Geologists of the 1800s believed that the Earth started off as a hot molten ball of rock material. As it cooled, a
crust formed, and the Earth began to shrink. The shrinking size would cause the solid crust to wrinkle, in the
same way that the skin of an apple wrinkles when it begins to rot. Geologists hypothesised that the continents,
particularly mountain ranges, were the high parts of the ‘wrinkles’ and that oceans covered the lower parts.
Accordingly, mountains would appear randomly all over the Earth’s surface and constantly grow; volcanoes and
earthquakes would also occur randomly.

As with all scientific theories, they can be challenged and evolve when new information is gathered. During the
late 1800s and early 1900s, evidence was found that showed that the continents were moving.

The continental drift theory continental drift movement of
the Earth’s continents relative to
each other over geologic time

In 1912, a German meteorologist and polar explorer named Alfred Wegener proposed
a new theory. He suggested that the Earth isn’t shrinking, but that continents were
slowly drifting across the Earth over a weaker mantle, sometimes pushing through
ocean crust and colliding with another continent. This process became known as
continental drift.

Pangaea a supercontinent
that existed about 225 million
years ago. All landmasses were
joined together to form this
supercontinent.

Panthalassa the vast ocean
surrounding the supercontinent
of Pangaea

Wegener also proposed that, at one time, all the continents were joined like pieces of
a giant jigsaw puzzle into a single ‘supercontinent’ that he called Pangaea. Pangaea
was surrounded by a vast ocean called Panthalassa and a smaller inlying ocean called
Tethys. By about two hundred million years ago, Pangaea began to break into separate
continents that have slowly drifted apart to their present positions.

Wegener’s claims were based on several lines of evidence, including:

fossils the remains, impression
or trace of a living organism
preserved in rock

1. the present-day continents looked as though they would fit together, very much like a jigsaw puzzle
2. the discovery of fossils of the same land plants and animals on different continents now separated by large

oceans
3. the distribution of unique rock deposits and features of the same age across continents
4. the discovery of plant fossils that clearly grew in a different climate than the current one.
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FIGURE 8.4 The supercontinent of Pangaea as it would have appeared 200 million years ago, surrounded by
Panthalassa Ocean

DISCUSSION

In what ways did continental drift affect the evolution of animals and plants living on Earth at the time?

Resourceseses
Resources

Video eLesson Drifting continents (eles-0129)

INVESTIGATION 8.1
elog-####

Continental drift

Aim

To create a simple model to demonstrate continental drift

Materials

• enlarged copy of the map
• scissors

Method

1. Cut out the continents from the enlarged copy of the map provided.
2. Examine the distribution of fossils on each continent.
3. Rearrange the continents into one supercontinent by matching the distribution of fossils. For example,

you want the pink trend of the Glossopteris (fern) fossil on one continent to align with another trend on
a different continent.

Results

1. Once you have rearranged the continents for your model, glue them into your logbook.
a. What continent aligns with the east side (right side) of South America?
b. Is there a continent along the southern margin of Australia?

2. Note which continents must be rotated from their modern-day positions.

Discussion

1. What is the reason for using the distribution of land-based fossils as evidence of Wegener’s theory of
continental drift?

2. What part of Pangaea does your landmass represent?
3. What latitude and climate conditions during the time of Pangaea would you predict for Australia?

How could you investigate your hypothesis?

TOPIC 8 The dynamic Earth 7
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4. How valid do you think your results are? (Hint: compare your result with others around you, did
everyone come up with the same configuration? Is there more than one possible configuration?)

5. Suggest at least one other line of evidence that you could look for that would strengthen your results.

FIGURE 8.5 Distribution of a selection of fossils of ancient organisms

SOUTH

AMERICA

Lystrosaurus – a land reptile

Cynognathus – a land reptile

Mesosaurus – a freshwater reptile

Glossopteris – a fern

AFRICA

INDIA

AUSTRALIA

ANTARCTICA

Conclusion

Using the current shape and position of the continents, what can you conclude about continental drift?

Resourceseses
Resources

eWorkbook Continental drift (ewbk-4479)

Additional automatically marked question sets

8.2 Exercise

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.

Select your pathway

LEVEL 1:
Questions
1, 2, 7

LEVEL 2:
Questions
3, 4, 6, 10

LEVEL 3:
Questions
5, 8, 9, 11

8 Jacaranda Science Quest 9 Victorian Curriculum Second Edition
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Remember and understand

1. Complete the table.

Layer Description

Atmosphere

Hydrosphere

Crust
Mantle
Outer core
Inner core

2. Provide the appropriate labels for the model of the Earth below (don’t forget about the two different
types of crust).

Continental crust
Mantle

Inner Core

Outer core

Oceanic crust

6371 km

3. Even though the inner core is hotter than the molten outer core, it is solid. Explain why this is the case.
4. How is oceanic crust different from continental crust?
5. Describe two observations that provided evidence for Wegener’s theory of continental drift.
6. According to Wegener’s theory of continental drift, upon which layer of the Earth are the continents

floating?
7. What were Pangaea and Panthalassa?

Apply and analyse

1. How might the study of meteorites improve our understanding of the Earth’s interior?

2. SIS Seismic waves travel fast in kilometres per second (km/s).
The velocity changes of a seismic wave is graphed for the
depths around the mantle-core boundary within the Earth as
shown in the graph.
a. Mark the boundary between mantle and core.
b. What variables can influence the speed of the seismic wave?

Evaluate and create

1. SIS The Shrinking Earth theory was popular during the 1800s
to explain the existence of continents and mountain ranges.
a. Outline how it explained the existence of continents,

particularly mountain ranges.
b. Suggest an investigation that could help test the theory.

P-wave velocity (km/s)

D
e

p
th

 (
k

m
)

5140

2900

660

2 4 6 8 10 12 140
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2. SIS Alfred Wegener’s theory of continental drift was not widely accepted, despite all the evidence put
forward. Review the theory and suggest a reason why the scientific world may have had a hard time
accepting continental drift, as he proposed it.

Fully worked solutions and sample responses are available in your digital formats.

8.3 The theory of plate tectonics

LEARNING INTENTION

• At the end of this subtopic you will understand how sea-floor spreading works and its importance
to the theory of plate tectonics, and you will recognise different plate boundaries and their
features.

8.3.1 Mapping the sea floor
Alfred Wegener’s theory of continental drift was not widely accepted at the start because it failed to explain how
the continents moved. It wasn’t until the 1940s, when additional information from the sea floor was gathered that
the story started to piece together.

abyssal plains relatively flat
underwater deep ocean floor,
around 4000 metres depth

ocean ridges submarine
mountains that tower 2000 metres
above the abyssal plains

deep ocean trenches narrow
and deep troughs in the ocean
floor, generally greater than 5000
metres depth

During World War II submarines were used as a defensive tool. They used echo-
sounding to avoid collisions and search for other submarines. Harry Hess, a United
States naval officer and marine geologist, took advantage of the echo-sounding to also
survey and map the ocean floor. He discovered some unexpected features: abyssal
plains, ocean ridges and deep ocean trenches.

FIGURE 8.6 This topographic model of the Pacific Ocean highlights
sea-floor features such as abyssal plains, ocean ridges and deep
ocean trenches.

Deep ocean trenches

Narrow troughs that

reach depths of greater

than 5000 metres depth.

Abyssal plains

Relatively flat ocean

floor that averages 4000

metres depth

Ocean ridges

Underwater mountain chains

with peaks averaging at 2000

metres depth – towering 2000

metres above the abyssal plains.
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The Mariana Trench of the western Pacific is the deepest place on Earth with a depth of 10.9 kilometres, deep
enough to swallow Mount Everest without a trace.

sea-floor spreading the
formation of oceanic crust, which
occurs by the rising and melting
mantle at ocean ridges that push
older crust away from the ridge

By the 1960s, much of the ocean floor had been mapped, and geologists had
gathered more information about the oceanic crust. For example, they discovered
that the rocks further away from the of ocean ridges are older and colder than
those closer to the centre. The new data from the ocean floor led to the hypothesis
of sea-floor spreading.

The hypothesis of sea-floor spreading states that new oceanic crust forms at the centre of ocean ridges as mantle
rises, melts, and erupts through underwater volcanoes and then cools again. The new crust then splits in half to
allow even younger crust to form in the middle. This pushes the older crust away from the ridges. With time,
sea-floor spreading will make an ocean basin wider as more crust is made.

FIGURE 8.7 The process of sea-floor spreading can move continents apart.

New sea floor is formed along an

ocean ridge by rising mantle.

Over millions of years more

crust is added as the older

crust splits and is pushed

away from the ridge.

DISCUSSION

If the Earth’s size and volume do not change, is there a problem with new crust continually being made at ocean
ridges? Formulate an idea or hypothesis that could solve this problem.

8.3.2 Theory of plate tectonics

plate tectonics a scientific
theory that describes the relative
movements and interaction of
plates of the Earth’s crust over the
underlying mantle

The theories of continental drift and sea-floor spreading paved the way for the
more recent theory of plate tectonics. This theory proposes that the Earth’s
crust is broken into pieces, called plates, that move around and interact with one
another (tectonics). The theory of plate tectonics explains much more than the
movement of continents; for example, it explains why the Himalayas have grown
to such great heights, why Iceland is slowly splitting in two and why new rock is
being formed along ocean ridges.

TOPIC 8 The dynamic Earth 11
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magma extremely hot liquid or
semi-liquid rock within the mantle.
When it erupts on the surface of
the Earth it is called lava.

radioactive atoms are unstable
and will emit a particle to remove
excess energy. These particles
are capable of ionising other
atoms upon collision, which can
cause harm to living tissue.

convection currents the
movement of particles in a
liquid or gas resulting from a
temperature or density difference

The centre of the Earth is hot. When the world formed about 4.5 billion years ago,
the whole planet would have been one big ball of magma. After all this time you
might expect it to have cooled to become a solid ball of rock. However, the Earth
is radioactive. Heavier atoms like uranium break apart releasing particles that are
absorbed by the rock surrounding them. This heats the rock so that the core of the
Earth is hot enough to keep the rock in a liquid state. As the centre is hotter than the
outside, heat will flow by convection currents upwards (figure 8.9). You experience
convection currents daily. Boiling water or feeling the wind blow are all convection
currents, where heated material is moving from warmer or higher-pressure conditions
to cooler or lower-pressure conditions.

FIGURE 8.8 Convection currents in the
mantle

Mantle
Inner core

of solid metal

Outer core of

molten metal

Crust

Convection

current

Volcano

The convection currents within the mantle form due to thermal expansion and contraction of rock.
• Heat causes the rock in the mantle to expand, which helps it to rise towards the surface. This in turn pushes

on the crust, slowly moving the continents around.
• At the top of the mantle, the rock cools and contracts encouraging it to sink under the force of gravity,

where it can heat up and rise again.

This process of the plates sliding over a weak layer of slow flowing rock in the mantle is called plate tectonics. It
is the largest convection current on the planet!

The plates can consist of only continental crust or oceanic crust or be a combination of both. In any case they
move slowly (usually just a few centimetres in a year), and can move away from each other, push against each
other, or slide past each other.

Topic 9 discusses how and why convection currents form, and the importance of convection currents in the
mantle for life on Earth.

The word tectonic is derived from the Greek word tektonikos, meaning ‘builder’.
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CASE STUDY: The Pacific Ring of Fire

The majority of the world’s active volcanoes are not random; they lie along a circle around the Pacific Ocean that
is known as the Ring of Fire. Why do you think volcanoes organised like this?

FIGURE 8.9 The Ring of Fire

Australia

PACIFIC

OCEAN

North

America

South

America

Asia

New Zealand

Indonesia

Japan

20000 4000 km

N

Plates coming together
convergent boundary where two
tectonic plates move towards
each other

When two plates move towards each other we call them converging plates, or a
convergent boundary, and two convergent scenarios are observed.

subduction a convergent plate
boundary where one plate moves
under another

deep ocean trenches narrow
and deep troughs in the ocean
floor, generally greater than 5000
metres depth

Volcanoes a landscape feature
through which melted rock is
erupted onto the Earth’s surface

collision when two continents
crumple together to form a
mountain range

mountain range a group of high
ground features, commonly the
result of tectonic collision

1. Subduction occurs when old oceanic crust converges towards continental
crust or younger oceanic crust. Here, the older oceanic crust is heavier and
sinks beneath the other crust to form deep ocean trenches (figure 8.11a).
This is a destructive plate boundary because ocean crust enters the mantle.
This movement causes powerful earthquakes and creates arcs of volcanoes
that are parallel with the deep ocean trenches. The Ring of Fire is a circle of
subduction convergent boundaries.
As time progresses, this subduction can lead to a collision with another
continent as they are brought closer together (figure 8.11b)

2. Collision occurs when subduction brings two continents together. Here,
both continents are light and thick, which prevents them from entering the
mantle. Instead, huge mountain ranges, like the Himalayas, are formed as
the continents crumple together (figure 8.11c). The Himalayas are the result
of the collision of the Indian continental plate and the Eurasian continental
plate.

TOPIC 8 The dynamic Earth 13
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FIGURE 8.10 Convergent boundaries

 to CollisionSubduction

Time

Deep ocean 
trench

Oceanic crust
Continent A

Volcanic arc

Hot magma

Mantle

Continent A
Continent B

Oceanic crust

Mantle

Mantle

Mountain range

Continent  A Continent B

Pieces of oceanic crust

Plates moving apart

divergent boundary where two
tectonic plates move apart

constructive plate boundary
where new crust is formed

Divergent boundaries are when plates are diverging or moving apart. As they
move apart, hot mantle rises to fill in the middle and partially melts because of a
decrease in pressure. The melt continues to rise and forms small volcanoes along the
divergent boundary; as it cools and solidifies, new oceanic crust is created. Because
of the emergence of new crust, these boundaries are known as constructive plate
boundaries.

Sea-floor spreading is an example of diverging plates and the centre of an ocean ridge is the divergent boundary
between plates. The most famous divergent boundary may be the Mid-Atlantic Ridge, which is spreading apart
at 2.5 cm per year (or 25 km in a million years!). Sea-floor spreading over the past 100–200 million years has
caused the Atlantic Ocean to grow from a small body of water between Europe, Africa and the Americas, to the
enormous ocean it is today.

FIGURE 8.11 Divergent boundary: the spreading sea floor

Oceanic crust Oceanic crust

Solid

upper mantle
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FIGURE 8.12 The Mid-Atlantic Ridge is the largest divergent
boundary on Earth.

DISCUSSION

Look at the image of the Mid-Atlantic Ridge (figure 8.12) and locate Iceland. Can you predict why Iceland has so
much geological activity? What is causing the volcanic eruptions?

Plates sliding side by side
transform boundary where two
tectonic plates slide past one
another

When two neighbouring plates slide past each other, we call it a transform
boundary, and earthquakes commonly occur. Large earthquakes occur when
something prevents the plates from sliding. Pressure builds up until there is
enough force to restart the sliding with a jolt.

conservative plate boundaries
where crust is neither created or
destroyed

The boundaries between sliding plates are known as conservative plate
boundaries. This is because the crust is conserved (it is neither created nor destroyed). The San Andreas Fault
in California, United States, is perhaps the best-known example of a transform boundary.

FIGURE 8.13 Transform boundary: plates
sliding side by side
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Resourceseses
Resources

Video eLesson San Andreas Fault (eles-4149)

Interactivity Plate boundaries (int-8086)

8.3.3 Identifying the current plate boundaries
The major plate boundaries of today can be identified by observing the pattern of volcanoes and earthquakes,
and the mapping of spreading ocean ridges and growing mountain ranges. Geologists have directly measured
movement of the continents to confirm the plate boundaries.

Geologists have been able to demonstrate that the Earth’s crust is divided into over 20 plates, not just the
separate continents. Some of the plates are very large, while others are quite small. Figure 8.14 shows
the location of some of the major plates and the direction of plate movement. The location of some of the
boundaries is still not certain. These are shown on figure 8.14 by dotted lines.

FIGURE 8.14 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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Resourceseses
Resources

Video eLesson Plate margins of the world (eles-4150)
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The Earth recycles itself
While mantle rises and partially melts to form new oceanic crust at ocean ridges, old oceanic crust pushed
away from the ridges sinks back down into the mantle at subduction zones. This slow and continuing natural
process of ‘recycling’ old crust and producing new crust takes place over millions of years. But in the process,
ocean basins can open and close; and continents get to go along for the ride. The result is that the continents
continually shift and reorganise themselves. The configuration of continents we see today is not what it was in
the past, and is not what it will be in the future.

8.3.4 The continental jigsaw
Laurasia the northern part of
the broken-up supercontinent
of Pangaea, which included
the continents of Africa, South
America, Antarctica and Australia

Gondwana the southern part of
the broken-up supercontinent
of Pangaea, which included
the continents of Africa, South
America, Antarctica and Australia;
also known as Gondwanaland

The theory of plate tectonics enabled a more complete reconstruction of the
movement of continents proposed by the continental drift theory. Geologists now
accept that about 200 million years ago the supercontinent Pangaea broke up into
two smaller continents called Laurasia and Gondwana (or Gondwanaland). The
continents of Africa, South America, Antarctica and Australia were all part of
Gondwana.

FIGURE 8.15 Two hundred million years ago Pangaea began to break apart, first into two large masses called
Laurasia and Gondwana. Which one was Australia a part of?

(a) 250 million years ago (c) 65 million years ago

(b)  200 million years ago (d) 45–38 million years ago
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FIGURE 8.16 Glossopteris
fossils are evidence of the
theory of plate tectonics.

One of the most famous fossils to support the theory of plate tectonics is
from a tree called Glossopteris, which has been found across all of the now
detached southern continents of South America, Africa, India, Australia,
New Zealand and Antarctica. It existed for nearly 50 million years as the
dominant plant of Gondwana, and Gondwana was named after the region of
India where Glossopteris was found.

SCIENCE AS A HUMAN ENDEAVOUR: Australia on the move

Using high resolution Global Positioning Systems (GPS), geologists have measured that Australia is moving
approximately north at 7 centimetres per year. Yes, your house is actually at a different position each year!

Geologists have also rewound time and space to identify that Australia was once connected to Antarctica.
Australia began to separate from Antarctica about 65 million years ago. As it slowly moved northward from
the polar regions, the landmass experienced climate changes as it moved through different climate zones —
from cold, to cool and wet, to warm and humid, and to the hot and dry conditions that most of the continent
experiences today.

• How could you distinguish between the global climate changes we are seeing today and those that
Australia experiences as it continues its tectonic movement?

A stable continent

Australia is geologically stable because it is near the centre of a tectonic plate, well clear of the boundaries.
Volcanic activity and severe earthquakes are unlikely. The extreme age of Australia’s rock is due to its distance
from tectonic boundaries, where new rocks may be formed.

Resourceseses
Resources

Interactivity Does the Earth move? (int-0674)

eWorkbook Plate tectonics (ewbk-4554)
How does a hypothesis become a theory: Plate tectonics (ewbk-4556)

Additional automatically marked question sets

8.3 Exercise

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.

Select your pathway

LEVEL 1:
Questions
1, 2, 4, 5, 7

LEVEL 2:
Questions
3, 8, 10

LEVEL 3:
Questions
6, 9, 11, 12

Remember and understand

1. MC Where does sea-floor spreading occur?
At subduction zonesA. At convergent plate marginsB.
Along ocean ridgesC. From undersea volcanoesD.
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2. What tools were used to survey and map the ocean floor during World War II?
3. What is the theory of plate tectonics?
4. If the Earth’s surface consists of moving plates, what are the plates moving on?
5. How does rock move in the mantle to help drive the movement of tectonic plates?
6. Which plate boundary are ocean ridges associated with?
7. Describe what happens between plates at these boundaries:

Transform boundarya. Divergent boundaryb.
Convergent boundary — subductionc. Convergent boundary — collisiond.

8. What is Gondwana?
9. Why does oceanic crust subduct and continental crust does not?

10. Explain why earthquakes are common in the regions surrounding the Himalayas.

Apply and analyse

1. SIS What is the Ring of Fire and why, according to the theory of plate tectonics, does it exist?
2. List, in point form, at least three pieces of evidence that supports the theory of plate tectonics.
3. The illustration represents part of a plate

boundary.

a. Identify the type of boundary present.
b. Describe the movement of the plates on either

side of the plate boundary.
c. Should this boundary be described as a

constructive or a destructive boundary?
Explain your answer.

4. The theory of continental drift was first
proposed in 1912, over 50 years before the
theory of plate tectonics evolved. The evidence
for the theory of continental drift also
supports the theory of plate tectonics. Explain the difference between the two theories.

Evaluate and create

1. SIS Examine this topographic map of the Indonesian islands and surrounding countries. Focus on the
southwestern islands of Sumatra, Java, Bali and Lombok to complete the following.

Sumatra

Java
Bali

Lombok

Timor

400 km

Darwin

N

a. Trace the arc of volcanoes that form on Sumatra, Java, Bali and Lombok.
b. Trace the deep ocean trench in that same area.
c. There have been several earthquakes recently in this region. Identify the type of boundary present

that is causing all these earthquakes.
d. Should this boundary be described as a constructive or a destructive boundary? Explain your

answer.
e. Present a hypothesis about the tectonics east of Lombok (around Timor, north of Darwin).
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2. Explain why the climate of most of the Australian continent has changed from cold to hot and dry
during the past 65 million years.

Fully worked solutions and sample responses are available in your digital formats.

8.4 Rocks under pressure

LEARNING INTENTION

• At the end of this subtopic you will understand that rocks can bend into folds or break into faults
when put under tectonic force, and you will be able to identify different types of folds and faults
resulting from different tectonic forces.

8.4.1 Rocks under pressure
As the plates that make up the Earth’s crust slowly move, solid rock is pushed, pulled, bent and twisted. The
tectonic forces on the rocks are huge — large enough to break them, but also large and slow enough to bend
them. The forces are concentrated along the plate boundaries but can extend beyond the boundaries.

FIGURE 8.17 Folded layers of limestone in Greece that
formed by tectonic forces

8.4.2 Bending without breaking
If you hold a sheet of paper with one hand on each end and move the ends toward each other, the paper bends
upwards or downwards.

compression squeezing force

folding when rocks bend into
anticlines or synclines

The forces beneath the Earth are so large and slow that layers of rock bend and
crumple without breaking, just as the paper does. Compression is when a force is
applied to a rock and, if this is done slowly enough, will result in the folding of rocks.
(figures 8.17 and 8.18) Most of the major mountain ranges around the Earth have been
shaped by compression and folding.

anticline a fold in a rock with the
narrow point facing upwards

syncline a fold in a rock with the
narrow point facing downwards• Anticlines are folds that bend upwards, forming an ‘A’ shape.

• Synclines are folds that bend downwards.

Generally, anticlines and synclines are formed well below the surface of the Earth and are not visible unless they
are exposed by uplift and erosion. They can often be seen in road cuttings or in cliffs that have been formed by
the erosion of fast-flowing streams.
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FIGURE 8.18 Applying large and slow forces on solid layers of rock can fold them into anticlines (upward arch)
and synclines (downward arch).

Anticline

Syncline

Length of

crust decreases

CASE STUDY: Forming the world’s largest mountains

FIGURE 8.19 The folding of
rocks played an important part
in creating the Himalaya mountain
range, as two parts of the Earth’s
crust collide with each other.

Did you know 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? We now know that the Himalayas are a convergent plate
margin between two continental plates — the Indian Plate and the
Eurasian plate — a collision that geologists estimate began around 40
to 50 million years ago. As these plates are both made of continental
crust, one plate will not easily slide under the other. Instead, the two are
crumpling against each other, forming the 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.

The Himalayas are estimated to be rising by more than 1 cm per year as
India continues to collide with Asia to the north. This is why the region
still experiences shallow earthquakes. However, Earth’s gravitational
forces as well as the processes of weathering and erosion lower the
Himalayas at about the same rate. Mountains on Earth can’t grow much
higher than Mount Everest, which is about 8840 metres above sea level.

INVESTIGATION 8.2
elog-####

Modelling folds

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.

Aim

To model the folding of rocks
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Materials

• 3 or 4 pieces of differently coloured plasticine
• ruler
• knife or blade or dental floss
• rolling pin
• board

Method

1. Using the rolling pin, roll the individual colours of plasticine into 0.5–1 cm thick layers.
2. Stack the layers of coloured plasticine on top of each other. Press

down lightly on the layers, so that they stick together, but not too
much as to cause the plasticine to stick to the table.

3. Measure the length and thickness of your model.
4. With the palms of your hands or books on opposite ends, very

gently compress the layers from the side by bringing your hands
(or books) closer to each other.

5. Measure the new length and thickness of your model.

Results

1. Describe the appearance of the plasticine when the layers are compressed. Include the measure of
length and thickness change.

2. Draw a diagram of the plasticine after compression, labelling anticlines and synclines (don’t forget a
scale).

Discussion

1. Discuss the relationship between the change in length and the change in thickness. Include a link to
building a mountain range.

2. Consider why rocks need to be compressed slowly (or gently) to form folds.

Conclusion

What can you conclude about modelling folds? Can you make any connections about changes in length,
thickness or even the direction of force?

Extension

Imagine that the rock layers are eroded at the Earth’s surface. With the tools provided, model erosion and draw a
set of new diagrams of the eroded model, as viewed from above and when viewed from the side.

Where are the oldest and youngest rocks? (Recall the relative age of rock layers with older deposited first.) Is
there any relationship between the location of anticlines or synclines and the age of rocks?

8.4.3 Faulting

fault a break in the crust where
one side moves relative to the
other

We have learnt that slow compression forces produce folds, but if the Earth breaks,
rather than bends, it produces a fault. A number of different forces can produce a
variety of faults. These are:

compression squeezing force

tension a stretching force

shearing a smearing force

• Compression — the force of pushing something together
• Tension — the force of pulling something apart
• Shearing — the force of smearing or moving something along the side of

something else.
reverse fault a break where the
rock above the fault moves ‘up’
due to compression

normal fault a break where
the rock above the fault moves
‘down’ due to tension

strike-slip faults a break where
the rocks on either side of the
fault move horizontally due to
shearing

These different forces result in different kinds movement, which produce different
faults: reverse, normal and strike-slip faults. Reverse and normal faults move
rock vertically, whereas slip faults move rock horizontally. Sometimes there is both
horizontal and vertical movement, which produces more complicated faults.

In all cases, the movement happens very rapidly and produces earthquakes.
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FIGURE 8.20 Compression, tension and shear are different forces. Each produce different types of faults.

Compression Tension shear
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CASE STUDY: Forming valleys and mountains in South Australia

FIGURE 8.21 Faulting has shaped the Gulf region of South Australia
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rift valleys a sunken lowland
between two normal faults; a
graben

horst a highland between two
normal faults

The Gulf region of South Australia has been shaped by a series of normal faults.
Two blocks of crust have dropped down between faults to form Spencer Gulf and
Gulf St Vincent. These sunken blocks are called rift valleys or grabens. Between
them is a block that is kept at a higher elevation than the rift valleys. This block,
called a horst, has formed the Yorke Peninsula.

What type of force do you think causes horsts and grabens to form?

Occasionally earthquakes are felt in the Adelaide area from movement along these
faults, but the movement has changed from when the area was formed. These young earthquakes are the result
of compression, which have changed the normal faults into reverse faults!
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INVESTIGATION 8.3
elog-####

Modelling faults

Aim
Normal fault

Reverse fault

To model normal and reverse faults

Materials

• 3 or 4 pieces of differently coloured plasticine
• a thin sheet of polystyrene
• knife or blade

Method

1. 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.

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

3. Cut through the layers on an angle as shown in the diagram at right.
Use the two parts to model each of the two types of faults shown.

Results

Draw a diagram or photograph each fault. Label it with arrows to show the direction in which each block moved
to create the fault.

Discuss

1. Which fault would you expect to find in the Himalaya mountains? Why?
2. Which fault would you expect to find along the oceanic ridges? Why?
3. Propose a method for demonstrating and creating a model for a slip fault.

Conclusion

What can you conclude about modelling faults? Can you make any connections about the type of fault, the
direction of movement and of the forces applied?

8.4.4 The Great Dividing Range

FIGURE 8.22 Australia’s Great Dividing Range is the
longest mountain range in Australia.
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Australia’s Great Dividing Range stretches all
the way from northern Queensland to Tasmania.
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 Highlands of Tasmania. Forming the
Great Dividing Range took two stages:
1. The Great Dividing Range was initially

formed by folding and reverse faulting
hundreds of millions of years ago. However,
over time, it was reduced in height by
erosion.

2. Around 80 million years ago, Australia
was a part of a splitting Gondwana. The
tensional forces pulled the eastern margin
of the continent apart, uplifting the western
side away from a dropping rift valley on the
eastern side.
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Resourceseses
Resources

eWorkbook Folding and faulting (ewbk-4481)

Weblink The origin of the Australian Alps (web-5188)

Additional automatically marked question sets

8.4 Exercise

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.

Select your pathway

LEVEL 1:
Questions
1, 3, 4, 6

LEVEL 2:
Questions
2, 5, 7

LEVEL 3:
Questions
8–10

Remember and understand

1. Why do rocks bend or break?
2. MC When referring to layers of rock, what is folding?

A. The bending and crumpling of rock without breaking
B. The breaking and crumpling of rock
C. The uplifting of super-cooled magma to create rock
D. The uplifting of rock along a fault

3. What is the cause of folding?
4. Explain the difference between a syncline and an anticline.
5. What are the three different types of forces responsible for developing different fault movements?

Apply and analyse

1. a. Explain the difference between a reverse fault and a normal fault.
b. Sketch a reverse fault and a normal fault.

2. What causes earthquakes along the San Andreas Fault?
3. SIS There is a lot of faulting as well as folding in the Himalayas. Explain how it is possible for both

folding and reverse faulting to develop during mountain building.
4. When the eastern margin of Australia was ripped apart around 80 million years ago, the Great Dividing

Range experienced uplift and faulting. What type of faults would you predict dominated this event?

Evaluate and create

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

2. SIS Why don’t mountains grow forever? Use Mount Everest as an example.

Fully worked solutions and sample responses are available in your digital formats.

8.5 Earthquakes

LEARNING INTENTION

• At the end of this subtopic you will understand how and where earthquakes form, how they are
measured, their potential hazards and their relationship to plate tectonics.
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8.5.1 Shake, rattle and roll
FIGURE 8.23 The focus is where the earthquake
begins. The epicentre is the surface directly above
the focus.

Fault in rocks

Focus

Epicentre

Earthquakes result from movements on faults in the
Earth’s crust. Rocks can only stretch or bend so far
before they ‘snap’, like stretching a rubber band too
far. When the rocks ‘snap’ and move, we get episodes
of ground shaking, where the vibrations travel outwards
in all directions. Fortunately, most of the vibrations are
too weak to be felt. These are called tremors. However,
when they are strong enough to be felt, they are called
earthquakes.

tremors minor vibrations of the
ground that are commonly not felt

earthquakes a sudden and
violent shaking of the ground

focus the location underground
of the fault movement causing an
earthquake

epicentre the surface point
directly above the earthquake
focus

The point at which the earthquake begins is called the
focus. The epicentre of an earthquake is directly above
the point below the surface where the movement in
the crust began. The epicentre generally experiences
the largest vibrations on the surface. However, if the
focus is deeper in the crust, the epicentre will experience
less vibrations.

Tremors and minor earthquakes can take place wherever there is a fault or weakness in
the Earth’s crust. Major earthquakes generally occur at or near the plate boundaries
where plates are:

• pushing against each other in subduction zones
or collisions

• spreading apart at rift valleys or ocean ridges
• slipping and sliding against each other.

SCIENCE AS A HUMAN ENDEAVOUR: How do scientists know where an earthquake
started?

FIGURE 8.24 Locating the epicentre
using triangulation
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triangulation a method used to
determine the location of a point
from at least three other points of
known location and distance

Scientists record earthquake vibrations at seismic stations. The
records help to identify how far away the earthquake took place.
Records from a single station cannot tell what direction the
earthquake came from, because the vibrations travel outwards
in all directions. Scientists use a method known as triangulation
to determine the position of the epicentre. Triangulation uses, as
the name suggests, at least three points to determine the position
as shown in figure 8.24.
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8.5.2 Seismic waves
Energy released during an earthquake travels in the form of waves. There are two basic groups of waves that are
generated by earthquakes: body waves and surface waves.

body waves seismic waves that
quickly travel through the interior
of the Earth

surface waves seismic waves
that travel slower than body
waves and only along the surface
of the Earth; their energy is lost
with depth and distance.

• Body waves radiate outward and travel through the interior of the Earth.
• Surface waves tend to travel only along the Earth’s surface.

Body waves
Body waves have two kinds of motions.

P-waves or primary waves
body seismic waves with a
compressional (push-and-pull)
motion; are the fastest and first to
arrive

S-waves or secondary waves
body seismic waves with a
transverse (up-and-down) motion;
are slower than P-waves and
cannot travel through fluids

• P-waves (or primary waves) are compression waves (push-and-pull
motion), moving through the Earth in the same way that sound waves
move through air. They are the fastest of the seismic waves. They can travel
through all of the Earth’s interior layers.

• S-waves (or secondary waves) are the second set of waves, which travel in
the form of transverse waves (up-and-down motion). The are second because
they are slower than P-waves. S-waves cannot travel through fluids. Because
of this characteristic, the outer core was determined to be liquid, because no
S-waves have been observed to travel through it.

FIGURE 8.25 P-waves travel through the earth as
compression waves while S-waves are transverse waves.

Undisturbed rock
Primary or P-wave

Secondary or S-wave Undisturbed rock

Surface waves

FIGURE 8.26 L-waves travel along the surface with a
side-to-side motion while Rayleigh waves have a rolling
motion.

The surface waves are the slowest seismic
waves and lose energy with depth and distance
travelled. The motions can be complicated, but
two types of motions identified are:

Love waves a surface seismic
wave with a side-to-side motion

Rayleigh waves a surface
seismic wave that has a rolling
motion

• Love waves (or L-waves) — transverse
waves that move in a side-to-side motion,
like a snake

• Rayleigh waves — move with a rolling
motion like an ocean wave.

These surface waves are responsible for the
majority of an earthquake’s destructive power.
This is because all of the wave energy is
distributed across the surface of the Earth
rather than being spread out through the Earth’s
interior like P- and S-waves.
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FIGURE 8.27 P-waves are able to travel through all of Earth’s interior; S waves cannot travel through liquid, and
are thus missing from the outer core; L-waves and Rayleigh waves will only travel along the Earth’s surface.
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8.5.3 Measuring earthquakes

SCIENCE AS A HUMAN ENDEAVOUR: Measuring earthquakes

seismograph an instrument
used to detect and measure the
intensity of an earthquake

Movements in the Earth are recorded with a seismograph. Previously earthquakes were
measured using a device as shown in figure 8.28, where a strip of paper moves past a
stationary pen. The record of an earthquake is shown in figure 8.29. Today, earthquakes
are measured using electrical currents to create digital graphs.

FIGURE 8.28 An earthquake recorded on a seismograph
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Richter scale a logarithmic
scale that measures the amount
of energy released during an
earthquake, thus allowing one
earthquake to easily be compared
to another

The strength of an earthquake can be measured in a number of ways. The most well-
known way of measuring the strength of earthquakes is the Richter scale. As the
different types of seismic waves each travel at different speeds, they are recorded as
separate groups on a seismograph. The further apart they are, the further away the
seismograph is from the epicentre. Also, the waves record as shorter peaks the further
away the seismograph is from the epicentre.

FIGURE 8.29 Different types of waves travel at different speeds, which allows scientists to tell how far away
the earthquake is.
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The Richter scale

The Richter scale is a measure of the amount of energy released by an earthquake, and is used to calculate the
magnitude (or size) of the earthquake. Scientists determine the magnitude of the earthquake from the amplitude
(height) of the surface waves recorded by seismographs.

The Richter scale ranges from 0 to 10, with each increase of 1.0 on the scale representing a 30-fold increase in
the amount of energy released. So, an earthquake of magnitude 6.0 releases 30 times as much energy as one
of magnitude 5.0, and an earthquake of magnitude 7.0 releases 900 (30 x 30) times as much energy as one of
magnitude 5.0. How much larger is a magnitude 8.0 relative to a 5.0?

Microquakes measure less than 2.0 on the Richter scale and are rarely felt. Earthquakes of magnitude 4.0 on
the Richter scale are felt and may even cause objects on shelves or in cupboards to rattle. The largest recorded
earthquake was in southern Chile, May 1960, with a magnitude of 9.5.

The Richter scale is not always a good indication of the destructive power of an earthquake. In a crowded city,
small earthquakes can cause many deaths, injuries and a great deal of damage, including cutting off water, gas
and electricity supplies. Larger earthquakes in remote areas cause few injuries and little damage.

INVESTIGATION 8.4
elog-####

Making a seismograph

Aim

To construct a working model of a seismograph

Materials

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

TOPIC 8 The dynamic Earth 29

UNCORRECTED PAGE PROOFS



“c08TheDynamicEarth_PrintPDF” — 2020/7/2 — 18:12 — page 30 — #30

Method

1. Set up the equipment as shown in the diagram.
2. While you thump the surface next to your seismograph,

have your partner slide the cardboard past the pen
(keeping the board in contact with the table the
entire time).

3. Repeat step 2 with a new paper and thumping the table
further away from the seismograph (but still the same
surface).

Results

1. Title and present your seismograph records.
2. Label where the ’earthquake’ is on the record.

Discuss

1. Describe how the model works and how it could be
improved.

2. Discuss the difference between the record of thumping
closer to the seismometer and that further away. How
would that difference affect the validity of evaluating the
Richter magnitude from just one seismometer?

Sticky tape

Sheet

of

paper

Spring Felt pen

touching

paper

Hand thumps

bench

Cardboard moved

past pen

Conclusion

What can you conclude about the effectiveness of your model seismograph?

8.5.4 Destructive power
Australia does experience earthquakes, even though it is not on the edge of a tectonic plate boundary. They
are called shallow intraplate earthquakes. They are caused mostly by compression coming from the northern
and eastern convergent boundaries of the Indo-Australian plate on which Australia sits. This compression can
build up within the interior of the plate and be released as earthquakes. There are, on average, 80 earthquakes of
magnitude 3.0 or more in Australia each year.

FIGURE 8.30 In February 2011, a
magnitude 6.3 earthquake struck
Christchurch, New Zealand. The
earthquake destroyed many buildings
and homes, injured thousands, and killed
185 people.

Ground shaking or fracturing by surface waves can cause
destruction. The destructive power of an earthquake in any
location depends on factors such as:

• earthquake magnitude
• distance from epicentre
• size of population
• type of building materials
• ground type.

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 kilometres north of the
town. Yet the smaller earthquake that devastated Newcastle
in New South Wales in 1989 registered 5.6 on the Richter
scale, killed 13 people, hospitalised 160 others and demolished
300 buildings. The epicentre of that earthquake was only five
kilometres west of the city.
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DISCUSSION

Using the Tennant Creek and Newcastle earthquake examples above, discuss what other factors, besides
distance from an epicentre, may have influenced the different levels of destruction.

DISCUSSION

The San Andreas Fault in California is a slip fault. It stretches about 1200 kilometres along the coast, passing
through San Francisco and to the north of Los Angeles. A large movement of the 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.

Imagine that you were offered the chance to spend a year at a 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.

CASE STUDY: Waves of destruction

tsunami a powerful ocean wave
triggered by an undersea earth
movement

Earthquakes occurring under the water or near the coast can cause giant waves
called tsunamis. To form a tsunami, movement on a fault underwater must push up
the sea bed, which also lifts up the water above it. This causes huge water waves
to form, which travel through the ocean at speeds of up to 900 kilometres per hour.
When the waves approach land the water gets shallower. This causes the waves to
slow down and build to heights of up to 30 metres.

FIGURE 8.31 Illustration of how a tsunami forms

Seismic activity

Fast-moving waves Waves slow down in shallow water.

Crests are closer together and higher.

The destructive power of tsunamis became very clear on 26 December 2004 when about 300 000 people died
across South-East Asia, southern Asia and eastern Africa. Millions more lost their homes. The tsunami, known as
the Sumatra–Andaman tsunami, was caused by a huge earthquake under the ocean floor about 250 kilometres
off the coast of the Indonesian island of Sumatra. The earthquake measured 9.0 magnitude on the Richter scale.
It pushed a 1000 kilometre-long strip of the ocean floor about 30 metres upwards.

The tsunami flooded 10 kilometres inland near the Sumatran city of Banda Aceh with a 3-metre-high wall of
water, mud and debris. Thousands were killed in Sri Lanka, India and Thailand as well. Death and destruction
also occurred in Malaysia, Myanmar, Bangladesh and the Maldives. More than 8 hours after the earthquake, the
tsunami arrived at the east coast of Africa, more than 5000 kilometres from the epicentre of the earthquake. Even
at that distance from the earthquake, the tsunami caused flooding that killed more than 160 people on the coasts
of Somalia, Kenya and Tanzania.
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FIGURE 8.32 This map shows the huge area affected by the Sumatra–Andaman tsunami on 26
December 2004.
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Resourceseses
Resources

Video eLesson Tsunami wave propagation during the 2004 Sumatra–Andaman tsunami

SCIENCE AS A HUMAN ENDEAVOUR: Living on the edge

seismologist a scientist who
studies earthquakes to both
understand how they work and
how to better predict them

For the people living near the plate boundaries, particularly on the edges of the Pacific
Ocean, the ability of scientists to predict earthquakes and tsunamis is critical. The
scientists who study earthquakes are called seismologists.

Although it is difficult to predict the time, location and size of earthquakes,
seismologists use:

• patterns of past earthquake events to identify the probability of an earthquake of different sizes
• sensors to monitor movement and pressure build-up along plate boundaries and fault lines.

Early warning systems

Tsunami early warning systems rely on the early detection of earthquakes and a system of buoys placed
around the Pacific and Atlantic Oceans. This system is called DART (Deep-ocean Assessment and Reporting
of Tsunamis). Sudden rises in sea level are detected by the buoys and alerts are sent to tsunami warning centres.

The 2011 Japanese earthquake and nuclear meltdown

The world was reminded of the destructive power of earthquakes and tsunamis in March 2011 when an
earthquake struck Japan, which was of the same magnitude as the 2004 Sumatra–Andaman earthquake. The
epicentre of this earthquake was only 70 kilometres off the coast of the Japanese island of Honshu.
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FIGURE 8.34 Destruction left
behind after the 2011 Japan
earthquake and tsunami

Residents of Tokyo received a one minute warning before the strong
shaking hit the city. The alerts were received over television but also
by text message to mobile phones. The early warning, even a minute,
prevented many deaths from the earthquake by stopping high-speed
trains and factory assembly lines.

The nearest major city to the epicentre was Sendai, where the port and
airport were almost totally destroyed by a tsunami produced by the
earthquake. In that city, at least 670 people were killed and about 2200
were injured. Around 6900 houses were destroyed, with many more
partially destroyed. Waves of up to 40 metres in height were recorded
on the coast and some caused damage as far as 10 kilometres inland.

Several nuclear reactors were shut down immediately following the
earthquake that caused the tsunami. However, that wasn’t enough to
prevent meltdowns in three reactors at the Fukushima Daiichi Power
Plant, resulting in explosions and the leakage of radiation into the
atmosphere, water and soil (which is described in topic 6).

FIGURE 8.33 The locations of DART buoys

DISCUSSION

As a class, consider which other countries the 2011 Japan earthquake and tsunami may have affected.
Remember to consider the effects of damaging nuclear power stations.

Resourceseses
Resources

eWorkbook Earthquakes (ewbk-4483)
Plotting earthquakes activity (ewbk-4485)

Additional automatically marked question sets
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8.5 Exercise

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.

Select your pathway

LEVEL 1:
Questions
1–4, 7

LEVEL 2:
Questions
5, 6, 8, 11

LEVEL 3:
Questions
9, 10, 12

Remember and understand

1. What causes earthquakes?
2. Distinguish between an Earth tremor and an earthquake.
3. What name is given to the point at which an earthquake begins?
4. Where is the epicentre of an earthquake?
5. What does the Richter scale measure?

Apply and analyse

1. SIS Below is a seismograph, use this image to complete the following.
a. Label the P- and S-waves.
b. Label the surface waves.
c. How would the record look if the seismometer was further away from the epicentre?

2. Explain how seismologists are able to make predictions about the likelihood of an earthquake.
3. Explain why a tsunami only a few metres high in open ocean can reach heights of up to 30 metres by

the time it reaches land.
4. SIS The table shows the number of people killed in some of the major earthquakes in recent years.

a. List a pair of earthquakes that provide evidence that the Richter scale does not indicate the loss of
life in earthquakes.

b. What factors, apart from the magnitude, affect the number of deaths in an earthquake?
c. How much more energy was released by the 2004 Sumatra earthquake than the 2010 Haiti

earthquake?
d. Suggest why there may have been more fatalities during the Haiti earthquake?

TABLE 8.3 Earthquake year, location, magnitude and fatalities

Year Location
Number of deaths
(approx.)

Richter scale
magnitude

1994 Los Angeles, USA 57 6.6

1995 Kobe, Japan 6400 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 21 000 9.0
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Evaluate and create

1. SIS You are requested to measure the magnitude and location of an earthquake; how would you go
about each?

2. Explain why Indonesia is more likely to experience major earthquakes than Australia.
3. SIS Earthquakes are mostly generated at depths of 5 to 20 kilometers, where rocks are relatively cool

and easier to break; however, they have been measured at depths of up to 670 kilometres.
a. Which plate boundary would you associate with the deepest earthquakes? Explain your reasoning.
b. Would you predict these deeper earthquakes to be as destructive as the shallow earthquakes?

Fully worked solutions and sample responses are available in your digital formats.

8.6 Volcanoes
LEARNING INTENTION

• At the end of this subtopic you will understand how and where volcanoes form and be able to
identify the difference between active, dormant, and extinct volcanoes.

8.6.1 Mountains of fire
Although most changes in the Earth’s crust are slow and not readily observable, the eruption of volcanoes
provides evidence that the changes can also be explosive, fiery and spectacular.

lava extremely hot liquid or semi-
liquid rock from the mantle, which
has reached and flows or erupts
on the Earth’s surface

Volcanoes are formed when molten rock from below the Earth’s surface, called
magma, bursts through a weakness in the Earth’s crust. The eruption of a volcano
ejects the magma as red-hot lava (molten rock flowing on the surface), ash and
gas. Most visualise a volcanic eruption as highly explosive with tall clouds of ash.
However, a volcanic eruption can vary wildly from highly explosive to calm. A
scientist who studies volcanoes is called a volcanologist.

The word volcano comes from the name of the ancient Roman god, Vulcan,
who was the god of fire.

What comes out?

volcanic bombs large rock
fragment that falls from an
eruption, formed as lava, is blown
out of a volcano and is rapidly
cooled in the air

Commonly deep below a volcano is a magma chamber. When the pressure builds up in the magma chamber,
steam is the first to emerge from the vents of a volcano. When the volcano erupts, lava flows from the vents
and red-hot fragments of rock, dust and ash, steam and other gases shoot out of the crater. The larger fragments
of rock blown out of the crater are called volcanic bombs. The gases include carbon monoxide and hydrogen
sulfide (‘rotten egg’ gas).

The lava flowing from a volcano can be runny or sticky.
• If it is runny, gas escapes easily, which generally results in a ‘calm’ or fountaining eruption. It can also

flood large areas, cooling to form large basalt plains like those in Victoria’s western district as well as in
Melbourne, and to the city’s north and south.

• If the lava is sticky, it can build up within and on the sides of steep 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. Exploding gases often
destroy part of the volcano.
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FIGURE 8.35 Parts of an erupting steep volcano formed with sticky lava
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Resourceseses
Resources

Video eLesson Volcanoes (eles-0130)
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CASE STUDY: Forming a volcano

FIGURE 8.36 The volcano of Paricutin formed
in just 9 years.

On a cool winter’s day in 1943, a small crack opened 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 into
a hole over two metres in diameter. A week later, the dust,
ash and rocks erupting from the hole had formed a cone-
shaped mound 150 metres high! Explosions roared through
the peaceful countryside and molten lava began spewing
from the crater, destroying the village of Paricutin. The
eruptions continued and, when the eruptions stopped in
1952, the new mountain named Paricutin was 410 metres
high.

This volcano of Paricutin is one of several volcanoes that
string down the western side of Mexico. Why are they
there? They are a part of the ‘Ring of Fire’ that circles the
Pacific Ocean, and are formed from the subduction of
oceanic crust under continental crust.

The majority of volcanoes on Earth are linked to either:
• subduction zones, like the Pacific Ring of Fire — convergent boundaries where oceanic crust is being

subducted beneath another plate
• divergent boundaries — where magma wells up into the spreading centre to create an ocean ridge.

FIGURE 8.37 Volcanism resulting from two different plate boundaries: convergent and divergent plate boundaries.
Can you identify a volcano in the diagram that is not related to a tectonic plate boundary?
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Hotspots

hotspot a volcanic region directly
above an area of anomalously hot
mantle

What about the Hawaiian Islands in the middle of the Pacific Ocean? They are clearly
volcanic, but don’t align with any tectonic boundaries. Although most of the world’s
volcanoes are found at the edges of the plates of the Earth’s crust, some lie over
features we call hotspots. These hotspots are regions of the crust where the mantle
below is extremely hot and magma surges upwards into the crust.

Hotspots create chains of volcanic features that are older the further away they are from the active site of the
hotspot. Therefore, the hotspot is believed to be stationary as the crust moves over it.

FIGURE 8.37 The formation of a hotspot volcanic chain in the ocean, where the oldest volcanic feature is the
furthest away from the hotspot. Being away from the source of magma and heat, the volcano erodes and sinks
below the ocean.

Hotspots can form over continents as well. Many of Australia’s youngest volcanoes along the Great Dividing
Range (less than 80 million years old) were the result of hotspot activity.

Underwater volcanoes
Active volcanoes also erupt under the sea. In fact, an ocean ridge is a continuous belt
of volcanoes with black smokers. Black smokers are thermal vents on the sea floor,
which eject superheated water rich in elements that were dissolved from the ocean
crust. Theories suggest that the beginnings of life could have started around black
smokers under the ocean.
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An active volcano below the sea is generally not visible. However, if layers of lava build up, 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.

8.6.3 Active, extinct or dormant

active volcano a volcano that is
erupting or has recently erupted

Active volcanoes are erupting or have recently erupted. 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 Pinatubo that scientists
believe that the Earth’s weather was cooler for over a year. dormant volcano a volcano that

has erupted in the last 10 000
years but is not currently erupting.
They are considered likely to
erupt again.

extinct volcano a volcano that
has not erupted in the last 10 000
years. They are considered dead
and not to erupt again.

Volcanoes that have erupted in the last 10 000 years but are not currently erupting
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. Extinct volcanoes are those that have not erupted
for at least 10 000 years. They are effectively dead and are very unlikely to
erupt again.

DISCUSSION

As a class, or in small groups, list some physical observations you could make about the appearance of a
volcano that may help to label it as active, extinct or dormant.

FIGURE 8.38 A small crater on
the extinct Tower Hill volcano in
Victoria

There are many extinct volcanoes in Australia. The Glasshouse Mountains
of Queensland are the remains of lava that cooled in volcanic vents. In
Victoria, Tower Hill, near Warrnambool, is just one example, and there
are many others. Mount Gambier in South Australia could be dormant or
extinct, as estimates of its last eruption range from over 28 000 to a little
less than 5000 years ago. In either case, the craters collapsed and have
filled with water to form beautiful clear lakes. Some radiocarbon dating of
plant fibres in the main crater suggests the last eruption was a little before
6000 years ago, suggesting more of a dormant status.

Australia is close to the centre of the Indo–Australian Plate (see figure
8.14) so it is very stable geologically. This is why there are few recent
volcanic eruptions and only a small number of earthquakes.

Resourceseses
Resources

Video eLesson Deep-sea mining (eles-1086)

eWorkbook Volcanic activity (ewbk-4558)
Geological activity (ewbk-4560)

Additional automatically marked question sets
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8.6 Exercise

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.

Select your pathway

LEVEL 1:
Questions
1, 3–5

LEVEL 2:
Questions
2, 7–9

LEVEL 3:
Questions
6, 10, 11

Remember and understand

2. What can cause a volcano to erupt?
3. List the substances that emerge from a volcanic crater during an eruption.
4. Explain the difference between a dormant volcano and an extinct volcano.
5. What is a hotspot?
6. Explain in terms of the plates that form the Earth’s crust why Australia experiences little volcanic or

earthquake activity.
7. Use a Venn diagram to show the differences and similarities between magma and lava.
8. How do you know that many of the volcanoes in the western district of Victoria had runny lava?

Apply and analyse

1. Explain how a volcano can affect the world’s weather.
2. A photograph of the crater at Mount Gambier is shown. Should Mount Gambier be described as an

extinct or dormant volcano? Explain your answer.

3. SIS How might you investigate the hypothesis that the volcanic features of the Great Dividing Range
formed from a hotspot.

Evaluate and create

1. SIS A volcanologist working for the government is assigned to assess the probability of a volcanic
eruption from a local volcanic feature. The volcanologist decides to first map the rocks around the
volcano and obtain the ages of these rocks to piece together the eruption history.
a. Explain why it is important for the geologist to map the rocks and obtain their ages.
b. Suggest one additional investigation that may improve the final conclusion.

Fully worked solutions and sample responses are available in your digital formats.
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8.7 Thinking tools — Double bubble maps
8.7.1 Tell me

What is a double bubble map?

FIGURE 8.39 Double bubble map
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Feature
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Topic Topic

A double bubble map is a diagram
that breaks up two ideas or topics into
different categories and allows you to
compare and contrast them. It shows
features that are similar — these are
joined to both topics — and features
that are different — these are joined to
just one topic.

A double bubble map helps you
understand how topics can be broken
into different categories and the
relationships that exist between them.
They allow you to make connections
between two ideas that have both
similarities and differences.

For example, you would use a double bubble map to:
• compare two concepts
• break your ideas down into smaller features
• brainstorm ideas for a project or essay.

Comparing a double bubble map to an affinity diagram

FIGURE 8.40 Affinity diagram
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An affinity diagram lets you explore one idea and
see how it can be broken into smaller groups. These
smaller groups each contain ideas or features that
are similar. It can be helpful to think of your topic
and then write down all the ideas you have about
it on small cards or pieces of paper. You can then
move these cards to place them in groups that are
similar.

8.7.2 Show me
To create a double bubble map:
1. Choose two topics that are related to each

other and write any ideas you may have onto
small pieces of paper. For example, you
might choose to compare volcanoes and plate
tectonics.

2. Examine your pieces of paper and put ideas
which only relate to one topic into one group,
and any ideas which relate to the second idea
in another.

3. Any ideas you have which are related to both
topics will now form the middle of your double
bubble map.
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4. Using the words above, you might create a double-bubble map which looks like this:

8.7.3 Let me do it

8.7 ACTIVITIES

Create double bubble maps that illustrate the similar and different features of the following pairs of topics:
(a) folding and faulting
(b) earthquakes and volcanoes
(c) continental drift and plate tectonics.

The figure below can be used to help you get started on a double bubble map for folding and faulting.

Crust

Syncline

Anticline Bending

Colliding plates Earthquakes

San Andreas

Folding Faulting
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8.8 Project — Disaster-proof
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.
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 earthquake 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, the key predictors other than magnitude of how
deadly an earthquake will be are how heavily populated the area is and what type of buildings are there. Sadly,
the majority of people who die in earthquakes do so because the buildings around them fail.

Unlike the more earthquake-prone regions of the world, Australia is not near a plate boundary, but we are not
out of danger. The 1989 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 wishes to build an earthquake-proof five-storey office block in Perth.
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.

FIGURE 8.39 Damage caused by the 1989 Newcastle earthquake

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 determine
which model/design is able to withstand the most energetic shaking on the simulator. 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 × 20 cm and should have a height of at least 50 cm.
• No glue, staples, nails or pins are allowed; however, you may use interlocking pieces.
• It must be freestanding (it may not be stuck to the table in any way).

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.
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8.9 Review

Access your topic review eWorkbooks

Topic review Level 1
ewbk-4487

Topic review Level 2
ewbk-4489

Topic review Level 3
ewbk-4491

8.9.1 Summary

The Earth’s crust
• The Earth has three basic interior layers: crust, mantle and core.
• There are two types of crust: continental crust and oceanic crust. The oceanic crust is thinner and heavier.
• The mantle is mostly solid but soft rock.
• The core is made of iron and nickel, with a liquid outer core and solid inner core.
• The layers are not stationary, they move or flow due to convection currents.
• Alfred Wegener proposed that Pangaea was a supercontinent that broke apart by continental drift millions

of years ago.
• Many continental shapes fit together like a jigsaw.
• Rock types and land-based fossils match across continents.

The theory of plate tectonics
• The theory of sea-floor spreading explains how ocean basins form and continents move apart.
• At a spreading centre, crust splits apart and melted mantle rises to fill the gap and forms new crust.
• Continental drift and sea-floor spreading theories evolved into the theory of plate tectonics.
• The Earth’s surface is broken into fragments called tectonic plates that move relative to one another.
• Plates move under the influence of convection currents in the weaker mantle below.
• There are convergent, divergent and transform plate boundaries.

• Convergent subduction is destructive, as old oceanic crust sinks back into the mantle, forming deep
ocean trenches and volcanoes.

• Convergent collision forms mountain ranges as continental crusts collide.
• Divergent boundaries are constructive because new oceanic crust forms by volcanoes along the

spreading centre of ocean ridges.
• Transform boundaries are conservative as crust is neither created nor destroyed.

• All types of tectonic boundaries have earthquakes.
• The modern tectonic boundaries are identified and mapped by:

• volcano and earthquake patterns
• growing mountain ranges and ocean ridges
• direct GPS measurements.

• Tectonic boundaries shift with time, constantly changing how the surface of the Earth appears.
• Australia is an old continent. It sits within the middle of the Indo-Australian plate and was once a part of a

larger continent called Gondwana.

Rocks under pressure
• When huge tectonic forces are applied, rocks can bend into folds or break as faults.
• Folding occurs when there is a slow compression force, which shortens and thickens the crust.
• Folds can be anticlines (shaped like an ‘A’) and synclines (shaped like an upside-down ‘A’)
• Faults form when rocks in the upper crust (cool) are exposed to tectonic forces.
• There are three major fault types:

• normal faults — the rock above the fault moves down, and is related to tension force like those at
divergent boundaries
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• reverse faults — rock above the fault moves up, related to compression force like those at convergent
boundaries

• strike-slip faults — rocks move horizontally side-by-side, related to shearing force like those at
transform boundaries.

• Australia has a long complex geologic history with many events of both folding and faulting.

Earthquakes
• Earthquakes are cause by breaking crust, releasing the built-up pressure.
• The vibrations (seismic waves) of an earthquake travel from the focus as both body and surface waves.
• P- and S-waves are body waves. P-waves are the fastest.
• Love and Rayleigh waves are slower surface waves.
• Seismic waves are recorded by seismometers that produce seismographs.

• The size and spacing of the waves relate to the amount of energy released and the station’s distance from
the epicentre.

• Earthquake magnitude is measured on the Richter scale, which measures the amount of energy released by
an earthquake.

• Large earthquakes are concentrated along the current plate boundaries.
• Australia’s earthquake potential is lower than those near plate boundaries.

• Tsunamis can form from underwater earthquakes that have lifted the sea bed and the water column above it.
• The extent of earthquake damage is not only related to the earthquake magnitude, but also the:

• distance from the epicentre
• population
• building materials.

Volcanoes
• Volcanoes form when magma erupts onto the surface from over-pressured magma chambers underground.
• The erupted material can include red-hot lava, gas, rock, ash and volcanic bombs.

• Runny lava produces a calmer eruption with long-distance lava flows.
• Sticky lava produces an explosive eruption with steep-sided volcanoes.

• Volcanoes can be active, dormant, or extinct.
• Most active volcanoes form along divergent and subduction boundaries.
• Most volcanoes in Australia are classified as extinct.

• Volcanoes can also be related to hotspots, which occur in areas with anomalously hot mantle close to the
surface.

• Oceanic spreading ridges contain chains of underwater active volcanoes with black smokers.

8.9.2 Key terms

abyssal plains relatively flat underwater deep ocean floor, around 4000 metres depth
active volcano a volcano that is erupting or has recently erupted
anticline a fold in a rock with the narrow point facing upwards
black smoker a geothermal vent on the sea floor, which ejects superheated mineral rich water
body waves seismic waves that quickly travel through the interior of the Earth
collision when two continents crumple together to form a mountain range
compression squeezing force
conservative plate boundaries where crust is neither created or destroyed
continental drift movement of the Earth’s continents relative to each other over geologic time
constructive plate boundary where new crust is formed
core hot centre of the Earth made of iron and nickel
crust hard and thin outer rock layer of the Earth
convection currents the movement of particles in a liquid or gas resulting from a temperature or density
difference
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convergent boundary where two tectonic plates move towards each other
deep ocean trenches narrow and deep troughs in the ocean floor, generally greater than 5000 metres depth
dormant volcano a volcano that has erupted in the last 10 000 years but is not currently erupting. They are
considered likely to erupt again.
divergent boundary where two tectonic plates move apart
earthquakes a sudden and violent shaking of the ground
extinct volcano a volcano that has not erupted in the last 10 000 years. They are considered dead and not to
erupt again.
epicentre the surface point directly above the earthquake focus
fossils the remains, impression or trace of a living organism preserved in rock
focus the location underground of the fault movement causing an earthquake
fault a break in the crust where one side moves relative to the other
folding when rocks bend into anticlines or synclines
Gondwana the southern part of the broken-up supercontinent of Pangaea, which included the continents of
Africa, South America, Antarctica and Australia; also known as Gondwanaland
horst a highland between two normal faults
hotspot a volcanic region directly above an area of anomalously hot mantle
inner core solid inner-most layer of the core under extreme pressure conditions, with an approximate 1200 km
radius
Laurasia the northern part of the broken-up supercontinent of Pangaea, which included the continents of Africa,
South America, Antarctica and Australia
lava extremely hot liquid or semi-liquid rock from the mantle, which has reached and flows or erupts on the
Earth’s surface
Love waves a surface seismic wave with a side-to-side motion
magma extremely hot liquid or semi-liquid rock within the mantle. When it erupts on the surface of the Earth it is
called lava.
mantle solid but soft middle rock layer of the Earth
mountain range a group of high ground features, commonly the result of tectonic collision
outer core liquid outer layer of the core, about 2300 km thick
ocean ridges submarine mountains that tower 2000 metres above the abyssal plains
Pangaea a supercontinent that existed about 225 million years ago. All landmasses were joined together to form
this supercontinent.
normal fault a break where the rock above the fault moves ‘down’ due to tension
Panthalassa the vast ocean surrounding the supercontinent of Pangaea
plate tectonics a scientific theory that describes the relative movements and interaction of plates of the Earth’s
crust over the underlying mantle
P-waves or primary waves body seismic waves with a compressional (push-and-pull) motion; are the fastest
and first to arrive
radioactive atoms are unstable and will emit a particle to remove excess energy. These particles are capable of
ionising other atoms upon collision, which can cause harm to living tissue.
reverse fault a break where the rock above the fault moves ‘up’ due to compression
sea-floor spreading the formation of oceanic crust, which occurs by the rising and melting mantle at ocean
ridges that push older crust away from the ridge
Rayleigh waves a surface seismic wave that has a rolling motion
rift valleys a sunken lowland between two normal faults; a graben
seismic waves waves released when rock breaks or is rapidly moved
Richter scale a logarithmic scale that measures the amount of energy released during an earthquake, thus
allowing one earthquake to easily be compared to another
S-waves or secondary waves body seismic waves with a transverse (up-and-down) motion; are slower than
P-waves and cannot travel through fluids
shearing a smearing force
seismograph an instrument used to detect and measure the intensity of an earthquake
subduction a convergent plate boundary where one plate moves under another
seismologist a scientist who studies earthquakes to both understand how they work and how to better predict
them
strike-slip faults a break where the rocks on either side of the fault move horizontally due to shearing
syncline a fold in a rock with the narrow point facing downwards
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surface waves seismic waves that travel slower than body waves and only along the surface of the Earth; their
energy is lost with depth and distance.
tension a stretching force
transform boundary where two tectonic plates slide past one another
tremors minor vibrations of the ground that are commonly not felt
triangulation a method used to determine the location of a point from at least three other points of known
location and distance
tsunami a powerful ocean wave triggered by an undersea earth movement
volcanic bombs large rock fragment that falls from an eruption, formed as lava, is blown out of a volcano and is
rapidly cooled in the air
Volcanoes a landscape feature through which melted rock is erupted onto the Earth’s surface

Resourceseses
Resources

Digital document Key terms glossary (doc-34880)

eWorkbook Study checklist (ewbk-4493)
Literacy builder (ewbk-4494)
Crossword (ewbk-4496)
Word search (ewbk-4498)

8.9.3 Practical work and investigations

INVESTIGATION 8.1

Continental drift

Aim: To create a simple model to demonstrate continental drift

Practical investigation logbook (elog-###)

INVESTIGATION 8.2

Modelling folds

Aim: To model the folding of rocks

Practical investigation logbook (elog-###)

INVESTIGATION 8.3

Modelling faults

Aim: To model normal and reverse faults

Practical investigation logbook (elog-###)

INVESTIGATION 8.4

Making a seismograph

Aim: To construct a working model of a seismograph

Practical investigation logbook (elog-###)
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8.9 Exercise

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.

Select your pathway

LEVEL 1:
Questions
1, 2, 4, 5, 9, 11, 13, 14, 18

LEVEL 2:
Questions
3, 6, 10, 12, 15, 16, 19

LEVEL 3:
Questions
7, 8, 17, 20–22

Remember and understand

1. Identify the layers of the Earth that have the following characteristics.
a. Completely molten
b. Solid but soft
c. Solid and hard, and includes rock, soil and landforms
d. Solid and mostly made of iron
e. Lies above the surface

2. SIS Describe two pieces of evidence that were used to develop Wegener’s theory of continental drift.
3. Explain how scientists know about what lies deep below the

surface of the Earth without going there.
4. Where would you find the youngest oceanic crust according

to the theory of sea-floor spreading?
5. How is an ocean ridge different from a subduction zone?
6. When oceanic crust pushes against continental crust, why

does the oceanic crust slide underneath the continental
crust?

7. What is the major difference between the continental drift
theory and the theory of plate tectonics?

8. Describe the movements in the Earth’s crust that cause
the folding of rock and has shaped most of the Earth’s
mountains.

9. Explain how faults are created.

10. Examine the following diagrams and label the features A–H using the following words: anticline,
continental crust, magma, normal fault, oceanic crust, reverse fault, upper mantle, syncline.

A subduction zone

A B

C D

Two types of faulting

E

F

Folding upwards and
downwards

G

H

11. Distinguish between the epicentre of an earthquake and its focus.
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12. What is a seismograph used to measure?

13. Name three gases that are released from a volcano.

Apply and analyse

14. The San Andreas Fault runs along much of coastal California, including the cities of Los Angeles and
San Francisco, and is susceptible to earthquakes.
a. Explain why the San Andreas Fault is called a slip fault.
b. What causes major earthquakes along this fault?

15. Where on Earth is the Ring of Fire and why does it exist?

16. Suggest 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.

17. How much energy is released by an earthquake that registers 6.0 on the Richter scale relative to one
that registers 7.0?

18. Explain why Australia is less likely to experience volcanic activity and major earthquakes than New
Zealand.

19. Tsunamis can form due to fault movements on the ocean floor, but there are other geologic events that
can trigger a tsunami, such as a huge coastal or underwater landslip. How can a large landslip trigger
a tsunami?

20. Before an explosive volcano erupts, its vents are blocked with thick, sticky lava.
a. What change takes place to cause the volcano to erupt?
b. How would runny lava change the eruption style?

Evaluate and create

21. According to the theory of plate tectonics, the Earth’s crust is divided into a number of slowly moving
plates.
a. What makes the plates move?
b. What can happen when two plates slide past each other?
c. Explain how the theory of plate tectonics explains the growth of the Himalayas. Your answer should

include reference to convection, relevant plate boundaries, rock density and any limiting factors on
the height of mountain chains.
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22. SIS Observe the age of the volcanic shield volcanoes along the Great Dividing Range. Recall that the
eastern margin of Australia has not been located near a plate boundary for the last 50 million years.
a. What is the pattern to the age relative to direction?
b. Based on your knowledge and observations, how would you explain the origin of the volcanoes?
c. Are there any inconsistencies to that pattern or other reasons you may question the conclusion?
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Fully worked solutions and sample responses are available in your digital formats.
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Resourceseses
Resources

eWorkbook Reflection (ewbk-3038)

Test maker
Create customised assessments from our extensive range of questions, including teacher-quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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RESOURCE SUMMARY Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

8.1 Overview

eWorkbook
• Topic 8 (ewbk-4473)
• Student learning matrix (ewbk-4472)
• Starter activity (ewbk-4475)

Practical investigation eLogbook
• Topic 8 (elog-0442)

Video eLesson
• Volcanic eruption in Iceland 2010,

Eyjafjallajokull (eles-2661)

8.2 The Earth’s crust

eWorkbook
• Labelling the layers of the Earth

(ewbk-4477)
• Continental drift (ewbk-4479)

Practical investigation eLogbook
• Worksheet 8.1: Continental drift

(elog-0432)

Video eLesson
• Interior of the Earth (eles-xxxx)
• Drifting continents (eles-0129)

8.3 The theory of plate tectonics

eWorkbook
• Plate tectonics (ewbk-4554)
• How does a hypothesis become a

theory: Plate tectonics (ewbk-4556)

Interactivity
• Plate boundaries (int-8086)
• Does the Earth move? (int-0674)

Video eLessons
• San Andreas Fault (eles-4149)
• Plate margins of the world (eles-4150)

8.4 Rocks under pressure

eWorkbook
• Folding and faulting (ewbk-4481)

Practical investigation eLogbook
• Investigation 8.2: Modelling folds (elog-0434)
• Investigation 8.3: Modelling faults (elog-0436)

Weblink
The origin of the Australian Alps
(web-5188)

8.5 Earthquakes

Video eLesson
• Tsunami wave propagation during

the 2004 Sumatra–Andaman tsunami
(eles-4151)

Practical investigation eLogbook
• Investigation 8.4: Making a seismograph

(elog-###)

eWorkbook
• Earthquakes (ewbk-4483)
• Plotting earthquakes activity (ewbk-

4485)

8.6 Volcanoes

eWorkbook
• Volcanic activity (ewbk-4558)
• Geological activity (ewbk-4560)

Video eLesson
• Volcanoes (eles-0130)
• Deep-sea mining (eles-1086)

8.9 Review

Practical investigation eLogbook 
• Topic 8 (elog-0442)

eWorkbook
• Topic review Level 1 (ewbk-4487)
• Topic review Level 2 (ewbk-4489)
• Topic review Level 3 (ewbk-4491)
• Study checklist (ewbk-4493)
• Literacy builder (ewbk-4494)
• Crossword (ewbk-4496)
• Word search (ewbk-4498)
• Reflection (ewbk-3038)

To access these online resources, log on to www.jacplus.com.au.
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